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ABSTRACT
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for the total capability necessary for the suppOrt ofqt re'human
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Technical Report,: NAVTRADEVCEN

STUDY TO DETERMINE THE REQUIREMENTS
,_:FORAN EXPERIMENTAL TRAINING SIMULATION SYSTEM

ABSTRACT

The purpose of this ,study was .to design a simulation .system
capable of` supporting human factors experiments in. the devel-
opment of training device designs. TJe study was performed
fn two phasea. The first phase'consisted of a review of tasks
performed by the operators of four general types ,of military
systems, an analysis of problems experienced in the develop-
ment of devices for training these tasks and'the identifica-
tion of design areas in wiich experimentation is required.
Five design areas were identified, including: (1)design
of the trainee station for training specific tasks'and under
particular circumstances, (2) the' effects of various levels
of systm fidelity on training, (3.) determining requirements
'for representation of the environment outside the operator's
(trainee's) station, (4) development of techniques for auto-
mated training, and (5) development of effective instructor
station designs. The second study phase produced system
design recommendations and a five-year implementation plan,
to Permit system procurement in five relatively discrete
incremental modules. Each of the five modules can be ear
ployed indipendentiy, and each can, also be integrated with
the preceding'proeurement to provide additional, integrated
functions. ,Procurement and integration of all five modules
willprovide a total capability consistent with the overall
purpose of the study.
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FOREWORD

This study had as one bf its objectives the specification of require-
ments for a generalized simulation systemin which the important
functional characteristics of training systems can be simulated and
analyzed. A review was made of various major training devices to
identify operational areas requiring research. .Another objective was
the planning and design of the equipment, housing facilities, and

-personnel staffing, ,

The Experimental Ti airing- Simulation System (ETSS) will provide
the capability to assemble, in building block fashion, various types of
simulators such as proCedural, part task,, whole task, etc. Each
module will be designed to provide a distinct experimental capability.
Additional capability will result from the combined utilization of two
or more modules. Conceivably, some experimentation will utilize all
modules as a compt.st system.' A modular design concept is con-
sideed preferable to an array of various individual simulator designs.
It will provide flexibility and enable the degree of simulation to be
adjusted in manipulatin- g awide variety of training alternatives to a

1.11
given problem. This feature will permit evaluation of the training
effects 'of different kinds of individual and group practice on a single
taskin advance of specific trainer system development. Another,
advantage in the modular approach is'that it results in less overall
cost.

In keeping with the implementation plan, the ETSS ,would, evolve .

ove.,k a period of approximately five years. Consequently, the staff
and equipment can be acquired in increments, with the experience
gained in the early years being used to modify the plan, if necessary.

Follow,-on work will be directed at implementing the ETSS and con-
ducting experimentation as permitted by the build up of the hardware
configurations. A. variety of disciplines, including training psychologists,
systems engineers, and computer personnel wilipparticipate in this
developmental Phase, The hardware and software will be tested as
components and subsystems are completed,. Tests' of the total system
will be 'conducted bythe staff during the final phase of the dpvelopment.

As an aid to the reader in following the development of the entire
study., a foldout is pr6videdon pagesM-2,1/M-22(Pigure 44, ETSS Study
Overview).

JOSEPH A. PUIG
,Project Psychologist

4
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SECTION 1

INTRODUQ ION

.

A two -phase s"tudy was performed eo fdentify areas of
human fa ot orS 'experimental iOn required to develop .e ffectiye

._training' device design and use, a
,

nd to explore and. identify.
methods for implementing oexpeeimenpation' reqUirements s , The

, Study was performed in sup.port of the lgaVal TraininkDevide
Center, Humari Factors LabQraeory-, whose major, functieth :is *to ,

Supply Aata- and interpretations on the .hatuee of tasks for
which training is required,. orb the adequacy of the various
_potential_ approathes f.air meeting the'Se needs, -and on the

o
nature of the psychological processes a ssociatecrwith the de-

.

sin, operation and evaluatfonoltraining equipment and
systems...

-

Relevant data ire availableon which to base design of
devices for training operatkonal tasks and -skills,hOwever,
specific design questions can :be-adequately answered only
through the acquisition of new data, because of the unique-
ness- of the task or it .oprational context and/or because
of new information in the area of training technology. In
these cases, capabilities are essential for generating objec-
tive experimental information on which to base specific de-
,vce and 'systerg design dharacteristics, and to prescribe
methods Of training Jevice

Phase of fhe study Tesulted 'in identification of fiVe
areas in which experimentation is needed in supplying human
fadtors data and interpeetaticws in the developmerif of ,effec-

!

tiAie training deviCedesignS.:. 1) the design of the trainee
-station for trainl.ng spedific tasks and under particular cir-' I

. ,

';cumstances; 2). needs "for various levels of, sstm- fidelity;
3) determining' 'requirements for re:presentation of the environ-

,
.

(traineement outside the operator's e !,$) station; ' 4) develop- .
merit of techniques, and .mettlodS fOr automated trailing; and . -

i

5) development _of effective instructor station designs for- 1 - i

;

f

a variety ofd traioinrioievi6es. ' "4
s. s

...

Phase II, expkored.various ways of implementing these

, five experiment requirements,

Initial attempts- at deve1opiog discreLe apnroaches for
each of the fi%;e areas identified areas of high redundancy;

. ,

4 4



NAVTVADEVCE

representation of displays at.the operator's'station'normally
employS the same equipment-as does the synthesis an an expe'ri-

. mental instructor's station; communications chanflels designed
t'o permit-tactical Unit leaders to "war game" are also used
in relaying instrutions2,,from a computer or an instructor to
a gubject 'in a dOmmAter-baSed instructional experiment. .As
a, consequence of this overiaplexperiMental training
tiod.task components were selected; assembled and organized

t to.support Al of the require0'expeAment functions..
0

Thelabotatbry system described in this report is refer
red to as thv Experimental Ttaining-Simulation System(ETSS).

I

I

.
2'

y.

4
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SECTION If
I

STATEMENT' OF THE PROBLEM

A

,It was -the purpose of this study to define the capabili-
ties and reqUirements%of .a laboratory system capable of_Ob-

quantitative information. for use' in the development
or-training device design and utilizaticin concepts, and to

optimum, device anA :system training.effectivenes.s.
The,first step in fulfilling this function was tbldentifY
the probms requiring .specific laboratory capabilities. The
spectrum'of training device design problems enc4ntered by
Naval Training Device.Cehter.ranges 'from infantSy rifle.-
trainers to automated complex vehicle trainers like the
Syhthetit Flight Training System (Device 2B24). In order to

provide a °simulation system .capable of supportingexperiments
in all. problem areas,' the task eleme4s of representative
types of operational systems had to bie defined. The maj.ot

? design goal Of the Experimental Trairling-Simulation System
(ETSS) was to allow experimentation 1.n 'the greatest number of
areas through flexible 'programming and'hardware design,

,' 1

A major requirement of the systlm design was for a general'
simulation capability in which the important functional char-.
acteristics of a vide variety of trining device's cou be

identified, simulated andevaluated. As a corolltry, quire-
mint,, it was essential that the system facilitate eval ation
.of training strategies'.applicabIe to the systems opera ional
use, and that it provide a test bed for. development of tech-
niques_to be used in field eyaluationS of existing and paten-
tifaibirainng Systems. ,A*principal use of the resultingj
sys em will be to define characteristics and' speqificati n'
requirements for new training devices: Appendix B inc)., es
a matrix of the types of human factors design,question that.

might be raised, to define-a systeM such as Device 2088, the.
F4J Weapon System Trainer.. Device 2F88 Was chosen for review .

because of its relative complexity in the Inventory of- train-
ing devices and systems and beeayse, as such, it - touches on ,
an unusually wide range of perceptual, learning and simulation
problemS. The general device requirements expressedin the
2F8,8 HC were reviewed'in light of potential research needs in

. training, and training device design, and from experience in
the development and execution of programs for training complex
&kills.

4-
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Additional requirements for the 'experimental evaluation
of training methods,Lechn*ques, and device characteristics
were identified throlIgh, tie 'analysis of less formally docu-
mented training requirements. It is clear from both formal
and informal analyses Ftha5= the specification of training de-
vices dealswith a large i'umber of issues which, in the final
analysis, dictate capabillties for experimentation. tile FTSS
was conceived as a generattzed simulation system iarorporatiftg
a varety of features-never before incorporated in a single
installstion, It includes systems for the simulation of
vehicular-mOtion, out-(if-the-window visual scenes. and systc:r
dynamics,-`as well as, capAbtlities for data storage and re-
trieval to be used bodi in support of.specific,experiments
and in the more gePnerali4k1 literature research functiorls.of,
the Human Factors Laboratary.

.3,
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-

SECTIOWIII

METHOD

The' study was performed in two phases: 1) a review of
operational:Military systems, system functions, and personnel
tasks having significant training implications', and of the
needed eX,periments arising fram these implications; and-2) def-
inition of a simUlator system capable.of solving problems in
training design- and utilization. Figure 1 (Page 6).graphi-
cally illustrates the two phases and the .related sequence of
tasks.

The first phase of the study reviewed operator tasks in
four military operational areas: airborne systems, ocean

*surface systems, ocean subsurface systems, and land systems.
During the first phase, five expeiimental areas having sig-
nificant human factors research implications were identified:

1. The Trainee Station - Ordinarily the configuration
of a training device should duplicate those parts of the op-
erational work station relevant to the training being provided.
Effective training frequently demands, however, that the work
(o'r ttainee) station of the device incorporate additional or
modified characteristics. A part= of the research capability
under consideration.should_be capable.of defining, evaluating,
and specifying perceived discrepancies between the oper3kional
work station* and the device trainee station, as they are re- ,
quired to promote effective learning. In,some instances, for
example, supplementary indicators of trainee performance may
have ta,be.added to the trainee station. In others, some
work station"equipment may-have to be dej.eted to minimize task
complexity during the ddrly.stages of learning.

2. .Fidelity of System Dynamics - Closely related to the
physical configuration of the trainee.station is the manner

. -in which the operating characteristiCs of the trainee station
,and'the simulated operational'aystem are represented to the
t S Itrainee in the device. In 'some, systems it s pos-
sible; feasible and desirable for the controls and displays
in the- trainee, station to' operate and interact exactly 'the
Same manner as in the corresponding operational system.. In .

many instances, however, it ,is either not possible or feasi-
ble for the device'd7mamics to' dup4cate those of the prime
system. Id others, the progress of learning may be radvanced,
through the introduction of discrepancies between device and

5
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system dynamicA particularly in initial training. ThOssi

mean's are required for accomplishing research to develop
methods of compensating for losses icidelity due to
problems in.cot.and/or technical capability, and to estab-

\

lish requirements, based on'the nature of the Learning proc-

ess, for the modification of repreg!nted system dynamics, tn.

assuring efficient learning, .4-

3. Fxtetnal Fnvironm nt Motion and
Sound) - Sounds produced b; the operation of system equipment,
or which impinge.on system p rsonnel from outside the system,
vehicle totions.and real-world visual data are frequently
significant in learning and in accomprishing spedific system
functions. In ffiany instances,Jearning rate and effective-
less can be enhanr.e,, by the manpulattonof these cues. 'It

may be desirable to reduce or_increase.their distracting
1alue, to emphasize certain cues during specific 'training
pha,ses, or to introduce cues which are not a part of the on-
e-aticii4a1 environment for which training is being provided,
!)ut which might help in the tt-aining process. Means ,are also

-eq.lired for establishing the environmental characteristics
.3:1: utilization no4es most'appropriate to specific types of
one-ator trainin;: Environmental sounds and work station
motion in particular can, in many systems, provide essential
'n:or:aaton, distractions, and stresses that can significantly
Lnfluence perforrranee aarlearning.=- Many motions are not
feasibleto reproduce in the training device, and indeed some
.neef: not bP reproducedif they can be represented- adequately
for the task being:trail-red iii .other ways, or iftheir absence

can he compensated for through experience in .the operational

system. Trainee station motions and Aural cues have varying
significance, depending on the capabilities of the trainee ,

and on the significance of sound or motion for the' particular
training task: they can be primary _cues to performance); they
`lay act as i-eiafordements for other cues; they-may act only
as 4istrartihg influences; or they may,,have little or np sig-
nificapee.: -As a result, another requirement exists' .for a
laboratory capability for defining the-degree of aural and
motion simulation required for training spgoific skills us
specific levels, for defining the most effectivemethods of,,
compensating in training, for ,cues whichannot he adequately
represented, and_fot relating modes of cue representation to
trainee perced0t,ual characteristics. Visual contact with the
wortd in which the system.operates also plays a large, and
significant role in the- emplaymegt of-many.:Aiiilitary systems.
Vehicle contro12'particularly, requires detailed, accurate,

7
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and timely response to relationships with objects on the
surface over, under or upon which the vehicle operates, and
with other vehicles operating in.the same general environ-
ment. Tactical operations atalmost all levels also involve
the perception of spatial. relationships among units, equip-
ment, terrain features, and movements. As a result, training
ity vehicle operation and utilization and in the employment of
weapons and tactical systems depends significantly on the
e5iposure of the trainee to the visual environment. Safety,
economy, training efficiency,, and time severely limit the use
of operational systems in operational. settings for training.
Simulation is employed to provide opportunities for trainees
to develop essential perceptions.and response. capabilities,
but- the simulation of visual cues has in the past been defi-
cient-inaccomplishi_ng some required training functions. As
a result, requirpoloals exist for an experimental facility
capable of specifying visual cue requirements for specific
training tasks.

4. Instructional Management and Programming - Training
devices are tools emplOyed-inthe control of specific learn-
ing processes.'They provide' the stimuli and the response
capabilities required in the development of essential know-
ledges and skills. They do not provide or ensure training
per 'se, however, but may permit certain significant aspects
of training to occur. Whether or not training does in fact
occur, as well as the quality' of training, depends on the
aspects of the training system that organize and control the
presentation of stimuli, and that measure, evaluate and guide
trainee performance and learning. Many of these functions
are traditionally performed by an instructor, and many always
will'be. Recent developments in training have allocated'more
and more control to instructional and computer progra6s,
however, representing tendencies both to.increase'training
objectivity and to make more,effective'ute of the instructor,
corsistent with-his particiar capabilities. The motivation
for=, and to a- large extent 'the result. of, these tendencies
liasfbeen more careful planning and programming of instruction
'andpore efficient utilization of instructional personnl.
Cureently, however, comparatively little objectiave informa-
:tion-is-available to permitsspecification of the most effec-
f.ive..4"thods of allocating and implementing instructional
functions among the instrucior,2the computer, and the lesson

The TISS will permit the ol/jective evaluatiog of
altermate!modes of instructor /equipment utilization in the _
management of.specificetraining situations,

o

8
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5: Instructor Station.Design Training device effec-
tiveness depends heavily on the quality of the interface
between the instructor and the trainee. In the design of
many training' devices, eperimentatiOn is needed to.define
.the best way of facilitating instructor monitoring, guid nde,
evaluation and control of the learning process. A basic

'function of the ETSS is to provide capabilities'for'exper
msentation in the selection, design, arrangement and utilp
tion of instructor station components.

Throughout thestudy, particularly in the Phase I portion,
consideration was given to the environment in which experi- =
mental evaluations will occur, to assure the design of. asl,
system that is not only relevant to the device design problemS
to be solved, but practical Within the constraints of its
employment. Three major influences are reflected in the
design of the system and its equiPment: )

1.- The Experimental Training-Simulation System will be
employed directly by personnel in the Human Factors Laboratory.
A minimum of additional support personnel will be required,
but the system has been designed to be operated by personnel
currently within'the Laboratory. Computer terminals a94-"--
programs and other equipment modules have been selected and

,designed to require ea minimum of special training and ability.
* (-

2. The subjects available to the Laboratory 'foie
evaluation of training device design alternatives tend to ,

constrain the mode of utilization of the 'system. It is likely
that the subject population Will consist at least in part, of
16,da1'coltege students and laboratory personnel having little
or'ho special training. or experience in the systems for which

.training devices are being developed. It is assumed that in
the case of complex experiments reflecting major character-
istics'of the prime system, military personnel having sele-
,vanC operational experience will be made available, but that
the great majority of experiments will deal not with. the
operational` characteristics of the priA system, but with
the essential psychological, perceptual, and skill elements,
which can, is required, be combined to permit evaluations of
more complex, system-related tasks.

3. The total system recommended in this.study, including
the 'cbmputer', interface, operator to -finals and other'associ-

ated display, processing, and control equipment, would cost
less than $10 million. It is unlikely that the total system

9
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could be procured at one time, either from the point of view
of cost, or in terms of procurement-lead time. As a'result,
all system componenta,have been donceived,.designed,.and
organized for"modular proCurement so that each itemof equip-
sMent procuied provides a distinct experimental capability.
, Additional caP'abtlitY yin accrue both from the procurement
of additional items and frOM the combined utilization of

-those available at A given-time.

r 4
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RESULTS

The initial objective of Phase I was to identify the
military,operational areas that woyld significantly influence
training device requirements.of,the future. A further goal
was, to identify specific areas in which human factors re-
search will be required to Optimize training .device design.
A review _was made-of the major NTDC training devices currently
employed by the Navy; the Marine Corps and the Army,.to iden-
tify operatIOnal areas that had significantly influenced de-
sign to date. An analysis' of tasks piepared by Naval person--
nel'wag also reviewed. (1) Operator tasks associated with the
areas reviewed' were, in turn, reviewed for their training.

.

implications. Appendix A is a.summary of tasks performed by
operators of a variety of military systems, together' with
'estimates of their training significance.

Discussions with personnel of the Human FactOrs Labora-
tory of the Naval Training Device Center verified the signi-
ficance of these current operational areas with respect to
future device requirements. Interviews with designers and,
users of training_ devices, and a review of the training re-
search literature, identified areas reqdiring.research in
optimizing training devfce design and utilization% Table 15
(Page B-2) of Appendix B is a summary of human factors re:
search areas identified in the literature review as relevant
to the design and development of a wide variety of military
training systems. These areas were a first indication of the
.range and variety of capabilities to 'be required of the Ex-
perimental Training-Simulation SyStem. Table 16 (Page B-26)
of Appendix B illustrates the results of a review of the
specification for a typical complex training device, Device
2F88, the F4J Weapon System-Trainer: A significant number
of research areas identified in the literature review were

.

associated with .specific characteristics of the 2F88,' This
matrix of research areas was a sec . indication of the need
for a human factors research capab ty in the development of
spoific training device designs. more specific ex-
perimental needs resulted from more detailed reviews of the
tasks involved in operating a variety of military' systems, as
discussed in the following sections.
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1.1! TRAINING DEVICE REQUIREMENTS BY ,OPERATIONAL AREAS:
Through reference to the Naval Training Device Center's Train-..
ing Device Guide(2 ) and'through interviews wit NAVTRADEVCN
Human Factors Laboratory personnel regarding de ices currently
in the field and devices anticipated for futu ocuremeht,
four military operational areas were identifi rborne
systems, ocean surface Systems, ocean subsur systems and
land systems.` Space systems were excluded deration,
primarily because of the relativelY low le el o NAB RADEVCEICI.
Participation in4the development and :procurement o ureining'
devices for ,space application. Ali .facets of system operation
for the four classes oT trainers.were considered .to identify
all operatok training areas having ,significant implicatiOns
foi training: device developMent and. design; Emphasis was ,

placed on operator task responsibilities, as opposed to' main-
,tenance tasks, to limit the effortto training areas having
most dirict and immediate,relevance to operational system
effectiveness. It should.be noted that While the study was
Oriented iOward system operator personnel, the term "operator".
includes not only the personnelwho employ equipmcnt;',,but also
all personnel, dnitS, and 'organizations whoa enable it to
accomplish its operational mil Lary functions.

1

Throughout the review of military systems, the system
mission:the tasks required of system operator pdrsonnel, and
the, nature and effects of the operating envifonment were , .

asseasedin order to anticipate training and training device
requireNents. At the same time, experience with typical

'training devices in each of the four was reviewed,...The re-
view facilitated the identification of classes of training
device design and utilization problems requiring attentjon;
particularly within the responsibility -of the Human Factors
Laboratory.

1.1.1 Airborne Systems. A-large proportion of the money and
-time spent in the training of military perionnel is Spent in
training crews of a wide variety-of airborne systems. Aircrew
responsibilities were reviewed in relaticv boti*to flight
Control tasks and to the tasks required in the Operation of
theevarious weapon, navigation,' and sensor systems carried by
military aircraft. Among the,aircraft-systems reviewed were
fixed-wing and rotary-wing aircraft, fWters, interceptors
and bombers, tactical support.aircrafetranti-submarine and

.airborne early warning aircraft, cargo and 'tanker aircraft,
1 and aircraft employed primarilyoin rescue operations.
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1.1.2 Ocean Surface Systems. The stud5flidentiffed five gen-
eral types of surface ships which have both common and unique
personnel task' and training implications. Surface ship's

include those deSigned for-anti-aircraft, anti=submarine, and,
anti-ship missions. Assault ships and amphibiems-assault
vehicles were also* considered within the surface'ship categdry
because of their common requirements for training in helm- and
engineering prdcedures and in maneuvering and docking.

1.1.3 Ocean Subsurface Systems. 'Sever'al unique subsurface
systems are currenly in operatiOn, and,ah elen greater
,variety requiring specialized training will be in operation
over an.ertended period of time (3, 4). The eompleity of
most subsurface systems, due to the variety ofnission func=
tio9s to be'rerformed and the severity' of the operating
environment, imposes heavy and gignificadt requirements for
the training of system operating personnel.. All subsurface :

systems requlre skill in,the operation not only of systems
directly related.to the specific mission, but also of Systems.
haying significance.primaril,' for the conditions imposed by
the operaeional.environment (5, 6). Attack submarines,
missile submarines, and oceanographic systems have common
problems in navigation, diving, surfacing,'propulsion,
maneuvering, and ife,support. Each type of system also has
specific functional requirements in fulfilling its own unique
mission responsibilities. Each in tuxn, has requirements,
for p4sonnel training and training devices, some of which
are in common among all theSe types of systems and with some
other military systems, sorleof which are-unique to- specific
systems and missions. Oceanographic submarines, for eyample,
must perfgrm dead-reckoning navi:gation functions similar to
those employed in .attack .add missile submarines,.inaircraft,
tanks and surface ships. They also have mission functions'
in underwater research (including SCUBA operations) , colic"-
'tion of geological and biological sarrples, and'underwater
exploration, which are unique.

A

1,1.4 Land Systems. A wide varietj of skills are required
in the operation and employment of .tl'itary systems confined
primarily to the' surface of the land: Many significant and
critical training requirements axe associated with the employ-
ment of wheeled, tracked, amphibious, and air cushion vehicles
Each vehicle requires train.i.ng in normal age emergency operat=
ing procedures,4maneuvering, navigation and tactical'emnloy-
ment. Many contain weapon systems which aleo require training
in'operating procedures and tactical employment.

61:3

13 .
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y:Mansignificant training require4ents are also asio-
cl'atedWith artillery and, infantry systems, aside from those
related to the operation and employment of the various indi-
vidual and crew - served weapons. Some of these'also involve
tactical operations. Training fo-r these is a problem, since

.large expans'es ot terrain, many people and large quantities
of equipment must be maintained if the'training environment
is to be realistic.',The nature of combined- land /tactical
exercises lends itself, however, to synthetic training, since
little directcontact with.terraim units and elements is
required fot'effective training. The'knowledge and ,skills
involVedAn-this area .can be trained to awery large extent
thrOughemphasis on communications procedures and content (7).

4.1

4%2 TR#INING SYSTEMS-AND RELATED TASKS. Phase I orientation
was poihted at the identificationof problems in the desigh.of
systems and devices used in the development of- operator
which could be solved in, the Experimental System under con-
sideration. It was anticipated early in Phase I that some
problems would relate to more than one type of operational"
system,',dhd that a few would relate to only one or a very ,few
tasks and system; imierms'of the,perbeptual,psychological,
and.learning'processes involved. When the tiskd and skills '
identified.in the review of operational, systems, have been enu=,.

-mexated,-13 categories emerged, which represent relatively
unique Operations and operational settings. These 13 oper-
ator,taskS in turn each consist- of components of the five

- more or less classic 'training problem 'areas.; knowledgest.per-
ceptions, procedures, perceptual motor skills and judgmental
skills. Appendixd, lists -the major learning functions invol-
ved in each Of tHITe 13 operator or personnel task categories.

Ship 'Control. ,The size, weight, inertia, surface
friction and speed of surface ships' and sUbmarines-make con=
trol of their speed arid direction a unique problem both for
operations and training. Development of a device that is
capable of training a'number of diverse - skills in onesimul-
taneous, coor4nated training.ekekcise requires
unique techniques in deviCe design asmell as ih design of
the means for ensuring effectiye communication and coordipa -'
tion. The basic skills involved, in surface maneuvering
include:

a. Individual and crew operating procedures to define,
command: and achieve a desired course and speed.

W
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b. Perceptiotiof relative bearing, track and velocity'
of -own and other ships.

,c, Appreciation Of.velocity, acceleration,' control
lag'and turning characteristics of own arid other ships in
Selecting and achieving specific -courses and velooity

dJ, Ability to predict and.contrdl relative bearing,
course and.position of own ship.

.

;

c. Communication procedures required to assure 'optimum
crew interaction.

1.2.2 Submarine Operations. Submarine surface maneovering,is
similar to maneuveiing of conventional surface ships and also
requires ,e minimum of'specific attention in training research.
The unique environment andfunctional capabilities of-sub-
marines,,however, involve tas4 and task contexts that -require
independent attention in'the development of effective training,
particularly in submetged opdrations. Maneuvering under the
.surface requires the,cooidinated efforts of a number of per-
sonnel Submarine dynamics, speed, maneuverability and vulner-

-ability to excessive 141.311 pressures make specific training and
experience mandatory for safe and efficient operation. -Diving,
hoveringand surfacing also involve complex, critical. skills
- and coordidatiOns, particularly fOr:'

-
a. Hatch control
b. Ballast and-vent control
c. Control of diving planes and rudder
d. Perception of diving angle and. `diving rate;

ability, to lead depth with plane,
ballast, and vent' controls;

e, AppreciatiOn of ,submarine diving,, surfacing ,

. and hbveging_dynatics.
f, ,Crew communications rqcedUres -

.Authmatic.hoVering control procedures.
f

1.2.3 . Land Yehicle Operation. The third category of!milit4ry
systems with relatively tnique training device. 'design require-
ments'incluges .tenksi trucks, persOnnel carriers, self=
propelled guns, missile jaunchers, air cushion vehicles,' and
other similar systemg, all of whibh operate over th-Surface
of the terrain.,.. While each,.at.one-level of operation or
another, imposes unique'rtquitements on the'operator training

"0
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system, irony training requirements are 'common to all vehicles,
'particularly thbSe fol'representation.of system motion and

environments,., Tracked vehiclet have many requirements _

in common: steering, engine, and transmission control and
dynamics of the vehicle7surfaCe interface. 'Wheeled vehicles
similarly -have common task and training requireTents, as, do
'most air-cushion vehicles Uniquetraining requirements do
"arise "tilbugh frOm differences in the arrangement of control
and ditplay equipment, in the maneuvering dynathics of specific

vehicles' and classes of vehicles .and in the tactical employ-,
,ment of the vehicle n-performing i'ts specific mission.func-
tions.

.

Air-cushion vehicleg make significantly different
-demands on the operator than do other surface vehicles;
because of the extremely.-low level of-friction between the
*vehicle and the surface, the.air=cushion vehicle is eSpecial-
'ly sensitive to the.effects of wind anp terrain slopes. This

, requires an unusualdegree of skill ana training for the
operator in route stlection.and vehicle control. Air-cushion
vehicles tend to. make' demands on,the operator similar to
.those of shipsand aircraft.

_ .

1.2.4 Individual Military Skills: A lthough most basic
military skills -.use of map' And,compass, recognition of land-
marks "arid target's, use of individual' weapOns and smallAinit
tactics, for example, can be taught in,a natural field train-
ing environment, the required; adequate environment is not

.aiways available and must-be-produced synthetically
by a training device. Even'normai classroom training requires
deviceg for training control, performance measurevint, guid-
ance and student/instructor feedback at times.

. * k

1.2-.5 Air Vehicle Operation. Aircraft, like' submarines,
.operate in a three-dime6siOnal e'nv'ironment .and have unique,
critical implications for vehicle control and operator train-
ing. The gravitational 'significance of the aircraft's unique
orientation, and of the crews unique perceptions and ut-ili-
"ation of gtavitational.and acceleritive forces in'flight and,
systems control-, makes trainer representation of these forces
essential,' Such representatibn is both complex and ey'pensive.
The needfor operating high-epeed aircraft close to the ground
during periods of marginal controllability imposes more
comple:, requirenients on the training system representation of
'the,crewrsvisual'environment than for other systems where
eyents occur at' lower rates:

31.
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-
1.2.6 Vehicle Systems Operation All military yehicles're.-

.'qpire. operator skill,dOt oril to (tontrip]. speed, heading,

.'position, path, and attitude of the vehicle, kiit'in operation
''of a variety, of ancillary syStems (electrical; hydraulic, air :

`conditioning;" etc.) :ei§ential to the functions of the vehicle.
- Vehicle systems operation was considered separately, from
vehicle ,control for' two primary reasons: first, most of :the
skills involved 'in system afieration' involve only the, informa-
tion available at the operator's station (where,` real -world
visual or ,motion cues are inwlyed, they tend to be limited,
in their demands on the 'training system) ; secbnd, the skills
required in system operation are largely prOcedcral skills,
which can be .developed in settingS haviag-low ,simula;ion
fidel,ity-(,8_,)-i

1.2.7 Navigation. Many military elements, units and systems
`require skill and training in navigation. The methods and
equipment available and, thus, the specific operator tasks
required vary frOm system to system. and with mission environ-
^ment". Major navigational training problems are Laksociated
with four basic .techniques: celestial navigation', dead ,reckon-
ing, radio/radar electronic /satellite navigation, and visual
contact.

1.2.8 -Gunnery Most MiliAary systems incorporate_ some form
of weapon from' the personal weapons' of individual .petsonnel
to the more complex artillery; and missile systems. Gunnery
skills include many procedural components with heavy emphasis
Om visual target detection, recognitiOn, and acquisition.
\Flexible gunnery involves critical tracking 'skills, while
tgUided-missile and, 4xed gunnery' from aircraft require skill
in complex system- operation; an aircraft pilot, fdr example,
must control both the aircraft-tand the guided missile sirnul-
taneou"Sly,

1.2.9 Fire Control. The employment of Weapons and weapon
systems involves an understanding of the capabilities of the
weapon system, the characteristics of-the target sand the
influence of a variety of environmental effects on the weapon
system, as well as"target acquisition, computing; plotting,
ranging, sepsing and, sometimes, weapon regi,stration. It also
involves, in some systems, the. proceduies and -skill6 required *.

in actual weapon launch, although these responsibilities are
delegated, ia.some systems; to personnel not direct15,, involved
in fire control as such. Thus,, the tasks of training tie
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operatof to eifectively,employ the total taeapon system is far-
greater than.simply training him to _pull atrigger and.hit a
target.

1:2.10 Sensor Operation. Special sensors requiring training
for prOper utilization and interpretation are associated with
most military systems; radar, sonar, infrared, image intensi-
fier, magnetic anomaly, row -light-level Eelevision,md other
sophisticAted'iystems. Each system involves a series of set -
up up arid adjust procedures and a variety of perceptual tasks

:requiring extensive practice and training in display inter-
yretation.' Many-systems also.require 'a detailed understand-
ing by the operator of the effects 'of envgronmental para-
meters on system performance, Radar Operators, -fclr example
must be able to predict, recognize and actount for effects
Jeeather and, in the case of airbornesystems, other variabl
influences onthe display such as altitude and heading. Son
operators similarly must'learn to interpret the effects of
water density and temperature gradients, background noises
and variations in the structure of the ocean bottom on tie
sorter display.

1.2.11 Individual Tactical Operations. Significant levels
of skill are'required not dnly in operating military systems,
but in employing them in the fulfillment of system mission,
requiremants._.All systems, by definition, have certain
specific functions in the solution of operationalproblems,
which require knowledge of the mission, the system and its
elements, and the ability to operate the system. Most impor-
tant, they require the ability to analyze specific mission'
requirements, and environmental constraint's', and to select,
modify and emOloy system capabilities as required. A system
may involve only one person and a limited number of function-
al capabilities, or if may involve a nuMbel of personnel and
a lrge number of functional capabilities. An infantry scout,
at the one extreme,.must maintain secuwity, must be able to

' navigate fioM ene place to another, to observe and report what
he- sees and hears along the way, and to operate ,a small number
of del4cest including a personal eapon, a compass, and other
equipment of a comparable level o complexity. The coMmander
of a combined'operation, which includes ships, submarines,
aircraft and amphibious assault vehicles, is also involved in
'a military system, but ata much higher level ;of'complexity.
The lower level of task complexity concerns the training of
operators of basic systems identified with individual military

_units and specific items of'eguipment; the higher level
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concetns the. training of personnel in the cooxdinated use of'
a variety of systems, units and equipment.. In the first case,
system functions involve the employment-of.a'weapOn, a hoc lo-
geheou6 unit such as a. squad or a platoon, an aircraft, a.
vehicle, or any/organiiation having a unitary identity and a
-discrete set of.functional responsibilities: In the second
case,case, syste'm responsibilities involve two or ,more discrete
units, vehicles,, or other unitary-systeip:which act 'in coor4
Anation in 'tae solution of mission pro6lems. Individual
tactical operationg consist of the more or less independent
employment of One system, while' combined tactical operations
involve.tbe employment of two or more different but related
systems In the solution of problems requiring team or coda-
bined capabilities (see nest paragraph )'.

.1.2.12' 'Combined Tactical Operations. Mosesystems operate
as parts of larger systems in which indilidual capabilities
are employed-in acttie.ving functions assigned to the combined
system.' Personnel' responsible forthe employment of hetero-
geneous.sy.steirts usually do nob require skill in. the operation
of specific subsystems or equipment; but rather in understand-
ing, allociting, and'employingthe capabilities and limita-
tions of the available system elements in specific phystcal
and tactical envirodffents. Specific abilities require&

-

a.' Khowledge of .both the nOmin.al arid degraded capa-
bilities of elements making up the total system,

b:. Knowledge of the capabilities anditactics of the
'enemy elements likely to be involved in each tactical situ-
ation.

. .

c. Ability to select, modify and apply standard
tactical procedures.

d. Appreciation of the capabilities of the sensors -

available, and the ability to derive tactical information
'' from both discrete sensor data and combinations of datjeand

situation history. .

1 . .

,

e. Ability to perceive relative motion among friendly
and enemy tactical elements, and.to Predict and controlthe
relaeive positions of- 'friendly elements: : -

.

,
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f. 'Appreciation of the effects, the delivery charac-
teristics and the characteristic errors of each available
weapon system.

Id general, combined tactical operations require training in
perceiving and controlling patterns of activity-taking place
over, wide expanses of air, ocean, and/or terrain. Opportuni-
ties for tactical training in a real setting are limited, but
many tactical situations can be adequately represented for
training in a variety of effective, relatively feasible and

economical way-s (9, 10, 11, 12, 13).

1.2.13 Escape, Rescue and Damage and Casualty Control. Many
military systems operate under extremely-hazardous conditions
imposed by the enemy, the mission, the characteristics of the
system itself, and by the physical environment in which oper-
ations must occur. 'Military missions frequently require oper-
ation in bad weather, over rough terrain, Under the ocean or
at high altitudes, all of which in themselves threaten the
well-being and the survival of the system. Mans, systems in
employing thesetunique capabilities must also operate close
to the envelope limits defined by safe operating practices for
that system.. Fighter aircraft must fly high-g maneuvers
during terrain-follawipg, weapon delivery and evasion. Sub-
marines must operate at or near Maximum safe depths to avoid
detection, and ground systemsimust operate at high speed to
achieve mobility and surprise. Thus, emergency situations
arising from marginal, operations Can result in danger and
injury to system_personnel, and damage to system equipment.

Training in escape and rescue, and in damage and
casualty control are both critical and difficult (5, 6).
It is especially critical because of the extreme need for
overlearning in task training. Training cannot be pro'Vided
In the same physical and psychological environments in which
the tasks must evdntually be performed. In many cases, emer-
gency skills cannot be practiced as frequently as can other
normal operating skills because of the difficulty, expense
and danger of providing adequate training settings. Motiva-
tion for learning emergency skills tend to be low because of
their infrequency of occurrence and, for this reason; the
sometimes mistaken_ belief that it can't happen to me;;
At the same time, when emergency skills are required, their
criticality and value are extremely high in terms of system
mission responsibilities and equipment and personnel security.

35
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1.3 TRAINING IMPLICATIONS OF MILITARY TASKS. Although 'the
tasks required of military peisonnel very widely with
missions, systems, system equipment and the natlire of the
stresses under which these tasks must be accomplished, the
psychological processes involved

."in the performance of a
.great many of the tasks and portions thereof are common to
many operational systems. As a- result, experimentation in
generalized leareilhg processes can be effective in the im-
provement of training over atvoide range o military task..
responsibilities. ;Data on the psychologi 1 nrocesses occur-
ring in the development of perceptual skil could; for
example, enhande capabilities foistraiding s nar and radar

',operations,. by further defining the manner in hick complex
patterns are analyzed, and the best ways-of breaking,percep-

, tual tasks into meaningful, manageable subtasks for training.

1.3.1 Knowledge. In each system; crews and operating per-
sonnel must acquire knowledge related to the system mission,
operating environment, characteristics, capabilities and
limitations of the system, and the procedures required for
its employmeht. Knowledge can he-transferred in many ways --
from information discussion to 'on -'the -job training. The nature
,of cognitive learning, particularly the inherent capability
for measurement and the manner in which knowledge is employed
i-n system operation, makes Possible either individual, self-

. paced instrucion, or group' training. Both of these-, in
turn, permit Ylexibility in:the selectionsof traieling
approaches, and the application of a variety of automated and.
computer-managed training techniques.

1.3.2 Perceptual Skills:, All military systems require the
development and eiercise of skill in the_perception of mission,
system, and environmental cdnditiOns relevant to the functions
required of the system. Perceptual skill involves the organi-
zation of available information into patterns having meaning
for the accomplishment of system functi1:17/ and the selection'
of, procedures and 'actions consistent these patterns and
functions. Training in perceptual skill "requires exposure to
a wide variety of,inforthation concerning system capabilities
and status, mission requirements and environmental influences.
The specificity of'responses to patterns, pattern complexity,

A and the difficulty inherent in defining, Predicting, and
41" measuring individual perceptual processes,tend to make per-

ceptual training difficult, time-consuming, and expensive.

L -,.. , . 21
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The nature of perceptual processes, :and the uniqueness of
complex patterns in partic'ular, require experimentation in
the development of training approaches_ and device designs
that-are responsive, to the requirements of specific training
and operational situations.

.

A

;m Perceptual skills are needed in three general task
areas- First, skill is required in the.1) diagnosis of system
status, and full employment of its functional capabilities and
characteristics. Depending on the complexity of the system,
extensive training may be required to interpret dita availablefrom system indicators and system behavior, and to organize
these data and correlate them with. current and ltored inform-
ation.

Complex perceptions are also required to operate and
interpret special sensor displays. Riad'ar, sonar, infrared,
low -light -level television,, image intensifier, electrdnic
countermeasures and magnetic anomaly detection systems al
incorpOrate sensor displays producing unique, complex ou puts
that are sensitive,-:to a wide variety of environmental, t "'rget,
and control influences: The operator's task in 2) sensr
interpretation c'orlitts largely of observing visual, aural,
and other display patterns, relating them to his knowledge of
the system's characteristics;the characteristics of the en-
vironment, relevant to that sensor, and his understanding of
the operating circumstances and their effect on the behavior
of the sensor system.

The third area of perceptual skill requirement is in
the 3)' evaluation of the environment and its effects on system
capabilities and performance. Most military-functions must be
responsive to change in the operating environment. The -runway
distance required for an aircraft-to take off increases pro-
portionally with outside air temperature and 'with load; a
radar image of a ground target varies in size, shape, and con -

trait with changes in aircraft,heading and altitude; and vis-
ually detected targets change in color, contrast, and distidct-'.
ness with changes in time of day, hage, and smoke. The per-.
ception and evaluation of the environment and its effects is
particularly critical in unaided and optically aided-'visual
target detection, the control of vehicles by reference td
immediate visual, sound, and motion cues, and in the assess:.
went of the physiological and t)sycho1ggicii effects%of stresses
encountered in system operations. -

,
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1.3.3 Procedural Skills. The perception and orgaaization of
-,r0-18vant information in militRry system operations permits the
:identification and, where necessary', modificationrof the
behaviors required to fulfill system mission responsibilities:
Many of these behaviors arbOrocedural in natufe,jnvolving
relatively fixed sequences' of actions on the .part of the oper-
ator. Starting an engine, launching ,a. missile, aligning a
navigation system, taking up an assault formation and many*
other-Junctions involve predetermined procedures. These must,

to some extent, bR memorized,, but much of the training requir-
ed, in the developtent of procedural skills relates to perfor-
mance of procedures in stressful circumstances, and to the
ability to'select and modify procedures according to the
demands of the immediate circumstances.

Another aspect of procedural learning concerns the
timing of responses. Some systems and missions impose little
or no time pressure on the system crew, while others, employ-

ing similar-procedures of comparable complexity, requite sig-
nificantly greater levels of'overlearning to overcome the
effects,of_time-pressuresttmposed by the circumstances under
which system functions era performed. Sometimes more than one
procedure must be performed by the same operator during a
given time ,period, and frequently the procedures assigned to
one operator must be performed in conjunction with those as-

signed co:other operators. Major problems in training proced-

ural once the essential knowledges have been acquired, .

include mastery of the proper sequence and timing of procedures
and learning to recognize the effects on system status of
relevant procedural steps and other influencing factors, and

to modify th:e prOcedure accordingly. The simplest procedures

are fixed, and require primary knowledge of the piocedure, the

ability to identify ehe circumstances in which it is required,

and knowledge of the- locations and Modes of actuation of rele-

vant controls. At the simpler levels, even control actuation
is not a learning,probem since many;.'of the, output components
of simple procedural tasks are already in-the repertoire of

the.operator trainee. As the procedural requi;ement increases
in complexity, greater training emphasis is required in the

generation of outputs and in control actuation.`. At the same

time, greater emphis is also requiied in training operators

to evaludte the effects of control outputs on system condition,

and to continuously evaluate the relationship of the system to

its assigned functions.

23
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1.3.4 Perceptual -Motor Skills. Perceptual-motor skills are
among the most critical required in military systems. Whether
they involve dirtct intervention in the dynamics of a system;
or merely monitoring and "keeping up" with the more automated
systems, they, involve continuously varying relationshipsgamong
cognitive, perceptual, procedur41, and overt behayieiral task
components, frequently on a relatively well-prescribed time
base. While the perceptual-potor skills required in.most
military systems can be described adequately at the verbal
level, they can be acquired only through extensive practice in
circumstances conduciire to learning. The dependence of some. ,

perceptual-motor tasks on the effects of preceding inputs and
on momentary event in the system environmdnt*emphasize re-
quirements

's

for training in rapid, ,accurate perceptions and in
the timely interpretation of complex patterns of in.formation
and actigity. Many perceptual-motor'skills also appear to be
heavily dependent in training on the.presence and nature of .

elements of the operating context whose influence is diffi-
oult to predict from training situation analysis data. This
produces a. priori requirements for a training situation which
attempts to represent the compleXity of the operating situation.
A major problem in designing dgyices and situations for train-
ing in perceptual-motor skills!is' in minimizing' ;training cost
and complexity by defining essential functional' relationships
among contextual, cognitive, qnd performance elements of the
training and operational settings of concern, to minimize re,-

quirements.for representing total system contents.in training.

1.3.5 Judgmental Skills,' Each system Or7t-bor, to one degree
or another, must rake. judgments concerning possible courses of
action, based-on his knowledge, of the system, its mission and
capabilities, and on his' perceptions of the immediate circum-
-standes. As in all other operator task elements, the degree
of complexity of judgmental skill requirements varies from
the decision-making processes required in the functions of an
'individual member of a'simple system to those required of a
commander of a combined force .of air, sea, and surface elements.
In each case, the decision maker must betrained to apply
available dation the 'status and condition of, system elements,
and,on.the mission, the enemy, ,and the tactical and physical
environments in cOordi,nating the actions of, the elements at
his disposal to accomplish assigned system mission responsi-
biliris. must also be trained to objectively evaluate and
weigh the. data available to him, both from immediate sources-
and from experience,' and to re-evaluate basic data and to
modify decisions based on the observed consequences of each
course of action. N.,
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-1.4 EXPERIMENTAL AREAS. Synthetic training defice help to
minimize. training Costa in each of the five classic. train-'

'ing problem areas--knowledge, perceptual, procedural percep-
tual -motor and judgmental skills, by reducing requireme or
use of'Operational systems and equipment 'in training. They
tend to.itprove the quality of training by permitting care-
fully controlled exposure of trainees to the essential ele-
ments of the problems they will encounter in the opeional
system, andloy'permitting, monitoring, measurement and guid-
ance of trainee performance throughout major portions of the
learning process.. They also permit the developthent of criti-
cal skills in almost completely'safe settings. To accomplish
these functions, training devices must,be designed to fulfill
five relatively, discrete functional'requirements. These five
'requirements have been outlined to define the areas within
which experimentation is required to answer design questions
that have critical implications for optimizing training device
designs.

1) The first development area involves requirements
for the incorporation of equipment from the system operatoi.'s

--c-d-tation in the device 'trainee station.

2) The-second relates to the definition of the level
-of operating, fidelity (system dynamics) required in the train-
ing device in'question, or the degree to which the device musti
behave like- the system which it repredents.

6) The third development area concerns re4arements
fob e analysis of the way in ,which the effeCts of the system
ope ting environment are perceived and employed by system

1, and of the manner in which these effects can be
re ented in training. Principal'attention has been given
in is category to the significance of visual, "out-of-the-'
window" information, and .of proprioceptive and aural informa-

4) The fourth category concerns ttie evalultion of
var ious methods by which training may be managed aid con-
trolled, with emphasis on the allocation Of instructional'
and training management functions among manual, semi-automatic
and automatic modes of operatied.

tion in system operation.

5) The fifth category concerns the experimentation
-required in selecting, evaluating, and, arranging components
and subsystems at the device instructor's station, to facili=
tate t4e instructor's execution of all his fUnctiOns., \

7
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In each of these-five areas, specific' attention in device

development' and design must be given to the influence of the
task being trained for, the people being trained, the time
available-for training; and the possible allocationsof train-
ing functions among devices, settings, equipment° and approach-
es. Logistical and administrative influences must also be con-
sideretopreclude the selection of designs which, while,
effect /We in training, could not Ire supported by the system
in which they are employed... Although this latter considee-

ation is outside the scope df the proposed simulation system's

functions, it is relevant in the selectfon of parameters.for
expetimental analysis.

Most.training device design characteristics can be speci-
fiedearly in the development period, through application of
training situation data generated during the development of
the system for which training is intended (14). The specifi-
city of the learning and perceptual processes and of training
situations makes, it necessary, however, to experimentally
evaluate the logical alternatives available in training device
design, to identify those that can be expected to provide ef,-
fective training at the lowest cost within the anticipated
training context`, In effect, each device design is the result
of tradeoffs among training task requirements,potential
device capabilities, and the coat, safety and schedule impli-

cations of each possible approach: Effective training device
development requires that adequate data for reliable tradeoffs
be made available, Much of -the required data concerns the
effectiveness of specific device characteristics for training

specific operator tasks, and is thus unique with respect to

the tasks being trained, the nature of the training situa-

tion, and.the essential capabilities of a variety of device

design approaches.

,
The design of any training device assumes insight into:

,
the nature of the task to be trainedo.andthe meaningful sub-

,

tasks and elements into which it may be diVided; the mechan -'

icS of the learning and perceptual processes related to each

task component; the nature of.a variety of possible approach- .

es to the training of each speCific task; and the economic ,

and Safety implications of pptential training approaches,

within an overall operational and trailing system context.
elrFrequently, device d ns'result from .."best guesses" in one

or cadre of these area, Occasionally, training device and

training System effectiveness are compromised thereby.,

through lack of relevant, objective design data.

41
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1.4.1 The Trainee Station. Each training system includes
some representation of the Equipment expected to be operated
by the trainee as he becomes qualified. The operationll work
station usually includes displays of information about the
status and performance of the system of which the work station
is a part, and it usually includes controls Which permit mani-
pulation of the'system, or portions thereof. It may also
include displays or direct presentations of inforMation about
the system's operating environment, which influence the inter-
pretation of system data and the exercise of control over the
system as it operates in its environment.

While a representation of displays, controls, and
environmental data is usually required for training, the con-
figuration of the settilig in which the operator is trained can
vary in a number of ways, depending an the complexity of the
tasks to be learned, the level of lea to be achieved in
a give training setting, the manner hich tasks are seg-
mented for"training, the nature of the operational environment
and the training methods to be used. It may also vary signifi-
cantly with the difficulty, the cost and the-criticality of
representing certain-aspects of the operational setting. Train-
ing in the operation of a very simple system may require only
a simple, verbal description of the'operator's station; a
sketch, photograph, or a look at the equipment' itself may
suffice. For most of the stems requiring Naval Training
Device Center support, however, more extensive representations
are required, because the operational context is usually com-
plex and the operator skills are similarly complicated.
Chase (15), for example, has. evaluated the effects of 'color
and black and,white presentations of visual cues, on the
perfo /mance of aircraft landing skills acid has found that
color influences the degree of conceritraelDn required on the
part, of the,pilot. Decisions on the incorporation Of system
operator station equipment and on theidegriee of fidelity with
which the equipment and its performance are to be represented
in a givenraining'device require similar immediate, objec-
tive data ati the likely effectiveness of alternate approaches.

Another aspect of trainee station representation also
requires significant levels of experimental insight. Frequent-
ly, training effectiveness cat.129Zahanced through controlled
modification of the trainee's station to prbvide information

27 1,,t,
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400

in addition to that ordinarily available to the systeM oper-
ator, or to permit ,the trainee himself 'to exercise some con-
trol over the training situation'. While these tend ,to `entail
departures'from trainee station fidelity, they frequently are
essential to efficient training, Thp Army's Synthetic Flight
Training System (16) and Link's GAT-3 (17) provide equipment
athe student station which canbe-used by the student hiim-
sbrlf to initiate, codtrol'and monitor his own training. While
these' equipments detract ftpm fidelity as such, they enhance
device effectiveness by providing feedback and guidance with-
out the intervention of an instructor.

1.4.1.1 Requirements for. Controls and Displays. An initial
decision in the development of a training device concerns the
incorpgration of controls and displays located at the operator
station to which the training device relatea, and the manner
in'which they should be represented. .Decisionsimust be made
about controls and displays to minimize both cost and distrac-
tion resulting from incorporation of equipment unrelated to
the tasks beng*trained. The training situation ahalysis,i
performed in the definition of device characteristics and re-
quirements, will answer mostof the questions in this area,
through definition of the tasks and subtasks to-be trained in
specific training settings, and identification oftask-related
equipment and its functional significance. Complete defini-
tion of work station equipment will frequently require objec-
tive data, however, concerning the effect of specific compon-
ents on device training capabilities. In some instances, for
example, the training analysis wilI.Indicate that a given

`display or control'is not direetly employed in the training
subtask, but may indicate that the component could act, for
that particular task, as a distractor or as a source of con-
fusion. The degree of involvement of such components,in
ing Cannot- be readily predicted, especially in systems with'.
which.operational experience is limited.

Currently, it id frequent* necessary to include more
of the system components in 'the trainee station 'than may
actually be required, to permit early experience with both the
operational system and the, training device to produce a utili-
zation concept consistent with the training requirement. As

a result, many devices in the field contaih trainee station.
equipment that has been found, through experience, to be un-
related to training. It is also not unusual fOr work station
components to be excluded from a training device design due to

limited information,:on their relevance for training. In each

situation 6'00 traihinkeffeetiveness and training cost suffer

due to the f deauacy oir the design data. When devices are
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produced for experienced operators of 1n-use training equip-
ment,-the probleii is zani*ited;Silver, pt al, (18) for
example, found that Paper-and-pencil simulation of radats
pictures was adequate for training,skilled operators, while
more complex simulation was required for novices. The com-
plexity and the criticality of mahy future systems will,
however, require that.devices be-available for operator erain-
Ing prior to the employment' o the operational system. ,Human
Factors' Laboratory capabilities for experimentation in device
configuration will thus greatly improve the training accuracy
and efficiency ofprotptype devicea.

1.4.1,2 EiluIpment Fidelity. Once equipment at the operator's

, station'has:been selected., decisioni must be made about the
degree of fidelity of.representatibn. Training 4 vice costs
:tend to increase with'in4eased fidelity, whereas training
effectiveness does hot necessarily increase proportionately.
Yet, while high fidelfty,frequently makes it easier for the

£ trainee to relate the.training situation to the operational
setting,, effective learning can frequently.be achieved by
deliberately reducing the level of fidelity; particularly in
early training. In effect, fidelity requirements depend more
on.specific training contexp.s, than on the degree of apparent
device /system duplication. The nature of the tasks,.the
trainee,' the instructor and the complexity of the skills to
be trained dictate fidelity requirements, rather ththe face
validity of the training device. In fact, low fidelity-may,
in some instances, enhance training value by helping the
trainee !(:) recognize the essence of a task or a, system char-
acteristic. Wyener, for example (19) 'has noted that trans-.

-parencies, wall charts and other simple aids can be used to
teach the fundamentals of sonar signal classification, by
parcelling.-out essential signal, characteristics from the total
.acoustic complex. It may also result.simply from the incor-

. poration of unrealistic but effective learning aids., such as
the, breadboard trainers used in training systems maintenance
concept.

Because cif the many varied relationships between
fidelity and training effectiness, fidelity requirements'
cannot always be determined from the data available in train-

device preliminary design, particularly for equipment that
not directly involved in the primary tasks to be trained.
is is true largely because, where objective operator task
to have beenge rated; they tend to relate to major tasks

d to tasks whop essential, characteristics are more readily

.0
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apparent at the early stages of system development. Many
'subtle and frequently critical operator/system interactions
are difficult to predict during design, making experimentation
in crucial task training areas significant..,-.

1.4.1,3 Sensor Display Fidelity. Most miliary.systems-rely
heavily on the ability of operating personriel to adjust, ofient,
interpret, and correlate information provided by one or mores.,
special sensor systems.' The utilization of radar, sonar,
infrared, closed-circuit and low-lrght-leve,1 tetevision,,image
rfttensifiersand.other specialized syste4 RicAt up, process.
and display essential audio and visual informat n5 which.

.requires extensive training,in system ope ating procedures,-
and'in the perception and interpretation lex patterns.
Because of the basic complexity of Many.° t patterns
employed by the operator, the. extreme difficUlty, in defining
the manner in:whidh they are perceived, and the current

'level,of knowledge about the dynaMics of perceptual learn- .

ing, display fidelity is a significant area requiring ey-
perimentatipn.

Operators of radar, sonar, and similar display,
systems require two forms of training aside from the acquisi-
tion of information about the characteristics of the system:
First, in the selection and execution of system operating pro-
cedures; and second, in which.thaqtrainee learns to modify his
selection of a procedure, or to modify the procedure itself as
a function of variations in the operating conditiogs or dis-
played information. The former usually does not impose strin-
gent requirements on. trainee station fidelity requirements
while the latter does. High fidelity is alSo required when
the trainee must learn to make differential interpretations of
highly similar patterns.

,/

Frequently; low fidelity is itself of significant,-
positie value in training,both in the employment of.conven-
tional dislalays and controls and of more exotic sensor
displays, where fidelity is defined as the degree to which

.

'identifiable elements of the operatiogal system are incorpo-
rated in training device design. Training time may be wasted
4y requiring a trainee to recognize specific cffects in a.
high-fidelity display before he understands' them as elements
of the total situation when they might have been derived from
early exposure to a low, fidelity representation of the display.
For example, it is common practice, in the first few-ses"sions
in an instrumenpotrainer syllabus, ,to lock put roll and .yaw

)1,
/
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until. the rainee has learned to control the pitch-related
displays. Later, roll, it added,; to help the trainee to
learn to share his atteatidn betwgen,these two areas. Finally,
maximum fidelity practice is achi4yed, with-pitch, roll aid
yaw dynamics represented all at-the dame time.

Once a display has been Selected for incorporation
in a specific training device, its essential characteristics

* must be defined and related to the training process being
implemented. Two basic problems must be solved in the defi-
nitiOn of'the characteristics.of most display devides. Firs
the essential oharacteristics of,the display must be-ob)ec=
tively defined, as must the interactions among these charac-
teristics and the'inputs'which produce them.-.,,Second, the
manner in which the characteristics of the operational display
are perceived by the system operator mutt be definecrso that
design compromises can be developed which reflect thete per
ceptual requirements. For example, a sOnar,retur,n varies in
quality with variations in target type, range and aspect and
with variations in water temperature and density. These var-
iations In quality need be represented in training, however,
only to the degree that they .can be perceived (and/or used)
by the trainee.

Definition of the characteristics of the display, and
of the manner in which they are perceived must be.f owed by
anafyiis of the manner:in which the display and it pe ived
qualities relate to the training in which it is to be repr
sensed. Ishile display fidelity is sometimes equated with the
"realism" of-the display, and with its superficial appearance,
fidelity in training devices can be defined only in terms of
those qualities which relate, either directly or indirectly,
to training effectiveness.

,
Optimizi4the relationship of display fidelity to

training device effectiveness requires specific capabilities
on the part of the Human Factors Laboratory. Assuming
adequate definition'of operational dilsplay characteristics
and of their basic relationships with the operational tasks.
to be trained., the Laboratory must be able, first, to evaluate
the characteristicsjof the mode of display repiesentation
choseA''for spesific training device utilization, and second,
to specify thelohysical characteristics of displays to be used
in training. Ideally; the latter capability should be the
primary function in this area, but in practice, time and other
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circumstances will snake it necessary for the Laboratory to:
evaluate existing displays chosen,by a contractor in tesont16-,.
to a specification as well as to derive essential display
characteristics: ?

1.4.1.4 Feedback/Guidance Display Requirements. Learnitlg,
'Wild particularly the learning of psychomotOr skills,. is usual-
ly enhanced by permitting the trainee to observe the results
of his performance, when compared with a criterion. Feedback-
may, depending on the circumstances, delay learning or produce ,

learned responset which'are inappropriate. The form of feed:'-',
back employed mayor may not enhance learning, and it may vary,
ineffectiveness from one stage of learning'to another .- In .

some cases, learning rates can be improved by-emphasizing or
enhancing the information normally, available in the execution
of a task. In' others, it is necessary to generate and Provide
artificial feedback to facilitate learning, usually in the '
earlier stages. For example, an officer maneuvering a ship
can be given quickened information, showing him where the ship
wouj.d bg at some tide In the future if current-control inputs
-are Continued, or he could be given intermediate performance
goals, each providing data on the current position.of the ship
and indicating appropriate control actions.

Guidance is also"frequently effective in helping the
trainee to recognize patterns, to,select valid approaches, td
sense subtle deviations from a criterion and to eliminate in-
effective responses. TO be effective, guidance must be rele-
vant'to the task, to the capabilities of the trainee,and to
the task criteria, It must also be appropriate to the level %
of training and skill at.the particUlar time .it is provided.
'Means of devising and evaluating methods of providing, enhanc-
ing and supplementing performance,feed6ack must pedeveloped,
to permit the development of feedback programS applicable tb

ri
specific tasks, task environments, task segments,- rear tng
stages, and training devices and systems.' Also, mea c are -

,required for devising and evaluating guidance scheines for the
.promotion of effective learning. ,'.

1,4.1.5. Self-Instructional Equipment. It is frequently pos-
sible for the trainee himself td evaluate and diagnose his
bwn',performance, and to recognize requirements for further
exposure to specific training material and 'practice in specific

. tasks. The degree to which self-instructional systems may be
employed depends upon the nature of the learning material, how
it has been segmented, and the experience and qualifications
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of .the student: Where the nature of: the training situation
is conduCiye to student self-eval,Oation, and where the trainee
has insight into that, patticUlar training.'process, trainee-
initiated instructiOrr can reduce requfrementi on instructional

,personnel, enhance motivation; and encourage the develdpment
of-insight into the essential nature of the systems and the
system tasks under "consideration. Self-inbtruction may involve
nothing more complex than deciding-to jortaCtice.a .given proced-
ure or maneuver again, or .it may involve the selection an,-
execution of any of a number of remedial" programs. :These
programs may in turn range from library 'study' programs to
programmed texts to completely computerized program
mentation in'this area can define the types of programs to-be_

-, made available to the trainee, and the criteria to be,used- by
the .trainee in,asseising,and diagnosing his'own perforiante.
It can also evaluate'afternate'modes of displaying performance
measures and criteria, and alternate modes WproViding
trainee control oveithe learning situation. ..!

e.

1.4:2 Fidelity of System Dynamics. A persistent problem.
in the development of training "devices is in the sp4Cffica-
tion of the fidelity with which the operation of the'prime
system must be represented. In mAt systems, a wide Variety'
of system, subsystem, perdonnel, and environmental variables
determine the ways in -which the system is perceived by the
systet.operator,'and-the Vey in which it respondk to operator
:inputs. As a result, the operator must be trained, withip
the limits 'of his capabilities, to account for.the effects of
many of these variables in his execution of system missions.
Deciding which variables forepreseisttin training device
design requires information on the ability of the trainee to

--perceive the effects of specific influences on system perfor-
mance, the influence of this perCeption on learning, and the
cost of including significant perceived effects'relattve to
the-training costs incurred by their exclusion.

t .

Experiments in the effects of various levels and types'
-of dynamic fidelity on training effectiveness will facilitate
the tradeoff studies required to develop efficient, economical
training device designs. Fidelity experiments will be re-
quired in a wide range of settings, because of the wide range
of operational systems requiring training device design
support. Flight simulator design frequently requires insight
into fidelity requirements on the system equations, because of
the complexity of many of the peiceptual-motor skills being
trained, and because of the expepse and the difficulty of
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generating some system data. Recently/ training given. in
F -4E spin recoveries on the NADC centriEdge was deperident.on
the generation, at considerable expense, of data on F-4E spin
characteristics. Initial employment of the F-4 did not anti-
cipate a spin training requirement, .and as a result, the appro-
priate aeiodydamics data were not generated for early F-4
simulation. Similarly; requirements exist in the design of
other complex systems, including submarines, land vehicles,
air-cushion vehicles, and hydrofoils. There are also similar
research requirements in systems not s6 closely identified
with man/machine interfaces, including tactical and communica-
tions systems, in which the dynathics of various types of units
have significance for the training of organizationalcommand
andfOn control personnel at various levels. The training, of
traffic control personnel, infantry platoon leaders, battalion
commanders; members of the division staff, fleet commanders,
fire ,direction teams, and many other similar personnel requires
some representation of the behavior of the system elements
within their cognizance. Certain skill areas are particularly
sensitive to the quality of information available on system
dynamics.IParker and Depauli (20) found,in developing a general-
ized sonar maintenance trainer, that the functipnal similari-
ties among a variety of sonar systems had to be accurately
represented in the trainer, to permit effective training in
maintenance techniques. Diagnosis of system status from ob§er-

,

vations of system performance, tracing outputs'from the system,
using the characteristic capabilities of system components in
fulfilling mission functional requirements, and interpreting
and acting on the validity of data about individual system.
components all imply requiremedtS for relatively high levels
of'system fidelity.

.
Operator,petcaption of system characteristics,

and variations in the stage of training to-be achieved in a
given setting or device tend to minimize fidelity require-

ments in-adme areas of training'.... An obvioud' example is the

simulation of daylight. In truck .driver training, a simulated
daylight scene need. provide no more thad 10ior,20 foot. - lamberts
of brightnes, because the driver need' not learn to deal. with
higher', more realistic levels,. An astronaut, learning tt per-.

'
forM extra - vehicular acEivity, on,,the other hand needs to.

learn to. deal with,the'high contrast environment in 'space,

and with the glare generated by sunlight'reflecting-from the

surface of his vehicle and his 'own garments.., Human perception

can teadily integrate different 'sets of f-discrete events to

produce identical effeces,-either because sode of the discrete
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events in one set are subthreshold while others .in the other
set are sensed, or because'the presence of a basic core of
information suggests_the presence of _.other information. The
presence of a map symbol on a tactical display is sufficient
for many purposes, for example,'to indicate the presence of
an infantry unit, without including a display of the weapons
with which it is equipped, where these canbe considered given.
Pe'rceptu4 constancy and perceptual filling can greatly modify
otherwise Predictable responses to both operational and train-
ing situations permitting relatively low fidelity where re-
luirements for high fidelity would normally be expected.
Analog displays of vehicle system performance can be driven
by digital inputs, for example, simply by choosing data itera-

,

tion rates above the Operator's 'threshold for discriminating
ttlem. Physically, the fidelity with whiCh the simulated dis-
play represents the operational display is low, but from the
pdint of view of the operator, it is high.

The stage of training to be provided iN a given setting
alsoinfluences the degree of dynamic fidelity of the training
device. Fidelity can,be less than perfect during the early
stages of training and when operator skillO are relatively
simple.

An additional problem in the specification of dynamic
fidelity is in predicting the attitude of the trainee, with re-,
spect to the training system itself; Most training systems
are perceived, first of all, as non-operational systems which
require different attention sets and responses than do opera-
tibnal systems. More specifically, trainee stations are
frequently perceived as learning settings,_ making it difficult
for"the trainee to work for operational proficiency because
it sometimes seems to interfere with training device profici-
ency. As a result, he tends-to respond to those aspects of
the 'training situation which seem able to contribute to his
ability to obtain a passing grade in training. For this rea-
son, recognizing the criteria against which his learning per-
formance is evaluated, the trainee tends to ignore variations
in fidelity which would distract a skilled or experienced
operator. Trainees become adept', for example, at identifying
ways of flying low fidelity instrument trainers to achieve
scorable performance. Sometimes heading can be maintained
ibest 1:or crossing controls in contrast to acceptable practice.
in-the'aircraft, where this would be dangerous, and contrary
/to habits established ipp long experience in the aircraft.
Also, a study by Miller ,and_G,opdson (21) found that ,n a fixed-
base helicopter trainer,, skilled instructor pilots experienced
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motion sickness, but that trainees suffered no discordfort. It
was conclude& that the presence of visual cues to cockpit.mo-

in the absence'of the-vestibular cues expected by the
instructors, was responsible fo-the instructors" motion sick-
ness', .By the same token, where training situation and opera-,
tional performance criteria coincide, as-they usually do,
trainees still. tend to attend tothe stimuli and stimulus
patterns', and to the organizations of those patterns, which
,appearzto imptove_performancelleven4hough they may not ap-pear "real. a result of ,the impact of fidelity of repre-
sentatiortiand system dynamics on human performance and learn-ing, ksignifiCant number:of experiments performed in the
ETSB at likely-to be concerned 'with the selection of fidelity
levels. which are consistent with specific stages of training,
with trainee perceptual capability and with the economic re-
rum of various fidelity levels.:

1.4.3 Environmental Fidelity. A major problem in the de-
velopment of any training device is in thedefinition and re-,
presentation of the operational task environment. The system
environment not. only provides some of the stresses to;which
the operator must adjust, but it also frequently provids
much of the information required by the operator in perfOrm::
ing his assigned tasks. Appendix C summarizes some of the '
more significant training 'implications of operator station
motion'arld real-yorld visual cues, as they are encpuntered in
the four classes. of systems reviewed. 1

Frequently cost, safety, and practical engineering
considerations make it impossible to reprodUce all character-
istics of the environment that -seem relevant to the training
and ekecution of essential operator tasks. Even more fre. .

quently, however, it is difficult, if not impossible to justify
the incorporation of some aspects of ,the environment on the,
basis of training relevance. AFor one thing, past experience
indicates. that all of the environment need not be represented .

for effective" training. In flight---simulation, for example,
(22) the onset of a cockpit translation contains almost all of
the information needed by the pilot in responding to th#t
translation; the translation itself can be deleted from'the
simulation, at-ho-'cott.in training value. It is ,also apparent :
that due to the nature of human perceptual proCesses, effective
representation of the environment rarely reguiret complete
teproduction Of environmental effects.. The most obvious case
inJpathei:perhaps, is the use of color film, which while not
truly realistic, is adequate to represent natural colors for
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most training, purposes. Another is the,uSe of a rap4.d sequenceof still photographs to.represent object motion. -Less obvious,but equally significant, is the adjustment of work stationmotidn components td make limited movements represent motionsof much greater magnitude.
,

Highly significant interactions appear to take placeamong specifiC environmental
stimuli and t.aski, and in theperceptions of combinations of environmental effects. Recentexperiences with flighrsimulators indicate, for example, thatcockpit motion cues areperceived and used differently when

out-of-ttre-window visual cues,are present than when they arenot available (23). There is also some indication that
Specific systebs for re-presenting environmental cues may b'eappropriate for one task and not another. This is particu-
larly 'evident in visual simulation where the resolution, color,or field of view provided for training in one task are notadequate for another. Basic driving instruction, for example,requires only that the trainee have a,visual reference to helphim to sense the effects of steering while moving, braking .and accelerating. Advanced driling, however, requires that hebe able to. select a route consistent with the capabilities ofhis vehicle,; based on the slope of the terrain, the consistencyof the bearing` surface and other data. involving greater in-
formation-coding,capability than that required by the simplelearning task. A,similar effect appears to occur in thesimulation of work station motion, where the rates'at whichroll motions are "faded back" to neutral in coordinated turnsare effective for training instrument 'flight skills involvingonly moderate maneuvering. The same rates,-however, providefalse cues when more rapid maneuvers are being trained.

Five R and D issues require attention in the develop-,
ment of concepts for the representation of environment charac-teristics in training devices:

1) Sebsory Thresholds - Even though a system opera-tor may not directly employ a particular environmental stimulusin exercising 'system control, the stimulus may act as a distrac-
tor, as a source of stress, or as a source of confusion in
identifying the stimuli to which attention should be directed.
It is necessary to establish not only the absolute thresholds
for stimuli which might thus be significant in training, but
to determine the extent to which the threshold is influenced
toy other stimuli sensed at the same time. It is conceivable
.that data on thresholds for discrete environmental cues and
combinations of cues could be effective in predicting trainee
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perc4tiona in complex environments :facilitating the selec-
,

tion of cues for training device representation: Since threah-
olds,tend to vary widely 14.th the nature of the stimulus con-

1...text, a critical category of experiment in this area should
-'evaluate the influence on performance and learning, of various
stimulus values-and*tombinations. This womld.help.to estab-
lish requirements for the incorporation of stimulus capabili-
ties in device design-, based (on their functional significance.
System,andenvironmental sounds pay be found to facilitate A
performance involving instrument interpretation, for example,
or they may be found to distract the operator sufficiently to
justify their deletion in some, stages of training. .

2) The SeleCtion of Significant Cues (Stimuli) -

Specific information is frequently needed; in the design of a
.training device about the manner AQ which environmental
stimuli are employed in learning and executing specifid tasks.
Usually, not all of the,stimuli available in the environment
can, be reproduced in the training situation. As a result,
experimental' analysis is required to identify functional re-
lationships among environmental stimuli-and the tasks to which

. they may relate. For example, the level of fidelity required
in the simulation of sonar signals depends on which character-
istics of the signal are employed by the sonar operator. Some
apparently critical signal aspects may, in reality, need not
be represented. By the same token, signal characteristics
which appear insignificant maybe found to be essential to
specific training tasks. Mackie and Aarabedian (24), for
example, suggest further detailed analysis of recorded sonar

7
target characteristics, inthe definition of features to be
incorOorated iti synthetic target geheration, because of the

-subtle nature of the passive sonar classification

3) RepresentatiCh of Cdei The incorporation of
environmental stimuli in training devices can only, rarely be

accomplished by using the real stimulus Itself. 'As a result,
relevant stimuli and stimulus patterns must usually be repre-
sented in some artifiCial manner. in many instances, a
variety of potentiel,means is available for representation oaf
required environmental information, but in_ most,cases eachlof
these means will provide adequate representation of only
portions of the Cue characteristics considered essential for
training. At the same time, each will tend to provide extran-
eous information whose effect on tratiiing'must be defined in
selecting the final' mode. of cue representation. The basic
problem is' in selecting the- mode which, retains most of the
essential cue characteristics, provides as few significant

f
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extraneous stimuli as possible, and is at the same -time 'feas-
'ible, practical, and economical. A good examOle"is in the
simulation of, extra- vehicular visual, cues Point -U_ source'
systems are effective in the simulation:of elemehtary steering
tasks -for driveri of surface .vehiCles, since they earn accurately
repretent.twoldimensional relationships. They are inappio-
priate for training weapon .system aperatois in target acquisi7
tion, however, because. they lack.resOltitions brightness and
contrast. Similarly, camera-model systems are appropr4te
in aerial navigation training, but hay, not have adequate depth
of field for training in many close-to-the-surface operations..

4) Cue Interaction - Environmental cues,
pa-qicula-rly visual,, motion and. sound cuea,...tend to interac;.
witNeach other in providing the operator with information on
the status and the behavior of the system, with whidh he is con-
cerned. Effective training device design'requiresthat the
significance of theseinteractions be established,'particular-
iy whenlikly certain aspects of the.stimulus.envitonment can
be represented. Care must'be taken to incorporate-in thede-..
vice not only the stimuli required for training `specific tasks`;
but the essential combinations of stimuli' as. well. In addi-.
Lion, it is Wortant that the essential, Perceived pattern of
cue combinat/ons actually represent those expertenced in the
work station. A tactical commander, for example, responds_ pot
only to immediate data on,the-status and position of the units
under his command,- the disposition of the enemy and the nature'
of the terrain, but-also to his knowledge of the action so
far, the.pastperformance of his'own and the enemy's units
and the capabilities of adjacent and" supporting organization.
Knowledge of the effects of-this'inforMation must be available
to the training system designer, in deterMining its relevance
far a specific training mission;

5) Cue Substitution When an essential,cue cannot
be provided in a training device, for economic, safety or
practical, reasons', a totally artificial cue or one derived

' from the general, operational stimulus complex,, can sometimes.
be.substituted. Task meaning is attached to such cues through
intellectualization of the training process. The trainee
knows that the cue is atypical, but he also knows that the
real cue he will'use in system operation will vary in, the same
manner°as, the artificial training cue. At the simplest
extreme, telling a trainee when to begin or end a particular
task sequence frequently replaces a whole complex of cues
which would contribute little of value to the learning of a

.
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specific task. Another example of the concept is the use, in
flight simulators, of.a trapezoid figure to repre'sent the
edges of a runway, in teaching landing skills. Many more
visual, stimuli are present in the real world, many of which
can be used in judging altitude, glide path, drift, hegfling,
touchdown point, ground velocity", and sink rate. Training
the student to Land usingonly the runway outline.permits h
to'learn some of the key perceptions useful in landing, and
also permits him to develop the required psychomotor skills
in relation to these perception's. When he lands an aircraft
he can relate'the vi 'al cues ed in training to their eor-

0 relates in"ti)e real' usin them and the other available
cues to improve his c lities in circumstances where"the
cues, used in ,training are not as evident,, and other, non-
simulated cues are more relevant.

Ihhfle it is apparent that some cues, representing a
core of` information 'essential" to the develo ment of specific
skills,. may be taken out of context for tre ing purposes, it

"is rare that this can done without si ficantly modifyinggni1;111.

the perception f the cue. without all of the cues ordinarily
availgale in landing, for examplethe size of the runway
defined by a simple trapezoid visAal Pattern is likely to be
misjudged iffealistM geometric relations are used. Modify-¢,
Lig the perception of a tue used in a control skill can thus
modify the way in which the skill is exercised, requiring two
skills' to be'leatted: the first being the specific skill
requifed in operating. the training device; the other the trans-
lation of that skill to the operational setting. The problem
can be avoided by resealing the out-of-context ,cue to permit
the development of skills appropriate to system operation, and
not peculiar only to the training device. .Flight simulator
motion systems cannot economically provide some of the motion'
cues occurring in,aircraft. Ai a result, motion onsets have .

been employed to prOvide tht essential propriodeptive cues -'

required in flight control. 1t, has been -determined excerimen-
q tally that these onset cues, must-be enhanced to provide the

kinds of perceptions required to develop essential control
skills, at least,in pitch (25). It Is apparent that the
dynamics of human perception will require specific experiments
to fit specific cueing arrangements tg specific training
device requirements._ :ik typj.calexperlaint_inthis area

k might eval6ate till relative efficiencies of artifiCialli en-
chancing hard-t6-s mulate visual cues in a driving simulator.
This could obviate the need; in early procedure' training, for
simulating 6thOwise subtle color, shading, contrast and
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motion parallax cues to surface texture and scope essential in
skilled driving performance. The experimental.approach would -

permit the "side effect" of such cue enhancement-and substitu-
-tion to be specified and controlled prior to final device' de-
sign. .

/
Environmenthl simolationsincludes thd simulation of the

motion of the work station, the visual scene outside the work
station, the sounds which influence the performance of the
system operator, and the odors which may influence his
behavior. Specific an0 training device
problems accompany each area, requiring the generation of
experimental dath relative to the incorporation of apparently
Significant environmental cues in training in the development
of .particular training devices and systdms. ,

1.4.3. Work-Station Mptipn. _Motion of the work station can
act as a distraction to the operator, and it may also provide
him with cues useful'insthe performance of his tasks.. It may
also constitute a source of stress aid it may make certain',
tasks more difficult, requiring the deveropment of compensatory
skills. In each capacity, motion has significance for train-
ing,' which must be defined in the training situation analysis
for each training situation. Once the significanceof motion
for training a specific task'has been established, the method
of providing,adequ'ate motion rues must be established, either
through extrapolation of relevant past-experience or through
experimentation with essential portions of the training situ-
ation.

