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Advanced computer and communication technology is providing -a, wide .
assortment of new tools for, improvirig industrial productivity by automating
manufacturing: Robotics technology is’an important component of mpdern auto-

- . mation technology, one in which U.S. industry is yitally interested. .
On July 31, 1981, the-Office of Technology Assessment held an exploratory
workshop to examine the state of robotics technology 4ind possible public policy
. issues of interest to Congress that may drise from its use. The workshop partici-
pants included researchers . ~botics technology, representatives from robof
manufacturing firms, and ~e -<-2antatives from firms tha¥ use robotics technol-
ogy. The-principal goals or ©. workshop were the following: -

* agsess the state of robotics technology;
* examine the structure of the robotics market; :
e determine the relationship of robotics to other new automation technol-
* ogy; and S C . ‘
e determine whether significant Federal policy issues were li%ély to be_
raised. Do o _ A
This report contains a summary of the results of the workshop along with
copies of four background papers that were used as starting points for the
discussion. The workshop was exploratory in nature, and OTA does not at this
point take any position on the merits of the issues discussed or on their worthi-
- ness for future assessment. . . : ‘
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Director
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s | ~~ Introduction

e

Biagkgrﬁund |

The topic of industrial robots has recently |
"been given increased attention.’ Articles in
the technical and popular press have dis-
cugsed the potential of robots'to boost, U.S.
_industrial productivity and enhance interna-
tional competitiveness (1,2). Others have
concentrated on the effects of robots on em-
ployment and their potential to change the
workplace environment and alter the nature
of work (3,4). - ' ot
This same interest in robotics technology
has been expressed informally to OTA by
congressional staff from several committees.
Other OTA studies in such areas as informa-
tion policy, educational technology, innova-
tion, and industrial competitiveness have
touched on thedmpacts of robotics technol-
ogy in light of those issues.

L i
To date, a primary thrust of domestic U.S.
interest in robotics seems to be the belief
that robots, along with other new automa-
tion techpology will be an important tool for
improving the competitiveness of U.S. man-
ufacturing. The use of robots may lower pro-
duction costs, improve the quality of manu-
factured goods, and reduce workplace haz-
ards. A clear theme“has been the concern
that foreign competitors may be gaining a
significant edge over the United States both
in using this new production technology and-
i establishing a competitive position in the
potentially major export market for robots.
Some writers have also expressed concern
about possible impacts of this technolc -:.
workers as it becomes more widely used.
They have stressed possible unemployment,

the need for new and different skills, and ef-
fects on the work environment. ' ’

Abroad, interest in robotics haé\'bqen in-
tense.-England, Japan, Germany, Norway,
Italy, and Sweden have initiated govern- -
ment and private efforts to develop robotics

technology and stimulate its use in manufac- -

turing. Some of these countries have also
undertaken studies to assess ways in which
automation may create or elimi

1ate jobs.

In response to congressional interest in
public«pelicy issues related to robotics, the
rapid advances in computer technology and
its' applications, and public concern about.
the state of the U.S. industrial economy,
OTA sponsored an éxploratory workshop to
discuss the future of industrial rebotics and
its likely impact on public policy. The pur-
pose of this paper is to summarize the re-.
sults of this effort and to make available sev-
eral informal papers prepared for that work-
shop. Most of the information is Based on
discussions at the workshop, commissioned
papers,* and other material collected prior to

the workshop. : '

The summary presents background infor-
mation and identifies key questions and is-
sues that were raised to the OTA staff dur-
ing the course of the project. It does not con-
tain analysis or evalyation of these issues. It
also does not present any options for Federal
policy or analysis of such options.

it

~ % Attached to this report as app. B.
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“*The wnrkshnp had several goals i

‘e assess the current and likely - future
state of robotics technology;

o examine the structure of the robotics
* market, including domestic and fﬂre;gn

_ 7 users and producers;
¢ determine how robotics relates to ather

manufacturing technologies such as
computer-aided design .and flexible
manufacturing systems; and

. » determine whether significant Federal
policy issues were likely to bé raised by
the expected growth in indastrial
robotics.

General agreement was fnund on the fol
lowing points:.

s the use of robots for industrial automa-
tion is growing rapidly; robots are likely
to be heavﬂy used by.the end of the

&

Workshop Goals

decade in many settmgs,

o robotics, while perhaps the most \asxble

and dramatic one, exists in a wide spec-
trum of technologies that contribute to
the automation of manufacturing;

any major. impacts on productivity and
employment within this decade will be
attributable to the general trend toward
automation (including roboétics), compu-
ter-aided design, the use of information
systems to éontrol operations and sup-
port managements, and the. integration
of all these technologies into flexible
manufacturing systems; and

* robots, themselves, may have ;mpﬂrtant

impacts in the long run as they evolve
toward intelligent, stand-alone devices
that can perform a variety of complex

7 _tasks, and thereby substantially brodd-

en their range of potential application.

r

%
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The paper by Albus (see app. B item 3) .
_surveys. the state. of fobotics tec’:hnology.
" Robots have a dual technological ancestry .