Motion stimuli relevant to operator performance can
occur along and about eachof the operator's three body axes.
There are some motionstowhich the.opergtor is insensitive

..b.ecause of the low level,Of change involved. Sustained'
'velocities are not sensed, but accelerations can be sensed as
they occur along any of the three axes, 'provided they are of
sufficient magnitude. Motions about each axis are also sensed,
if they'exeeed the sensory threshold', for as long as they
occur; fixed positiohs established...about two axes aresimi-
lirlY sense ole Thres,holdb 'have beemestablished for many of
the motiong-41ong and about the three axes (26), but employ-
ment of these threVold data in the prediction of responses
to motion in operational and training systems is extremely
difficult. It is, therefore, necessary that 'experiments be
'performed to establish motion thresholds 'in task and training
contexts fp which stimuli other than motion,are present.
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A1.1 'of the rpotion2,buess relevan't o opera* perfor-
, 1 '\ *

imanc 'and, ir4ining Cannot: be rovided in ound-based train-
ing -devices for,. practi I pliy4cal;! edonomiq and safety limi-

,

1 i\ tations. :j Thr.ispeank st! be., establiAlied f,sr representing
'certai 4Ott'on- cbinponent to \pOirlit efiactiVe yalid,training.

'' Sustain Nakceleration along tie' longitirdinal; lateral, and 1-

.

yert al axes produced, by .speeding up or 'slowing down a
vehic. e; 'byt dr.opOing-_-, 4 oxlifti '4 or by turning about one '
or more axes over extended4eriods cannot be adequately repre-
sented. A&erupts file bee&';Macle to 'simulate' sustained longi-
tudinal, acceleration By pitching the operet'Or station, usiog
the resulting 'gtiv-ity 'Vector tO, produce appiTpriate Proprici.
Ceptive' cues. Seat belt and shoulder harness te,hsiorts have,
been manipulated to provide some of the. Ptimuli "accOmPanying
sustained acceleration, -And of 'Peet cushions, have -been ,
used to provide some Of the sensations Accompanying pitching,
rolling, and lateral. .translation. Inauffiotent.,dataare., avail-
able. to permit direct application of any of these techniques,
to specific devices titended to train specific tasks. Again,
lexperimental data are required to determirie the best method
f prokfiding th4 motion information required .to, tr a in specific/Skills.

o

1.4.3.2 Real-WorId.Visual Simulation. Many training devices,_particularly those concerned with training vehict4ar andweapon contiql skills, must incorporate representations of someiaspectg of the operat'or's visual environment!: First, relative-':.ly discrete aspects of the visual environment, likely to, have:more or less independent implications for OperatiOn and train-_ing,.--must be defined trough analysis of th4 'tpsks to which;they may relate ; second, their specific relattonships to ".training 'must ke defined through analytis' of A.ieperience withsimilar systems, throUgh interpretation of (pertinent research
literature and throb& experimental evaltlation Of the influ-endk of specific visual scene elements on 'effectiveness intraining specific tasks; _third, when visual. Stimuli appearessential to-training 'but are limited by st an /or infeas- --ibility, means must be developed for aisur4rg- overall trainingeffectiveness by, substituting artificial 'for more realisticvisual cues, and by reallocating tratnirig functions" amongdevices 'anti 'operational ',systems, to assure development of essen-tial, visually related skills.' -Little formal experimentation

has been conducted in the differential allocation of training
taskd between devices and .operational systems,,, - -ould, bep9ssible io optimize training, effectiveness and cost by systema-
tically varying the amount and type of trainin giveri n,' for
example, a diving trainer and in ,the actual sti ricte divingstation.
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1.4.3:2.1 Visual Cue' Fidelity. Mucil.of the laboratory re--
quirement for developing training device visual cue,capabili-
ties is in the analysis of visual cue fidelity requirements..
The requirement,is essentially that of identifying the detail-
ed aspects of the visual cues considered pertinent to the
training of-a speCific task which influence training effective-
ness. While visual "realism!' is frequentlyemployed,,,at least
informally, as a criterion of visual cue fidelity, the signi-
fisant criterion is the ability of a system to promote transfer
o_ learning frhm the training setting to the operational, set-
ting. _While subjective realism tends to influence device
training value byway of its motivational value, the majority
of training, effectiveness depends on the ability, of the visual
scene to provide information essential to the task being
trained. It is nbt likely, for example, that a navigator
can learn to make celestial fixes without having a star re-.

presentation available to him at some point in his traintng.
Task-related information must be identifiable, must be capable
of being recognized as a representation of corresponding
pertinent information in the real-world visual scene and,
most important, must appear'to the trainee to vary in the

same way as the real-world cue would vary under the circum-

stances represented.

Freqmently, it is possible to selectively extract
essential cues. from the total visual environment and present
them economicarly in a training device; A tank gunner; for
example, can learn most of the skills required in target ac-
5plaition, gun laying, ranging, tracking, firing, sensing

/and adjusting, using a tallet'consisting only of an outline
of a real target; he does not need a real target for the
bulk of his training. Occasionally the process of extracting
and synthesizing cues involves significant, albeit inadver-
tent, perceptual modifications that might influencetrarning
.by changing the cue context ind, hence, apparent cue-related

behavior. It is important that these changes and,their effects
be defined prior to 'device development,. so that the cue may
be scaled to produce the desired 'performance and kraining 're-

, sults. In effect; all representations.of Visual scenes are

' extracts of the real-world and as such; behave different13,
from the real-wbrld scene, either grossly or subtly. .Simula-

tion problems.arise when-the simulated cue or scene appears
adequate but produces subtle differences in performancelpIf
the size-of the target,i inappropriate, range estimates may

be dade'incorrectly, or i 'it has the' wrong outline, its

t
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type, and thus its speed characteristics may be misjudged.
Many common perceptual constancies and contrast. effects must
be considered in synthesizing cue 'contexts through the ex-

traction of individual cues which seem relevant or whose
principle utility is in their ease of simulation. This may

occur in straightforward situations in which, control is ex-

ercised only through reference to-the visual display itself,
or it may occur only as an apparent conflict between visual'
and other cues, such as motion, soundor instrument cues.and
produce vertigo or inappropriate learning.

Specific characteristics of visual cues appearing
td have significance in,a variety of training. situations
include resolution, color, field of view, stereoscopic cape-
bility, depth of.focus and image motion. -Other character-
istics deriving from the means of display selected for the
training device are also significant and require special
attention. Point-light-source systems, for example, produce
geometric image distortions; film systems tend to produce a
grainy texture; and camera-model systems are generally limited

in luminosity. Each accompanying characteristic must thus
evaluated as a part of the total training context.

Requirements for, specific visual cde character-
istics must be specified from the analysis of the task to'be:.

trained. Training-significant task elements are allocated
among possible training settings, devices and equipment 'Based

on current knowledge of training capabilities in ehe relevant'

area but, during this'allocation, there is a strong-tendenW
to emphasize task,,requirements that have relatively ti)%m cor-

relation with the training and device state of the art. Therfo4

is a tendency, also, 'require a greater visua0imulation
capability than is actually,requircd for effects entraining,

due largely to the difficulty in precisely defining visual cue,

requirements in training specific tasks and tb theWaire for
'realism" in the visual scene Visual cue requirements,

frequently appeair,more significant in initial` of the

.task to be trained than is found to be esAtiat'for effective I_
training once the task has been related to the specific train- ._

ing setting. Binocular visual cues, for exampfe;.might at

first glance appear critical in piloting but in fact are not,

since .objects used for visual reference are usually4t some

'distance. They are probably not employed #t a1 exce*t in

* formation flight'antk in-flight refueling, wheremaneuVaFing
is performed relative to close objects.. The experiendebf

one -eyed pilots, and. experiments with the deletion of.binocu 4-

ler cues in airplane landing (27).tend to support this view.
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Current experience in visual Simulation strongly
.indicates that the purely visual aspects_of target.detection
cannot be simulated, due both to limitations in the displays-
available and to, problems in defining the,influtnce.of visual
,elements and interactions

0
appng elements on operator perfor- .

mance. The most effective training in-target detection
employs sequence of settings:. 1) classroom orientation is
provided on the nature of the detectton'problem, the nature
and effects of variables influenc4g detection and,on the
'procedures.to be ;employed bOth invisual search and in
response to a deteCtionI 2).t a procedures traitier is sometimes. --
employed to provide-practice' in the execution 43f appropriate
procedures; 3) a_system simulator may be used to train the

,dynamic skills required to maneuver around-and engage detected
't!argets,,whers a vehicle system or a.maneuvering unit is
involvedd 4) training-in detection must culminate in
real-world exercises'with field training comprising all essen-
tial parts of the total sysfem.

The'a4ocation of training subtasks to specifip
-settingsmust resit ,in the utilization of specific, relevant;,
feasible and economical capabilities of each setting, both for
efficient presentation of tr4ning material and for the effici-.
ent control of the. learning process. I9'the development of
most training devices, it is necessary to develop a system of.
mutually interacting training settings, rather than attempting
to.develop specific devices 'to support discrete task elements
considered to be outside the total training context-.. Experi-
mentation is a maSor.part of the development process in pro-
viding objective, relatively immediate data on the training_
significance.oi specific task requirements and on the capa-
bilities of all of the' available devices and training settings.'
Training ecOitomy and training efficiency would both be opti-
mized if experiments could evaluate the.relatiVe merits of
relying on various pyoportions of device and Vehicle time in
.training driving skiLls. A representative experiment might
measure the effect on later performances, of assigning the.4

:,majoritY.-,of training to river trainer, or to an automobile
itself. 154a from such .a&eki:leriment would reveal the- train-
ing value of each "approa0, which would in turn have implic-a-
tions for straining cost.

1.4.3.2:1.1 Visual Cue Elements, One of the more'Obvious.
requirements in the generation of visual cues for training is
fdi'resalation of visual detail. Thelevel of resolution
piRvided determines the'fidelity with which object sizes,

45 GO



2

`.NAVTRADEVCEN.69-C-0207-(i.

shapes and contrast gradations are represented. Re'solution
thus'has significant implications for operator training to the
extent that size, shape and contrast are significant in the
learning and execution of operational tasks. While it is
generally understood th4t the training effectiveness of
visual simulation devices is more or less.directly related
to the degree-of resolution they afford, problems.in ppovtiding
adequate visual detail are. usually associated with defining
the minimum resoldtidn'requirements for representing task-
related elements of the visual environment, and in selecting
a visual display mode or a combination of modes that provide
the levels-of 're'solution required. Basic cue requirements .

are derived from analysis of operational tasks, -but fin4
implementatAih of cue requirements in training device deSign
is ide lly the result of design and training tradeoffs among
altern tive approaches, based upon objective egperimental
data, Consider ble attcw.ion has been given, for example,
to the elative merit of black and white and full-color-visual
simulat n of real-world visual cues.. Chase (15) has analyzed
the value of-color in aircraft landing training, hut it has
implications for.,maM, other areas of training, both in flight
skills and in the operation of other complex systems, such as
in ship operation, tank driving, target acquisition and gun-
nery.. 1

.9

Color-is essential in-the execution of some
complex tasks, and must be.incorPorated into the design of
training equipment for such tasks. Color is of special sig-.
nifiCance where different responses are made to colored
signals, and 'color contrasts, when subtly used; may also be
effective in training many tasks, even in establishing the
"acceptability" of a training device., While acceptability
does not often relate closelyenough to training value to
justifOts expense, color may add enough realism to convince
the trainee that-the degree of correspondence between the
device and the operational system warrants its use in the
development of operational skills. In these instances, re-
quirements for the presence and the quality of color it the
device visual scene call be established best through experi-
mentation within a representative training task context.
Colors., aside from those used as signals; interact with oper-
ator tasks by facilitating the- identification and differen-
tiation of objects. In some systims, they may facilitate
accurate judgments of object distance by varying_ with atmos-
pheric attentpation,. In many systems, the influence of color.

.
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on performance and trainirjs is unknown, and objective defi-
nition is required before specific design decisions can be
made. ,

Field of view:, depth offocus, light variations,
across a visual scene, the significance of binocular and
monocular viewing, image registration, and visual system exit
pupil size can also influence the quality of specific 'systems
for operator training. The approach employed with respect
to each of these areas of consideration must be-directly
related to the tasks being trained and to the overall approach
used in training:

1.4.3.2.L2 Visual Display Modes. In each area of training
device design, training effectiveness depends heavily on the
peculiar capabilities and characteristics of the mode of sim-
ulation chosen. Each mode has its own specific character-
istics, some of which make some aspects of visual simulation
easier than others. For example, film techniques permit good
color reridition and good resolution of detail, but limit the
field of view and the degree of control exercised by .the.
trainee. Point-light source visual systems have great flexi-_
bility and wide fields of view, but poor resolution and poor
rendition. Television systems are als6'quite flexible, but
tend toshave narrow fields of view, short depth of focus; low
light levels and relatively poor resolution.

Selection of the proper display mode for. training
specific tasks requires not only that the task cue requirements
be carefully defined, but that the capabilities and limitations
of each, potential method of cue generation be understood.
Ideally, it should also be possible to quantify the relative,
costs and. values of using each mode to permit the selection
.of mode to be based not only on lowestpincidence of undesired
features but also on the relative training decrement resulting
from each of these features. Much of the matching require0/
betweeni,cue requirements and display capability can be per-
formed analytically, but the difficulty of defining cue
requirements, especially for training operator tasks in novel
systems, and the difficulty 9f relating,specific aspects, of
a display.characteristic to these task requirements necessi-
tate that final selection of a display mode be accomplished
throqh objective evaluation of potential modes within criti-
cal task contexts.
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1.4.3.3 Sound Simulation.' 'MAny_of the sounds produced by
system equipment'and by the operating anpironment,are signifi-
,cant in the learning and execution of system operating tasks
and must, thus, be reptesented.ia training device designs
Sound fidelity requirements have significant c'bst implications
and, thus, must be establish6d for each training task and
device. The specific characterlstics of system sounds must
be established experimentally in the areas of application '

discussed in the-following three subsections.

1.4:3.3.1 Presence /Absence of Sound. System sounds may
influence the operator in three basic capacities:, 1) aa-
distractionthat'forte the operator to attend to wore stimuli
than are directly relevant to his task;. 2) to mask'or distort

his perception of noun s essential to the execution of specific
tasks; and 3) to 'repr sent or contain information directly
related to task perfor nce. Iri many instances, sounds act

as- indicators of system and subsystem status, prOviding im-
nediate'inforiation sometimes not available from other, more

formal sources In some aircraft, for example, lack-of
noise associated-with the periodit build-up of pressure in

hydraulic%accumulator can be an early cue to a'malfunction. -

Insa remote-control weapon system, the sound_ of weapon firing"_

may be an essential' cue in assessing system operability.
Similarly, the background, noise in,a tactical communications

«. net,,or its absence, can have significance in infOrming a
commander of the status of the net and cif.the units Which it

links.
.

Spunds cannot only degrade operator performance by
their distracting quality, but can also degrade training
effectiveness if incorporated at the wrong point in training.
ExperimUntal.data are required to.establish.the point in
training at which specific sounds distract the trainee and the

point - at'.-which they providldata essential. to training., A,

ttainee'learning to drive truck in a driver trainer,
training.;

example, may be distracted by engine' and transmission sowds
during the period in which he is learning basic.driving and
gear shiftirig procedures. Later, these same sounds may be

.critidal in.hglping him'to apply those procedures in. the-
development of more advanced driving and transmission-control

skills. It.is currently common prattice for sound Simulation

to be deleted.during those periods in.which it would detract
.from training but unfortunately it often continues to be-

deleted during periods of,need.-
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1.4.3.3.2 SoundCorrelation To be effective in training,
system sounds must be correlated with' other information avail-
able to the operator and with his responses. Again, complete
correlation could be of negative value at certain points in
training, buta basic capability for sound simulation within
a total training cohtext is significant. The sounds generated
by current training devices are generally regulated by the
inst.r.Uctor, who decide's whether the sound is required,at a
gilen.point in training or not and the amplaude which it
should be represented, In ihe process, the correlation of
sounds with other events in the training situation is frequent-
ly lost or distorted. Experiments in the programming of aural
instructional information will be required to establiih
optimum degrees and modes of sound correlation and instructor-
independent cog.rol.

Pc

..a

1.4.3.3.3 Sound Composition. Mostsounds.are made up of a
miyture of periodic and aperiodic components, each of which
contributes,to the'perceptual impression made by the sound
as a whole. Particularly in the case of the sounds heard by
a ar operator, the composition of the sound is significant
in. the entification of the sound source and in evaluating

the influg of the propagation mediUm,and background
sources on suun and other operationally signifiant. phenom-
ena. Attencation, distortion and displacement of a sonar- '

ping,by temperature gradients, for example, provide data
useful in selecting the right depth for concealment of a
submarine and, by the same token, data relevant to the sel-
ection and employment Of other means of searching for a
-concealed submarine. .

Ishife the composition of sounds employEd in system
.operation can be relatively easily established, knowledge of .

how sounds are perceived, analyzed and employed by human oper-
ators is limited, limiting in'turn the ability of the training
device designer toestablish-srequiredltmdes, levels and costly
of sound fidelity. In deciding whethdi and when to provide
a. sound, experiment41 data must befmade available to determine d

the level and -type of sound complexity required in learning
specific sound-related tasks, ,and the levels of complexity
appropriate at specific stages of' training, Some radar
operators have aid that they can diagnose problems in the
radar set;bY liStening to the sounds it makes as ''.t opbrates;
goodAUtomobfle mechagics also-learn to use soundS-in the

of engine and systemIierformance, interpreting

t
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cues which are essentially unavailable to the untrained. Ef-
fective training in such perceptual skills requires detailed
analysis of task- associated sounds, and of their implications
for-training, througli' their icontrolled introduction in experi-
mental training 0.tuations.

T;ce Tajor implications for ETSS design, of the area
.

()" environmental simulation lie in the little-known relation-
ghips among environmental stimuli and opera or perception,
learning and performance. These relationships are unknown
due largely to the specificity of task situations,_ and tothe
multiplic;ty of-ways which these situations can be organi-
zed by the perceptual processes of the human operator. In

Specifying the approach to the simulation of each environ-
mental cue, the designer must have data, -hop. fully from
formal studies, which define the effect on trainee nerForm-

.

ance of each cue and combination of cues relevant to the
stage oC training under consideration.

1.4.4 Instructional Management. Training in complex know-
fedge5- and skills begins from what the trainee already knows
or can do, progressing gradually to incorporate ,:,ore and more
knewleciL;e and abilities in his repertoire. Training programs
in general attempt to divide-training ir.c.to manaeaLlc,. mean-
ingf61 seczments that can be readily grasped by the trainee and
incorporated i;t1 his repertoire. They also control the rapidi-
ty cith c:,hich the trainee faces co.aplex performance problems,
and they modify the training approach consistent with Immedi-
ate trainee capabilitie's and progress. Recent developments
in training management have 'made it Possible for .1.uch of the
:.Ork involved in these fUnctions to be performed aptomatically
wit!: a :,i,nimum of direct involvement of instructors and other
traiui1g personnel. This has produced gore efficient, less
'ex;tentiike training, "and to some extent more objective trainee
,!ricianc( and evaluation.' Futuretrends indicate pre6ter ad-
vanc.es in the objectivity ortrainingcontrol, contirnied odi-
fixation 'n the functions to be performed. by the personnel
responsible. for training and, perhaps most significantly,
greater requirements for the derivation apd application, of
analytifc-techniques-that can provide "objective..data on oper-
ator pfrfuri-ance,. learning. and learning control:

- .

, The implementation of programmed instructional tech-
niques the timely generation of objective task and
training data, and,the development of programs specific to

.a

a

V
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the training device or system under consideration. This is

not essentially different from'the traditional approach to

training device development, except that the development of

the device characteristics essential to programmed instruction

must be accomplished much earlier in training systimdevelop-

ment than has traditionally been the practice. Once device

characteristics have been defined, they are.difficdlt to
modify; design decisions relative to programmed instruction
must frequently be'imade early, and they must be more nearly-

correct than when programming is,left to the ingenuity and

the flexibility of the.t6tructor And his lesson plan.'

Most data required to implement programmed instruction-

al techniques in training device design are available. from,
training situation analysis, and from' classification tests '

given trainees in their selection and. assignment to training.

Other information relevant' to some aspects of training is also

available from the training giyen in similar systems prior to

the situation under consideration: SignifiCant amounts of

data are required, however, pertaining to the operational

system for which training is, to bg given and to the training

situation anticipated. A major fupction ,of the experimental'

simulation system. will be in providing inforMation essential

to the development of specific instructional piogrammingCapa-

bilities. Experiments are anticipated inthe,develOOMent of

performance measures and methods of exercising contiO1 over the

training process.

Performance Measurement. Measures of trainee -per-

formance compared with each other and, with similar measures

'of skilled performance can reflect: rates,, levels, and direc-

tions of learningsand the quality of the learning situation.

They can also be used ,to diagnose learning problems and to

suggest approaches to.:the''guidance of learning. Tor these

reasons they are cruci,A1 i'n the development and implementa-

tion of training.

A maj.or problem in the measurement of .trainee per-
.

formance and in the idterprettiorrof ttleae .measures is in

establishing their validity for - system operational.peiform,-

ance. Much of the validity must necessarily to established

through rational*Ialyais of system performanCe infoirmation,

generated in the' training. situation Analysis, and through .

analysis of possible ,methods of producing criterion perf9T-

mance. Significaht a
,

'ditional data mu§t-be developed, :to

however, through expe imentation in relating.perfgrMance'an'd

(Ne.0
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learning in restricted learning situations to performance in

the prime system. Successful operator performance in a new

system can usually be reasonably well defined through analysis

f
of performance on similar systems currently in operation.

These performance predictions can usually be further refined

through experience with the prototype system. Estimates can

be made similarly of the nature of the systems, devices and

programs likely to be effective in producing acceptable levels

of operator performance, and many of the measures of learning

and performance employed in current, similar training /situ-

ations can be analyzed for applicability. In the final analy-

sis, however, it will be necessary to collect data Via*- r-

flect learning, conditions in settings relevant to specific

systems and system tasks, and that can be employed in evalu-

ating and guiding training.

Training in the present context includes.the acqui-

sition of both %Dpwledge and skills. The measurement" of

knowledge is relatively straightforward, assuming an adequate

definition of essential knowledge. Standard paper-and-pencil

measures can be employed and data can be readily analyzed

using simple computer techniques. Skills can also bb measured,

but more complek insights, procedures, and equipment are

required to assure identification of significant skill com-

ponents'and to permit measures of these components to be made

and evaluated. Many different aspects of a given'pedormance

can be measured and rporded. Many aspects maybe highly

correlated with each othr, requiring measurement of .only the

more convenient. Some aspects may more accurately reflect

,
-learning than others, while some "may be more reliable predict

tions of operational performance than others. Critical ex-

periments must, be performed to clarify these points with

respectt6.the'design of specific training situations. Parti-

cular attention is required, in4analyzing the skills involved

in operational performance, to identify skill components

whidh relate dirbctly.to skill level, and which' are at the

same,time,accessible to measurement in training. Once appro-

priate components hive-been identified, means of. measuring

them in training must be defined. Frequently, it will be

necessary to develop measures which cannot be, related directly

to .system operation, due to the newness of. the system, or to

its inaccessibilityto the device design team, When opeta-

tioffal skills are well-defined, experimentation can establish

the most reliable, valid, accessible and economical perform-

ance measures to be employed in training evaluation. When

these skills are not well-defined in the operational setting,

.52
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experimentation can establish correlations, among individual-
behaviors occurring in the training setting and between these
behaviors and total performance. These experiments can'estab-
lish performance measurement approaches which can
later be validated when performance,in the operational system
can be assessed. .

Once'methods of measurement have beetidefined,
schemes for their mechanization and utilization must be
established: first, training deviCe-design must permit
measurements to be made; second, it must permit measurement
without disrupting training; and third, it must provide per-
formance data in forms consistent with their intended purposes.
The identification of the performance parameters to be
measured is a function of the training situation analysis.
The development of ways of'measuring without disrupting train-
ingand of ways of employing performance data are functions
to be established by a capability like the ETSS.

In most cases, training devices can readily permit
measurement without trainee distraction. When a computer is
a part of the device, performance information is frequently
available through interfaces with the computer program. In
many'training devices, synthetic system outputs which are
influenced by trainee performance and 'the conditions under
which they were generated, are'or may be recorded. Most
training devices and systems permit instructor monitoring of

.

system status and 'trainee pgiformance to provide useful data
for,the guidance and evaluation of performance and for evalu-
ation of the training approach itself. Frequently, howe4er,
special means must be provided far collecting and organizing
information essential to training. Training is frequently
facilitated' when the conditions of practice can be adjusted
to aspects of trainee performance which are not directly rer
flected in the usual measures of learning progress. For
examplevethe score achieved with a given rdund fired in
marksmahship training is a 'gross measure of performance; but
does not contain enough information- by itself, to permit
adequate guidance in improving performance. Additional data
on whether the trainee flinched, whether jerked the trig-
ger and where in the sighting training-firing cycle these
events occurred could be of'significance in improving his
performance on subsequent shotg. If, in turn, thesedata
could be related 'to earlier performance in related skills;
even more appropriate gUidance could be provided. In these
situations, it is essential that the measurement and the
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training processes interact to _enhance training.,... Sometimes '.

this interaction may ,be intimate, as in the employment of \
the same` data for.feedback as is recorded dcor-displayed for

evaluation. It is frequently possible for measurement to

detract froth training value if it' delays or interrupts 'train-

ing, if it provides undesirable information to the trainee,

or if it'provides idformation at the wrong time or in wrong --

form. -0

.
. ,

, n yomblex performance is involved, 6erforman9e;feed-

'back m occur too late to be of real use, due to .the limiT j

tations of the display or hard-copy equipment available. In

air-to-air gunnery', for example, the trainee must .wait for'

4,tow-target to.be scored, or for gun-camera film to be de-

veloped and..projected, before he can relate his gunnery per-
former/be to'his actions in the gunnery pattern, making'this

form of feedback nearly worth e-ss in establishing cprrect

aiming and target-leading be a iors. Sometimes, even the
,

-overt act of measuring perf anc if' the trainee is aware

of it, can influence trai ng prog -ss The trainee who is

aware of being observed may decide to "go by the book" rather

than using imagination .in 4 decision-making situation. By

the same token, the trainee whO knows his performance is-

being monitored is,more likely to attend to details than to

one whi5 knows that only hisjtnal performance will be ex-

amined. The measurement pirocess maY even prevent the trainee

frbm receiving essential, timelXinormatIon.
, J d

Usually rthe display, processing and recording, of

data available in the deviice computer need not interact with

the trainee or with the training process as it is perceived

by the trainee. Problems arise when displays, printouts and,

records that form a normal part of the operator station are

---"'-'\11
nnotated or processed to adapt them to performance measure-

m t and recording. When the processing modifies either the

data for the training. procedure, experimental data on the .

training effect of these modifications must be gathered to

assess:the degree and mode of d-Auption of training.' .

Ordinartlx these%problems will- require little experimentation,

provided adequat* training situation data are 'available in

the development of device specifications.

(

The measurement df performance in the ETSS will

take a numbdr of fotims,' because of the variety of tasks and

task 'elements within its area of responsibility. A consid-

erable amount of measurement will consist in 'the evaluation

G
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of paper4and-pencil data geneVsted by; the subject. Other:
. data collection will involve more elaborate hardWre and
programs which in-turn willaccout Dor a significant amdunt'
of cost and system'design effort. The areas having the most
significant cost implications, are in the measurement of per,-,

ceptual skills, procedural skills, .perceptual-motor skills
and judgmental skills.

1' 1.4.4.1.1. Perceptual Skills.. It will be' necessary in the
evaluation of effectiveness of approaches totraining Of
perceptual skills to measure subject response!. Perceptual
training usually involkres prflent:ation, of patterns of stimuli
to'which'the subject must, m4e-a defined respohsp, recording.
of the responses and arialYsis-of responses to reveal per-
ceptual modes and learning trends, rates, and

A

Major perceptual training requirements inclede
those for radar, sonar, ECM, MAD and infrared interpretation.
Also, unaided ground-o-air and 4th-to-air 'cira,,aft recogni-
tion training will continue to be significant for the foresee-
able future. . Unaided and Optically aided air-to.'ground and
ground-to-grodhd target detection, acquisition and recognition
will also continue to'bemajor training problems. In each.of
these area's, relatively few. effi Ett methods of synthetic
training.or performance. havirbe- eveloped to date'. Most
perceptual training is given'throug exposure of the trainee
to-situations that he must interpret, or to limited. segments
of-the situations, which require him to ,identify. essential
characteristics by becoming familiar with essential elements
one At a time. Most synthetic training approaches have.been
limited by the capabilities of the display media'available,
and by attempts at using the necessary limited ,capabilities of
various potential training approadhes for training total.per-
ceptual Skills. Very few attempts have so far been made at de-
fining skill elements' that are both meaningful and compatible
with the..capabtlities:of aVailable training and, measurement
'techniques. Requirements for expirimentatiom-exist in two
areas: 1),in defining essential elements of perceptual Skills
required of operational personnel; and 2) in relating these
elements empirically within a training, device context and
within a training system. to permit development of training e.

situations and measures that are not only within the device
state-of-the-art but that also.facilikte training in logic-
ally defined skill elements. :

A ,70
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1.4.4.1.2 Procedural Skills. The development of. skill in the
execution of procedures must also be measured to permit ef
fective training. Many military'operations require execution
of fixed procedures, some of which are required in the oper-
ation of system equipment,.sone relate primarily to communi-
cations while others are'concerned with tactical employment
and maneuvers. All procedures have a,recluirement in common,
for the execution of a relatively fixed:series of actions.
For most of these,. the requirement is that tt)ese actions be
initiated at a paortictilar time or in, relation to a specific -

event, and that each procedural step be executed at a specific
time. In same cases, it m#y be necessary to modify a selec-
ted procedure in response to modifications in the operational
si on. -Procedural skills maybe evaluated, then, in
t rms of the time arid event at which they are initiated, the
order in which procedural actions occur, the time, requirecrto .

execute procedure's, that must occur rapidly, the correctness .

of each procedural step and the ability of the trainee to
modify procedures as re# quired. .

.

1/44.4.1.3 Perceptual-Motor Skills. Many systems require
clew responses that are, essentially, the result of-continu

,ous sensing, organization and integration of data from a
variety of sources. A. rif/eman, for example, uses range in
formation obtained from his cmn perdeption and/or from a
mechanical source, plus,ballistic,information and lead data
from memorized sources and /or from experience, together with

!,' his visual and muscular skills in aiming at a target and
squeezing the trigger. In a sense, he executes a series 'of

,,procedures, but their dynamic interaction with the envircin-
meat (range and. target movement, particularly) involve con-
stant iterations and modifications of what' might otherwise be
considered discrete events, At another level of complexity,

' a pilot landing an aircraft must continuously sense and,com-
, pensate for changes in airspeed, altitude, angle of attack,

Barrier speed, wind velocity and 'direction, deck attitude-
and the effects of turbulence and sea state in controlling
his aircraft. In each case, perceptual-motor learning
involves'psychological andjearning processes that are dif-
ficult to assess. For purposes of analysis, measures of per-
ceptual-motor performance have been developed, howeyer, that
reflect learning with sufficient validity to permit develop-
tent and evaluation of alternate learning approaches.
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The measurement of perceptual-motor skills is of
special significance in the current system capability due to
the extreme* large proportion of time and money expended in
training perceptual-motor skills in driver trainers, Ship
handling simulators, flightwsimulators,,waapon systeqtrainers
and similar devices. Accurate and valid measures are essen-
tial in derivation of efficient training techniques and
devices, and in development of technique's for utilization of
automated training methods.

1.4.4.1.4 Judgmental Skills. Many of the skills involved in -

military operations are similar to perceptual-motor skills in
their involvement with analysis, organization, perception and
integration of current and stored data from a variety of
sources. Their'dynamics and intellectual nature, however,
tend to make them less accessible to measurement, evaluation
and training. Their measurement is critical, however, in the
development of valid method's of training. Judgmental skills
can be measured by comparison of tta,inee performance against
performance of experienced personnel;' or against judgmental
criteria (standards) developed by computerized gaming.

In general, the major problem in measurement, re-
cording and utilization of performance information isin the
development of specific methods of data display and.utiliza-
tion consistent with the basic functions of the training
system, with the learning principles involved and with the
characteristics of,personnel and the training situation under
consideration. Usually, more data are available in a given
training system than can be directly employed for training or
for trainee and/Dr system evaluation. Data must be processed,
however, to reflect learning rate, errors and system faults
and to indicate tequiredguidance and systed" modifications
without requiring extensive interpretation.

Part of the solution to this problem is in iden-
tification during the training situation analysis of relevant
performance_ data and criteria about the likely intercorrela-

' Lions among performance parameters, learning and transfet.
Another, part is in experimental evaluation of specificdata
and combinations of data as predictors of learning and trans-
fer of training. This requivs that significant portions of
thetask to be trained be suljected to experimentation.
Experimental designs should define measurable performance
data and permit their correlation with each other and with
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measures,of operqiional petiformance to establish valid per-
formance criteria for predicating both learning and transfer
of training. PerformanCe data collected .during experimenta-
tion should then be processed forfour applications:

1) 'EmRloyment,as feedbpck to the trainee to
facilitate learning.

2) Indications to the instructor concerning the
progres's of learning for his use in guiding the learning

.

process:

3Y Scoring of performance to reflect trainee
progress toward training and 'Operational performance criteria
and to reflect training device validity.

4) Computer control ofguidance and adaptive
training regimes.

Further experimentation is required to evaluate
the effectiveness of each measuxe and each data processing
approach for its utility in it8 specific application.

1%4.4.2 .Ttainee Monitoring. Training management requires
some degree of contact between the trainee's learning pro-
cesses and the personnel responsible for training. ,The
degree and mode of contact will vary with the type of task
being trained,. training methods employed and capabilities of
both the training system and personnel who employ it.' OrdiT
narily the assnmption can be made that at least some aspects
oil trainee performance parallel his learning processes and,
xhus, trainee monitoring tends to involve the monitoring of
performance of training tasks and subtasks having defined
relationships to learning' progress and transfer.

k

'Three basic problems in performance monitoring re-
quire attention in..the development of tr,aining devices.
First, it is necessary to define the yse to be made of the
monitoring situation. Immediate guidance oftraining re-
quires rapid processing and display of relevant performance

kparameters, and frequently the display of certain inter-
actions among, sore parameters. -The cross - country and ap-
proach recorders on Operational Flfght Trainers are examples
of simple; meaningful integrations of data generated incout-
plex pilot performance. Use of performance data for system
quality 'control, and for grading and, scoring requires less

, r
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immediate-data application and may require that data in
fferent form, Second, the effectiveness of instructor evalu-
atiod and gnidance depends very largely on the form of
infdrmation provided,'its relationship to the learning pro-
cess; its timelinesS---and the'extent to which it directly
sugge4s the form of guidance required. A display may tell
the'instructor that a truck driver trainee is going-30 mph;
for example. If it-can alSo display the optimum speed range
for the task being learned, it becomes a more'efective
dew.ce for guidance. If, further, it can simply display how
much the driver should speed up or slow down to meet the
current speed criterion, it may minimize nonessential in-
structor participation.' At the lower level of display
sophistication, the instructor must relate the displayed '

speed to his knowledge of speed appropriate to prevailing
conditions; he must decide whether the trainee needs guidance
at this time, and he must prepare and deliver an input that
will facilitate learning. At the more sophisticated level,
the instructor need only decide whether to provide guidance
at this particular time or not.

Finally, it is necessary to determine the degree to
which trainee monitoring can employ the data used by the
trainee, and the degree to which the data must be processed
or modified. In some training systems the instructor has
ready access td information used by .the trainee in learning.
Occasionally, this information is of value to the instructor
in anticipating trainee performance requirements and in evalu-
ating his actions, but frequently the information used by the
student is of little direct use to the instructor, who is
most concerned with the task situation at a given time, the
hierarchy of response alternatives open to the trainee and
the effectiveness of the trainee's choice and execution of
responses. Framer and Horowitz -(28) suggested that the in-
structor may not need the same kind of information as is
needed by the student in an Operational Flight Trainer. The
F-4E Weapon System Trainer exemplifies this concept in the
display of engine status information to the instructor. Linear
meters are used to display both the readings of the pilot's
engine instruments, and the difference between the readings
of the pilot's displays. Previously, duplicate. instruments
were placed at the instructor's station, which do not lend
themselves to this type of comparative interpretation. One
of the functions of the facility in question will be to de-
vise and evaluate ways of organizing and providing essential,
monitoring information for specific devices and for training
of specific tasks.
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1.4,4.3 'Training Situation Control. To be effective, each
training session-must progxess through a series of steps:
1) the function-of the session must be defined so that the N

trainee.and the instructor know the task to be practiced, the
criteria to be reached and the training approach.to be employ-
ed; 2) the trainee must be permitted to practice relevant
tasks dr subtasks, and he must be provided guidance as appro-
priate: and 3)a score or series of 'scores must be generated
to. describe his performance during the sessic,. z..id his quali-
fications and/or needs for further training. Traditic.nally,
these functions have been the responsibility of the instructoi:
he defines the functions to be performed, the criteria and the
training approach; he monitors the trainee's` performance,
during practice and provides comments about the meaning of,
errors and devises methods to reduce and/or eliminate them-
at the end of the session the instructor debriefs the trainee
and assigns scores that tell him the nature and quality of his
status at that time, and prescribes remedial work and/or
further training as appropriate.

Recent efforts have been effective in relieving the
instructor-of the respohsibilities in this paradigm that are
more mechanical than insightful, and in making more objective
those responsibilities that have been, within the state of
the art, unnecessarily subjective. Asa result, training
devices in development and anticipated-for the future will
make more appropriate use of unique capabilities of'instruc-
tor personnel, device hardware and system programming.,
Making more appropriate use of training system components
cannot occuin,the.present device development context.
,expansion of training situation and task analysis efforts is ."

required, and will contribute significantly 'to, the design, of
effective devices,"but an additional capability is required
for experimental evaluation of means of allocating training
control functions to 'components of the training systems.
Specifically, ehe design of each training device must have
available empirical data on the relative effectiveness of
alternate allocations offOur basic instructional functions:

1. Trainee Pre-Training Briefing In some situ-
ations, the trainee can be briefed on the tasks, approaches,
conditions and criteria appropriate to a given training
session by a recording. This is particularly effective when'
the session is a fixedentity and the tasks to be trained are
straightforward and weir- defined. when training is necessar-
ily more flexible, as in refresher, training of experienced,.
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personnel, it may be more effective and economical' for the
instructor to provide the briefing based on knowledge of the
trainee's level of capability and specific training needs.
The briefing may also include a demonstration 'of the task to
be learned, which again may be best accomplished by a fixed
program or an instructor.

2. Trainee Practice and Per ormance Feedback
During piactice sessions, the trai needs periodic infor-
mation on the quality of his approach and performance. The
training system itself needs performance information in order
to continue to prescribe efficiently the conditions of practice
and training. Performance data may be collected by the,in-
structor or by the training device, providing each is appro-
priately programmed. Allocation of this function requires
that data be collected in an experimental setting that repre-
sents crucial parts of the device utilization setting under
consideration, to permit due account to be taken of the situ-
ation Variables that influence the relative' effectiveness of
various approaches to trainee monitoring. The qualifications
of the instructor, the level and complexity of the training
given, the intrinsic value of the training and the ratio of
availability of instructors at various levels of competvice
to the number of stUdents'to be trained are all significant
influences on the mode of performance monitoring to be
employed.

3. Guidance Data collected on the quality of
trainee performance' are put to specific uses in advancing the
training,process. The guidance of learning consists in
observations and analysis of performance, development of
inferences about learning, formulation approaches to im-
provement of performance and reduction of errors, and com-
munication of these conceptsto the trainee. In most cases,
the guidan6e functi.qn requires more information than avail-
able from observations of immediate performance. :pata are
required concerning past performance in immediate and similar
tasks and on relevant trainee characteristics to permit
development of guidance,concepts that are realistic for the
specific trainee. For this reason, the guidance function has
been tradititonally assigned to expert instructors because of
their to derive effective approaches froin subjective
analyses, of trainee characteristics and past and current per-
formance. Recent analyses (16) of complex operator tasks and
of uniclye capabilities of training system computers has led
to the development of computer programs. capable of providing
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effective guidance through analysis of-relevant characteris-
tics of.the trainee and his performance. A basic. requirement
in-supporting the allocation of guidance functions to computer
programming is the development-of capabilities for experimen-
tally defining essential relationships among specific training
tasks and trainee characteristics as reflected in basic capa-
bility scores and in fask-relevarit'performance. Data are also"
required to reflect the relative effectiveness of possible
approaches to organizing capability and performance,data, and
the effectiveness of providing-guidance for,1De Specific
tasks .and trainee populations involved.

4. Evaluation and Quality Control - Each training
' system, must 'provide data and means of interpretation which -

permit evaluation of the learning process, not only for im-
mediate guidance but to determine the qualifications of the
trainee for advancing to the next training phase-and for
eventually performing operational tasks toward which trathing,
is directed. Evaluation requires the determination of the
-specific criteria of successful peefornance'in the-operation-
al system, which canibe related to performance in' training,.
It also requires development of a system of data analysis
that permits valid inferences to be made about the quality
of trainee knowledge and performance as it relates to the
training approach employed. Performance criteria themselves.
are derived during training situation analysis, but they must
continue to be defined as training system development pro-
gresses to account for the necessarily indefinite nature of
early task and skill information and for changes in basic
knowledge and skill requirements, Criteria must also be de-
fipedfor each phase of training, frequently requiring some
exlaefence with the prototype training system and its associ-
ated devices. Experimental facilities for collecting data on

--learning performance .in _specific subtasks will drastically
reduce the time required to implement the prototype training
system, and the expense and time required in quality control .

to update prototype training system device and program designs.
The efficiency with which valid allocations of evaluation
functions can be made depends on the quality of the perform-
anceicriteria available from the training situation analysis,
from experience with the prototype system,and from experi- '

ments conducted prior to training system employment. In

general, successful evaluation programs can be written for
training system computers when well defined knowledges and
skillt are being trained but, when'training is provided in
the developmentoof pereeptighs, judgments and team operations,
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much evaluation must be performed by instructional personnel
who have insight into the operational tasks being ;rained and
experience with the deyelopment of 'the types of skills being
trained. Evaluation schemes can be developed through experi-
ence but, again, experimentation prior.to system employment
can provide-timely data' with minimum disiuption of the train-
ing process once it begins. It can also minimize expensive

.and inconvenient modifications to programs, devices and soft-
ware to account for evaluatiori-requirements discovered only .after initial system utilization.

1.4:4.4 Computer-Management of Instruction. Training system
computers can.be programmed to perform functions that,would
otherwise be assitned to training' system personnel.(;900,31,
v32). They can also be programmed toTerform trainerefunc-
dons that would otherwise be impossible. Many performance.
:measurement-t-7recording, data analysis,, organization and dis-
play functions that tend to enhance training effectiveness
can only be performed by a high-speed computers Many other
essential functions ordinarily performed by the'instfuctor,.
or a device operator can also be handled by the computer
not only to reduce woikload demands On instructional per-
sonnel ,17 .more importanE, to reduce demands on the quali-
ficat s of the instructor and to systematize functions that
might. otherwise be subjective and erratic. Another computer
function in implementation of training is in organization and
display of data required by the instructor to manage training
operations. Computer programs can anticipate instructor re-
quirements and 'provide training information in the most useful
form and when needed. -

While performance measurement, data analysis and
display, are essential training computer functions, the
essence of computer assistance in instruction is in the
establishment of a computer/trainee interface, whareby the
computer program can respond meaningfully,to immediate, Vari-
able trainee requirements for information, instruction, evaluil,
ation and _guidance. ComOuter assistance can be provided in
at least four different#ways: '1) it can control the brief-
ing of 'the student prior to a practice mission or in indivi-
dual arid clas'sroom instruction; 2) it can demonstrate tasks
to be practiced by the trainee, and effects pn these tasks
on relevant environmental or system variables; 3) it can
monitor and critique performance, by responding to trends-4nd ,
deviations from criteria with prerecorded comments; and .4)
it can control the rate and mode of presentation and the com--
plexity of individual training problems according to the im-
mediate needs,of the trainee:

(3
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The' exploitation of computer capabilities in 'inter-'
acting with thetrainee and his instructional requirements
depends heavily,on the ability to experimentally evaluate:
interaction modes and formats prior to final definition of
computer programs, and prior to allocation of'functions
between the computer and instructional staff.

An initial problem,in incorporating,computer programs
-in an instructional sequence is ih defining practical, mean-
ingful segments of overall skill, and in defipfng intermedi-
ate performance criteria appropriate to each. Another ie in
evaluating alternate modes of presenting training information
in each segment according to the circumstancts under which
training takes place. Given similar circumstances, it may
be necessary for the instructor to performfunetiOns in one
simulator that might be performed by the computer in another.
Variations in'the requirements of specific training situ-
ailons also make it necessary to define the kind, amount and
ming of feedback, critique and guidance to be employed` in
given training, setting,

1.4.4.5 Adaptive Training. It has been traditional in
military training to provide group training wherever possible
and to minimize requirements for equipment, time and skilled.
'instructional personnel. Forrial individualized instruction
has been given where necessary with inforrial, individual
attention being given where possible, based on capabilities
of individual instructors and training settings. From the
point of view of the individual student, individualized in-
struction is frequently, more efficient thanr.group instruction,
bedause it tends to account for the effects of'differential"
capabilities, learning rates and learning modes; and requites
less effort on the part of the student and in general less
training time for the individual student. Unfortunately,
individualised instruction has always required heavy involve-
merit'of. skilled instructors at significant' cost: Recent ad-

a. vandes in computer' assisted instruction promise to make pos-
sible'training system responsiveness to individual require-
ments and modes, reduce training time and increase efficiency
(32,33,34,35).

d
The adaptation of .4,training situatiob to the speci-

fic requirements and capabilities of indilAqual trainees and
to groupi of trainees requires that inferencet concerning
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training approathes.bedfawn from available, x-..elevant,infor-,"
oration about the individual or group, 'Recent research in
=adaptive training indicates that trainee qualJ.ficationS'and
.performance measures canbe used to select learning.approaches
and training techniques to-oRtimize rates (36). To be effec- r
tive, adaptive training, techniques must be capable of.select,-
ing among alternate training approaches arid leve'ls ofTask
complexity, according to,the specificcapAb.ilities of the _.
trainee' at 4 given point'in the-training process-, .Adaptation
of the System to the trainee oan involve the selection.of'an
approach from among a.catalog alternate irs, or it cam
continuoudmaniPulation oT the Content, of training tasks.
As a result, 'development '.of, adaptive training.progtams for
specific training device' and situations requirOs exr;erimep-
tal acquisition of data *elevant to that geyiceAr situation.
Data are needed in two basic.areas:, 1) in defining relation-
ships -among;specific qualification-profiles; early-learning
performance.-and ,later performance in the training situation
in question;land '2) in assessing the feasibility of various
potential meitlibds of,manipulating'the complexity of the train-
ing situation ,to adapt to individdal trainee abilities. =

The general principles underlybng adaptive training
techniques ard.not currently well enough eFtablished to
generalize frtim.'One situation to another;' the specificity of.
skills and' of.- individual approaches to their development,rc-'
quires experimentation to permit available'principles to be
adapted to specific training contexts and to permit better
and more broadly applicable prinCiples to be defined. Of
particular difficulty -is the definitionrof methods of. tilanip-
ulating task variables in maintaining optimUm.performance
levels and learning rates, This has bee.donein some
adaptive prograMs through manipulation of task difficulty,
but difficulty is an ,artifaCt, accomPanying variations in
methods of presenting learning material, apd is not usually
directly relevant 'to the dynamics of task perfOrmance.and
learning. The basis of the adaptive training Concep`is,the.
presentation of learning tasks that, are not yetj.n the
repertoire of the trainee, bUt that can btreadily grasped
by.a traineeolgiven ability at a' given Trine. earning
tasks must be-segMented in meaningful fashion With respect,
to the learning processes they -involve.without altering or'
misrepresenting the essential characteristics of the/overall
tadk; and without requiring the traiT,e. to learn,a series of
discrete, unrelated subtasks.
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. Specific task; can be segmented and adjusted in a
number of ways,tb match the learning capacity, of ,the traineeat a

. given time. Sysiein dynamics may be varied:, the trainee_.

..,, may be required to perform additional ta,sks, 'time constraints
. can be', changed,-. atigmented feedback information* to the trainee.

, . .c-el'i be degraded or delayed, or the criteria employed. in. t . _inia-ting guidance and coaching programs can be varied with
leaning progress. Once task se.gmebts have* been defined; , ---..L.:.. .. 'programs must be prepared and valida,ted'on subjects wieh
:igni,fricantly different ca'pabilities toitacilitate automatic
performance measurement and the initiation and "adminstration

- of
.

guidance, coaching and branching schemes in promoting ef-,.; .
i'e

.
'.ficnt arid effective learning -...,r

Taaks Can be segmented in a variety of ways, in
the detUilation of part-tasks for training. Naylor (37)., "in

"-,a-rerieisi of the ?literature .n part task training has 'shown
that the 'relative efficaCy, of part- and whole-task learning
'appears to- depend On the intelligence and the previous ex-
perience of the fearner..:-.Pouilion (38), in Bilodeauts 1,!Acqui-
sition of Skill! points out that the :value of task simplifi-
eatiOn as an.apppoach. to task- fractionation.. seems .to depend
',largely on the nature of the "task at (hand. An experimental
capability in the ETSS foe evaluating various approaches to
task fractionation, is essential in 'view of the sensitivity
of the approach ,to task:characteristics, This -will permit' .

the definition of subtaskS for adaptive training for a wide-..
vatietY of taski which- haNte never been analyzed from this
point.of view... Current experiments in the application of

%adaptive training to jet aircraft and -helicopter pilot tasks
will have to be extrapolaW eventually to 'a wide range' of

k operator tasks.
-.'

Experime.nts -are also 'required in deriv,ifig function-,
'al relationships among learner characteristics and specific
approaches to task-segmentation, and among learner character-
ikics and methods of 'providing" performance feedback to the
ieagneg. Specific types 'of:experiments in the area of adap-
tive .training include: _;

141
-1) affects on transfer of trainitg of s_pe Cific, .approaches to 'the def inition of .parttasks.

1

2) Task simplification- and transfer.
- .

. . . .
, 81 .
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3) Individual differences in transfer from part-
task segments to the whole task.

4) .Effects of augMented, delayed learn-
ing .progress.,

5) Effects on. learning of variat ions in criteria
for the initiation 'of coaching and guidance programs.

6) Effects of varying coaching methods; effects
of individual differences on the utility of specific coaching
methods.

1.4L5 Instructor Station Design. 'The training instructor
and the pertorinel who.administer, control, evaluate and guide
the learning process are critical in assuring, efficient,
effective and economical training. Even in the most fully
automated training context, the effect of training personnel
is-profound, if only in establishing trainee_ attitudes toward
the operational task, the training system- and the devices
and programs employed. there instructor participation is-
intimate, the effect is even greater; it requires as effec-

,tive an interface between the instructor and the trainee as
/

possible. The selection, design and arrangement of displays
'-and controls at the device, instructor's station is thus

critical and, since these functions are highly .speciOic to
-deicesand systems, they will requite exPerime'ntation.in
the identification, processing, arrangement and display df
trainee performande infotmation. Efilerimentation.will also
be required in the derivation of 'effective methods for the
instructor to make to training.

-It will da'sQ be necessary to evaluate specific dim
plays and controls for monitoring, programming, recording,
playback and communications. kecent advances, particularly
in:display and programming technology, have prOVided new and
improved methods of implemeatinginstructional responsibili-

.ties. Cathode- ray -tube displays appear to.fAcilitatethe
integration and display of data in more useful form' than has
previously beeri possible, and keybobrds, light pens .and other
input devices appear to offer increased facilityin inserting,
monitoring and modifying programs. Each has its own limi-
stations, &however, as well as its own unique 'capabilities'.

aZ
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Special problems of readability and manipulability accompany-
Ing each design as it relates .to each utilization mode and.
situation anticipated for it must be resolved in making
optimum use of advanced; navel techniques. As a resplt,'
capabilities must be available for evaluating effects of
alternate hardwareapprdaChes-on instructional functions.

1.5 FUNCTIONAL REQUIREMENTS FOR THE E*PER'ikENTAL
,SIMULATION SYSTEM;' The'suppOrt of experimentation in the
five device design areas discussed in paragraph 1.4, the
Trainee Station., the,Fibelity of System Dynamics, External.,
Environmental Fidelity, Instructional Management and Instruc-
tor Station Design reOiresan'eXtensive laboratory caea-
bility. Further, this capability must exhibit a high degree
of flexibility Eo.suppopt experiments related to the range
of operational systems aiWtraining device concepts within
the responsibility of the Human Factors Laboratory.

*

The. Experimental Traini g-Simulation System must be
,able tb perfo three separi e but related functions. First,
it must pro for repr entation of the system control
and AIsp y hardware firming t peraor/s stem, and the
instruc or/ device interfaces in a variety of systems and
trainingdevices. Second, it must represent those .,systems
and devices in various degrees of kelity, through the
activation of interface equipment and through the represen-
tation of essential elements of, the qstelii.environment.
Finally,te.ETSS must provide a capability for the design,:
control, 'nitoring and evaluation of a la4e number of
experiments in the value of various approaches to training
'device design and utilization. Phase II of the study' was
designe&to reconcile these relatively extensive functional
requirements with an economical, flexible Ownization of

state-of-the-art equipment and techniques.

.Initial attempts at organizing hardwire approaches to
the ETSS experiment requirements suggested'the need for a'
"simulator of simulators." .The implications of simulating
each of the variety of systems'identified in Phase ere
derived frbm a cursory analysis of essential system arac-
teristics. It was found that, or purposes of trai ng ex-
perimenxatioria great deal of commonality exists among the
various systems%apd operator tasks,considefed. For
exempla:, a tank driver Ma44tlate4 simila;econtrols to:

.

I.
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those uded_by an air tOshion,vehicle operator, he interprets
displays which are similar to,some of those encountered in
aircraftcockpits., and even the aircraft pilot and the
marine diving officer deal with similar'prablems. using
similac equipment. The learning probleMs associated with a
wide variety of-systelialeo reveal many, common elemerlts for'
experimental analysis. Botha radar operator and a rifleman,
for example, must be trained to.recoviie 'complex visual
patterns; even though each is generated in a'different manner
in the real world, eactr.requirei training in,complex percep-
tual organizations. Further, even these diverse skills,
.involve thelearninguof facts, pfacedures and motor'skills.
whteftw..-all susceptible to similar training approaches.

As a yesult of the observed commonality Of learning
problems among the military systiffis studies, ETSS e'quipMerk
requirements were derived in response to learning problems,
rather than in response to, specific military system charac-
teristics. These learning problems imply hardware and jsoft-
ware requirements in five equipment "types ", whiqh were,con-
sidered in Phase,II of the.study; these are discussed below.

.

'1) trainee Station Design. 'This, retluiremeni relates
to four separate learning-:variables. wh4ch, in turn, imply.
s0ecific'types of equipment.

a) Rnaedges: The 'common mettiods used or the
development of knowledge are the use of printed matter and .

audid-visual equipment. Thii study,concentrated on tech-,
niques fo the design and use of the latter ap oach, due' in
part to 'the utility of audio-visual equipment in other areas,
of experiMentation. The vast amount of learning at this
level, in relation to,almost all militafy, systems necessV."

'. tatei a high level of attention. The capabilities within.
thi's area have been organ ed areicathe coricept of-,Training
Aids Research. .

b) Perceptual Skills. Thiskea.of experimental
capability concerns the development o kill in or -..

spqmplex patterns 4 information through the use of inetru- .,.

Wilts or visual aisplays: Aomajor portion of the training

4
in thi 4-a is associated withradar'and soner_type.displays.
ccordin , a major portion of.the equipment was designated'.-...-

with 'these ,capabilities in mind. This area called 'the',
.f.

. . ,

?"-

It
I. '4 ,"*.
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ensOr Interpretation area, alsencothpasses experimentation
(in thp development of procedural' skills; since each type of
Inaicaor and its operation'nedestitates some kind Of more
or less complex'action on the part of the trainee. .,.4

c) Psychomotor,Skills. Eyperimente in this cate-
gory require. an operating systems simulator.- Equipment in
this area must be able to provide both the stimulus patterns
and output capabilities associated %lith psychomotor experi-
mentation. All cues will be provided to the extent feasible,.
to assure that the effects on psyChomotor skills of such
things as vehicle' dynamics, the.environment-and the available
instrumentation can then be evaluated based on an operational'
situation instead of in terms of individual independent vari-
ableil

d) Judgmental Skills, Experimentatibn in this
area requires relatively extensive information 'diaptlays, and
capabilities for trainee responses reflecting the decision
process. An example of this type of equipment is that found
-in-either a combgt -inf43rmatiorr-ce-nter or arr ASV -airctaft-:

4 In the former display boards and communications equipment
are required.\%qmthe latter, sonar, MAD and_sithilat dis-
plays and associated equipment are necessary. This area,
Tactical Decisionmaking, will be ca ble of formulating
experiments in situatioas of these peg.

4

2) Dynamic Fidelity.. The sof are associate0 with the
computational system will be fleyibl nd easily alteiable
to permit experiments on the effects of varying the fidelity
of'fhe simulated system: In addition, the equipment which
informs the subject of essential task information, i.e.,
instrumentation, will be capable of representing a wide
range of dynamic fidelity.

3) Environmental Fidelity. Equipment flexibility must

. 'bqpprovidedwith respect to perception of the environment.\
A major function of tie ETSS.is in representing the motion,
visual and aural cues available in the environment of a
'variety of military., systems. 0

4) Instructional Management. The Capability in this
area will permit experimentation in the coritrol of simulation
and other training situations. This contra will be

4

857o
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implemented by software capable.of problem setup, perform-
ance measurement and feedback control.

5) Instructor Station Design. The equipMent designed
for this area includes multi-purpose control and display
devices. The questions to be answered,kn this area relate
to the type of information needed as well as the.mo-st effec-
tive method of presenting that information, in the' control,
monitoring, guidance and evaluation of trainee performance.

E6
71'
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2. PHASE II

The .Pha`se II analysis placed major emphasis on examining
available equipment for hardware capable of meeting the re-
quiremerits fern human factors experimentation defined in Phase
I. In the absence of available equipment capable of support-
ing specific experiment requirements, .design studies were
performed to develop specifications for hardware possessing
the-required capabilities;

The results are presented within eaCh'of the sevem
principal areas of investigation and analysis:

a. ETSS Research & Development Areas - The Experimen-
tal Training Simulation System will permit experimentation'
in four general areas of training device design, i.e.,
training aids design,,sensor interpretation, tactical
decision-making, and the simulation,of complex integrated
systems (par.

b. Equipment, Requirements - Operational areas were
analyzed to determine the simulation hardware requirements
best suited to the solution of human factors design problems
(par. 2.2).

c. Monitoring and Control Requirements - Performance
monitoring and control requirements for the ETSS were estab-

, . lisfied to facilitate experiment setup, control, monitoring'
and evaluation function (par. 2.3).

. .

d. Custom Hardware - Preliminary-design studies were
performed to identify equipment that could perform multiple
functions and to 'define requirements for special ,purpose
equipment.(par.

.

e. Data-Plow - The flow of data through the system was
optimized-with respect to the variety of experiments to be .

.performed.-and the anticipated mode's.0 system utilization

if
f. Analysis of the Experimenter's Station - A human

factors analysis of the configuration selected WAS performed
and arationale is- presented (pat. 2.6) ". -

g. ETSS Data-Support Requirements - Provisions were
Wide for.ready access to past and continuing research data,
ii-r support of .ETSS experimerits (par. 2.7).

.
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Table 1 (Page 74) summarizes the knowledges and skillsrequired by operators of military systems and the types ofdeviced typically used for training. The devices listed inthe table were evaluated for each task category ad a poifitof departure in identifying training devices with the broad-est, most effective application to training of the respective
skills.' The functional requirements derived in the Phase Istudy further defined hardware concepts for support of train-ing device studies and are reiterated herein as ETSS experi-mental areas:.

.
.

a. The trainee station - Capability to quickly recon-
figure trainee panels to* various fidelity levels (from paste-
ups to working instruments).

b. Fidelity of the-system dynamics - Capability to
alter the fidelity of computed variables within the simula-
tion model.

c. External environmental fidelity -'Capability to
vary the fidelity of all stimuli encountered-by the trainee.

d. Instructional management - Capability to vary-the
-method of controlling the training situation (from the siM7
plest to the most complex'training,device).

e. Instructor station design Capability to ary the
configuration of simulate& instructor station compo ents,
features and arrangements, including use of multipu ose dis-
play and control devices.

2.1' RESEARCH & DEVELOPMENT AREAS. Four *specific reas of
research and development were found to be required or an
Experimental Training.Simulatiob System which could Satisfy
the requiremerits identified in Phase I. These areas relate
to the taskp'and device concepts identified in Table 1. As
shown in Table 1, Ave military task categories were identi-
fied. Examination of each task category, and each task ele-
ment, (knowledge and skills) from the point of view of typical
hardware used in training, resulted in th translation of the
five psychological categories to four ETSS esearch and de--
velopment areas: training aids, sensors, t ctical decision-
making and system research: Thesd fou s.evolved as a
result of:

a.' The types of controls and displays pertinent to the,
411. , operational areas.

.
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TABLE TRAINING IMPLICXT IONS OF OPERATOR TASKS

f

TASK CATEGORY POTENTIAL TEACHING APPROACHES TYPICAL DEVICES

1.0 EITEM§1.
1.1 System Mission Functions

1.2 Nature and Effects of the
Mission Environment

1.3 System Design Character-
istics

1.4 System Functional Charac-
teristics t

4.1.5 Normal Operating Procedures

1.6 Alterdite and Emergency
Operating Procedures

1.7 Standing Operating Procedures,

1.8. Communications Procedures

2.0 PERCEPTUAL SKILLS

2.1 Diggnosis of System Status
Darts: Interpretation
of system visual, aural and
tactile displays in diagnos-
ing the capacity of the
system and its elements to
perform, specific system
mission functions.

Essential Task Elements:
(1) Knowledge of the system

mission and environment.

'(2) Knowledge of the corre-
lation of system status,
indicators with system
mission capabilities.

4

(3) Pereeption.of the status
implications of various
.patterns'of information.

(4) Identification of coufse
of action consistent
with system mission re-
ouirements and system
status.

1

2.2 Sensor Interpretation:

1.0 maimmm.

2.0

Acquisition of data and
the development of concepts
concerning the system, its
mission and its operating
environment through exposure
to factual information and
to representation of the
system, mission and environ-
ment.

4 .

PERCEPTUAL SKILLS

a. Exposure to printed, photo-
graphic and/or audio
representations of signifi-
cant information pattern?.

Exposure to opetaiional
system, sensor, environ-
mental data.

Programmed or 'unprogrammed
guidance in identification
of significant information
patterns.

Programmed or unprogrammed
guidance in analysis of
the effects of systim and
environmental paraMeters
on information content of
indicators of system and
environmental. status.

b.

c.

d.

e. Simulation of the interac-
tion, Of system elements
under typical circumstances
of element condition, cape-
bility and status; environ-
mental conditions, mission
reouirementr and system
Operator inputs.

1.0

Tranreirencies #
Animated transparencies
Records, films, filmstrips
Models, cutaways
Maps, charts, photos
Texts, manuals
Programmed texts
Teaching machines
Classroom responder systems
Mockups, Familiarization
trainers.

2.0

Cockpit_ PrOedures Trainers
Instrument Trainers
Celestial Navigation Train-

ers
Submarine Diving Trainers
Submarine Control Trainers
Sonia, Radar Trainers '

Phototnterpfetation
ers

TacticalMantuvering and
attack Trainers.

Amphibious Operations Train-
. er
Target Simulators
Records, Films, Terrain

Models

. .

Inkerpretation and organization of information provided by the special sensor systems: in
the detection of targets, obstacles and tactical conditions, and in the selection of func-
tional courses of action. Sensor systems would include: 61) Airborne, ground, traffic .

control, portable, side looking and doppler radar; 2) .Sonar visual and aural displays;
3) Magnetic anomaly displays; 4) Infrared imagery and.photography; 5) Black and white and
color still and motion picture photography, 6) Teletype, aural and visual communications and
intelligence data; 7) Low light level television; 14. Image intensifier displays; 9) Electronic
countermeasures displays; 10) Closed-circuit television; 11) Optical aids to vision, 17) Un-
aided observation, ground-to-ground, ground-to-air, and air-Ao-ground.

..-----

Essential 'task Elements: 1) Procedures requited in Insor adjustment; 2) Knowledge of sensor
.

.

characteristics and capabilities; 3) Knowledge of correlation of target 'and environmental pars-
Miters with sensor display characteristics; 4) Perception of signals in noise; 5) Perception
of target and environmental effects,on display characteristics.

74
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TABLE 1. TRAINING IMPLICATIONS OF OPERATOR TASKS (COM' D)
TASLCATISCIM POTENT/AL TEACHING APPROACHES

tYPICAL DEVICES
2.3 ZnVironmental'Eveluatioq: Utilisation of data obtained through direct visual, kinesthetic;auditory and tactile contact with the

system environment, in the control of system missionfunctions.

, .t
%enjal task Elements:

- (1) Visual Tasks,: (a) Unaided and optically aided detection, identification and acquisitionof targets, around -to- ground, ground-to-air and air-to-ground;
(b) Vehicle control throughinterpretation of visual cues to position, attitude, path, velocity and heading; (c) Con-trol of system elements throw& interpretation of visualcues to relative portions andmotions of aliments and the physical and tactical environment.

(2) Prottrio4Ptive Taskr(a) Perception and interpretation of motion and vibrational cues tosystem equipment status and cbndition;
(b) Perception and utilization,of cues to.systenemotion, in system control. ,

(3) Auditory Tasks: (a) Perception of system and system equipment condi.tion throug) analysisof system sounds; (b) Utilization of system and environmental sounds in system and sub-system control.

3.0 PROCEDURAL SKILLS..

Selection and execution of
sequences of discrete control.
actions, at the proper time
and 'far the correct order.

fssential Task Elcents:

1) Knowledge of the proced-
ure required by the
miss ion.

(2) Knowledge of_systamcapet.
bilities within t6i.mis-
sion context.

(3) Selection of appropriate
normal, alternate or
emergency procedures.

(4) Execution of procedure in
proper sequence and time.

(5) Observation of the effects
of the procedure on the
system and/or mission.

(6) Modification of the proced-
ure as required to achieve
the required mission.ef -
feet.

, 4.0 PERCEPTUAL - MOTOR SKILLS

ContinuouS)nmdification of
oh* or more system control
outputs, as a function of the .

perception of discri ncies
between actual an ired
system performs .

Easential Task Elements:
(1) Knowledge of-fasten per-

. formance capabilities.

(2) Knowledge of system
Status.

(3) KnowrIsAge Of system func-
tional requirements. '

(4) Perception of discrep-
incises between actual
and required system
,outputs.

3.0 PROCEDURAL SKILLS

a. Mockups, photographs and
non-activated familiari-
zation trainers.

b.

c.

d.

e,

Simulated and operational
communication systems.

Tacticil with simulated
operator stations in which
appropriate feedback from
student response is pro-

Pre-programmid practice
with simulated operator's
statibn, suitsbly,activated.

Pii-progracad practice
with simulated operator's
station, suitably activated
with augmented feedback
&near guidance programs.

f. Pre-programmed practice in
opeiational systems, with
augmented feedback and
guidance progiams.

4,0 PERCEPTUAL -MOTOR SKILLS

a. Practice in control of in-
dividual system parameters,
using part -task trainers. -

b. Pre,- programmed practice in
control of individual sys-
.6m.parameters using pare-
task 'trainers having sug-

,meated operator feedback
ani.guidance programs.

c. Pre-progtammed practice in
the control of combinations
of system parameters, using
pert-task and/or operator
position trainers having
Augmented feedback programs
and automatic measurement,
evaluation and guidance
programs.

O

e:

75 ;

3.0

Cockpit-Procedures Trainer
Operator Position Simulator
Periscope Trainers
Operational Flight Trainers
'Operating Hookups
Turret Trainers
Communipitions Trainers
"Teaching Meihines

4..0

.Part-Task Trainers
' Procedures Trainers
Operator Position Simuls-

tors; Driver Trainers
WeaponSysten Simulators;

GunneryTrainer('
Mission Simulators
Instrument Trainers,

Navigation Trainers
Radar, Sonar, MAD, ECH

trainers

.7
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TABLE 1. TRAINING IMPLICATIONS OF OPERATOR' TASKS (CONT rD)

TASK CATEGORY .POUNT/ALTEACRIMO.APPROACHES TYPICAL DEVICES .

Control of system outputs
to null discrepancies be-
tween actual and desired -1
output.

ContinUous tracking of
system environmental
parameters7'

Simultaneous tracking of
multiple aletem environ-
mental parameters.

5.0 Magalla&Miza.

Selection from among alternate
courses of action in the ful-
fillment of a mission function-
al requirement, thruamalysis
of the mission, the environ-
ment; the system and the probz
ability of success of each
alternative.

Essential Task'Elements:

(i) Knowledge-of system--
mission:

(2) Knowledge of system Pune-
tpnal requirements.

(3) Knowledge of system
mission environment.

(4) Knowledge of system and
subsystem capabpities and
current status.

(5) Knowledge of tht effects
of the mission environ--
ment on system and subsys-
tem capabilities`

(1,) Perception of interactions
among subsystems and sys-
.temelements.

.(7) Prediction of interaction
modes of,system elements
during the system mission,
within each alternate
scourge of action.

(8) Estimation of probabili;
ties. of success of each
alternative course of
action, within the mission
function/environment/sys-
tem status context.

(9) Observation of system/
mission interactions,
diagnosis of system func-
tional, capabilities and
codification of system
outputs As required:

d.

e.

5.0

a.

Practice in coordinated
control of system parame-
ters, among more than one
system control station.

Pre-programmed practice in
the coordinated control of
system parameters, among
more than one system con-
trol station, with aug-
mented feedback, and with
automatic measurement,
evaluation and guidance
programs, employing simula-
tors representing system
elements having 'signifi-
cance for the individual
and group tasks being
trained.

JUDGMENTAL SKILLS

Analysis of symbolic re-

.
presentation of the system,
system and subsystem capa-
bilities and current status,
the mission functions re-
quired of the system and of
the mission environment in
the dtveloprent of appro-
priate courses of action.

b. Selection and execution of
courses of, action

in a representation of
those aspects of the sys-
tem having significance for
the jtmismental skills
being trained.

c. On-the-job training A% the
system and pystem,environ-
ment.

0

5.0

Mission Simulators
Tactical Trainers
ASV Tactical Trainers
Tactical Gameboards
Maneuvering Tactics Trainers
Command Post Trainers
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b.. The requirement for conduct of R&D with respect to
the task categories listed in Table 1.(Pap 74)

c. 'Fulfillment of the experimental, reqUirements im-
posed'by the expeimental areas. Of particular importance
within this group were the task categories. It was as-
sumed that since these are essential%adic skills transcend-
ing all aspects of human learning that the ETSS must have.'
relevant capability in these areas. It is,well understood
that'it is possible to achieve training in thetask category:
".knowledge "" in the context of a mission simulator. However,.
since part of the 4nction of NTDC involves specifying de-
vices which are used only for knowledge transfer, experiments
of this nature performed in a high fidelity simulator, no
matter how degraded the math models are, would be of little,
value. Thus, a separate structure entitled "Training Aids"
is specified for the ETSS. This same analogy applies to the
other task categories. Therefore, the following relationship
between task categoriea_and research and development areas is ,

established.

TASK CATEGORY

5

R&D AREA

1. Perceptual-motor . Systems

2. Perceptual Sensor

3. Knowledge Training...Aids
fe'

4 Procedural

Tactical Decition-Making
5. Judgmental #

The equipment requirements for the ETSS were examined
in relation to these four areas. Howevet, since flexibility
was the keynote int equipment selection, many devices are
used in more than one R&D, area.

, -

2.1.1 Training Aids Research & DevelopMent4 This area is
concerned with the experimental capability in knowledge.trans-
fer, &nd concerns 'computer-aided instructiop, audio-visual
instructional device's, cutaways,, models and the like. Almost

all systems involving a-human operator include training pro-
grams incorporating training aids of some type for early

,phases of inserucekon. Thus, the ETSS must have this capa-

bility for experimeptation.

,
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2.1.2 Sensor Research & Development. A large portion of
the, training for which the Naval Training Device Center is
responsible is associated with ,sensor interpretation. .Sinces
this is a significant and complex area, it was determined 4 )

that the- ETSS sensor capability should be flexible to .permit
the simulation of various kinds and types of sensor indica,-
torw and input systems such,as radar and sonar.

2.1.3 'Tactical Decision-Makini Research & Development: Many
of the tasks in larger systems -- naval 'hips, ASW aircraft
and submarines -- reqUire operators who monitor consoles,
communications and other displays, making tactical decisions
based upon the data presented., This" capability relates
directly to the task category of judgmental skills) 'Thus,
the ETSS must be capable of performing experiments in this
area, paiticularly inlight of the increasing relevance of
this area to military systems and the increased complexity of
systems, which pose significant training problems.

2.1.4 Systems Research & Development. This capability area
transcends all task categories in Table 1 (Page 74). Syptems
research is defined here as a complete representation for pur-
poses of training, of an operational system such as the F4J
Weapon System Trainer. The ETSS systems research, capability
must include versatility in the system simulation area. 'It
must include flexibility in simulation fidelity and instru-.
mentation at the various stations, vehicular representation
including vehicular control and representation of other sys-
tems. It must also permit simulation of many types of vehic-
ular and other total systems to the extent required for valid_
experimentation,

2.2 EQUIPMENT REQUIREMENTS. TKe.specific areas of'N'TDC
responsibility were analyzed to define requirementsfor ETSS
equipment. These areas refer to the specific military equip-
ment for which NTDC has training device responsibility,
tank trainers. Thug, the types of equipment considered and
subsequently selected for the ETSS are derive4 from this re-
view and the psychological implication imrsed from Table 1.

2.2.1 Audio-Visual Equipment. Analysis of E* audio-visual
equipment needs' indicated the following 'set of required'

-capabilities:

a. Presentation of audio information only,with or
without subject response, together Ath linear or adaptive
sequencing. 4

A

r."
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V

1;1.0 Still or motes picture visu may, with or'with-
out subject response'and linear or adaptive sequenc14/.

. 7
..i, . 1

c. Still and .motibn picture visual,, with audio, tgith,
or without subject response and linear or.adaptive program-
ming.,

Table-2 (Page 80) is a representative -list of equipment ,

surveyed, and indicates the features thatech Provide's.' 'It
was fouqd that many devices' have multiple features, .yet none
satisfies alt. requirements. The untt meeting the 'greatest ;

number of requirementg is the Modee &vice. It £s ,also the
.

most expensive item -- about $15,000 but doeSnot,provide
an'adaptivi sequencing ,capability.

2.2.2 Computer-Assisted E4Uipinent. *This capability utilizes
electronic displays to present information in twodistinCt
formats: 1) alphariumeric text, and 2) pictorial concepts,
with animation and associated text s required. Alphanumeric
text displays are, necessary to facilitate adaptive learning
experimentation. Three techniqUes for-alphanumeric text dis-
playmere investigated to fulfill the requirement. The first
technique involved use of a standard television'orrester

-

scan cathOde-ray tube (CRT), The variety of possible updat-
ing speed ranges and screen characterrca0dcity are suffi-
ciently flexible that,no specific requirement need be made
at this time. 4though.it is recommended that at least 2000
characters and-an update rate of at least 60K characters per

second he4minimpm, for example, the number of displayed
characters pangds froth 384 .to 4080*, and the,input/output.
rapeg (based,on time to rewrite an entire CRT page) Vary,fromf
15 tomore than 300,000 chafacters per second.,

The second technique investigated uses the alphanumeric
capability of Type 339%displays_currently in the Human Factors
Laboratory. The Screen has a capacity of 3672 'characters
(----1600 flicker-free) and a writing speed,of about 50 micro-
seconds per*character,twhich enables. the screen to pe com-
pletely updated in about. 0.2.seconds.

* "CRT ,-Displays," :Modern Data, September 1968.

A
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Th'e third technique investigated 'uses television pictures
of the associated text; each instructional program is pqt on
video tape.and,each frame or page is addressable, A page of
information is presented to the subject along with the ques-
tion, the page 'being a replayed video image fromhthe data
stored on the video tape. The Ampex,Videofile* system can
fulfill this function.

Ttie second format for display of computer-associated
information involves pictorial concepts, often animated, with
associated text in the form of questions; The previously
mentioned Type 339 CRT display also provides this format
capability.

There are several additional methods to achieve this
capability;, e.g. RAND tablet., touch ,sensitive displays, etc.
These methods, however, are typically nottas flexible as the
electronic CRT,display., .Resolution is also limited. There-
fore, the CRT's were' considered the only acceptable methods
of achieving,this function. . .

2.2.3 Panel Mockups, The complexity of modern military
training instrumentation and equipment demands sophisticated
research and experimentation to obtaila optimum,designs for
instructor control.sEations. Although affected by the com-
plexity of various systems, the ETSS control station must be
designed to minimize differences in instructor actions. These.'
adtions may be influenced by instructor training, size; number
and complexity,of instrumentation and by the color and posi-
tion of donsole components. The account for these varying
parameters in the ETSS, a system to,simulate many different
panel configurations was defined, ,

4

A prelimipary investigation and an evaluation of repre-
sentative operator and experimenter control Systems estab7
lished the following requirements for a panel` mockup system:,

at

_ .

a. An. inventory of
4

instrumentation capable of repre-
senting various panel configura0.7.

,
. .

.

.-.

b. Capability of the 'system to functiOnwith,a variety-
of panel configurations.

c. Modular design.

, ,

* Registered Trademark of theAmpex Corporation .-

.4
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d. Input monitoring capabilitY. A

e. Logic circuitry capable of accommodating a
variety of panel instrumenta9720,----

)at

f. Ease o_ lamentation into a functional system.

g. g Flexible
. ,

:. 0.

h.. Expandable;.

,

i. Compatible-electronic interconnections.

To implement the use of working mockups various
panels for experimentation' with variations in data, patterns,
fidelity, color codes, etc., the following associated equip-
ment and facilities were determined to be-hecessary. (Figure 2,
Page

,q, Subject (trainee) Station
1). 'Experimenter's Station
c. Computer andsoftware
d. Model/Fabrication.Facility."

% In order to determine the required number and types
of computer interface channels "s7 analog to digital
°digital V) analog (D/A), fot.exampile -- an a sis of the-
F4E and F111D cockpits andinstructor_c soles was performed.
The analysis also permitted_clas"glkiCation of controls and
.displays as either standard or nonstandard: standard de-
vices includetoggle switches, pushbutton switches, digital
readOUts and other devices that perform a straightforward
simp.le fupction, nonstandard devices are specialized,
usually multi - function ,.control and displays., An aircraft
artificial horizon indieator is an example of the latter.

.;Table 3 (Page 84) is"a summary of maximum instrumentation and
computer interface types.Oresent in the F4E and F111D simu4a-
tor stations. The quantities appearingvin Table 3 were de-

.rive4-by tabulating the quantity of each type device in the
'''panel of each simulator. The maximum number found was then
established as the ETSS Panel Mockup requirement.

. .

.* f-- -A detailed discussion,,of PanelMockup design re-
quirementsquirements is presented in Appendix L.:
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2.2.4 Vehicle Simulation. Equipment. It was established in
Phase I that the ETSS must allow experimentation in training
device design features related to training environment and
fidelity of device dynamics. During a typical training ses-
sion, in an operational vehicle, the' environment around the
subject may be extremely complex. Typically:, the training
environment may be comprised of kinesthetic, visual,, aural,

touch and keel; olfactory and ambient atmospheric stimuli.-
Modern simulators, by including these stimuli create a train-
ing environment that contributes to transfer., bye providing
the stimuli by,Which complex responses are learned. Require-
ments for the simulation of visual, prop4oceptive, and aural
cues have resulted in a simulator technology capable-of meet-7
ing a wide variety of environmental simulationneeds. A con-

cise resume of .some of these dapaglities &L contained in the
AIAA Vi' sual and Motion Silulation Technology Conference; 1970.

0
Providing the ETSS with the capability of Simulating

aural, kinesthetic-and visual cues extends the scope of
training research tp all fields of training deViCe design
within the cognizanceof,the Naval Training Device.Center.
These training device requirements include airborne, land,

7 and marine vehicles and various devicesuch,as:weapon firing
trainers, emergency escape trainers and other specialized
training devices. The simulation requirements relate to the
characteristics of these systems.:and are discussed in the

following paragraphs. A cofrimentary on, the simulation tech-.

['agues employed for the three primary sensory cues is also

Included:

2.2.4,14 Motion, The requirement for a motion base within a '

training conplex arises from the extensive information trans-
fer occurring in the man-device system by way of.man's ability

to respond to Various types of motion, There are various,

schools of hought about the type' of motion, theTortion of

a motion m euver and the magnitude of ritotion cue that ain-

tritivte most toward ihformation'transfeebetween subject and

simulated 4ystem. The relative impfttance.otamotion within

e-thnary-de ice system4arieS. with task loge5g.and is inter-

related yi h other sensory perceptiO , bly visual inputs_
? .

.
,

. , --

Ap erNix I 1ditousses.the,concept of moelon simulation,.

,,
the philo ophy_of motion cue Presentation and the relatiye

rits o synergistic versus cascaded motionsysymr.T.--,,N
. _

.85
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An ideal motion system would reproduce the vehicle
acceleratiois, velocities and exc6rSIons in all degrees
of 'freedom 'associated with the oper#tit$nal vehicle. However,
due.to mechanical and spatial constraints, these'dynamic
characteritics have to be restricted =to reasonable values.
This caUte$ a dilemma, as a result of the` psychological per-'
ception 64 proprioceptive cues; littWevidence exists as to
the nature of the ideal parameters 'fora motion.system for
the simulation of a given vehicle. -ThOirecommendatiOns of
the ETSS will be determined by an .anal5r,sis of charabteristics
of a number of vehlcie types and will4ilow sufficient freedom
of choice so that optimum motion characteristics may be chosen
for the'vehicle being investigated.

2.2.4.2 Vision. Emphasis on visual stimulation has, long
existed but has increased in recent yeais with the advent of
more complex vehicles and'systems, and-*ith,new requirements
to operate vehicle$ under e'itreme conditions of low visibility.
It it not only difficult but also may be dangerous to train
in operational systems. The problem-itfarther compounded by

`the fact that operatioril-traininernust wait for a combination
of.desired weather and aVa lability of training area. While

,,the simulation industry as been striving to overcome the
visual simulation problem, other facets of the ground-based
simulator have been'made to perform with excellent fidelity TO.

due to the application of large-scale digital computers. The
net result is that simulation of sensory cues, notably visual
cues, lags behind the technology of the ground- IJased simulator.

In general, requirements for realistic visual simula-
tion for each operator task could be satisfied by a system
that includes the following capabilities:

41,

a. Unlimited- freedom of Maneuver 4:the ideal system
should have an unlimited capability to simulate vehicle
motions in all degrees of freedom with respect fo fixed refer-
ence frame in which the vehicle operates.

b. High quality -presentation -.the image quality dis-
played to the subject should contain real-world fide city in .

natural color over the entire spectrum of tasks kn.golved in
the subject ;device combination'.

. . ,

c. Vie.ld of View - the field of view available to,, 7,.

the subject should be'reprebentatOe of the, real -world -,-=--

situation. ,
,

.

.

.

/ /:.

.6''
, ,

, ..,,..,

x

.06



NAVTRADEVCEN 69 7C -0 i0 7 1

Appendix J presents a'bri summary of approaches

that have been used, and those tha are being investigated
for satisfying visual simulation req irements. Many visual

systems have been built that hint at e or more of these

' features but -none have so far provided a `totally acceptable

solution to the visual simulation problem.

2.2,4.3 Audition. Aural simulation requirements, under
certain conditions, are as important as the motion and visual

. requirements. The capability for aural synthesis has devel-

oped in the past few years to a high level of sophistication.

In part, this has been due to the requirements of sophistica-

ted ASW simulators and 'the need to have better' aural simula-

tion in aircraft simulators. As a result, a capability

. exists that allows\a large range of sounds to-be simulated

using a relatively compact sound synthesis system.

Appendix K describes some of the techniques that may

be used for sound generation together with their limitations.

An ideal apral-simulatioh capability 'should be able to geher-

a ate the sounds heard by the subject at the correct aural

intensity, tbe correct angular separation and with minimum

distortion (interm9dulation and amplitude distortion). Before

a sound system can -be simulated through use of recordings or

by synthesis, it is- important that an analysis, of sounds, be

perforated. Analysis must concern both the psychological and

quantitative evaluation of the specific sound. Current

sound analysis' apabilities are extremely sophisticated,

allowing a ost unlimited degree of responsiveness to

aural simulation requirements.

2.2.4.4 Vehicle Characteristics. The ETA will be used in

experiments involving a wide variety of vehicles. AUral,

kinesthetic and 'visual requirements are directly related to

the general characteristics of airborne vehicles, ground -

'based vehicles and maritime vehicles.

.4.2.4.4.1 Airborne Vehicles. Airborne vehicles are gener-

ally either fixed -wing' or rotor craft. Tfie vehicles included

in this category encompass'a tremendous pgrformance range ..

when related to- simulator engineering. Iti general, these

vehicles have four distinct operating regimes, each one with

its unique:simulation requirements. These regimes may be

.classified-as ground handling operations,ztakeoff and landing

procedures, conventional flight and abnorthal flight. Appen-

dix F presents a disCussion of the characteristic vehicle

dYnaMics associated With ,each of these regimes.
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2.2.4.4.2 Marine Vehicles.' Vehicles .falling into this
categoty are surface ships, and submersibles. These vessels
operate in or around an interface comprised of, the atmosphere-
ocean boundaries. As a result wave action, bubyancy and wind
action interact in determining the motion of a maritime ves-
sel. A discussion ofothe_kinesthetic and visual character-
istics of maritime vehicles as they relate to the ETSS is
presented in Appendix G.

2.2.4.4.3 Ground Based Vehicles. Vehicle's in this classifi-
cation encompass cars, buses, trucks, trains, cross-country
vehicles and air-cushion vehicles. The performance range of
ground-based vehicles is reduced as compared to airborne
vehicles.' In particular, the velocity and altitude components
are very much reduced. However, .two factors tend to compli-
cate the simulation of terrain-based vehicles.. First, the
terrain `traversed is random in nature ,and no specific data
describing terrain effects are available for use in vehicle
simulators. Setond, since all these vehicles operate in the
ground effect area of aerodynamics, the equations of motion
areextremely difficult'to define as the vehicle velocity
increases io a point where aerodynamic forces are significant.

$.

Appendix E illustrates a typical set of equations
for an automobile operating in a controlled environment. It

serves to illustrate the complexity of the equations in the
absence of terrain variations and aerodynamic forces.

The characteristics of ground-based vehicles are
discussed in Appendix H as they relate to the kinesthetic and
visual requirements of the simulation capability. The effects
of random terrain are briefly disCussed from the human engi-.
neering aspects.

As an example of a ground vehicle simulator, Appendix
D presents an extract from an automobile simulation specifi-
cation, demonstrating the difficult nature of ground -based
vehicles simulation.

2.2.5 Sensor Displays, Sensor displays, as used-in military
devices,,provide, capabilities for active and passive weapon
aiming 4nd navigation. Specific sensor display requirements,
characteristics, frequency, scan rate, etc., are pecutiar to
respective operational equipment -- sonar, ,air-to-air attack
radar, shipboard navigation set, etc. The ETSS sensor dis-, /a

play experimental capability, therefore, must provide as many

1C3 88
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of the required (and potentia display characteristics of
operational equiPment as possib for maximum flexibility and
utilization. Display of Sensor in rmation can be provided
by two techniques:

a. Straightforward repeat of all indicators.

b., Graphic displays that perMit presentation of
multiple indicators in a comprehensive format.

v1

The first techniq& is totally impractical for cost-effTctive
reasons; the second offers the most flexible, cost- effective
solution,.

The type 339 graphic display is most practical for ETSS.
purposes., It provides a'1024 x 1024 dot matrix.9-3/8 inches
square. ,,Its 30 Hz refresh rate (to prevent 'flicker) and 35
microsedbnd write time for each point (assuming random point)
permit plottingof about 800 points While this does not
provide a. very detailed image, particularly of coastlines,
meaningful although not quite as detailed information can be
Provided by using vectors. Since the display points are
0.009 Inches apart, 800 points provide.a lineabout 7 inches
long at scale 0 (every point). In vector mode, a 7-inch line
can be.drawn in 0.7 mill,iseconds.

Representation of background clutter is also a problem
with the graphi9 display approach. Cltitter can be generated
by the variable dot density method used to Print pictures in
newspapers, but this requftes large numbers ,of dots. For
example, a one-inch-diameter citcle Contains 3700 dots.,
Using a 20 percent intensification factor to generate a sea'
scatter pattern on a shipboard radar would consume all the

,

writing capability of the 339. Thus the 139 can be used, but
in fairly low density situations.

The Type 339 display can be used for several types of.,
'experimentation; These are simple ones dealing with low in-
formation content.eledtronto indicators oT the type associ-
ated with certain radars and sonars. These are sufficient ,

to achieve the intent of the ETSS. Othervisual detection
indicators, such as idfrared and low light level television.
(LLTV) cannot be simulated effectively using ttle standard
339 display-sistem. It is possible that these latter indica-
tors maybe simulated by using the 339 display system in
conjunction with specialized display'heads, or by the use-of
operational equipment tied into the simulation system.

89'.
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2.2.6 Computer Requirements. e ETSS computation function
will be performed by a digital co ter complex similar in
nature to the XDS Sigma 5; the,complex will include the
central processor unit (CPU), appropriate peripheral equipment
and real-time interface. 'Both of the latter items facilitate
communication within the ETSS. Details, of the computer com-
plex selection rationale and requiiements are included in
Appendix M. To arrive at determination of the optimum com-
plex, it was necessary to reVkiew the necessary constituents
of adigital computer complex and analyze the possible vari-
ations of organization. Three possible configurations were
'analyzed.

a. Single processor f a single central proCessor unit
and its input/output processor.

1;f. Multirprocessor - two or more central processors,
each with 'its own memory, as well as a common or shared
memory.

c. Multi-computer - two (or more) separate, independ-
ent central proceSsors, each with its own input/output.proc-
essor and with its own ry units.

. .

Table 4.(Page 91) is a c parison summary of.the three possible

configurations.

Computer loading for the complete ETSS is estimated to
be e-approximately 96,000 words of core storage configured

as shown in Figure 3 (Page 92). These figures include esti-
,mates'that will enable the simulation and research function

to be performed concurrently. The estimate/also includes 20

perCent spare capacity. It is extremely significant that the

computer loading estimates, as detailed in Appendix M, allow

maximum storage and processing for the detailed Mathematical

models that are required for satisfactory simulation. This

will facilitate flexibility in selection of-experimental
models to enable determination of the optimum.

Finally, although 20 percent spare capacity is a neces-
sity, it was determined that the ETSS computer complex m.1st

. be capable of: 1) increased expansion beyond the space.
capacity if.requived; and ,2) the ability to 4tart'on a

' slightly r6duced scale and expand as req+ed in the most
economical fashion.

90
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2.3 MONITORING AND CONTROL. Means must bey provided to ;en-
able the experimenter to initiate and maintain control /during
an experiment and data must be provided to'enable him to
ev4uate results. Control during the experimeht should in-
cluae such capabilities as altering dynamics and changing
information available to the subject. This, in turn, imposes
requirements on the monitoring system to provide proper con-
tent and format of information,to the experimgnter to enable
him to make changes.

It was determlned that the most effective way, of
menting these requirements would be through use of a compdter
terminal. The terminal would be treated as a.timg-shared
peripheral device interfacing with computer programs. The
experimenter would require analyses programs to assist him,
in determining-whether changes are required for success of
the experiment. The experimenter would,also require access
to results pf related previous experiments in order to perform
comparative studie4. The standard CRT computer terminal can
perform this function but the price n.computer mass Storage
is extremely high; theVideofile system provides the same
form of output but costs less in terms of Mass storage.
Table 5 (Page 96) presents a comparison of mass storage costs,
and,substaptiates the previous claim.

In addition to analytical monitoring, some experiments
require real-time monitoring capabilities. Thi's function

can be performed by reconfiguring the modular panels as
required:

2.4 misTom HARDWARE DESIGNrSTUDIES. One of the major goals
of this study, maximum f).exibility with least equipment, led
to several custom hardwartdesign studies.-; The design studies
covered subject.stationsIWO, experimenter station design,
flexible simulation modelf and audio - visual instructional

devices; These Studies,, $.7hich are detailed in Appendixj.,

resulted in the following; .1/

fi
a. The necessity for flexibility'id subject station,

designs can be provided byA uniqueljunation panel that is
.

4'
used to wire each instrument to the required interface junc--
tion... Pliag-in-connectors are $o used to facilitate rapid,

simple instrument linAtallatiow, 4A
.

-

b..' A Multi-purppse trainee, compartment provides medium

fidelity representations of subject station configurations,
and utilizes a projectionCRT and osed-circuit video to

create the experiment scenario

93 g.
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I

c* - _Afle. ,e multi-puripose experi*nter. console, --
which includes a librarY. terminal (Videofile) and a standard
tompater, peripheral CRT._

A
r .

i. d. , A concept for °ad, audio-,V,istial device 66mbining, all.features, of separate available devices was formulated, and
bilief sy'ateni. description was generated.

... .

, . .

4'---
t ..

.i.'1' e:''-' The use of generalized math' models for all tYpes,
_

' 4 ' ! , x .

of, si lation, was inve ted, Aitswever,; it became v d
that is area requires, an -def3th,.exavination of
s6ope of '.the. ETS:8 study 'itself'. lied .sugges

''proaches 'resulted;
-

2.5 'D FLOW. A variety of types of data are. trap rred ,

.betWe rt the various ETSS,subsysteis . Figures--4 (Page" 95)% *,

identi ies .--the flaw of data- ia well as,the kinds of data that
.

,
will lie tranSferred.by theSTSS, and the°,,following are the,

:\ three- Tiiin pal data types's,' r -. , -...,.,, ,. :,,
-...,,

Sts '
...

6 ..
.

''' a. §}apect Statiart Data These ddta, available at
each of like subject station - 'frOm th0 aplic,-.-visual units
tfo- the vehele simulator =.--- serves-Oo-funct ioos i 1) ". to

,initiate ,,,ny system'' changes via the oorrippter complex, imposed
.,. by' nes4rvalues, and 2) .in either rani orri'modified form; --to

. - , ' 'updatrJp
- --,

fo- l-mane evaluation' ,- -
, )

.
,

-,,,
b. S xstem 4Outputs:'-,,,These. data- are he comptted re-'

sPonse to subject, inputs, anit'are required to' update status
of, the systvp,,c- z - ,

,-

-, --,:- ' , '-

-

'...T; -,-

--

:. C. ,.icrerim e n t '

'--.....4.' T'

h- is
,
d

. '

t-

a'

,

f ij

c h

_

'.

mu ,6 t b'e l't
. able, irclutes techniaql repots. an. d.' dektriPtions: gnd reiulps

of previ'ou's ,experamehts: -- t ,-- #,
4. . / ,

... ' ' t < .

.2.6 HUNAN --FACTORS ANAVISIS OF.,,'IHE EXPERVENTER r 4STAT ION._ .P.. . .

The components o:)- thei'ExperiMental3V,raining_Simtilation System 's'....

1. f:,s,,e. re- select ed , pr fmari,I for their ' 111'c tro 'nal - cipb il.i t ies in, -
support-',,d .experirbeiits lonS,-idered ,e,ssenti41 to the Iturnah

, Fc.tOrs' Labprata-y., They were ,61:So'se'le-tted 'Co, impose a clank__
,.., mum of. te.,chnigal4re-quiremen.tapn 'the poir.Sontri expected to'

e'
i. employ therm' The 41-towing,1:u_ncpiohg wpti :tp p.O.,rformed,"at. 4 , . _.

.
.

, , Y

,the ericperimentelp's station ;`, '",.'s , '. !.< ":`. .' i *:,,
. .., ..,

,

s t. ' . : . , ,
,

' . '" ,,, ,,'" ...

- Setup = AThe perim4ntr ma insert't inse' into' the sirup:qt.-ion
system the 'ihAtial. -conditons under whi*ch- the subject -is toy- 1
pea:Ion-1)r including the: criteri.a"tcr,be used, in the evaltiation i.

---
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-of his performance and the 19(rmattinedf pe'rformance"manitor7,, -
iritg;_data.tobe displayed o4 khe CRT. Data-fmPloyed-in the

initia). setup will be'formatLed for ,insertion by means .of the
keyboard, with some of epe ore untliersally employed para-
meters being controlled 'b thepushbuttons and humbwheel
switches incdrporated in he experipenterss seation.,Format-
ting of initidl4setup da can be acgompLished4with Standard-
ized prograti'forms made p ,eo be .,used 'with' the panelcompo:
fights and configurations finally:selected for-fthe eXper.imen7-
te'r'n station.'

Subject
Monitori

nK
'ments, the` experimenter
closely to sense- ,and
nificance for the, deSig
same instantes,'ipforma
real-time.perfd0ance m
design.questions .posed
monitoring ,will only e

later evaluation of foimal

Particularly during pilot expeili-
Will monitor Subject performance'
luate perfbrmance trends having_sig-,
.6f later; triaj6r.exikriments. la ",

'data collercti,an 'and` analysis through

nitoring 1,7;i1,1 suffide to resolve theme
y* the experiment. ,fh other cases,
e tor:yerffy the vdlidity of the ex-,

Perimental approach and fo form an informal concept for

function will be'faciited by formatting the .CRT` display
for Oata and. data fdrmsA Claq 'experimenter'sthe xPerlmenter's
needs and on-line capciey,-for real -time data rrterpretation.

".

data.,- The petformance monitoring

._,
Data -Retrieval -

perimenterss §tation-wE
in the system computer.
doCuments will be reerie
,keyboard,' CRT; and'print

Data Analysis - Pro
sisof data from specific

data .from expeitents
. may al-so be intrOduced,fo
CRT display.

tontrols-and displayS at the ex:-
I emit the--retrieval of data stored

frbm specific experimetts and
fdF analysis` using the, station

_- ,

s can be developed for the analy-
efiments and for the comparison
ed.in the computer. Other, data
alysis,:using the keyboard and

The
is predicated on thebse,o

.analylisprepared byla,pbm
'notjrequire extensive spec
grammiriiDn the Tari.ofth
sumlng the-dvailabilityof

.21.7 EtSS SUPPORT REQUIRE1
this- section cannot be cate

.

-.
gn of the experimenter's. station
rograms for data insertion, and

,,-. . t - ..

r programmer. The :statOn.:1411-,..

a Capabp.iiies-for computer pr!!)..

Man factors'e*periMonfer,-as- ..
.

maar-dized programs.
,

,

, .,

Altholigil,tfie subjects. with' in

o ized as task areas, It his beeiC/I
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eviaent throughout the course. of .this study ,that tiWbselected
facilities are essential to'effectivb.ETSS implementation:

-

1. :Documentation Facility

2. Production,Facility..

2.7.1- Documentation Facility, This facility is required t9
support the.ETSS by enabling ready availability-and-acC-egs=-.
to reports, ihohouse studies and,previous,experiment,,hiStory.-
This will not,onlyifacilitatexperimentation inate-141.4ii7:7
sis, hilt will provide laboratdry'personnel with .curent
of-the-art in'training'itechnology-To the present; printecj
reports and microfilm

but
have been, utilized for

library references,but with the educational, military anti
commercial /industrial cammunities,constantly'seeking more,
effective methods of training acrd learning, the o4t444t of
relevant" research is growing at-astronomical-ratea.," It is,
therefore, imperative that an' automated techniT11.,be employed
that, will meet this requiremeht 2

if
. The ETSS documentation facility must be capable of hand-

/ .
lingdefi-Ous types of data,, and facilitate efficient storage,
simPle,access and inexpensive expansion. ,It should also have-

.the following desirable'Capabilitie*S: ,

1. Imexpensive7stOrage'agand-kmmediate-access.to
abstracts.. -(Set Table "6i -, Page 100);

- .

'2. Storag1e bf and.hardcopyptintout of entire reports.

3. Automatic'aearph capability by identifiers,, includ-
ing author or source, subject, report-number and _

ttitlefsubject keyword.

-4.- Storage of cotttter prograMs.
/ , -- -.'

2,7.2 Production Facility. The second support - facility:
'deeded. to prepare artwork; such as visual. aidsand, panel .,

. ,and instrument -haste -,ups, and experimental trainee btaftom" ,.'
. . §

inockulia., Thug, the requirements will.Include illtstrating
,or drafting tOlea and appropriate'aupplies as.vell,as elec--.'

. , ,
.

"-tronio; mechanical_and woochrbrising,tools. ,../- . ,

-
, _

. A
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-
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'."S'ECT ION V

DISCUSS ION

Be use: of tbe =unique requirements, oat tie it -was

y- to evalAate a,yarietY of trade° Is"befOr a feast-
ble Xible and Oftc lent .system; could be specified. The
folibWi g are _examples` -of= the major tradeoff 'implications
inheren in ETSS design.:

I
t

I

t-

_various
firent
of. opei

-ing etp,

Lattng

-7 (Page .1

/ . w1:0 acv,
ing tas
the nee

; ,of thei

.atorage

C.,
extensi

Is ,ance.te

_*the dev
,

. skills.

d.

most, cos

saftware
requires
and progr

.

Co.40 associated with increasing fidelity' - The
types of devices, to be ,simulated utilize' many ,

ypett of instrumentation, ,even within a..single type-,

tional .systerg. Support .of ail of the, systems. reqUir-
rimentation "'greatly magnifies the .Problems- of -simi.17

fistrUments for training experimenation. :Table '.6
0) :identifies the- types of instrumentation associated

aircraft weapon system in terms. of associated 'trait-14

a, and illustrates; the complexity of the problem, and

for tradeoffs in, duplicatiag training-relevant equip-

' 1,

Device Storage :II the ETSS were to include .

arious, types.of equipmentequired, the OeceSsdry

would he ,prohibitive;
- t

Device maintenance- . Just as the ETSS wbul require
e storage, it would alio necessitate a large maifiten- ''.

and extensive maintenance -equiPmebt. . Since each of

es mould be different, the required 'maintenance

OA be manifOld:. '2 .
4 l

r .
,

0 need for tradeoffs to, arrive at the :approriate,',
effective fidelity of system dynamiCa (simulation .

,also was evident. -Htgher fidelity of simulation .'

larger 'initial engineering effort .- 'analysis., *sign

mming - and larger amounts of computer' storage;

The..- degre of software fidelity ':mast, 'as for ha'rdware, also-
.:,
consider. he variety of system types to be simui.ated 'A brief

.
.

. ,atudy''.was eiformad aimed at development of a generalized
vehicle mia h model (see..Appendix L). EVen with' the' lesser .

depth of .8 alysis iiv _this 'area, it was, otivioila that the level,

s, of .almulap oq would ,heire signf ficant implications fpr wrath

lieve -ment: It, is,,strofigly reCommiendedk that this

:#e.pudY. be CB tied fUrther; apecifiCaily to, .khe poipt of pro

gpcing' comp t4 prOsrams to., teat ,cht validity of aPprlach.
,
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:
e., The need for some type of vehicUlar subject (trainee)

station was established during the Phase I study. For the
ETSS to have high fidelkty, in terms,of SUbjectstations,
representation.for'ell types of vehicle systems discussed in
Phase I is required. Most of the vehicular experiments con
cernedliith operator station* configurations can be performed
using the Multipurpose trainee compete went or by building
trainee stations using modular panels. -Forsexperiments aimed
at evaluating interactions between s veral systems. in opera-
tional situationsja need exidts,fo a specific vehicular
type of trainee tation.. --This stat mast be on a motion

,

,base and have a visual system;,the c figuration would Include
' vehicular -control, pottier control:- sor indicators and.coh-,

troll, auxiliary systemsj haviga n'systems, scptical-)3ystems,

".etc. It Is,anticipated that the skill level in reference to
'-this type of equipment of the subjets will range from the
unskilled (local college_itudents), moderately skilled (Boots)
tó-the highly.skilled (experienced military personnel).
Thereforp the. subject station must be sufficiently. simple
as -,to Accommodate' the lowest sk111
-11*-

. -

-.It,tias for these reasons that detailed attention was
directed.towards specifying multipurpose equipment wherever .

Possible. The multiptii0Ose trainer comOartment; for example,-
j)ermits smuliitudd of e*Periments to be perforied-,even with
'a-low-tomedium appearance fidelity; -

,
;
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SECTION' VI

CONCLUSIONS

'd

The results of this study identified prob lems in provid-

inran experimental capability for all areas identified as
relevant training device development problems for.the Naval"
'Training Device Center. Most of these results were related
to the anticipated cost of a stem'capable of fulfilling all
ETSS functional requirements stated in Phase I. One of the

Major objectives throughout P se II was to meet as Many cif

the fOngtional and training re uirements as possible with
the least amount of equipment, The following3conclusions
were reached in attempting to achieve this goal:

o

a. Subject trainee seations, in the vehicular, area, need
not be precisely represented for all types-Df-experiments;
basic physical relationships should be maintained to permit
some degree of correspondence between the experimental situ-

ation andthe operational device, Low- fidelity experiments

can be accomplished in mockup hardwiKe and the multipurpose

trainee compartment. For higher fide ty requtrements aimed
at integrative studies, a simplified ve cular compartment'is

required. This compartment must, in its. imum configurition,
be simple enough so that the least skilled s > acts need -not

participate in a long-term training exercise to e able to
perform the experiment. An air cushion_vehicle (ACV) simu-
lator appears to fulfill'most of the basic 'requirements for

qperator.station hardware. It,is anticipated that the vehicle

simulator with motion and visual systems will be procured

Cfter'other items. The final decision as to the type of

vehicle configuration to develop:can-be made at that-Liae.

4

Siecedocumentation (reports and data) is an essen-
tial,parttpfanyltFeSearch and development system, a'documen-

,tation*Oage,anit_re:trieval eietr*mely relevant'

for the ETSS. ,IF,uEther,--66qause,of;ithe increasing amount of

literature being made available, a Ughlyefficiedt'starage
system .roust be used, Filiing.csbinets'and sciditbfilm no longer.

,areAadequate for an requtiementAktrefore, the
'Ampex.Videafile is cuggestred-for this urpote

.c The ...psycho tag r farming :an.exp almtt must have r,

cqmpTite conerol ove t, To-.stitis ti&elPoth :tlielaardware and

software provided st be completely fleXible ;:fauitipuxpoge
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displays are..4required to permt flexible modei of information
display:. Interactive software to the simulation system corn -,

puter'is required po,provid0 complete:control over the Oxperi-
mint.

d., The univrsal terminal will perfc1crurand suPpOrt many'
functions suchas computer assisted instruction, experimew-
fer's Console,. literature'reiearch console,-and time=sharing
terminal for analytical research, To, provide simultaneous:
capabilities, it was determined that eight terminals pf this

wererequired. During an experiment using - alphanumeric

6 CRT's for computer managed instruction, the'Aistribu-tion af
terminals. -would be:

3 terminals for the control group
3 teruipsta for the experimental group 2'
I terminal .for the instructor
1 terminal for the experimenter.

.4
,-e. The .question of fidelity-lor the-ETSS - i.e., motion,

visual), dynamics-, etc. -poses-an interesting problem.- It

is entirely possible that the majority of device-training-
systems procured by the Naval Training Device Center,-in the

fOreseeable future will require only a three-degree-of-
-freedom motion system to be cost /training - effective, and this
fact may be established by the ETSS. It is, however, impos-
Bible to perform an experiment to determine how many degries

of freedom are required unless the,cipability existsto com-
pare up to the maximum possible in experimental situations.

Therefore, the maiimum'capakility is required at the OS& in
all areas of environmental simulitlion fidelity.

S
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"SECTIDN VII,

13ECOMI1ENDATIONS

. , ,

1: EQUIPMENT' AND SERVICES

The ETS9 provides equipMent andiprograms to permit any
combination of eighten different servicel'or systems: these'

services may be used individually -or rcollecti4ely to perform,
the four research anAdemelOpitent functions identified. Thee
are:

1) System Research and Delrvelopment - This - includes R&D'
which concerns complete systems; e.g. ASW trainer, incorpor-
sting as much of the real world environment aS possible; s

dynamics, motion, visual, etc.,
1

2) Tactical Decision-making Research and Development 71.
Expeiiments related to this area will deal mainly with systems
associated with tactical environments. The type.ofequipmeq
.includes tactical information displays and controls; an ex-
ample would be a combat control center:

3) Sensor Research and Developaient - The main area of ex-
peiimentatiop here will be with analog contact displays and.
associated ,controls, e.g. sonar displays.

4) ,Training Aids Research and Development -,This area'
includes experiments dealing with teaching machines; audio-
visual, CRT's, etc.

it should be noted that these classifications are purely
abstract-th nature. They do not limply separate facilities.
The ETSS will eonsist of several types of equipment which
used in various combinations makeup,each of the above

R&D 'areas. Some equipment will be shared more than one

area.= -
.

1,

Table 7 (Page 106) shows he distribution of ,these serv-

ices for eack of the .prime functions of the ETSS. It should

be noted that, the Ampex Videofile System is the only, Zone of
the 18 services that is not directly essential to the experi--
mAntal functions of the ETSS.. Fol/mOng is a summary of the

capabilities of the equipment And services to be provided by

the ETSS.

ti
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Z. SYSTEM RESEARCH AND DEVELOPMENT FUNCTION.

The ETSS has:Oie capability to support experiments invol-
ving training th complex operator skills that interact signi=
ficantlY-Vith' motion, sound andvisUal cues. The System Re-
search and Develcipmeut FunctiOn cbvisists of a Motion platform,
.a visual system, Aa'system,forgeherating relevant ,aural cues
anda representation of,a generalized vehicle operater's3
station./ ,

...

2.1'e MOTION SYSTEM. The motion system will alloWthe expert-'
menter to add additional cues to the system being represented;
as required. The systethosen forfthe"fatility is a syner=,

-,gistic system allowingmotio6-in both, -:translation and rata
tion for eac of the X, Y and Z axes -,,It is anticipated
it will be rimarily used in the sy tem research.functioo,"

,tt,Can o be used in the other-t reeiETSS functions.',

Appendices F, G and H discuss the motion chatacteristiCE-
of a numberof vehicle types; Table 8-(Page 168) summarizes

,
'the maximum -motion simulation characteristics required ,for ex-
perimentation in tHe cues necessary in training .vehicle operators:

The characteristics of the tiSS,motion,system were .

deriS/ed by taking the maximum values from Table 8: Since

it is expected .that a visual system will be mounted:on the
! motion platform:wittithe vehicle cab, a maximum_Niiload

capacity of 20,000 pounds is antictpatecE

.1

. The relative merits of synergistit and cascaded motion

systems are briefly discussed in-Appendix I. A.cascaded-',

motion system can be proctured at lower cost than a comparable

synergisticsystem, and it is easier to program. Further,

the cascaded aiso has the'characteristitslTsted ift:Table,:9 -

(Page 09). Holiever,?it suffers from a pumber:of limitatiOns,-

Ancluding'ph)isical size and crossVibrations. Beciple of

these-limitations it is_recommehded,ttiat a,-Onergistic system'

be employed in the ETSS.
,

.t

The Math-mode1 used to drive the,si* degree of freedom
motion system derives its ihpUts from' the simulated vehicle
equations'of motion. "The drive signals define-the platform- ,"

orientation, which aligns the natural gravity vector with'the

computed subject stdtion ac4eleration vector. The motion cue

40.
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AfASLE. 8 .

1

SUMMARY OF "MAXIMUM MOTION PAAMETERS*,,,

4 PARAMETER -.. A LAND' '` - SEA

. ,
EXCURSION LIMITS

..

.

+2;30

+ 2Z
--!.,

1-'t-'32'..-

'
+ 35

. IMINIMM

.+.-'50 '

+:55

+ 42

_.-1-" 50

+/1..5.< _

'14-32
', -5.7

24

*-24

f < ,
._.,

, 1 143

.73,-;

^-1- 100.....
i < ,

,+ '300

+'230

<,-1- 230

.

'+-,50

'.4-. 50
t

..--F'20 -

NA:

. NA

NA -

,e L

= ..'NA

NA

NA

NA
..5 .

NA- .
'NA ,

.,1-;..

NA
. -.

NA,-

NA

4- ::,fito .--.4-

+ 9.60

+- 960
, .....

.

1" -;.--

+ : 0 ._

+ 48-
.

I

ilA

. NA
,

,......._

,... '± 7 . .

+ 3
', ,st
+ 60'

0

NA
. -

NA

NA.

..-

.' '4.-50 \(!-

.. ,g,+ qt.,. *- -.
-....; ,+,50.-,%; --.'

1556 (i,, se c).ist-

7 VA..
% .. ,

IFAs-::

1, :, . ..., .,

P-itch-,, (.4egree-s),

Ra 11' Jtfiegree4
-Yaw '''- ('degrees'),' '

0- --- . - 1 ,

' y e, r t i a, 1 (inches)':

C

Lateral (inches) ,,,:
,,.

Longittidinal , (inches)

MAXIMUM VELOCITIES.,
f

Roll : (dg/sue)
. 7 ,

.Pitch,.
i

`;(deg/sec).
,Ya,..) . (degjsec) -

. - , ... ,,,

., ..< , ,-

Vertic#1 Cintsec).
'Laieral';(i.n/-sec)
tong-4u4i,pat in/sec),

MAXIMUM. ACCELERATIONS

Roll (degS/sec ) '
,
Pitch (-cie'g/s ef.t.2) --

.. ,

Yana (deg /sect) .

. - ' .
---. .,,

Veitid-al., ('in /sect)' ..

kater41. 0,6/set )
1,9rigitticiiiial.-'(1riXiec2)1

ApptildiCei 17,6 and'
.

a
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o

TABLE 9 ,
tYPLCAL GHARACtERIST:ICS.FQR ETSS MOTION .SYSTEM'

.

't

.
,,,. , ,

'aCURSION IIMI±S - ,,
i ,

..:- .

.

. ,

, -;

P.it_c_i_t '. 1. + 50 (degrees
.,,,,. ,.... -

Roll ,. ,
,

--, ± 50 -'.(degrees)
,

.

Yaw ,
. ± 32- ' (ciegrees).

Vertical,,.- '., + 48 (inches)
4, ..

Lateral . + 50 (inches)

. ,

.

A-ongitudinal . + 55. -{inches)

MAXIMUM VELOCITIES',

/Roll

Pitch

+ 1.2

-+*50

Yaw + 60

Vertical 32_

Latqral + 24

Longitudinal ± 24
.

(deg/sec)

(deg/sec)

(Cieg/sec)

(in/sec)

(in/sec).

(in/sec)
-

MAXIMUM ACCELERATIONS'

Roll +-143 (deg/sec2)

Pit-Ch 4:,73 (deg, sec2)

(deg/sec2),

Un/sec2)

(iisee-) -

(1-67sec2)

''Yaw + 100

Vertical , +.1556

Lateral + 960

_Loigitudina& ± 9.60

_

- 8 ,

e.



,
; ,

NAViRAbEN.CEN 619-C-0207-
t

.410

math mode} 'm so generates drive Signals to def-ifie the required`
angular andqtraeslat,tbnai acceleration onset cues,. as Biel 1as
the'subsequehe subliVinal IleIocity,a0 position washout
mdtions..

1 .
'140 further enhante,the:iciitepthetie cue cajuibility,,-it

recommended that the, synergistic, motion system be 'atigmainttd
by inclusion of ,.a g-seat, similar to thetdevicea.del:7eloped by

lank/Miles and Goodyear. Aerospace\ Corpdraiion.

.:Devices in,aacjition 'to the vehicle stat.on can be mount- ,

ed on the motion Rlatfdtm:. Hardware for-.experimebts,,in which
-motion- cues' haxe heretofore been considered- unneceseary

. distracting ,cark be emplaced on the platform to permif.iexperi-.
rcientsAO compare the relative advantages or disadvantages' of
including Motion in specific cOining eXercises, .

,

VISUAL--: SYSTEM. : It is recommended. chat the visual system
be procured, in "trio- successiVe- stages : ,the first 'Will prov#.de
a relaCively, siliPle capability at low_ cost ; and, the secoricrka
Omprehensive soPhistidated .bapabil;ity :at greater cOst.-.Each.

stage wi1..,!.permit experimentation 'in any Of -the ETSS functions,
but it is. likelyihat the full. visual. _system, will be used;,.
primarily in the' major area if :systems,-research, due, to its-

COmpleXity and ,relevance.
,e

2. 2. I Stage .Point-Light-Source PrOiection System. It Is
recoiroended that the initial syskein be' a.. p-loint light
source .projeCtid,n system, utilizing a Wrap-around screen. ' A.
point light -source pir,olection systemi together With an ortho-
photographic transpa'reny, can produce an, image, intensity of
1. to. 2 foot-Lamberfs with moderate. image resaiutiOrc for cpm-

, paratively lbw 'cost. This Will. Perini C.;,experixpent a in. Which -
two-Idimensioriai cries-,are .relevant, as .in aircraft .atti- 4

. tide control., If 'the Scene contains Only: two - dimensional
image's, correct perspective -pay be triaint4ned._'-'1% review of
visual requirements,foi-th inclividual-'vehicle's,. likely to be
siMuraced -indicited- that che.p,icilection screen should have:a
field Of view, of 20 horizprita,/ degrees,by -165,-:vertical;

.-- , .-. degrees. The point, liAit-source `shOuld haietht cap4bility
!_i

,_

- for rotation about' each of /the ,X, -Y and Z axes. .'
,, ... , S Is ,

# -
1 ' Since gt 5S-=',1.8 ..ucitii.reld to 'be "as- '.flexible as pos'-ce the

.. ..

Bible, it-- isiMpottant4hat the visual, dy.a,fem 'have this. same
.. flexibility. Thetiforel it -is. reconime:n0d:,that the visual,
..ipeocjection screen and -Ehe-, point ,light -- Source '`j:IrojectIon ... - - ., - .. ,-

125
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.

sphere be motuited-on a 'framew.prk that .Will facilitate its..- ,

mounting and .-reltaval/froria the Motion system 4d' required ...

,
It is recomnienaed;thet the 'icieen.,ke' at

.

least 10 feet
away.- away _from :the, eyepoint. to allow the §ittiject: to change eye

' focus from the, worlestatio An to the horikon -and back., . This
. implies a structure providing a wrap-around of 240by.1,65 ..:,.:

degreeS on a 15 foot-, spherical radius. ''. . -
_.

*

.. * ,- , -- .
24-2.2 Stage IL, bigitel Commter Imaxis Generator. Thrs- -

, . . . -system will provide the ETSS with an extremely comprehensive
visual capability, The system comprises a digftel cotaputer'
'image generator,,that provides a, full -Colo visual d'isplay ,

. : over' a viewing ng1e of 100 x-130 degrees. It: i$ recommended.
that :,.the systein bg capab,le.Of generating about -1500, 'dges,
and that at /east three, images within the 'scene be pr'ovid,ed'

-,with their own set of trans-fotmations .allowing -individual . .

- motion 'in their own 'reference frame. Th4e linage presented is
-- ', defined By a math; model and 'the ,content- f the scene is c'cin-

strained, only byte degree of sophistication of the math
model. . SinC'e a 1Yertical field of view is,recluired with an''

.. angular regolution of 4 arc ,minutes,. at leagt 2500 line "pairs
are tequired. This is beyond the capabilities' of present .day-.
-TV projection systems and, -therefore- it is iecommended that
,the,o!erazlI visual capability be .comprised of a number of: .
:smaller TV displays: The,,100 by 130t degree. %field of view
requirement _may 'be met by.,using of sys,tem consisting
Of a' number of ,separate TV ,projections on a 15 foot radius
.screen, Or by use of a- number, of "pancake window" displays, , . ,

'developed by*, Farrand Optical COmpan,y.. ---, - ,
ay:. - .

,_ .

ro

,

Again; in the% interest of experimental flexibility,
it iS rectmmended that the visual. system be designed for
-mounting on and removal Irma the motion pralform.'

. . ,..,
,., ..

4,`? ..3 . pun, sysTitt;t: 'it is recommended -that' thek ETSg include
. , 4

' a -eapAtlity fer -ari,alyiing and generating autakl, cues. A

standard spund -rack (40) is, recommendgd,,to be-- employed in
.. defining ,Aurs1--cue-requi:temen,te fOr- training device appi`i-,

. . . . .i
s-.catiOns. .., , ... - 4 ' '

G

. --- ,
,

'The recoinmendesr otiiiii :system will provide -a. capability,
--for 'synthesiiing all 'relevant 0.tivironmentalCsoun'd's,, for use
,in the Sensory Systems, ,Tadtical DeciSions_antl Systeins Re-

z - "

se-arbb functions : :, It may 'also- 'be useful in the Training Aids

.
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. - ;Eunction where' coviplex sounds -13ipy:-..W-.pec4!..ated to:r .tra in ini
fe retnent ary." know ledge 8,-And-,- Sk4,11-S.- 1:--).;:":-- -'..: ...--,j`k.": -;

'- ":,.
-,.---- .-,T h e . sound .rack -should contain

S,.

t and?
.

nd a. nd 'lo.logic
. dariii9107--irCiit inputs and ontputs-brcught. out to a func.-7

tiolialy orga4zed ;fatal yanel.7.:-Th'is:Ppt0h2-Panel shit:AU. be...
'inter-face$17:tp- .the ETS,S .Computer system; ::-4fie-'1).anel shoqlst-,-,

have adequate' -Circuite and cbneiols .for..,SynOnsiz,ing most
sounds' that are now anticip_a,ted.:as -va4uable--to.,training:

-----:-.... - 4. -, .
. - .,:--1-:- ,, ., ... ,

-

._The sound rack will-a-lio contain siecial -scum:I.:analysis. .
equipment, 'z' multi-channel - amPlifiet with aOUlti-channel. ;i. speaker ,Systm, a small singl&rsp'eake'r 'fi?r, directional 'cueS." --

. 'and ne'ces'sary power" supplies fOrczgyitem'OperatiOn. l-ti-s, -
also -recommended' that' tfie sotindl,"raick contain a number of high
precision tape recorders for use in tfte analysis of audio

, -:.,..

2.4 -.VEHICLE SUBJECT STATION. -tie- recommended veiiiclesimu-
. lator is capable :of representing complek vehicle, such as ,

.- 'an aircraft, without encumbrance of tactical-. and communica-
tion,systems. Allowance is made .facilitatp change of cop-,
figuratiOni type of vehicle and operating t000le;,_ Prime use of
this equipment will be in system-.research utljizin& one or

. more. of the visual; motion and' -sound.systecris .
s'f

The muitipurPose tompartment will allow generation of
'alow-to medium-fidelity representatiort of the vehicle: It
rniy depict electronic. displays, external visual scenes, mis-
sile firings from launch vehic4,i. and .the interior of the
.sitr.L,lsted vehicle. Other functions may b;e;-1.eviscd for the

"devicf as the treed arises. Because .of its great ver4iiity,"
the device will also shave a role in the Sensor System
Tactical Decisione,and System Re-search function's*. of .the ETSS,

. ,

As disctIsseij in Section Vi, rife Cushide -Vehicle .

appears to contain most elements' common with-the-other vehic-
- les to be simulated. It is recommenced later in the, section

that the vehicle' station be procured in .the fourth module,
providing time to further define. ETSS vehicle station require-.
ments. .

"z

1.12,
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s
-.11ieE:iS'S:141.il support experimOnts in, tactical decision

-7-_,Mait--rng,by-permAt'ting' the ,representation of the various .systems .
.

' invaVed in this type of.taskThese 'systems inclUde detec-
tion systems, coMmunication systems, navigation systems- and'

,

,

armament contr,61s and displays. ,The.various.multipurpose ETSS
-. elements 'USed:,to ."build up" each =required confizuration__. --

.,inc
,

;..4,nclude:- "
, -.

. ,
,

'l

I

2

4

.

...a; A graphic CRT display to serye'.asa-densor indicatpr,,,i .

. .
. .or navigation` display.,- .: - . , .

-,,,

, -
. .-:. ': :-

b,v7:14ottU1ar--piinels for_configpring.the,control and dis-->'
.,-/-

. . .

C.' An alphandmerie'display for use as. an information -acid
. ,

.

play POrtion* of7ftbk subject station-,

communication de"Vice .. 1-, '

An experimenter's console.to generate and control,
data presented to the subjeCt. Taitical problems can be,pre-
programmed and stored on magnetic tape. The experimeilier.can
then concentrate on observation during the exerciii.,.

Preprogrammed -problems also permit-deveral subjects to
be used during one experiment, Each subject can be provi5ied
With a different station, depending on the.mafters of inter-
est during the experiment, and differences in-performance
can be analyzed.

114. SENSOR RESEARCH AND DEVELOPMENT*FUNCTION

Sensor .displays exist in many forms, each with its own''
unique charadteristics:, meters, digital readouts and CRT
displays with specific phosphors. The following disCussion
is concerned with the synthesis of displays using cathode ray
tubes, including: h

Ship navigation radar
9 ,Ship weapon control radar

Airborne navigation radar
. Airborne weapon system radar.
.- Ground surveillance tadar.

Precision approach radar (PAR)
'Sonar systems
Navtgation displays
Electionic countermeasure- displays

4 V
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r.1 f ... , i Since -rader;- --,i.t! various forms,- itt/,'represepted in most_i_.;
. . categpries--in- the above -Iis-t ;, it -. reel.;.ieciE _pritri,e, emphasisth

the study., It was assumed= that i1 t'Sdar picture_ can be,
presented, the iemainintyip-ea ofdiSpIsys. may -aftio- be readily / : _i ,..

_ 1.:-L' ''' represented '/,f-terliiiit,a bleina."thimat---',iial'and7difia maniitiitibna.
: : 47 l:

- -

, - -,
-. ..-- -: - , . .. .

. - -,r- The -syntheits of ..inYiradt___iyith..dr g. -,I,
`:.:

/ ,,, sr--,., -.

,/.-by representation off_thelfiiliowint-_-paxameCerErr: ;::` 7 ;1-.. .
. -, -..;-:. . -, -

, Sli-''-tate.- - : -- . ,, , ,, __. . ,:. i,-

. .
7: P-ulse--; 'rep'e,i*.fieiqueiCY --;,:: , ;' .-..'",---'71: ,'-' , ,..-,..Radar cos- --,, -.,,,, i, < -. /- ;.,p:--,_ ----, ,_,- ' ,_'''

,
,::--.:- _... linteqb,ii.'pati..ein:-, / ',1177 , .. , ' ,i

.Pulse23,t-idt.* ii v ,',, ;.. . ,..
y. .-- ": .: . . i:' .- '''.

, .., ..' . ' .-- .- ; 1
- 6

1,'. V 4.
- . - ' : ._ . .. / :.- ... , '

A largeumb-e-r: of rai3Sr simpletors ty-ntheAize iite radat- ima;e
by7;ut-ing cap.-algorithm ,ba'se_tre the charaCterla,ic 'Pperation, ..,

of the operatioiaal"radar set '. It is not: -the:intention Di. the
-ETSS to prbvide, the ultimate in radanisimutation; but rather
to provide "a capabilit y which- may be ueeftil in evaluating
training apprp.aches. The ctimplexity _of -the radar synthesis
algorithm is deteimined: i.;y the realism imparted tb, the, above,

,five parameters. For a low-fidelity repres.entati6n, some
parameters may bg excluded or. held to a constant value,

6.

Since a, gaphic display is recommended, two approaches
to radar synthesis are suggested: the first uses a vector ,

representation of the radat coverage, while' the second uses
a' dot imaging, of the radar Coverage. The former is the
simplest, approach in terms of both the display processor
requirement and the radar synthesis algorithm.' Two approaches
to radar synthesis using the Digital Equipment -Corporation's
Type 339 display system were examined:

. ,
.. ,-a. Standard display system using vectpr representatibn

of radar return images. (Scan _rate PILF,40antenna, pattern and'
pulse' width are ignored.) ,

.

b.' Modified display ,:system, us g a special CRT with.
variable-perSistencs phosphor. . (Th s approach allows former-
ly' ignored eradar parameters to be incorporated-with some 3

degree of fidelity.) ..
,

'',S ,... .
. -.. . _

1, 6
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='c /c .-- 4.1: STANDARD DISPLAY SYSTEM The Type 339 display hasz,:a
t31 phosphor. that reciarai an 'information update awry 1/30

. ,

secOld tti-pre_Vertt,'-flioke:i.. It'is intended that radar
return ttae be: synthesized. hy using a number of vectdrs'of ..., . ,

yeriablie Iengthg2. Vectors are chosen` in preference. Wpoints-
)5-elcause't0'plotting speed;'every1/30 second'a.new image, it-

__ . - ,painted ¢n_ the display. The vector coordinate:.illormation
is updat'ed--at'akinrerval dictated byAtheoyelocity of the "
Alder-carrying vehicle. Foreexamee, iPthe'-range of the
neatest ii-...sge'Is _x,000 _feet, the. vehicle is traveling at

, --40 -feet/second and -the- required range:dIsplacempt error
`-', -{RUE)' is 14, eheyeCtor,eingle update rate is giv'en by:

:

. .

, .
_... V date interval iNeerfttimagedistance x RDE=

..

.,
-Vehicle velocity

4-. .__-

,
.

.= 2.5 "seconds
..

.- .... ,-.

_.: . .

--

- NOTE: ffiii update.interval-may have to hi modif by.the. , ,

Ipsychologicarvriteria associated with,41. ge jump."
.

--.. .- .
_.
In this time nterval,-each vectipir has to be adjusted

according o which. of the 'two modes the radet is operating:
. .

a.. Slaved to some compass heading.
. _

b. Slaved specific bearing relative to the carry-
ing vehicle.

For example, the:display could be a PPI. with tither north or
the ship's bow'at kne, rbpof thedisplay. The latter poses
tije more.extensive computation load, because each vector has
to be rotated and displaced to allow for vehicle movement and

'vehicle rotation.

.

This approach has*ceriain training benefits but It is
not representative of the majority of radar displays because
of its lack4of system parameters, -fading' returns, sweep image,
and-other limitations. 7-

.

4.2 MODIFIED DISPLAY SYSTEM. The modifidd display system
makes use, of all the standard' 339 hardware but utilizes a
spectral display CRT which allok4s the signal return to have

the .correct- characteristics'. :The CRT has.a.special

phoiphor with a-variable peesi)tence Although the*339

115:
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--4.*.---display _can diktplay_images at eight intensity levels, this
' is not.refommended during the synthesis,of radar or sonak

imagery.,7b update the date.base in realrtime corresponding
tertarget returns and signal.fading imposes a very heavy

0, burden on the-Ceptrki Processing,Unit (CPU).

.0;

tge'criterioti for the data base-update interval
is thp'same as for the standard disfaay approach. From a.

4°---pbactical-point of view it is feasible to reduce the PRF
consicierably'and yet still obtain a satiefactOry picture.
The clistacteriatic parameters are inherent by virtue of the'
Tointtransformations,data manipulation, and control of
output data. 4f .

45

The,variable-persistence phosphor allows the character-
istics of the display CRT to resemble those of operational
devices. The purchase of the mddified display approach is
advocated only if the vector approach is too limiting for
training evaluation.

-

5. TRAINING AIDS RESEARCH AND DEVELOPMENT FUNCTION

The training aids research section of the ETSS can be
deseribed functionally through definition of the various
devices and techniques recommended to satisfy the goals of
the facility.

Computer-aided instruction can generally be defined as
the student's -interaction with-a'compueer during on-line
operation in which the computer performs such functions as

__,:problem generation, lesson sequencing, response evaluation
and tutorial coaching. In a sense, CAI'occm14 on any experi-
mental devicewith automatic features such as demonstration,
briefing, adaptive_ learning, cueing and feedback. CAI utili-
zed in the ASS facility will include display media consisting
of graphic CAT'slalphanumeric CRT's, the specialuniversal
terminal and other input devices'such as light pens and key-'
boards.

5. AUDIO-VISUAL SYSTEM. This device will be.'primarily
intended for use in the-training aids esearCh function.

4The device may be interfaced to the c tral computer complex,

4-

. central documeuiatiOn system and one or more of the universal
terminalet Responses from the subject will ea-Use's spoken

131
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.

-... . , --,commentary and an appropriatepicturk to' bit,- presented; It ,- ---,t'
iii,eq'daIly poda ible that some of the works:in the tactical` de.-
cisions and sensory systems functions may be i).eiformdd_with ,..this, device , : .

. . ,. , . . . , . .
,. ..-

.. e ,`

In conignction: With the, cAL.Systeni, if is recorceended
that'use.,be madeoof an A-V system:to enhance the capability
of the total' training.ads- section.' The A-V sy stem will

,`employ slides , motion picture ; audio and, a' student responder
systein 'integrated into ogle unit.. -these components are illus-
trated in Figures 5 and 6 (Pages, 118- and, 119) and discuised
in Appendix T.; inwhich the primary description and a discus-..sion cif (the required facilities-for the use of an LA-V system
are presented.

s_
5.2 ALP4NUMERIC AND GRAPHIC CATHODE RAY TUBE. A priniary
function, of the alphanumeric and graphic CRT System will be
to experiment with various,CAI methods, using a CRT display
with keyboard and light pen input. in interaction with the
computer. The

.

6. EXPERIMENTER'S STATION

ti

The, 'experimenter's station will facilitate research in
,optimum methods of controlling an experiment,- or permit con-
ducting. a simulated mission on the vehicle simulator. Byvirtue of its modularity, the station may be configured-to
,ahy desired application and therefore will be applicable-to
most ETSS functions.,

The recommended experimenter's station is flixible and
catt.be expanded to adapt en changing requirements -inherent
in the utilization of a- research device. Special attention

:.-has been given to modularity to assure a 3v:item of structures
a4d panels that can easily be converted to any 'desired' cop-
figuration. 'Anything less than complete flexibility in format
and arrangement could unduly compromise device
resulting in limited utilization modes, awkwasrd visual scan
patterns and confuding control - display relittionships.whiAl
Could contribute to operator fatigue and `error.

:.
Although Complete modularity and fl ability are recom-

mended for the experimenter's station, it is .anticipated that
.

117
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4 more or less' standard'configuration will'evolve, which'in-
,

corpOrates nearly all of the requirements of various experi-
ments.- It is expected that the experimentei's station will
consist:of a CRT, an alphanumeric keyboard, function switches,
,experimental equipment controls., indicator lights, communica-
tiOnkequipment and a printer/p4ttef.'

The:W/Yeyboard approaC h reduces space andhardwat3e
requirementso-provides needed flexibility and,reducet inter-
Labe, cost, schedule and reliatiility,problems associated, with
use of a,separate indicator dr control for each-display or

('. control function. This approach minimizes the amount of
shifting needed,, and Makes it relatively easy; ,it maximizes
readability of. displays, and reguires, 'just a few standard,
easily learned keystokes to' accomplish any control 'action:'
:Thebimportalice of keeping changes primarily in the Software
area is that the same equipment can be kept, in operation

,.full-time with a continuous flow of-experiments, with* a.
minimum of teardown or buildup time.associated with each

r -experiment. the CRT alsohas the sAvantagelbf variable
'format so that pertinent irifqxmation can be selectively

,-displayed. 'Information can arso ii'displayed in compressed
fofmats, such as OLimmary-and comp ted date.

.

.%..),The keyboard permits the instnktor to communicate-wtth-
the computer. Thus, subject studies canoe quickly and .

easily revised or modified on the spot: The control modules
will permit the experimenter to'insertAiicrete 'parameters
(start'and stop a time display, start and'stop experiment
.and freeze specific simulation psfameteiVeg&iontrol;:

',4'7

,variable simulation quantities (platform olio i.litenbity, 6 .
,

sound volufte and lighting intensity). IndicatorilightS can

f .

provide equipment sttus,warnipg and other relevvt discrete
e c .

event indications:_. ..- _ , ', A
. / .., : #

r ! 'J.,

Ille basic console mbdille recommended.is a tommercially.
,,

available turret section: A variety of,slopes..and models
,-4/

are available as standard'catalog ite0St' With these.units, ,e

considerable flexibility can, be achieved. The iurret, 3.n

any orientation, can bellittachedto siandard.e4lipment racks '1,.' .

or they can be placed on a table top: The reSultis'a modefn .

building-bloCk console system that tali a pleasyngappeatarice
and is capable of adapting to needs ringing froma very small: :-..

to a-liery large'cobsole; Special4helfmodules are available'";
,:- and wedge cabinets can be-obtained:if P.built.W horizOntal-

-wrap is. required. Cabinet-.stkuctures:should 15e fitted with:- .f. .

Easters (to' facilitate moving). and le'Veling J.114111. .

'
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Figure 7 (Page 122) illustrates the flexibility of the
turret-module. Turrets should be fitted wich,perforated
mounting rails totaccommodate eliariety of Oanel modu es.
Panels:'should have handles andquick.*elease, captive
fasteners.

The modular, panel syptem should be throughout the
facility for all'personAl consoles, Such a system-will pro --

vide added_ffexibility in adapting console structures to .

specific configurations. Standard panels can be prepargpi
with various,useful'combiffations of switch lights, indaVtor
lights, miaolfts, selector switches, potentiometers, thuthbwheel
switches and so on. A simple means of varying panel and .

component nomenclature should be pfbvided. Specific systems
such as a motion system, tounCI syttemorvisual system could
have permanent control/display panels associated _with them
and still~ be of the .proper modular,stzes.'

. ,

.
Even thoUgh all-panels will not,be.used in every experi-

mental design, .many' experithenti may requqe-one or more of

them. They might also be-used advantgeotsly in many subject
station arrangtments. Because-of their usefulness and rela -.

.tively'low cost, they eke considered not only worthwhile but
.. .atential. . . v

.,
-

z
, .. . .

,
,

-7. CENTRAL COMPUTER COMPLEX

.

°
The central computer complex will be the hub Of the-.EISS

and will dohtrol, manipulate and receive dati from all areas.

Control and input of data will be dependent upon the peri-

,pheal devices, universal. terminals; system 'mockups and many

/'. e;neciarize8 pieces of_electficaLhatqware, At any time, the ,.,'

experimenter will be able to obtain-information about any
!function being performed in the ETSS.provided it is inter-

.taCed vith'the central computer complex. . ,
,

4

. .
.

7j PBrO(ESS9R CONFIGURATION, It is.recommended that,a .

:multi-processor configuration be used. Since it is required

that the main simUlation'cpability be. run separate from- the
Other reitch functions of the ETSS, I it t recommended that

4.';'' e

% each CPU hal.e,its-Own ihpatA;Utput,progessor.
4 , ,

4

7.2 CORg REQUIREWTS. -To accommociate al specis- of train-

ing and training research;' -it is recotmende chat the amciunt',

C;.f 'cote. storage tOtal 96K word's in three blocks_of-32K;' 16K : A

arid 48KWards. - ,. r '

A
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7.3.- -''PROCESSOR SPEED.- To boxier -alf aspects of training and. . .
, .. .

, training - research., it Is recommended ,that the individual.0
,p,iocesors each have an exeaution rate in excess of 200,000. . :instructions' per seCond.,,.. . -

. 1
. ..

., , - \ ...

t

. .

7.4 WORD 1...ENTII.- D,epending on, the' data
1
accuracy' require-

men-ts and the- type of work to. be performed within the ETSS,
- it- is recommended that 'the- computer use word length of at

east 32 (See Appendix M)

7.5 INSTRUCTION REPERTOIRE-. It is recomine nde`d that the
instructions allow direct addr:eising.srf--411. cdtes4. or in-
direct addressing" withoUt_the titre' Penalty` normally incurred

-when indi-rect; used in. machines- With limited
direct ad, ressingscapabiiity;.- The' ins ruction. repertoire_
should lud'e floatinirpoint), fixedtp, logiCaI and con,-,

trbi.'=instructlons,
\-3.

SYSTE/i-It4TEGRA:TION.' The:-rebbinmended configuration of
ETSS .htkdware, is shown in FigUre B (Page.,..i2-4.).' It should be
noted that each of the centiaLp.rocetiors, CPU-.A" and "CPU -B,
has "'its own input /output processor: CPU-A will primarily be
used . for systems . experiments , Using the visual `sy,gtem, motion
System, sound, s.ygtera "and the vehicle simulat ion ; and CPU -B
will handle the majority .of c.he research 'f Unctions ,, time-
shitring ,services end. control of the Videofile system. . The
two proCessars. have .-16k words of common memory.: The PAP -9
339 display -system is igterf4ced to CPU-B.:through' the general
system interface. Thygeneral- syStem inte'r'face is, the hard-
ware ilyterface between TOP-1 and the multipurpose compartment,

dev,ices';, experinientes stations, the auxiliary
- analogrdigital systems and the Ampex- Video-file system, with

, -its .dhiVersal terminals:. -

7.7- TIME-silARIK :SYSTEM. A ticse--i,hari'ng;'system whichwill
,he an exter0;on of the central computer complex, allow

. the ..ETSS ,Otaff, to use the complek as a scientific calculator
or to nit a prograni that will generate new data,,ae.' a result

, of earlier "infortriatiop: The interface between the oprator
and central computer complex will be the udivetsal- terminal.
It is ekPectt-d 'that the,;L.,ize,-:Sharing sYsitem will prove .in-
Valuable to' the ETSS staffduring execution 'of ,an experiment
or duriq the .design or research -phase of the experiment.

- ..-

-
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2.NA,VTitADEVCEN '69-C-0207.-1

SOFTWARE

-4" The -software requirements of the. ETSS offer, unique ,
Challenge to the system' designer. Software will also be
modular in-design and,easily modifiable by the experimenter.,
For this study and discussion, the ETSS software has been
divided into simulationiexperimentation programs, utility
programs and diagiiosttc programs.

8.1 SiMULATION1EXPERIMENTATION PROGRAMS. The simulation/
experimentation programs for the ETSS.Will c6nsist of all
programs required to perform simulation and experimentation.

,

Thee programs will include the on-line executive program(s),
real-time simulation Models for the simulator, input/output
programs required to' operate displays ,and controls, auto-
matic scoring and evaluation programs, and data comparison
dnd analysis 'programs- required ipy_experimenters and the data
retrieval program.

8.2 PROGRAMMING LANGUAGE: The programming language tradi-
tionally used for writing flight simulator and/or motion
simulator 'systems has been assembly language. Programs that
are codedin assembly language are then.translated.by as,sem7
blY programs-into machine language r,object code. The
assembly language program for any-particular computer itolery
similar to the computer language in that instructions.and
data relate one-to-one. Usually an assembly language in-
struction must be written,for every machinellanguage that

, results. Coding at this level, therefore, is.time=consuming
and reqdires thorough kndwledge of the computer_iristruction
repertoire.

Assembly language appear& tovbe used by some simulator
manufacturers because the, resulting object code may-be, more
efficient when compared totthat used by some high-leve
languages. After a sivulator has been delivered, a user ,

agency will normally make comparatively few program changes
and, thus, modificationscan.conveniently be coded using
assembly-or even machine languagra The ETSS, however, will
be utilized. in quite-,a diftferent nner. The varying nature
of the efoeriMerital_task will employ ponsiderableamotin
of program-modification gndadditions on a tegular basis._
For thiereaton, it is recommended that the opera4onal pro-
grams be writteb in a,high7levil, efficient compiler language,
and 'the compilernd 11 documentation be provided with the .

facility for uPdat andiodifica.tion.. (Compilers exist

125
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today which generate a very efficient object module.) ,The.
Provision of "a good }compiler Would relieve the experimentef
of much of the tedium associated with coding and debugging -

it assembly langdage; . ',,,

) .

compile; languages are popular becouie,they relieve the
programmer, in an average-program,.of bookkeeping and trans-
formation requirements that must be tended to when an assem-
bler alone ,s used.= The compiler langdage may match the -,

language in which.the problem ii stated and, once the ptoblem
ist stated, little need be. done to convert it to a computer
program. Table .10 (Page 127) gives an exaiple some of the ,#
currently available compilets. No attemp has seen made "to-
determine which lariguage-_will best fit ET' r-auirements.-
However, it, is possible that a.language, wh,ch-is designed en-
tirely pa..human behavioral applicatiolts (not included' in`
Table 10) Might be available an4 best suited for conversational
language communication between experimenter, and experimental

- -programs ,

It is likely that different levels of programming
be used "'in the 8.4S: -The math models associated .with the
simulation will probably be mpseefficiently generated by,
assembly language. However, for experimentation and .experi
mentation programs, a higher-ley41 languageis almost a'nec-
essity to enable a human factors psychologist to communicate
with the computer and subjects/trainees. ,

8.3 EXECUTIVE PROGRAM, The conventional meihpdof executive
, .

control for real-time iimulation,programs empoys.a pimple
scheduling execiitive. 'MIA control program is cal:Lect at
specific time intervals for example, every 50'millideconds
by ,means of real-time clock interruptS.The,task afthe',,

executive after each interrupt is.to schedule and recall the
rbutines to be executed during the-neit time ipterva/-or.
frime. The scheduling task, is generally simplel)ecause,.the.
iteration rates and, therefore, the execution- sequences of
the various routine.are specified by the pragtimmer and ,
remained fixed- during simulation and opgratton.

v

'The ETSS jsQcfmtain to require a higherlevel executive
which, in additionito,handliflig the executive functions of'the
simulation progniay Will- be able to handle the real-time
.tLme7sharing system uf ale experimenter staelons. This con-
ceptenvisions,Otructured.executive in which the master

4
w.

141 .
12§



t

b

"

a

.

"

.
t
-

.
"
 
1
%
)

3

.
r

T
A

B
L

E
 1

0.
SA

M
PL

E
 L

/T
ST

IN
G

' O
F 

A
vA

n4
44

,-
co

tit
ex

t.p
is

4
t,

.
 
'
i
l
t

I
r
e
.

A
PP

L
IC

A
T

IC
O

.

P
R
O
G
R
A
M
I
N
G

D
A

T
A

.,*

Il
R
E
P
R
U
E
N
T
A
T
I
O
W

,
S
T
O
R
A
G
E

'
A

L
L

oc
A

T
IO

N
.

F
A
C
I
L
I
T
I
E
S

ut
ak

 A
t.

st
ru

pi
rt

iN
E

L
IK

K
A

G
E

. D
un

I
/
0

C
A
P
A
B
I
L
I
T
I
E
S

D
E
B
U
G
l
t
,

.
,

F
A
C
I
L
I
T
I
E
S
'

.
,

"A
V

E
 o

r:
 A

tti
ut

iti
bt

'
C
O
M
P
E
T

E
 . 

.

4
.
.

`
.

,T
4

!
I

,
t
A
N
G
U
A
O
I

-
4
'

,
vi

ca
L

ip
ir

,'
-'

'
S
O
F
T

S
i
l
i
i
a
l
l
y
.
'

d
e
i
T
g
n
e
d

f
o
r
 
s
i
m
u
-

4

l
a
t
O
m
"

p
r
o
h
l
e
a
s
.
.

S
t
a
t
i
m
a
m
t
:
 
v
e
r
y
.
*
*

c
l
i
m
e
 
t
o
 
m
a
t
h

.
i
o
s
p
i
l
e

m
o
d
e
l
'
s
 
f
o
r
m
a
t
,

"
f
a
r
e
d
 
d
e
c
i
m
a
l
 
9
.

s
c
a
l
e
 
f
a
c
t
o
r

S
t
o
r
a
g
e
 
f
i
x
e
d
 
a
t

t
i
n
e
.

f
i
x
e
d
 
c
O
m
m
o
n
'
.

d
a
t
a
 
p
o
o
l
 
f
o
r

m
u
l
t
i
 
C
P
U
'
s
.

E
a
s
y
 
C
o
 
l
i
n
k

'
a
s
p
i
r
a
t
e
 
c
o
s
-

.
.

p
i
l
a
t
i
o
n
s
,

M
a
n
y
 
l
i
b
r
a
r
y

f
u
n
c
t
i
o
n
s
.

.
S
i
m
i
l
a
r
 
e
o

.

m
a
w
 
b
u
t

l
o
i
a
 
c
u
m
b
e
r
-

'

s
o
m
e
 
f
o
r
m
a
t
s
.

C
o
w
p
i
l
e
t
i
m
e
'
 
-
-

d
i
a
g
n
o
s
t
i
c
s
 
6

'
l
e
a
r
n

c
o
n
d
i
t
i
o
n
a
l

c
o
m
p
i
l
i
t
i
o
n
.

W
ar

ie
sy

.
t
o

`
y
.

,
,
a
n
d
 
g
a
i
n

c
o
m
p
e
t
e
n
c
e
,
'

.
.

.

'
.

% O
i
t
h
 
y
o
d
e
l
 
c
o
d
i
n
g

f
O
r
m
a
t
.
.
"
,
 
,
R
i
x
i
d

m
o
d
e
 
g
o
o
l
e
a
n
 
o
p
e
r
-

a
t
i
o
n
s
.
'
A
u
e
o
m
e
t
i
c

s
c
a
l
i
n
g
 
o
f
 
F
,
P
t
.
,

1
'-i

a
. A
P
L
.

M
at

he
ir

at
ic

al
c
o
s
:
p
o
t
a
t
i
o
n

o
n
 
t
i
e
s

*
h
a
r
e
d

R
i
e
o
r
o
u
s

W
e
t
h
e
r
a
l
t
i
z
a
l

u
s
a
g
e
,
*

i
n
f
o
r
m
a
t
i
o
n

r
e
t
r
i
e
v
a
l

t

U
p
e
a
r
d
s
 
f
r
o
m
 
8
8

c
h
a
r
a
c
t
e
r
 
s
e
t
,

k
e
y
b
o
a
r
d
 
p
r
i
n
t
e
r

.
5
(
l
e
n
t
e
r
e
a
t
i
o
n
a
l
.

F
i
k
e
d
 
l
e
n
g
t
h
.

w
o
r
k
s
p
a
c
e
 
w
h
i
c
h
,

c
a
n
 
b
.
'
 
d
a
t
a

'

m
a
n
a
g
e
d
.

,
.

,

'
L
i
b
r
a
r
y
 
f
u
n
c
t
i
o
n
s

a
n
d
 
d
e
c
l
a
r
e
d

g
l
o
b
a
l
 
f
u
n
c
t
i
o
n
s
.

.
.
.
.
.
.
.
1
4
"
e
r
c
e

.

I
m
m
e
d
i
a
t
e
 
e
f
f
e
c
t

t
y
p
e
w
r
i
t
e
r
 
I
/
O

o
p
e
r
a
t
i
o
n
?
*
 
w
o
r
k
-

s
t
o
r
e
s
.
.

4

S
y
n
t
a
c
t
i
c
a
l

e
r
r
o
r
 
d
e
t
e
c
t
e
d

a
t
 
c
o
m
p
i
l
e
 
t
i
m
e
.

R
u
n
 
t
i
m
e

tr
ac

e
p
o
d
s
 
a
V
0
1
1
a
b
l
e
.

t
r
a
c
e
,

s
n
i
p
,
 
d
u
m
p
.

,

p
o
s
t
m
o
r
t
e
m

d
O
r
m
,
 
e
t
c
.

.

R
e
l
e
t
i
v
e
l
p
m
e
i
t
y

t
o
,
 
a
c
q
u
i
r
e
 
a

m
e
a
l
t
i
m
e
 
k
m
e
m
h
a
d
g
e
,

.

?
r
e
t
i
e
:
 
r
u
l
e
s
 
t
o

b
e
 
o
b
e
y
e
d
,
 
P
o
w
e
r
-

f
u
l
 
a
n
d
I
s
l
i
g
h
t
l
y

h
a
r
d
e
r
 
t
o
 
u
s
e
.

.

C
o
n
c
i
s
e
 
s
t
a
t
e
m
e
n
t

o
f
 
o
t
h
e
r
w
i
s
e

c
u
m
b
e
r
s
o
m
e
 
s
o
o
t
h
e
-

a
m
t
i
e
a
l
 
o
p
e
r
a
-

.
,

C
l
o
n
s
t
.

,

S
t
r
i
n
g
 
m
a
n
i
p
u
l
a
 
-

t
i
o
n
s
 
a
n
d
y
e
t
t
e
r
n

*
e
t
c
h
i
n
g
.

'
'

r
'

4
;

.
.
:
.
.
.
.
.
.
.
.
.
I
I
V
E
L
D
i
t
i
l
a
.
.
.
.
.
.
.
1
3
7
A
M
,
-
-
,

-

s
w
a
m
,
.

.

;
A

4
3
 
c
h
a
r
a
c
t
e
r
s
 
s
e
t

i
n
p
u
t
 
f
o
r
m
a
 
e
r
e
*

o
r
d
e
r
e
d
.
.
 
s
e
t
s
 
o
f
 
"
p
r
o
v
i
d
e
s

c
h
a
r
s
,
'
f
b
r
n
i
n
g

i
n
l
r
u
t
 
s
t
r
i
n
g
s
,

I
n
t
e
r
p
r
e
t
i
e
-
d
e
f
i
n
e
d
"

e
x
e
c
u
t
i
o
n
 
w
h
i
c
h

p
u
s
h
-
'

d
a
w
n
 
s
t
o
r
a
g
e
 
'

f
a
c
i
l
i
t
i
e
s
.

,

S
W
O
R
O
L
 
c
o
d
e
d

f
u
n
c
t
i
o
n
e
p
l
a
,

m
a
c
h
i
n
e
 
l
e
n
s
:

i
n
t
e
r
p
r
e
t
a
t
i
o
n

f
u
n
c
t
i
o
n
:
.

S
y
s
t
e
m
 
I
1
0
 
a
p
e
s
-
 
.
V
e
r
y
.
g
o
o
8

a
t
i
o
n
s
 
f
o
r
 
w
o
r
k
-

i
n
s
 
t
o
n
 
s
t
r
i
n
g
s

a
n
d
 
s
t
r
i
n
g

,

w
a
t
c
h
i
n
g
.
.

'

'
L
I
S
P
-

-

L
i
l
t
 
p
r
o
c
e
s
s
-

i
n
g
m
n
d
 
i

a
r
t
i
f
i
c
i
a
l

i
d
t
e
l
l
i
g
i
h
c
e
.

1
P
a
r
e
n
t
h
e
s
i
z
e
d
.

l
i
s
t
s
.
 
l
i
s
t
s
 
o
f

l
i
s
t
s
,
,
t
r
e
e

s
t
r
u
c
t
u
r
e
s
.

.

,
D
y
n
a
m
i
c
 
r
a
t
,
'

a
l
l
o
c
a
t
i
o
n

o
f
 
s
t
O
r
a
g
e
,

:

F
r
e
e
 
r
e
f
e
r
e
n
c
e
s
,
,
,
.

_
b
e
t
w
e
e
n
 
p
r
o
s
i
e
s
t
-

s
t
r
u
c
t
u
r
e
s
.

.
,

N
o
 
a
u
x
i
l
i
a
r
y
'

1
/
0
 
f
a
c
i
l
i
t
i
e
i

i
m
m
e
d
i
a
t
e
 
e
f
f
e
c
t

I
/
0
 
o
p
e
r
a
t
i
o
n
s
.

C
o
m
m
i
l
e
,
t
i
e
w

d
k
a
g
o
o
s
t
i
c
s

a
n
D
 
e
x
e
c
u
t
i
o
n

)
,

e
i
n
e
 
t
r
e
e
*
.

,t,

V
a
r
y
 
f
o
r
m
a
l
 
a
n
d

r
i
g
i
d
 
r
u
l
e
s
 
t
o

c
o
m
p
l
y
 
w
i
t
h
.

. s
l
i
g
h
t
l
y
 
d
i
f
-

11
01

r-
4

R
E
C
U
r
s
i
4
e
 
r
o
u
t
i
n
-

a
s
 
A
n
d
 
a
y
n
a
m
i
c

s
t
o
r
a
g
e
 
a
l
l
o
c
e
:
:

,
l
i
o
n
,
 
.

.
.

S
u
b
s
e
t
@
f
s
i
t
h
i
l
i
s
h

l
a
n
g
u
a
g
e
,
 
e
a
s
y

,

i
o
'
u
s
e
.

,

.
.

)

.
,
,
,
,
,
,

.
.
.

C
O
B
O
L

C
o
m
m
i
r
c
i
a
i

a
n
d
 
b
u
s
i
n
e
s
s

s
y
s
t
e
m
s
.

5
1
 
b
a
s
i
c
 
c
h
a
r
-

a
c
t
e
r
a
,
 
m
a
n
y

r
e
s
e
r
v
e
d
 
w
o
r
d
s

E
n
g
l
i
s
h
 
l
a
n
g
u
a
g
e

'
l
i
k
e
.

P
r
d
v
i
d
i
o
n
 
f
o
r

p
r
o
g
r
a
m
 
s
e
g
e
r
n
-
.

t
a
t
i
o
n
 
e
x
c
e
p
t

f
o
r
 
d
a
t
a
 
u
s
e
r

.
d
a
t
i
n
g
,
.

S
y
s
t
e
m
 
g
e
n
e
r
a
t
e
d

b
u
i
l
t
-
i
n

'

l
i
b
r
a
r
i
e
s
.

F
i
l
e
 
m
a
i
n
t
e
n
a
n
c
e

a
n
d
 
1
/
0
 
c
o
o
t
r
o
l

o
p
e
r
a
t
i
o
n
s
.

,

(
.

C
o
m
p
i
r
e
 
t
i
m
e
'

d
i
a
g
n
o
s
t
i
c
s
.

S
e
s
i
c
a
l
l
y
 
v
e
r
y
 
.

k
a
l
b
i
 
t
o
 
l
e
a
r
n

a
n
d
 
u
s
e

.

c
o
m
p
e
t
e
n
t
l
y
.

,

.
.

,
4
.
.
.

.
"

.
.
' A
L
G
O
L .

A
l
g
e
b
r
a
i
c

e
n
d
 
l
o
g
i
c
a
l

a
p
p
l
i
c
a
t
i
o
n
s
.

.

.

-
,
.
.

6
2
 
c
h
i
m
e
.
 
i
n
 
s
e
t
.

T
y
p
i
c
a
l
l
y
 
f
l
e
x
o
-
,

w
r
i
t
a
r
e
i
n
p
u
t
:
.

M
o
,
b
e
s
i
c
 
i
n
p
u
t

r
e
c
o
r
d
 
l
e
n
g
t
h
,

A
u
t
o
m
a
t
i
c
 
*
t
o
r
.

a
g
e
 
a
l
l
o
c
a
t
i
o
n

f
o
r
 
v
a
r
i
'
a
b
l
y

d
i
m
e
n
s
i
o
n
e
d

a
r
r
a
y
s
.

S
a
l
e
r
a
l
 
s
t
a
n
d
a
r
d
'

f
u
n
c
t
i
o
n
s

*
.

u
s
e
;
 
d
e
c
l
a
r
a
t
i
o
n
.

.

'
.

S
p
e
l
o
l
 
l
i
m
i
t
e
d
,
,
,
c
o
m
p
i
l
s

I
/
O
/
f
a
c
i
l
i
t
i
e
s

I
d
i
a
g
n
o
s
t
i
c
a
'
r

f
o
r
 
T
T
Y
.
a
n
d

.
p
a
p
e
r
 
t
a
p
e
,

I
)

t
'
a
t

t
i
m
e
'

C
o
n
d
i
t
i
o
n
a
l

,

s
t
a
t
e
m
e
n
t

i
n
t
e
r
p
r
e
t
e
d

r
u
n
 
t
i
m
e
_

T
a
i
r
l
y
 
c
o
u
p
l
e
*
.

r
e
q
u
i
r
e
s
 
v
i
r
t
u
a
l
-

l
y
 
c
o
m
P
l
e
t
e

;
'
f
o
r
m
a
l
l
y

k
n
q
w
l
e
d
g
e
 
o
f

l
a
n
g
u
a
g
e
.

.

'
,
I
s
c
h
i
a
,
 
i
n
d
e
p
e
n
-

d
e
n
t
 
l
a
s
;
g
u
a
g
e
 
i
s

'
'
'
"

d
e
f
i
n
e
d
.

1 A

.

F
O
R
T
I
O
W

.

C
h
i
e
f
l
y

.

a
c
i
o
n
i
i
f
i
c

a
n
d
,

e
n
e
i
n
e
e
r
i
n
4

4
7
 
b
a
s
i
c
3
c
h
e
r
s
:

.
-
F
i
x
e
d

f
i
x
e
d
 
l
e
n
g
t
h

i
n
p
u
t
.
 
f
o
r
 
s
a
t
,

(
f
u
l
l
 
c
a
r
d
)
.

s
t
o
r
a
g
e

a
l
l
o
c
a
t
i
o
n

p
r
e
s
e
n
t
 
b
e
f
o
r
e
.
.

6
,
6
,
t
b
e
e
.

.
,

C
o
m
m
u
n
i
c
a
t
e
s

e
a
s
i
l
y
 
b
e
t
w
e
e
n

-

se
pa

ra
te

ly
c
o
s
-

p
i
l
e
d
 
o
r

r
e
m

D
e
t
a
i
l
e
d
 
f
o
r
m
a
t

p
e
c
i
f
i
c
a
t
i
o
n
*

i
m
p
l
y
 
n
g
 
l
o
g
i
c
a
l

u
n
i
t
 
l
e
n
g
e
h
s
-

C
o
m
p
i
l
e
r
 
d
i
e
t
-

n
o
s
t
i
c
s
.
,
U
s
e
r

i
m
p
l
e
m
e
i
m
e
d

d
u
m
p
s
.

'
'

B
a
s
i
c
 
s
t
a
t
e
m
e
n
t
s

e
a
s
y
 
t
o
 
l
e
a
r
n

a
r
i
d
 
u
s
e
.

,
,

.

.
.

S
i
m
i
l
a
r
 
e
i
l
 
a
t
h
i
p
-
,

m
a
k
i
C
a
l
 
n
o
t
a
t
i
o
n

"
.
.
m
,

.

'

,
E
L
/
/

.

.
'

.
,

-

h
i
d
e
 
v
a
r
i
e
t
y

o
f
 
s
c
i
e
n
t
i
f
i
c

e
n
g
i
n
e
e
r
i
l
i
g

A
 
c
o
m
m
e
r
c
i
a
l

s
y
s
t
e
m
s
.

.

.

6
0
 
c
h
a
r
m
.
 
c
i
U
l
.
,

c
h
a
r
.
 
s
u
b
s
e
t
)

f
r
e
e
 
f
o
r
m

s
t
a
t
e
m
e
n
t
 
e
n
d
e
d

b
y
 
s
e
m
i
c
o
l
O
n
. .

C
o
n
t
r
o
l
l
e
d
 
'
o
m
o
r
-

a
g
e
 
a
l
l
o
c
a
t
i
o
n

-
 
c
o
m
b
i
n
a
t
i
o
n

o
f
 
F
O
R
T
R
A
N
 
a
n
d

A
L
G
O
L
.

C
o
m
m
u
n
i
c
a
t
t
o
n

b
e
t
w
e
e
n
 
s
e
p
a
r
a
t
e

c
o
m
p
i
l
a
t
i
o
n
s
"

e
a
s
y
.

M
a
n
y

"
N
z
t
i
o
n
s
,
 
e
t
c
.

F
i
l
e
,
 
r
e
c
o
r
d
'
 
o
r

s
t
r
e
a
m
 
o
r
i
e
n
t
e
d

I
/
0
 
n
o
 
p
h
y
s
i
c
a
l

b
o
u
n
d
s
.

M
a
n
y
 
c
o
m
p
i
l
e
r

t
q
a
g
n
O
s
t
i
c
s
.

,

E
x
e
c
u
t
i
o
n
 
t
i
m
e
;

t
r
a
c
e
.
 
s
n
a
p
s
h
o
t

o
n
 
c
o
n
d
i
t
i
O
n
s

v
e
r
y
 
P
o
w
e
r
f
u
l
.

E
a
s
y
 
o
r
 
d
i
f
f
i
c
u
l
t

d
e
p
e
n
d
i
n
g
 
o
n

,

f
e
a
t
u
r
e
s
.
 
a
i
m
e
d
.

'

t
l

.
.

,
'
'
'

'

.

P
o
w
e
r
f
u
l
 
e
a
s
i
l
y

h
a
n
d
l
e
d
 
b
o
t
h
,

b
u
s
i
n
e
i
m
*
a
n
d
'

s
c
i
e
n
t
i
f
i
c
 
a
p
p
i
i
-

c
a
t
i
o
n
s
.

'

.

'1

.
ft

, ,

c

.4

e

k t



NAVTRADEVCEN 69-C-0207-1
i

cOntrol e*ecutive-would control subordinating executives or
sublevel executives in each of the problem, areas (i.e, simu-
lation"and experinentation).

It has- been pointed out, that scheduling of program
utilization on=a fixed framing basis is very wasteall of
machine `time. Repetition rates.gf the various 'routines that
are established tix.provide_good retponse during dynamic con-
ditions can be'far greater than it necessary. during steady-
state conditions..".-FOr.example,_a repetition'rate'of five
solutionl'per second can provide.adequate dynaMic :response
for.imost:aircraft engine equations but, steady-state
(i.e., cruis) conditions, updating the equation's every two
to thiee secondS should,he sufficientto account, for slowly
vary.ing ambient conditions.

One obvious method of reviding:More efficient scheduling
would be to design an executive progiam that would schedule
all routines on an interruptible basis with ratei dependent
upon operating cdnditions. For example, engine conditions
could-normallybe executed very'slowly, but an interrupt
_caused by a change in power setting would cause the program-
iteration rate to be greatly increased. Although thii.tpe
of executive is more sophisticated and requires more pebCeS-
sox time, the overall increase in program efficien6? could,
theoretically justify such increases,'

',..Unfortunately, the nature bf- simulator'operation is
geared-to Worst-case dynamic conditions, which tend to occur
in most aircraft systems at the-same time.' For example,
duri4.a.final or missed approach, flight controls are being,
exercised, hydraulic systems are charig.ing,'radios-are being
tuped.an0 Electric V systems.dre varying, : Under-these
ditions the. use of powerful executive program would 0 ly\:
add-to'the wOrte-case computer loading. the overall efect"

`woufd he to save Computer time during cruise conditio
where ,additional time-is not requiredr and to"waste computer-
time during'critieal maneuvers. For this reason,' the use of:
a powerful.executive to respond-to program imtprrupts is not
recommended for the simulitlorcof aircraft systems.

On the other hand,. fot the time-sharing procedure of the
experimenterstations an interruptable executive is quite
feasible,. This would enable the executive to scan or poll
individual.stations to see.if they are on 'the air of not,.and

-128
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," bypass any attempt at I/O dperations'wiCh the stations not
currently being utilized in experiments: The ETSS will con-
-taint a large number offinstructor and experimenter terminals
add, therefore, it appears ddsirable to .interrogate these
terminals on an. "as required" basis.

,

On the basis of these considerations, it is recommended
. that the ETSS exeputive_program:be structuted to provide for

interruptable scabning of selected terminals and/or consoles.

8.4'MODULAR PROGRAMMING., It is'recoinended that the: facility
utilize modular programming in.program design. This is espec-
'Lally important in view of the unknown ,nature of experimenta-
tion and the need for flexibility in modification of existing
programs. ,

8:5 UTILITY PROGRAMS.,-Utilityprograms are routines used
for loading, dumping,,formating,.-converting and general
digital data handling. Some Utility programs ot-the ETSS

-mill run' .on -line during simulation exercises others w &ll
available for off-line .utilizatipn. A good set-of utility
progtams.is required with anycoMputer'installation to.facili-
tate cammunicatiOn with 'the machine, it being particularly
important for the.ETSS coMpleX. In OditiOn to the Capability
of managing all operational'simulation proaesses -and experi:
ments,=the executive `(its structure'Oas.discUssed in-8.3)
must also be capable df servicing requellts for utility pro-.
'grams. It is considefed essential for tteconvenience of
computer utilization that utility programs be available on
call through the TTY 6r teminalICRT) to the operator. This
.meads that the executive program must be designe0 to inter-
rup.t coded inputs of the TTY and4or CRT and respond by'call-
ing-id the appropriate utility, program. -

The following ,utility programs are. recommended for the
ETSS complex: : ,

. . a. A Complier e capable of running within the delivered
.complix and of-producing.object codein relocatable,format:

4.....44
,

_ ..-
_.

s--b. An- Assembler Program that-will-accept inputs co ded

in a symbolic language of`' particular computer .:
.

and output object,code.in relOcatablle forma. ,The,assemblr. -
-, .
\.:

.,"must be capable of assembling individual program modules_
.

.-
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when changed are made,-,only the affected module need be re-
assembled. The assembler should 'also be capable of gene,rat-..
ing a magnetic tape in stand.#d fOrmat, .. suitable foreoutput-
ting through a.line printer in'a hard -copy program listing:
This listing should present in parallel col6Mnd the following-:...
items: ,relative location of machine language instruct,Lon;%

- symbolic language indtruction,'programmernotation And
assembly-program-generated comments. The availability of an
assembler will enable the computer user tp make changes in -

symbolic language for routines where the use ofthe,compiler
may not be convenient or desirable:

.

c. A Relocatable Program Loader - that will accept the
relocatable, object tapes generated by the compiler or asset-
blei and produce an absolute object program In core mlory
for execution by the computer: 41-le relocatable loader may
also be capable of reloading the computer with a previously
loaded program that has been dumped on magnetic- tape. This
loadet'will, of course, be Much faster than the-relocatable

.

- loader and will 'enable the entire computer to be loaded
few seconds.

d. An On-Line Debugging Program,- which can be made
accessibl dtiring the simulation processing to dynamically
change core, to provide snapshot dumps .of core,. to 'input data
to some intermediate storage device in a fully acceptable
data format and for other-purposes. This program-could be .

used to run in dimulated'real time, allowirw. on-the:spot
examination of time-dependeht parameters: This is-especially
true for the experimenter process.

e. An On-Line or Off-Ling Trace Routine - whose output
can be retrieved on a number of peripheral deiiices, thus
permittingimmediate or deferred hard-copy examination of
results.

4

f. A Postmortem Dump and Analysis Routine - that returns
a. hard-copy output. A properly formatted dump. of core, 'com-;-.
pressed if necessary, to preclude printing of:copsecutive
locations contai.ning identical information (eg,..several

, .thousand core loCations set to zero). This routine will also
provide information suctcas.computer status words, time ,

elapsed'frcim sbme reference t'i'me to the beginning of-the.
execution of the &imp routine and' various supplemental
features.

a '
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. .

g. /0 Handling'Itoutines -*general in'their makeup to
eliminate redundant ProgramMing 'by any'Other.prOgraMs: ;

. .

. . , - .

. "
. .

.
.

h. A General I/O and Edf:t Program : - that can.be used .-

to copy taper, list ffles,-,froMiiarious peripheral devices.;,-.
update source coding contained',on some ,storagemehum, allow
fO conversion formatting and-various auxilia6/tatks. , .

. .

_ . :.

i. A Diic Management ,.Routine -.which will handle _all. : .

disc functions, includini_entries, updates; purges, t-ranster:4;
searches 'and allocations. , _ .: _ ....,

.2 .. .
4%.

e

,

j. Other Programs - more or less'eependent upon- the
computer complex selected, iNhictl might include a diiital,plpt
routine, instrumentation-oriented programs such as graphic
display, audio-visual response programs .and hamiware. inter-
face programs. %

.
_ .

.

. .. .
.

.

8,6 DIAGNOSTIC PROpAMS, Diagnostic programs are-'routines
that assist the computer operator in Checking the status of
the comOitet and computer interface hardware and-isolating.
failure conditions.

. The following diagnostic programs are recommended far-- .

the ETSS computer compiex: . , 1 .

. ;
k /

a. An On-Line Loop-Check of the interface or linkage
system to determine that the computer I/O 'channels and,,the

real -time interface converters are functioning properly.
,Imp,lementation of this diagnostic. will necessitate interface
hardware design that closes the loop by tying interface
outputs. to inputs. Many.possibilitie's exist for.ProvIding
such interconnection, including'mechanical patgh boards,-
complex switching matrices and co6plete duplicatioff=-of all

ahpnels for test purposes.
.

-.,

. .

..',-
.

. - ..
'.--,-...

b. A Morning fteadiness
.

Check ,- which provides the

ope'rator with a Go/No-Go simulator itatuscheCk
gram would enable the operator to'check simu,ator hardware
Independent of the operational program..

. -

.c. Program Test and Verification - which would enable

the operator.to'verify the perfprmance of the operatiprial

Trogram. This feature din be implemented'bY recording on
magnetic tape -the program. outputs and inputs that occur,

".
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4 , during ctk!exp.rctse. The .-maater tape ,z,41:Idld then 13q,-.usea.. .,;(il.tiiing .a" aiainostiq te,st ,to itiue the peeratiotial program'.-,

4 with r.dcbrded inputs."--.-Alie neWly cotipped .outputs wild then- .
..

be conip'ared.-Taith -tlifre.-'4Cifrev_iciu'i Vaft.tes- ,sifbred on magnetic tape_ .
..

. -*; ' 41;8, errors-46'nd di.SCre'pr'aiiCiet!-iiiIi--be" printed out on the. iine.,,.-..-, J .,. ,pri-ner" for analysig-,bk the 015e-ratdr.- It-is envisioned.- that
- --,

. this i+r-ogram wt11--le- utilized to -cnec)( the correct funct.ioh
-,..- of: the- -operationalWograin af.ter each .complete 'inOde .-...-

.., . , -

a

-.. . ....4, __0. / An. OftrLine *IntAr..54"ce 'or Linkage lest ..Frogram -. .

, . d'e si:gtied to seteo tite ly- tea &7,illi inier face channels.,. ... . . . . . .. . ---.. .
.

.._ .
. e. CPU-land. Memory Area Level Diagnosgici t hat will

:- 'faoilitateko6ation: and correct-ion of malfikndtIona-.- These
:-:. diagnostics"aie4normai,Fy supplies' by t,he:8igital computer

manufactut-er as part of the sr.ndare 'software package .
. ... _ . . 4,,

. .- ,. , .
' f. Feripheral Eviplpent ,14iagnos.tits.- that 1i).-1.- test ,. .operation Of ,eac-1-1-tof,ppietec..periphera2 -and . wil I notify the'

pperator by typewriter output if `errors are -detected.

s ems'

,4
I

8..7 PROGRAMODIFIC,AtIQN AIDS. , . The compiler ,t-a nd a s se-mble 4 '.
programs previously d4cusse-dLwill provi4 ,means. for modify
ing pperattorral programs, for' the ETES fa'cility.;. However:' -u.
there are two types of program data peculiar..to:flight sfpu:-
lators"that will require .special programs' to facilitate_modil -'
fication r -function-,data sand radio -aids data: ' .

. ,
Function data consists of the stored brealc-potnt va/.es.. '

. .
. .

for all, funct-ions of independent variable's,, and 'n continua-r-
ly.accessed by the linear 'interpolation routine during- pro-
gram execution.. Radio aids data con'sists.`of stored 'para- ;

. - .meters for all radio`facilities and is accessed b.;.i..th a
facility ,selector routine dUrihg program execUtion., It is
of course essential: that the simulator user ,be provided with
a corivenr4nt means for updating these data `bl-ocks. There- ---

t

commenrdied 'neaps is by employing speC' ial data pacidU and', t.
"formatting programs _comraohly called function data' and- radi6 ...:
aids data -cf6mpilexs.. In addi.Eion, it k,envisioned Oaf- the -

ETSS will require other Special-purpose program modification' '
aids .in the areas of p.erformance evaltia_tion', documentation . ..

-_retrieval: and automated training. =:. ,: ., i

a
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DOCUMENT4TION FAc ILTV . . +4
, e sN:

/

'

- Thisi'lLyste'm wfl-pro*J.de' ceixtralleiticumenfai'ion-
service, to the ETSS'.. 'tie- ixs&em. will accept standard. Flood-
?eat pages:or, with 11t4itit modificion,'-paies from -the .
standard microfiche 1regatiie. By -suitable ope'rition with 4,-

one or--re universals.7t-e rta inalb 'theAmpei Videoffie :sys4em.
operation may be extended-.to include_ computer-ais istid in-.strize.tion photo-interpretation in tactical.` decision .-func-,
tion and display isyStem synthesis in the .sensory system
"function. ..' .

-

, .4i docuTentation 'order ;io be,,economic, .should
,be -easy to Ilse, "cost less har earlier dooppeni, control,
methods, present nf§i-tattion.in 'art eerily undeittood format-
Nu; -shcreld be capable off' allowing extensitte expqnSion with-
out. detriment.- to 'existing -information. Prevfous manual or
semi - automatic methods of handling retie Pools of documents
have generally been costly aid The recently.

developed Videofile..i.nfOi-mestion.system.appears:-to o,f fer a. satisfactorA y solution tb ETS4' reqdirements.
i

=, . . .
The Videofile Syetem conxerta.. document original's nto-

te ievisions electronic Images. which,s with, suitable identifying
addressee, -are automatically filed:on magnetic tape. -Any

docuirent 9page can be easily' re%rievec, examined,\
purged or filed in-a new location. 7, A television monitor ib
used to display-4the dotument'Page image: and:the image-.may be
reproduced as a ,printed page on 'request_ 1..nce the _images
are, electronic' form, filing.,-,retrieval and' sorting t4y be
petfora)ed r'Amote from thg central file:. 3ar

. g
Sr

The Videofile ritsterii consists of a series of
and expandable modules to facilitate grOwth:

6 a, Filing: section Y

.b. Storage - temporary :and permanent
.c*. Viewing.
d.' .Pinting, .

e._ System Coptrol. ..
_,

r

.

These sygitOrk mockiles suitably interfaced
central coinputer,, to ehe ETSS.'tiniverdp1 terminal

..othe'r -to we-it ;the:4'1:1.'1n requiretaeids for the- gitES
tio'n -System. Figure; 9' (Page 134,Y shows tile gene
merit ',Of the documen-tatioa' faatity.

, ,

A'

,

.
.1

tb the ETSS
arid to each
-ocurnenta--

ral arrange-
,

." .

. a -
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'-', 7 . '9..1' FILE INPUT STATION:' The.- fife input 7stati4ii allows any; °,.., .. .

_ .., document or Microfiche page., image ,to be input, to the docume,:i:-.... ... .1 Cation ;facility for 'permanent storage- File .input.,dapa is -
scatIne4,by- ki.talkh resoliltiOn TV ckmera. which corrie:rtS the' =... ...,

file datii,tcf,a...video sipfal, whit i-s-alored on yoagne.tic ,'
tape, by- proprietary techniques for stibs*luerit retiiev,11.7 and- -,.......
vieving. File data itiyintimay be spelified hy.' absolute '--:" 5- --

.... s...

, 'addrees.or`.atiative'*ekioids
throyihan inputkeyboard.... .

An a.iptfa'nuiaertC 'tote is4ivailAble:f6r verification Of-7- input:
'fiddrtifi: data. -, die sta5,1:on4-'ilh-ould' altio have the. fbiliiy to, , -,
displaieithe?-the' document being cOpied'or selected ,filed ,-,.:

.,. ...., c. -imagers *-. 'Filttng..speeds .shoiild 'be .of the, order .of one page :- ,,
...f.-;:. ,.:',eiery-;ten ,secohds.

= , .,'.

.

.- .,-_--,. - ..-,
4.2- "-13,00"ER"SECTION (INPUT). The input buffer section is a ,%,./
temporaFy:Yatorage deviCe ,.ti) -co glect doe-urgent imagei,at the 4 .

- ,. o p e r a tor a pace, and place -them oil_ p.he,ircas,. ter -tpe storage ''
.units independent of:operato' actiOh. This reduces he , '''
number of. Verch accesses"' needed to record "a complete -docli- ,

biers. It is enticipited that the average' document if'll'ed will-
be ,-1e -is thah 50 ..1?ages;-The'";- The ' buffer .section can he -,man -ded
to: tpeee..the ddmand. . .---*. -, L.-- . i:

._ -.... : ., . , . . -
. ,.

;9.'3 - TAPE. -UNIT: . The iape:un'i is the master storage for
document pages ; each unit-will allow, about 167,000 pages%io-.,.

1 hte itored on -a reel of '2 inch wide '.Magnetic tape.,._ For ease-. -_-_,,,

in editing tapes,- tW.0- tape; transports. are requi'lled:: (1) - ,

-),-
both -can carry the samerinformatiork and muItilPcIti its use
accbrding to* refiievai reOuests.;,or...2) each- ''n 'carry dtf,.,
ferent inforMatiOn, thui doubling file c'apleity. ,

. :.
. .

.
. . 5.,, .

pepansion of the master ride "Can be ,Pe-ifortlied, either by
increasing the.' nUmbjer of. tapetpansporta and. obtaining rapid
access times- for a particular document page, or by.`fOrtaing -.

a library of tape reels, and *suffering' the penalty of,slow '
access time "due 't...p human interventiorr`" . ' ,

,

.-
4

9..4" *BUFFER. AECTION (OUTPITT).. The butpist by.ffer, section ts
used -as -a sear-ag device, to' hold a number of selected" images .

for output either to the ..univ.eisal 'terminals pr -to the -fat,
Input .station. The number :of Vitdio,image,s the.-output., - -
-buffer".-section. is dePgn.dent upon the manner ,751..iiiie -of the .

".universal ter,r4nal,s ETSS personnel. -A minimum of eight"
tracks is te,qucteil (cone for each universal- termItnai); *for

'": the CAX sole where. the subject is stepping., (dr -broWsing), ,
ft

, A ._

:\ ':: tic '; ! .7'7,
as
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I .ew."

T, . ,T thrbugh.a:texei. more' tpage tracks are requir .., A minimum
of '50-tiOge tracks is specified for this unft.':Outpyt is to 4k. .111
,tbefskecia44 4;y1;eraCewhich includeva video' switching1>T .

..
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. vatrix. .. ,

, ,.
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't-:,9.5 'VIDEOFILE SYSTEM CONTROLLER. The Videofile- Control'-
Unit'dtrects'the interaction. of .former system: modules a,

''v predetermined manner. The controller receives address and
Iunctiori data from both the ,file input station and the ETAS
Cylir#1'computer. - !

.-;

. NAVTRADE 4Ei 69-C;0207-1.
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1-.6 PRICE 'SCHEDULE .F0
, J

li

for) the basic Videofile lye re ocmmended, for the ETSS are

E SySTEM, Price'scurrently quoted

.1
t

'1 Station' $40,006
Input Buffer Section. .38,00

2.7 ,Mester Tape File 0 $40,600) 80,000
1 - Videofife-Sys teal -Controller
1 - Interface Computer to.Syteth
, t Conro4er,;,

10 Interface to Unfersai,Teiviinals
-

:

30,000.

20.000'

Total Configuiation Cost $320,000

Thierbape system ties a- filing capacity of abdut 334,000
document pages. Iso achieve an operative system it is nec-
essary toAreclude the price of uniersal terminals: These'
terminals' allow the; user to .display or copy any me,df an?
'document filed'in-the documentatip:lretrieval system.'

4 .
4 ,

. ,

..

A epara,te stand:alone fkling-"system With equivalent
-, capacity -withqui. interface with the ETSS computer 'complex
would be 'priced as :follows ". .>.

-a
",..

se-

*

- Ming.
,

section
-1 - Input Buffer

.

2,-.14isttr ,Tape File (@ °S40,600),
1 - System Controller,

' 4,

4

.1:- Printer,

$40,000
38,6b0 ,

.80,000
112 ,O0Q"

56.000.

...Total Price fordStand-Alone:Systemi.$326,000

.

r .
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'10. UNIVERSAL TERMINAL.

1

I. 0. ".

.

The universal terminal allows communication between the
central computer complex-and airy operator. Communicatigh'with

-9

the central.computer'ccapid mayresuit'in.reroUting dg in-',
formAiOn to eith r the Ampex Videofile system; another
univerlaal.termlna or a display .of experipental'data. On
demand, an operatOr y obtain a hard-copy print of data.

,.-dtfflayed on*.eitfier of the two display systems..:The Oniver-
,sal-terminal will, find appliCati-Ons inWfunctions of thi
ETSS. A' description of thef.terminal may be2foun&in Appendix'
M.' To- complete, information about the terminal, the listOry"
and Pricing of the major components is presented below. ,

Prices are given for a system comprising eight u'niversal''
terminals, since the terminals share a-commdh alphanumeric
4splay,generation system:

t. . -

a. ALPHANUMERIC DISPLAY GENERATION SYSTEM,
- -.

1-= Data DiSc 6600 Display Controller` $30,000
..

1., COmputer Interface and Matrix : 4,500
1 7,'Keyboard Mult4lexer 'I 6,375
8 - ColOr bhannels @,$4500.

. . ' 3.6,00
8 - Color Monitors @ WOO

- 20,000
a,- Control Keyboards' @ $515 , A ,600..,

1

total Subsystem Cost. for Eight Terminbls. $10.1,475

$ 127.684Total Subsystem Cost perTerMin.s1

b. HARD COPY SUBSYSTEM.

- Electrostatic Printer,with a resolu-
tion of-80 raster elements per,inch .$15,000

1-- DynamIc 'Memory for Pkintir $5;000

:P

gubdystemCost,per;TerMlnal "

Subsystem-Cost *p9i**EigOt Terminals

HIGH 06;INITII;NISPtkt
,

8
4 1

illack&ishfte TV monitor's. ,f
*ith"the, document rei!tj.eval system

s "15,

.4

, 4

137 '

$20,,600.

$160;000
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. INT'E;SYSTEM IINTE1FACING. '

.

Non-recurring Cost

Recurting Cost, 8 units @ $2,0004
. CABINET.

8 - EnclosAes'to contain a

items, @ $2,000 $16,000

$343,475

1 above

$10,000.

$16,000
,;

.

. 1

4

TOTAL SYSTEM COST'

g.. TOTAL SYSTEM COST PER TERMINAL. '$42,934

11. MODEL SHOP FUNCTION

The ETSS Model Shop shOUIct as &support facility.
It will facilitate design and.fsbrication of special
fixtures, jigs and experimental apparatus,,and,Modification
of'existing equipment. '' The equipment-complement should be
comprehensive enough toallow :fabrication froM,metais, --
plastics and wood materials, but should exclude suchser-
'vices-as'forgi9g, casting and machining f large components.
It_ is not anticipated that a production apability will be I:

requited and productiOn equipment need n t be specified (foi
'example; capstan or turret lathes, gang drill presses, etc.);

.

The Model Shop shoujd be arranged into three indivicial-
1 'partitioned,aread, which would,provide:.

a, Material and tool storage (
b. Machine float spa. ce

.

.

,c. Welding and hand fabrication workspace.
. . ..

.

liA MATE12.14L'AND TOOL.ST6RAGE. The material and tool ,
storagearea/Should coniain moderate supplies of wood:fibre :
board, sheet plastic, eheet metal,, rod,' tubing.ehd.sttip in

:both metal,and plastic. Sufficient tools shOuldfbe stared.
to keep-all machifies in operating state,. and 'to Sllaw for a
moderate amount of tool bredkage.and normal, wear, included
in`the tool inventory should be equipment for accurate'
'measurement and marking out. , -

, - -;,
...N

.
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11.2 MACHINE\ADOR SPACE. Machine floor space should bereserved-- for special -machinery used in fab:riCatiori of 'special,components: Special, consideration should- be''given 'toacoustics damping,-and' clachine .accessibility. It is recommen-ded that the following-equipment be avilable tO the ETSSstakf.'
Radial -drill press . ,r`b. Diop bed: screw cutting lathe with tairstock

c. Vertical milling machine
41: Surface grinder
e. ,Rotary grinder (liot,centerless)f. high -precision lii -borer '
g. Pokler hacksaw- -
h. ASsorted hind power tools

All of the. above shoul.d be supported by acceasoriee such asyrses,..indexing 'tables, etc; to allow maximum flexibility.:

11.3 tiELDOG ANU HAND FABRICATION WOiR§PACE, The weand hand fabr4atian workspace will -al-low smell componentsto be f4ricated 'by _hand irt..either- metal., plastic, or woodmateria s-. The area '.should be equipped_ with be-riches andsuitable handlool; it is recommended that the following
,equipment be 'incluOed;- tr.

- 4 r
. 4 %.

. .a. Portable, oxy..74,4etylene welding system
b. Power gukrlotine .. . -- --..,

.c. Folding and bendiTig. machine, '- .
,

d Hammers,files,,Chisels, 'hand drills, etc....-
,..12; ,- IMPLEMENTATION PLAN

,.Since the purpose of this study is to recommend systemelements for an 'advanced eicpeyimeilitalfaciltop
plan is presented.,thty

for the period1971 though 1975, an IplementattiMit-'.Will'perznit'a Magical, tiuildup of equipment and personnel to z, ,meet 'the needs of flit-tire-experimental-Work; the implements. - _tion schedule permiti a ..seqbetitial' buildup is required by

", --

future trendsjand -represents' an .,..average or expected trendwhich in no way' expansiOn 'as required.' .--

The= actual .pian p.reseriteawas developed ''udde'fr thetion that: the.-time frame involved the 5;-year "period giyeng.

'above, and that -the amount of ney expended each fistal yearwill be, apprOximately -the- same Though thei-ETSS is discussed.4

.%
-
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in-terms of a separate building.- this -is not to be construed
as a prerequisite .since the ETU may be housd imexisting
Naval Training Device Center areas, if necessary. Tfie plan

is Illustrated in Table, ,11 (Page' 141) and Figures 10, 11,
12,.13sand 14 (Pages 14.2i.i51) . '

,

13. MANNING -
.

..

. It 4 expected that the _Experimental Training Simulation
' SyStemLwal be,.-2procured in increments

the
than as a unit.

As a result,' mahriing estimates ,for the total system are dis-.
cussed only with respectoto pile types of ski,lls and" respon-
sibility required by. ;the sYstem,ind -by ,itd associated com-
ponents and fUnctiOns;- rather than as absolUte numbers-Of
personnel. .Further;- it is. assumed that personnel within the
Hunlart.'acto,rs Laboratory are cipable 'of performing rainy of
the fundtiont requited by :the syitem on a part-time basis:

As more.and "more of the System is procured -and as it becomes
more. f,.r&olved in experimentation, the following additional, .

, specially-qUalffied personnel categories will be required :

,ETSS Chief Of Operations- Plans, directs, coordi-
nates and :evaluates the:activities of the facility;' define's.
pridrities, and boundaries -of projects; formulates, develops
and interprets the policies, pUrposei aitd goals of Ehe
facility. He- is the administrative 'and technical head of the
facility and is ,responsible for completing -the.-facilify'a
mission, and is responsible-for making. 'final, decisions regard--.
4,4g operations.

.

b. Secretary (Chief of Operations). Telephone -and.

reception duties; keeps supervisor .calendar-; receives -mail'

and prepared replies; maintains records and files- abd per:- -:"
-forms stenographic and typing 'services; performs miscelrane-
pus duties related' to management of the ofEkc.e.

c Liaison -Engineer :- -Acts as 'liaison between. the Chtei
. .

-
of Operations' ads subordinates and arranges for tOnferenae
procic4ngs 4

. -

d. Chief of Prq,fect' .Engineering 1R.esponsib
planning, directing; coordinating and evaluating eXpetIMIents

.

.
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NisiVTRADOCEN 69-C-0.297-3.

and expprimental research ..funotiens of the facili4.; hide iii
.

,; *the.develOpTent of new, procedures and evaluation of programs -
,,. and equipment; provides guidance and Ilirection to ETSSper-

-.a-9'1nel, end, is capable oftperforming.work 'op the- .-,-peripheral terminals.

,
1 .. -, e. _Secretary (Chief ,of! Pno' ject Engineeritigy-- ':-Geikeral , .

. - . , .
. f,.. Clerical Filing Clerk, - 'General operational' duties

associated with `the *documentation center;' stores-and ..
retrieires7,tipe" files; catalogs tape Mee; conducts program"'
for aeqtion of reference material and scientific arid . ,
technical publications in rele 'sarkt ields; uses the special
peripheral. terminal tor. Communication with :the Central Cum-
puter Complex.

.r- .
- N,

1 -
4 *

g.. Computer Prograxecier and Keypunch-Operator - Maintains
, a, thrrfacility' it software _Osteia;_. responsible for the executive .

r

,system as well as operating-Programs; respOnsible for writing: e
,. .%. new. Program's; responsible ,for keypunching and verification of

computer cards using related. equipment:; .and---uses the .variope .
communication\devices- to the computer.. ,

. . h., ..Obmputer.anc Systems Operator -- Provides assistance
to the .ComputerN:pr.ograccer c responsible for - operation of ,-,'

..
,

4 . 9 computer -equipment , periPheral- 4cititOrnent, deve-lopwent teriai-

secietaria dutie C

1-::,.-..--t1-,
pals and communication. equipment; responsible.for equipment f

1

-
: 7 and supplia for the .coliiplex; provides, equipment checkout and

assists 'in debugging; operate's compUter- and peripheral equip- 4, .

wept ideated. within the CCC; uiPs,lihe special
---', .terminal:-, ,-: .

, , .t.,
, , ._ . ,

r .wr, i t . 1 ' ,,,,r1

1

../ audiorvisual. equipment including graphic, -aniMation; ter pro'i_
'...; %duct, ion; recorgng and;_proceasing and uses .special-.`pett!.--.

' pheral terminal. ...- ,- -.--

...-.. .

----,11i,s4a1-/aosisunicat ion Tectini-Clan -;Keapolisib;le for

Pboto-Lab. Technician A,sitists visual courounicatiore
technician and is responsible ,for photdgraphy .and 'photci-A_,r4C4develops.

4, 1.
V

v.

Electrical" Technician --PrOvides technical services
-: in ,elecrical 'Systems and workiri closely with the )(oder shop.;

-Aims special periOheral,t rminalCconducts and fabkicates,
4

^.4

r
.99i`

t

44,

*152
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.-
$
. rests. ,Of. equipment;' piovidei-ecin sultation services to .entire

f ,.' 9
, .

's . ' . ..
.

'I, ' i ,

- . 1. iechahieal 'Technician Aids- in Prefabrication of.

,- elements in Mcidel,y-.464,- provides consultation services tots
facility; participates in matatenfince of hardware' systema; .

-: and. Uses_ sp'et-ia.1 peripheral tertiirialt; - . ..
S .4 9 e

m: Electrieal: maintenance. -Engineer I'd iIovides generkl,...

.-eleitrical-'maintenance.services ..t0' the. facility. .

.: ,,,,.. s s .. . ' -

;0, -.Mechanical Mainten.inie Engineer Provides bgeheial..4
mechanical maintenance.; the faciliti. ':', . ...

..., , _. -
y. ...,_ .. . . - * -o:" 'Computer Maintenance. Engineers:- Responsible for.-

--'-': generk -maintenance Hof computer complex ; ....video file and
associated digital -equipment. of .the.-facility:

or
,,* 9

p-. Technical EditOr-'1'ypist - Self-explanatory. ,

,

1.4. HOUSING . ---- ..
, -- % . - .

g .

i " .. 1..,:' l'A preliminary investigation of housing .requirments 'for '

the ET$S facility indicated ;a, need, for, a 'configuration that
wcnad-'permitliousinethe complete 'system. A design concept
'was developed to..permit,integra4On. of system* featuriis. and-' their relative support areas within a single building. :',Ie.
was recognized at-the same time', that the faciTity might be
procured in.modu.les over an extended period of time.:'' As a',

.
. result, the building' 'consists of, modules that :might be pro-

-a . . cured in such a. manner-. . ' ,, .
A ' I .

r 4 % . I .,

.

- .14.1.1 Documentation center.' The documentation center'wiil.
_ hoplise*the fpllowing -equipment:. ,; 1) two file sections, 2);_--,

.four buffer...section1,- ;3-) ten tape sections,,' '4) one dontral,
. sectron; 5) one 'or 'two :special,periPlieval terminalti and 6) : -

-.. etape, storage cabinet; :Also'required in support of this :
equipment are -ancillary .items such as desks chairs, coat'
racks and other standard furniture. Allowing for maxIdpm.. -, .... ..t .

. . . . ., a.. .a ,, ,.
* kequiied Yif computer maintenance is not kontracted,

'from ..c ter supplier. .
. - -Ta

. ,

14.1., SYS'TEMTLENENTS AND ASOCIATED -EQUIPMENT.. An evalu -.' .

"apion:was made of the: various system elements and ,their y

associated eecluipMent -.to arrives at a :preliminary' estimate of ,

fldor ipace: ,. .

_ -

. .... . . ..

.. .
. : - , ,

.
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capability, ;the ,flOorf,:apaC.03and volute. required 7 _

.--
docupeentattoi' facility _is: .

.1. b ,
. .,

Recommended Aida -1,g 750 square- feet 0
,

` i' . Recall:ended Volume- - 7500*.euisia feet l' --, ...
4.

, .... , : .
I 4 ..:

..4.1.2 'Computer c gm:4ex. The comptitei bpailEir Will--.contatir ::.. ...

' a multiple -CPU capability, linkage -equipment; one tape- cbp- .: : . ,-

trpller, two tape. driv-es, sine PDP -9.4 'mass' storage devicre, i --i- :-,,

170 processor, .disc ,Contr*isiler;- -four -'iiletypeviriters:end '' .-;' - ---- -

a apecia.1 peripheral terminal. -this , equippent- Plu's-:the , . -,:-...-:., .

,allocation of persoiiner:riquires 'the following , floor- space = -

.
"and volume (the dumberivare 'derive from 'Table 1 (Eager 155)): --; - - 7-_

r
8eci3tarciended Area 1350 square -feet .

Recommended-Voluiai 135b0, cubic feet
.

14.1.3 Nodal iShon. The. model shop will have .capability for
prefabrication of hardware_ associated with a particular .

eAperiment. The hatdware designated fen this task. will' be
commercially available electrOmecifenical equipment ,
ing drill 'press, lathe, band' saw`, milling -machihe --and Ain
A ssortment of small power tools:-

4

Recommended Area (--inelud. storage area) 1500 Square feet"
Recommended VoluMe (includ. storage- area). 15000 Cubic. it. -

t

14.1;4 Training Aids Reseitrqhe the- training" aids. research
areajwill- employ a variety. cif equipment and configurational
the' type. -of -experimentation will determine Specific hardware
characraiistics. The fundtions of this area will relate
primarily to audio - visual and computer...8,We( ins.truCtiona-1

-erasing*. section also haVe. classroom ,-type" *capi-
Vility and 'a 'communication link via the special peripheral - .

terminal:- .`

-Recomend,ed Area. Sr 1075 square feet -
..-

. - "*: : Recommended Volume ...1 10750 cubic fief. -
,

1 ,., i
... .

lit :1... 5 Taqicsk 'Aensorf. and 'System ,Researeh. This. area =will
be* dble to be.,:readily integrated* wi_th, the vehicle simulator.
EXperimentatiOn on:racier; sonar ?ind navigation systems Will -

,.
, also. bd Conducted; ',The 'section wilt contain a special .,

- petfpheral, terminal and equipmint7end-,sinitilition -devices*
. , needed foi.%tactical, sensor and system research

.. e

4. / : , Recommended Area, .= 1500 'square feet,
,.. Recommended Volume 15000- c(btc Beet ^;

. .

-4- ., ,. ..... . . , -.
. : ,. . . - .- -, .

..,..
, .. .169 -'-' -. - ..

. .
.. ..7 . .-

f

r
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14.1.6 Expartmen;a1 Dept a; The experimental design
section's primary function' will be orientation, design,
gpidince'and dissemination of experiments to be performer.
Three office areas are allocated for this function:

. .,

RecadMended Area 468 square feet
ReCommended Volume 4678 cubic feet

14,1.7 yeklgjejjatx.lato,
visual system,calls for an
diameter and 30 feet high.
as a basis for estimation,

:

The motion - system with cab and.
operational, envelope 40 feet in.
Using the, operational envelope.

the following recommendations are.

'Recommended Area 2500 square feet
-,-RecomMended Volume in 75000 cubic feet

14.2 SUPPORT ELEMENTS AND, EQUIPMENT. T support the vari-
ous experimental areas, research sections and environmental
status of thi builditg module,*the additional facilities_

-- discussed herain.are.recommended.

14.2.1 Office Space, Four mo4blar-offices are needed for

,> managing personnel and suppor personnel. -Commercially
available equipment* will be used:

Recomiended Area in 625 square feet
Recommended Volume 6250 cubic feet

,

14.24; Service Areas. 'Service areas, will contain-commer-
cially available lavatory equipment, four of which will be
used in the facility:

Recommended Area 988 square feet
.Reoombended Volume 9887 cubic feet

_14:2,3 Simulator Service Area. The simulator service area
will contain the hydraulic pumps and other, associated-,
hardware r

,

.

Retommehded Arta 950 sofluare feet

Recommended VolOme ox 9500 cubic feet'

14.2,4 Michanicai :Section. -The mechanical 'section will
hause all- motors, generators, heating and air-conditioning
equipment:

.,
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RecommendedArea.= 1200 squArt feet
.

Recommended Volume - 120Q0 cubic feet

.

,

i

14.2.5 Lecture and .Conference Roam. This section will
contain the equipment necessary to carry on classroom-type.
,lectures and conferences; it is recommended that it also -
have a full A-V capability:

.

t.'
Recommended Area'- 443 square et
Recommended Volume = 4437 cubic feet

Storage Areas: Normal storage rooms are recommended:.

Recommended Area - 462 sefuare feet
-Recommdnded Volume * 4625 cubic feet

.

14.2.7 Freight Elevator. One freight elevator with bapaCity
no less than 4000 pounds is'recommended to provide service
to the faeility:

Recommended Area * 100 square feet.

14.2.8 IPIMILLED...2C09411a1.01SULSia.
in-house capability for television
.experiments, etc., a TV laboratory
contained in%the room will include
land recording equipment: :

at To provide an
production of ,lectures,
is recommended. Equipment
lighting, camera,-receiver

-Recommended Area 7 218 square feet
Recommended Volume ;Vila?, cubic feet

14.3 _LOGIStICREQ0IkEMMTS. TO provide-for transportation

of elements, mAintenAppi andcapabilibytamong system features,
the areas designatedfor'bhe various research sedtions must
be- designed to mdmimiie logistical problems.J'After inspec-
.tion of ,the 'various system dleMents and:their relgitionships,'
it was,deieriitied that,tite optimum configuration` would be .s
three -story facility.

4'.

The-re-dome ed._,spice'volum0 plan .ii TSbii 13
(Page 158) . Ii,e s into aecount;the-probleme of logidtio
an system integrattoil...--'.,

.

re
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'TABLE 13. RECOMMENDED FLOOR PLANS

ESTIMATED
AREA

(sq, Yt.)

-.- VOLUME
.

Ft.I

(1)
(1)

(1)
(1)

(1)
(2)

(4)

First Floor Area and Vblume"

2,500
1,500-
. 950
1,200
1,500

525

75,000
-15-,000

9/500
-e'

12,000
5,000
5,2500

6.250

Simulator Operations; Area
Sensor, "System, Tactics,Research
SimulatOr,Service Area, "'
Mechanical Section ,

MOdelShoP (incl. storage)
SeriiiWAreaf
Office;Areas1
TOTAL USABLE "AREA AND VOLUME 8,800 138,000

-TOTAL FIRST FLOOR AREA

SecOnd Floor Area arise :Volume

10,000 sq. ft,

(1) Training Aids Research 1,075 10,750

11) TV Production Area 218 2,18L
(1) Documentation. Center 750 7,500

(1) Photo ,and Optics. Lab 218 2,187

(3) OfficeAreaa 468 .4,687

( 1) Leoure and Conference -Room 443 4,437
(2) Serliipe Areas 393 3,937

(1) Storage ea 400 4,000-

), Experimen s Area '400- 4,000-;.

(1) C lex 1.350. 1,,50Q.Comister
TOTAL-U$AB AREA AND VOLUME 5,718 57,187;

,TOTAL SECOND FLOOR.AREA

Third yloor Area and-VolOme'

Simulator Operations Area

7,500 sq, ft.

.(ihcluded-In First .

_Floor estimate)

TOTALS: Total ,Usable, Area 10'14;518 -square feet

Totill_Buildihg Volume = 225,000 cubic feet
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'

l4,4 ARCHITECTURAL REQUIREMENTS.. The architectural re-'.
quiiements will be standard requirements for similar facili-

. ties consistent with manning and equipment, recommended by-
this' study:

s,-_
- .

, , ,
_,.

14.4.1 ,Room Size, Room sizes for 'the system elements and,
:their support functions depend principally 4n the actiNtitzc .

and equipment associated within each.roorm.:All.designat "
areati are cehter-to-cinter, based an.single.linesdrawing ,

_._

The rooms are completely enclosed with floor-to-ceiling' 14 ,
.

partitions and' doors thatlacilitate freedom of -movement,
use-of pOrtable equipment and accommodation'!of pert!O#nel. '

.. 'Walls, floor and ceilings are to be equippedwith sound-

. .
absotbing materiartovinipize distraction for those

--,
'. . involved in experiments.' .

.,

, 4-,

,

14.4.2 Railways. Main' hallWays will he ,at least ;6 feet -. 4.

) . wideihAllways within research areas will be a minimum ,of ?.

- Cfeet wide, to facilitate movement of equiphent and,peFson-'
.nel:

-

.

14.4.3 poorwaps. Standard 'doors are at least.4.feet wide
to allow for movement of equipment and.furrature in and out --
of rooms. Doors'are allocated to ensure.easy.aCcess to, areas
within the complex.

14.4.4 Walls. Standard,walls are assbmed except in areas
where, special precautions areexerased to ensure reduction'
in itoise

14.4.5, 'Ceiling. tinimpm clear ceiling height of 120
inches is recommended in,Work,areis other.thahthe stray- I

. lstor.operations.room, where a,30 foot ceiling is necessary:
these estimates include piOper height for electronic, insfal-
iationi, lighting snd.heating.duct!;.

:

14.5 STRUCTURAL RHOUIREMENYS.

/4.5.1 flooring, Reavy equipient such as mechanical pumps'
.'ilidheating elements t0.11 be located on the firdt.floort ,

False flodring is recommended where pitilingis required as
'in the dompuier pompae,!.

; 159,'
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. . t ., . , ..

:./. '14.5:2 **OVerhehd Hoist. An overhead hoist located 'in' the
i.

4W--- A

simulator operations area. is recoMmended. It should

to

. capacity of supporting ,and,hoisting,sifillitoi elements
such'as the cab, visual system components aildRther f!ard-

, were.

14.6 ': MECHANICAL' REQUIREMAillt.

5,

.*:.;l4.-6.1 CoolVig Airy. .dooling 'air will' be' provided for,,
equipment' cooling and personnel comfort'. They system -

recommended includes the following:

I.

.5

a. ,Computer Room -.High and low temperature alarms -;

are recommended to. Orbvide a .safety limit subject to
Specific, equipment needs, :

b.' Work Areas .--Tempetature, controls to ensure '
_P r environmental conditions:

, 1,
Dopumentaabn,CenterControlpf temperature

to ensure equimpent%dperational safety limits.

5.

d. 643er4.menter $tatfOn - Temperatuiecontrbi
ensure proper level ;of safety for equipment.

_.
.

e Photo -andOptids hats -,Te4erature control to
ensure' operational status..

,-
. . ,

. .

, f/ TAI. Lab,- Optimum cooling with_tem-,-. ,
..perature control ' ,

4 ,J

.

I. I
. dr 14. 64 2 lire Protectibh and Eggiptaerit . A f ire 6warning .

. ; .system is re6ominendedk `each roam and hallway.. having" art .
.. alarm connected '65 a master *alarm panel. ..Wach room wil,
be

, . : . -e equipped with an extinguisher fqr fighting electik al -'

fired... , . ,
.. . .

14: 6.3, Elea tOrs . One freight elevator is recommended
fOr the facility; it should be at least & Teet square, and

. haVe a capacity nor less than 4000.7younds.
A"

-14,6.4-Lavatdries. LaVatories are designated in four
vervice'areae, Which should .be adequate' for the facility:

.

14:6.5 Filtering. ;Normal air-filtering pechhilques are.
recOmmended. . ,/ ,

* ,
.

rtr

AI

`f
t4'°.
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. 14.6:. 6 'enter - Facility CommunicatiOC- -C-6ramerciallY a.Vitit!

.
; able telephone and public` address systems care" reeOpx4ded:,

. , , . 1 ,. . .. -
__

, . ... ,.. . ,
'' 14.74 'ELEOTRICAL REQUIltiMENTS. .

. -. ^r ,,.: ''
. .. . . .

4 . *

t i *

. 1 ' .'
. `. 4 ' ' ft . .

14..7 ..1 ?ewer -Surrnlyi 'The facility Doitet needs. will.,,be,
-

;based on equipment .consuraptintir rites., Standard, combed-Lai;
.' ' power', 120-208, volts*--t- 10%, 60 'Hz -t- 5% is recempend'ed7. 1'

.
y

.

. , . . .
,; .

14.7.2 ,Lightitilk - :CdamierC Lally available -overtiead Might-
I ing with dimming Olontrol 3,,, recommended- for research areas..

,..; Other 'areas:will 'be supplied ,with standard lighting` end_.-
`

,.. ..
controll', . .

, , , ,c . ,,.., .. 0. , ...,, r . t.-

4 ! C ' Oi .. " '''' .4
t .

, 14.7.3. Convenience 'outlets. 'Convenience outlet s.' are .C.'

recommendedIor..eoch room with the number' -of Outlets to, h
be compatible with the respective room. activity,. .. .

e . ,
,_

. . . . . .
.

. 4

.14:3;3 ; Gioulidintc. Grounding will be norms i except where
s'pecipied by, eeluipcnent

, needs .Or manu-facturer ' s 'specifics=.
.tions

., .- '.-a
. .15. MANAGEMENT APPROACH
. ,. -:-, , , -.. .-

,

$ , )o matter bow efficient the design and implementation
of the EMS' or how high the competence of its fteChnie4
personnel, if the facility is not used. proirrlyo,bjec-
tives will not' be .fulfilled. This study was 4110, aimed at
developing a management :appioach for the ETSS, but it wet' `,
elt that some iren.tion should be made .of"this.:important

ect of the ETSS' uttlization plan. c
-.:r.. , ..27, -

One of. the areas most often overlookeds- in facility
plan .g-,is commuhications. Each member of "the ETSS, ,i,":__,_,,, . .
particularly the 46uman _factors psycholatistsf. ghoutd be. kept :"

aware of die' result& and implications of. each-eicperiment.: -,'

This can be acComplished 'by using the Videofile docunien- -4-. i , , ,
tation system.- .

AitothO area thatiihould be of concern In ETSS plan-
ning .1 that of management-authority.-.., During exper n
tation; the expetimenter ,* i.e., the 'human factors ps bolo:-

, ,gists ',muse have complete managerial .control over all inter-
-
facing..systeris of the ETSS. i 4

.. .

&
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% A request for ;experimental' data will--generelly,.resul'i_
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rtr.'

f.. in.a- meeting between the ETES' director and:FES paychologista,- -.
z.

-;-: A, VIdeofite search.w.iil be made - to.-determine if previous data
orAliforinatidn which co Q14 satiply,-.te- reqUirement exists.
AOC:nediing .-0 the workrolid_af project *psyChologiiles, the 4

,.... _director may assign one responsibility. for prOviding the
4;ieSiecl' infOrmation.,- **Generally:.. this -asil..grimetit will result.
*S:n per, &rniance,df--an- ex,per talent :. = -A

, .. , . ,
. , .. , ,. ... 4 NI... .' ,

-4 , .,,,,

. The project psychologist '4..11 anhlyze..--..ttte.trainini`,
requirements. and gletermind which services 'of. the. 'ETES -are . - 6i- .

required. ,...A PERT chart would -then be prepared;' illtistr.ating-` , ..,
all services required-. to,,,bring the componentsTof the: experi-,
ment together.;--, The services that may-be- consfddred ',are i- r.,

,
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e_TIniverear terminal availability
-,domputer\ Model Shop' scheduling
Photo- lab scheduling
Experimenter station
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Of subjects
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./t,..i,i- the res. poniib,flity. of the -delegated. project-,

....,--p,gych'olOgi'St. to ensure that the yarioui -.services-. are.--- -

''" Sciledulbd lio that.. the.:experithent 'May" Se",perforibed -at-the . .. , -
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.. &

- . .

psychologist to file any docurkentatiori ..petaiiti-ng '.-t0--the '' -,.

:exp'ettiiient.-rt .he-,Vidiofit_4* system, :- :It; -"-- '..-: .,,-; ,--
--, .

......,- ......
:

5

.: When..,support'serACes Itailele.ther--13erfoxMecttheii`wprk-

.,' . _, - .-
or.are- wait ini-:-for,"tile experiment to run,- hu n -- subjects-

. , -,experiment
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-, ,
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'.'/)',. %-,-, PERSONNEL TASKS REQUiRED,

, - ,.. Tp OPRATE:i.01141.TARY SYSTEMS'" - 4....

,_,,. V:

1
, . .

,

1,:t.,
- :. .111.1.,s, ippeiidix.- summarizes in 'tabular format the .'various

operational requireinents. of Military ',vehicular systems, the, .-

functions ',of personnel it operating theM, the *ills, and
knc,,iledge. required, by, these personnel-and the ,,SPecifi Cmpl,i-`

-,cattons that'thgse have on training programs.
.

-,
.- / ,_ , -- . , _

The.,major.operatOr tasks un.iqu'e to each of the fpui, '',,'types,pf .systems supported by the *Naval' Training ,Devi.ce '''.
Center -w-are listed, and briefly. described. The cbntentof -

training ;' andL:,,the general :implications.-for- optimum training ,,'sptEingr,warefiden,tifiqd rfoi'.each task, 1:1-14se data were thin
reviewed= iysteinsT, to, 'identify area's-,of commonality Al,

arriorig learning "functions and, pot,e,ntial traini.na situations ;'
Table 1 ',(Page 0;0 is ar summary -of., categorie:s: of, rasps acciircu.'

, fated- from Tab le'14.*(1ages4-2 to .A-13). This acecmular-' ion,q. s
used to ,difine the baSic''chaacteristicS of Ow egoipment, re-
quio,.r=:, ed to41!...' s upport?t exper,,.i learning se tiings relevant
toueach cacOgory -i, %i _ ,

,,, -- ' .' .1 '
',A. 1 11, .
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, p
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 p
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 C
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re
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ra
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er
is
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w
ith
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la

ye
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or
m

at
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or

re
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 ta
rg

et
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ch

ltr
ao

ia
ri

st
ilc

s
w

itk
i,

di
sp

la
ye

d 
in

lo
rd

et
io

n.
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ff

ec
ts

 o
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`c
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ri
tr

ol
s
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 d
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la
y 
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or
m

an
ce
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 p
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en
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di
ep

la
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en
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ta

rg
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c
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e
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t
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s
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 d
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, b
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:T
A

B
L

E
 1

4.
,. 

(c
lo

ne
 d

)
PE

R
SO

N
N

E
L

 T
A

SK
S

4,
4

,

.

S
Y
a
i
E
r
i
F
i
l
i
I
C
T
I
O
N
S

.
1
.
4

t
r
o
p
u
l
s
i
o
n

a
n
d
 
S
y
s
t
e
m

'
s
n
a
g
 
m
e
5
t

T
gR

SO
N

14
E

L
 V

61
C

T
IO

N
b

1
.
4
;
4
1
'

F
q
i
n
t
a
t
n
.
4
p
r
o
p
u
l
p
i
o
n

a
u
s
i
i
i
a
r
y
 
l
i
l
e
 
s
u
p
f
l
e
r
t
 
s
y
s
t
e
m
s

i
n
 
o
p
e
t
a
%
i
o
n
,

,

p
i
a
g
n
n
e
e
.
r
p
r
o
b
l
m
s
 
i
n

s
y
s
t
e
m
 
o
p
e
r
a
t
i
O
n
'
a
n
d
 
'
s
t
a
t
u
s
.

4
.
4
.

S
o
e
c
t
 
a
n
d
 
e
m
p
l
d
y
 
a
l
t
o
s
'

n
a
t
e
 
o
 
e
r
a
t
i
e
*
 
m
o
d
e
s
.

1
,
4
.
4

o
n
t
r
o
i
 
s
y
s
t
e
m
 
o
p
e
r
a
t
i
o
n
s

a
s
 
t
r
e
q
u
i
r
e
d
 
b
y
 
m
i
s
s
i
o
n
 
t
a
s
k
s
.

1
.

,

`
1
.
4
.
5

4
C
o
r
r
e
l
a
t
e
 
i
e
y
-
s
t
e
m
s
 
o
p
e
r
2
-

a
t
i
o
n
 
w
i
t
h
 
r
e
l
e
v
a
n
t
.
e
n
v
i
e
u
n
m
e
n
-
,

c
a
l
 
a
o
n
d
t
t
4
o
0
1
.

fo
'

R
E

Q

,
K
N
O
t
.
L
E
D
I
E

.

4
.
1
 
O
p
e
r
a
t
i
n
g
 
t
h
e
o
r
y
 
a
n
d

p
r
o
c
e
d
u
r
e
s

I
l

M
i
s
s
i
o
n
 
f
u
n
c
t
i
o
n
a
l

t
e
q
u
i
r
c
u
e
n
e
s
T

,

M
i
s
s
i
o
n
 
e
n
v
i
r
O
n
d
e
n
t
.

4

I
R
E
{
)
 
T
O
 
O
P
E
R
A
T
E
 
M
I
L
I
T
A
R
Y
 
S
Y
S
T
E
M
S

.
C
o
m
m
u
n
i
c
a
t
i
o
n
s

p
r
o
c
o
d
u
r
n
s
.

a
t
a
n
d
i
n
g
l
o
p
e
r
a
t
A
n
g

p
r
o
c
e
d
u
r
e
s
,

:
K
I
L
L
S

a
 
I
n
t
e
r
p
r
e
t
 
s
y
s
t
e
m
 
d
i
e
-

*

p
l
a
y
s
,
 
s
u
b
m
a
r
i
n
e
 
p
e
r
f
o
r
m
a
n
c
e

c
o
m
m
a
n
d
s
 
i
n
 
d
e
f
i
n
i
n
g
 
c
o
n
t
r
o
l

a
c
t
i
d
n
s
.

C
o
o
r
d
i
n
a
t
e
"
C
o
n
t
r
o
l
 
a
n
d

c
o
m
m
a
n
d
 
o
u
t
p
u
t
s
 
t
o
 
P
r
o
v
i
d
e

p
r
o
p
u
l
s
i
o
n
 
a
n
d
 
s
y
s
t
e
m
 
o
u
t
-

p
u
t
s
 
a
s
 
r
e
q
u
i
r
e
d
 
b
y
 
m
i
s
s
i
o
n
;

a
c
c
o
u
n
t
'
 
f
o
r
 
O
f
e
c
t
s
 
o
f

e
p
v
i
r
o
n
m
e
n
t
,
 
e
n
e
m
y
 
a
c
t
i
o
n
,

t
a
c
t
i
c
a
l
 
c
o
n
s
i
d
e
r
a
t
i
o
n
s
 
i
n

c
o
n
t
r
o
l
 
o
r
 
p
r
o
p
u
l
s
i
o
n
,

a
u
x
i
l
i
a
r
y
 
a
n
d
 
l
i
f
e
-
s
u
p
p
o
r
t

s
y
s
t
e
m
s
.

T
R
A
I
N
I
N
G
 
S
I
G
N
I
F
I
C
A
N
C
E

:
F
a
e
m
i
l
i
a
z
i
z
e
t
i
o
n
 
w
i
t
h

s
y
s
t
e
m
s
,
p
p
e
r
a
t
i
n
g
 
t
h
e
4
y

a
n
d
 
p
r
o
c
e
d
i
t
e
s
.

P
r
a
c
t
i
c
e
 
L
e
r
 
I
n
t
A
-
p
r
e
-

t
a
t
i
o
n
 
o
f
 
s
y
s
t
e
m
 
s
t
a
t
u
e
.

i
n
 
t
h
e
 
s
e
l
e
c
t
i
o
n
 
o
f

n
o
r
m
a
l
 
a
n
d
d
e
g
r
a
d
e
d
'
o
p
e
r
-
.

4
t
i
r
t
g
 
a
r
e
a
.

P
r
a
c
t
l
e
e
'
i
s
e
x
e
c
u
t
i
c
i
n

o
f
 
n
o
r
m
a
l
 
a
n
d
 
d
e
g
i
s
O
d

m
o
d
*
 
p
r
o
c
e
d
u
r
e
s

in
r
t
p
r
t
-

s
e
n
t
a
t
i
v
e
 
m
i
s
s
i
o
n
,
 
c
a
c
t
i
-

.
c
a
l
 
a
n
d
 
e
n
v
i
r
o
p
e
n
z
t
t
a
i

c
o
n
t
e
x
t
s
.

A
 
P
r
b
c
t
i
 
c
e
 
4
n
 
m
e
o
w

c
a
t
i
o
n
s
'
,

.
5

p
e
r
i
s
c
o
p
e

"
O
p
e
r
a
t
i
o
n

'1

(.
4

1.
.

,

1
:
5
.
1
 
O
p
e
r
a
t
e
 
g
a
s
c
e
p
e
e
e
t
e
d
-

s
i
o
n
,
 
r
e
t
r
a
c
t
i
o
n
,
 
f
o
c
u
s
,
 
m
a
g
n
i
-

f
i
c
A
t
i
o
n
,
 
v
a
r
y
i
n
g
 
c
o
n
t
r
o
l
s
 
E
o

p
l
e
a
'
 
p
e
r
i
s
c
o
p
e
 
i
n
 
o
p
e
r
a
t
i
o
n

a
r
k
t

s
t
a
.
.
;

1
,
5
.
2

E
m
e
l
a
y
 
p
e
t
i
a
c
o
p
i
 
O
n
 
d
e
t
e
r
-

m
i
n
s
s
i
o
n
 
o
f
.
r
a
n
g
e
,
 
b
e
a
r
i
n
g
,
 
s
p
e
e
d

a
n
d
 
I
x
e
a
d
i
n
g
,
o
f
 
s
u
r
f
a
c
e
 
t
a
r
g
e
t
s
.

.
*

.

%
.
5
.
3

T
a
x
i
m
u
m
 
s
e
c
u
r
i
t
y
 
d
u
r
i
n
g

p
e
l
e
i
,
s
c
o
p
e
,
o
P
e
r
a
t
i
o
n
s
.

f
e
r
a
t
o
p
e

J
e
r
e
/
r
e
d
u
c
e
s
.

4
,

S
t
a
n
d
i
n
g
 
o
p
e
r
a
t
i
n
g

p
r
c
e
d
t
i
b
s
.

A
 
M
i
s
s
i
o
n
 
f
u
n
c
t
i
e
l
b

r
e
q
u
i
r
e
m
o
n
t
s
.

1
 
M
i
s
s
i
o
n
 
e
n
v
i
r
o
n
m
e
n
t
.

e
T
a
r
g
e
t
 
i
d
e
n
t
i
f
y
i
n
g

f
e
a
t
u
r
e
s
.

S
t
a
d
i
m
e
t
r
i
c
.
 
r
a
n
g
i
n
g
.

k
T
e
l
e
m
e
t
r
i
c
 
r
a
n
g
i
n
g
.

,
a
 
C
o
r
r
e
l
a
t
i
o
n
 
o
f
 
r
a
d
a
r
,

s
o
n
a
r
 
'
r
e
p
o
r
t
s
 
w
i
t
h
 
p
e
r
i
-

s
s
o
p
e
 
d
a
t
a
 
o
n
 
t
a
r
g
e
t

l
o
c
a
t
i
o
n
,
 
m
o
t
i
o
n
.

1
 
E
s
t
i
m
a
t
i
o
n
 
o
f
 
'
t
a
r
g
e
t

s
p
e
e
d
 
a
n
d
 
h
e
a
d
i
n
g
.

E
x
t
r
a
p
o
l
a
t
i
o
n
 
o
f
 
t
a
r
g
e
t

f
u
t
u
r
e
 
p
o
s
i
t
i
o
n
,
 
b
e
a
r
i
n
g

a
n
d
 
h
e
a
d
i
n
g
.

a
.
"
 
F
a
m
i
l
i
a
r
i
z
a
i
l
d
l
 
w
i
t
h

o
p
e
r
a
t
i
n
g
v
 
r
i
4
g
i
n
g
 
p
r
o
-

c
e
d
u
r
e
s
.

b
F
a
m
i
l
i
a
r
i
z
a
t
i
o
n
 
w
i
t
h

t
a
r
g
e
t
 
c
h
a
r
A
c
t
e
r
i
s
t
i
c
s
.

A
 
P
r
a
c
t
i
c
e
 
i
n
 
p
e
r
m
t
p
r
i
c
i
n

o
f
 
t
a
r
g
e
t
s
,
i
n
 
v
a
r
i
o
u
s

c
o
n
d
i
t
i
o
n
s
 
o
f
 
l
i
g
h
t
i
n
g
;

v
i
s
6
i
l
i
t
y
 
a
n
d
,
 
a
s
p
e
c
t
.

A
P
r
a
c
t
i
c
e
 
i
n
 
t
a
r
g
e
t

t
r
a
c
k
i
n
g
 
a
n
d
 
t
a
r
g
e
t
 
s
p
e
e
d
,

h
e
a
d
i
n
g
 
e
s
t
i
m
A
r
i
f
t
.

e
P
r
a
c
t
i
c
e
 
i
n
'
p
l
 
o
t
t
i
n
g

t
a
r
g
e
t
 
r
e
l
a
t
i
v
e
 
P
o
s
i
t
i
o
n

a
n
d
 
m
e
k
k
o
n
.
.
.
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4.
 (

co
ne

-d
)

PE
R

SO
N

N
E

L
 T

A
SK

S 
R

E
Q

U
IR

E
D

 T
O

 O
PE

R
A

T
E

M
IL

IT
A

R
Y

 S
Y

ST
E

M
S

S
Y
S
T
E
M
 
F
U
N
C
T
I
O
N
S
.
'

1
,
6
,
x
N
a
v
i
g
a
t
i
o
n

P
E
R
S
O
N
N
E
L
 
F
U
N
C
T
I
O
N
S

K
N
O
W
L
E
D
O
E
S

S
K
I
L
L
S

1
.
6
.
1

I
d
e
n
t
i
f
y
 
p
r
e
s
e
n
t
 
p
o
s
i
t
i
o
n

t
h
r
o
u
g
h
 
d
e
a
d
 
r
e
c
k
o
n
i
n
g
,
 
c
o
n
t
a
c
t
,

A
d
i
o
.
'
e
l
e
c
t
r
o
n
i
c
 
i
n
e
r
t
i
a
l
 
t
e
c
h
-

n
i
q
u
e
s
.

1
6
.
2
'
 
P
i
l
o
t
 
c
o
u
r
s
e
 
t
o
 
d
e
s
i
r
e
d

p
o
s
i
t
i
o
n
,

1
,
6
,
3

E
s
t
a
b
l
i
s
h
 
s
p
e
e
d
,
 
h
e
a
d
i
n
g

r
e
q
u
i
r
e
d
 
t
o
 
r
e
a
c
h
 
d
e
s
i
r
e
d
 
p
o
s
i
t
i
o
n

a
t
'
 
d
e
s
i
r
e
d
 
t
i
m
e
.

1
,
6
.
4

O
p
e
r
a
t
e
 
r
a
d
i
o
;
 
e
l
e
c
t
r
o
n
i
c

a
n
d
 
i
n
e
r
t
i
a
l
 
n
a
v
i
g
a
t
i
o
n
 
s
y
s
t
e
m

c
o
n
t
r
o
l
s
 
t
o
 
m
a
k
e
 
g
o
o
d
'
 
d
e
s
i
r
e
d

*
.
p
o
s
i
t
i
o
n
;
 
t
a
k
e
 
c
e
l
e
s
t
i
a
l

n
a
v
i
g
o
-
:

t
i
o
n
 
(
A
x
e
s
.

1
,
6
:
6

R
e
c
o
n
c
l
l
e
 
d
a
t
a
 
a
m
o
n
g
 
d
i
f
-

f
e
r
e
n
t
 
n
a
v
i
g
a
t
i
o
n
 
m
o
d
e
s
 
a
n
d

s
y
s
t
e
m
s
.

1
.
6
0
6

S
e
l
e
c
t
 
n
a
v
i
g
a
t
i
o
n
 
m
o
d
e
s

a
p
p
r
o
p
r
i
a
t
e
 
t
o
 
m
i
s
s
i
o
n
,
 
e
n
v
i
r
o
h
-

v
e
n
t
 
a
n
d
 
s
y
s
t
e
m
 
s
t
a
t
u
s

c
o
n
s
t
t
a
i
n
t
S

1
,
7

T
a
r
g
e
t

D
e
t
e
c
t
i
o
n
/

A
c
q
u
i
s
i
t
i
o
n

I

1
,
7
.
1
'
 
O
p
e
r
a
t
e
 
p
e
r
i
s
c
o
p
e
,
 
r
a
d
a
r
.

s
o
n
a
r
 
s
y
s
t
e
m
s
 
t
o
 
d
e
t
e
c
t
 
p
o
t
e
n
-

t
i
a
l
 
t
a
r
g
e
t
s
,

4

1
.
7
,
2
 
E
v
a
l
u
a
t
e
 
s
e
n
s
o
r
 
d
a
t
a
 
f
o
r

t
a
r
g
e
t
 
t
f
p
e
,
 
p
o
s
i
t
i
o
n
,
 
s
p
e
e
d
,

b
o
n
d
i
n
g
,
'
 
t
h
r
e
a
t
.

1
.
7
,
1

P
i
l
o
t
 
t
a
r
g
e
t
 
p
o
s
i
t
 
i
o
n
;

m
a
i
n
t
a
i
n
 
d
a
t
a
 
o
n
 
p
o
s
i
t
i
o
n
.

l
y
e
a
d
i
n
g
 
s
p
e
d
t
j
 
a
n
d
 
e
h
r
e
a
t
 
S
t
a
t
u
s
,

1
:
7
,
4

P
r
e
d
i
c
t
 
t
a
r
g
e
t
 
p
o
s
i
t
i
o
n
,

h
e
a
d
i
n
g
.
.
 
s
p
e
e
d
,
 
b
a
s
e
d
 
o
n
 
m
i
n
i
m
a
l

d
a
t
a
,

o
n

P
r
i
n
e
l
p
l
e
s
 
o
f
 
d
e
a
d

r
e
v
k
o
n
i
n
g
,
 
r
a
d
i
o
,
 
e
l
C
c
"

C
r
o
o
k
.
,
 
c
O
n
t
a
t
e
,
 
c
e
l
e
s
t
i
a
l

i
n
e
r
t
i
a
l

k
 
L
i
m
i
t
a
t
i
o
n
s
 
a
n
d

a
i
m
-

C
i
l
i
t
i
e
%
 
o
f
 
n
a
v
i
g
a
t
i
o
n

'
m
o
d
e
s
 
a
n
d
 
s
y
s
t
e
m
s
.
_

.

T
a
c
t
i
c
a
l
 
a
n
d
 
e
n
v
i
r
o

m
e
n
t
a
l
 
e
f
f
e
c
t
s
 
o
n
 
(
I
n
c
h
,

n
a
v
i
g
a
t
i
o
n
 
m
o
d
e
,

A
n
d
'
t
e
c
h
n
i
q
u
e
.

,
A

P
o
s
i
t
i
o
n
 
l
t
d

t
o
I
r
s
e

p
l
o
t
t
i
n
g
 
t
e
c
h
n
l
q
t
e
i
.

'
r
e

P
r
o
c
e
d
u
r
e
s
 
r
e
q
u
i
r
e
d

i
n
 
o
p
e
r
a
t
i
n
g
,
 
e
l
i
t
e

i
n
g
,

o
u
t
,
 
a
l
i
g
n
i
n
g
 
a
l
a
i

v
a
l
u
-

a
t
i
n
g
 
n
a
v
i
g
a
t
i
o
n
 
I
 
s
w
i
m

a
n
d
s
 
e
q
u
i
p
m
e
n
t

a
S
e
n
s
o
t
 
o
p
e
r
a
t
i
n
g

p
r
o
t
e
d
o
t
t
c
.

b
t
'
h
a
r
a
c
t
e
r
i
s
t
i
c
s
 
o
f

p
o
t
e
n
t
i
a
l
 
t
a
r
g
e
t
s
 
(
v
i
s
u
a
l
,

s
o
n
a
r
,
 
r
a
d
a
r
)
,

g
.

P
o
s
i
t
i
o
n
 
p
l
o
t
t
i
n
g

p
r
o
c
e
d
u
r
t
F
.

L
o
m
m
o
n
i
c
a
t
i
o
n
s

v
E
n
v
i
r
o
n
s
.
.
.
n
u
l
l
 
e
f
f
c
c
t

o
n
 
s
c
n
F
o
r
 
d
a
t
a
.

A

A
I
n
t
e
r
p
r
e
t
a
t
i
o
n
 
o
f
 
p
o
s
i
-

t
i
o
n
,
 
s
p
e
e
d
 
a
n
d
 
h
e
a
d
i
n
g

q
i
f
a
 
f
r
o
m
 
v
a
r
i
o
u
s
 
s
o
u
r
c
e
s
.

k
 
S
e
l
e
c
t
i
o
n
 
o
f
 
n
a
v
i
g
a
t
i
o
n

m
o
d
e
s
 
a
n
d
 
s
y
s
t
e
m
s
 
c
o
m
p
a
t
i
b
l
e

w
i
t
h
 
m
i
s
s
i
o
n
,
 
t
a
c
t
i
c
a
l
 
a
n
d

s
e
c
u
r
l
i
y
 
r
e
q
u
i
r
e
m
e
n
t
s
.

S
,

M
o
d
i
f
i
c
a
t
i
o
n
 
o
f
 
W
a
v
i
g
a
-

t
i
o
n
a
l
.
m
o
d
e
 
t
o
 
a
c
c
o
u
n
t
 
f
o
r

v
a
r
i
a
t
i
o
n
s
 
i
n
 
m
i
s
s
i
o
n

r
e
q
u
i
r
e
m
e
n
t
s
 
a
n
d
 
o
h
a
n
g
e
,
s

i
n
 
n
a
v
i
g
a
t
i
o
n
 
s
y
s
t
e
m
s
 
a
n
d

e
n
v
i
r
o
n
m
e
n
t
a
l
 
s
t
a
t
u
s
,

L
t

P
e
r
c
e
p
t
i
o
n
 
a
n
d
 
e
x
t
r
a
p
o
-

l
a
t
i
o
n
 
o
f
 
t
a
r
g
e
t
m
o
t
i
o
n
 
t
o

p
r
e
d
i
c
t
 
f
u
t
u
r
e
 
p
o
s
i
t
i
o
n
.

A
 
P
r
r
e
e
p
t
i
o
n
,
o
f
f
r
e
l
e
v
a
n
t

t
a
r
g
e
t
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
,
 
i
n

v
a
r
i
o
u
s
 
b
a
s
i
c
 
e
n
v
i
r
o
n
m
e
n
t
s
;

d
i
s
c
r
i
m
i
n
a
t
i
o
n
 
o
f
t
a
r
g
e
t

t
y
p
e
s
.

E
v
a
l
u
a
t
i
o
n
 
o
f
 
d
a
t
a
 
f
r
o
m

v
a
r
i
o
u
s
 
.
e
n
s
o
r
 
m
o
d
e
s
 
a
n
d

'
Y
s
t
e
m
.

F
a
m
i
l
i
a
r
i
c
a
t
i
o
n
w
i
t
h

p
r
o
c
e
d
U
r
e
s
 
r
e
q
u
i
r
e
d
-
i
n

c
o
n
t
a
c
t
,
 
r
a
d
i
o
,
 
e
l
e
c
t
r
o
n
i
c

c
e
l
e
s
t
i
a
l
,
 
I
n
e
r
t
i
a
l
 
n
a
v
i
-

g
a
t
i
o
n
,
'

k
 
F
a
m
i
l
i
a
r
i
s
a
t
i
o
n
 
w
i
t
h

e
f
f
e
c
t
s
 
o
f
 
m
i
s
s
i
o
n
 
e
n
v
i
r
o
n
:

m
o
o
t
,
 
t
a
c
t
i
c
s
 
o
n
 
n
a
v
i
g
a
-

t
i
o
n
 
s
y
s
t
e
m
,
c
a
p
a
b
i
l
i
t
i
e
s
:

i
n
 
s
e
l
e
c
t
f
o
n
,

u
t
i
l
i
r
a

o
n
 
o
f
 
a
v
a
i
l
a
b
l
e

n
a
v
i
g
a
t
i
o
n
a
l
 
p
r
o
c
e
d
u
r
e
s
.

A
 
E
r
O
o
s
u
r
e
 
t
o
 
i
n
t
e
r
-

r
e
l
a
t
i
o
n
s
 
o
f
 
t
a
c
t
i
c
s
,

m
i
s
s
i
o
n
,
 
e
n
v
i
r
O
p
e
e
n
t
,

n
a
v
i
g
a
t
i
o
n
 
m
o
d
e
;
 
p
r
a
c
t
i
c
e

i
n
 
m
o
d
i
f
y
i
n
g
 
m
o
d
e
 
o
f

o
p
e
r
a
t
i
o
n
 
t
o
 
a
c
c
o
u
n
t
 
f
o
r

v
a
r
y
i
n
g
%
d
i
r
e
c
t
i
o
n
s
.

f
6.

a
F
a
m
i
l
i
a
r
i
z
a
t
i
o
n
 
w
i
t
h

t
y
p
e
s
 
o
f
 
d
a
t
a
 
p
r
o
v
i
d
e
d

b
y
 
s
e
n
s
o
r
 
w
y
6
t
e
m
s
,
 
e
f
f
e
c
t
s

o
f
 
e
n
v
i
f
o
n
m
e
n
C
;
,
,
 
M
i
s
s
i
o
n

a
n
d
 
t
a
c
t
i
c
s
 
o
n
 
q
u
a
l
i
t
y
 
o
f

s
a
n
i
t
O
t
:
d
a
t
a
.

k
 
P
r
a
c
t
i
c
e
 
i
n
 
i
n
t
e
r
p
r
e
-

t
a
t
i
O
n
'
o
f
 
t
a
r
g
e
t
 
d
a
t
a
 
i
n

r
e
p
r
e
s
e
n
t
a
t
i
v
e
 
e
t
n
i
i
r
o
n
-

m
e
n
t
s
 
a
n
d
 
o
p
e
r
a
t
i
n
g
 
m
o
d
e
s
,

I.



C
.

T
A

B
L

E
 .1

4.
.(

co
nt

 'd
)

PE
R

SO
N

N
E

L
 T

A
SK

S 
R

E
Q

U
IR

E
D

 T
O

 O
PE

R
A

T
E

 M
IL

IT
A

R
Y

 S
Y

ST
E

M
S

S
 
i
'
S
T
E
i
b
t
 
F
U
N
C
T
I
O
N
S
,

1
.
7

(
C
o
n
t
'
d
.
.
)
'

1
.
8

W
b
a
p
o
n

S
e
l
q
c
t
i
o
n
,

C
h
e
c
k
o
u
t
,

A
i
m
i
n
g
,

A
d
j
u
s
t
m
e
n
t
,
'

A
r
m
i
n
g
/

L
a
u
n
t

P
E
R
S
O
N
N
E
L
 
F
U
N
C
T
I
O
N
S

K
N
O
W
L
E
D
C
E
S
*

S
K
I
L
L
S

T
R
A
I
N
I
N
G
 
S
I
C
N
t
P
I
C
A
O
C
E

.5

1
.
8
.
1

I
d
e
n
t
i
f
y
 
w
e
a
p
o
n
 
e
f
f
e
c
t

r
e
q
u
i
r
e
d
 
b
y
 
m
i
s
s
i
o
n
.
 
t
a
c
t
i
c
s

a
n
d
 
e
n
v
i
r
o
n
m
e
n
t
.

A

1
.
8
2
 
E
v
a
l
u
a
t
e
 
w
e
a
p
o
n
 
a
l
t
e
r
 
-

n
a
t
i
v
e
s
.

1
,
&
.
3

S
e
l
e
c
t
 
w
e
a
p
o
n
 
a
n
d
'
e
l
i
v
e
r
y

m
o
d
;
 
c
o
m
p
a
t
i
b
l
e
 
w
i
t
h
 
m
i
s
s
i
o
n

r
e
q
u
i
r
e
m
e
n
t
s
,
 
w
e
t
a
p
o
n
'
s
t
a
t
9
s
,

t
a
c
t
i
c
s
,
 
t
a
r
d
t
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
s

a
n
d
 
e
n
v
i
r
o
n
m
e
n
t
a
l
 
c
o
n
s
t
r
a
i
n
t
s
.

J
.
8
.
4

t
s
t
a
b
.
l
i
s
h
 
w
e
a
p
o
n
/
t
a
r
g
e
t

i
n
t
e
r
c
e
p
t
 
p
o
i
n
t
 
a
n
d
 
A
l
m
,
.

.
-

1
.
8
.
5
'
 
R
A
n
g
e
/
A
l
i
g
n
i
a
f
l
u
s
t
 
w
e
a
p
o
n

.
.
f
o
r
 
r
e
q
u
i
r
e
d
 
t
r
a
j
e
c
t
o
r
y
 
t
o
 
t
a
r
g
e
t
.

1
.
8
.
6

I
d
e
n
t
i
f
y
 
a
n
d
 
a
t
t
a
i
n
 
l
a
u
n
c
h

p
o
s
i
t
i
o
n
;
 
l
a
u
n
c
h
 
w
e
a
p
o
n
.

1,
8:

7-
S
e
n
s
e

A
nd

e
v
a
l
u
a
t
e
 
w
e
a
p
o
n

e
f
f
e
c
t
 
f
o
r
 
s
u
b
s
e
q
u
e
n
t
 
l
a
u
n
c
h
.

1
.
9
%
 
C
l
o
s
e
-
i
n

1
.
9
4

C
o
n
t
r
o
l
 
s
u
b
m
a
r
i
n
e
 
s
p
e
e
d

M
a
n
e
u
v
e
r
i
n
g

a
n
d
,
 
h
e
a
d
i
n
g
 
t
o
 
t
a
k
e
 
u
p
t
e
s
i
r
e
d
.

a
n
d
,
D
o
c
k
i
n
g

p
o
s
i
t
i
o
n
 
w
i
t
h
 
t
e
s
p
e
c
t
 
t
o

1i
5c

.,
o
r
 
m
o
v
i
n
g
 
.
r
e
f
e
r
e
n
c
e
.

1
,
9
.
1
.
1

S
t
n
s
.
(

m
i
c
e
 
r
e
l
a
t
i
v
e
 
b
e
a
t
i
n
g
,
 
m
o
t
i
o
n

44
.

a
 
w
e
a
p
o
n
 
c
a
p
a
b
i
l
i
t
i
e
s
.

k
M
i
s
s
i
o
n
 
r
e
q
u
i
r
e
m
e
n
t
s
.

E
T
A
r
o
n
m
e
n
t
a
l
 
e
f
f
e
c
t
t

o
n
 
w
e
a
p
o
n
 
e
m
p
l
o
y
m
e
n
t
.

i
 
T
a
c
t
i
c
a
l
 
t
f
f
e
c
t
s
 
o
n

w
en

p0
8

e
m
p
l
o
y
m
e
n
t
.

L
.
 
W
e
a
p
o
n
 
s
e
l
e
c
t
i
o
n
,

'
c
h
e
c
k
o
u
t
,
 
a
i
m
i
n
g
 
a
d
j
u
s
t
-

m
e
n
t
,
 
a
l
i
g
n
m
e
n
t
,
 
a
r
m
i
q
g

.

a
n
d
 
l
a
u
n
c
h
 
p
r
o
c
e
d
u
r
e
s
.

f
 
M
a
n
e
u
v
e
r
i
n
g
 
p
r
o
c
e
d
u
r
e
s
.

r
i

s
u
b
m
a
r
i
n
e
 
s
u
r
i
r
c
e

d
y
n
a
m
i
c
s
.

!
!
,

C
o
m
m
u
n
i
c
a
t
i
o
n
s

p
r
o
c
e
d
u
r
s
.

I
 
S
e
l
e
c
t
'
i
o
n
 
o
f
 
s
e
n
s
o
r

o
p
e
r
a
t
i
n
&
m
o
d
e
s
 
t
o
 
e
n
h
I
n
c
e

t
a
r
g
e
t
 
a
c
q
u
i
s
i
t
i
o
n
 
p
r
o
b
a
-

b
i
l
i
t
y
.

I
n
t
e
g
r
a
t
i
o
n
 
o
f
 
d
a
t
a
 
o
n

t
a
r
g
e
t
 
r
e
l
a
t
i
v
e
 
p
o
s
i
t
i
o
n

a
n
d
 
m
o
t
i
o
n
,
;
w
e
a
p
o
n
 
c
h
a
r
a
c
-

t
e
r
i
s
t
i
c
s
 
a
n
4
 
o
w
n
-
s
h
i
p

m
o
t
i
o
n
 
a
n
d
 
p
d
a
i
t
i
o
n
 
t
o

d
e
f
i
n
e
 
w
e
a
p
o
n
 
l
a
u
n
c
h
 
t
i
m
e

a
n
d
 
p
a
r
a
m
e
t
e
r
s
.

I
L

E
v
a
l
u
a
t
i
o
n
 
o
f
 
m
i
s
s
i
o
n
,
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APPENDIX B

110 POTENTIAL TRAINING EXPERIMENTS

The data summarized in Tables 15 and 10Pages B-2 and
. B-26) were used as indications of the types of human factors

problems encountered in the design of specific,Fraining de-
vices. The studies cited in Table 15 illustratd,the-Rinds of
learning, training and, device design experiments required in
the past in dealing with the types of problems apticipated for
the ETSS. In most;,caSes,' the studies cited reflect attempts
to optimize learning within relatively specific contexts, in-.
dicating a continuing need for experimentation in,the derive-

.

tion, application and verificatidn of device design concepts
in specific training settings. The data summarized in Table 16
represent an application of the concepts in Table 15, to a spe-
Cific, complex-device design, indicating the manner in which

system like the ETSS would be used to define more kecisely
he charactetistics of this type of device for more effective,
fficient training application.

Table 16 is a matrix sh ing the extent-of correspondence
.b tween the listing of trains research problems in Table 15
a d the characteristics'of a re atively complex sample train-
in device._ The 2F88, the F4J Weapon System Trainer, was ,

ch sen as the example because of its complexity, and because
it nables demonstration of the vaiiety'of decisions ,required
in preparation of a training device specification, relative
to the learning, perceptual, training and training control.
functions associated with thd device.

I

Major omeriment categories listed in Column 1 of Table 15
are represented across the top of Table 16, with entries in
the table indicating the types of research problems associated
with significant paragraphs of the specification. Far example,
paragraph V.B.7 of the specifiCation calls for +10° and -4.5°
of pitch motion in the trainer cockpit, +7.5° in roller 12 inches,
of heave and +7.5° of motion in the yaw axis. While these
motions may be appropriate for this devic other aircraft
weapon system trainers and similar devic s may require other
motion capabilities in support of training in their own unique
functions and modes of utilization. S milarly, other charac-
teristics of this and other devices a e subject to experimental
analysis in the implementation of s cific training requirements.

4
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1
9
6
5
.

F
u
n
c
t
i
o
n
-

a
l
 
a
n
d
 
A
p
p
e
a
r
a
n
c
e
 
F
i
d
e
l
i
t
y
 
o
f
 
P
r
o
c
e
d
-

u
r
e
s
 
T
r
a
i
n
e
r
.

S
i
l
v
e
r
,
 
C
.
 
A
,
,
 
J
o
n
e
s
,
 
J
.
H
.
 
a
n
d
 
L
a
n
d
i
s
,

D
.

A
n
a
l
y
s
i
s
 
o
f
 
R
a
d
a
r
 
T
r
a
i
n
i
n
g
-
R
e
-

q
u
i
r
e
m
e
n
t
s
.

N
A
V
T
R
A
D
E
V
C
E
N
 
1
3
4
5
-
1
,

A
u
g
u
s
t
 
1
9
6
6
.

A
u
s
t
i
n
,
 
U
.
R
.

p
h
o
t
o
g
r
a
p
h
i
c
 
I
n
s
t
r
u
m
e
n
t

S
Y
n
t
h
e
s
i
x
e
r
.

A
F
F
D
C
 
T
R
-
6
5
-
1
7
4
,
 
M
a
r
c
h

1
9
6
6
.

'

H
c
a
r
n
s
,
 
J
.
F
.

T
h
e
 
E
f
f
e
c
t
 
o
f
 
A
d
v
a
n
c
e
d
.

C
u
e
i
n
g
 
o
n
 
t
h
e
 
D
e
t
e
c
t
i
o
n
 
o
f
 
T
a
r
g
e
t
s

i
n
 
a
 
V
i
s
u
a
l
 
S
e
a
r
c
h
 
T
a
s
k
.

U
n
i
v
e
r
s
i
t
y

M
i
c
r
o
f
i
l
m
s
,
 
'
6
8
-
9
1
7
6
 
(
P
h
.
 
D
.
 
D
i
s
a
e
r
-

L
o
t
i
o
n
)
,

E
l
r
o
d
,
 
W
.
H
.
 
e
t
 
e
l
.

H
u
m
a
n
 
F
a
c
t
o
r

S
t
u
d
y
 
f
o
r
 
A
S
W
 
H
e
l
i
c
o
p
t
e
r
 
T
a
c
t
i
c
a
l

T
e
a
m
 
T
r
a
i
n
e
r
,
 
D
e
v
i
c
e
 
1
4
H
4
,

V
o
l
.
 
I
.

H
o
n
e
y
w
e
l
l
 
T
e
c
h
 
D
o
c
.
 
2
6
7
-
6
5
W
C
,

J
u
n
e
 
1
9
6
5
.

N
A
V
T
R
A
D
E
V
C
E
N
 
1
5
6
8
-
2
,

B
a
k
e
r
,
 
R
.
A
.

D
e
v
e
l
o
p
m
e
n
t
 
a
n
d
 
E
v
a
l
u
-

a
t
i
o
n
 
o
f
 
S
y
s
t
e
m
o
 
f
o
r
 
t
h
e
 
C
o
n
d
u
c
t
 
o
f

T
a
c
t
i
c
a
l
 
T
r
a
i
n
i
n
g
 
a
t
 
t
h
e
 
T
a
n
k
 
P
l
a
t
o
o
n

L
e
v
e
l
.

(
H
u
o
R
R
O
)

A
p
r
i
l
 
1
9
6
4
.

(
A
D
 
4
3
8
 
8
4
5
)



T
A

B
L

E
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5.
 (

co
nt

' d
)

A
N

T
IC

IP
A

T
E

D
 E

T
SS

 E
X

PE
R

IM
E

N
T

S

E
X
P
E
R
I
M
E
N
T
 
C
A
T
E
G
O
R
Y

R
E
L
A

E
D
 
E
T
S
,
C
 
M
O
D
U
L
E

R
A
T
I
O
N
A
L
E

P
E
R
T
I
N
E
N
T
 
L
I
T
E
R
A
T
U
R
E

T
.
A
.

T
.
D
.

S
E
N

S
Y
S

1
.
2

D
e
v
e
l
o
p
 
m
e
t
h
o
d
s
 
a
n
d
 
t
e
c
h
n
i
q
u
e
s

f
o
r
 
p
r
e
t
a
i
d
i
n
g
 
f
e
e
d
b
a
c
k
 
t
o
 
t
h
e

-
t
r
a
i
n
e
e
.

1
.
2
.
1

E
n
h
a
n
c
e
m
e
n
t
 
o
f
 
n
o
r
m
a
l
l
y
-

a
v
a
i
l
a
b
l
e
 
f
e
e
d
b
a
c
k
,

1
.
2
.
t

D
e
v
e
l
o
p
m
e
n
t
 
o
f
 
a
u
d
i
o
,

v
i
s
u
a
l
,
 
t
a
c
t
i
l
e
 
o
r
 
o
t
h
e
r

m
e
a
n
s
 
o
f
 
p
r
o
v
i
d
i
n
g

a
r
t
i
f
i
c
i
a
l
 
f
e
e
d
b
a
c
k
:

1
.
2
.
3

D
e
v
e
l
o
p
m
e
n
t
 
o
f
 
f
e
e
d
b
a
c
k

f
o
r
m
a
t
s
.

-
 
1
.
2
.
4

D
e
v
e
l
o
p
 
m
e
a
n
s
'
o
f
L
s
p
l
a
y
-

i
n
g
 
t
a
c
t
i
c
a
l
 
d
a
t
a
i
f
o
r

,

t
r
a
i
n
e
e
 
f
e
e
d
b
a
c
k
,
 
p
e
r
f
o
r
m
-

a
n
t
e
 
e
v
a
l
u
a
t
i
o
n
 
a
n
d

t
r
a
i
n
e
e
 
g
u
i
d
a
n
c
e
.

.

.
.

1 .

3
1

4

.

F
e
e
d
b
a
c
k

T
r
a
i
n
i
n
g
 
e
f
f
e
c
t
i
v
e
n
e
s
s
 
c
a
n
 
b
e
 
e
n
h
a
n
c
e
d

i
n
 
m
a
n
y
 
t
r
a
i
n
i
n
g
 
s
i
t
u
a
t
i
o
n
s
 
b
y
 
a
s
s
u
r
i
n
g

t
h
a
t
 
t
h
e
 
t
r
a
i
n
e
e
 
r
e
c
e
i
v
e
s
 
t
i
m
e
l
y
 
a
n
d

r
e
l
e
v
a
n
t
 
i
n
f
o
r
m
a
t
i
o
n
 
c
o
n
c
e
r
n
i
n
g
 
t
h
e

e
f
f
e
c
t
s
 
o
f
 
h
i
s
 
p
e
r
f
o
r
m
a
n
c
e
,
 
o
n
 
t
h
e
 
p
e
r
-
 
-
C
o
r
d
e
s
;

f
o
r
m
a
n
c
e
l
o
f
 
t
h
e
 
s
y
s
t
e
m
 
o
r
 
s
u
b
s
y
s
t
e
m

w
h
i
c
h
 
h
e
 
i
s
 
l
e
a
r
n
i
n
g
 
t
o
 
o
p
e
r
a
t
e
.
 
U
s
u
a
l
l
y

s
o
m
e
 
i
n
f
o
r
m
a
t
i
o
n
 
i
s
 
a
v
a
i
l
a
b
l
e
 
t
o
 
t
h
e

t
r
a
i
n
e
e
 
a
s
 
a
 
c
o
n
s
e
q
u
e
n
c
e
 
o
f
 
t
h
e
 
n
a
t
u
r
e

o
f
 
t
h
e
 
s
y
s
t
e
m
.

S
o
m
e
t
i
m
e
s
 
t
h
i
s
 
m
u
s
t
 
b
e

e
n
h
a
n
c
e
d
 
o
r
 
p
r
o
c
e
s
s
e
d
 
t
o
 
m
a
k
e
 
i
t
 
a
v
a
i
l
.
,

a
b
l
e
 
a
t
 
t
h
e
 
p
r
o
p
e
r
 
t
i
m
e
 
a
n
d
/
o
r
 
i
n
 
u
s
e
f
u
l

f
o
r
m
,

S
o
m
e
t
i
m
e
s
 
a
r
t
i
f
i
c
i
a
l
 
d
a
t
a
 
m
u
s
t

b
e
 
g
e
n
e
r
a
t
e
d
 
t
o
 
o
p
t
i
m
i
z
e
 
l
e
a
r
n
i
n
g
 
r
a
t
e
s
,

p
a
r
t
i
c
u
l
a
r
l
y
 
i
n
 
t
h
e
 
e
a
r
l
y
 
s
t
a
g
e
s
 
o
f

l
e
a
r
n
i
n
g
 
i
n
 
s
y
s
t
e
m
s
 
i
n
 
w
h
i
c
h
 
n
o
r
m
a
l

f
e
e
d
b
a
c
k
 
i
s
 
l
a
c
k
i
n
g
,
 
d
e
l
a
y
e
d
 
o
r
 
u
n
c
l
e
a
r
.

I
n
 
m
a
n
y
 
t
r
a
i
n
i
n
g
 
s
i
t
u
a
t
i
o
n
s
,
 
e
n
h
a
n
c
e
m
e
n
t

a
n
d
 
g
e
n
e
r
a
t
i
o
n
 
o
f
 
f
e
e
d
b
a
c
k
 
m
u
s
t
 
b
e

c
u
r
t
a
i
l
e
d
 
t
o
 
a
s
s
u
r
e
 
t
h
e
 
d
e
v
e
l
o
p
m
e
n
t
 
o
f

t
r
a
i
n
e
e
 
s
k
i
l
l
s
 
r
e
l
e
v
a
n
t
 
t
o
 
t
h
e
 
o
p
e
r
a
t
i
o
n
-

a
l
 
s
y
s
t
e
m
 
r
a
t
h
e
r
 
t
h
e
n
 
t
o
 
t
h
e
 
s
y
s
t
e
m
 
o
r

d
e
v
i
c
e
 
e
m
p
l
o
y
e
d
 
i
n
 
t
r
a
i
n
i
n
g
.

I
n
 
e
a
c
h

o
f
 
t
h
e
s
e
 
c
a
s
e
s
,
 
r
e
q
u
i
r
e
m
e
n
t
s
 
f
o
r
 
t
h
e

d
e
s
i
g
n
 
o
f
 
a
n
d
 
t
h
e
 
v
a
l
u
e
 
o
f
 
f
e
e
d
b
a
c
k

a
r
e
 
s
u
f
f
i
c
i
e
n
t
l
y
 
s
p
e
c
i
f
i
c
 
t
o
 
t
h
e
 
t
r
a
i
n
-

i
n
g
 
s
u
b
t
a
s
k
s
 
t
o
 
w
h
i
c
h
 
t
h
e
y
 
a
r
e
 
r
e
l
a
t
e
d

t
o
 
n
e
c
e
s
s
i
t
a
t
e
 
e
m
p
i
r
i
c
a
l
 
e
x
p
e
r
i
m
e
n
t
a
-

t
i
o
n
.

H
e
a
r
n
e
,
 
J
.
F
.

T
h
e
 
E
f
f
e
c
t
 
o
f
 
A
d
v
a
n
c
e

C
u
e
i
n
g
 
o
n
 
t
h
e
'
D
e
t
e
c
t
i
o
n
 
o
f
 
T
a
r
g
e
t
s

i
n
 
a
 
V
i
s
u
a
l
 
S
e
a
r
c
h
 
T
a
s
k
.

U
n
i
v
e
r
s
i
t
y

M
i
c
r
o
f
i
l
m
s
.
 
#
6
8
-
9
1
7
6
 
(
P
h
.
D
.
 
D
i
e
s
e
r
-

t
a
t
i
o
n
)
.

C
S
.
 
s
o
d
 
G
o
t
t
l
i
e
b
,
 
M
.
J
.

(
Y
e
s
h
i
v
a
 
U
s
i
v
e
r
e
i
t
y
)
.

S
l
i
e
s
t
 
o
f

C
o
p
p
l
e
s
e
a
t
e
l
 
V
I
L
S
O
O
1
 
C
o
s
s
 
s
e
 
R
e
m
y

P
o
t
e
s
i
t
.

J
.
 
E
x
p
.
 
l
o
o
p
c
b
e
l
.
,
 
V
o
l
.
 
7
S
,

p
e
e
e
m
b
e
r
 
1
9
4
7
,
 
p
p
.
5
4
4
-
5
6
1
1
,

B
u
c
k
o
u
t
,
 
R
.
,
 
N
a
y
l
o
r
,
 
J
.
C
.
 
a
n
d
 
B
r
i
g
g
s
,

G
.
E
.

E
f
f
e
c
t
s
 
o
f
 
M
o
d
i
f
i
e
d
 
T
a
s
k
 
F
e
e
d
-

b
a
c
k
 
D
u
r
i
n
g
 
T
r
a
i
n
i
n
g
 
o
n
 
P
e
r
f
o
r
m
a
n
c
e

o
f
 
a
 
S
i
m
u
l
a
t
e
d
 
A
t
t
i
t
u
d
e
 
C
o
n
t
r
o
l
 
T
a
s
k

A
f
t
e
r
 
T
h
i
r
t
y
 
D
a
y
s
.

A
M
R
L
 
T
D
R
-
6
3
-
1
2
5
,

D
e
c
e
m
b
e
r
 
1
9
6
3
.

B
o
l
d
e
n
,
 
H
,
M
.
,
 
B
i
s
h
o
p
,
 
E
.
W
.
,
 
P
r
o
m
i
s
e
l
,

D
.
 
a
n
d
 
R
o
b
i
n
s
.
 
J
.
E
.

S
t
u
d
y
,
 
A

m
e
n
t
 
o
f
 
P
i
l
o
t
 
P
r
o
f
i
c
i
e
n
c
y
.

N
A
V
T
R
A
-

D
E
V
C
E
N
 
1
6
1
4
-
1
.
 
A
u
g
u
s
t
 
1
9
6
6
.

A
n
n
e
t
t
.
 
J
.

(
U
n
i
v
e
r
s
i
t
y
 
o
f
 
A
b
e
r
d
e
e
n
,

S
c
o
t
l
a
n
d
)
.

T
h
e
 
U
s
e
 
o
f
 
C
u
i
n
g
 
i
n

T
r
a
i
n
i
n
g
 
T
a
s
k
s
:

P
H
A
S
E
 
I
I
.

.

-

1



4

s
6,

4
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L
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5.
 {

co
n 

t d
'A

N
T

 I
C

 I
PA

T
E

D
 E

T
 S

S 
E

X
PE

R
IM

E
N

T
S

E
X
P
E
R
I
M
E
N
T
 
C
A
T
E
G
O
R
Y

R
E
L
A
T
E
D
 
E
T
S
S
 
M
u
D
U
L
E

_
.

R
A
T
I
O
N
A
L
E

.
'
"

P
E
R
T
I
N
E
N
T
 
L
I
T
E
R
A
T
U
R
E

T
.
A
.

T
.
D
.

S
E
N
S
Y
S

.

1
.
3

D
e
v
p
l
o
p
 
c
o
n
c
e
p
t
s
 
a
n
d
 
m
e
a
n
s

o
f
 
'
p
?
o
v
i
d
i
n
g
 
t
r
a
i
n
e
e
 
c
o
n
t
r
o
l

.
 
-
O
v
e
r
 
P
l
e
 
_
l
e
a
r
n
i
n
g

s
i
t
u
a
t
i
o
n
.

-
.

.

i

1
.
3
.
1

D
e
v
e
l
o
p
m
e
n
t
 
o
f
 
`
s
e
l
f
-

i
n
s
t
r
u
c
t
i
o
n
a
l
 
c
o
n
c
e
p
t
(

f
o
r
 
s
p
e
c
i
f
i
c
 
d
e
v
i
c
e
s

c
:

.
.

a
n
d
 
d
e
v
i
c
e
 
a
p
p
l
i
c
a
t
i
O
n
s
.

1
.
3
.
2

D
e
v
e
l
o
p
m
e
n
t
 
o
f
 
m
e
t
h
o
d
s

f
o
r
 
t
r
a
i
n
e
e
 
i
d
e
n
t
i
f
i
e
s
-

t
i
o
n
,
 
s
e
l
e
c
t
i
o
n
 
a
n
d

p
r
a
c
t
i
c
e
 
o
f
 
s
p
e
c
i
f
i
c

t
r
a
i
n
i
n
g
 
p
r
o
b
l
e
m
s
.

.

-
.

0
.

.
-

.
.

.

.
* .

1

.

1

.

1

,

4

.

5
e
l
f
-
I
n
s
t
r
u
c
t
i
o
n
a
l
 
C
o
n
c
e
p
t
s

.

. .

.
.
,
-

.

.
.

.

.

.

.

I
n
s
t
r
u
c
t
i
o
n
a
l
 
e
f
f
i
c
i
e
n
c
y
 
c
a
n
 
s
o
m
e
t
i
m
e
s

l
i
e
 
e
n
h
a
n
c
e
d
 
b
y
 
p
e
r
m
i
t
t
i
n
g
 
t
h
e
 
t
r
a
i
n
e
e
.

t
o
 
p
a
r
t
i
c
i
p
a
t
e
 
i
n
 
s
o
m
e
 
l
i
m
i
t
e
d
 
a
s
p
e
c
t
s

o
f
 
t
r
a
i
n
i
n
g
 
c
o
n
t
r
o
l
:

U
n
d
e
r
 
s
o
m
e
 
e
i
r
v

c
u
m
a
t
a
n
c
e
s
,
 
t
h
e
 
t
r
a
i
n
e
e
 
c
a
n
 
d
i
a
g
n
o
s
e
'

h
i
s
 
o
w
n
 
l
e
v
e
l
 
o
f
 
p
e
r
f
o
r
m
a
n
c
e
,
 
s
e
l
e
c
t
'

'
-
-
-
-

e
x
e
r
c
i
s
e
s
 
f
o
r
 
p
r
a
c
t
i
c
e
 
a
n
d
 
e
v
a
l
u
a
t
e

h
i
s
 
o
w
n
 
p
r
o
g
r
e
s
s
 
t
o
w
a
r
d
 
t
h
e
 
c
r
i
t
e
r
i
a
 
-
-

e
s
t
a
b
l
i
s
h
e
d
 
f
o
r
 
t
h
e
 
s
p
e
c
i
f
i
c
 
t
r
a
i
n
i
n
g

s
e
t
t
i
n
g
.

T
h
e
 
e
q
u
i
p
m
e
n
t
 
u
s
e
d
 
t
o

f
a
c
i
l
i
t
a
t
e
 
t
h
i
s
 
t
y
p
e
 
o
f
 
t
r
a
i
n
e
e
 
p
a
r
t
i
-

c
i
p
a
t
i
o
n
 
r
e
d
u
c
e
s
 
t
h
e
 
f
i
d
e
l
i
t
y
 
w
i
t
h

w
h
i
c
h
 
t
h
e
 
t
r
a
i
n
e
e
'
s
 
p
r
a
c
t
i
c
e
 
s
t
a
t
i
o
n

r
e
p
r
e
s
e
n
t
s
 
t
h
e
 
o
p
e
r
a
t
i
o
n
a
l
 
s
y
s
t
e
m

o
p
e
r
a
t
o
r
'
s
 
s
t
a
t
i
o
n
.

I
t
 
m
u
s
t
 
t
h
u
s
 
b
e

4
d
e
s
i
g
n
e
d
 
f
o
r
 
m
i
n
i
m
u
m
 
i
n
t
e
r
f
e
r
e
n
c
e
 
w
i
t
h

n
o
r
m
a
l
 
t
r
a
i
n
i
n
g
,
 
a
s
 
w
e
l
l
 
a
s
 
f
o
r
 
o
p
t
i
m
u
m

u
t
i
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4

-1
1

7

1
.
0

E
N
V
I
R
O
N
M
E
N
T
A
L
 
S
I
M
U
L
A
T
I
O
N

T
h
e
 
e
f
f
e
c
t
s
 
o
f
 
t
h
e
 
o
p
e
r
a
t
i
o
n
a
l

e
n
v
i
r
o
n
m
e
n
t
 
o
n
 
o
p
e
r
a
t
o
r

p
e
r
f
o
r
m
a
n
c
e

a
n
d
 
t
h
e
 
u
t
i
l
i
z
a
t
i
o
n
 
o
f
 
e
n
v
i
r
o
n
m
e
n
t
a
l

c
u
e
s
 
i
n
 
t
h
e
 
l
e
a
r
n
i
n
g
 
a
n
d
 
e
x
e
c
u
t
i
o
n
 
o
f

o
p
e
r
a
t
o
r
 
t
a
s
k
s
 
a
r
e
 
o
f
 
m
a
j
o
r
 
s
i
g
n
i
f
i
-

c
a
n
c
e
 
i
n
 
t
h
e
 
d
e
s
i
g
n
 
o
f
 
m
a
n
y
 
t
r
a
i
n
i
n
g

s
y
s
t
e
m
s
.

M
a
n
y
 
e
n
v
i
r
o
n
m
e
n
t
a
l
 
c
u
e
s
 
c
a
n

b
e
 
i
n
c
o
r
p
o
r
a
t
e
d
 
i
n
 
s
y
n
t
h
e
t
i
c
 
t
r
a
i
n
i
n
g

d
e
v
i
c
e
s
 
w
i
t
h
 
r
e
l
a
t
i
v
e
l
y
 
l
i
t
t
l
e
 
'
d
i
f
f
i
-

c
u
l
t
y
 
o
r
 
e
x
p
e
n
s
e
,
 
b
u
t
 
m
a
n
y
 
w
h
i
c
h
 
h
a
v
e

s
i
g
n
i
f
i
c
a
n
c
e
 
f
o
r
 
o
p
e
r
a
t
o
r
 
l
e
a
r
n
i
n
g
 
a
n
d

p
e
r
f
o
r
m
a
n
c
e
 
c
a
n
n
o
t
 
b
e
 
p
r
o
v
i
d
e
d
 
f
o
r

/
r
e
a
s
o
n
s
 
o
f
,
 
c
o
a
t
,
 
s
a
f
e
t
y
 
a
n
d
/
o
r
 
e
n
g
i
n
e
e
r
-

i
n
g
 
f
e
a
s
i
b
i
l
i
t
y
.

S
o
m
e
 
o
f
 
t
h
e
 
e
s
s
e
n
t
i
a
l

c
u
e
s
'
c
a
n
 
b
e
 
s
y
n
t
h
e
s
i
z
e
d
,
 
p
r
o
v
i
d
e
d
,

a
d
e
q
u
a
t
e
 
d
a
t
a
 
a
r
e
 
a
v
a
i
l
a
b
l
e
 
o
n
 
t
h
e

m
a
n
n
e
r
 
i
n
 
w
h
i
c
h
 
t
h
e
y
 
a
n
d
 
t
h
e
i
r
 
e
s
s
e
n
-

t
i
a
l
 
e
l
e
m
e
n
t
s
 
a
r
e
 
p
e
r
c
e
i
v
e
d
 
w
i
t
h
i
n
-
a

g
i
v
e
n
 
t
a
s
k
 
c
o
n
t
e
x
t
.

%
%
h
e
r
e
 
e
s
s
e
n
t
i
a
l

c
u
e
s
 
c
a
n
n
o
t
 
b
e
 
e
f
f
e
c
t
i
v
e
l
y
 
r
e
p
r
o
d
u
c
e
d

o
r
 
r
e
p
r
e
s
e
n
t
e
d
,
 
i
t
 
i
s
 
n
e
c
e
s
s
a
r
y
 
t
o

a
l
l
o
c
a
t
e
 
t
h
e
 
i
t
a
i
n
i
n
g
 
f
u
n
c
t
i
o
n
 
t
o
 
w
h
i
c
h

t
h
e
y
 
r
e
l
a
t
e
,
 
t
o
 
t
h
e
 
o
p
e
r
a
t
i
o
n
a
l
 
s
y
s
t
e
m
,

o
r
 
t
o
 
s
o
m
e
 
m
o
d
i
f
i
c
a
t
i
o
n
 
o
f
 
t
h
e
 
o
p
e
r
a
-

t
i
o
n
a
l
 
s
y
s
t
e
m
.

E
x
p
e
r
i
m
e
n
t
a
l
 
d
a
t
a

s
p
e
c
i
f
i
c
 
t
o
 
t
a
s
k
s
 
a
n
d
 
t
o
 
t
h
e
 
t
a
s
k

e
n
v
i
r
o
n
m
e
n
t
 
a
r
e
 
r
e
q
u
i
r
e
d
 
i
n
 
t
r
a
i
n
i
n
g

'
s
y
s
t
e
m
 
d
e
s
i
g
n
,
 
w
h
i
c
h
 
r
e
f
l
e
c
t
 
t
r
a
i
n
e
e

p
e
r
c
e
p
t
i
o
n
 
o
f
 
s
i
g
n
i
f
i
c
a
n
t
 
e
n
v
i
r
o
n
m
e
n
t
a
l

c
u
e
s
,
 
t
h
e
 
i
n
f
l
u
e
n
c
e
 
o
f
 
t
h
e
 
c
u
e
 
o
n
 
t
r
a
i
n
-

i
n
g
,
 
t
h
4
 
l
e
v
e
l
 
t
o
 
w
h
i
c
h
 
s
p
e
c
i
f
i
c
 
t
a
s
k
s

c
a
n
 
b
e
 
t
r
a
i
n
e
d
'
i
n
 
t
h
e
 
a
b
s
e
n
c
e
 
o
f
 
s
o
m
e

c
u
e
s
,
 
a
n
d
 
t
h
e
 
m
a
n
n
e
r
 
i
n
 
w
h
i
c
h
 
t
h
e

o
p
e
r
a
t
i
o
n
a
l
 
s
y
s
t
e
m
 
m
u
s
t
 
b
e
 
m
o
d
i
f
i
e
d

t
o
 
m
a
k
e
 
i
t
 
a
 
s
a
f
e
,
 
e
c
o
n
o
m
i
c
a
l
 
a
n
d

e
f
f
e
c
t
i
v
e
 
s
o
u
r
c
e
 
o
f
 
t
r
a
i
n
i
n
g
 
i
n
 
t
a
s
k
s

V
a
l
v
e
r
d
e
,
 
H
.
H
.

F
l
i
g
h
t
 
S
i
m
u
l
a
t
o
r
s
,

A
 
R
e
v
i
e
w
 
o
f
 
t
h
e
 
R
e
s
e
a
r
c
h
 
a
n
d
 
D
e
v
e
l
o
p
-

m
e
n
t
.

A
M
R
L
 
T
R
-
6
8
-
9
7
,
 
J
u
l
y
 
1
9
6
8
.

A
r
o
n
s
o
n
,
 
M
.
,
 
C
h
e
a
,
 
F
.

A
s
s
a
u
l
t
 
%
o
a
t

C
o
x
s
w
a
i
n
 
T
r
a
i
n
e
r
 
F
e
a
s
i
b
i
l
i
t
y
 
S
t
u
d
y
.

N
A
V
T
R
A
D
E
V
C
E
N
 
1
H
-
5
8
,
 
F
e
b
r
u
a
r
y
 
1
9
6
7
.

S
t
a
p
l
e
f
o
r
d
,
 
F
O
L
.
,
 
P
e
t
e
r
s
.
'
 
R
.
A
.
,

A
l
e
x
,
 
F
.
R
.

E
x
p
e
r
i
m
e
n
t
s
 
a
n
d
 
a
 
M
o
d
e
l

f
o
r
 
P
i
l
o
t
 
D
y
n
a
m
i
c
s
 
w
i
t
h
 
V
i
s
u
a
l
 
a
n
d

M
o
t
i
o
n
 
I
n
p
u
t
s
.

N
A
S
A
 
C
R
-
1
3
2
5
,
 
M
a
y

1
9
6
9
.

P
a
d
g
e
t
t
,
 
G
.
V
.
.
 
D
o
l
p
h
,
 
R
.
J
.
 
(
L
o
c
k
h
e
e
d
)
.

O
c
e
a
n
o
g
r
a
p
h
i
c
 
a
n
d
 
H
y
d
r
o
g
r
a
p
h
i
c

S
y
s
t
e
m
s
 
f
o
r
 
T
r
a
i
n
i
n
g
.

N
A
V
T
R
A
D
E
V
C
E
N

1
4
9
4
-
1
,
 
M
a
y
 
1
9
6
6
.

K
i
d
d
,
 
E
d
w
i
n
 
A
.
,
 
G
i
f
f
o
r
d
,
 
B
.
 
a
n
d

H
a
r
p
u
r
,
 
R
o
b
e
r
t
 
P
.
,
 
J
r
.

I
n
-
F
l
i
g
h
t

S
i
m
u
l
a
t
i
o
n
 
-
-
 
T
h
e
o
r
y
 
a
n
d
 
A
p
p
l
i
c
a
t
i
o
n
.

P
r
e
s
e
n
t
e
d
 
a
t
 
t
h
e
 
A
G
A
R
D
 
S
p
e
c
i
a
l
i
s
t
s
'

M
e
e
t
i
n
g
 
o
n
 
1
0
-
1
4
 
A
p
r
i
l
 
1
9
6
1
.

6
a
r
h
u
r
s
t
,
 
J
.
S
.
,
 
C
o
r
n
e
l
l
,
 
J
.
A
.
,

F
r
i
z
e
l
l
,
 
R
.
V
.
 
(
L
S
I
)
.

U
n
d
e
r
w
a
t
e
r

E
n
v
i
r
o
n
m
e
n
t
 
S
i
m
u
l
a
t
i
o
n
 
F
e
a
s
i
b
i
l
i
t
y
:

p
i
n
e
'
 
R
e
p
o
r
t
 
N
A
V
T
R
A
D
E
V
C
E
N
 
1
8
6
1
-
1
,

O
c
t
o
b
e
r
 
1
9
6
6
.

U
$
N
T
D
C
.

D
a
m
a
g
e

P
o
s
i
t
i
o
n
 
P
a
p
e
r
.

O
c
t
o
b
e
r
 
1
9
6
7
.

C
o
n
t
r
o
l
 
T
r
a
i
n
i
n
g

U
S
N
T
D
C
 
T
-
3
6
8
1
,

a



7

T
A
B
L
E
 
1
5
.
(
c
o
n
t
'
d
)

A
N
T
I
C
I
P
A
T
E
D
E
T
S
S
'
E
X
P
E
R
I
M
E
N
T
S

4

E
X
P
E
R
I
M
E
N
T
 
C
A
T
E
G
O
R
Y

3
.
1

E
v
a
l
d
a
t
i
o
n
 
o
f
 
o
p
e
r
a
t
o
r

s
t
a
t
i
o
n
 
m
o
t
i
o
n
 
a
s
 
a
 
s
o
u
r
c
e

o
f
 
c
u
e
s
 
t
o
'
 
o
p
e
r
a
t
o
r
 
p
e
r
-

f
o
r
m
a
n
c
e
 
a
n
d
 
t
r
a
i
n
i
n
g
.

3
.
1
.
1
 
B
e
t
e
r
m
i
n
a
t
i
o
n
'
o
f
?
o
h
r
e
s
-

h
o
l
d
s
 
f
o
r
 
m
o
t
i
o
n
 
a
l
o
n
g

a
n
d
 
a
r
i
b
a
r
d
 
e
a
c
h

t
h
r
e
e
 
W
O
O
 
a
x
i
s
:

3
.
1
.
2

D
e
t
e
r
m
i
n
a
t
i
o
n
 
-
C
i
f
 
t
h
r
e
s
-

h
o
l
d
s
 
f
o
r
 
m
o
t
i
o
n
 
a
l
o
n
g

a
n
d
 
a
r
o
u
n
d
 
c
o
m
b
i
n
a
t
i
o
n
s

o
f
 
b
o
d
y
 
a
x
e
s
.

3
.
1
.
3

E
v
a
l
u
a
t
i
o
n
 
o
f
 
m
o
t
i
o
n

t
h
r
e
s
h
o
l
d
s
 
i
n
'
p
e
m
p
l
e
x

t
a
s
k
 
e
n
v
i
r
o
n
m
e
n
t
s
.

I
t
;
4
.
1
.
4

E
v
a
l
u
a
t
i
o
n
 
o
f
 
t
h
e

s
i
g
-

n
l
f
i
c
a
n
c
e
 
o
f
 
o
p
e
r
a
t
o
r

I
g
'
'
:
t
o
l
t
r
n
i
f
o
r
c
i
t
a
n
t
f
n
4
2

s
o
u
n
d
 
a
n
d

i
n
s
e
r
u
m
e
t
i
t
 
s
o
u
r
c
e
s
.

3
.
1
.
5

I
d
e
n
t
i
f
i
c
a
t
i
O
n
 
o
f
 
t
h
e

d
e
g
r
e
e
 
a
n
d
 
m
o
d
s
 
o
f

u
t
i
l
i
z
a
t
i
o
n
 
o
f
 
m
o
t
i
o
n

'
c
o
m
e
s
 
i
n
t
.
t
h
e
,
,
:
e
x
e
c
u
t
i
o
n

o
f
 
s
p
e
c
i
f
i
c
_
b
p
e
r
a
t
o
r

t
a
s
k
s
.

2

R
E
L
A
T
E
D
 
E
T
S
S
 
M
O
D
U
L
E

T
.A

.

N
/A

T
.D

.
S
E
N f

SY
S

R
A
T
I
O
N
A
L
E

r
e
q
u
i
r
i
n
g
 
t
r
a
i
n
e
e
 
e
x
p
o
s
u
r
e
 
t
o
 
c
u
e
s

n
o
t
 
a
v
a
i
l
a
b
l
e
 
i
n
 
t
h
e
.
s
y
n
t
h
e
t
i
c
'
p
o
r
t
i
o
n

o
f
 
t
h
e
 
t
r
a
i
n
i
n
g
 
s
y
s
t
e
m
.

T
r
a
i
n
e
e
 
S
t
a
t
i
o
n
 
M
o
t
i
o
n

V
e
h
i
c
l
e
 
o
p
e
r
a
t
o
r
s
 
e
x
p
e
r
I
c
i
m
e

m
o
t
i
o
n
 
i
n
 
t
h
e
 
e
x
e
c
u
t
i
o
n
 
d
f
 
t
h
e
i
r
 
o
o
n
-

t
r
a
l
 
t
a
s
k
s
.

T
h
e
s
e
 
M
e
t
a
-
m
a
'
 
m
a
y
 
a
c
t
 
I
s

d
i
s
t
r
a
c
t
i
n
g
 
i
n
f
l
u
e
n
c
e
s
,
 
a
n
d
 
t
h
e
y
 
m
a
y

a
l
s
o
 
p
r
o
v
i
d
e
 
c
u
e
s
 
t
o
 
s
y
s
t
e
m
 
s
t
a
t
u
s

w
h
i
c
h
 
a
r
e
 
e
s
s
e
n
t
i
a
l
 
i
n
 
t
i
m
e
l
y
 
a
n
d

e
f
f
e
c
t
i
v
e
 
s
y
s
t
e
m
 
c
o
n
t
r
o
l
.

C
u
r
r
e
n
t
l
y
,

a
d
e
q
u
a
t
e
 
d
a
t
a
 
a
r
e
 
l
a
c
k
i
n
g
 
o
n
 
t
h
e
 
s
e
n
s
i
-

t
i
v
i
t
y
 
o
f
 
s
y
s
t
e
m
 
o
p
e
r
a
t
o
r
s
 
t
o
 
m
o
t
i
o
n
,

p
a
r
t
i
c
u
l
a
r
l
y
 
i
n
 
d
y
n
a
m
i
c
 
t
a
s
k
 
e
n
v
i
r
o
n
-

m
e
n
t
s
,
 
a
n
d
 
i
n
 
a
n
d
 
a
l
o
n
g
 
m
o
r
e
 
t
h
a
n
 
o
n
e

b
o
d
y
 
a
x
i
s
 
a
t
 
a
 
t
i
m
e
.

T
h
e
 
a
b
i
l
i
t
y
 
o
f

m
o
t
i
o
n
'
c
u
e
s
 
t
o
 
s
u
m
m
a
t
e
.
 
w
i
t
h
 
o
t
h
e
r

s
o
u
r
c
e
s
 
o
f
 
s
y
s
t
e
m
 
d
a
t
a
,
 
a
n
d
 
t
h
e

i
n
f
l
u
e
n
c
e
 
o
f
 
v
i
s
u
a
l
,
 
s
o
u
n
d
 
a
n
d
 
i
n
s
t
r
u
-

m
e
n
t
 
c
u
e
s
 
o
n
 
t
h
e
 
p
e
r
c
e
g
t
i
o
c
t
 
o
f
 
m
o
t
i
o
n

a
r
e
 
a
l
s
o
 
c
u
r
r
e
n
t
l
y
 
s
p
e
c
i
f
i
e
d
 
f
o
r
 
m
o
s
t

.
t
a
s
k
 
s
i
t
u
a
t
i
o
n
s
.

B
a
s
i
c
 
r
e
s
e
a
r
c
h
 
i
s

e

r
e
q
u
i
r
e
d
 
i
n
 
t
h
i
s
 
a
r
e
a
,
 
b
u
t
 
m
o
r
e
 
s
o
r
t
.

f
i
c
a
n
t
 
d
a
t
a
-
 
a
r
e
 
a
l
s
o
.
n
e
e
d
e
d
 
i
n
 
t
h
e

d
e
s
i
g
t
f
h
r
a
p
e
s
,
,
i
f
0
 
t
r
a
i
n
i
n
g
.
 
S
y
s
t
e
m
s
,

t
o
 
a
s
s
u
r
e
,
'
e
f
f
e
o
t
i
v
e
 
i
i
a
!
p
i
p
g

s
p
e
c
i
f
i
c
 
s
u
b
t
e
e
k
s
 
a
n
d
 
t
a
s
k
 
a
i
r
t
0
*
-
q

s
t
a
n
c
e
s
.

P
E
R
T
I
N
E
N
T
 
L
I
T
E
R
A
T
U
R
E

'
B
e
r
g
e
r
s
o
n
,
 
H
P
.
 
a
n
d
 
A
d
a
m
s
,
 
J
a
m
e
s
 
J
.

M
e
a
s
u
r
e
d
 
T
r
a
n
s
f
e
r
 
F
u
n
c
t
i
o
n
s
 
o
f
 
P
i
l
o
t
s

D
u
r
i
n
g
 
T
w
o
-
A
x
i
s
 
T
a
s
k
s
 
w
i
t
h
 
M
o
t
i
o
n
.

N
A
S
A
 
T
N
.
D
-
2
1
7
7
,
 
M
a
r
c
h
 
1
9
6
4
.

.
S
a
d
o
f
f
,
 
M
e
l
v
i
n
.

A
 
S
t
u
d
y
 
o
f
 
a
 
P
i
l
o
t
'
s

A
b
i
l
i
t
y
 
t
o
 
C
o
n
t
r
o
l
 
D
u
r
i
n
g
 
S
i
m
u
l
a
t
e
d

S
t
a
b
i
l
i
t
y
 
A
u
g
m
e
n
t
a
t
i
o
n
 
S
y
s
t
e
m
 
F
a
i
l
-

u
r
e
s
.
.
 
N
A
S
A
 
T
N
 
D
-
1
5
5
2
,
 
N
o
v
e
m
b
e
r
 
1
9
6
2
.

G
i
g
i
n
o
,
 
D
.
J
.
 
(
A
S
D
)
.

E
f
f
e
c
t
s
 
o
f

P
r
e
s
e
n
c
e
 
o
r
 
A
b
s
e
n
c
e
'
o
f
 
C
o
c
k
p
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c
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c
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c
u
e
s
.
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c
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e
n
t
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c
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o
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c
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c
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c
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c
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p
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p
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c
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u
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b
e
i
n
g

t
r
a
i
n
e
d
,
 
w
i
t
h
 
t
h
e
 
l
e
v
e
l
;
O
f
 
*
k
i
l
l
 
t
o
 
b
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b
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p
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n
g
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g
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e
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r
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h
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n
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n
 
t
h
e
 
o
p
e
r
a
t
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n
a
l
 
e
n
v
i
r
o
n
m
e
n
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x
p
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r
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m
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n
t
a
l
 
d
a
t
a
 
r
e
l
a
t
i
n
g
 
e
l
e
m
e
n
t
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a
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c
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n
e
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v
a
i
l
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b
l
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h
e
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y
s
t
e
m
 
o
p
e
r
a
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o
 
o
p
e
r
a
t
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r
 
p
e
i
f
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r
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n
t
e
 
a
n
d
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r
a
i
n
i
n
g
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p
e
c
i
f
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c
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k
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,
.
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r
e
 
e
s
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e
n
t
i
a
l
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d
e
v
e
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o
p
i
n
g
 
t
r
a
i
n
i
n
g
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e
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i
'
e
r
i
p
h
e
r
a
l
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y
s
t
e
m
 
e
n
d
 
d
e
v
i
c
e
 
d
e
s
i
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s
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h
i
c
h
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e
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f
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r
a
i
n
i
n
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d

w
h
i
c
h
 
m
a
k
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e
c
o
n
o
m
i
c
a
l
 
u
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e
 
o
f
 
t
h
e
 
/
*
v
e
i
l
-

a
b
l
e
 
d
i
s
p
l
a
y
 
t
e
c
h
n
o
l
o
g
y
.
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.
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R
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.
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p
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c
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c
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p
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c
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c
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.
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p
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p
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c
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p
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p
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p
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c
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.
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c
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c
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p
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p
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c
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c
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c
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c
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p
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c
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p
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p
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p
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p
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p
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b
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p
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p
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p
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p
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c
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c
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.
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u
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i
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.
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i
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.
 
T
h
e
s
i
s
)
.

T
h
e

.

I
n
f
l
u
e
n
c
e
 
o
f
 
U
n
i
s
e
n
s
o
r
y
 
a
n
d
 
B
i
s
e
n
s
o
r
y

P
r
a
c
t
i
c
e
 
u
p
o
n
 
A
u
d
i
t
o
r
y
 
D
i
s
c
r
i
m
i
n
a
t
i
o
n
.

U
n
i
v
.
 
M
i
c
r
o
f
i
l
m
s
.
 
#
6
8
-
2
3
5
9
.

M
a
c
k
i
e
,
 
R
.
R
.
,
 
H
a
r
a
b
e
d
i
a
n
,
 
A
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S
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u
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i
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1
3
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M
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r
c
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1
9
6
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V
a
l
l
e
r
i
e
,
 
E
.
L
.
 
a
n
d
 
L
i
n
k
,
 
J
a
m
e
s
 
M
.

V
i
s
u
a
l
'
D
e
t
e
c
t
i
o
n
 
P
r
o
b
a
b
i
l
-

i
c
y
 
o
f
 
"
S
o
n
a
r
"
 
T
a
r
g
e
t
s
 
a
s
 
a
 
F
u
n
c
t
i
o
n

i

o
f
 
R
e
t
i
n
a
l
 
P
o
s
i
t
i
o
n
,
a
n
d
 
B
r
i
g
h
t
n
e
s
s

.

T
h
e
 
s
o
u
n
d
s
 
t
o
 
w
h
i
c
h
 
s
y
s
t
e
m
 
o
p
e
r
a
t
o
r
s

a
r
e
 
e
x
p
o
s
e
d
'
c
a
n
 
b
e
 
i
m
p
o
r
t
a
n
t
 
i
n
 
m
a
s
k
-

i
n
g
 
e
s
s
e
n
t
i
a
l
 
i
n
f
o
r
m
a
t
i
o
n
 
i
n
 
d
i
s
t
r
a
c
t
-

i
n
g
 
t
h
e
 
o
p
e
r
a
t
o
r
 
f
r
o
m
 
h
i
s
 
p
r
i
m
a
r
y
 
t
a
s
k
s
,

a
n
d
 
i
n
 
f
a
c
i
l
i
t
a
t
i
n
g
 
h
i
s
 
p
e
r
f
o
r
m
a
n
c
e
 
b
y

p
r
o
v
i
d
i
n
g
,
e
s
s
e
n
t
i
a
l
 
c
u
e
s
 
t
o
 
t
h
e
 
p
e
r
f
o
r
 
-
-

m
a
n
c
e
,
 
s
t
a
t
u
s
 
a
n
d
 
c
o
n
d
i
t
i
o
n
 
o
f
 
t
h
e

s
y
s
t
e
m
 
a
f
t
d
 
t
o
 
t
h
e
 
q
u
a
l
i
t
y
 
o
f
 
h
i
s
 
o
w
n

p
e
r
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r
m
a
n
c
e
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n
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s
y
s
t
e
m
i
c
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o
f
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e
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o
u
r
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a
n
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i
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c
o
m
m
u
n
i
c
a
t
i
o
n
s
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o
u
n
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4
1
1
1
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D
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n
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a
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.
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b
e
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p
r
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m
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c
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p
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c
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R
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R
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.
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.
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o
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r
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n
 
o
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p
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c
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p
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D
e
v
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o
p
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t
 
o
f
*
p
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e
p
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g
r
a
m
-

w
e
d
 
a
r
y
l
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o
p
t
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e
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r
a
i
n
i
n
g
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p
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c
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p
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c
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c
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c
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c
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.
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c
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c
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f
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l
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r
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p
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.
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c
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i
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p
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c
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d
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p
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r
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i
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c
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c
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f
i
c

s
o
u
n
d
s
 
a
n
d
.
s
o
u
n
d
 
c
o
m
p
o
n
e
n
t
s
 
f
o
r
 
l
e
a
r
n
-

.
i
n
g
 
r
e
c
i
d
l
r
e
,
 
h
o
w
e
v
e
r
0
 
e
x
p
e
r
i
m
e
n
t
a
l

a
n
a
l
y
s
i
s
 
o
f
 
t
h
e
-
t
r
a
i
n
i
n
g
 
s
i
g
n
i
f
i
c
a
n
c
e

b
o
t
h
 
o
f
 
I
e
u
n
d
 
e
l
e
m
e
n
t
s
 
A
n
d
 
o
f
.
m
e
t
h
o
d
s

o
f
 
p
r
e
s
e
n
t
i
n
g
 
t
h
e
m
 
t
o
,
t
b
e
 
t
r
a
i
n
e
e
,

-

w
i
t
h
i
n
 
s
p
e
c
i
f
i
c
,
t
a
s
k
 
a
n
d
 
t
r
a
i
n
i
n
g
\

c
o
n
t
e
x
t
s
.

R
e
q
u
i
r
e
m
e
n
t
s
 
f
o
r
 
s
o
u
n
d

f
i
d
e
l
i
t
y
 
m
u
s
t
 
a
l
s
o

b
e
k
4
t
a
b
l
i
s
h
e
d

f
o
u
r

s
p
e
c
i
f
i
c
,
 
t
a
s
k
s
,
 
t
r
a
i
n
i

,
l
e
v
e
l
s
 
a
n
d

-

J
.
.
c
a
l
n
e
e
 
q
u
a
l
i
f
i
c
a
t
i
o
n
s
.

F
r
e
q
u
e
n
t
l
y
,

'
t
h
e
'
p
r
e
s
O
n
c
e
 
o
r
 
a
b
s
e
n
c
e
 
o
f

s
o
u
n
d
 
w
r
i
t

f
U
l
f
4
1
1
 
t
h
e
 
t
r
a
i
n
i
n
g

r
e
q
d
i
r
e
m
e
n
t
.

I
n

o
t
h
e
r
i
n
s
t
e
n
c
e
s
,
t
h
e
 
.
q
u
a
l
i
t
y
 
o
f
 
t
h
e

s
o
u
n
d
 
w
i
l
l
 
b
e
.
s
i
g
n
i
f
i
c
a
n
t
.
i
n
 
p
e
r
m
i
t
t
i
n
g

d
m
 
d
e
v
e
l
o
p
m
e
n
t
 
o
f
 
e
s
s
e
n
t
i
a
l

p
e
r
c
e
p
t
u
a
l

s
k
i
l
l
s
.
2
 
I
n
 
s
t
i
l
l
 
o
t
h
e
r
 
i
n
s
t
a
n
c
e
s
,
 
i
t

w
i
l
l
 
b
e
 
n
e
c
e
s
s
a
r
y
t
o

p
r
o
g
r
e
s
s
i
v
e
l
y

-

m
a
n
i
p
u
l
a
t
e
 
t
h
e
 
i
n
c
i
d
t
d
e
e
,
 
v
o
l
u
m
e
 
a
n
d

t
h
e
-
q
u
a
l
i
t
y
 
o
f
 
t
a
s
k
-
I
t
i
g
n
i
f
i
c
a
n
t
 
s
o
u
n
d
s

t
o
 
f
a
c
i
l
i
t
a
t
e
 
t
h
e
 
d
e
v
 
e
l
o
p
m
e
n
t
 
o
f
 
s
k
i
l
l

i
n

a
n
d
 
a
n
a
l
y
z
i
n
g
 
i
n
f
o
r
m
s
,

Z
i
o
n
 
w
h
i
c
h
 
i
s
 
c
r
u
c
i
a
l
 
t
o
 
t
h
i
t
i
l
y
s
t
e
m

o
p
e
r
a
t
o
e
s
.
t
a
s
k
s
.

.

.

.
I

.

C
o
n
t
r
a
s
t
.

H
u
m
a
n
F
a
c
t
o
r
l
,
 
V
o
l
.
*
1
0
,

.

A
u
g
u
s
t
 
1
9
6
8
,

p
p
.
4
0
1
-
4
1
1
.

,

.
.

e
,

4
,

4
.

.
.

.
.

N
T
D
C
.

S
t
u
d
y
 
o
f
 
S
u
b
m
a
r
i
n
e
 
D
a
m
a
g
e

C
o
n
t
r
o
l
 
T
r
a
i
n
i
n
g
.
.

N
A
V
T
I
A
D
E
V
O
E
N
 
1
8
1
3
 
-

2
,
,
J
u
l
y
 
1
9
6
6
:

.

.
0

.

.

.
t

.

-
1

'

.
.

0
' t
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t
i

T
A
B
L
E
 
1
5
.
 
(
c
o
n
t
'
d
)

A
N
T
I
C
I
P
A
T
E
D
E
T
S
S
,
M
P
E
R
i
M
E
N
T
S

U
P
E
R
I
M
E
N
T
 
C
A
1
T
E
G
O
R
Y

R
E
L
A
T
E
D
 
E
T
S
S
 
N
O
D
U
L
E

L
R
A
T
I
O
N
A
L
E

t
P
E
R
T
I
N
E
N
T
 
u
T
t
i
A
n
n
i
t

T
.
A
.

T
.
D
.

S
E
N

S
Y
S

4
.
0

.

D
E
v
m
m
t
k
i
l
O
r
r
,
o
F
 
C
O
N
C
E
P
T
S
 
A
N
D

t
\ .

.

. A

4
,
D
 
A
u
T
o
n
A
 
E
N
S
T
R
U
C
T
I
6

G
a
b
b
a
r
d
.
 
R
.
.
 
t
r
a
d
i
j
a
n
,
 
J
.
M
.
 
a
n
d

B
r
o
o
k
s
,
 
P
.
A
.

H
a
n
d
b
o
o
k
 
f
o
r
 
t
h
e

'

C
o
n
s
i
d
e
r
a
t
i
o
n
 
o
f
 
T
r
a
i
i
i
i
n
g
 
F
u
n
c
t
i
o
n
s

D
u
r
i
n
g
 
D
e
s
i
g
n
 
o
f
 
O
p
o
r
a
f
i
o
n
a
l
 
E
q
u
i
p
-

w
e
n
t
.
.
 
N
A
V
T
R
A
D
E
V
C
E
N
 
1
4
5
0
-
2
,
 
J
u
l
y
 
1
9
6
5
.

f
i
l
t
k
e
y
,
 
A
.
E
.

C
o
m
p
u
t
e
r
-
A
s
s
i
s
t
e
d

I
n
s
t
r
u
c
t
i
o
n
:

.
1
4
 
S
u
r
v
e
y
 
o
f
 
t
h
e
 
L
i
t
e
r
-

a
t
u
r
e
.

A
n
n
u
a
l
 
T
e
c
t
i
.
 
R
e
p
.
 
O
c
t
'
1
9
6
6
 
-

J
u
l
y
 
1
9
6
8
,
 
E
n
i
e
l
e
k
,
 
I
n
c
.
.
 
N
e
w
b
u
r
y
i
o
r
t
.

M
a
s
s
.

T
R
-
8
.

(
A
D
 
6
8
1
 
0
7
9
)
.

e)

T
o
r
r
.
 
D
A
.
,
 
M
o
r
e
l
l
o
,
 
S
.
 
a
n
d
 
P
r
e
v
e
l
,

J
.
J
.
 
(
G
e
n
e
r
a
l
 
L
e
a
r
n
i
n
g
 
C
o
r
p
.
,
 
W
i
s
h
.
,

D
.
C
.
)

A
 
P
l
a
n
 
f
o
r
 
t
h
e
 
E
s
t
a
b
l
i
s
h
m
e
n
t

o
f
 
a
 
C
o
m
p
u
t
e
r
-
A
i
d
e
d
 
I
n
i
t
r
u
c
t
i
o
n

R
o
s
e
a
r
c
h
 
a
n
d
 
D
e
v
e
l
o
p
m
e
n
t
 
C
e
n
t
e
r
.

J
u
l
y
 
1
9
6
7
.

_

a
.

C
o
s
n
e
r
,
 
L
.
E
.

S
t
u
d
y
 
o
f
 
C
o
m
p
u
t
e
r
s
 
t
o

I
m
p
r
o
v
e
 
C
o
m
m
a
n
d
 
P
o
s
t
E
x
e
r
d
i
s
e
s
.

N
A
V
T
R
A
D
E
V
C
E
N
 
1
4
3
9
-
2
,
 
N
o
v
e
m
b
e
r
 
1
9
6
5
.

J
e
a
n
t
h
e
a
u
,
 
G
.
G
.
.
 
A
n
d
e
r
s
o
n
,
 
B
.
G
.

(
D
u
n
l
a
p
)
.

T
r
A
i
n
i
n
g
 
S
y
s
t
e
m
 
U
s
e
 
a
n
d

E
f
f
e
c
t
i
v
e
n
e
s
s
 
E
v
a
l
u
a
t
i
o
n
.

J
u
l
y
 
1
9
6
6
,

N
A
V
T
R
A
D
E
V
C
E
N
 
1
7
4
3
 
-
1
.

1
,
"

A
n
g
e
l
l
,
 
D
.
,
 
S
h
a
r
e
r
,
 
J
.
N
;
 
B
e
r
l
i
n
e
r
.

D
.
C
.
 
(
A
I
R
)

S
t
u
d
y
 
o
f
,
 
T
r
a
i
n
i
n
g
 
P
e
r
-
.

f
o
r
m
a
n
c
e
 
E
v
a
l
u
a
t
i
o
n
 
T
e
c
h
n
i
q
u
e
s
.

N
A
V
T
R
A
D
E
V
C
E
N
 
1
4
4
9
-
1
;
 
O
c
t
o
b
e
r
 
1
9
6
4
.

,
.

,

L
a
r
s
i
e
n
.
 
K
.
C
.
 
(
U
S
C
,
-
L
.
A
.
)

T
r
a
n
s
f
e
r

o
f
 
M
o
V
e
t
o
n
t
 
C
o
m
p
o
n
e
n
t
s
 
i
n

M
o
t
o
r

`
L
e
a
r
n
i
n
g
 
T
a
s
k
.

R
e
s
e
a
r
c
h
'
Q
u
a
r
t
e
r
l
i
;

V
o
l
.
 
3
9
,
 
O
c
t
o
b
e
r
 
1
9
6
8
.
 
(
N
A
S
A
 
A
6
9
-

8
0
7
0
7
)
.

T
E
C
N
N
I
O
U
E
S
I
O
R
.
A
U
T
O
M
A
T
I
C

.
O
p
t
i
m
u
m
 
t
r
a
i
n
i
n
g
 
s
y
s
t
e
m
 
d
e
s
i
g
n
,

r
e
q
u
i
r
e
s
 
m
a
x
i
N
u
i
'
o
b
j
e
c
t
i
a
t
i
.
i
n
 
t
h
e

a
d
m
i
n
i
p
t
r
a
t
i
o
n
,
 
o
r
g
a
n
i
z
a
t
i
o
n
,
 
M
o
n
i
t
o
r
-

i
n
s
,
 
e
v
a
l
O
a
t
i
o
n
 
a
n
d
 
g
u
i
d
a
n
c
e
 
o
f
 
t
h
e

l
e
a
r
n
i
n
g
 
p
r
o
c
e
s
s
.

I
t
 
a
l
s
o
 
r
e
q
u
i
r
e
s

m
a
x
i
m
u
m
 
u
t
i
l
i
z
a
t
i
o
n
 
o
f
 
t
h
e
 
u
n
i
q
u
e

c
a
p
a
b
i
l
i
t
i
e
s
 
o
f
 
i
n
s
t
r
u
c
t
i
o
n
a
l
 
p
e
r
-

s
o
n
n
e
l
 
i
n
 
t
h
e
 
e
v
a
l
u
a
t
i
o
n
,
 
d
i
a
g
n
o
s
i
s

a
n
d
 
g
u
i
d
a
n
c
e
 
o
f
 
t
r
a
i
n
e
e
 
p
e
r
f
o
r
m
a
n
c
e
.

A
u
t
o
m
a
t
e
d
 
i
n
s
t
r
u
c
t
i
o
n
,
 
c
a
n
 
m
a
x
i
m
i
z
e

e
h
e
 
o
b
j
e
c
t
i
v
i
t
y
 
o
f
 
_
t
r
a
i
n
i
n
g
 
a
n
d
 
i
t
 
,
,

c
a
n
 
m
a
k
e
 
o
p
t
i
m
u
m
 
u
s
e
 
o
f
 
i
n
s
t
r
u
c
t
i
o
n
a
l

p
e
r
s
o
n
n
e
l
,
 
t
h
r
o
u
g
h
 
t
h
e
.
 
s
y
s
t
e
m
a
t
i
c

c
o
r
r
e
l
a
t
i
o
n
 
o
f
 
o
p
e
r
a
t
o
r
 
p
e
r
f
o
r
m
a
n
c
e

r
e
q
u
i
r
e
m
e
n
t
s
,
 
t
r
a
i
n
e
e
 
c
a
p
a
b
i
l
i
t
i
e
s

a
n
d
 
l
e
a
r
n
i
n
g
 
m
o
d
e
s
 
a
n
d
 
i
n
s
t
r
u
c
t
o
r

a
n
d
 
c
o
m
p
u
t
e
r
 
c
a
p
a
b
i
l
i
t
i
e
s
.

I
t
 
c
a
n

b
i
 
e
f
f
e
c
t
i
v
e
 
i
n
 
m
i
n
i
m
i
z
i
n
g
 
r
e
q
u
i
r
e
-
'

m
a
n
t
a
 
o
n
 
p
e
r
s
o
n
n
e
l
 
w
h
i
c
h
 
a
r
e
 
n
o
t

c
o
n
s
i
s
t
e
n
t
 
w
i
t
h
.
 
t
h
e
i
r
 
u
n
i
q
u
e
 
c
a
p
s
-

'
b
e
c
l
i
t
i
e
s
.

/

A
.

.
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'
'
'
'
'
'

F
R
O
G
R
A
M
M
I
N
G
 
O
m
 
I
N
S
T
R
U
C
T
I
O
N
.

'

.

"
 
'

.

.
,

.

.
,

r

-
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A

T
A

B
L

E
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5.
 (

co
nt

.' 
d)

A
N

T
IC

IP
A

T
E

D
SS

 E
X

PE
R

IM
E

N
T

S

E
xp

E
R

pa
ar

r
C
A
T
E
G
O
R
Y

R
E
L
A
T
E
D
 
E
T
S
S
 
M
O
D
U
L
E

T
.
A
.

T
.
D
.

S
E
N

S
Y
'
L

R
A
T
I
O
N
A
L

4
.
1

D
e
v
e
l
o
p
m
e
n
t
 
o
f
 
m
e
t
h
o
d
s
 
f
o
r

t
h
e
 
m
e
a
s
u
r
e
m
e
n
t
 
o
f
 
P
e
r
f
o
r
-

m
a
n
c
e
 
a
n
d
 
/
k
e
r
n
i
n
g
.

4
,
1
.
1

D
e
f
i
i
L
t
i
o
n
 
o
f
 
c
r
i
t
e
r
i
a

o
f
 
l
e
a
r
n
i
n
g
 
a
n
d
 
s
k
i
l
l
e
d

p
e
r
f
o
r
m
a
n
c
e
 
i
n
 
s
p
e
c
i
f
i
c

e
s
k
i
l
l
s
 
a
t
 
s
p
e
c
i
f
i
c

s
t
a
g
e
s
 
o
f
 
o
p
e
r
a
t
o
r

t
r
a
i
n
i
n
g
.

V
a
l
i
d
e
t
t
q
a
,
o
f
 
u
m
e
l
l
i
r
c
s

o
f
,
p
e
r
f
o
r
z
s
n
c
e
 
a
n
d
 
l
e
a
r
n
-

i
n
8
.

4
,
1
.
3
 
C
o
r
r
e
l
a
t
i
o
n
 
O
f
 
p
k
r
f
o
r
-

m
a
n
C
e
 
m
e
a
s
u
r
e
,
 
b
e
t
w
e
e
n

l
e
a
-
 
a
n
d
 
h
i
g
h
h
f
i
d
e
l
i
t
y
.

t
r
a
i
n
i
n
g
 
d
e
v
i
k
e
s
.

4
.
1
.
4

D
e
v
e
l
o
p
m
e
n
t
 
o
f
 
f
o
r
-
o
a
t
s
-

f
o
r
 
t
h
e
 
d
i
s
p
l
a
y
 
o
f
 
p
e
r
-

f
o
r
m
a
n
c
e
 
m
e
a
s
u
r
e
s
 
f
o
r

i
n
s
t
r
u
c
t
o
r
.
 
u
s
e
.

l

M
e
a
s
u
r
e
m
e
n
t
 
o
f
 
L
e
a
r
n
i
n
g
,

A
 
m
a
j
o
r
 
p
r
e
r
e
q
u
i
s
i
t
e
 
i
n
 
t
h
e
 
a
u
t
o
m
a
t
i
o
n

o
f
 
t
r
a
i
n
i
n
g
 
i
s
 
t
h
e
 
i
d
e
n
t
i
f
i
c
a
t
i
o
n
 
o
f

p
e
r
f
o
r
m
a
n
c
e
 
p
a
r
a
m
e
t
e
r
s
 
w
h
i
c
h
 
r
e
l
a
t
e
 
t
o

l
e
a
r
n
i
n
g
,
 
a
n
d
 
t
h
e
 
e
s
t
a
b
l
i
s
h
m
e
n
t
 
o
f
 
p
e
r
-

f
o
r
m
a
n
c
e
 
c
r
i
t
e
r
i
a
 
w
h
i
c
h
 
r
e
f
l
e
c
t
 
s
i
g
n
i
-

f
i
c
a
n
t
 
l
e
a
r
n
i
n
g
 
l
e
v
e
l
s
.

S
i
g
n
i
f
i
c
a
n
t

o
p
e
r
a
t
o
r
 
P
e
r
f
o
r
m
a
n
c
e
 
p
a
r
a
m
e
t
e
r
s
 
c
a
n
 
b
e

i
d
e
n
t
i
f
i
e
d
 
i
n
 
t
h
e
 
T
r
a
i
n
i
n
g
 
S
i
t
u
a
t
i
o
n

A
n
a
l
y
s
i
s
,
 
b
u
t
 
s
p
e
c
i
f
i
c
 
p
e
r
f
o
r
m
a
n
c
e

c
r
i
t
e
r
i
a
 
f
r
e
q
u
e
n
t
l
y
 
n
e
k
d
 
t
o
 
b
e
 
d
e
r
i
v
e
d

f
r
o
m
 
e
a
r
l
y
 
e
x
p
e
r
i
e
n
c
e
 
w
i
t
h
 
t
h
e
 
o
p
e
r
a
-

t
i
o
n
a
l
 
s
y
s
t
e
m
 
o
r
 
w
i
t
h
 
t
h
e
 
p
r
o
t
o
t
y
p
e

t
r
a
i
n
i
n
g
 
s
y
s
t
e
m
.

E
x
p
e
n
s
i
v
e
 
m
o
d
i
f
i
c
a
-

t
i
o
n
*
 
t
o
 
,
p
r
o
t
o
t
y
p
e
 
d
e
v
i
c
e
s
,
 
a
n
d
 
i
n
e
f
-

f
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i
o
n
s
,
 
m
e
a
n
s
 
m
u
s
t
 
b
e
 
d
e
v
 
l
o
p
e
d
 
f
o
r

p
r
o
v
i
d
i
n
g
 
e
s
s
e
n
t
i
a
l
 
d
a
t
a
 
i
n
 
f
o
r
u
m
 
w
h
i
c
h

r
e
q
u
i
r
e
.
m
i
n
i
m
u
m
 
i
n
t
e
r
p
r
e
t
a
t
i
 
n
.

I
t
 
m
a
y

a
l
s
o
 
b
e
 
n
e
c
e
s
s
a
r
y
 
t
o
 
d
e
v
e
l
o
p
 
m
e
t
h
o
d
s
 
o
f

a
u
t
o
m
a
t
i
c
a
l
l
y
 
d
e
r
i
v
i
n
g
 
a
n
d
 
i
n
d
i
c
a
t
i
n
g

e
v
a
l
u
a
t
i
o
n
 
a
n
d
 
g
u
i
d
a
n
c
e
 
a
p
p
r
o
a
c
h
e
s
 
t
o

f
u
r
t
h
e
r
 
r
e
d
u
c
e
 
i
n
s
t
r
u
c
t
o
r
 
r
e
s
p
o
n
s
i
b
i
l
i
-
'

t
i
e
s
.

T
h
e
 
s
p
e
c
i
f
i
c
i
t
y
 
o
f
 
a
p
p
r
o
p
r
i
a
t
e

m
e
t
h
o
d
s
 
o
f
 
p
r
e
s
e
n
t
i
n
g
 
p
e
r
f
o
r
m
a
n
c
e
 
d
a
t
a

f
o
r
 
i
n
s
t
r
u
c
t
o
r
 
m
o
n
i
t
o
r
i
n
g
,
 
a
n
d
 
o
f
 
t
h
e

m
e
t
h
o
d
s
 
o
f
 
f
a
c
i
l
i
t
a
t
i
n
g
 
i
n
s
t
r
u
c
t
o
r
 
i
n
t
e
r
-

p
r
e
t
a
t
i
o
n
 
a
n
d
 
u
t
i
l
i
z
a
t
i
o
n
 
o
f
 
p
e
r
f
o
r
m
a
n
c
e

d
a
t
a
,
 
w
i
t
h
 
r
e
s
p
e
c
t
 
t
o
 
t
h
e
 
t
a
s
k
,
 
t
h
e

t
r
a
i
n
e
e
,
 
t
h
e
 
i
n
s
t
r
u
c
t
o
r
 
a
n
d
 
t
h
e
 
t
r
a
i
n
i
n
g

c
o
n
t
e
x
t
,
 
m
a
k
e
 
e
x
p
e
r
i
m
e
n
t
a
t
i
o
n
 
e
s
s
e
n
t
i
a
l

i
n
 
t
h
e
 
d
e
v
e
l
o
p
m
e
n
t
 
o
f
 
e
f
f
e
c
t
i
v
e
 
m
e
a
n
s

o
f
 
i
m
p
l
e
m
e
n
t
i
n
g
 
t
h
e
 
m
o
n
i
t
o
r
i
n
g
 
f
u
n
c
t
i
o
n
.

a
-

,

I
- .

.

I

.
t

-

.

.

.

A

.

r-
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B
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 (

co
rt

 id
)

A
N

T
IC

IP
A

T
E

D
 E

T
SS

 E
X

PE
R

IM
E

N
T

S

.
E
X
P
E
R
I
M
E
N
T
 
C
A
T
E
G
O
R
Y

.

R
E
L
A
T
E
D
 
E
T
S
S
 
H
I
S
D
U
L
E

R
A
T
I
O
N
A
L
E

P
E
R
T
I
N
E
N
T
 
L
I
T
E
R
A
T
U
R
E

T
.
A
.

T
.
D
.

S
E
N

S
Y
S

4
.
3

D
e
v
e
l
o
p
m
e
n
t
 
o
f
 
m
e
t
h
o
d
s
 
a
n
d

t
e
c
h
n
i
q
u
e
s
 
f
o
r
 
t
h
e
 
e
f
f
i
c
i
e
n
t

c
o
n
t
r
o
l
 
o
f
 
t
r
a
f
o
i
n
g
.

,

4
.
3
.
1
 
D
e
v
e
l
o
p
m
e
n
t
 
o
f
 
p
r
e
p
r
o
g
r
a
m
-

t
i
n
e
d
 
t
r
a
i
n
i
n
g
 
p
a
c
k
a
g
e
s
,

4
.
3
.
2

D
e
v
e
l
o
p
m
e
n
t
 
o
f
 
m
e
t
h
o
d
s
 
o
f

s
u
m
m
e
d
 
t
r
a
i
n
i
n
g

o
r
 
m
o
n
i
t
o
r
i
n
g
 
o
f

p
r
e
p
r

s
e
s
s
i
o
n

.

,

w
:
-
1
3

E
v
a
l
u
a
t
i
o
n
 
o
f
 
p
o
s
s
i
b
l
e

m
e
t
h
o
d
s
 
o
f
 
m
o
d
i
f
y
i
n
g
 
p
r
e
'

p
r
o
g
r
a
m
m
e
d
 
t
r
a
i
n
i
n
g

s
e
s
s
i
o
n
s
 
d
i
t
t
y
%
 
t
r
a
i
n
i
n
g
,

.
.
.
-

-
4
.
3
.
4

D
e
v
e
l
o
p
m
e
n
t
 
o
f
 
m
r
t
h
o
d
i
 
f
o
r

g
e
n
e
r
a
t
i
n
g
 
a
n
d
 
p
r
o
g
r
e
m
b
i
n
g

a
u
t
o
m
a
t
e
d
 
t
r
a
i
n
i
n
g
 
p
r
o
g
r
a
m
s
.

A
r

4
.
3
.
5

D
e
t
e
r
m
i
n
a
t
i
o
n
 
o
f
 
o
p
t
i
m
u
m

d
e
g
r
e
e
s
 
a
n
d
 
m
o
d
e
s
 
o
f
 
i
n
s
t
r
u
c
-

t
o
r
 
p
a
r
t
i
c
i
p
a
t
i
o
n
 
i
n
 
t
h
e
 
c
o
n
-

t
r
o
l
 
o
f
 
t
r
a
i
n
i
n
g
 
s
i
t
u
a
t
i
o
n
s
,

4
.
3
.
5
.
1

A
l
l
o
c
a
t
i
o
n
 
o
f
 
e
v
a
l
u
a
t
i
o
n

a
n
d
 
g
u
i
d
a
n
c
e
'
 
r
e
s
p
o
n
s
i
-

b
i
l
i
t
i
e
s
 
t
o
 
t
h
e
 
i
n
s
t
r
u
c
-

f
o
r
 
a
n
d
 
t
h
e
,
 
t
r
a
i
n
i
n
g

.
s
y
s
t
e
m
 
c
o
m
p
u
t
e
r
,

4
.
3
.
5
.
2

D
e
v
e
l
o
p
m
e
n
t
 
o
f
 
m
e
t
h
o
d
s

o
f
 
i
n
s
t
r
u
c
t
o
r
-
m
o
d
i
f
i
c
a
-

l
i
o
n
 
o
f
 
d
i
e
 
t
r
a
i
n
i
n
g

s
i
t
u
a
t
i
o
n
 
'
,
i
n
c
l
u
d
i
n
g

t
a
s
k
 
c
o
m
p
l
e
x
i
t
y
.

'
'

c
r
i
t
e
r
i
o
n
 
l
e
v
e
l
s
,
 
e
n
-

v
i
r
o
n
s
a
n
t
a
l
^
c
c
a
d
i
t
i
o
n
i
,

1

_

2

. a

1

.
.

. .

\
-

4 .

T
r
a
i
n
i
n
g
 
C
o
n
t
r
o
l

Z
a
v
a
l
a
,
 
A
.
 
a
n
d
 
G
e
i
s
t
,
 
A
.
M
.
 
(
A
I
R
)

C
o
m
p
o
n
e
n
t
 
T
o
t
a
l
 
T
a
s
k
 
R
e
l
a
t
i
o
n
s
h
i
p
s
:

S
i
m
p
l
e
 
a
n
d
 
S
e
q
u
e
n
t
i
a
l
 
P
r
a
c
t
i
c
e

E
f
f
e
c
t
s
.

A
u
g
u
s
t
 
1
9
6
8
,
 
H
u
m
a
n
 
F
a
c
t
o
r
s
,

V
o
l
.
 
1
0
,
 
P
P
.
3
3
3
-
3
4
3
.

e

S
i
d
o
r
e
k
y
,
 
R
.
C
.
 
e
t
 
a
l
.

R
e
s
e
a
r
c
h
 
o
n

G
e
n
e
r
a
l
i
s
e
d
 
S
k
i
l
l
s
 
R
e
l
a
t
e
d
 
t
o
 
T
a
c
t
i
-

c
a
l
 
D
e
c
i
s
i
o
n
 
M
a
k
i
n
g
.

R
A
V
T
R
A
D
E
V
C
E
N

1
3
2
9
-
2
,
 
D
e
c
e
m
b
e
r
 
1
9
6
6
.

K
r
u
m
,
 
R
.
L
.
 
e
t
 
a
l
.

E
f
f
e
c
t
i
v
e
n
e
s
s

o
f
 
I
n
t
e
g
r
a
t
e
d
 
F
l
i
g
h
t

i
m
u
l
a
t
o
r

T
r
a
i
n
i
n
g
 
i
n
 
P
r
o
t
e
c
t
i
n
g

-
5
2
 
C
r
e
w

C
o
o
r
d
i
n
a
t
i
o
n
.
 
M
t
 
T
D
R
-

1
,

F
e
b
r
u
a
r
y
 
1
9
6
2
.

0

.
.

.

A

.

.
-
 
.

-

T
r
a
i
n
i
n
g
 
c
o
n
t
r
o
l
 
i
s
 
t
h
e
 
m
e
a
n
s
 
w
h
e
r
e
b
y

t
r
a
i
n
e
e
s
 
a
r
e
-
o
r
i
e
n
t
e
d
 
t
o
 
t
r
a
i
n
i
n
g

s
i
t
u
a
t
i
o
n
s
,
 
i
n
t
r
o
d
u
c
e
d
 
t
o
 
s
p
e
c
i
f
i
c

t
r
a
i
n
i
n
g
 
p
r
o
b
l
e
m
s
,
 
e
x
p
r
M
e
d
 
t
o
 
v
a
r
i
o
u
s

a
p
p
r
o
p
r
i
a
t
e
 
c
o
n
d
i
t
i
o
n
s
 
o
f
 
p
r
a
c
t
i
c
e
,

e
v
a
l
u
a
t
e
d
,
 
g
u
i
d
e
d
 
a
n
d
 
f
i
n
a
l
l
y
 
r
a
t
e
d

-
 
f
o
r
 
f
u
r
t
h
e
r
 
t
r
a
i
n
i
n
g
 
o
r
 
f
o
r
 
o
p
e
r
a
t
i
o
n
a
l

a
s
s
i
g
n
m
e
n
t
.

T
h
e
 
e
f
f
i
c
i
e
n
c
y
 
a
n
d
 
e
f
f
e
c
-

t
i
v
e
n
e
s
a
 
o
f
 
t
r
a
i
n
i
n
g
 
r
e
l
a
t
e
s
 
d
i
r
e
c
t
l
y

.
.
.
 
,
.
.
 
t
o
t
h
e
 
q
u
a
l
i
t
y
 
o
f
 
c
o
n
t
r
o
l
 
e
x
e
r
c
i
s
e
s
 
o
v
e
r

t
h
e
 
t
r
a
i
n
i
n
g
 
p
r
o
c
e
s
s
.

T
r
a
d
i
t
i
o
n
a
l
l
y
,

t
h
e
 
i
n
s
t
r
u
c
t
o
r
 
h
a
s
 
p
e
r
f
o
r
m
e
d
 
t
h
e
(
 
a
c
t
i
o
n
s

w
h
i
c
h
 
c
o
n
t
r
o
l
 
t
h
e
 
t
r
a
i
n
i
n
g
 
s
i
t
u
a
t
i
o
n
,

b
u
t
 
c
u
r
r
e
n
t
 
t
r
a
i
n
i
n
g
 
m
e
t
h
o
d
o
l
o
g
y
 
h
a
s

t
e
n
d
e
d
 
t
o
 
a
s
s
i
g
n
 
m
o
r
e
 
a
n
d
 
m
o
r
e
 
o
f
 
t
h
e

r
o
u
t
i
n
e
 
a
s
p
e
c
t
s
 
o
f
 
t
r
a
i
n
i
n
g
 
c
o
n
t
r
o
l
 
t
o

s
o
m
e
-
 
p
r
e
p
r
o
g
r
a
m
m
e
d
 
a
u
t
o
m
a
t
i
c
 
o
r
 
s
e
m
i
-

a
u
t
o
m
a
t
i
c
 
m
e
a
n
s
,
 
l
e
a
v
i
n
g
 
t
o
 
t
h
e
.
i
n
s
t
r
u
c
-

f
o
r
 
t
h
o
s
e
 
f
u
n
c
t
i
o
n
s
 
w
h
i
c
h
 
r
e
q
u
i
r
e

c
o
m
p
l
e
x
 
e
v
a
l
u
a
t
i
o
n
,
 
j
u
d
g
m
e
n
t
s
 
a
n
d
 
i
n
-

s
t
r
u
c
t
i
o
n
a
l
 
f
l
e
x
i
b
i
l
i
t
y
.

P
r
o
p
e
r
'
a
l
l
o
-

c
a
t
i
o
n
s
 
o
f
 
f
u
n
c
t
i
o
n
s
 
a
m
o
n
g
 
t
r
a
i
n
i
n
g

p
e
r
s
o
n
n
e
l
 
a
n
d
 
t
r
a
i
n
i
n
g
 
e
q
u
i
p
m
e
n
t
 
c
a
n

g
r
e
a
t
l
y
 
e
n
h
a
n
c
e
 
t
r
a
i
n
i
n
g
 
e
f
f
i
c
i
e
n
c
y
,
 
b
u
t

m
a
n
y
 
f
u
n
c
t
i
o
n
s
 
c
a
n
 
4
1
:
 
a
l
l
o
c
a
t
e
d
 
o
n
l
y

a
f
t
e
r
 
e
x
p
e
r
i
m
e
n
t
a
l
 
a
n
a
l
y
s
i
s
 
o
f
 
t
h
e

a
b
i
l
i
t
y
 
o
f
 
e
q
u
i
p
m
e
n
t
 
A
n
d
 
p
e
r
s
o
n
n
e
l

c
o
m
p
o
n
e
n
t
s
 
o
f
 
t
h
e
 
t
r
a
i
n
i
n
g
 
s
y
s
t
e
m
 
t
o

p
e
r
f
o
r
m
 
e
s
s
e
n
t
i
a
l
 
c
o
n
t
r
o
l
 
f
u
n
c
t
i
o
n
s
,

i
n
c
l
u
d
i
n
g
 
p
r
e
-
t
r
a
i
n
i
n
g
 
b
r
i
e
f
i
n
g
,
 
v
a
r
i
-

r
a
t
i
o
n
 
o
f
 
t
h
e
,
c
o
n
d
i
t
i
o
n
s
 
o
f
 
p
r
a
c
t
i
c
e
.

g
u
i
d
a
n
c
e
 
a
n
d
 
e
v
a
l
u
a
t
i
o
n
.

.
.

.

4
'
'

-
.
'
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e
t

a
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T
A

B
L

E
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co

at
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l,
A

N
T

IC
IP

A
T

E
D

 E
T

SS
 E

X
PE

R
IM

E
N

T
S

E
X
P
E
R
I
M
E
N
T
 
C
A
T
E
G
O
R
Y

R
E
L
A
T
E
D
 
E
T
S
S
 
M
O
D
U
L
E

T
.
D
.

S
E

N
S

Y
S

R
A
T
I
O
N
A
L
E
:

P
E
R
T
I
N
E
N
T
 
L
I
T
E
R
A
T
U
R
E

s
t
r
e
s
s
e
s
,
 
c
o
a
c
h
i
n
g

n
d

a
m
a
l
f
u
n
c
t
i
o
n
 
s
e
l
e
c
t
s

,

i
n
s
e
r
t
i
o
n
 
a
n
d
 
d
e
l
e
t
 
o
n
.

4
 
3
.
0
D
e
v
e
l
o
p
m
e
n
t
 
o
f
 
m
a
n
u
a
l
,

'
a
u
t
o
m
a
t
i
c
 
a
n
d
 
s
e
m
i
-

a
u
t
o
m
a
t
i
c
 
b
r
i
e
f
i
n
g
 
a
n
d

d
e
b
r
i
e
f
i
n
g
 
s
c
h
e
m
e
s
.

4
.
4
.
 
D
e
v
e
l
o
p
m
e
n
t
 
o
f
 
o
p
t
i
m
u
m
 
m
e
a
n
s
 
o
f

u
t
i
l
i
z
i
n
g
 
c
o
m
p
u
t
e
r
s
 
i
n
 
p
r
o
m
o
t
i
n
g

e
f
f
i
c
i
e
n
t
 
l
e
a
r
n
i
n
g
.

4
.
4
.
1

E
v
a
l
u
a
t
i
o
n
 
o
f
 
f
o
r
m
a
t
s
 
f
o
r

.
t
h
e
 
p
r
e
i
e
n
t
a
t
i
o
n
 
o
f
 
a
u
t
o
-

m
a
t
i
c
 
f
e
e
d
b
a
c
k
 
a
n
d
 
g
u
i
d
a
n
c
e

p
r
o
g
r
a
m
a
 
f
o
r
 
t
r
a
i
n
i
n
g

s
p
e
c
i
f
i
c
 
t
a
s
k
s
 
t
o
 
s
p
e
c
i
f
i
c

l
e
v
e
l
s
.

4
.
4
.
2

D
e
v
e
l
o
p
m
e
n
t
 
o
f
 
m
e
t
h
o
d
s
 
o
f

s
c
h
e
d
u
l
i
n
g
 
a
u
t
o
m
a
t
i
c
 
f
e
e
d
-

b
a
c
k
 
a
n
d
 
g
u
i
d
a
n
c
e
 
p
r
o
g
r
a
m
s

i
n
 
s
p
e
c
i
f
i
c
 
t
r
a
i
n
i
n
g

d
e
v
i
c
e
s
 
a
n
d
s
y
s
t
e
m
s
.

4
.
4
.
2
.
1

E
v
a
l
u
a
t
i
o
n
 
o
f
,
 
p
o
t
e
n
t
i
a
l

p
e
r
f
o
r
m
a
n
c
e
 
C
r
i
t
e
r
i
a
 
f
o
r

t
h
e
 
i
n
i
t
i
a
t
i
o
n
\
o
f
 
f
e
e
d
-

b
a
c
k
 
a
n
d
 
g
u
i
d
a
h
c
e

p
r
o
g
r
a
m
s
.

/
4
.
4
.
2
.
2

E
v
a
l
u
a
t
i
o
n
'
O
f
 
v
a
r
i
o
u
s

p
e
r
f
o
r
m
a
n
c
e
 
c
r
i
t
e
r
i
a
 
f
a

f
e
e
d
b
a
c
k
 
a
n
d
 
g
u
i
d
a
n
c
e

p
r
o
g
r
a
m
 
i
n
i
t
i
a
t
o
r
s
 
a
t

v
a
r
i
o
u
s
 
l
e
v
e
l
i
 
o
f

t
r
a
i
n
i
n
g
.

-

1
4

g
o
m
p
u
t
e
r
-
A
i
d
e
d
 
I
n
s
t
r
u
c
t
i
o
n

T
r
a
i
n
i
n
g
 
s
y
s
t
e
m
 
c
o
m
p
u
t
e
r
s
 
c
a
n
 
p
e
r
f
o
r
m

s
o
m
e
 
o
f
 
t
h
e
 
f
u
n
c
t
i
o
n
s
 
o
r
d
i
n
a
r
i
l
y
 
r
e
-

q
u
i
r
e
d
 
o
f
 
i
n
s
t
r
u
c
t
o
r
 
a
n
d
 
o
p
e
r
a
t
o
r
 
p
e
r
-

:
s
o
n
n
e
l
,
 
w
h
e
n
 
t
r
a
i
n
i
n
g
 
f
u
n
c
t
i
o
n
s
 
h
a
v
e

.

b
e
e
n
 
c
a
r
e
f
u
l
l
y
 
d
e
f
i
n
e
d
 
w
i
t
h
i
n
 
a
 
r
e
l
s
:

'
t
i
v
e
l
y
 
s
p
e
c
i
f
i
c
 
t
r
a
i
n
i
n
g
 
c
o
n
t
e
x
t
.
 
T
h
i
s

t
e
n
d
s
 
t
o
 
m
a
k
e
 
t
r
a
i
n
i
n
g
 
m
o
r
e
 
o
b
j
e
c
t
i
v
e

a
n
d
 
'
s
y
s
t
e
m
a
t
i
c
,
 
i
t
 
t
e
n
d
s
 
t
o
 
r
e
q
u
i
r
e

m
o
r
e
 
c
a
r
e
f
u
l
 
a
t
t
e
n
t
i
o
n
 
t
o
 
t
h
e
 
d
e
r
i
v
a
-

t
i
o
n
 
o
f
 
t
r
a
i
n
i
n
g
 
o
b
j
e
c
t
i
v
e
s
,
 
c
r
i
t
e
r
i
a

a
n
d
 
m
e
t
h
o
d
s
 
a
n
d
 
i
t
 
t
e
n
d
s
 
a
l
s
o
 
t
o
 
f
r
e
e

i
n
s
t
r
u
c
t
o
r
s
 
t
o
 
p
e
r
f
o
r
m
 
t
h
e
 
d
u
t
i
e
s
 
o
f

w
h
i
c
h
 
t
h
e
y
 
a
r
e
 
u
n
i
q
u
e
l
y
 
c
a
p
a
b
l
e
,
 
i
n

m
o
n
i
t
o
r
i
n
g
,
 
e
v
a
l
u
a
t
i
n
g
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n
d
 
g
u
i
d
i
n
g
 
t
h
e

t
r
a
i
n
i
n
g
 
p
r
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c
e
s
s
.

B
e
c
a
u
s
e
 
o
f
 
t
h
e

r
e
l
a
t
i
v
e
 
i
n
f
l
e
x
i
b
i
l
i
t
y
 
o
f
 
c
o
m
p
u
t
e
r

p
r
o
g
r
a
m
a
,
 
u
n
u
s
u
a
l
l
y
 
c
a
r
e
f
u
l
 
a
n
d

d
e
t
a
i
l
e
d
 
p
l
a
n
n
i
n
g
 
i
s
 
r
e
q
u
i
r
e
d
 
i
n
 
a
l
-

l
o
c
a
t
i
n
g
 
s
p
e
c
i
f
i
c
 
f
u
n
c
t
i
o
n
s
 
t
o
 
t
h
e

s
y
s
t
e
m
 
c
o
m
p
u
t
e
r

W
h
e
r
e
 
k
n
o
w
l
e
d
g
e
 
o
f

t
h
e
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y
s
t
e
m
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o
r
 
w
h
i
c
h
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r
a
i
n
i
n
g
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s
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o
 
b
e
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r
o
v
i
d
e
d
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s
 
l
i
m
i
t
e
d
.
 
e
x
p
e
r
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m
e
n
t
s
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r
e

n
e
c
e
s
s
a
r
y
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o
 
d
e
f
i
n
e
 
m
e
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n
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n
g
f
u
l
 
s
u
b
-

t
a
s
k
s
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p
e
r
f
o
r
m
a
n
c
e
 
c
r
i
t
e
r
i
a
,
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n
s
t
r
u
c
:
I

f
o
r
 
d
a
t
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r
e
q
u
i
r
e
m
e
n
t
'
s
 
f
o
r
 
m
o
n
i
t
o
r
i
n
g
,

e
f
f
e
c
t
i
v
e
 
c
o
n
d
i
t
i
o
n
s
 
o
f
C
p
r
a
c
t
i
c
e
.
 
a
n
d

n
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o
t
e
n
t
i
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l
 
g
u
i
d
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n
c
e
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r
m
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h
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r
e
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h
e

C
o
s
n
e
r
,
 
L
,
E
.
,
 
W
i
e
d
e
r
,
 
M
.
A
.
.
 
L
i
t
t
r
i
l
l
,

R
.
M
.
 
a
n
d
 
T
h
o
m
p
s
o
n
,
 
R
:
M
.

S
t
u
d
y
 
o
f

C
o
m
p
u
t
e
r
s
 
t
o
 
I
m
p
r
o
v
e
 
C
o
m
m
a
n
d
 
P
o
s
t

E
x
e
r
c
i
s
e
s
.

N
A
V
T
R
A
D
E
V
C
E
N
 
1
4
3
9
-
2
,

N
o
v
e
m
b
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1
9
6
5
.
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n
g
l
e
b
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r
t
.
 
D
.
C
.
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n
d
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r
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n
s
e
n
,
 
P
.
R
.
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x
p
l
o
r
a
t
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o
n
s
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t
h
e
 
A
u
t
o
m
a
t
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o
n
 
o
f

S
e
n
s
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r
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m
o
t
o
r
 
S
k
i
l
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a
i
n
i
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.

N
A
V
T
R
A
D
E
V
C
E
N
 
1
5
1
7
-
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M
a
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1
9
6
5
.

S
t
o
l
e
r
o
w
,
 
L
.
M
.

S
o
m
e
 
F
a
c
t
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r
s
 
i
n
 
t
h
e

D
e
s
i
g
n
 
o
f
 
S
y
s
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o
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u
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d
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d
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n
s
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r
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c
t
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(
H
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r
v
a
r
d
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m
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u
t
i
n
g
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e
n
t
e
r
)
.
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1
9
6
8
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T
R
-
7
 
(
A
D
 
6
7
0
7
4
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)
.
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N
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t
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n
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P
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.
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4
.
4
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.
 
D
e
v
e
l
o
p
m
e
n
t
 
o
f
 
p
r
o
g
r
a
M
s
 
f
o
r

a
u
t
o
m
a
t
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c
 
s
c
o
r
i
n
g
 
o
f
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r
a
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n
e
e
 
p
e
r
f
o
r
m
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n
c
e
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4
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4
.
1

E
v
a
l
u
a
t
i
o
n
 
o
f
 
s
p
e
c
i
f
i
c

m
e
a
s
u
r
e
s
 
e
n
d
 
s
c
o
r
i
n
g

-
c
r
i
t
e
r
i
a
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s
 
p
r
e
d
i
c
t
o
r
s

o
f
 
l
e
a
r
n
i
n
 
p
e
r
f
o
r
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a
n
c
e
.
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.
4
.
4
.
2

A
l
l
o
c
a
t
i
o
n
 
o
f
 
s
c
o
r
i
n
g

c
r
i
t
e
r
i
a
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o
 
s
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e
c
i
f
i
c

l
e
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e
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s
 
o
f
 
t
r
a
i
d
l
n
g
.
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4
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,
E
v
a
l
u
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i
o
n
 
o
f
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e
r
n
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t
e

m
e
t
h
o
d
s
 
o
f
 
d
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s
p
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a
y
i
n
g

p
e
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M
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n
c
e
 
s
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r
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s
 
f
o
r

t
r
a
i
n
e
e
 
a
n
d
 
t
r
a
i
n
i
n
g

p
r
o
g
r
a
m
 
e
v
a
l
u
a
t
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o
n
 
a
n
d

'

i
m
p
r
o
v
e
m
e
n
t
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4
.
4
.
5

4
D
e
v
e
l
o
p
m
e
n
t
 
o
f
'
i
u
t
o
s
s
t
e
d

'
p
r
o
g
r
a
m
a
 
f
o
r
 
t
h
e
 
d
i
a
g
n
o
s
i
s

o
f
 
l
e
a
r
n
i
n
g
 
p
r
o
b
l
e
m
s
 
i
n

s
p
e
c
i
f
i
c
 
t
r
a
i
n
i
n
g
 
c
o
n
t
e
x
t
s
:
.
.

4

c
o
m
p
u
t
e
r
 
i
s
 
t
o
 
b
e
 
u
s
e
d
 
i
n
 
a
d
a
p
t
i
v
e

c
o
n
t
r
o
l
 
o
f
 
t
r
a
i
n
i
n
g
,
 
e
x
p
e
r
i
m
e
n
t
a
l

d
a
t
a
 
a
r
e
,
r
e
q
u
i
r
e
d
 
c
o
n
c
e
r
n
i
n
g
 
t
h
e

b
a
s
i
c
 
d
y
n
a
m
i
c
s
 
o
f
 
t
h
e
 
t
a
s
k
 
b
e
i
n
g

t
r
a
i
n
e
d
,
 
a
n
d
 
o
f
 
t
h
e
 
p
r
o
c
e
i
s
 
b
y
 
W
h
i
c
h

l
e
a
r
n
i
n
g
 
o
c
c
u
r
s
.

D
a
t
a
 
a
r
e
 
a
l
s
o
 
n
e
c
-

e
s
s
a
r
y
'
t
o
n
c
e
r
n
i
n
g
 
t
h
e
-
a
b
i
l
i
t
y
 
o
f

s
e
l
e
c
t
i
o
n
 
t
e
s
t
 
d
a
t
a
 
a
n
d
 
d
a
t
a
 
o
n

t
r
a
i
n
e
e
 
p
e
r
f
o
r
m
a
n
c
e
 
i
n
 
t
h
e
 
l
e
a
r
n
i
n
g

o
f
 
S
i
m
i
l
a
r
 
a
n
d
 
r
e
l
a
t
e
d
 
t
a
s
k
s
 
t
o

'
p
r
e
d
i
c
t
 
l
e
a
r
n
i
n
g
 
r
a
t
e
s
 
a
n
d
 
c
o
d
e
s
.
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R
A
T
I
O
N
A
L
E

P
E
R
T
I
N
E
N
T
 
L
I
T
E
R
A
T
U
R
E

:
A

.
T
.
D
.

S
E
P

S
Y
S

4

-
4
.
4
.
5
.
1

C
o
r
r
e
l
a
t
i
o
n
 
o
f
 
c
o
m
b
i
n
e
-

t
i
o
n
s
 
p
f
 
a
p
t
i
t
u
d
e
 
s
c
o
r
e
s

-
a
n
d
 
p
a
t
t
 
a
n
d
 
c
u
r
r
e
n
t
'

p
e
r
f
o
r
m
a
n
c
e
 
s
c
o
r
e
s
 
e
n
d
-

m
e
a
s
u
r
e
s
1
W
i
t
h
 
c
r
i
t
e
r
i
a

o
f
 
s
k
i
l
l
e
d
 
v
o
l
m
e
t
o
r

p
e
r
f
o
r
m
a
n
c
e
;
,

-
,
,
,
.
_
,

4
.
4
.
5
.
2

D
e
v
e
l
o
p
m
e
n
t
 
o
f
 
d
i
a
g
n
o
t
-
,
,
,
.
.

l
-
-

t
i
t
'
a
n
d
 
r
e
m
e
d
i
a
l
 
p
r
o
-

g
r
a
m
s
 
f
o
r
 
t
h
e
 
i
m
p
r
o
v
e
-

s
e
n
t
 
o
f
 
t
r
a
i
n
e
e
 
p
e
r
f
o
r
-

m
a
n
c
e
 
f
o
r
 
s
p
e
c
i
f
i
c

t
r
a
i
n
i
n
g
 
s
i
t
u
a
t
t
1
 
i
o
n
s
.

.
, ,

4
.
4
.
6

D
e
v
e
l
o
p
m
e
n
t
 
o
f
 
a
u
t
o
m
a
t
e
d

.

a
d
a
p
t
i
v
e
 
p
r
o
g
r
a
m
,
 
J
o
r
_
t
h
e

t
r
a
i
n
i
n
g
 
o
f
 
s
p
e
d
f
f
i
d

k
n
o
w
l
e
d
g
e
s
 
a
n
d
\
s
k
i
l
l
s
.
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:

'
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4
.
4
:
6
.
1

A
n
a
l
y
s
i
s
 
o
f
 
t
e
a
k

.
 
e
l
e
m
e
n
t
s
 
r
e
l
e
M
e
n
t
 
t
o

t
h
e
,
i
d
e
n
t
i
f
i
c
a
r
i
o
n
 
o
f

,
p
a
r
a
m
e
t
e
r
s
 
f
o
r
 
a
d
a
p
t
i
v
e

t
r
a
i
n
i
n
g
 
t
h
r
o
u
g
h
 
m
e
a
s
u
r
e
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s
e
n
t
 
a
n
d
 
a
n
a
l
y
s
i
s
 
o
f
 
t
h
e

p
e
r
f
o
r
m
a
n
c
e
 
o
f
 
s
k
i
l
l
e
d

a
n
d
 
n
o
v
i
c
e
 
o
p
e
r
a
t
o
r

p
e
r
f
o
r
m
a
n
c
e
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.
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I
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t
i
f
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c
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o
n
 
o
f

.
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c
r
i
t
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c
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l
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k
 
*
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n
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r
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u
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h
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n
 
o
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n
g
 
p
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r
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c
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c
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e
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p
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p
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.

.

J

.

'

.

.

,

.

.
.

.

,
,

.

.
.

.
.

-
-
-
-

-
.
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.
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.
 
G
A
L
,
 
S
h
e
a
r
e
r
,
 
.
W
.

S
t
u
d
y
 
o
f
 
T
r
a
i
n
i
n
g
;
X
q
u
i
p
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c
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c
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.
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p
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p
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p
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c
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.
 
c
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p
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c
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c
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.
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p
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c
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c
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p
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p
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p
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.
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.
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.
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.
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N
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.
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.
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S
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r
e
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t
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I
R
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u
n
c
t
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n
a
l
 
R
e
q
u
i
r
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e
n
t
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o
r

A
i
r
c
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n
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c
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p
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p
r
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.

,

.

.
.

'

.
.
f
'

.

,
.

,

.

A
I
R
.

S
t
u
d
y
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c
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t
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c
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p
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A
p
r
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1
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D
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V
C
E
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n
0
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.
e
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S
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k
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8
.
C
.
,
 
M
a
r
a
,
 
T
.
D
.

T
r
a
i
n
i
n
g

A
s
p
e
c
t
s
 
o
f
 
C
o
m
p
u
t
e
r
-
A
i
d
e
d
 
D
e
c
i
s
i
o
n
 
-

M
a
k
i
n
g
.

1
.

C
o
m
p
a
r
i
s
o
n
 
o
f
 
T
w
o

A
p
p
r
o
a
c
h
e
s
 
t
o
 
N
e
n
-
C
o
m
p
u
t
e
r
 
I
n
t
e
r
a
c
t
i
o
n
.

N
A
V
T
R
A
D
E
V
C
E
N
 
1
3
2
9
-
3
.
 
J
u
l
y
 
1
9
6
8
.

S
T
A
T
I
O
N
 
D
E
S
I
G
N
S
 
T
O

E
N

H
A

N
C

E

T
h
e
 
i
n
s
t
r
u
c
t
o
r
/
o
p
e
r
a
t
o
r
 
s
t
a
t
i
o
n
 
i
s

t
h
e
 
i
n
t
e
r
f
a
c
e
 
b
e
t
w
e
e
n
 
t
h
e
 
t
r
a
i
n
e
e
 
a
n
d

t
h
e
 
i
n
s
t
r
u
c
t
o
r
,
 
t
h
e
 
t
r
a
i
n
e
e
 
a
n
d
 
t
h
e

t
r
a
i
n
i
n
g
 
s
y
s
t
e
m
 
a
n
d
 
b
e
t
w
e
e
n
 
t
h
e
 
i
n
s
t
r
u
c
r

f
o
r
 
a
n
d
 
t
h
e
 
t
r
a
i
n
i
n
g
 
p
r
o
g
r
a
m
.

A
s
 
s
u
c
h
,

i
t
 
i
n
f
l
u
e
n
c
e
s
 
s
t
r
o
n
g
l
y
 
t
h
e
 
e
f
f
i
c
i
e
n
c
y

a
n
d
 
t
h
e
 
q
u
a
l
i
t
y
 
o
f
 
t
h
e
 
t
r
a
i
n
i
n
g
.

I
t

p
e
r
m
i
t
s
 
t
h
e
 
i
n
s
t
r
u
c
t
o
r
 
t
o
 
s
e
l
e
c
t
,

m
o
d
i
f
y
 
a
n
d
 
i
n
i
t
i
a
t
e
 
e
l
e
m
e
n
t
s
 
o
f
 
t
r
a
i
n
i
n
g
,

a
n
d
 
i
t
 
p
e
r
m
i
t
s
 
h
i
m
 
t
o
 
m
o
n
i
t
o
r
,
 
e
v
a
l
u
a
t
e
,

d
i
a
g
n
o
s
e
,
 
g
u
i
d
e
 
a
n
d
,
p
r
e
s
c
r
i
b
e
 
t
r
a
i
n
e
e

b
e
h
a
v
i
o
r
.

T
h
e
 
f
a
c
i
l
i
t
y
 
w
i
t
h
 
w
h
i
c
h
 
t
h
e
s
e

o
f
 
b
o
t
h
 
t
h
e
 
o
r
g
a
n
i
z
a
t
i
o
n
 
o
f
 
t
h
e
 
i
n
s
t
r
u
c
-

f
m
:
:
:
:
i
:
l
p
:
:
:
1
:
:
:
:
:
i
:
:
:
:
1
:
:
s
i
a
n
g
f
:
:
:
:
:
o
n

t
o
r
'
s
 
s
t
a
t
i
o
n
 
a
n
d
 
o
f
 
t
h
e
 
q
u
a
l
i
t
y
,
o
f
,
t
h
e

,
V
a
n
t
 
i
n
f
o
r
m
a
t
i
o
n
 
a
n
d
 
f
o
r
 
c
o
n
t
i
g
l
l
i
n
g

,
a
a
n
i
n
g
f
u
l
 
t
r
a
i
n
i
n
&
s
i
t
u
a
t
i
o
n
 
p
a
r
a
m
e
t
e
r
s
.

,
T
h
e
s
e
,
 
i
n
 
t
o
r
n
,
 
d
e
P
e
n
d
 
b
o
t
h
 
o
n
 
t
h
e

q
u
a
l
i
t
y
 
a
n
d
 
v
a
l
i
d
i
t
y
 
o
f
 
a
 
n
u
m
b
e
r
 
O
f

b
a
s
i
c
 
t
r
a
i
n
i
h
i
 
a
n
d
 
l
e
a
r
n
i
n
g
 
p
r
i
n
c
i
p
l
e
s
-

a
p
p
l
i
e
d
 
t
e
t
t
e
 
d
e
s
i
g
n
 
o
f
,
t
h
e
I
n
s
t
r
u
c
t
o
r
'
s

s
t
a
t
i
o
n
,
a
n
d
 
o
n
 
t
h
e
 
r
e
l
e
v
a
n
c
e
.
o
f
 
t
h
e

d
e
s
i
g
n
 
o
f
 
t
h
e
 
p
p
e
c
i
f
i
c
 
i
n
s
t
r
u
c
t
o
r
'
s

s
t
a
t
i
o
n
 
f
o
r
 
t
h
e
 
C
a
s
k
,
 
p
e
r
s
o
n
n
e
l
 
a
n
d

t
r
a
i
n
i
n
g
 
p
r
o
b
l
e
m
]
 
u
n
d
e
r
 
c
o
n
s
i
d
e
r
a
t
i
o
n
.
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.
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i
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P
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.
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o
p
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n
s
t
r
u
c
t
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r
 
T
g
n
i
t
o
r
i
n
g

a
n
d
 
c
o
n
t
r
O
l
'
c
O
a
c
e
p
t
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p
p
l
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'
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b
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e
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e
c
i
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c
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c
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c
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i
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i
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u
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c
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e
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r
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l
e
v
e
l
 
o
f
 
t
r
a
i
n
e
e
 
a
b
i
l
i
t
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a
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g
i
v
e
n
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i
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c
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.
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1
:
2
,
 
I
d
t
n
t
i
f
y
 
p
o
t
e
n
t
i
a
l
,

.
/
.

i
n
s
t
r
u
c
t
o
r
 
m
o
n
i
t
o
r
i
n
g
,

.
.
g
u
i
d
a
n
c
e
 
a
n
d
 
c
o
n
t
r
o
l
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'
 
r
e
q
u
i
r
e
m
e
n
t
s
.
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t
5
.
1
.
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:
E
v
a
l
O
t
t
e
 
s
i
m
e
c
i
 
i
c
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.
.
.
"

,
,
,

i
n
s
t
r
u
c
t
o
r
 
p
i
r
t
i
c
i
p
a
C
i
o
M
.

J
.

m
o
d
e
s
 
f
o
s
 
r
e
l
a
t
i
v
e

:

t
r
a
i
n
i
n
g
 
v
a
l
u
e
.
,

:
,

%

5
.
2
'
 
e
S
e
l
e
e
t
r
o
p
t
i
n
j
o
m
m
o
d
e
s
.
o
f
t

d
i
s
p
l
a
y
 
a
n
d
.
c
o
n
t
r
o
l
 
f
o
r

i
d
s
t
r
u
c
t
o
r
 
p
a
r
t
i
c
i
p
a
t
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n

i
n
 
t
r
a
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n
i
n
g
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.
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.
1

D
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f
i
n
e
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n
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o
r
m
a
t
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o
n
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n
d
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o
n
t
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o
l
'
r
e
q
u
i
r
e
d
e
o
t
s
.
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,
2
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l
u
a
t
e
 
t
r
a
i
n
i
n
g
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f
f
e
c
t
i
v
e
n
e
s
s
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e
f
f
e
c
t
s

o
n
 
i
n
s
t
r
u
c
t
o
r
 
e
f
f
i
c
i
e
n
c
y

o
f
 
a
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t
e
r
n
a
t
e
 
m
d
p
e
l
l
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o
f
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,
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p
l
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n
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c
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n
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o
l
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.
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.
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.
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h
e

-
'

.
e
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-
-
,
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-

.

.
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-

*
-
- ' ,

t
r
i
t
h
i
q
g

o

p
e
r
f
o
r
m
h
a
n
c
e
,
 
c
a
n
 
p
r
o
v
i
d
e
.

:

i
n
f
O
r
m
a
t
i
o
n
 
o
n
 
t
h
e
 
r
a
t
e
 
o
f
-
l
e
a
r
n
i
n
g
,

l
e
a
r
n
i
n
g
 
m
o
d
e
b
e
i
n
g
 
d
m
p
l
o
y
e
d
,
 
t
h
e

a
p
p
r
o
a
c
h
 
o
r
 
a
t
l
p
r
O
a
c
h
i
e
 
l
i
k
e
l
y
s
t
o
_
t
m
-

p
r
o
v
e
 
t
h
e
 
r
a
c
e
 
o
f
 
l
e
a
r
n
i
n
g
 
a
n
d
s

p
e
r
f
o
r
m
a
n
c
e
 
e
r
r
o
r
s
 
t
i
e
i
n
g
 
m
a
d
e
 
b
y
 
'
t
h
e

t
r
a
i
n
e
e
.

S
o
i
m
e
t
i
m
e
s
 
s
u
f
f
i
c
i
e
n
t
 
y
a
m
'
i
u
l

i
n
f
o
r
m
a
t
t
o
n
 
c
a
n
 
p
e
 
o
b
t
a
i
n
e
d

by
p
e
r
m
i
t
-

f
i
n
e
t
h
s
 
i
n
S
t
r
u
e
t
o
r
 
t
o
 
o
b
s
e
r
v
e
 
t
h
e

.

t
r
a
i
n
e
e
 
a
s
 
h
e
 
p
e
r
f
o
r
M
s
 
1
6
 
a
 
t
r
a
i
n
i
n
g

s
e
s
s
i
o
n
.
'
 
F
r
e
q
u
e
n
t
l
y
,
 
h
o
w
e
v
e
r
,
 
m
e
a
n
i
n
g
-

f
u
l
p
e
r
f
o
r
m
a
n
c
e
 
p
a
r
a
d
e
t
e
r
s
 
c
a
n
 
b
e
.
m
s
e
e

1
/
4

a
x
a
i
l
a
b
i
t
"
t
o
 
t
h
e
 
i
n
s
t
r
u
c
t
o
r
 
o
n
l
y
,
'

'
,

t
h
r
o
u
g
h
 
i
h
d
l
r
t
c
t
%
i
n
d
t
c
a
t
i
o
n
s
 
o
f
 
t
r
a
i
n
e
e

p
e
h
a
v
i
o
r
.

W
h
i
l
e
,
 
i
n
 
g
e
n
e
r
a
l
.
 
l
e
.
 
i
s

u
n
e
e
r
a
t
o
o
d
.
V
b
a
t
%
t
h
e
.
 
i
n
s
t
r
u
c
t
o
r
 
r
e
q
q
t
r
e
s

u
n
i
q
u
e
 
i
n
f
o
r
m
a
t
i
o
n
 
i
n
 
e
v
a
l
u
a
t
i
n
g

1

t
r
a
i
t
i
e
e
 
p
e
r
f
o
x
e
1
a
n
c
e
.
 
t
h
e
 
i
n
f
o
r
m
a
t
i
o
n

'
 
r
e
q
u
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c
i

. .

1

.
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.

.
.

.
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.
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-
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'
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.

.

.

-

.
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.
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,
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-
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1
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-
.
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.

.

k
t
'

.

/

.
.

_

.
.
,

t
.

.

t

e

t
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,
:
-

.
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.

O
.

.

,
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.
.

,

.

.

.
s
.

S

.

.

1

'
e

t N
(
1 r ,

.

.

.

,
.

.

.
.

,

.
.
.
-

.

. .

-

.

. .

.
.

.

.

'

.

'
.

1
2
4

T
h
o
s
e
 
p
a
r
t
s
 
o
f
 
t
h
e
 
b
o
m
b
i
n
g
 
a
n
d
 
f
i
r
e

'

c
o
n
t
r
o
l
 
s
y
s
t
e
m
s
 
w
h
i
c
h
 
a
r
e
 
v
i
e
w
e
d
,
 
w
a
v
e
d
,
 
c
o
n
t
r
o
l
l
e
d
 
o
r

o
i
m
r
s
t
e
d
 
b
y
 
f
l
i
g
h
t
 
p
e
r
s
o
n
n
e
l
 
s
h
a
l
l
 
)
.
p
e
.
1
4
s
t
t
i
c
a
l
-
i
n

.
p
o
p
e
a
r
e
p
o
l
'
a
n
d
 
o
p
e
g
p
t
i
o
q
(
a
)
 
w
i
t
h
 
t
h
e
 
a
c
t
u
a
l
 
e
q
u
i
p
s
m
n
t
l
.

.

T
h
a
t
 
p
o
r
t
i
o
n
 
w
h
i
c
h
 
f
u
n
c
t
i
o
n
$
 
t
o
 
o
p
e
r
a
t
e
t
h
e
 
c
o
n
t
r
o
l
s

o
r
 
i
n
d
i
c
a
t
o
r
e
'
t
o
 
d
i
s
p
l
a
y
 
i
n
f
o
r
m
a
t
i
o
n
 
t
o
 
f
l
i
g
h
t
 
p
e
r
-
 
'

.

s
c
o
w
l
,
 
s
h
a
l
l
.
o
v
e
r
a
p
'
a
n
d
 
v
o
f
t
r
a
v
 
s
i
m
i
l
a
r
 
j
n
f
o
r
m
e
-

.r
as

sa
1
1
8

th
e

a
c
t
u
a
l
,

,e
au

iv
al

on
t(

n)
.

.
4
0

.
.

1
2
.
 
-
 
A
l
l
-
W
e
s
t
/
a
m
 
I
n
t
e
r
c
e
p
t
 
-
 
A
l
l
 
m
o
d
e
s
 
o
f

'

'
,

'

o
p
e
r
s
t
l
o
n
 
o
f
 
t
h
e
 
A
N
/
A
W
C
.
1
0
 
M
C
S
T
i
r
e
 
C
o
n
t
r
o
l
 
S
y
s
t
e
m

-

s
h
a
l
l
 
b
e
 
s
i
m
u
l
a
t
e
d
.
.
 
T
h
e
 
1
7
7
 
o
r
e
s
e
o
t
e
t
i
o
n
 
s
h
o
j
i
 
b
e

A
l
a
u
t
e
t
e
d
 
a
n
d
 
c
o
n
t
t
o
j
p
 
s
h
a
l
l
 
b
e
 
°
P
a
y
a
b
l
e
 
a
n
d
 
d
i
s
p
l
a
y
;

'

p
h
a
l
l
 
b
e
 
s
i
s
n
l
a
t
t
0
0
)
.

T
h
i
s
 
p
o
r
t
i
o
n
 
o
f
 
t
h
e
 
o
v
e
r
a
l
l

7
*
4
.
1
 
W
e
a
p
o
n
 
S
y
s
t
e
m
 
T
r
a
i
n
e
r
 
a
b
U
l
l
 
c
o
n
s
i
s
t
 
o
f
 
t
h
e

f
o
l
l
o
w
i
n
g
 
m
a
j
o
r
 
c
o
m
p
o
n
e
n
t
s
.

/
'

a
.

l
'
a
r
a
e
t
,
A
n
u
l
a
t
i
a
n
(
P
)
 
-
 
T
O
T
 
t
h
e

p
u
r
p
o
s
e
s
 
o
f
.
t
h
i
s
 
n
i
l
i
t
a
r
*
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
 
"
t
a
r
g
e
t
"

.
1
"

s
h
a
l
l
 
b
e
 
d
e
f
i
n
e
d
 
a
s
 
a
n
y
 
r
a
d
a
r
 
c
o
n
t
a
c
t
 
o
r
 
e
l
e
c
t
r
o
n
i
c

'

e
m
i
t
t
e
r
 
(
p
r
e
s
e
n
t
 
o
r
 
n
o
t
 
p
r
e
e
e
h
t
 
O
n
 
t
h
e
 
r
a
d
a
r
 
s
c
o
p
e
)

,
,
 
w
h
i
c
h
 
I
A
 
c
o
m
u
t
e
r
 
g
e
n
e
r
a
t
e
d
 
a
n
d
 
r
e
q
u
i
r
e
s
 
p
r
o
g
r
a
m
m
i
n
g

t
o
o
 
p
r
o
v
i
d
e
 
p
r
e
a
e
o
t
 
o
r
 
f
u
t
u
r
e
 
i
n
f
o
r
m
a
t
i
o
n
 
o
t
h
e
r
 
t
h
a
n

r
a
d
a
r
 
;
e
n
d
l
e
s
s
 
t
o
 
t
h
e
 
t
r
a
i
n
e
e
.

,

:
 
0
.
 
U
n
i
t
 
C
o
n
t
r
o
l
 
-
 
T
a
r
g
e
t
,
c
o
n
t
r
o
l
 
s
h
a
f
t

b
e
 
s
u
c
h
 
t
h
a
t
 
t
h
e
 
i
p
i
e
t
r
u
c
t
o
r
 
w
i
l
l
 
b
e
 
a
b
l
e
 
r
o
o
x
e
r
c
i
s
e

-
'

s
d
n
t
r
t
i
l
 
°
L
a
i
 
l
e
a
s
t
 
g
o
o
,
b
u
n
d
t
s
0
 
t
o
r
t
s
t
s
t
q
)
 
b
y
 
w
a
r
 
o
f

.

t
h
e
 
f
o
l
l
o
e
l
n
g
 
m
e
t
h
o
d
s
:
 
.
.

,

1
:

I

'

(
1
)

P
t,
-
a
r
p
a
t
a
m
a
d
 
p
r
o
b
l
e
m
:
4
s
)

-
,

a
 
W
e
t
h
O
d
q
y
 
W
h
i
c
h
 
t
h
e
 
i
n
s
t
r
u
c
t
o
r
 
4
s
v
e
l
o
p
s
'
t
s
c
t
i
c
a
l

'
p
r
o
b
l
e
m
s
 
f
o
r
 
i
n
s
e
r
t
i
o
n
 
1
1
9
6
 
t
h
e
 
c
o
m
p
u
t
e
r
.
p
r
i
o
r
 
t
o

t
h
e
 
t
a
a
p
.
n
i
a
t
 
p
e
r
i
o
d
.

P
r
e
.
p
r
a
e
r
s
u
m
e
d
 
m
e
t
h
o
d
s
 
s
h
a
l
l

10
1
c
a
p
a
b
l
e
 
o
f

,
.
.

,

*

.
.

7
..

N
.

.
\

'

I
.1

.7
,

-
.

5s
.



4
'

,
N
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w
r

T
A
B
L
E
 
1
.
6
.
 
(
c
o
n
t
'
 
d
)
)

E
X
A
M
P
L
E
 
o
r
 
E
T
S
S
 
U
T
I
L
I
T
Y
.
D
U
R
I
N
G
 
2
F
8
8
 
D
E
S
I
G
N
 
P
H
A
S
E
.

.

O
l
i
V
i
C
E
 
D
E
S
C
R
I
P
T
I
O
,
N

1
.
1

.
"

.
1
.
2

,
1
.
3

.

1
.
4

2
:
0

.
3
'
.
2

3
.
3
3
.
4

.

4
.
1

4
.
2

O
.
3

4
,
4

4
0

.
4
.
6

5
.
1

5
.
2

,

(
a
)

r
e
s
e
t
 
t
o
 
o
r
i
g
i
n
a
l
 
p
a
r
a
e
m
t
e
r
s
0
0

w
i
t
h
o
u
t
 
r
e
i
n
s
e
r
t
i
o
n
 
o
f
 
p
r
o
b
l
e
m
 
t
a
t
e
,
 
c
a
r
d
.
.
 
a
c
e
.

.

.

(
b
)

g
e
n
u
s
l
 
o
v
e
r
r
t
d
e
 
a
n
d
 
c
o
n
4
t
o
l
 
o
f

.

.

.

_ .

,

.

,
,
,
i
:

.

v a

o

.

. u

'
 
1
Z
7

.

v w a

,

a

.

.
,

.

'

.

I
'

.

.

.

.

.

.

.

-

.

w .

.

.

.
/

.

u

. f w Y

.

,

. .

.

.

,

.

4

.
.

.

e .

.

.

I
, t

. /

.

,

.

.
, . .

.

.

.

.

,

.

, " . . 'I
t

1

'
A

.

.

.

e
^

.

t

,

t

t

.

, 0

.

,

e

.

.

.

.

.
.
,

.

.

d

,

.

.

.

f .

t
e
r
v
i
t
,
o
i
l
e
a
m
t
e
r
a
(
t
)
 
a
n
d
 
t
r
a
c
k
 
i
n
f
o
r
m
a
t
i
o
n
 
i
r
o
n
 
t
h
e

i
n
s
t
r
u
c
t
o
r
 
c
o
n
s
o
l
e
.

.
%

'
*
-

0
.

.
.

.

N
O
T
E
:

"
T
r
a
c
k
"
 
i
s
 
d
e
f
i
n
e
d

.

f
o
r
 
t
h
e
 
p
u
r
p
o
s
e
 
o
f
 
t
h
i
s
 
m
i
l
t
-

L
a
r
y
 
c
h
a
r
a
c
t
e
r
i
s
t
i
c
 
a
s
 
f
o
l
l
o
w
s
:

t
r
a
c
k
 
s
h
a
l
l
'

,
.
.
c
o
n
t
a
i
n
 
n
o
t

o
r

t
h
a
n
 
f
i
v
e
 
l
e
g
s
 
o
f
 
d
a
t
a
 
i
n
t
e
r
-
'

au
ct

io
n.

s
k
i
o
n
.

'
'
'

-
,

.

I
c
.

R
a
d
a
r

S
i
m
u
l
a
t
i
o
d

-
 
T
h
e
 
d
e
v
i
c
e
 
s
h
a
l
l

r
i
a
l
i
S
t
i
C
4
1
1
V
 
s
i
s
u
l
e
j
e
.
s
p
e
 
P
e
r
f
o
r
m
a
n
c
e
 
c
h
f
a
c
t
e
r
i
e
t
t
i
r
e

o
f
t
h
e
 
A
N
/
A
M
-
5
9
 
R
a
d
a
r
(
u
)
 
a
s
 
u
t
i
l
i
s
e
d
 
w
i
t
h
 
t
h
e

A
N
 
/
A
N
C
 
-
0
 
M
i
s
s
i
l
e
 
C
o
n
t
r
o
l
 
.
S
y
s
t
e
m
 
i
n
s
t
a
l
l
e
d
 
i
n
 
t
h
e
 
F
=
4
J

ai
rc

ra
ft.

T
h
e
 
s
i
m
u
l
a
p
i
d
 
r
o
d
e
r
,
s
h
e
l
l
y
e
s
o
o
n
d
 
t
r
.
 
e
l
k

'

r
a
d
a
r
 
s
e
t
 
c
o
n
t
r
O
l
k
e
n
4
 
s
h
a
l
l
 
a
f
f
e
c
t
 
0
1
 
d
i
s
o
l
k
i
s
 
I
N
 
a

.

'
i
m
p
l
i
s
t
i
c
 
m
s
g
p
e
r
(
v
)
.

T
h
e
 
n
o
r
m
a
l
 
e
f
f
e
c
t
s
 
o
f
 
a
i
r
c
r
a
f
t

a
n
d
 
t
a
r
g
e
t
 
m
a
n
e
u
v
e
r
i
n
g
 
s
h
a
l
l
 
b
e
 
r
e
a
l
i
s
t
i
c
a
l
l
y
 
o
l
e
o
-

l
a
c
e
d
.
'
 
A
l
l
 
r
a
d
a
r
 
m
o
d
e
s
 
o
f
 
o
p
e
r
a
t
i
o
n
 
a
n
d
 
r
a
n
g
e
s
 
s
h
a
l
l

b
e
 
s
i
m
u
l
m
m
d
.

T
h
e
 
r
a
d
a
r
 
a
I

l
o
t
i
o
n
 
s
h
a
l
l
 
b
e
 
e
p
r
r
e
l
a
t
e
d

4
1
1

t
o
 
t
h
e
 
f
,
,
C
a
r
l
i
n
d
m
a
e
s
 
r
e
s
t

a
n
d
 
t
o
 
t
h
e

se
ni

le
s
i
m
u
-

l
o
t
i
o
n
 
s
v
p
t
u
t
(
e
e
)
)
,
 
a
s
 
a
p
p
l
i
c
 
a
l
e
 
b
y
 
r
a
d
a
r
 
m
o
d
e
 
s
e
i
s
e
-

t
i
o
h
.

T
h
o
s
e
 
.
c
o
m
p
o
n
e
n
t
s
 
o
f
.
t
h
e
 
A
N
/
A
N
C
-
1
0
 
M
i
s
s
i
l
e

C
o
n
t
r
o
l
 
S
y
s
t
e
i
.
 
s
u
c
h
 
e
w
 
d
i
*
 
c
o
m
m
a
n
d
 
i
n
d
i
c
a
t
o
r
.
 
w
h
i
c
h

a
r
e
 
l
o
c
a
t
e
d
 
i
n
 
r
h
o
 
O
h
 
m
'
s
 
c
o
c
k
p
i
t
.
 
s
h
a
l
l
 
b
e
 
l
i
e
u
-

l
a
t
e
t
t
I
,
 
a
s
 
o
u
t
l
i
n
e
d
 
a
b
o
v
e
.
 
i
n
c
l
u
d
i
n
g
.
 
t
h
e
 
o
p
t
i
c
a
l

s
i
g
h
t
,
 
a
n
d
 
s
h
a
l
l
 
b
e
 
f
u
r
n
i
s
b
a
d
 
f
o
r
 
i
n
s
t
a
l
l
a
t
i
o
n
'
 
i
n
t
o

t
h
e
 
f
l
i
g
h
t
 
O
r
t
i
o
n
 
b
/
-
0
.
1
0
e
v
i
c
e
.

d
.

A
n
t
e
n
n
a
 
S
i
m
u
l
a
t
o
r

.

(
1
)

T
h
i
s
 
u
n
i
t
 
s
h
a
l
l
 
t
e
m
l
i
s
t
i
c
a
l
l
v
-

s
i
m
u
l
a
t
e
 
a
n
t
e
n
n
a
 
s
c
a
n
n
i
n
g
 
m
o
t
i
o
n
 
a
n
d
 
r
o
e
 
p
a
t
t
e
r
n
s
(
Y
)

o
f
 
t
h
e
 
A
P
C
-
5
9
 
R
a
d
a
r
 
A
n
t
e
n
n
a
 
t
o
 
p
r
o
v
i
d
e
 
a
c
c
u
r
a
t
e
 
t
a
r
g
e
t

d
i
r
e
c
t
i
o
n
 
i
n
f
o
r
m
a
t
i
o
n
 
t
o
 
t
h
e
 
r
a
d
a
r
 
s
i
m
u
l
a
t
o
r
 
u
n
i
t
.
1

#

e
l
.

E
l
e
c
t
r
o
n
i
c
 
C
o
u
n
t
e
r
m
e
a
s
u
r
e
s
 
(
E
C
M
)
 
a
n
d

E
l
e
c
t
r
o
n
i
c
 
C
o
u
n
t
e
r
-
C
o
u
n
t
e
r
m
m
a
s
u
r
e
s
 
w
e
l
l
 
'
S
i
m
u
l
a
t
i
o
n

-
 
T
h
e
 
E
c
H
 
a
n
d
 
E
C
C
H
 
s
i
m
u
l
a
t
i
o
n
 
s
h
e
l
l
 
i
n
e
l

r
e
n
d
i
t
i
o
n
s
 
c
s
i
s
t
i
n
t
 
i
n
 
a
 
h
o
s
t
i
l
e
 
E
C
M
 
e
n
v
i
r
e
n
v
O
n
t
 
t

o
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p
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i
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c
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p
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.
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c
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c
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c
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c
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p
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p
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.
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c
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c
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c
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c
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p
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p
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p
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c
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c
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l
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p
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c
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p
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p
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c
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c
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c
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c
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d
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i
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i
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i
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i
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P
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' APPENDIX 'D

EXTRACT 'FROM DEPARTMENT OF TRANSPORTATION AUTOMOBILE
SIMULATOR ,SPECIFICATION

appendix is an extract from a specification preparedThis
by the, United, States Department of Transportation (Federal
Highwaye Administration) for an advanced..eutomobile eimulatae.
; 11iiE;specifice.tion was used as a-n.indicaor of the probIethq'
likely to.,be.--e-ncounterea in simulating significant ispects of
the ,automabile- operator's environment: It was alsosiSe4 ici.
Phase II, in. deriving requirements for equipment, and softvare- essential, o experimentation in groUnd vehicle- training device

--. . design.
= r,

4 I 1k ;, " ,

'..The project shall inclu design :requirements for a ,, .

general-purpOse automobile . ich 'should periit `r;epid
'and: efficient study of- roadway 'configurations and-in-vehicle
dispteys relat'ed'to the ,ARCS project.

" -
;--- ..- -_.

r. , --, - - .......----,
The -proje6t stall provide tiaxdwa-r4_witly,40.6ighponert-t '.°

in-ilt_haraCteris'tics 'apecifeir..below. 'Vie conr'itto-i..-rieed ,not.
be liinipe'd="to',tfiesT:eoljowing. compone6ii; but 'nfly.:'-devia.te"-where
a better prodti-at..,141.1.1 6q iiroducerd by ,,ketch- Chapiation:

..- f 1
../ .

.. -.-' - jt). ' _YiS-.64;. 0,,s.-play, .- --,

?fie stibjectid
-- The use of ..an olittirZystem whtch prbuides

-.throUgh.,,r.eifact,ive cO21-imatiop-af -an Image is,Suggested. _

. 'Display itikh71`4.giht lerightilejse niust :ex-6ee,d .10 ft. -Li. y -ield of

-Any;ailproxiMation..of 'ttaq real world necessitates-
be ableto focus'. his eyes ;t- infinity.

- .
,,vipwpf aou-t-"SOPV 67)011 ,the minimum acceptable:- Reeolu-

: t- iofi of 2 min 1:-..d'arc:iditsplay desirable
min- of .trc of resOtation.

1 4 ,

, - - . ,. ,
. ;Resolifticin'of .,compbnerits4t-i the visiial. 'system shall-, ,

be .specgied,,for.:1;toth. optimal andv:Xypical operating. conditforis ..:
. .. . - - .--.

-. ., - . - . , . .
. .: , with component error analyiis-:p..r.ovided.', .- -- . ;. = .-, ,, - . , . - . ,.. * . ... - .. Image,deve161;;Ii4 shall be °generated:by a TV-Ter-

rain modek*system,- A BI.A.pkand *ite TV system' Vial-be used,

_

hOwever;=,a11 paeSible components .shoul.d -permit 'Clhange to color
TVw-gth ithum

"-%

. Temperitute..devjation of.. +20 °F from 31cirmal ertv"iron-
- meneal, De.mpereture,.of 7QOpr must not degrade syste; operation.

1.

4° 23,7 .

s'

. it
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. . ..
..'Although model scale 41-87:1 4.s ,desirable the

....* ,"o tall size of the mOdel.shduld be aSasnal; az., feasible.
GA ry ,precision -muse 'permit,' location,.and control -Of probe

. - with n"4-1 scale ft.- of any desired. point.-" "The gantry, when
tran sting in both' X.and Y tOcirdiiiatea,.4multaneoukry shotild:\

.., not Viate more than 4-1 scale- foot from' the command Path.. ."
Error_ analysis for .e4ch component-Iii the *coritfol syStems `, -''

,.

. shitilild4be provide.d. '-) _.
.. . ..

-:-
-,- , -

.. - -.. -.--. - ,
,The tsubject'ilt-Iver must be .able` to drive on ,tntg-r-

i-n.
. .- .state highwaya, rural ghways and-on urban Streets. Ili.. 2 .,,.

, interstate -highway must'have a diamond, a oloverleal, and a , , f,.., -

f ..,

each
with collector-distriblitor- roadgaY.. interchanges

.:.
c -.each separatel,b, one ormore..miles: of kighway. Nine _adifi-__ ,

;.,. tional,.,nop-;s4anizrard- interchanges should -be capable of replac- '
.., :'.'ing any of tp.', standa*rd: interchanges' for:a total* of ,12:.. Total

replacement "ceiene ,for, three interchanges should not' eicceed ,.: '-..

.three hours. ''Inter'state: rdadwaYs ,must. permit',100-mph at all ..:
points 'desirably wi.th. ,Capab-gity of 150' mtrft':for s'lloi-,t sections_ .
The interchanges ?Should be'qapable,of variable'..-si:',acieg from. ,. . ..cldker-than- t.2 mile to over ,twos files. : . .- -.. , . ..:

, A

7
,.. ,, .?

, The rural 'roadway 'should - or more, milei of .

two%-lane` -5,0 mph' specificatten ti'ighwa,y and one or .more miles. T 41,
. _ . .."

of four -lane divided- linn-;fre.c.iay. Urliat)..streetS.i.iith..."25-30
. , mph' design -limits, frequent intersections and at leas-E.-one -,

, traffic final and one stop 'sign must be in-clucle.d.,`7 The 'fot-
,- 'lowing- inTersections.must be provided: traffic_ circle, T, Y,

and four-way ri'ght. angle.. The four -way must be'..tepresented
in both 'two - line -acid. four -lane approach., ransitJoni' should
be pi-ovi-led to permit- continuous operation rover the entire
"simulated roadway segment.- rt is desirable that repetition
from the beginning be easily accomplished with no discolitin-
uity between Scenes.. . . .. .

. .. . . .

The- visual system should permit the driyer, to .... ..

e

-move laterally- over four lanes of traffic and yaw -when appro-
priate for lane changes, and other maneuvers. .

Noratal environmental traffic wo-O.ci be debirable.
.iVintersections,- far purpose p 'of Measureent,,,there;:ithOu_lit -::-..

. be ,nO,traffic,for the-last, 30'.'s,econEls,Of approath,1-..;1!,ut `on..7
other, sections traffic **Should be ,movirig, and 'reprerdent normal

_ --I.--e-Velg for a particiilar ty,pe of rOadway,, Speed..deviationa/of '*
+10%; between t.e subject'S vehicle. and other cars on the high---,'
why appear permissible. ... ....., ,,/

. .., _ '.
p
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-4- (2) Motion System .- . .
. - .

Atcliraie motion of *the vehicle *cab correlated.
. with the.vdsual image of the roadWay. is:require.). Neither

violent- maneuvers: nor highwa y/weathdr interactions are to
f- .-be studied. in the short!ratige research, sotfiat-simulatron.. - , ...., . -..of high "i"" forces will not be required. -... .

" Sustained lateral "el fo'i4Ces to simulate tUrTning
are considered desirable. . -.. . . .. .i3. WhiCle Cab. _ ,.

,..
....

. 4 ____ . y. -
. *. - .._,,,,,, I

-The use of_ a-- conteMporary, standard :Sedan iconfig- ..
pilttion including the ,section from firewa_11 ,to lietythcr the.
f;ont seat3, and the full wl,dth'of- a norm 4. ear is ,required, -
The roof,Section at-). vehicle Tiood will ailtc be included.
Either a section oLe..vehicle o'rl'a new ,cooStrUction with :*,,,, .. .,similar appearance is ..te.q.lird:.-,- .

1 ` --.---
.

., *,
is

, .. The interior will simulate '4,9 average American
.car. An automatic eransmissiori.sele6tof aiti..fithert-typibar .
instruments and controls vial be includecl_.2_-_ Instruments and,aintrols will 'operite.. IrkstrUmenti-, and- cOntrols will be '.- ------,-----.

modular an- d rapidly. removable. :: . . -

. -,- -- . . -. , . ... .. ' . ', A - 6 ...

'to
w

'..

Strength .of 'the unit -must -be such that the str.es-fi,
ses from a future notion system will. not cause ,component .
failure. The cab-motion- platform should be cap4,ble. of being'
modified .to Support additional visual systems and,,11-erm-LE7.--,
alteraVon of center -of - gravity Of the .vehicle
future desigh.considerations... ,.t.

-' (4). Auditory 'System- t , , -N - .,

''An eleciPO4chanigar:sYstin .s. not acceptable. full ,road-'-Aar::'.

.... .:, . , - , . :.,..
,... .. o- .

, -
ta.ducedele'cironfcally, and under cpinpli:ter control) are req ire&

way ancrveticle_ sc.-LI/0 simulation, 1 . e .-.`pavemerit s-uTface
. *changes, air tine from_opening 'vehicle windows, is desirable

.,
. ; -bUt, is not tt d:tiuire., in ths-e----present simulator ' ,

. -... r ,
.. . o

;\'`" <

-_.
F

ww -

w

. " 4 .
\`..

:6

^

6 ,

.-.

, -AL ,

J '` .,". V.
-t. :4
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APPENDIX

'Etg.14IPO OP MOTION FOR WAUTTOBILE
. ..,..

. ,*7_-.°: Durint -Priase--1:11pg the `study-, the--equati-O-ns represen=ting
r ehe motiop:s . :91 awVariety of -vehicle systems 'were_ reviewed,

relative to the seleetion of equipment and -software for the
*\ EISS. ',,,Although ground veh4clfts:are generally considered less

':- '''' complex t'lian;,-aii vehicles,* it was noted 'that-aid -simulation
- .

implitation*--ofiround vehicle motions are -equally severe.
The 'equations in thii_appendix ill.ustrate the significance. of
these tmpiliCations.. They represgqt the mathematical model

-:thit is. both .necessary and adequate to predict, the q.'snsielt . .._

later-al respOnie of"en- automotive vehicle, to _control inputi of <

steering 'wheel torque.. The set" of equations illustrates the
..

complexity, required ..for simulation of an automobile in a Con-',
trolled environment - -in the absence of -perraiii'variations -and, ,-

... - -

,__ I. ':=
The! 'eqtiationarepresen.; the lite ral_s taliill y Arid brz-- ... ,-

- - _ .

trot model for the ,free contro-1?,-autombbile. That is; -ehe-;
stab-114y_ charaoteristies which `ate aSSociated with- a. steering

. itheel whose" Motion is unimpeded, by the dtiver-or--.phe respcirise
- .produced- by 2: "1.-csrqu applied to the - steering .wheel For :a . -.

det-alIed-,analy,sis of the subject the reader ,is,..directed-:io
4 . + . , a

I. -4 ,

.1 s the ;reference , .(41); !,__.:-- '-' .1- ... , ,es ,

s 1 '"4" ,- 1- -* 4 s . 6
.. "" . '.

4
.

A;. a*

/ ". ...
, .; a . W

t , 'If the steering torque , 14, '' is %conside-red to- 6e- the

N , ' input' to the vehicle the, .fo-116wilig aiinenSidnal 'Aquatraps of -.

,,;notion as dqiai.cte'it . in the:'foilowing :p.a.-g!..r-res.ul.t fai the free '';----
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thatidatire
-.aligning torque prtflared twa

frost rear tires, ft iii
0.171ao, combined aligning_A7'

stiffSiess orright and lefS,tirga,
--.11-1b/rad

distance between vehts
_--front wheel center, It

b = distance between velmie_ i--pcnd 4
f _

4 u- As:stance ineasurc:ti isuryzntaIly-
from rgof

= 1- CT, total 16n.sering stiffness'

= height-4 the eg of rolling mare
above the roll ascii, ft

I. /r = pnPcipal tnoments- of ifiertui of
.1/ slug-ft-1,-

of inertia cot vetsitir
aboutvertical lisis.4tigh its.
-11D-th1X-ft:1 If rust t 31,h"
slug -fir.

r-,'!ir-tus (eft 3111

fei .t l cos t
slue -ft l

= Rider sou:Lent i,f 7stsertiii kali

J4',/oa,,, cornering stiffness of
both front tires, Ibirad

w af'10;ittr cornering ma-nee:1.a
rt7ar trrm

gear tuts, or steering system,
t:V, X NO

g = acceltraoon of gravity., ff ;see,:

_
IV, = -weight of milling reuse, lb
. trail distance far poinuve,c2tater

angle, ft ; `

/. v:heelbase, ft
31 = total mass of vehiek, slugs

11, = Spiting mass-of vehicle. slop'
(unsprung)- mass of

slugs
mouient about vertical

axis, through cis of veins
ft lb,

singidar vekwity t:f_rolhog mass
relative to unariniug

_ ,tad /sec
radius oftere, ft --

r' -velocity of .14.10:11
mass, rad/sec

11T kterting a liee..sque. ft-It.
t time, Nee

front-wheel trend
V = forward v,lo its of %l a. le. fsa
11.5= 1.11.41-41 veliwity of psuptirtg
'11S mass along y-sznr,-./ps

p

d'
di

freiht(vbeels &bout axle, slug-.
ftt , ti

i I _

KT r kingpin.tvripir, ft-lb
Je rull saffness .of suspension, ft-

rolling moment about 3-a ria,
ft-lb.

* . _

= camber angle of aunt wbeels, rad dt

.5s, = fn./At-wheel thiplacemeil, (&L-
4. 4)/2, tea . ,

ri tiorealtingraxis. lb
= -a/ten. tire sjdsturce per it

, ,`. camber angle. Ttrirati
-

z = hesilst. of rOTC center suave

'CI a tire angst, rad -

J.- _rc indesUP,osogfet;1 rad-

d.

L =``16-1-1.danwing pioaced by Mori
" "Absorberg,rft-lb-secinol .
z,(4-1-/Nr, sttrecial;' '"

A,

roll displacement-of rolling rums
about roll az* rad

eigisnAdon roll asis__beleor
luirizontal,-ead

= inclination of principal .asrs-4tf
; above mlt axis, rad

It -.631/44,4ear 4064N .

?//aeli. fate of change of minter = steady state
'angle per ur.ii :roll angle of t. = frost wheels
sprung snug, rid/rad = rear wIstels

. .

".7.

Additsedi

ridd,

id.

Schtlatii trf Ivo*, !rim

.1,r".f.
Nbeel,i,eri VI;ig-41
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A el r rfili;
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trur

Sr 110 1{.111 111911-WiThent:-CW1,,
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APPENDIX F
.

AIRBORNE VEHICLES -...-
, _ %

.....
1-, This app-en..dix considers the characteristics -of ,all air-craft -- military -and ciyilian -'-- dirigibles and certain , --,--**, *-

...

-aspects of air cushion vehicles 'as- they appertain to .the ,motidn,.and viSual iequirements. - These vehicle&sares%har,ACterizAd b.y
,,,the following modes of operation, teach of y.h.i.ch hds its- -ref - . ,, .":spettive operatianat and training implications:. ': - *-- - .

- . 1. Grbund handling operatiOns .
. .2.. Takeoff arid' landing- = .'. .3. Conventional flight 2- -- . ,

/I. :Abnormal flight' .- 'r%`---. ;,-r

.
, 5

,, .
. The range of flight .profiles 'considared 'encompasses :

: -...
.1. " TaTaxiing' '. 1 , , _-

62.; - Takeoff add climb- '46 : .. , s ".
3. ApPioach and :landing. ,,;-

.
-.. , - ,4... Aityork and aerObatre's - .

5. Formation. flying .. .*
,

,

"6.. .,. Navigatiod and w.-level flYing - .-7. Night flyi.ng - -.; -, . ...
,.-- ' 4,.. c. -

-., . ''', 1.'1 THE .MOT ION cHARAcTettsT ic-s- OF ArtBORNE VEHICIES.."- Moye-
.

,, . *-- ment of.an air vehicla-on an aprdn, runway, _or scaleiway is -felt ... is,felt
by the opiirator as' random;-:. f_owz-frequency;,-low-amplitude';., --.... II .4 . 4k ... . ',. s..,

4 multi-di,rectipnal oscilla'tio&5, 'These oF.cillationg.are' depen-s:---....,- dent on .the extent. of irregularities in the -suxface= cif =the
. - a .E.-,-t-r t- mc -c.;e1-lic le also :experiences forces..cansed by -brake.. ---

.\ - 1 . j
% '7 '... .- appl-i c a i i'on s , ..s.yr.1-Ait-i( tric" thr6-.9.k and-,:e.)*ercfs- of direction -' .:,,,,_ ...,, . - - .. .control . . -,, ',--_,,,. , - . -. , ,. , .. . ,

,... .s --.

--- The .ground roll' portioci of either 4 tke6frT'or landing
el.'s defined. citits i. respect to -vehite mqtion:.'hy, the preceding-_,-'

fparagraphT.-- During- a .takeof`f , 'the instant that a vehicle .be- -
cornea airborne the gi-bpnd roll fumble ceases .'- The velli.cle

--usually assumes, a, nose-high ateaztude ,- and. variouS ,1.ongitudi- .:
nal accelerations occur as thrust, it changed, gtat'retractee '

_and high-lift devices ?etr.aeted: During the- landing 'phase 1:N
the peopedure occl.iyfr.,in reverse, carder, witii_bu,fleting. occur!:
ring as the yariousdevices are extended, dn4.41 rotor doyn-

. .wash, is reflected. froni:the ground aii:dAor f,usetage, :. At:'-tpkich- -

* down, an impact of the vehicle with the pavement- ,oc.cursatid,. .
4

' 4

\
1 q ..

V-V , 24 .-
,. ,.... Fri. . .

,
...,... ---4 :44



. NAVTRADEVCEN 69-C -Cr207 -1,
cie e ri dent whether or hotthe vertical

. than the" absorption abilities of this
o-dcuri :Asymmetric touchdoTasCpauses

momentum is greater
landing_ gear, 'la bounce
longitudinal and'

niotion of the v.e hic le .

.
-.7'..."'., s, *-Z ' 1 ,e,r .

.. -' , .uring.orivenOlbnal. flight, Which. includes sEra4ght and
: '., --' lever flight, twen'ini,:f11ght .climbing, acid descending _flightF - .. ...apd -air- clther modes of fitsght that are continuouS. in .nature,
'.. : , ''.. --`...and' riOt;:-inftue.nced-by" extena-lor.ces , "ithe vehicle Is capable

-of. moving 16 ,Ehree..tranilat-i4ne-1.,''and three, rotational degrees
7- I : ' of freederi? The extent (4 the rre,,,,,ion ir,t. any of these degrees

fis -.it by the' mode: of flight' idd the ty.Eie of- vehicle .
The e'ffects CI 'C har a ct r is t i c ,,peripdtc oscillations, such as '-_. .

. - =the r;hi.igaici , shdrt,-,pe rioU osoil-latiorits , Dutch roll 'and latta 1 -

ins'Spb`illfys cik.O.'llations,i are ,sbper'imposed on the basic motions.
,.. , .

, - ,,- , .. - . i) . ; k
I. , , S.

, The' aknorima3..reg,ii:In off flight comprises all circumstances ,
not covered- by dye' pretediqg 'three paragraphs , including .those
motions Of the vehicle that ;axe not :controlled` by the ft.pera-, :

---ting; Crew:' stafl ,-;,_Stalall buifet blad4 stal.i,T.Mach buffet., .buffet,
...' posf-St.all yratioin-i' wing- drbp',' "spill, l't.ipset dile to turbulence..._

and effects 'duei to malfuncttons.'br Vehicle- eq-uipraen't..

-

.

E

.

Si

parameters...- - . be. ermination :Of- the- for an _air:`v` ehtcle' Mot iori

.....base.
has alWays :beep a very stbje-ctive- and much - discuss 'd

_ writtenitem. Many reports belie bee written on f he 'subject, .but-none
have explicTtly related vehicie perfbtma,nce to motton base; =

-charaCfer'istics . sip :View, Of the 'fact that little facual' in-
formation is- available for -the chai,acteristics of a motion

.
Vase for'an... air -Vehicle, a summary of simulator requirements
is shawri in 18 (Page i',-,3 )`. It is seggeited that the char.-
.ac terlstics chosen for the tTSS lean toward the maximum values, .

thus allowing for experimentfitioil in deterraination of suitable
characteristics for an air... Vehicle: Simulator with a motion
,platform,, '. ,i . : .`,,, 4 --`

* .:
-, .

r ..i ..'11-lp `Visual Cha ta-t et' l'S t i CS `of .AiriorrieVehiCies . A study
.( 39.) to de fermi*: the apbimutt- @sual "system .fc5i- a f light
s i;rraliator capdble of'p'erforming those light Rrbfiles has.
been conducted by" LinR . The ,obaervat=it:40,- of this study are

' Shown :in Table 19 (Page F.-/f. )`. your visual. systems were -pt.o-
posed to 4dver all.adnectS Of 'the. -lis ted:fl ighf profiles;

r VA

. .,, . ' . ' ' k ..' ;
.

.$ ince 'the.: primary pusrpose.-of;any s itualator is to 00--.t , , .., , .

'vtde training ici vehicle. operation without gsing oPetational.
qehicieS ,- it is reasonable ,ti.:.* choose a research 'visual, system -,

y _. 7- .

.12'
..

`

.

4

0

41.
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TABLE 18'. SUMMARY' OF AIRBORNE VEHICLE MOTION SYSTEM CHARACTERISTICS
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. APPEN G
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-.";" .mARINE Vitt'S,.,.

, --.. . .
Mar.ine;.vehicles , i.ficlude: ', ' ', , ,'

, . 4A .,
i

ols
_

7.

I

, t
sf

-

0, .

.

s
/ a. Surface` dtspla.cement vessels ranging from fa"st,, light-
weight pa,troi boats to large .aircraft -carriers.

f

4

.' b..1' Surface -effee'c.vehicle's or hover-craft* ranging it..-
_ .

.,'" size fi-oth.the SIC6 to SRN4. '. .- - a

f
e, . '*

1 I a ' <,, t Subsurface vessels or submarines...ranging -in size up .

the new nuclear attack- sLA nakines., '-.. .

1 . MOTION *CHARACTERIST ICS OF laRIN:VEHICLES. °'

.. .,---,

'When steamfng"thriltug"h Tough%seas a shivis subjected itb;
. water` 'Forces which compel it tooscillate...in all pos'siibie

directions, and tklese motions, are repi#ted more or less -,perl.".
Odfca;11! The-ship rolls ,,and'oitches about longitudinal. and;

, ,

lateral axe Erin 4", hori4.prita I plane., ind. yaws about a.-,,:761-tic,a1 --
, ' airis.. It 'also Oerforme three- tiartslatiOnal motions: ":the

center of gravity heaves vertically, surges ionglitudinally. .

`andsfqayi laterally. 'The actual movements areZusually--a Com-
plicated Combiniticon cif all six motions. , r"--

, , , P ' `A?
.

. I ..-
A survey, of Ovailable literattire praduCes 'a useful giride :

to ship motion during, stormy- weather. These data are repro-=-
' . diced in Tables 20 _and -21. ('Pages G-2 and Cr-3 ), rigtires 15 '

through 19 (Pages :,,G-i; ahr_oughG-8 ) . -The findings frog these
data reveal the licts discussed hereiri, , ..

,
., 3.. I

.- - --.
. . ,,

,

The ,ralring period, fOr thd majority Al vessels .1,iet be----',
. tweii'll 4.5 anc1,33 secOnds . The' maximum r.91.1,,ingle hiked in .'

, ,- ..-' the liessels 'w,is. 27 degrees. It should be n6-teAl 'hat for' some '''
y,evsels , laiidtng c"raft :in ,Oarticular, an "angtiAtir .;a&eo).,,6riii.ort

.- -; 7 of. 49 de,g/dech has ben recorded The iltetving , perioil c. f or ..
- , the, majdrity of ,yesgels`tliess between 3 and 7 seconds', The

. maxitaum pitch angle noted .was 10 degrees; wifh,Ehe -ritaj.bri-ty,,,,-
: 15'1;13..about 5degrees-.. ,,It: should be 'note'd. (Figure .17-0- Pages,

.?.. p-6)" that the; majeitzurn pite.h. angle Occurs whenthe' wavelength :
, . .....

t 0 . equals the.-.ship 'hull. length; the: pie,ch angle- in ,this sps,se- ma34.
.. '`'be folk tunes ,the. tnaiirtium wave slope': For .lariding 'crift, "pitch.. -..

4 0 Ar
1 , :Ongles of ;50° 'have :been'. reabr.ded. The heave on& dig charge _ .

-66 teris.tics,.of a ship are! ,dependent on Ilave- )1eight. Flom
, ,

, 1 . . . : .. l
,.,

-

. ..

t.
, i ql. : . ",.: " ' t,

,-s . -
.

II, I

0
. r ,.. . . .,,,

, .
, G-1

I. -- . ,.
.

- ..
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TABLE 21 CHARACTERISTICS OF isIOT ION FOR S, N'AVAL' VESSELS

- 1 PhRIOb OP. 4.1q4 P0rr-f.---*A91).
ROLL( SEC ). (SEC) 02Eal

--.

,

.e
...

. .',.
.,

.-

,Lies1-.1'0Y e r
, 9,5 25-' ,. 5 -" 5 r,-. 2-6 .CC. 3 .-4.6 25: t -,3 5 .2-3.

/

re

LCT 5.0, ,15 * 14 '. j ..19

,Destroyer Escort ...-) 2 . S. 5 - .1)4 :
...

Heavy Cruiser 12. t 7 '4 , 14
. ,. . ... .. ,- ... ...

Carrier . 16'. li) 7 11 ' .13-,
., .-

I

Lif-ht Cruiser 4. 4 7 11 .13.

Escort Carrier

TranspOrt-

Submarine ,

13*

AOP, Anple °Tilton
.-.

,

. Period of 'Pitch
. .

AU? .PCn.p-les Of' d' it&

5 .12

7 4 :1.2
,

3 -.12

- 25. 7 ."
/.

27 3-7
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Figurg 18 (Page. G-7 ) , it_ should: be n oted that, at the synchro7 '
_. .

nism- point;_the heave or 4ip of a vessel may be aimost double -;
.--=-; _waVe-beight:-. Wave height .anelength are functions of--many ,!

7 paratosters., too ''numerous td, be_ de;ifiled in. this re por.t ,;ifnd, .
-Figure 19 -(Page G-8 ) shows ,typical wive -characteristics. for
- . 5. II
th'e- North 'PleifiC Ocean, other With the curve, for theoxeti- ,

cal -Wave.'dimet:tions ;
,- , , ----. _ .. . N

I ....lr
t .'''

,t .

*I 0....` ' ..

I
For- these conditions .the maximum acceleration in heave.r s

t \,at a waye 'speed,. ,relatiye, t=o the bull, - cif :20 ft.,-wciti.itzl be'
4/ .. abOut 0.07.7 =---_.

...
-_ ----,-..---

, ..
-;--. - ,,..

.., .. - - , .
-4., Yawing -,-- id 4:- sh ip :+. ustially, :takes plab&- iiiih-iuch'',a- stow ''.,,

acceleration tkiat_jk__iti altiost inip4;r:cerpt-ible!.':- In th4ke- con: :
- ". dittans a,._mi.-stial cul farlaw.1.s best "a.PPreeiitet-k. -libwei;re,r,?.,-- --

-:- .,
'small cratts-witi-flaf bottoms,iiich. ass assault` 1..rtiling craft-,L....,_ ..

-,4.cl
cat-have 4.;"_prpngian'ced,-y.Wing mOtion wheii--b.z.eacitior4n;the -'
waves fIn. these_ cfrctiSiarrces .thetyat./ rate-_ma#'bffe as hfgh as i.:...- .s,

--- -60--degreesiseddild:. Ag-a_iik.,,,,the 'yisilal. rePieaeA.tatiott of:the.- '_ ::' total -arigle' traveisidl,, tOges.-61ei with -=the ottset'of-thg yaw :.',,, provided- bi._ the fiat ion .system-lig11, induce:la reaLiSti6-simul;a-
O_On of\*.ixiAiete ati.-1.-S: % ,--

1 ' -
' ..-. ... . 4 . a--... .

'., 'ft, %
-V . ....,,f

. .A. ..._.- -"The oral-ona.1 motion. o-f shipS generilly -occurs with
the

.-
- Dow. values of ac-alt-atton; unless the vesiel la eit:iemifies
mare considered. Again., 'ttie-onfiet of the cue wound Have to

-..i- 1e provided because- of large' magnitudes ,of motion _in- heaVe -,-_ ,

dip, --surge and -drift, -- ..: .I'. ---- ..., ..
. .. .. -.

. .. -.... ., . , . --
- , , A vessel will occasionally- slam,when driven -throUgh.

, .
.-_. rough water,- '.This -means that the *forward -seetion-ot. the IipIl..., receives 4 violent- blow that causes the hull to stutdde_i- with

_a rapid vibr-ation having `a period of. less'than a second, At.,

t-he i=ns -tant_ of Slam, a lOud report is - heard ..'t hrOugtiou t -the - ,
ship. Studies of slamming. have .shosri that a.c-celerationS-:0 '..

higli'as 4g can occur. Tfie_ditreti4 of the acceleriation ie - -.-

,
.short, 'tee the _order of 0.25- 'Seconds.-

- - . ---..,.. .---, ..
., - -. 5,

. ,
-:.. . . . , -,,q..In s-unnaarizing thk characteristic' Motidp requirements' ;

for naval, ve-,ssts; angular motion; yaw exCept4'd, should:be , .......

......fully repies-entid; The effect ;of roll: and pitch fa a deet-ab,% 7- .
I _ ...

ilizingOffuence A the persons' the vessel: A system'.
thatAeturns to the neutral, po,sitiOn subliminalLY would pro-

--vide a very false sensWti.on of reit11 and, pitch- excursions; .

'=.Angular acceleration shoultlbe.aliout"6 ...0deg /sect with angular ,.., ;
4 .:

' ? 1 . s . ' . 1 ,7, ,

4
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_ , . 'ini,iial yaw- cue of .6ci degffiet. The trarisleltional. _inotiolls dtie

: :tel tlieir magriitude.s arg best represerit'ed b.-Y Or9v.i.airtg ra.moficii ,

Cire' Onset' backed with a vistuil- ctie 'Of_ ihe continuous Motion. -- '..., -

..- .
Due to slamming- rgsittirements,: the _oriset 'of aeeeldratibir may4 .

., . . ,

teas high eili '4g. , . . , -,.. .,---

, , . - "-,, .

- ..- , , z .: *. , 9,_

''.. . ; : -*

''..* '''* ' / jvroAL CCiARACTER_ISTIO.S, 0F IIARINE VEiiICLES ,i,,-,' --Marine* vesSe la
....., may -0.k:rate in -4 giunber- of:roles; each ode- demancting differ'enf-. ,.,-....,_ - . _ . .. , _....'''characteristica irt--the miStial siiitulation system., ;t4,- 1-ists-ol-

,-__ these ope'rating -roles Includei:_
- -,-- . -.

-in".pasSage,by itself

fb. Vessel .in passage accompanied by other vessels.
. '

c,. 'Vessel in harbor' ai)proadi
,

Vessel docking alongside.another vessel or ,jetty

e:' Vessel approaching beachhead 'arid learving beach
,f. Submarine submerged-arid 'using periscopeunder

corresponding to a, b :and-
r.

, f -g..;..Submar.ine 'running on surface. under conditions cor-
. reaponding,to_a; bi c, and d:. .,... ,.

, .7 ,-.. .. . .

h.. Vessel iii ' combat; with- target :"..

-r-

..

.
-.t

.

, 'This list i: g a pp i i, ab le,-f: o day , night
:

and ogr l imitea opera-
, ..,

., tit* -condit ions,
.. -

.., ,
--; In,the :first ,role o other' vessels or land' in the- .

...-'---- visual iceni-;-the irilage` content: 3s comppSed of water and sky.:
. t: :Aeparate d :by .ther:da s horizon: Unlesi _the- visual system

11' 'be-itig.,,us': to depict the effect. 0 different' Weather pat- ',,,,., ,
- teyrfs, thik,aky..detail -carts--be,,,ignored. The sky is blue becom -N -.

...,-*_., ---ing,Jightert.oward the hoDizon.-' The titoyement of the horizon
: shotild..be c:oordinated with ship- Movement arid with any wave'

. . ,

.,.motion;', . .. ...4; .. - . . ."\- . ... , ..- ----- '' :,....-,. - , - , .

.. The appearanthe. of 'surface wave, if portrayed, may .

.-cfuse severe' iehriical prohlems.,,,If -there. is no, reqUirement
for ..a..dynkirtid wave motiotic% the :viqual -requirements can *be met .

wig a=-point-light-source .proje-ctor, "sea-sky trapiparency
- ..

fr

0.9

s
N

ss G.710 .9
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'' ,and a pitch-rpll transparency -drive system, the probleni -aris-

ing from the appearance of significant waves in theyisul
: scene may, be surmounted in ,a number -of way§." It is impoitant ,, .to reme' 'f113r thatsimulator'iaotion. roust be coordinated to elle :,

visual wa e movements_ through 'the toMbined .trEknsfet functfort
. . of tote, vessel: and then wave de-cribigjuncticiik. ..',.;'

,

. -,.
.

. ..., . ,

. .- This reqU4ementz,rules out any s.itilpfe.fiam projectiop or
- . Cc . r

: rconstruction.systerp; A, VAMP* Ostem cotird, beused.,ac. long
as the direction *of.,apprtaeh 'to the ,,waves *could be suitably 2.: I.

..___

- .
- restricted, 'In, thi'S applic,ition, 'the wave atnpl.ittide in-forma-1 . . ..pion could=be placed together -wi-th the' velotity_and positIon L1--- --

.-irvformation on,.an expanded sot.* hrack aitingaide Ahe picture;
'Large' .diractional deviations cauge the waves tit `become very.
steep 'c4, in The -4ppi6s(e.e sense ,'. to become innocuous gr-ound'

_ Swe,11p. -. , .

...i . I, 7.,. '''
,l .:.,

A theoretical apProacii--would bet' to-use, a three-dithensiOn-
, -"Ia1`-tran4jaarens;; reconstructed of9: the waye.. image, :with, the. sky

separately superimposed o'n the horizon'. _Systems sucli as this '.
. "ark limited by the CIT'cl,:aracte4-i--.,;;tids to a resolution of,. -

2000 lines per inch on the face of'. .-the tube**; At low tleva-
;tions, however, the 'retol'Utioll _is-relatively pdOr-using an
18-inch-sql;arc transpareitcy, at a scale of -600',0.00:/'(see 'Ref.".
39): Reducing the', scale to 100,00041 with 2000 lifiegilyi?h :
would "achieve Na theoretic-al sresolution of .50., inchs. .16,n 18-

. , .

inci.equaie transparency would'cOver ari. area ,a4out 28 tatute
tri..les square.- HoWiver, since the wave shape ', ha 'S., to be:
abed, 'about- 8. lines of information per,,i,,ave "re. needed. This

. wbuld rsuslt in aq effective. eysEem resolution of aboUt. 33.
, 'feet, F,Or a Vessel in passage,, 'with w4v-e'-lengtfis pf abodt .

_7 300, fe'et,, this may; be..'"facceptable The transparency 'would' te.

, scalfewith '-trelocity aorrespondAng to. the 'vector ruin of the
veasel vellsott y plus the, velociq, of ,the waves - both -measured,,
2.n a cp,thm 'reference _i*e- Sinde: the area ,of na-vigation, isvs--
-reletively:smail, the edge Of -the transparency 44ou].d,be
'reached it' a: relatively ,.short time However' since the'eZTgS '9..., s ,
is,concetne6 with human factors research, 'i_t- is felt that
this lirraeation on the system can be, justified in view of
the- fact .that the axperiniente.w1:11.not. be of long ditration.

, , ..

, . <,

: .
g. '1

... ... .
. :-..

Tr'ademark, ,.Link Division of the SInier Company ,
, ,.** Ferranti Data Sheets: Micro spot Cathode ,4ay Tubes, 5/7 .

and . "Resolution, to its Measurement." "-.::
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Ofie furtIlerN4p-roach is to use a igit.ak eleciippic gen-
eriiibn 'af the wave

math
-using tijathema4cal representation

,of_wav6.`friotio'n. A math model such as this .c9U14 be us'e'd for

b4,4_the and Inotipn signal `requirements; Singe' the
_

- 4:i ie,a-complex Jona, ..a large numbe of line's are,needed:,-:.
7 to degoibe

(.
fts shalie. This'; immediately puts -4 1.im4e.tiop op,

-

'xiie fidelity of the resulting piCOre,,, since the electronic
1.1110U: generators arp .generallY limited to relatively gw":'
00 stki6ing .lihes, Hareyer,, as compLiter-Nisual technology,
mprove's, so will pictudefinition: .., ' ''-' .

. a _ \ '* ' -A

_ At this point, it....should be stressed
.scene portraying wages 'synehron4ed eo ves

Ver 57 expensive -system;
. A

- A

that any visual
sel' motion wikl 'be

7
J

. _,

FJi: vessels in passage accompanied by vother -,essels;, ail- ,....

' the cohstrainEsciSncerning vessels ip passage- app*, RoweVer, ,.

. , .

ap addit.itnal constraint As ed. de since there are. other
- dynamic vessels in the plc rorial scene, The3 scene image con-,.. ,

tent can range froth other vessels coang over the .hcf4ron
tower& the vessel being 'simulated , to'' Vothe,i ship gtetion-.

keeping on the simulated vessel, This rm§lio. that tilere is',

aiyri'amic motion between two dr mote -vesselS. SinCe ife.pr'ime

image content: is the other. verse .; the de tkiI 'of' the .seaand
-7-----

.- '-------...sky' need -not be 'reprod6ced with' e 'high level of fideJitY'4. .

. ,

.0

.
4

, : . e e .
- . . .

. The, angle of view required . for such 4 system- may be
.- -

!cieditb(i-ci ac$ the view from the' btidge of :a ship. Excep' for
.':very 'close-in maneuvering theri is., little need to look above .'

., the horizon. When keeping station on anothei ;ship ,it is'_rarely'
. .

. necessary to look-down vat an angle in excess of 60 degrees, .,-

The horizontal held of.yiew, sl,se, to gfiip-,Tas-d,age; becomes ' '

'- 'quite; extensive add: may' be approximated by' a horizontal field
.

of -view' of 240 degrees.'. At least twA method's are applicable
-to' fills operating elle ...- 'T91first gine:described. briefly_ in '

,. .

. - ,
the previoug. SeCtidn is the digital. generation of etedirOnic'

.

,,'t
images: Theiriageg generaiedv:mAy be 1 41,04n- line drawings

. .

,,....; of the surrounding vetlicle sinCe:the tt4ining valise is tda ,* .

' rived prom the relative dynamics ,of kid.Visspls and. ,nut the

'_:veisel detail. ..A,retent)analysis btthe 41011.a.generatign .._-

re,Oniremedts has resulted 4.4-1 a,arrier lanana and ,takofr-
, line -drawing bytitem being .tkveloped fez N#.,d= by 'the Evans A, .

§utheiiand-torporation.' tOmittedly,'the-.mOre,Alet4ilthere' -'
4,1 the .slOreetipily .ehe -visual diSPlay is accepted by, the

.

c subjesci:. A typfCal'prebentatIon of 'the digita=l visi141-1scenel, ,:' .

, is -depicted in Figure t.2^0. Mai, yr--13):., By suitable. filltpl*ilat ion

the; . ,
of Math model the image dynamics may be `pranged relidily. ------

,

.4

: 4
e , "

4

4 . V ' a ,' 0 4 ' '

:0.

)

'70() A

'
12Gr: v,
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i ,, The remaining methodihat'fulfiLla thetsrequiretreets of
..,- this operating- role is a Camera-model-, systeM., either Of,, tr..70, .

. types Of cathera,model system may be used! 4pertd,;ing,on Whether
'there. is more thin one vessel, in. the image 'content. 4, ,i.

, The first approach ,assumes that .there' is ,Only orie vessel
'in the visible` area of the ocean. This technique,. uses a'`single
model of the other 1-ship'.and `i -TV camera probe:wnich has zoom ' , ;,,,,.r.and track capabilities., The 4.'iv:carner? -also ties the. .c.ip 'ability
for all:awing a .0",inge,in ship's heading. - Roll .an' pitZli:ii-e - :, ,

- - considered,uniMPortant.'civantities since there is no. wave Motion,.,

deptcte.d. At.: distances from the mael..where 'perspective. angle
changes are small, the zoom capability, is used' to simulate the -.

tw.o vessels, aoproaChing each other . e_. As Ol change in the per-
spective angle becomes significant .,%.r.,r=1e/N camera- starts to ,

'track Tin towards -the model. They effect of die' model` changing ,,,
heading is provided by mounting' the' Model ,on a tut-citable:.

'Figu're:21- (Page Gr15) shows a typical laygut of the ,system.
To allOw -sufficient-detail. 9n .the urodel a scale of abot.it..:480:1-'-`
is suggested (40 ,ft/in)'. The _plastic rnodels -aVailable re-stail stores- are very satisfactory' . The ocean horizon is ,gen--erated by the intersection of the plane carrying' the
model and the sidee*Of the device..

The second' approach, Which allows- mul lq vessels -to
maneuver,: is similar to the ..firSt. However,,' the ,camera,,
equipped with a zoom lens, is only allOwed to rotate in\azi-
mUth with translaEionalmovement-.elimin.ated Suitably scaled

,models of -the -maneuvering vessels are, placed on, the, surface of
the device and are controlled by "crabs." These crabs operate, s
under computes control, beneath the surface of the device, cori-,
trolling the models by virtue of the attrattlon,; of two magnets'
(one magne,t is on the model base and-anottier pn- top of the ...
.(pantrolling crab). Figuke 2,? (Page G-16) itiustrates the
basic concepts of such a visual system.

I(,.
,The other visual system techniques described' in .Appendix

J, with, thp pos.sible":exCeption of 'VAMP, are eliminated.by
. virtue df relative Motion between ':observer and other veisgets.

Providing the field-of view and the' dynaMics of the situation ,are- suitably restricted, and th=angular deviations' front
nominal path-, Limited, the VAMP system, may be used, ,

A4
A vessel maneulfrerinvin' the appra,siches t?p.a spkcific. . , .harbor has-..a" .distinct Visual environment, The coastline 'is insight with -prominent features easily. Visible from the vessel.

.- .

of
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eThe,-approah path --to the 'h'ati-bb-e'is 4"generalli clefin'ed by a reia-,...

-. - tively narrow: channel; th6,-cti,atinei is 'marked by cbrist54uous
__,,

---- buoys., 'beacons , arid stakes whicli= use-lights and colors .for ..
. dentification....tThe channel, is userf'by other xigssers ..

t

-ll 4.4.

,

,If the constraint-of other 'vessels in 'the .vitua-1: scene'
having. a ',responsive, maneuveiing capability is waived, the.the choice of the, vistial system. may be =made: from aoY of .thy , ,

f

I
"

y

-,,-1,- 'VAMP( visual system . 4.-. .. -
2... Transparency. ,re const ruct fon, s-ys:terkl-

2 # . ' ..
3,ce Camera-modeVsystem tir&th-cel-Tkr,
4:41- 'Electronic' image gebeeatib`it 4 ,--: .P .

These systems differ Only. in their technical 'cipproa , .

and image definition. A VAMP' s-ystem -approach Would- reqUire
. that the 'deviations. from the desiaid,'path not be. eoioessive";

ici
. #either heading Change of lateral deviat-ion.

image generetion would Piovide .greatest versat tlfity, but at
the ,expense. of a 'large prOgrarming. tdsfc..hadinferior definition.

- -

a.--- .Aslsoon.as -the contraint.af other vesail Jso th$ yis:ual
sscene ia:imposed,, /the choice ',of' the visual. sysern 'is much more

imite 4.. 'For ..a sr/tern' portraying' other yesaels, Whiz' h" have a.
.

. responsive _madeuvering Capability, the choice is .)Iketween.n
-animated camera-bodel system and an electronic image generation

'.1..: system. : "
s

i
-

t
. 4 . Is

. . ...

.Particularly .important in ,the role of navigation is the
- . .

= repie. sentat ion of color ,navigation marks and ,the correct repre-
,' t.sentation of area navigation Lights. All the _factors previous-

ly _given 'for ,waves hold: true for this operational: role as' well. 7

.s*

4.

-
4.

_Vessel berthing ;places a premium on,-good seatyanship and
good ship:controls. During an, cape r 'of 'dad' type,- it is of .._

.ultimate importaraer'for the Al.p..s offi6er to 17e able to esti-
:: mate; distanc and veloity between hiaship and the vessel, or

,jetty albng,which he wishei to berth._ In normal situations,
w ith '-no And or' current,,; the approach 'path. .is ,.NAry narrow and
461.1 'defined; IloweyerCaariieL situations inirol:Virig an: off.--shore : .,

. wind oi-.achrprse* current result. in the vessel :taking- ,o.' large ,'
angles. t'elative to the, normal, straigiftforwardpapproaCti; `: t.. - ,,

_ 'e l 4,* 4

;An operation' of this type generally reciitir'e's a 171.'de:.

- :angle of crea.r vision. The vertical cofiipOnefit need dot be' more
,, -

S .
. ..°
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abut.--. than .1bolit .90- degrees below w 41e.. horizon and Oaly;aboui .5- de- .

4 Arees_ above it. .-Howeve.g, the hOrizo,nt.al angle .,s'hiiild extnd
. from.10' degrees.' _off. the- flow and contiiiiii.;,-; thgoizgh the; bow,'' .

':-. round towardi the Stern and terminate 1:01'...degriek off the stern?,

,. -Thie,play- be_1--depicted- as in Figure '13 :Page" ti g) .`-:
:".. . e.

.
, ' t' ...-.. ..

...- - ..4 -'. ; I

-

t?

t
\ 4;1 ,

A
-

NGLE OF.
VIEW,

et

.

Fi:gure,
e Berthirig,, ratiori

t
v.-

"r

1 ,

A

- ,

/ : . - Z. A at' '''
t .
This -rsultS in a. vis'ual field of vieW of M15/1095 degrees.
Since the . visual ;-requ-frementti pertain, to -the relat ns,hip .be r

Eween a --stationary- vessel or jetty and the simulate ves4eL,
a number of solutions to -the problem exist. These m y be

, ..
summarized as : ,

. .-- ,.),----1

1., ..Electibnic generation of the` visua' 1.: image..

-

. .

a

2. Camera-model system using. eXTY - -..

3. VAMP:system. . ,.., .,

..r ; ,.
.. . .

,,, , . I .o. a. , ,
-The' VAMP system leads- the ,fie/14' as ,far as image quality

'is concerned. However., as soon as _.-t4q., deytations fi-om 'the ..

theoretical idea). It Eit_h., beconie .significant , the perspectiye' .
...

; .- distortion becomes rarge and disturbing: This situation= °,

,

could 44isE if the 'ship, were docking with ,an.off7shOre'wind
and was allowed to -swing. to.the ,,biii,;, rope or wfts'.allowed .to * ,

1 . 1.-

'swing latch
*1

the".bow. pteSsing on the jetty. A camerarmo'del
..

'. system allows the greateet fleXibility as far' as versatAity
.

1
. 00

T.. or A
, 1

1 ,*.
f

.

1..b?3-
. 4.

. , .... . I4 4 . . .. .
..-. .

c .2,-18 '
- .. -

- i , - . i 1

S. i . s
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0 0' !
0 .

0 * a , A

aedHim4ge fi$elity is codcerned. -However, 'Cannot .compete ..

.t;.:" with the image qualityrof a motion, picture -filrd., etrlYspetil
.:.- . 4.

employing digital geteratiOn of. -ark bleCtrontc image has the`
greatest convenient -, In that there is nt7 -iRe.cf4C- 1164ware _

,`associated with a given UtgUal requikoment. 7. The,-,beriang ':'',

tn4heuVeK can 'be' repieseated. by '.a Pomppstfe 'line 'drawing.: 't .

, ,

'the
. . ,

Miich. tio'uld shiqw , ship's bow' :and die anPibaching dock. As
... .

. , . ,, _ , ,

. . ' 1! , the docg becomes ,nearer anal' thi.A.Mage..becomes :larger; detail,

4- . could be- Wed: pi) givi:-A.1.r- of reAity tc. the 1.!'isual scene: .

: .This _siteM would be .41.1 mast versatileire but_may not -produce the
. . .. , ._

. , highest. fthelity:;- It .ca.i.,be assumed that wave--action would
not 'be, sAgpificaiiti:i14ce the majority Of ,borthwiirg operations

- occur in :sheltered iiflate.re., -;. ''''':. , .-

J _ '- % _ ' . :.!
:

: V -Case:qf an assault-.cra ft' approachi*,,anenemy-he la. ,,

beach is -an -example' of a small vessel ailaratine in coastal
I-

,f- , wf.ws with a large amount - 0-1./ye fiction, ,,..In an,NTDC study '_
....... . , . feasibility",

, t1,0:) 'cbricernimg. the feasibality of .qp. assailibp.it,-coxswain-.---, .
trafner,:,SPecial .emphasis was placed n craft. control; in' crlir

,
, ditilAs ;atleie',wavir action iSsignificant; This implies that
the _viiitial 'sy.tern- should be caPaKe of. prodUcing a Specific -
waVe''gysem: Algb, it should be -uncler4too& that, this wave ,

-ilizt-44,11- in,the Wsuai scene ants';be synChronkiea with the
, .1 -.

.

,--e lotion system -,support

station;, ':

. . .
_ ._ 4

'.--° . .The same; problsms as stated pre4ioaiy exise_for this' : '.

. . - 'Ay i s UO. requixeme nt. Since 'I,C- is possible fof in. As s ault boat,
-to broaeh: airing its _id. towards 'the beach.; .-a liglip system

Rust Iii._rule0 out
, ..

.The.reatiltat- d isiirt ion "of 'the Iri§il le V-
waves -Orihg a -headlilg, change ,of. .90 degrees wbuld be intol,er- -

able, and totally Unrealrgt.ic even if the VAMP had the -neces7 '

i

- gi ry C'apability , .Therefore,, ,choice J. i,.e.lietween a thiee-

dimensidnaf transiperency* reconstruction system and a:Systed
,

emplOpirig:d_igital genqration of the e leetronic _image: 'Both

= sys terns. w6uld =b'e ex0hsive 'in f.1,te'crins of,. .4 rdwae and Drogram-
/mllg.- .::During the' run in, the coxst4ain_reqpires,a fieLd of

. , view- ext ,endirg fiord abeam om the portsi,de _thraugh* the bow to
'72,' .!abeam on the starboard::side,, :Srnte he 1s gt a low elevation

t / -with -re-spece to the horizon, ,a,vertical field of view of 20

-/' degrees depresSion _and, 30 degreei elevation should :Suffide..

-ThOs ''the visual gystbm requitalgrangglar field of- 180- hori.,:,
.

.
/ .

-: iimtal degfea aTiti- 50,-vertital tees.eeg. _The yaw rates of as-.

, 't
.s

f..ault

vessels,' as. discussd previously, are- in the order of
-. . -4 ,0: degrires per second,`with angular-accelerations up. tO 50-de-.

. ,-i .greeg/se6?. = Trafislationak veloeities .range from zero- to up-,

\
, , . . .

.. . wards_of 30 knots. . - -.
.

. - , .4
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A submarine submerged and running at ,perfsccrpe "depth
ex- e iences -very .due to surface 'wave action..:.
Due the_ very stall effect of wave" adiion, submarine-roll
and 'pitch' mill be. eliminated and' the surface will. ,be treated
as --a Calm ea.-

.-The angle of View subten'ded by a subma.ri *. periscope:
generally thies hat exceed a solid angle of 60 _degrees .'_ In
order to achieve 'the utmost versatilty in a visual system ,-
for the FESS, ;the periscope visual system should .use as many'
,components of existing systemS _as possib le. For .his. 'reason;
it is recommended that periscope visual system be a ,two-tier

./ c arrangement. The lower 'level wound contain an' elementary., '
per i'sdope 'at the subject' station which would -View the visual
scene:in the upper tier. The upper der' would contain any

...one of the visual systems .desEi-ibed previously for the opera-
t.i!ng roles. The 'Usual scene, depicted' in...the pliper tier would, take its inputs froth Computer varihbles corresponding to:

. x
. , . .

- ---1., Submarine- speed
tA 2: Submarine' headitig .

3:, Submarine depth
Peiiscope extension

5. Teritscope magnification
6. 'Azfin0h data; from periscope mount.

7 -....).. Periscope ele'vatiOn angles
'-' 8.. Large t .-dynamic's ,. .

-
The :illusion of raising and lowerfng_the periicope would.

be restricted_to the' lower tier only. A telescopic tube would
contain any -relative movement, .allowing the viewing lens to tie'
stationary to the Visual scene,. 'No conceptual approaches. to 1..- such a system are shown in Fires 24 and 25 ,(Pages Q-21 and G,t2) .

. Internal oftics Within the 'elementary Periscope tube would be
fixed. 'The, effect of elevation, magnification, etc., would be
Simulated by a change in .the visual-scene. - : 7

.

It` .should' be noted that this system may Use any of the
visual systems .describe in the foregoing' sections., providing
thAt their limitations are taken into Consideration:,

, _ -.
A subdarine running on the surface is virtually akin td

a surface yeseI maneuvering cn. the' surface-. 'The only real'
'difference is the, immediate (near) scene. This, should resemble_

.

268
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UPPER FLOOR.

I

INTER-FLOOR' SPACE

1

I(

..9,045M11"..r.e.ted7,6,X41.05(47-,00f.

ti

LOWER, f
4.y:dr.

6.4Vi
1.

0

t

4.

PERISCOPE EXTENSION
DATA PICK -OFF

iff.,(0.0105te/ .47.4"/ Z.Mv.."57./...7/7/Ze

'AZIMUTH MOUNT .

I FIXED OF;hCS IN
rPERISCOPE

ELEVATION AND
MAGNIFICATION
CONTROLS .

.
'i-Erriscope ViVisual System
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.UPPER. FLOOR
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TV SCREEN

COONUR WEIGHT

1

TV SUPPORTED
ON END OF
pERISOPETUBEr

LOWER' FLOOR

PERISCOPE EXTENSION
PICK- OFF

-.'AZIMUTH MOUNT

FIXED OPTICS RI PERISCOPE

ELEVATION AND POWER
. CONTROLS

4

/*"'/. "

f.Fure 25. Alternate Periscope Visual 'System

4.;"
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a submarine and not a surface vessel..1 Agothir possiple dif4

ference is the lovidT elevation above= the seil4 thebonrifng .

-,

tower.4hemcompared totVe-bridge or deck of a ',conve,itipria.1 ..',',.

:.surface 'vessel. .The piincipal effect of a:,loweiviewidg eke,-
vatiOn is that -the horizon appeari cIoger to Oewiewar.-.. .

, . .,, . .

. .
- , , , ,,

, _ . .
.

.
,

.

A vessel, engagekirwcombit with a target represents the;
. :;,most complex operafing role of a siMu/Aa'r. The visual system

must not only poftray Other vessels-and the 'land masses, but_
the effect of'projdctiZes'hkt4ng the water, or "exploding on .

'.. the targei. The visual syStem shouad'be.,equally capable.qf'
repreSenting the view from the,command position or the-view
from one of weapoirStationS--- gun,turret Or- mi,ssile.

- launcher,
.-,'

.
The visual scene for this area of-operations may have

the following characteristics: - . 1 '

1 S s6ape, including wave action. .

2. .Lind mass
i,.- Other vessels maneuvering inn scene-
4. Airial targets , .'

%
.- 5. Targets stationary or moving.. = land,mass , .,

6-:. Effect of explodingiprojectiIes .
. if('

s 7. Water spouts causelkby-projectiles hitting: the lati'y'

:

A very `sophisticated, compleXT and.!exlignsive visual sys
tem would be required' to meet these requirements. An approach

. -

such as 'this would price, ,the visual system for' the ETSS" beyond

a reasonable- level. That is required is a 'system than giveS
the elemental impression of the-esOntials of a combat situa-
tion .

Generally speaking, 'the smaller the number of components
involved in a visual system, the easier the system will be to

maintain and 'to' use. For example, there would be only one
film to trocess for a film projection system,,,.only -two slidei

to make for a transparency reconstruction system, only4=e,
digital pfogtam to.write, for a digitil image generator and'
only one'model to build for a camera-model CCTV.,systeth.. Any

mixing of systemsproduce4,a system that is ungainly to manage

particularly,for experimentatiOn by the,staff offehe ETSS. -

The only systems cfrat_can encompass All ifie liema-th-tfie pre-

vious list of characteristics and yet retain. system simplicity

'is. a visual system,0t.ilizing a digital.elec,tronic

erator. By today's standarddr even a, digital eleCtrtinic image
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v

...., _ r.,: generator Would, be extremely expensive and quite pOssible-be-
:'''' : .yond the ;state, of the _art. Ttie:_visual ,scene generated would

.

:he cartoon -like in character in -cbmparison with --the real--world., .
. - - . -- s,4 , ,

.., The _field of view reguirements for tti is situation are -
..

, . _ -Nquite varied, If-,the'ship 'commander' is unden,aerial attack, a --
$.

,
t

..
i

_ 4eld of view of 190 hoil.zontal4 degrees- by 12'01 vertical. degrees .
(4-90;f:-30) may .be required. For a itinne-iy *station's m ehe.:same,. . , .

. vessel., the -frj.eld of view ftom the weapon station is.. restricted
I O.and A. field "of.VieW, orreSponding to a solid angle of 6'0-41e- . -.

. -

. , -grees111.a3r suffice. . . - : .
. . .

. ...... -.-- . s .. . ..
. !

2 Z , An important_ aspect of navigation on the open -sea is that
bk colas* aNroidance. -.1,,n general, the sooner. the IesSel's .

cot/mender- can see another-vessel, ,the, sooner he can takeihe
appropriate action. 'Since A -syntEletio yrsual. system is being

_ used for the visual .scene,. the_qUestion of-minimum-resolving'
capability" is an imPoitant one be,cause it detirmines hoW.far

'away: another '-vqs:s' el "Iii`y be. observed . if we take a ease of a
.ship steaming directly towards the observer, with an overall_

diMensicin,ertveibpe of 100 x 100 -feet , and placed directly' on ', .

. the horizon of the observer, then the requirements -'for're-
. .

'solving power of the visual system .s&eshown by --Figure 26/
..,(Page .'..r'--25). This represents e minimum. performance requirements.,

a'a a
w i. A

a4
IP . 'Since the viewpoin't in'.any. ve4e1 --is seldbm more thanl" I

--' 150 fee t above the. sea, -the vith:ual-. -systefn should _have .a. redo: , ..,..,. s.

', . lutidn of at least 'minutes, of arc.: -This would allow --40 tiy-Pi -___
,. cal, merchantman; steAming ehead on. to 'the ObserVei";: to be:, seen. ,...y.,-. -

.on the horizon. ',For...a Submarine' commander; _with periscope ..'
e_ rai'sed' 2, feet- above the- water, .,this 'would allow 'details rarger t

than about 15 feet in dimension' to be- obsePved or the horizOn.
. ', _ ,. _

V I
.. . 4. I ,11

The definition of the minimum image size for 'navigation;
rights on vessels and shore installgtion4.,s not' related-to
visual resolution. SID long. as the light source has" sufficient 1

energy, the eye is capable of observing that. light source no
Matter how small it 'becomes . Ina motion picture film the
emulsion ..captures-the light source image directly ori.the film.
Upon .projection with good' optics the light source is repro=
duced .as a clote representation of the real-world source. ..

However, the smallest elemeht in a TV system'is one-line ele-
Ment --- a group of color dOts on a given raster line;- there-
-fore, distant lights, if ?Ortrayed, may' appear to be physically
- larger than, the actual lighting installation.

.r. . . 3

, Table 22 (Page .G-20 summarizes the visual equirements
- . foil naval vesielq. ,

- , ,

I

A
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Ayi3ENDIX . H r

"

,
,

LAND VEHICLES
,

!
I . e , /- g . '

''r. This ,apPe'ndiX considers kse Characteristics of land- - ..,.
vehicies, as -.they :appertain* to ale motion .

and, vI.sual, 'require-, -,

dents:, - This classification of vehicles .ncludes : t s

it

1 '.' . .. i ..
Yi , .. .. e ,,e,

1...: Trdcked vehicles ranging from ,light ,personne ,,

- carrier's' to heavy babile ;tanks ---.fr

..,

-- ., P

, ,

4 ,

, 4' c,
s .

'''''. ', 2, Wheeled 'Vehictes' ranging from-staff cars to heaVy .
-, -duty crow- country, trucks': , '1: :,:"' -:

, v ,
. . , % --,

I- -3., Trains- or track,,guistied% vehicles: '
- AP . .,

8

ti

ts.[* SUrface: effect Vehicles or h ex-crag radging. from
a.few tons, to several thousand :tons placetbeitt,

. 1 .

'Appendix p. defines mo etn 0.thirement or an , autom'btle
-simuiat6r;:- , , , - ,..

, , - --t......,:I *

1..1.-', THE MOTION .CFIARACTERIST ICS OF -LAND VprICLES. The, ay-'
ridmict o-f ,-a. ladd-based yehICle, with` fixed: cqnttols, oyer'a.,,:
pecific terrain at a, sgecifie.,-sPeed. IS4-..functfon.ckfithe-- ,..A, .? 4,

. ':,s,uspenslon',dynamicA. the nature of the terrain ,lieing'tralkrse4
.

.*:* and any Aerodynainiiillforces that may be pre;Seht, The, terrain:,
, travers4A:by* these vehicle's ranges from smooth highways to,

rugged dt-cidS-cotintr'y"paths .- A _vehicle crossing :a specific - ,,. 31--c' -`
terrain ip atialogqus to a Process' vith an inpUt. of t*, , r.,.' white, noise of -a given power.- Spectrtm. The rdsultin outputs

, frtilm the pro-Cessi are accelerati6ns, ,:Velcieities and":p tions ..
**4 -. --' ";petfaining, to, die. axesiof the vehicle. - 'Since the'vehicie iir .. . ..

..-...nc:t- rigidly, coftstrbthed, there: are six degrees ctf freedom - .

-noticeabl'eat elhevei's pairtion,. , .
1-,...f.:.< .

, ,. . ,.
. : 7 SInce: the' fkcility- will `not be 'conducting experiments
o... n t he1 1sarete camponertts b.f the vehicle (SucL as suspenSi

.:17 !systems), thec motion's, to be considered 'are those-trEinamitt d ; ,_ . -
.

, ..- .... . ,'"'. db by the vehicle 'structure to the lubjectt . The many authoxita-
- ,-. .works studying' ta motion .rOaiis vehicles, exttiee`apisolate d :: ' .. . e ...,, - ,p, in ude .1-potion over random terrrn,'Andi7dateIthat the ,

equat4ins -6f 4slotiod-are a's ,.cm-pli.C-ated as 4hckse fq xs. ail) air.
t.

vehicle. ,,..Appndi-x E illustrates oftykicalset of ecmatliona, . .

fOi. a genefalized,'Vehitte: Since the .arialyst.S .of these-,--- ..'-:. . - ..
, .-, , -, ..., , ,.-

',.:_ ...i ..; . $ ,.. ... . ,..:.,,,_ ; __

; It

A

-

1'

J
. it "1'4 `." "

.
;. 6.
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. equations consumes a -large" amount of computation time and
general etfort,' differenp .approach to determining charac-
teristic vehicle motions will be used; based, on the accelera-,
tins measured -in, the vehicle . x ,

)
The, acceleration's" acting -on land vehicle are a func--

. . . . _

t ion of the externdl forces. or moments, and the vehicle mass.'
,or inertia. These 'Ic/ude teady-state and motnentry a'ccel-

.._

Fora given vehicle the. longitudinal Acceleration is a
function tractive effort, -coefficient of friction and the -

terrain grade.' Of .all. the land vehicles', the high-performance
automobile has the highest value-of longitudinal acceleration
with yalue's re.torded in ekeest of 1.0g1 ,This is ,due:Eo the
actual coefficient of friction being ,in the order of-1.3 Atte

;. to ficoggingP between the tire and road' SUrfac.y
the Cornering an Automobile is, among other things,
a function 'of the. CoeffiCient of," Thos the 'lateral.

'aCceleratibq tot a racing-car can exceed 1.3g. Tests ,pe.r-
, -formed, with the ,SD45 locomotive showed that _the maximilm' longi-
:. tudinal acceleration was Q.222g with- a maxiniuM ,value of '0:263g

in ldteral 'acceleration., ,

. 7 ;-.
land ..ilehicLes:dn not trans .ate -vertically

ex-cept in response 't9 :a dis rirande its er'rain that causes

..at "m aximum eleration; At: 156/., grade may-,re,eult in a minimum
a.,ve acceieraatin r- highperforinance road vehicler .

Vertical :acceleratibn of Abi)ut-0'.2ft. For the 045' loCom "time
phe;maxi-Mtim vertical' acdeleratiori" was 0.13g.

I

-,,,
_The4-momentafy.acceletation's- measured daring the-traverse:

. ,of variable -terrain result in a power specteum being ge-s,nerated...
...During the ''.1.te`sctis conductedbx the' U,: '5. ArmyHuma 'Engineering

;,--tabor,a,cOry (43, a number' of subjects were aske , to _drive; an,a 1.

1: M6OA1 .tank over, courses, at ,the ..Abgrdeen fesrovin Ground. The
tOot-mean-sqUire, average acceleration tolerated by tt,* drWers

.' : Wei atieue d 3g -with, maximum values of 2g to ',3g,-4-ing reached{
..1 $ . ,. ,

ThO:iigwr .spectra for tests on the k.dr.t ,Knox-.4-iNang range - ';',;,
indi4ate t at - -10 -1:I '.-tti yibxla,tion, p-bwer _is. .about' -et. re- of '

the.inaxiinunip wer.. and :that 5.1Hz the";powerciis about 30% cif-, .

.--,. 7 the Ina*itn4ns."powe r?sk train-the Maximum shocii' ineasuret.,, . .: ,
... . . 2....

7 04ring ;freight ,i.ar'.''hanaliftg.wiCs,, 2i in th- longf.eudirittr axV,
. . .,

.t - ...).

- 4. '' .., ... .... '-' .. ..,

.: 1
-.

' ' Notitm lly
,

-a' laid' e h i cle i s-
.
a ,relatively y-.stabl e. vehicle .

.:,i gw,. 0(k.fthed -gq, ,,the..-arigle..bettfeen -the. vvriicle,tongitudirta-11,axl.s'
,--.. , .-1 . -

,, 4
'-the=

4 ... .
,.. c c '' 1 Z .

'"2. '6; *.
7: 't.. -' ,

1.: , t

t

0
.s -

:
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and thy`' e,airstreem. directiori;: is generally ;Srna/ Unlesi
the' is sjcidding, ..A skidding vehicle can experience.
almost .0 limited yaw.. Howeyer, it is

simulating
icipated ,that

the ETSS will'have a requirerpent for, simulating an excessively
'skidding vehicle,. -A1..5,-'cUstiiibil vehicles (ACV's) may require a
crab angle pf :up to IT degrees iri -a 30 kt;Wind at-,a,sround
speed of. 100 kt-:.. .. .

-
.7 : A : .

.. - tai' . .
..

During *cr t:s-cOuntry driving there"'may b' odca,sloos
when the grade; exceeds :100%, .whiqh co responds ,to an angle,
of 45 degrees. The land vehicle under n:,,orrnar=dynamici.condiT.

. tiona ,does -riot experience pitch antle'S of much more :thin 20
degrees; Recent films of the MW!' 710 taken .during. demonstra-,

- tidn trials ,indicated a momentary pitch "angle of about-46 tp7-;- .,5(.). degrees. AsAre'suit of the gradient,: the- roll` an0.e. may
-,equal' 'or excee:-d,he gradient when the vehicle is driven tt:a-

- Verse 'to the .s1,ppe. ','Ittierefore, crossi.countxk vehicles may
experience ,roll ansles of up to 40-.$0 degrees and trains rriay-

-haveitiack beds ,'banked at up..to' 30 degrees. .

- ,._

, ..:* . , , . . :- . ... ., .
L-and:--vefricle: not ion 1'04-fire-me nt s.,-ba-3*-ed-' on 'te",--i-iiregii-iii.s,'. . .

conaideations. are tabulated as;--
,,--. ., A' ' . s,

. Lbogiiiidinal .Actele'rat on 7 ',..2..7 d?(rms),-,

- Lateral Acceleration , 1,3 ,s,:,(rmS.);
,. , a

';.. *. ' Verti*Cal .Acceleration -3 -g (rns r,-'... /A
.!.

:pitch Angle- . i-50- degreeg'
i

-
- . - .4

R-oll Angle .

Yaw Angle
t - . .,

,_
.0. degrees

20 -degrees,
-

i -.1.2 Vie Visual Characteristics of Land Vehicles,. A :vigual
:'system; for:tlapzUyehit-les has{ certain features that make it
different fro:In.-that koi- seabprne and. ,iirbOrne vehicles,

' of :the vehicle types ;are the.. following: t
' -

2 1: -Passe'rtercars operating :Oil roadways
2. ..154,Ises operating

-

'on- roadvayS . : -.,
3'.. Tryekg carrying fi--Ielighst: an-roadwgys

.

4.. Trains -.,;. :- 4 .' .
_

5: CrOss-cpiintry'Vehtcles , .., . . .. . ,, , ..
. 6'; 'Tanks

., .
. ._ .." " . .

1

1
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7 Air cushion vehicles
'Non-articiad.e,ross-country iehicles

-, y
.: .

The -prime dif ference between the_ vial -requirements
- :for -land vihiclei. and those for air or sreaborne vithicl;eS iss

,- .that the V.144.1a1 horizo,n is generally very much:'closer.' . '. - .

. For .an arrilyis Of. the visual requirements, 'ithe

gories' of, passenger cars, buses, trains, trucks and :-.air custe
ion vehicles will be classified as One group, cross-1"siiiintry
vehicles in another" grout,. and -teas in another. '',CV's "ay
also be' Classified as crccs A-country ,vehl.Cles
I

ti is. customary .to :operate catisq btisesi trains , 'and some
ACVs , orb some, form 'of roadbed 'or track. As a result, the
ve'hic'le is codStraineCto a.-path that allOws little or no ex-
cursibp fr;Gmthe 'desired 'Oath withOut resulting_ in some form
of damage or injury, The image content, apart from the 'road-

- bed or ErAdk,' is .generally 'composed of buildings', Other
cies; the:poen .dountry-side and Vehicle Signal lights. Fpr
cars, tiucki and buses, the prime item of training is one-, of
driver familiariiatiOn and Vehicle irk;rol. It, is generally,
assumed, perhaps incorrectly, tlitt oW6e/th'e subject has

steted thetrials:'and tabulations of controlling vehicles
rn congested city streets, he can also operate safely on the

, opecr. road. As a esult, kraining
emphas,is is on 'the congested' city; role -1"pf 'operations . Since .
.the' ETSS is' intended-4o' have. 0flexible-Capability, it should
encoinpass Froth aspe'ct's of driver training.'

0.0

Jt,is'.anticip'ated thit thefuture,ACVs proposed for the ,

land based transportation- systems be, gAlted on some form
of traCic. Theiefcire, to all intents and pl.ippss, they"
have chataqteristics.- s;imi,l'ai those ,of trains. The visual
requireMentti, therpfcire',have 4p-,,a1.16i for, control' of the
vehicle,,ctrt' clear:end:free tra,ck- iaS 1.1: as cOtttrol ovf ate
veht6le stativ Eirrival and departre. The image con-
tent Eor 'such, a situat-ibn.cOnsiitt.',Of the 'track,shead2 the .

nearby treckbeci,, the surrounding_ scenic view, 'srlition"
. 'inks ve igrial% lights.

I-

,
h., the e gep pr o ,.s v;ify ere n t mo evv,.of opera-

ttOsa , jtage ' content '46, eTe Seelel:all); s itniiar-0i.-10hictes riding ,
a 'traek' and commercial 'Wheeled- Vehicles. In -:both .stivat Lone ,
thedriver'' is seatediiin.a compartment with i View,to"the.,fi3Ont
and to each side.' .A.'field of View-,of.,-pe:ieast, 120 hor4ont-al ,. ..... .. ..- .

s - ,,, 4. ,. ,
i .. - s `4.17, § .

,:
A'

, .
Z,...

1 $ .
c

s0I.
;

4

, ;
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tdegreei by'50-vertit-CaL,degreet shoul0 be provided, -since
experimenter evidenceihdicates that jtigiiiiif speed .and
position..is a function of peripheral vi.sion and not entirely,
of the view immediately- in front, It is.also important fOr
the subject to be ,able to respond,- to colored sighaling devices.

I
-The linage content of the visual scenefor vehicles of

this grqup may 6antain spm0 or all'of.the following elements:
*
3

1. Portion of vehicle in- forward vision
'2: glYe road or trlckbed
3. lignal lighed-on stationary obiects.
4--.ignal lights on moving oNects
5. Local stFuCtures,'buifdingg, etc.

.ScenerY on-either side pf dhe.:open road or track
-7. Moving vehicles

. ,

Because of the Constraint's on the freedpttt Of motion of
this group of vehicles, the visual system might .be of any of
the following types:

1. Point lightsource
2. CCTV camera-model
3. VAMP (or motion pictu"refilm).
4. Digital electronic image generation:;

. The dhoice of system would be based pribarily,on system
perfprmanceicost-pid reliability'

considerations.. Characteristic perforManceParameters for
this. group of vehicles are as follows f

..

Longitudinal

Lateral velocity*-

-vert,ical velocity

Visuabl-range ._

"Roll .,

Pipih..%

.Yaw

Angular, rates
.: -.

. ..
System repolution

.I

t

,.

to,+200 mph

± 5'feet/second

+ 5- feet/second

30,000 feet

.+ 20 degrees

+ 5 degrees '

Continuous

deg/seC (Yaw)

2-8 minutes of /Iry
- 4 .

.
rr

",
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.. .

The' class .of ,cross - country vehicles 'cdprises, all vg
.

, .

hicles priniariir designed for cross-country app4catiolig, with
.exception 'of:tanks and similar tracked vphickles. In general,'
this group. of, vehicle's ,stiares many'-of -the visual requirements"'
Of-, track vehicles. The. field of view requirement is the same;
since the driver is seated .in a cab With a widdshield mounted
in .frOnt and Windows a the side. However, since the vehicle',

. is designed to b'e operated -in 'a cross-country environment,. ,

it is essential that the terrain be Arisibly reproduced and .

that terrain, undulation be accounted for in the motion equa-
tions in order to simulate the cues that are critical in
driving a cross- country vehicle. The problems in defining ,a --.

visual' system are similar to- hose for surface vessels experi=
enCing wave action.

Three visual Systems are thebretically acceptable for
Cross-country vehicles:

t. Motion' picture (VAMP) system-

2. Transp"arency reconstruction system

3. Digital electronic Image -generator

In each' of these, it "necessary for the terrain
formation to be present if, motion is to be considered. ,For
the motion pi:cture system the terrain information can be
added as additional data, on the sound track.. For the trans-.

:.parency reconstruction system, 'the terrain information is
alreey present. as a density function 'on the 'elevation
For the digital electronic image generator, the. terrain' in-
formation. is present'in the form of a math model -describing
the terrain. Since the transparency system deteriorates at
Small'elevatiops , only "the motion pictur,e_and the_

, ,

electron's image generation systems remain in.cdn&ideratiOn
for .t[il§ applicaEion.. A motion picture g.ysioam has etigh:image
resolutiOn .compared with the digital elect-tonic system's; ,how.-.

ever, the,:path is sevre,iy constrained=8y perspective distor-.
tion effe,cps. The choice of system thug,dgpends On. he trade..
off of versattrIty- Vetsus high re'Sol..ution.`.

.,, 0
.

/ . - ,

. There are many facE'ors tliat'favox:i coldr,

I:A[1'er 'than, a. black and white presentation for" a

.
at ion

atom-
visual gyst'em: inhelligence"maY be -derived fiom a coIoied
:'scene, since colOr' .411,ows an inci'easetd scale of discrete

I. J" ..' I
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s ''s.
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cfirOmatic valudawhen compared to tthe. black and white, gray
scale. {Spatial Data Systems uses' a color transposition:of

'151dak and 'white photographs:for visual ttirther
discussion about the benefits of a color presentation may

fouptd in Sect -Lam IV.
,

Characteristic performance parameters for this, group
,ra vehicles are:

/- -
f,'Ongitudinay velotity

Lateral- "velocity
.

to- +611 mph

+70 feet /second
)

VerticaL range 1,00 feet ..,

Visual 'range

Rbll

Pitch

'Tw

a

Angular. rates

'''Sys'tem-resolution.

Field of View

1

3b,000 feet ,

' -t+60,degrees'

+60 degrees

Cont.i.riwiug ,

.

10 deg/sec (lg. turn

2-'8 arc minutes

, 120 x 50 degrees. .

, ...aranks and other tricked combat vehicles are essentially
.

a
. combination Of all the,other,vehicles plus certain special

--features. .When a 'tank is"buttped-up," the crewmen view the .

. outside world through.vitsion bloCks,_Periscops, or panoramic :-

- sights Is which have restricted fields of view.:' ;The view' in a .: ..

-typical tank' through the vig-ion blotki gei)erally subtends a ,
. .

,horizontal angle. of, 60 degrees and a vertical ,angle of- 30'.1:1e-2..
'-. grees. In the. pest,' the:majority 'of- tank traini.ng has .beerf f.-.

-.clone, with hatches open__ and little. iraininIrsigntficance has }

been- attached, to' the huttoned-kip,rble:lof oPeration,, However,
_-,

the modern- tank 'is -designe-d :for extensive" Operation: in the. . ,
= NBC (nUatear-biological-chemici1)4,environment; as-a 'tesult;

training emphas iS, .IA11 decas,sarily_gtaft tc; the' buttoned -up ."
role. Therefore,,' P.14, YiStial iyiterry- should be tesigned prim
arily, for the *Aces through whih.;the crew. observe the out- -
side world. . ,

,

:..,..
I

V

.
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Tank crew training involves train g the driver and the
gunner. Crews must also be traine' to .perate the systems at
the ,tank commander's position. E ch .-tuber of 'the crew re.-
quires a different aspect: of the inn- content of the visual
scene, as depicteeby the following structure:

1. -, TANeg COMMANDER POSITION

All aspects of the driver's and
:-....,gunnef'.a visual systems.

TANK GUNNER , I 'TANK DRIVER.
- . -. . -

'1. Target (s)., .. 1 t l Portiioi tank'lil fore-
. .

I . ground views,
2, .. Cultural detail 2'. Terrai=n character,
3. Eploding ProjectiJes : -4: 3. _Other vehicles
4 . -MisEti-iltfrdres-- :' 4,--- -6-. -e-uleural. .det ail-.,

t

.

4'

it

O

"

t.

O

"".
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APPENDIX I_

MOTION SIMULATION

Motion system 'cue philosophy is, formulated, not only
on what facets of motion Information transfer the designer -
believes to'be important, but also on the fact that in a
vehicle ,simulator the `motion base is 'constrained in )terms
of acceleration, velocity, attitude excursion and positional
excitraion capability.' Thus, comproiises in the design_of
sOdific-systeins must be made,, based On the specific-require-
meets imposed. by he pariidular skill, akin level and train,
tog setting under consideration. These cdmpromises reqpire
an experimental setting for the collection of relevant per-.

:-Ctpeual training and performance data.

..te rr
Motion cues are associated with translation accelii44,,

lion, rotacional acceleration and attitude changes. It is
believed; 4ith reference to translational acceleration, that
the onset phase of the vehicle-aceleration profile contains
thevaluable portion Of ;he infoimation transfer issOcieted:-
with that particular acceleration profile-. Relevant data
are_also-dontained Id-vehitlea-dceleratIOn profiles' of long,
duration, or sustained "g" Manewers.

a simulating the onset phase of translational acceler-
ation,the'motion base is driven in a manner` Vhich, with the
associated mechanical constraints, cause's motiOn'base
eration onset to be in phase' with vehicle acceleration,

,
Where the vehicle acceleration profile exceeds system capa-
bility during this phase, _appropriate "scaling. down' is em7
ployed. At some point in time, either system velocity ,or
positional excursion capabilities may be exceeded, due'.tOt
Onset-phase simulation,-causing'cue termination to occur. ,.

. --

/cinder extremely low-leVel cues this excursion may be an ap-
Preciable duration but short in comparison to many vehicle .

acceleration profiles. : -'1.'
, .

,

W
-....,

'

A 7 '.. _

In order to simulate .these long,l.term accelerations_ it,
is necessary to "tilt" the subject;-so that the,.earth's $

P
gravity induces a feeling of lateraf acceleration.. It is

.

Mandatorylhat^,the rotational acceleration level employed in ,

,sulch a "trIting" process imperceptible to the subject.lest l, .

he confuse this motion with vehicle rotational acceliraeion.
"'This application of motion base attitude change hao been,

-
'

/ ., o . 1(/termed "gravity align"
,

inthat the apparent acceleratiop .

.

,.

.
-er : 4 i;
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"!.

vector' as computed at' the trainee tat ions in a referbnce
frame 13axalle4 to-the-!yehiete bodr-aIis fra414-, is caused- bymotion base attitlee-torientatiori_tO -be .,oincident with' the
lo_cal. *Favity,Fie.\cFfit...r. *-f The apiiexen6 acce/e*tioqyector, is
tamp-QS-et/ both' of: liehtele__CG translational acceleization and:the induced. t.ranslattoOal ae-teratizorr expetrieneed"at
trainee.statiow-due rotations..
, I- -
. T The transiational)..acceleration cue .%IAUlation.ye-sUlts,- r4fter; cue .terthination, in a Velocity 'fever t at must be re-,duced t§ zero". (1.e., 'washout "), at sublimin a 4eration .levels. : The resultant position excursion t a so. tekl:turned to zero_ Subliminally_,since a.,,,prior(10towle'tige of "cue
acceleration° direction 'never .exists- and: the taint advantageous
posit.1.0 for-the motion base duribg quiescent peripdi is therefore at the center'' of the excursion sphere.

Rotational accelerations grid attitude } conditions rare .
ip be hindled` 3n 'a 'somewhat different manner. - The reference
attitudetoisthich the. motion base should: return is corisidered- ,
as the-gravity-align attitude, .This tinds to subordinate the, -
gravity -align reorientation'-to that required bip rotational
acceleration and attituae,.simulation. ThiS is indicative of
-the impo.ttance of rotational acceleration and '-attitude.

. 14,

-'When the desired platform attitude -excursions are small,-
the full value may "be_ output ; ,however.; beyond a cerftin value,
there must be,..atten4ation so that' inax-iinum vehicle attitudes,

:at_least _those ,desired-for simulation; may be'met Nithin the
m iOhanical constraints of base.

" = , - -. .The rotational acceleration onset due is provided, in'
-. a one-._to-one fashion, as the motion base _begins to trick

z,. -Vehicle -attitude; Likewise, the rotational deceleration cue is
present AS the thotion base terminates the riorientation;maneu-

-ver. 1 Upon terniination-, the correct Vehicles attitude, or t'
iecrqction thereof; 4is displayed to thp subject; "it is import -' .

ant to note .that man,si ability to establish attitude precisely
. bedomet Iiicreasingly degraded as attitude, increases ,1,n. magni-

tvde.when referenced t6 the .hPrizOntal pl.sn,... Therefore°, . the -
attenuation'of attitude Maneuvers -beyond the.'S,uggesteA

-+110°should-.not jeop'ardize .simulation. At the conclusion PEthe,
rptationai maneuver, the regid41 'gravity -align rate becomes
effectiVe artd' slowly causes" thekmotidn. base te..drive in that
ciirect ion, which aids the sense of continuing tinnallifional;-

, . - ... . ..... .

,

, a

;:.-Ef
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aeoe eration: , Bgcause of `this, ale. rotational 'acceleration
., ,

and vitude acheme does c'not require, as is the case-with , ,
translatcfopal;-acceleration simulation, a forthal velocity and
posit -an. washout-,schemeo. In that gravitY-aligh maneuvers :cl-o
not require yaw capability, rotational ,acceleration, frimula.- :..
tion resulting in..moaon base yaw is_.fialciwing ifith-a,,pseudo,
gravity-align rate, which nulls the :yaw "displacement.

, ,--: . "...

An additional facet of -the mOtIon,.&tise -scheme involyes ,'",.;.,,...
that period of time during translation-al.yelbc.ity and...posit-ion_
washout. Since cue simulation- hai- been terminated due _to the ,

, requirement of -subliminally eliminating; the -14E4i-tin! velocitf
. and. position -excuraicin, it-is noE=--pgiSSible. to accept at acyli.-

tiOnal cue in this direction.. ...However, -irthe _c purse :of ,
either washout, an, acceleration prole can .be- 'accepted' Which

-;i. would' aid the 'washout process': Iiiii?, type -of . cue wOvld be ::. termed a "reverse cue" and since motion May be. oscillatory in..

nature, application of this' principle- provides a considerable
1., , . . -.

4 1 increase of -cue coverage. _.. .
. ,,..,. e -- :i lea' 4-fly-vehicles have nearly unlimited excursion capability

i -,_,... land large acceleratititt and velocity capabilities. Ina vehicle.

.' liftructlator realisvia:Motiori cues are-provided with a motion
platfm that has meager capibilitieb,when compared to the-

.
realistic1-actual vehicle. .Therefore realist ,cues rix.tat be: supplied ,

..'Whilckutilizing a motion sytitem that: is reasonably sized. . ,
, V - . ,

=-.

-.It -is important to bear 'in mind that the actual 'aircraft
translatiortal acceleration onset is to be dupliCated.., Because

-if 43.0city. and4xcurSion constraints _the translational cue '-'
duration, although covering what is believed to .4 'the mi5sts .

.

t/importintlphase of the acceleration _profile, -4.1i,,14- short dur-, .s.:

i'el.,,, a t i cill. A..Second -Cue follciwing shortly after the first:, and it' -4
they same. direction cannot be simulated iri .the .,aapajpahner as -. .

.. -,

I / did' f;irst.'becaus'e of washout :The ;latter : ,
- r , R, . i.P liti4ation-carr4te ntrliified to, a certain extent, .if,,.necessary,

tl'i the VielusiOn'of a translatbry "jerk" simulation capability.. :,_:, 1,,,

w0i9h:wouid- be availa8ie when _washout is in 'progress. , Such. a

C

*`='-gr. - -

. t i . ,
, ci4t ngency -siMulation, althdligh-leSs reXined and sonieithat', , -.'4 i ,.., t, , . - .

_. ,,- , inaccurate, woad .at' leash inform the subject of the presence . ...,,,,

f.- #, ,iif 'thd, second Cue.- -This- may be especially important when. tEre . .
9 1, second-

- ..second- cUe ithe result of a pilot-initiated smaneuVer. : , .
4/ -.--.., -7, -_. - . , ,.

4, .

' (11 I ... f The gravity-align philosophy is limited:to; a certain
-., 1 ,i- ..i. 4

47 ;7 '4,-extekit ,since the. mate of motion base movement 'flue..,to gravity, . h
- .ra 1 ilg n't on s itie ra t Oohs nivat be maintained as sublimiinl. As a::

' 4

.110-
14,

; '

, .
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resuli,;,..there exists, a Aug': time betty the onset and ,thei
duftlibitiOn of,'the continuing acceleratia'n. This limitation

, Is -not consideied severe because, an imediate exact duplAca-', .

'tip& of the continuing acceleration -magnitgde Tway not be re-,
quired by the averageSubject. 'It is mentioned as.' a litilita- --.
tion because of the fact- that on-toone acceleraiott, cOrrez
spondence is not available during this period and-the absence.
of such a condition maybe detected by some individuals.;
.

_Ro tational acceleratfons. are limited in only one aspect.
As motion base attitude excursion increases frOm the riorural
'_horizontal position,' increased attehuation in attitude reori-.

. entation occurs. _.Since the attenuation .occurs in positional
'!output, it follows that the' resulting acceleration leireis may
be .less.," in this region, than an exact auplicateof the air-
craft 'rotational acceleration.

-

boring the period-of cue simulation a number of ,demands
are made of-the motiohsystem hardware. There are two basib,
types of motion base hardware c-ontigurations: fully-cascaded . .
systems and fully - synergistic. systems. The former employs
iridepelident ririvers or prime movers for each degkee of freedom
desired; to "sfack" these prime movers, in order to possess ,
more than one 'degree of freedom; is to cascade the inYime
movers. -.'The latter employs one or more prime Mertrers .which

` affeOt more than one.or all, degrees of freedom desired. It-.
-.is necessary to cbdtrolall synergistic prime movers to-ob- 4-..-tain uotioit. in any ,

one degree of 'freedom.. 9arious cOmbina: .e. - -
.-tionit,. of the\tbove. two extremes .ake used in current motion'..
..,bease .. Each. of -thein _has unique ,advatitages and limi- -., "hardware
'tatiorts. A casoca'deli`:syStem's capabilities .are -precrsety known

1:
:*and'easilY-pietticted at every in time ;' however; 'the: re-

ti; sel-ve of'unused, capabielit)e 9f a prime mover associated with ,

one giVen,degtpe- of reedom cannot be emjiroyed in aiding,, the. (.
. reqyirenients, or'demabds, madevon 'pti'her ptirie mover associ-

= ''.,, 'ate d wittsr a different. degree of freed-Om. dascadeels.ystems
,ire generally fafcly 13titky arld,,,) more ,important, heavy systems

'..,requirritig, in gene-ral,: -3.1arkere_netgy source ',to eival tie
sam6ciip. ability aS wittt ,he s'iper,gis.:ti, sytt,54.m. `Cascaded- _.

. .
0. ..-s e is are also subject

.

vi3
.

t

.

iona l prof iems .among the .
t,

.

"~ .`a degrees Of4reedo % 'i a

.
1,..,'a , g 1,

Synergistic:systemS.; 'although sonlei4hat;--lightercaQikt-,---.
quiring Smaller .etiergy_derpands, .alap have AefinAte .liii:tatibits.
Witfith a synergistic systere6. the OapabtliEies :4,-all, -prime

-.1 . 1 i- , .
.-, , ,...,.,.. ,,-

7
- ... :- , -:-., ., ., 2 1, p- , .

} !... ,, .. '..-..,
'1,1, % .e-, ,.. ., . ts .--e- :.%1 = '7,. . .i

.- :i .4, ..1 ?. -N, ,-..

....
...

. -

A

at 1

- ' (1;'

-k

,
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movers may be .devoted.: to -causing motion in any given degree
of freedom. This advantage is adCORipaciied by liniitatione
where a demand -of one of the degiees of freedom comProthises
the capahil ities -vieviously. available in any. of the --remaining
,degrees, of' freedom. .

-.,, . ,

"A wide variety of hardWare iiaplementations for Motion
system platforms .exists.. All implementations cause :the motion

.

, platform td- move as the ,result of .actuaioi, mbvethent Which 'is' ' '
controlled, hy,A motion ,sue 'math model'program, All Impleraen-
tati'on Mayf:be, encompairaed.by-the_cascaded.and synergistic. *" .....

model ',

'systems .pereviousiy. mentioned. The following paragraphs out-. -...
line varioilepospible: motion- platform configurations together '
with the drawbacilts -of eaorr system. ,' >

.. - . , / , :
. . Another* tyPe is esynereistiP syStem.Utilizin

rotary, and linear actuators. to aChiege,_the desired
This system used three rotary. actuators sicith three

. A4uators:- . each rotary actuator is supported by- a,

actuator. The linear, actuators are arranged on' or
. axes when the system is at its equilibrium point..

is tepreEienteci by .Figure 2-1 (Page I-6) , This. system h'aeAsonrsdesign .limitations, suarnirized -below:

1'

g' both
tho ion

--

linear 4

linear -1
thogOnal
The systein

. -

The system relies .on.-rotary actdators to provide rotary
motion. FOr'a 'platform with 'a= good. rotational respOnse, the
rotaiy.aettiators would- be very large and heavy:_- Also the .

ser'vO valves to control the rotary actuators ere slow acting -
if the .desired-kass low is achieved.

The mechanical' cles4n of the. combined linear actuator
and, rotary actuator is An area beset- with raany,-..,problems, The

,., 'rotary- actuators have, to :support the thrUst Of the linear
'actuators, causing severe design problems in the rotary ac-..

.)-tuator. The 'rotary actuator and the, hydraulic' ram``of the
.linear actuator would have to be giecharacialy cou'pled, "so as
to transmit rotary motion to the -14tform. In order to sup--
-port the platform, -the linear actuators Would have 'to be' a

. . massive proliortioris, sitipe a sin actuator may be re4uired
. _ 'to support the total- mass of the ,system.' Such.a system:is ":::-

beyond ttk,firesent*I'atate. ofthe art..- ,

;1
. .-, .- . .,-

'4' t
Fliure 28 4Page ) -shims the general: arrangement of a-

Cascaded SYstem: The simulatiah static/1Lp enClosed..in a three-'
raxis .gimba-ring supported by a, two-axis table Whichl.n 'tint is

supported by a numberOt vertfeal actuators. This' system. has,:

I

-
of

"*. 7
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Figure 28. A Cascaded Motion System Combining Linear and

Rotary Actuators

N.
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!the same failings in regard to the rotary actuators..as the
previous method if a good rotational response is desired,
However, with the exception of ttie vertical actuators, only

;. the lateral linear actuators'have to be centered:with the
forces due.to accelerating the moving mass. Because of the
-magnitude of the mass required to provide track7way'fot, each.
lateral-axis, however, the linear actuators have,to.be corre-

.
spondingly.larger if.i,gpod acceleration response is to be

achieved. An example of a latge:system of this type is- the
NASA Ames Flight Simulator for Advanced Aircraft (FSAA).

A beam and gimbal suspension system is one in whichthe
rdtary, motion is cascaded and the linear motion synergistit.
Figure 29 (Page 1-9 ) illustrates the general arrangement:
This system suffers from a number of disadvantages, all,in-

vol' ingisechaniCal design.

The system relies on rotary actuators. for the three
rotary axes. These actuators tend not to have sufficient
capacity to produce a good rotary acceleratidk. Because of

the cantilevered -beam construction, the dimensions of the

beam,must he of massive proportions to resist any bending

moments: The gimbal . rings must also be of massive propor-
tions to contain the simulation compartment.. The total'moment

of thebeam and simulation compartment is withstood hy the

two linear actuators Al and A2. Consequently., these must be .

of very large dimensions to have a good translational .pet-:

formance. Difficulties may result in this systeth due td-beam
_resonancewhich-may-be compounded by the variable beim length.

Translation;)Which is synergistic is done by pivoting

or sl wing thebeam, extending or contracting the length of
the h-am and compensatine,the beam angle :with an equal rota-

t =1 angle.

This system is, feasible for small compartment weights,

but is totally impractical fok,compartmd6ts of 20,000 pounds

;or over.

44'4 synergistic.' six - degree -of - freedom motion system utili-

zing six linear actuators is illustrated in:Figure 30 (Page'

I-10. The platform bearing the simulated compartment, crew,

and visual system hardware is supported and driven in transla-

tion and'attitude 'maneuvers by varying the length of the six -

hydraulic rams which support the platform. Each-ram is so po-

sitioned and gimballed at its platform and floor attachment
=
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-point that within the normal operating limits and ram atti-
tudes no constraints exist in extending or shortening the
length of 'a ram., Changing the length of a ram results in a
translation and attitude change of the supported platform.
Such platform changes always occur, but the nature of the
change is not easily predicted. Conversely, to provide a
known translation and attitude change, all six rams must be
taken together and the exact ram length, as a function of
time, must be predicted.

The linear-hctuator motion system possesses a number of
advantages over the other systems described. The most notable
one is that no rotary actuators are used and hence the rota -
tional accelerations may be considerably higher. Since all
six actuators support the platform and cause all attitude and
translation excursions, the actuators may be smaller than
those in some cascaded systems. The system shown was built
by Link Division of the Singer 'Company for use in Boeing 747
and Lockheed L-1011 aircraft simulator's..

All of the foregoing motion systems have.a six-degree-
of-freedom capability. For special requirements, one or more
degrees of freedom may be eliminated by changing .the hardware,
or by changing_ the mat model of the motion system cue program.
There are many other t s of motion systems not mentioned
which use combinations o linear and rotary actuators.

The problem oCaynchronizing the motion and visual sys-
tems with the rest of the vehicle 'systems is an imports t one,
.if high-fidelity_aimulation is to be achieved. Unfortuiately,
in digital simulation there is, aliiays some' lag titlich is due ;
simply to the fact that computations are done sequentially.

Since lag is unavoidable, it must be minimized thrdugh
proper sequending of programs within a computation. frame. If

the prOgrams are executed at a rate of 20 times Per second,
the worst -case lag time due to computation sequence can be
:kept to 0.05 seconds.
1

An additional problem is due'-to the.fact that usually
both the visual and motion systems use position servos to
drive their respective systems. -In.the motion System drive
signal formulation, vehicle accelerations can be taken from
the equations of motion of the vehicle and integrated twice,
within the same frame in the motion program, to obtain posi-
tion outputs for the servos. This is a.valid approach since

. 29d
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the motion systeU; is attempting. to give acceleration cues.
The visual system is somewhat different, however, because
it provides position -cues. A solution to this problem is to ,

use a closed-form integration technique within the dynamic
equatiOns program for the second integration (velcicity to
position) and odtput,this position to.the visual system.

A-method which can be used to further elimihate any
lass between visual system, motion syitem, and vehicle instru-
ments is to synchronize all output signals to these systems
when the required,computations have been completed by output-
ting these signals as closely together as possible.

In vehicle simulators which have the transfer function
of the actual vehicle control system simulated, it may be
possible to generate a lead which partially compensates the
computational lag by eliminating some or all of the lag due
to vehicle system transfer function simulation.

Another cause of delay in the response of the visual
and motion systems is the response of the servos used to
drive these. systems. It is possible to reduce this lag by
either hardware or software methods. The hardware method is,
to include ,an electronic 'servo transfer function. This is
readily 'accomplished for the visual system and for a "cascaded"
motion system. For a "synergistic" motion system, hbwTier,
this is.not such a straightforward matter, requiring the use
of .a software lead function throughout. The manner of imple-
menting a software lead function is to multiply the drive
Signal by the digital approximation of the reciprocal of the
servo transfer function., The constants in this expression
can be adjusted so that synchronization of the visual and
motion systems is assured.

The motion system may become unsynchronized when the
mechanical limitations of the system are approached. If the
motion system becomes unsynchronized because of an abnormal
duty cygte,-diminished cues or no cues at all should be given,
rather an false cues. This ,can be achieved by feeding the
actual position back to the computer and comparing it with
the commanded position. If the difference exceeds a given
limit, the drive signal program can constrain its commands
until the position servos catch up.

System time lags can be predicted and identified most
accurately during the design phase, and the methods discussed
above. implemented to minimize and synchronize these lags.

f-
-)
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The motion cue math model, as described, is completely

general. 'It is'set up to compute motion at,the vehicle con-

troller's btation: The vehicle controller's station gener=

ates the deEiired motion cues consonant with the desired motion

cue principles and generates the commands to the motion 85.rsteui

hydraulic servos. Once the drive signal model is set up for--

a particular motion platform, it can handle potion cues for'

any.vehicle. The only changei in the model,from vehicle to
vehicle are the constants which define the position of the
control station with respect to the particular vehicle's
center of,gravity, and the gain constants which accentuate
or de- emphasize the importahce of motion cues among the six

degree of freedom. The drive signal math model is then'
adaptable to any vehicle by changifig a few-constants. Changes

may also be made easily tceaccommodate subjective opinion by
changing the gain constants which control magnitude and dur-
ation of onset cues, as well as acceleration levels associated
with velocity washout and positional l'sneakback."

1-13/1-14
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AFtENDIC.J'

VISUAL SIMULATION

Image generatiop consists of producing organized visual
data from :the sygtem's data source. A natural means ofsgen-
erating visual data is to use a model structure that faith-
fully duplicates the informational content of a real world
scene, and viewing this model with a TV camera that is servo -
controlled :to duplicate the mdtiOns of the simulated vehicle.
The most serious tech4car disadvantage of the camera-model
approach is the achievable depth of focus on the TV imaging.
lenses, In practice, it has been found impossible to main-
tain adequate focus from the operator's near field to the
horizdn during operations occurring near the surface.

Recent'development by NTDC has resulted in a pin-hole TV
camera; using a low light level camera tube, which'has an ex-
tremely good depth of field.

Since the advent of visual simulation great. effort has
gone into the development Of point-light-source transparency
systems.' They _are in theory capable of simulating the view,
from an operator station of at 'least a two-dimensional ground
terrain in correct perspective withoUt the, use of sophisti-.
cated electronic 'equipment. 4

Basically, this technique uses'a point light source of
high brightness which casts the "shadow" of-a photographic
transparency onto a screen in front of the.operator. The
transparencyltb mounted on a servo-driven gimbal system 'which
rotates and translates to portray the motion of the simulated
vehicle. The transparency is an orthophotograph of the ter-
rain over which the simulated vehicle maneuvers. The- relative
position of point light source and transparency is analogous
to the position of the_actual vehicle with respect to the
ground.

The qUality of'the final projected image depends on
several factors. The'resolutIon of the shadow Of the trans-
parency on the projection screen is a function of the photo-
graphic resolution of the transparency, the distande between
light source and transparency (magnification), and the 'dimen-
sions of the light 'source. The final image brightness is-a

_function Of the projection distance and the total radiant

J-1
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energy,output of the light source. The major draWbacks of
point source systems have been low resolution .(d14 to the ..

finite size of the light soUrce), limited range of simulated
altitude '(the minimum distance which is physically pcIssible
lietween light sprce.and transparency)', and the low br, ht-
nest of the displayed image.

During the last few-years, however, technology has'ptro-
gressed in many areaa,pertinent- to. point-light7source simula-_
tion. .Laser light sources are available today that are
focdsable to an extremely 'small spot with a brightness orders
of magnitude higher than that.of conventional-sight, sources.
White laser light could be generated by combining three .in-
dividual lasets of different wavelength.'The
small diameter (1-3mm) of commercially available CW-lasers
permits. the use of extremely small optical elementerto-form
the necessary image of the /ight;.sourte:so that the eye point,
may be brought physically very,close to the transparency.

The difficulty of establishing the correct viewing geom.!
etry so that correct angular relationship (and thus perspec-
tive) is obtained between the image-generating light cone and .

the viewing field may, possibly be ssolved by optical techniques.
The use of some quasi-spherical wraparound screen, or virtual-'
image systems using aspheric concave surfaces of revolution
maybe possible., ..-

'Unfortunately, quantitative, analysis of these possibili-
ties shows that the'implementatiOn of an advanced type of
point source system is still impractical. In spite of the
high tirightness of laser light, the achievable brightness of
the displayed image will still not meet today's requirements.
The power output of present commercially available (and prac-
,tical,-usable) CW lasers is in the milliwatt range. Even with
the most efficient display optics, using high-reflectance
screens, the resulting.picture will be very dim for any rea-
sonable angular field of view.. Finally, point -light source
transparency systems for visual simulation are still charao-:-'
teriZed by limited area coverage, insufficient resolution and
low image brightness.

Photography offers the most compact and efficient means
available for theistorage of.visual data. Systems are being
constructed in which terrain information, covering areas-
greater than 200 x 200 miles, is presented on photographic
plates no more, than 20 inches square. The basic system con-
cegt consists of scanning the information contained on the

J -2

,



ti

NAVTRAVEVaEN,69-C-020T-1-

plates with-ascanning system which conveits the' photographic

data into a TV image.
; I

'The basic problem encountered in the construction 'of'

ssuchAystems '.is:the relatively poor resolUtion obtained at

' large-scale facto*. This problerkcannot be solved
by .educing the Scale factor in*itting Systems, since the'-:-'s

resu4 'would be an unnaturally stall limit due to
the'restritted scan formats 'covered7by the scanning optics,

-employed. By designing a.,scan system:thatAmploys a small,

scildyfactor but variable' optics to extend .tie size.of the

scan format,, theTscan'trandparency apprOaqh.can be eXtended,

to achieve =relatively wide area coveragiat,:reasonakie

.iutionslevels. When such a technique is-extended to include
the three-dimensional 'oiffects of elevation information,.by

scann4ng,A second'Plate'synchronOuslywith.the prime-terrain
storageOlate, a- .system with an attractive combination of

.1widetlexibility'and reasonabie ,resolution results. At the.

preSentlevel of tethndlogical,develOpTent, 'no three.

. dimensional scan transparency has been built that provides

an acceptable picture.

The basic characteristics of scan transparency systems

are that they provide maximum information content and economy
:4f7-10ormaiion storage, but are limited in their ability to

:gene ate the ultimate in resolution when measured against,

eA0otidirpicture image quality.

A motion piCiure image of an actual simulated maneuver
tC" recorded on high resolution 70 mm color film is capable of

.,:producing'the ultimate in presentation-quality. The problems

of dynamiC range.eneountered in other mediums, which mustbe

to describe the entire simulated world even though only

a small,portionof this' world is visible at any time; vanish

in _a motion pi4pre'system, which uses all the resolution
capabilities of'highusquality, film to store one frame of dis-

--played information at. a time..:The-large dynamic range of the

prOjecte0 scene is accommodated by: the partially' ,programmed

paisage'"Of film through the projector.

'Ttledisadvantage of such a scheme is that it is at least,

partially preprogrammed. It it important to note, however,

that for ;Critical maneuvers there are rather precise 'limits

bn exOrsions which can be-made Oithin a prescribed envelope
withoilt jeopardizing the safety of the filming,vehicle. This

is, tiqe not o9ly of the normal maneuvers but-also for those

J.-3
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which. must be made in the .event of emergentercehditibits: "If*'
. the pint fails Ito stay Within thisenvelope.ot-safemaneUver-

,

0,

,ing:the.mission will necessarily ,be ended, What:iS suggested,-
then, is a means by.which.highly detailed ana-acdurate photo-
graphicInformation is made, .continuously aVailable.to-'the

.

simulation display system in, aCcordance,withthe vehicle's
instantaneous position and,attitude,, If this information can
be corre'ctly'presenXed for pny point Within the permissible

-.envelope, then it becOthes possible'to'achieve the unmatched
realism of motion picture presentatiOri, while still accord- --,-'

.- r"% modating excursions due to maneuvering the, vehicle within the
prescribed boundaries,

.
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Various image projection-systems are,used to-project the
.generated-image onto a suitable viewing SurfaCe. TeleVision
projection systems create a high-intensity image on the face'
of a relatively small cathode.ray tube,..and then-,enlarge this
image optiCally"on a screen; The basic design problem en-
countered is adhieving adequate brightness and resolution.
In-the imaging process, light is lost for tWo reasons: first,
the optical system required for.l.magidg-cannot possibly' pick
.up all of the energy radiated from the.face,of the cathode
ray'tube since it radiates in all direction!, and a fiked,
Separation is required between the tube. and the,optical SYsr
tem; second, since the area Of the screen is-mahy times,/
larger than the area of .the cathode ray tUbe,-the_energy
picked up by' the optical system must be spread &li* this
atively large area, with a resultant loss in screen brightness
proportional to, the ratio between the two areas ortóthe
square,Of the magnTcation of the .system. t",

The TV system is, capable of being extended to'siMUItan-
.

eous color projection by operating three,systems and,okicafly
readding the, three primary colors at 'the screen., eThe xterfsion,

of high-laightnessTV .projection to color, greatly increases'
, the cost d complexity of.,the,system and the problem,or=regi-

stration among the three color images.1'
.

?

. t
Film projeCtion systems do not,suffer'from the problem

of color registration or from the problefMiof'resolution loss
with increased.brightness. Color-fidelity and regibtraticin
are inherent' in the color film-employed, and higher brighp-,
ness is simply obta neck by increasing the intensity of the
light source.

1 A single channel col r system such as the G. E. Light Valve,'where
mixing is within the projection tube, is considerably lc-purer in cost
than the three system approach.

f **. 4-1
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Becaude'of these 'advantages, the problem of 'covering
large angular fields'Of view is simplifii4. With

.

.,projection system it is easy to achieve 'a brightness-well .in_
excess of 10 foot-lamberts, and-operation at.th:is brightness
-levelimpoies no reliability or maintenance problemrs'.-

,

4

The subjective rescilutiOn obtainable by film projection
is well knawnfrom,experience in the entertainment industry.
calculations indicate-thaethis resolution, is limited.by,
film characteristics. -With the best 'available motion picture

' equipment, taking into account th- influence of cameras-,:
-copying'equipment, etc.j, the ft ksysterd,resol'ution of 70
dolor film is' about 22 line = rs/mm.aCa contrast "ratio Of
1.6:1 and 90 linelpairs/., at contrast ratio ;of 1000:1:-A
typical VAMP film can re olv about 35.-40 line pairs/max.

A lurther, advantage to -the use of 'film projectors, if
they can accept a standard motion picture format, is'that

,

several decades of operationaltexperience have been a4p4mu-
fated on this type Of equipment. This experience has mainly
been'in eovironments requiring a minimum -ofunschedUled,down-

c
time andmaintenance practices-suitable for moderately skilled
personnel-working on site. As a result, design principles are
well.knowW:and the mechanisms have been refined to an extremely
highlemel of reliability,

Visual diiplays in some ea'riy.simulatora made use of
either television ,monitors or rear-projection screens mounted
in the vehicle windows.' These,are'unsatisfactory'and have
been outmoded beCause of large Oarallax-errors'introducedby
head motion and the psychological sense of unreality caused
by eye convergence and a_ ccommodation for an, image located So,
close' to the observer; Presept-day gystems use either virtual °

(with. either refractive or reflective optics) Or large
theater -type screens located a considerable distance from the .'

°trainee.
2 I,

A' basic refractive infinity-image system (or'vt"rtual-,
image system) consists simply of a large Plano -einvex viewing .

lens mounted outside the simulated cockpitor repladingt'the:.
windows, and afront or rear-projection screen located, in
theOry, at its focal plane. Any image Rrojected onto the ,

screen -and viewed through thei"eyepiece" is thus seen at in- ,.
'finity. Over a limited fieldof view, this approach provides:.
reasonably good image' quality.

a



.

NAVTRADEVCEN 69-C-02074

Viewing lenses' have been built' up to 36 -inches in
. .

'diameter,, providing a field of view of as much as 60 'degrees.
'For - practical reasons, k these -lenses are made of acrylic

..

'plastic, and their refractive power is limited by the fact

, that the 'optical plastic is ommercially available only in'
. - thicknesses "up to. four inches. Howe'ver, eyepieces have - been

-built ,using several plano-cbnvex lenses in tandem in order. to.
. increase lens power- and reduce the. F number., Relative aper- ,'"
tures, as low as Fl have beers ested. .,* This, permits -the'

. design of a more compact - system w h smaller Sc" reens and
sequentry, brighter images. Unfortunate i.tr ,- as" the ,F;numbe

. - gets smaller and the, lens power increases; "the optical, quality
Of the simulated. 'scene decreases, and distortion.,: color atter-.
rations at, the periphery of the field, 'spherical aberratiOni,
and'field" curvature become quite rioticeable. .. ._-.

. .

, Asphdric plano-convex viewing lenses with, elliptical
surfaces have been built which substantially reduce the prob7
lem .of field ature and produce a flat field for' an abser-

'made

locate on-axis. Asp.herical 'lens elements are generally
made 'from--optical glass, however, and large ele.t.:nts -become

very, expensive .
,.

. .
. _

4 r

By employing correction techniques in/the image-forming
or 'image projection systems.; both the color and distortion,

errors can be adequately reduced, as long as extremely low F

numbers are avoided.

Reflective -eyepieces fdr- infinity -image displays have

been built with excellent optical, quality. One version of a
catoptric virtual image system,consists, of a spherical mirror
with the. observer Iodated at its center of curvature. Any

object located at the spheriCal focal surface 'cif the 'mirror

ii seen a't ,infinity. This can be physically realized by
troducing 'a beamsplitter at 45 ,degrees to the center axis
between mirror and observer and locating a spherical, projec-
tion screen 'outside the direct field of 'view. Since the,.pro-

jectipn screen is viewed throtgh the beamsplitter twice, ,the

,
transthittion of the, system is at bilk 20%. System's bf this'

type are limited in vertical field of view by' the problem of ,.

interference, between 'the -4ine of tight to the, spherical mirror.-

and the reciired input surface.: This objection.' can' be ove,r-,

comeif one limits 'the display window!s.vertical field ,of
or if one employs a second beamSplitter and spherical mirror',

. en, generate an serial image at the focal surface of the ,view-ai, :

ing mirror ather than employ a screen or CRT:
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Mor red
system
'in an a ange

,7\,.approxi tely'
system.,, lie t
the use Of-f4ar
for the display.
at the present ti

tly, a configuration for a releclive display'
developed which uses polarized beams itters

nt that compresses the display compon nts into
e size that would be requited for a efractive

refractive system, this technique equires
on screens to provide an object, surface
mits on angular field are .uncertain

be ause of the effect of varying angles
of incidende,onthe efficiendy,of polarizing beamsplitters

.

.which direct.ijight throOgh the system. In principle; howeve,.
the concept offers the possibility of eliminating many of*the
aberrations asociated with refractive elements, ,while at die.
same time creating large,fields.of view with relatively small.
optical elements.

The maSo'r disadvantage of With the dual- eamsplitter .
s

sphericalmirror approach" ad the: more compact polarizing ap-
proach istheir\low light effiqiendboth Systems have in
the ,order 'o't,47. transmission).`

', 'k '::, 'c.

. - . ,

,

b16.vii441,systemto date has,0,4ieved the\ ideal objec-,
.

,
.

tive of providing a,i4mitlator w4h.ah'external visual environ-
ment that is "indistinguishable frOm,the'realworld. Indeed,
the qualities deanded of.a visual' systeMLby,theAtumSn eye
and the humah-btpin'are,iar in excess of the current state-
of-the-art dapagilitiesin visual' simulation.

, -.' ..

. ..
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APPENDIX
;

SOUND SIMUiATION

, , . . .
'The complexity and the variety of -sounds experienced*

in*.conndction with the.multitudo of systems Within the cog-
nizance of the ETSS make- it essentifil to define the charac-
teristics of the human ear and.bOdy in hearing and feelirig
sounds. Figure 31 (Page It-11) represents thrdsholds- of hearing
and feeling ,plotted against frequen-cy.. It should be noted that
the thresholO,of feeling is approximately constant at 126 deci-
bels (20 N/m4), Which is considerably above the ndrinal sounds
heard by the ear. The frequency range for hearing,ks from
about 60 Hz4to 18 ;kHz, with maximum sensitivity occurring- at
2 kHz; to '3 kHz ..:,.:.,,.. ,

,
0 I

,../ ,. : A multitude of objects emit sonic energy. Sdme offthfs
'''' ' energy is capasible_of being recognized by select, groups of

species,rwhi0 other groups recognize other portions of this
.:', ;: inergy..,;lhe Om wia-concern itself only with the synthesis,

.' ,...;:, q, soup', or: feeling'' within the ppectrum of human comprehension..t
ii /.,,' ,:,./Tit the '.typei3 of ei0eritlyant. to be performed, sound may either

r",.:::`eeinfotceVor, ihdicate,.a specif4.6 cue, or act as a districting
.',7ne,ditini that :senies to' melt the cue from the subject's- attention.

i, .. ,,,/ . ; . : .

I.,. -, i, ;S:oultdi effects may be generated using three tectiniqu-4s: .
/ ...' / ;0;1,

, . , t/ ,,/ , ... S. ,. , / , /
I 1 ' ' .' ' /;/. af,.. i. The.,,actual sound emitter which It -cues at the,,

;
, i a ' 0 .

. , ,s

,

. , ' .'.appopriate'moment.. '.'
/. .i .

10, . ,:,41 .:,' b.,' -gecordingsOn disc 'o'r tape of the desired 'sound
emitter cUedt At the appropriate.moment.' ,

1,, - ,' ,. .

V
';, ;, 4 .. : .. , .,. . t '

,,,

, . - . : C , . 4 sotinf.t.,i,yrtijies.ie sysPern peripheral to the com-
ii,ilyei ciiin:plex . ...- : / .; -:-,-/

. . ,-..
'The' use of. "the actual sound emitter is frequently not

the be.i't 'aiethdd at` obtaining desired sound, since the emitter
must be' interfaced, to the equipment, used for the experiment;

.,4 .this may be an easy,,dr -a difficult task, depending on the
emitter,.;:' The,queing',of the emitter is dependent on Wow the
device is interfaced to the' experiment. Also the use of ,t

the actual sound. emitter May be precluded by size or safety
requirements . For , example , 'the sound of an automobile' horn
may be generated by using the actual device wired to a com-
piiter-controlled relay, but the sound of an aircraft breaking

t
, K-1
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the "sound barfier" at low leVql.must be'sgenerated by. sound
recordings or synthesis techniques, thereby eliminating the
inherent dangers of such a 'maneuver to the'personnel perform-
ing the experiment,.

0

t' Assuming that sufficient acoustic power mpy be generated
by the amplifier and ecouStic ttAnsducer driven by.the tape
recorder, sound:recor,dings satisfy miost,,of the requirements
of the audid syitem. Howevet, tape recordings'suffer from
delayed access to a particular recordingh contrast, disc
systems may reduce the access time at the penalty of reduced,/
recording tithe. Provided that .a suitably powered acoustic /
transducer is available, a record/playback system allows an
almost unlimited librAry of sounds to catalogued at the oi-
pense of access or recording. time:

The_ development of a_ system for sound synthesis consists(
of two equally important phases; ,establishment of the parame-&,
ters hd characteristics of the 4*ound'to be synthesized, and
development of the technique's of;generating, the desired sounds.
.A sound synthesis system suitabljOnterfaced to a computer
.allows an alit unlimited library of sounds( to be generated.
'with an imperceptibly small access time.

'i

Since the. sounds to be generated are those that pertain
to the 'range of hearing-of human' iubjicta, ii is Important .

to establish the charailteristicSor signatures of the sounds
that are anticipated to be of interest in ETSS experiments.
'Other sections have discussed the visual and motion aspects
of NehiCles opetating in the earth, sea and sky environment;,
the following:diScUssion applies,to sound signatures appli-
cable-to a human,subject operating'in this environment. Table
23 (Page K-4)Aprbvides' a short sumMary of sounds` that have been
sYnthesized. 'This list is by,no means complete; the variety of
sounds that may beleterated is limited by the problems of
sound analysis and implementation. 'A very important feature
to be considered in the physical location off the sound source
is the possibility of locating relatively lowpowei amplifiers
and loudspeakers at strategic points corresponding to the
emana on:pOint in the actual vehicle.:;Much, of the sound ,.

synth is.problem is 'affected by,s0jective'considerations;
-

thus absolute fidelity is not as important as providing: :
flexibility 'to allow suitable interfacing with the othef en-

,

vironmental factors of;the simulated system. - '

'305
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TABLE 23

SOUND,CHARA

Basib-Aircraft; Sounds

Jet Engifie--

T4rbo- Prop E

Recipr&CI rig Engin

Auxilia' Sytteins

Air H

Vent, latton steins
/

/

Tire Soredc
/

apon-N61 es

Crash Ef cis

Unde Sounds

Prope er Beats & ScrewCount

Soni Sensor Returns

MAFine Biological Li'iw

Target Signatures

4esp-ton -Noises

Doppler Shifts

Ship Activity (Onboard)

ERISTICS

1

Engine Sound Synthesiq Re-
qiiirements for' Gas_ Turbine

Frequency n Functiop 4
c .

0011tuge:r 4unct4.0 of RPM
`4"Th

Components -.TUrbine.Whine,.
Compressor Whine; &" Jet
Exhaust

FrequencyRange. - Turbine- -
80 Hz',to 12 kHZ
-Compressor-"-200 Hz to Eikilz
Jet Exhause---10 Hz to 600Hz

Diesel Train Sounds
,

,

EXp odineTorpedo

M416nction Bell

Warning Whistle"

Engine Bell

Sander

Air & Brake Hiss

Engine Whine

Brake Noise

Rail tlick:& Rumble

0,1

S.& q..r

4

, K-4
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APPENDIX{

CUSTOM DESIGN STUDIES

1. CUSTOM HAR4pARE-DESIGN STUDIES
.

Investigations into hardware necessary to fulfill the
functional requireMnts of the ETSS led to studies aimeici.at
multiple use of as many items of ETSS hardware'as possible'.

There were two reasons for this:

a. Since the ETSS will generally be, used in one
experiment at. a time; multipurpose devices will provide
-attractive cost benefits.

b. The morefUnctions a given device can perform,
the fewer instances there will be of equipment, standing idle
when the facility is in operation.

One problem area is the subject station configuration.
Two studies were performed in this area: one concerned with
the arrangement of display and control hardware on flexible
panels; the other-with the use of TV insettingi techniques.

Another study was performed to enable a specification
of the universal terminal to be determined. The universal
terminal acts as the interface between one or more researchers,
the computing system, and the experiments being performed.

Also Subject to an analysis was the problem area sur-
rounding the derivation of a universal math model defining
the equations of motion of any rigid body supported in any
medium. The findings are presented later in this appendix.

The last study in this appendixis concerned with the
audio-visual capability of the ETSS. A possible design that
combines allthe audio-visual features required for the ETSS
into One sleviteis presented.

1.1 MULTI-PURPOSE EQUIPMENT PATCH PANEL. This study was
aimed at providing'a method of building various panels con-
taining representations of al-ItYpes of ,controls and displays.
The ETSS inventory would contain various types of standard,
off-the-shelf controls and displays, the only requirement

L-1
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'being that each item be compatible with the outputs, of the
patch. board. The panel would be, constructed with the hard-
ware required to connect itwifh the appropriate jacks in the
patch board. Wiring on the achpter can be color -coded to

.allo4 for quick, easy recognition of terminal inputs (e.g.,
re4.for digital inputs, blue for digital outputs, black for
ground wire, yellow for analog inputs, green for analog.

.

outputs).

To account for experiments that might be peiformed with
a unique instruments such as an attitude direction indicator
(ADI), specialized instrument drives will be required. Al-
though the,driving mechanism will.be an integral part of the
actual instrument,, such'as found in aircraft simulators, its
function must b,e lIescfribed in, terms of driving forces and

'must accurately simulate, within a given tolerance, actual
operations.

y. .

Acting mainly as an interface between panel mockup in-
strumentation, 'special physiological experiments and the com -.
puter complex, the patch board will allow,for complete flexi-.
bility di experimentation with either different and Varying
panel conAgurations.or discrete electrical components. This
feature,, plus the capability of "quick change" for instrumen7
tation; will provide the experimenter with speed and ease of
implementation.

,Investigation of patchboard design,requirements for
existing simulators dictated the need for capabilities shown
in the following tabulation:

COMPUTER -NO. Cle.TYPE OF

INPUT/OUTPUT RECEPTACLES SIGNAL

32" Analog signal
Analog to Digital min. bayonet. Analog return

System ground ( screen)

Digital to Analog 32 Analog Signal. -

min. bayonet. Analog return
System ground (screen)'

Digital Inputs 32 Digital signal
min. bayonet. Digital return

System ground (screen)

L-2
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COMPUTER NO. & TYPE. OF
.

INPUT/OUTPUT " RECEPTACLES StGNAL

32 Digital signal.
Digital Outputs min. bayonet.. Digital return

t

SysteM ground (screen)

Using these speCifications for.patchboard design estab7.
lishes the maximum number of.instruments to 'be utilized by
the experimenter. If:. the experiment or. exercise calla fox;
more than is provided by one patchhoard, two can be utilized
,to accommodate the increased instrumentation. Mobility in
thiS particular case, woullbe Sustified"for the patchboakd
hardware. Interconnection between the patchboIrd and the

'linkage system shouldbe'-such that, in .the .case of increased
activity (experimentation), connecting added hardware would"
in no way hinder operational standards.

An examination of existing requirements for the system
was analyzed to justify the'use of 32 eceptacles for the
A/D's, D/A's, DO's and DI'S. For a high-density experiment,
the number of instruments' that could be used ranges from
approximately 10 to an undefined 'maximum. The number 32 was
chosembecause'of its representative and inherent association
to the 32-channel multiplexex associated with the system. To
accommodate all computer inputs and outputs will require 128
-miniature bayonet receptacles, These receptacles.wilLbe
color-coded to ease implementation with the colOr-coded

10

The system just described works well for simple instru-
mentation such as switches, meters, digital readouts, etc.
However, to maintain an inventory of complex instrumentation
(navigation displays, for example)-would be impractical be-
cause of the cost and the inherent inflexibility of that,
type of device. (See Figure 32, Page

1.2 Multi-Purpose Compartment. ,This study is concerned
with a flexible methbd for generating a medium-fidelity're-,
presentation Of the subje.Gt's operating compartment' using
television production technique's. Basically, the method uses
special effects to cOmbine a number of television video,
sources to form a composite picture'. The compoQite picture
can then be batk=projected,on a_suitable screen to achieve:
realization of the. correct proportions and size of the dis-
play. The combination of individual picture elements into a
general backgroundscene may require three videO'sources: (See

/-*-- Figure 33, Page
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Figure 33. Video Composition Scheinatic
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a. Baol%round video

b. BliCk and white external key video
t

.r. Insetvidet)

c

In practiCes '. the special effects generator transmits
the. background scene for any white signal from the external,'
key'video., Foi)any black"signal from the external key, the
ins ,t video is transmitted.,

.The.position of the external key in relation 'to the -

confines'of theITIl-frate determines tkie position of:the in-
Otted Video. Since the' three video sources are it synchro-
dismwith each other, the'subject-matter for..thi inset !video
'which is iwthe;t1*i relative,position as the external key
mill be insetted'into the composite picture in that same rdla-,.

tiire-position. ",

_

, This is the basic 'concept used -in the generation of a ".i
-,

- , ..:medium-fidelityi;representation of the training. situation.
'The ictual,MethOd would use a number of special effects
generators, external key video sourcest,inset,scene video
sources and a biOground scene' video source. .-%

.

1,, .
.

,

Since thii.i. a medium-fideliti representation of the
training situation; the disposition ofcontrOls need not,be

4ealistic to ,thepoiric of being.in.the correct position.',.
The composite, video representing the instrument panel and.
`dynamic instruments is back-projected onto a screen in front
'. of_ subject:.. A typical complex for'anexperimental station

-,:

is litumn:in Figure- 34 (Page L-7).

-An experimental station of this type could be used for-k

',..many different applications, each appliCation requiring a
minimum of haedware change: Sirice the prime' role of this de-
vice is to'portray the interior featuresrof an operatiohal

,.device, the main inset features (dynamic) will consist of
instrumentation and the,external,visual scene. Typical appli-

'c4zions of that devic are: .

1 -

, a. Otcraft cockpie simulator-
..

k a

b. pnd.vehicle simulator

c. Surface ship system Simulator
t

L-6
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1
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Figure 34. Typical BackProjected Display Configuration
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a. Background video

Black' and white external. key video'

c. Inset video
.

,

. ,' ,.

.In practice', the special effects generator transmits-
, the background scene for any white_eignaLfrom the external

key,video.- Forany black signal from the external kiy, the.
, v

inset video is transmitted.
..,

41
r

The position of the'external key in relation to the
confines of the TV frame determines the position of, the In-
setted videov. Since the three.video:sources are in'synchrot;
nism with each'other, the matter for .the insetLyideo
:Whichis.in the genie relative position as the externalMkeY

be.insetted'into the compotite picture in that-ssme", rela-.
Live position.

This is the basic concept used in, the generation of a
,medium-fidelity representation-of thetraining,situation,
The actual method" would Use a number of special effects ''
generators,,external key video,sources, inset scene video
sources aitd,a backgroundicene' video source.

Since this is a medium- fidelity representation of:-:the
training situation,.the-disposition of controls need not.be
realistic to the point of being' in the carect-position.,'
The composite video representing the'instrilment panel and
,dynamic instruments baCkprojected onto ,a.screei-in front
Of the subject. A typical Complex fOlif'in experimental station
is shown` in Figure, 34' (Page 1,4). -%

-

. An experimental station of thitrtype coUid,:be'used'for.'
many-different appliCations, each'apPlication requiring a
minimum of hardware change:. Sirice the prime role of this de-
vice is'to portray the interior features of an operational
device, the plain inset feektures (dyndmic), will conpiat of
instrumentation-and.the'externWvisuAl scene. Typical-appli-'
cations, of this deidce

a. Aircraft'cOckpit simulator

b. Land vehicle simulator'

c. Surfa00 shilt'systeF.pimulator A

L-6
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Basically the synthesized device is represented on, the -,,

face of a CRT using a graphic display terminal. Special, 6

symbols, vectors and.charac,terswould be generated and acni-,
-mated under computer control.. Since the, face.:of -the display
is 'viewed by a TV camera vy.ipped,with Zoom lens, .the size
of the display is' relatively unimportant. However; larger
diameter displays can generally accommodate more symbols.
By suitable use of an external 'key and manipulation of, the

. :zoom lens, the' desired, operational display is represented on,
-the projected display at the correct' size. °Operational dis-
play phos0Or,colots may be syntjhesized by, use o-f gelatin
filters or.- judicious usd'of`the chromatic controls of a color

'TV System... ... _ .
.1

.
. .

The-externail visual scene may ,also be integrated into
,

this. system; This would.be generated using a TV Camera-model
. System, or a VAMP-type, visual aid being conver-ted to is video
signal.. Both methodS make use of relatrve poSirion within.
the TV picture frame and an external key. :2 -

The view of an active missile in flight as seen "from
the launching point may to generated by .a combination of the
external visual scene Ani the graphic display terminal. The
burning missile exhaust is generated by a bright spot of
variable size on the graphic. display.- The movements of the
target, are represented.by movements of the TV camera probe
relative to the fixed- target model. The fixed- visual scene is
generated by the backgrouhd slide. Suitable addition and in-
sertion: techniques allow the composite, scene to be generated.
The computer controls the position and_sizenf the exhaust
flare and the relative position of the -target relative to the
observer..

Alphanumeric messages are generated by the graphic dis-
play and TV camera or by, the use of a separate CRT terminal,.
whiCh generates .a standard raster scan videosignal. The
si,ze and position of messages appearing on the graphics termi-
nal are adjustable by ,compUter .and zoom _lens control. Mes-
sages appearing on -the CRT terminal, with raster.scan video,
are not generally adjustable. in size, or screen position once
generated.

It should be mentioned that -once a basic collection of
devices has been irepresented, any -future devices, may make use
'of the earlier experience. For 'example,. a representation of
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an.airspeed fnditAtor using a single,rotary-pointer may-be
transformed into a larger diameter glip engine-room pressure
'indicator by simple trierChangtng pointers and face plates.
'Suitable zoom lens contl-ol determines actual si,z1E

4 TV display has one majn,draWback'caused by the line
pattern prOduced by the raster scan. In order to produce an
acceptable display in which the lige pattern doeq not obscure
detail nor cause a noticeable pattern, a resolution of about

.4 .minutes of ,arc per effective line is required. This is
determined as follows:

,where:

Resolution /Line =

0

FOV vertical,fiela of .view

120 x FOV
NL ryx K

NL = Affective number of lines

= 0.7 for a 525,-line system

0.8 for a 1,000-line'system

0.9 for a 2,000 -lime system

For ',a training evaluation compartment with a 4-foot
,by 3-foot screen add a 2,000-line system; the subject must
be seated about 4feet away from the s men, For 1;000- or
5:25-line systems the subject must be s ted-proportionately
further away.

..

,

,

After having determined the screen sizi'and the distance
of the subject's eyes from the s'creen', a photograph is made
of the view from the subject's Tositionin the operational
device. It is important that the- field of.' view of the photo-.
graph corresponds to the field of view of the subject viewing
the projected' scene.

The multipurpose compartment-used for7this facility
,,consists of a compartment in the shape .of an oblong. box
approximiatily a right - parallelepiped; At one end is a view-.
ing screen suitable for back"projectiOn techniqUes. With
exception of the,projection screen, the interionis lined
with black nonreflective material. To augment the authenticity

o 8
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of4the device represented, optional side consofei containing
suitable switches and control's necessary fOr'the'particulaf.
experiment may be placed inside. These consoles may be fab-
ricated from laths and hardboard, paineed and illumihare by
suitable,inteaor fighting of variable' intensity.- Co trillsfof feet and handsmay. also be placed.in the compartment aS
required by the experiment.

.

As mentioned in pr4ious sections, the video used in,
.

the final:composite picture is derived from many sources,
which include:'

.
a. Basfb hatkgtodnd scene. This will, in -general,

be in color and generated using "a high,-,quality cameraand color transparency film material. The background scene
is converted to color video 'using a high-resolution flying-
spot scanner.,

. ,

b. External key. This will consist of a black image
.on,a flat white ground. The black and white areas will be
viewed A?y.a monochrome camera.

Inset video. This may come frOm a color TV
camera with a high resolution, flying-spot scanner or an
external video source.

d,, The three .video sources are combined via a,
special- effects, generator.

,

e, Finally, the composite video is routed to a TV
,color projeictor-such as an Eidophor or-Schmidt.

The system asdescribed has a drawback which is related
to the "state of the art" TV.systems. 'The'describeti system'
for a'3 x 4,-foot screen with the subject 4 feet away ,requires
a TV system`operatingat 2,000 effettive I es. In the next
five years, it, is anticipated Chat such a stem will be de-
Veloped andwill'beconig available at reasons e cost; as a,'
result the complex will be a realizable piece training

, .

equipment.'

Universal:Terminal,_ This tangly concerns ETSS,peri-
pheral. devices. Several of the areas have similar require-

:\ ments (documentation readout, timesharing terminal, CRT
tertninal,,etc.j. The major drawback to the use of standatd

.

L4,3
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CRT terminals for documentation display is the amount of com-
puter storage required to store text. Thisiis an important
consideration in the study,

The universal terminal will be used as an interface
between an operator an the centralized computation and data
storage center. It will allow the operator to.communicate
wth the central.compuCer and the-data storage unit with an
afphanumeriC display. The output from the data storage:unit
will be ;displayed on a high-definicioh TV display. On request,
either from the 'Computer or from the operator, either the
high-definition TV picture or the alphanumeric display picture

\
may be reproduced to give a hard-copy output. A number of
Wsimilar universal tei-minals.will be attached to a common inter,
aee through whibh the centralized computation and data stol--
Oe unit will communicate. It will be possible for the
perator at the terminal to communicate with other ETSS lab
a eas, other terminals, or other telephone locations by inter-
,p one commual.cations. Figure 37 .(Page'L-15Yrepresents an
a tist's impression of the universal terminal.

\, , The universal terminal henceforth called the terminal,
wt11 consist of components shown in Figure 38 (Page L-16).
All components Will be connected to the common interface.

The alphanumeric color CRT system will consist of an
electronics unit and a monitor unit. The electronics'unit
will contain the alphanumeric character refresh memory, a
data interface and control and timing and driving circuitry
require to accept computer and kPyboaLd inputs. The char-
acter generator will accept 8-bit coded characters from the
refresh memory and generate the required ASCII character set.
The character refresh memory will be a disc memory' of suffi-
cient size to contain

4
a complete page!* of displayable charac-

ters. The control unit will respond to both control codes
and character codes transmitted to,the electronics unit. Con-
trol codes will be used to define the four color for,the
characters following the color code. The data interface will
permit transmission of 8-bit parallel characters between the
computer common interface and.the electronics unit.

i

The monitor unit will be a color TV monitor. A full'
page.offlispla5ied information will contain 50 linest-of alpha-
numerics with'85 characters per line. ,The Monitor raster
scan will be in accordance with EIA RS-170 525-line TV with

)

L-11.
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two interlaced. fields per frame. 'Charadters will be repre-
sented by i dot mattix:. The displayed page-will be refreshed
fromhe display memory at 30 6omplete'frames per second.

The keyboard will be-provided with a complete get of
alphabetic and numeric keys for all the syMbOis displayable
on the monitor. In addition, cursor and function keys will
be provided to-enable the displayed page' to be edited from '

the keyboard, to control the operation of, the hardcopy device
. _end-to:communicate with the computer common inter,face.

The high-defInititn display system will consist of a
high-definition monitor and a dynamic videb memory. The

system will be capable of completely resolvingia document
page (81/2 x 11 inches) in which the smallest element measures
14 mils. The high-definition monitor will have:a black and
white image. The resolution of themonitor will be.measured
at the screen corner and at the screen center and will meet
the stated requirement.

The dynamic video memory will be used ,L0 generate a

, continuous image of the same complete frame without discerni-
ble flicker on the face of the monitor. The video,meMbry
will accept source video from the common interface and stole

this video to refresh the monitor when, the source video is ,.

absent. The video memory'will alsolke capable of being
.slowed down to give a transfer rate compatible with"the-input

transfer rate of the hard-copy device.. The dynamic- memory

will 'accept a video inpuf from: the common interface, andwitl
provide a sditable video output to the high -definition - monitor

and the .interface to the hard-copy device. The dyfiamic memory ;-'

will. be controlled by signi1s, from the hard-copy-de4ce inter-'

face. The device will' produce a complete TV frame "from

the .alphanumeric -or the high-definition ,display in less.than'

2 seconds The resultant,hard-copy output will be a
stable-black image on white paper. The resolution-of-the-
system will be compatible with that defined foir the resolutiim=

of the high- definition displa3r-Yor the.dhivereal

The terminal will interface the hard-copy device to

either the alphanumeric display-b-t'the dynamic memory. The

data inputW.the hard-copy device interface will be bf two

types: . .

a.
Slow. digital video,. -from the .dynamic memory.

--- - .0... . ' .

-11.

,

Eight-bit.:pirallel ASCII code from the Alpha-
,

numeric display. :

.

- .
.

3234_
L-17
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The output from the .hard -copy device ,interface will be
in a format] 'acceptable-to the hard -copy device.

The and -copy device interface will'receive control -.

inputs fr m the keyboard and control functions directly
frOM thecommon,interface. It will provide.suftiblecontrol

_signals to the dyhamic'memory add the alphanumeric display .

to allow the transfer of -data:

Besidet communicating with.the documentation and com-
putation center over, a data,lirie,..it will be possible. for
a .two -way conversation to be held With.,,personnel at othei-
laboratory lociticine, other terminals' or external telephone
locations.' The terminal .will be, provided with a telephone.:
half loudbpeaker, micrOphone, and control.buttonsthesv
will 1}e -built into the "terminal enclosure. The terminal !user,
by Choice of dial codes will also be able to.page-personnel.
The terminal will_interface'to the control telephpne exchange
over conventional telephone lines. "The only 'associated de- .

vice will be" the common nterface.

4 1.4 .Generalized Math Model. An area of special design
study-was concerned with the simulation of training devices
in the form of mithpmatical models, A major area of research-
*pillst provide fbr representative simulation of trainidg,devices

. to enable` complete flexibility in performing high or low-
fidelity experiments. This capability can include experiments
,performed in. the follow,ing vehicle types:

,

I"

.

1 , Air Vehicles

a) Fixed-wing
b), Rotary -wing
c) Uovercraft

.'):ti-STOL".
ysroi.,

41.

2: Land Vehicles

a) Automobiles
Tracked, vehicles

c) Locomotive

4

L-1.-
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Surface Vehicles

a)
,

Ships

Amphibious. vehicles
c) 'hydrofoil
d) Air-cushion vehicles

4. Submerged' Vehicles

a), SUbmarines
b) Diving bells

Simulation of the above systems as indivi ual modules ir
poses no serious problem. However, the need fo flexibilily '

-and speed of implementation in a working ETSS eliminates this
approach,- as does the cost of Programming. Theoptimum syStem
would be the implementation of a general set of equations
which allows complete flexibility in simulating fany_system
that is proposed for an experiment. This concept of develop-
ing a math model that is utilized .for any'class of systems
requires definition of the. degree of simulation required by
the experimental system. Thus the question is posed: "How
much .fidelity is needed for a particular simulation?" Although
no measure of simulation fidelity can be attained through a
general analysis, the question can be answered by inspeCtion
,o the various parameters involved in the equations'quations is. opposed
co what is needed far the experiment. For example, if the .

experiment, calls for the simulation of a subsonic fixed -wing
aircraft and the primary- purpose of the experiment is.determi-
nation of human respon'Se to a change in pitching velocity, the
requirement for the coefficients of yaw, 7sideslip and roll
might not be needed to attain an end result. In this partic-
ular case the equations Of motion with respect to pitching
velocity would suffice. The determination of such limiting
factors mist be analyzed to reach a greiter definition of
analytic simulation requirements:

1

- As part of this study a,generalized definition of the
equations Of motion fora_body_with respect to a six-degree.'
of- freedom base was analyzed as a possible soldtion to the
probieth pf simulating many systems.. Specific requirements
relating to fidelity were not considered here. This was dOne
because of theolimited time available for this portion of the

. .

study. The objective was.to determine to what degree a gen.
eralized math model could be used for the differenttype of

"..411011.44.14-
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'WhioleS (and other systems) mentioned previously: It wat
assumed that prior.to incorporation into the ETSS a more ,

.extensive study,could'be performed dealing specifically with
'tim4lation fidelity if this approach proved acceptable. A
preliminarymbdel,ofthe system for the calculation and gen-

. Oral flbwtlomputation forAtemulti-purpose equations of
motion waSHfOrmulated-. (Figure 10, Page --23.)

This generalized set of- equations 'T.,7( ich allows an ex-
,perimenter to:assemble a programmed math model of any vehicle
:he thay deSire is, of necessity; extremely -complex. The
conglomerate of submodels ',from which he selects and then
assembles in "tinker'toy" fashion must account for each and'

. everyphysical manifestation associated with the motion of
the whole list of vehicles to be simulated. A single program
residingin3the digital computer would be%impractical because
ofits extreme size.' However, it is practical to store a

. single'programrembodying the Newtonian equations of motion of
a rigid bodin the main computer and' store all the other
submodels of disc files. The exe-lutive program in the main
computer will access to' the disc files, retrieve the' desired
submodels and assemblethem at the command of the experimenter.
The main computer then need only large enough to simulate
the one vehicle whose assembled program is the largest Of the
list. The experimenter can build a program to simulate a
sired vehicle by using a-simple repertoire of assembly com-
mands and inserting the physical constants (mass; inertias,
force and.moment doefficients, etc.) associated with his
d6sited simulated vehicle.

Each of the vehrtles can be treated either as a single
rigid.body or a combination of rigid bodies coupled into a.
single system with elastic, friction or .damper coupling. The
single rigid bodS, program, can be used in an iterated fashiod

. 91th the results of each iteration' coupled through a coupling
bmodel td those of the subsequehtiteration Until the motion

instant
e 1

Ox the system_ of bodies is determined, for the- instant in time-
of interest (standard digital techniques for real time sim7

Ulktion). -

. .

Figurec.39,"tPage L-21/1,-22) shows the'generalvcomputation

, flow. The rigid body motion equations are Shown in their'enr
.
4rety wheieas,only a_few typical submodule equations are shown

.
Determination 'of all .the submodels required .for a comprehen"
sive generalized math mbderis far beyond'the'scope of this

,- study. ) - ' 0

. `1
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IASK PAK PROGRAM
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1.5 Universal Audio-Visual Device. Another area of'sfecial

,study was concerned with combining the various audio-visual
capabilities-into one device. The functions to be incorpor-

ated die,tabulated in Sect Lon IV.

.Figure 41 (Page L-24 (below)) shows the'general,arrange-

ment of this device;

ROpcinse

. .

The display, unit consists of 4 rear projection screen;

logical circuitry, computer Compatible terminals, audio cir-

cuitry, cartridge 'receptacle, responder input and housing.

The device hay.the capability to jump forward and backward

on the film strip, based on. response. The "programming" con -

tained on the film strip or coding,could be magnetic or opti-

cal. Filmed sequences can be as long as required. The data

required for operation is read,off._the required _track and )

,stored. Each film frame would be made.up as shoWn in Figure

42 (Page L-25),.
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-Magnetic

TapePhoto Film

pictorial:

Frathe

.
"

Audio
Digital data for
"prrgramming"

gore 42. Typical Frame Content

('

A standard, cartridge could be used but oneuting the

411
"Newell principle" (See Figure 43, Page .L--26) 'might be better:
The hardware elements required for this system are:

1. Projection optics,
2. 10 Light source
3. Cartridge
4. Cartridge receptacle
5. Responder-type input
6. Digital memory
7: Simple control logic for film movement
8. Audio playback. circuits
9. Speakers

10. Data channels for hookup,to computer,
.

's
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SPECIFICATIONS:

I pc speeds
ono 480 240 120: 60130/ IS ipt
Itsdoet uohal. Switch selectable.

I qualgtattpn
to speeds electriCally switched from front panel.

siai slop Time
I s see maximum at 960 ips its within flutter specifications
l'r,tortionately less at lower speeds. 100 msec minimum.

Inin.,round jurie
2 ti wt inarrpfuer at 960 ips. (a within flutter specifications.
lloporounatels less at lower speeds. ISO msec minimum.

'4
)utter isumufstrve peak-to-peak

to oi radon:um ut 960,ips, from 02 Hz to 10 111:
ma.jinsam at 120 ips, from 02 II: to 10 kliz.

t
- (..set her. een tracks maximum al*960 cps

IL I t onfiguration
, ',artful re( ora reproduce stack

NuriPti of fcacks
42 h tape

%Latter

it/ error f.,IlIghes inoill711IM ,

fie ,J II,:
Its, 2 co 00(1 spa r hours

.1.1.7n Rep011,C
2cn, I two ill:

Soo ill:
, Mr 4 OMAN:

to 2 taw LH:
,Critviltz

Jn 251111:

.11" I It MS, R MS i
't' /1f rnr.uutpm

1%.i..1(r+1-faii
intirtimmi

H Holorfuln
..4,01111101

4 At PC l t :M.. a

Vt,ighl

I .0111 fir, , to 400 11 :,.600 VA at craze (1600
; 4 out ;man, surge)

I sing i.ipe PN-I 1613 Lower bandwidth units deter, pined
h mtrrtr.ni sumialL requiremenk

ill LOA

;II 14

2- A

Conrentionat Bi-dirkstionat Tape Transport
Requires .$ multiplicity py motors (A. 13 ( ()fine
eke a complex driving system to transfer, power
Tape is unsupported through most 01 us length he
tween supply and takesip reel. Air is entrapped
parliculafly as speeds ate increased. at head (1 I and
in take-up reel (F), resulting in loss of performance,
poor tape, Fir fast start-stop operation
mechanical buffer systems arc required at Or) and
(H) because inertia of systemi coupled through the
tape pelf is too great The tape is thus subiecied
to undesirable pressures and stresses along its path

Newell Tape Transport
A proprietary tape-tensioning system requires that
the tape is transported in a continuously stippstried
manner'past the held from roll to roll Supp $-1
take-up rolls have minimum inertia (through dim
;nation of flanges). only, a single dnve motor is
required (which in parIcake design can he integral
with the capstan-drum). no torque motors, hefts (,r
brakes are needed, tape is guided and packed with
extreme uniformity. reversal of direction is accom
plished extremely rapidly. without tape distortion

,

Figure 43. !Tape Recorder Drive Utilizing the "Newell
Principle"

r
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APPENDIX M

COMPUTER RErsikREMENTS

This appendix analyzes requirements for the ETSS computer
complex and interface' system. There are two proven methods of
accomplishing simulation computations, digital and analog,
The-digital computer is considered to be superior because, of
Jong-term, accuracy, increased availability_and adaptability.
For these reasons, digital computers are used inmost modern
simulators. It is not uncommon, however, for a'part of the
computational:task to be accomplished by analog circuitry ex-

,ternal-to the-digital computer. SoMe of the factors that
might influence= computations outside the digital computer are:

a. Frequency Response -Where the equations for a system
exhibit frequency characteristics in.excess'of several cycles
per second, the computer time is out of proportion to the com-
plexity of the system. In sudhcases, analog techniques can
offer a substantial problem reduction. Availability can also
be improved if a reduction ip hardware is achieved.

b. Cost Effectiveness j Where the equations fac a sygtem
are quite.simple, it is sometimes less expensive to implement
the equations directly in analog form instead of provkding the-
data conversion equipment necessary to the appropriate
parameters- in and 'out of the computer. An example of this is. '

simulation of an electrical system.

c. Computer Sizing - With the proliferation,of digital
computers and associated memory and I/O devices, it is usually %.

possible to select a syste6'which can perform the computational
task. However', this system can exceed some economic break-
even point. An example would be a computational task slightly
larger than could be handled, by a single computer. Some analog
computation might eliminate need for a second oamptiter.

Of the above reasons, only the first is validr the. otters
apWar to be reasonable at first glance, but. upon further ex-
amination are geberaIlY found to be false eConomiA, ,Tte use
of external analog computations to minimize interface hard-
ware, although appdaringto.reduce cost and improve-availabil---
ity,.actually does ne4her. It is- true that a larger amount of
interface equipment and computer memory could be elidinated,.
However, digital computers are highly reliable solid-state

. /
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equipment, whereas added hardware (relays and operational
amplifiers) are less reliable. Therefore, overill reliability,
may be decreased.

In additton,,maintainability'of the System Cutlers. -Ana-
log computers reqUire;periodic adjustments and are more subject
to -drift and other ertbrs than digital hardware. Generally,,
the additional maintenance expense necessitated by use of ana
log computing equipment offsets the saving in hardware.

,

The' major reasowfor selection pf a digital syitem is
inherent in the function of tne,ETSS. Many. modifications are
contemplated and; to maintain total fleXibility, a digital
hardware approach is considered the'most feasible.

The total computationel_system-envisioned for the ETSS
- ,can be considered as consisting pf the following:

a.' Digital computer where all processing is ddne.

b. Real-time interface; which provides communication
betWeen thR digital computer, the simulatbr; andthe student/
experimenter stgtions.

. .

. , s ,.,,

c/ :The,pertpherel equipmeht;-Which'allows theoperator
to communicate with the digital computer;

1. COMPUTER CONFIGURATION

. .

The ETSS computer catplex'will consist of the 'following:

1) One or more central processors,

2) Memory for program and data storage.

3) Input/output channels'or processors.

These elements may be organized in many different ways.
To indicate the range of possible organization, three funda-
mentally different configurations ars discussed.

1.1 SINGLE-PROCESSOR CONFIGURATION. Thiw configuration
would -consist of a single central processor and input/output.
processor. The executive required to,enable a single proces--
sor to.perform simulation an experitheritation concurrently
would be necessarily largetand complex. The executive would
hal.T to prov4de for, memory protection, I/O .channel

237
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pllOcations, etc, for both fudctions, as well as the execu-
tion of the programs in both functions. 'Thisresults in a'
"master" executiVe controlling the executives required for
simulation and time sharing.

-
I ,

. An advantage of a single processor would be the-flexi-
,bflity" of program and memory assignment. No-duplication of
routines wOuldbe required:. as compared to a multiprocessor
configuration. -

.
1.2 MULTIPROCESSOR CONFIGURATION. A multiprooessOrconfig:
uration, consists of two- arrmaire eentr#1 processors sharing

a common*memory bank, as-welr.aslits own memory bank., The
pratrams,coad be struotured'ta allow., each CPU to work on
Kograms or:routines associated with an experiment and/or
'simulation. For 'example', CPU No: 1 could execute all programs
ieiluired for simulation of.the'system beings simulated while
CPU No.- 2. could be.rtinnt.ng time-shared.exiieriments.among the
Jexperimenterjstxrdent stations. At tims-when both functions.,
simulation and eigerimentation:, are of being processed
.c.u.rrently, added capEibility ,(such as taitics) could -be
dvrived.by utili4ng the idle CPU. for the, function.currently
being. performed. In addition, during.sitillation,the.inemby
banks are easily accessible to the.experiMenter,"which-giVe6,
a reap -time eapabilityfo. the experimenter ,to monitor the
simulator. Also, the experiienter could modify (under cer-
tain conditions) portions of the simuLation during real-time
operation and observe the- effect of-these modifications.

1.3 MULTICOMPUTER CONFIGURATION. This configuration con-
sists of two separate and independent central processors and
separate I/O processors, each working ,on separate-and inde-
pendent memory units.. Such an arrangement allocates a sepa-
rate computer to the simulation and experimentation process,
permits no shared memory,.and

I/O
communication from com-

puters to /0 channels. It is obvious that this configure-
tion would allow each of the experiments to be run indepen-
dently of the others. However,-it sibisld only provide a
somewhat limited interface between real-time exgeiiMentation
and simulation.'

'An additional problem with this configuration would be
the inability to, utilize the additional core-of the other
computer for large-scale probltms:

0

.
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This also limits the research application because'of-'
the inability todirectly access comb= data,blocks except
by mass transfer. -

14 COMPARISON OF CONFIGURATIONS .(Table 24, Page't.1-5). Three
possible computer configurationd-have baan described herein.
If the facility were to be utilized for off-line analyses,of
training research, then the single- processor, approach would'
be most desirable. However,, the:,capability of the-experimenter
or trainee -to interact 'in a real-tide' environment with the
training or simulation being performed isi,a basic functiori of
the facility. Based upon the compute'r loading estimate of
Para. 2.1, a single processor of the, type required would be
quite:expensive. In, addition, the capability to expand. Is
limited to the maximum size that a single processor ,could be
configured, and any additional expansion would entail.purchis-e
of- a multiprocessor' configuration. v-Another disadvantage-of,
the single procesaar is that no tasks-can'be,performed if the':!-.
itTocessor-failse B4aed on these disadvantages add -,on the:

flexibility required' of a.research facility, asing_Ie prpces-
sor wasnot deemed acceptable.

.

A'multicomputet configuration limits the' on -line re-
search_function. In addLtion,*the storage requirements of
oneccimputer,for type'exPeriment would have to
-be.neceesarilY large, therdby leading `to insufficient use
orcore'memory storage for 'the majority of the simulation
and research function. Additional hardware would also-be
required to support a 'multicomputet canfiguratiOn, For
these reasons.the multicomputer configuration is rejected.

Based upOn the above arguments and consideringthe
puter loading estimate of Para, 2.1, the muftirocessor 64an=---.,
figuration is considered the best configuration based both ,

upon functional requirements and cbst.coniideration. This
configuration would provide the flexibility, and expandability y/

;required of the research facility-. In addition,-a somewhat
limited capability could be'procured initially at moderate
cost,'and expanded to meet the requirements. of the facility.

2: COMPUTER PROCESSING

2.1 COMPUTER PROCESSING SPEED AND MEMORY STORAGE REQUIREMENTS,,
Ip order to determine the processihg speed .and storage re- -

quired,for the computer comPlex it, is necessary-to alialyze,.;:
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, .
the anticipated computer loading for ,the tasR. Table 25

''.(page.z4-7) shaWs an analysis,of he damputing ipeed and ettir-
agt required. In addition, thi figure is broken down into
the functional requirements for each typo of experimentation.
The systera'research function is estimated to require in the-
range of 200,000 to 300,000 instructions per second and 32,000
to 48,000 wordi of core memdry. These figurer, are based on
the .computer requirements of an operetiondl-flight, trainer
(utilizing a Sigma 5) and are in, line with computer require-
ments experience at Link. This will enable th!e:faciiity to
perform high fidelity simulatian7(withoui tactics) of a high
performance aircraft.

,

It should be noted that the figUres given for .the simu-
lation of the system research function are scaled for mad-

k mum fidelity - i.e.,the figures have been adjusted to allow':
for the storage and processing of mathemistical,modele that
are more detailed and complete than are required for'satis-
factor simulation. This was done to peiMit flexibility in-
the experimental selection of model, to enable optimum models.
for each systemto be determined.

The computer speed and storage requirements given for
the sensor, training aids, and tactical decieion.research.
function are considered to be similar to a common scientific
applications time-sharing system. The time-required for ins
time-shating executive overhead (time sharing only - no simu- ,

lition) is considered to be in the range of 250, milliseconds.
per second,.-and the wore memory requirement is estimated at
approximately 14,000 words. This'core estimate is based on
current time-sharing systems, an example beingthe Batch Time
sharing Monitor (BTS).of.the XDS,Sigma 7 which requires ap-
prOximately 14,000-words. In order to have sufficient core

, memorySpace for the monitor, byffers, and user programs,-
,the XDS.BTS system requires' computer size of 48,000 words,
and recOMmends 60,000 words. Table 25 (Page 'M -7 ) shows'a
breakdown of the.core memory requirement. In addition, a dis-
play processor will berequired, sad the present PDP-9 ,could
be utilized in this capacity.

Overlay techniqUei can be used to reduce core memory
. requirements for data that can be accessed witha tolerable

delay:. This technique could'apply,to an, index of documents'
in the video' file system. This-data (approximateli'16,000
word8 could be stored in rfpid-iccess devices.
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The computer loading kin the complete facility.

Opted to be apprbiimately 96,000 words of core Storage; these

.
figures include estimates for both the simulation and:esearCh
function to be performed concurrently. A 20 percent spare

capability is included. -t.

As an example of,how the number for the systems research

function compakes with the proCessor',requirements of existing

flight simulators, it should be noted that a 707'flight-timu-

. ititor (GP4 Computer) reqUires approximately 220,000 instruc-

tions'tioris per second, .a 747 flight iMulator,(Sigua 5 Computer)

about 310,000 instructions pe 'A, the. F-4E Weapon System ,

Trainer (GP4 Computer) about 40e .-4 instructions per second,

and M= F-111A'(GP4 Computer) Mission Simulator about 450,9.00

io per second. The latter figures reflect the large

amou of tics simulation hat'is-required for military-
,. simulatots_ For experiments'in the systems research function

that require an analySis.of flight and tactics Simultaneously,
the added.tdvantages of this shared data pool can be fised'to

the maximum,and the, ystem can be reconfigured to-enable the

simulation function to use the additional corememory of them
experimentation protessor.

For problems of this nat
t].ve ptogram-(which does not
basiOnonitor) could replace
Mentioned abOve... ..

dre,-a less complicated execu-
provide all the services of .the.
the time- sharing executive

. , , ...

.

,

The execution time requirements for the ETSS'dic tes

'either a large, fast single computgr-or,t,hediuth'size multi-

processor prcessor was' '--,processor computer. A large, fast sile O,
A ,jected for the reasons cited in Pard. 1.4. :- -...

-...,

. fC,Table 26 (Page M -9 ) represents some" typical compute con-

.figUrations applicable to ETSS.requirements., These fig es

were extracted from Auerbach Computer Characteristics r .

1969 'andthe cost figures-dre only approximate.

etailed pricing information on large: is dif7

' ffcult to obtaiiv'except by extended negotiations with the

computer. manufacturer, therefore,only approximate costs are
presented.',The processing speeds shown in Table 26. (Page M -9 )'

Are Obt4nedArtiultiplyik the computer add time by.a factor

of 1;3,torobtain.approx1mate average execution time,nd them
taking the' reciprocal of- this figure to obtain. processing
speed'in instructions per second.

vo ;343
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4

The scope of this study is such that a single computer
3.manufacturer has, not been recommenced, but rather a' computer
capability defined.

A

3. ADAPTABILITY AND GROWTH CAPABILITY

Because of the' broad nature of the research operation
and because of the flexibility required for modifying and up-,
dating programs, it is essential that the ETSS computer com-
plex.have capability for future growth. It must be possible
to expand the'computer both in processing speed and'avaikable
memory. The requirement for future eXpansion dictates that
the computer complex be modular in structure so additional
processors and.memory maybe conveniently added.

3.1 DATA WORD SIZE. Many studies have been conducted to
investigate wordtasize required fbr aircraft simulators. These
studies have demonstrated that' a 16-bit word length is ade-
quate for most simulator data,, but that 24-30 binary'bits are
required to achieve necessary accuracy for certain quantities
that are numerically integrated within an integration time
frame.

This required accuracy could be achieved by employing
a 32-bit word length computer', a 24-bit word length computer
that provides double precision computation for the few quan-

**Irtities requiring more than the 24 bits of accuracy; or a
16-bit computer that has, double=precision capability for
int-Pgratedivaluea. The illmory,penal.ty generally associated
with use-of machines with 16- or 24-bit words is negligible.
The time penalty is small, particularly if thecomlmiter offers
double-pr--4-4on hardwde. In general, these disadvantages
aremore than offset by differences in cost between the, small-

, word-length machine (161- or 24-bit) and'the longer-word-
length machines (52-26 bit). .For economy's. sake only, .a
,smaller-word-length machine might be selected. Hoi;ever, in

'view of varied number of taskt and scope of the simulation
problem, a 32- or 36-bit ward length computer would best fit
ETSS needs.

. ,

The'need'for at least a 32-bit word length computer in
the ETSS is substantiated by consideration of the following
problems:

. a: Addressing Problems -,Computer instructions are sub-
divided,into operation code, indexing and indirect addressing
bits and address. A machine that utiliiea the short word

243
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\
sr

length has few bits for direet;addressing and,most-of the
computer memory-must be addressed by indirect addressing or
indexing. In most cases, this has'the effect of increasing

er.

execution times of instructions, thereby reducing the speed
of the processor. For small simulators this is not an off.:
setting feature;' however,. in a real-ttime multiprocessor
system it has q significant effect.

b. programming Complications - Because of the rela-'
tively few bits available for addresSing, short word length
computers are most difficulttwprogram with respect to
referencing.

c.' Inefficient Use of Floating-Point Data - Since the
facility will undoubtedly use a high-level language such as
Fortran) floating-point hardware is a desirable option. Com-
pilers are available for short word length machines but they:
generate object code that treats data as floating-point num-
bers. In some instances,' object code is run by subroutines
on machines that do not have floating -point arithmetic hard-
we're, Such operations however, poses atime penalty on the
°program in addition to inefficient use of data words.

Therefore, on the basis of these considerations,the
computer used for -the ETSS should be one, whose word length

is at least 32 bits.,

3.2 INSTRUCTION REPERTOIRE:' The instr uction repertoire for
the ETSS compqr..er should not be considered unique for the
system.' Moselarge computer systems have a full range of
instructions which are adaptable to the requirements of such
-a facility. However, fbr simulation it is necessary to
specify the desirable types of instruction, whichare:

a, Fixed-Point Arithmetic Instructions - These in-
structions should include add, subtract, multiply and divide
in both Single- and double-preCision format. ,A 'square root
instruction. is also very desirable for simulator application.

b.' Floating-Point Arithmetic Instructions - As previ-

ously mentioned, a hardware.floating -point capability it
required.for efficient utilization of a ,high-level language

compiler. Floating-point Operations Should include at least
add, subtractmul,tiply and'divide instructions. A floating.-

point square root instruction is also desirakle.
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c. Logical Instructions - This set should contain
unconditional branch, conditional branch, compare and branch, -

and branch and store instructions. In addition, the condi
tiohal brahchAnstructions should provide for several Condi-,
tiona such as branch if a number is positive, branch if a
number is negative and branch if a number is zero. The cow
pare,and branch instruction should proyide for comparison of
two numbers with appropriate branches taken depending on the
result of comparison.

d. Boolean Instructions - This should include AND, OR
and Exclusive OR instructions. It is desirable that Boolean
instructions operate upon single bits instead of full words,
and, therefore, bit addressing at least between, registers is
a very desirable capability. Because.ofthe large number of
Boolean operations inherent in simulation,, the capability of
performing bit addiessing between registers and memory is also
very desirable because it will permit all Boolean data to be .

packed into full words for storage in the computer. This
capability would enhance handling of discrete outputs.

e, Data Handling Instructions - A set of"instruions
must be provided that would enable the computer to tradcgfer

. data between memory and CPU registers and alto to input and
output data through I/O channels. These should include
single- and double-precision load and store instructions,
shift instructions, including double-word shifts and I/O
block transfer with the block length selectable. If the
computer has a word length of 32 bits or greater, data hand-
ling instructions should permit utilization of halfwords and
bytes as well as whole words.

4. PERIPHERAL EQUIPMENT

Several types of peripheral equipment -are required for
the ETSS facility, (See Table 27, Page M -13).

a. Operator Control - A teletypewriter.is considered
to be the primary device for exercising control during simu-
lation add/or experimentation. This enables the'operator to
communicate with the computer through such programs as utili-
ty programs.

11

b. Program Loading - Becau-de'of the flexible nature of
the ETSS, a means must be provided to permit rapid loading and
modification of various types of experiments and simulation.

,
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Programs are usually stored in hard form on cards and, having
passed an appropriate loader, assesibler or compiler, are then
made available to thd computer through a rapid loading device
such as, magnetic tape, disc, or drurg.

c. Program Modification - Because of the-inherent need
of the ETSS facility to be able to update and modify programs
as they are being researched, the facility has a need for
terminal/experimenter stations in a tithe-aharing mode. As
kesently envisioned, the facility will have at least eight
time-sharing terminals of the CRT type to enable the experi-
menter and subjects to communicate with each other and the
computer. To enable the facility to offer.a flexible time-
sharing system during an experiment,a high-speed, rapid-access
device such as a high-speed disc or, dium must be available.

d, Data Rec rding - In addition to time-sharing, the
ETSS must have ca ability of tecording performance data in a
real-time mode an being able to analyze data both in a real-
timesand off-line de. To do this requires a disc or drum
.to enable the experimenter to store data as it is being gen-
grated and recall it pt a high-Access speed. In order to do
this without sacrificing cdre memory. storage, it is recommen-
ded that sufficient disc space'or drum space be available. In
addition, some recording of data might be desired to be re-

,
tained on magnetic tape for more permanent storage.

e. Hard Copy Output - The System must have capability
to provide hard copy output for dumps, listings, results,
etc. To provide this, a high-speed printer is recommended. .

f. Alphanumeric CRT Terminals-- The CRT.ierminals will
be used for monitoring and control. A displaysubsystem should
be used such that one interface is utilized between the com-
puterand the CRT subsystem. All multiplexing and refreshing
will be accomplished within the CRT subsystem (an example of
this system is the Data Disc 6500 graphic system):.

5. COMPUTER SIMULATOR INTERFACE

In order to effectively transfer information between the
digital environment of the computer and the analog environ-
ment of the simulator, interface equipment is required. The

Computer interface equipment must be bidirectional - that is,
it must transfer data into, as well as out,pfthe.computer.
During ETSS operation, the computer.interface equipment will
perform three major functions:

4
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. a. Accept time-multiplexed (sequential) output from
the computer, generally byte-serial` orword serial and trans:
mitted on a single set of data lines.'" The computer interface .

equipment, in order to properly.accept these outputs, must
incorporateacontroller with counters, logic and gating for
steering each output word (or byte)'to.its correct destination.

b. Convert each output into the form best suited to its
ultimate use. The conversion may be as.simple as changing

. voltage levels or current drive capability or it may involve
digital-to-anlog conversion.,

c. Store the outputs in parallel fashion to provide
continuous (nonmultiplex) outputs on separate lines. This
storage may take the form of flipflopi *for discrete digital
outputs air sample- and -hold amplifiers for analog outputs.

For input operations the computer interface equipment
will'perform three similar, but slightly different, functions:

- a. Periodically_ sample continuously available inputs
(digital or analog) .'that are provided on separate lines.

b. COnvert'eaCh input to digital form at levels suitable
for transfer to the computer.

c: Transmit the input data to the computer-in byte-
serial or word-serial (time-multiplexed) fashion.

'For inputs as well as outputs, the computer interface equip-

ment controller must provide the necessary bookkeeping to

insure that .data are properly routed.

5.1 INTERFACE ON THE COMPUTER SIDE. As mentioned previously,
the computer side of the-interface operates in a time-molt i--5,
plexed,.or serial mode. A considerable number ofppes\of
computer I/O channels are available. The nature of. the 'I/O

channel is'one of the important parameters affecting the
nature of the performance of the-computer interface equipment.

-Computer I/O channels generally form, one of two major
classifications: single-word'channels and block transfer

channels. The siingle-ward channels are unsuitable for ap=
.plications such as EMS, which requires the,exchange of large
°amounts of informfation between the computer` and interface
equipment. These channels require execution of an I/0 in-

struction by the CPU for every word transferred. These
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-instructions, plus the bookkeeping instructions necessary to

establish block limits and timing, impose-an undue, burden on

the CPU.

Block transfer channels have the capability of automati-

t cally transferring large blocks of data after being initiated

by a single set of instructions. The block transfer'type of

I/O Channel is essential to the ETSSin order to minimize I/O

system demand on processor' time. This is especially true when

simulation and experimentation are being preferred simultane-

ously.
.

Specific implementation of block transfer I/O channels
varies considerably, but major characteristics of most such

channels can be defined in. terms of four parameters:

a. Cycle-Stealing - A bl ck transfer channel may or

may not be a cycle stealer. A c cle-stealing channel is one

that interrupts a CPU for a short period of time :(generally

one memory cycle) for eat information transfer. This usually
results from,the sharing of registers, arithmetic capabilities

or a common memory bus. Non-cycle-stealing channels ere gen-

erally more expensive than cycle-stealing types'but, because
they possess their. own registers, control logic and memory

ports are able to access memory in adoverlapped fashion to
minimize CPU time penalties when several memory blocks are

involved. A non-cycle-stealing I/O channel is desirable for

the ETSS to minimize CPU delays.

b. Word or Byte Orientation - Some block transfer

channels are word-oriented; that is, a full word is transfer-
red'in'parallel to or .from the, computer interface equipment.
Other channels are byte-serial in that each word is subdivided

into two or more bytes that,are transmitted serially po or

from the computer interface equipment. Often'the byte-serial
I/O channel is further limited in that only one byte is ob-
tained from or stored in memory with every access. In such

cases the memory access requirements are increased and the

data rates are decreased comparecrwith channels that provide
word assembly/disassembly in the I/O channel. For the ETSS,

a"word-oriented channel is desirable since the control logic

in the computer interface equipment is simplified. The im-

-proved flow rates may or may, not be of significance, depend-

ing on whether the actual data rates obtained with specific

channels meet the specific requirements of the ETSS.
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c. Multiplexing -.Some block transfer channels aremul-
tiplexed so they can servi4e two or more devices on an inter-
laced basis according to slime priority scheme. Such channels
usually incorporate separate range and address counters for
each device interface. Each time access to core memory is7
obtained, a.word (or byte) of information is'transferted to
or from the highest - priority device requesting access,and
the appropriate range and address counters are modified. Non-
multiplexed channels are able to service onlyone device at a
time.. Once a ,block transfer is initiated, all other devices
are locked out until'an entire block of words has been trans=
ferred. A multiplexed I/O channel is generally desirable for
servicing devices that are slow in comparison: to the I/O chan-
nel data rates, whereat a non-multiplexed channel is adequate
for devices that can operate at a rate approaching the I/O
channel rate: Since tihe computer interface equipment will
incorporate analog-to;'digital and digital-to-analog conver-

, ters, which are relatively slow, the multiplexed type of/0
channel is desirable. ,

d. Buffering - Some block, transfer channels are buffer-

. .ad. to minimize timing problems. When a chanel is not buffer,
ed, the device must generally respond to a core memory access
within a specified time frame. In other words, this inter-
face is synchronous. A buffered channel, on the other h'nds
provides an asynchronous interface in that the core memory
and its devices operate in their own time frame, while a
buffer register provides storage from the time the data is
available until the time it is used. Whether or not a buffer-
ed channel depends on I/O timing and the distance of the
device from the computer, as well as other less important
factors. Generally for servicing computer interface equip-
ment, a buffered channel is desirable but not essential.

5.2 INTERFACE ON THE.SIMULATOR SIDE.' The simulator side of
the computer interface_equipment consists of a large number
of parallel input-output Channels, each of which is suitable
for its intended purpose. In general, the outputs assume
steady-state values that are updated periodically by.the com-
puter. Some form of storage is required to maintain the
values between updates. Inputs, on the other hand, are main-
tained and are sampled periodically by the computer equipment
'for transmission to the computer. The'dost common types,of
I/O channels are:
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a. biscrete Inputs - These are generally.obtained from

switches, encoders, or other devices that are essentially

discrete or digital in nature. Individual discrete signals

or individual bits in digital words are.genefally groilped

into words or transmission to the computer:. "'
.

b. Discrete Outputs - These afe signals used to drive

lights, relays and similar devices-external to the computer.

From. the standpoint of interface equipment complexity and

data xates, it. is to group these outputs in the

same way that the discrete inputs are grouped. Butsince-

packing of the outputs by the computer may impose a severe

time penalty, they are often.output in the same formlener-

ated by the computer.'

c. Analog Inputs -.These.are DC analog voltages,

usuallirin the -10 volt to +10 volt range, which are sampled

periodically and converted to digital form by an anqlog-to-'

digital converter for transmission to the. computer.-

01;

*d: Analog dUtpUts - Theseare DC anarog-voltages,

usually in a range of -10 volts:to.+10.volta, which.are.u0--

dated periqically by a digltal-to-analog converter that--;

receives inputd.from'the computer. One technique employs

sample7and-lild,:amplifiers, which Orovide'storage:of the

analog voltage between Updates,

Synchro/Resollier OutplAts - These are AC 8rialo0.7olt.:

aget, most often 400 Hz, which are used to drive synchros

and/or resolvers. These are -dften'driven by DC analog out-
,

puts. -pirect digital- to-synchro converters are
also al/till-

able. The selection is-most often based on -cOilitrative costs

since both Provide adequate. performance.
,

/

-
.

Division of.the compUter, interface equipment into four

or five types of I/O channels as described is almobt.univer--

sal, since all simulators require a variety of types of, I/O.

The ETSS can be expected to require all of-these.typeslof I/O .

channels. The speciifl nature' of the-ETSS, however, dictates',

a further division Of the'problem. This deriveifrom,the

fact that the 'ETSS is a multi-function facility. When using

a single computer complex with a singleprocessor or multi:.

Processor to drive 6Woor more functions, a decision mist be

made ea to whether a single computer- interface systemshould

be used-to drive the experiment and simulator or a separate

computer interface should be.us d for the experiments and
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e,simpletor. The main arguments favoring, a single inter-,

febe system-are:
.

..,a.
Flexibility - Where a single interface system. is

,-tsectio handy both function's, all spare inputi and outputs
:are4vailable for assignmnt to, any of the otherlunctions.
ThWprovides.somewhat more flexibility than a situation in'
:14401 each function has its own interface. equipment includ-:

Ant: spares. ,
,

i_:.. '--e , . .

b. Cost'- A single, interface system with asingle con-* -::

'trolley is inherently less expensive thaft'two separate inter-

fite systems; ,'

c?
0

On the other hand, arguments'rguments favoring the use of the
separate interface systems are: ,

.

'
y

.

. a. Availability - When a single interface syitem id*:-. ....

used for both functions, a failure in a crucial-arei, suc:*
.

aSl
-

hf controller, or -the maintenance procedures for a ..

failUre-in a less-critical area may necessitate shutdown of::
.. .

both functions. On the other hand, if such:interface systems' ..

areAnaependent of the others, a failure Of one has rio effect -"-,"1

on the Otheri'and training and /or experimentation' can, proceed ,i

at a reduced;-level.. ,

..
. - ..

, k ,
.

.

,...,,,b. ,Datates.,- In generaL-the'use Ofseparate.cour.

,,
puterinterfe*sYpteMs.coOled with a ttiltipiexer I/DChen-,
!lel can-signifiCentlx:improve the data rates-over those that !.---.

can be:41Chievea at-a'single computer interface

. .,. .

.

./it*Is,therefore recommended fhat.two separate inter-

:lacelf.6*Iliteci." ,

O

,
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