" about what they. are, what they can do, and
- how they are ‘likely to develop.. Theé two at
_' cestral lines are: 1) industrial engineering

‘that has an important effect on discussions

" automation . technology,« a discipline -that. =
~“gtretches hlsturlca]ly over,a century; and 2) -
‘computer sciénce and aftificial intelligence

.. technology that is only a few decades old.
Ideas about - the ‘nature of . robots differ

" actording to the importance given to i:hesei

- two technological roots. -

. Most ‘modern industrial robots are ext n—

-sions .of automated ‘assembly-line :tech
~ogy. This form of automation has not histd

- cally depended on [computers, although mi-
Erpelectronics Pl‘QVldES a powerful new tool -

~ for extending its capabilities. In this view

'modern industrial robots are closely related =

- to numerically c:c:ntmlled machine tools:

“From..such a_. perspectwe

automatmn in genaral

= On the other hand, madem cnmputer te;:h- -

' nqlugy may provijde future robots with new -

. “intelligent” capabilities such as visual and
tactile perception, “mobility, or understand-
ing instructions g;ven in a high- -level, natural -

- language, such as:‘‘Assemble that ‘pump!”’
The commercial availability of such capabil-
. ities may be one or twa decades away. ‘

= *’ | Rimts (;)f Rﬂbﬂtms Technﬂlﬁgy

. mnm

- bly line apphcatmﬂs, .
scale batch manufacturing
" -ment repair. , -

mbctms is
" already approaching the state.of.a.mature .
7~ technology. Over the next- decade, the most -
- important. impacts of robotics on the econ-
-omy and work force carthot be considered - -
“geparately from' the mlpacts of .industrial -

+ Robot Techuology

In the view of some. computer science re-
sesrchers robotics as a technulogy that will

“have, mgmﬁcant social impact is still in its in-

fandy. They estitmate that, gwen sufficient
search ‘support, they could produce a flexi- .
intelligent robot for the market\within

" “this decade. A robot of this type will be able -

to-move freely abo 1% an unstructuréd envi-
éia‘t ‘and perfn awide variety of tasks .
nigimal rgpmgrammg

This view stresses the need fc:r contmumg ;
basic research in cumputer science related to

- I‘QthIES, particularly-in "art],ﬁclal mtelh—

gence.”” Robots are —’Eeﬁ ag ‘‘stand-alone,” . .
reprngj:amable devicés,. capable of perform-
ing many tasks other t an large-scidle assem- -
for ‘example, small-
mmmg, or eqmp—

Vh ,gch oi these v:lews is fﬂost pertment. m§:
terms of current p@hcy 15511&5 : will depend, in

" part, on-whether such an mtelhgent" robot?

would be economically feasible. in- the near

" future and whether it would-meet a signifi-

cant need in the industrial sector. It seems .

likely, in fact, that Both types: of robotics

technology: will - eventually ‘become ‘impor- - ’

- . tant,-but that their economic:and social im-

pacts will differ to the extent that they are

- “used for different purposes in different en- "
“ vironments.. Furthegﬂmre, the time scale for
‘widespread adoption will be significantly -
-later er the "mtelllgegt mat;hlnes '
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" term. The problem of definition is further -

cnmpnunded for the pubhc by images shaped

by science fiction movies that bear no'resem-

bla:m:e to mbnts currently on the market. . «

At the same time, it is lmportant to have.
some common understanding of the term in:
order to define the stdte Df the art, 1o project.
future capabilities; and to cnmpﬂ:e éfforts

“between countries. Depending on the defini-

- tion used, for example, estimates nf the num--
“ ber of.tobots installed in, Japan vary from
3,000 to over 47,000.(5). This variation stems

:in part from the difficulty of distinguishing

_simple robots from the closely related “hard

. automation’"* teshnologles for transferrmg;
matenal : .

- The. Robot Instltute ﬂf ‘America, a trade '

‘ association - of ' robot maﬂufa(:turezs and
users, ‘gefmes rnbt:ts as follows: " :

. Arobotisa repmgTamabie multlﬁmctmnal
> -manipulator designed to move material,

parts tuuls or speclahzed devu;es, t.h:ough .

" *The term “hard automatioR” refers to. trgd;tmnsl Eustﬂm
engineered automated lines. Although they ma}f contain
some standard components, they are built to accom 1\5}1 one .

specific set of tasks and often must b&'cdmpletely tarn down %
gnd rebuilt’ when the mgmufaaturmi prm:ess .or’ praduct e

démg‘n chghg&s

approaches to déﬁmng the'vr_

This defmltmn seems'to descnbe the r:urrent‘_}

. ‘state of the technology and is geherally ac-

cepted by U.S. industr.

Industrial robots have three prmclpal com-
_ponents: . o

l-one or mbore tzrms, usually situated on a

./ fixed base, that can’ move. m several
clu’ectmns, o

* 2. a' manipulator, the busmess end Qf the

robot, is the “hand” that holds the tcml :

- or the part to be worked; and -

3. a controller that gives deta].led rm:;ve-r

ment instructions. N
-Computer scientists add to-this list a few

: ;capablhtles that are not generally commer-
cially-available today, butthat might be part -

of a general purpose robot of the futuré (6),
They include the fo]lnmg

-4; lacamatmn, some means of moving
around in a specified environment;

. 5 perception, the ability to sense by 51ght

touch, or some other means, its environ-
- ment, and to understand it in terms c:lf a -
task=—e.g., the ability to recagmze an.

-obstruction or find a designated cnbjec.t o

in an arbitrary location; and

- plan and direct its at;tmns tD achleve -
' hlgheii’ Drder gnals A

TEEhﬂGngI(}al Cﬁntext Df Rﬁbﬂts _‘A“;: ,

" The pnnclpsl tec}mologmal context of ro-
botics is the field of industrial automation.
‘Most experts on industrial automation state
that robots are only one component of a’

la-ge collection of related devices and tech- -

niques that form the technological base of'in-
dustrial automation. (7). This view was \ex-
‘pressed both at the workshop and in discus-

sions of é}iperts Wlth QTA staff Mechamcal :

¢

_ existed for cent.urxes
‘ference is that,

devmes that performed tasks smular to o )

those'done by modern industrial robots have

‘“‘hard

whereas so-called

automation” is
ticular task, robots are standardized, but

. flexible and programable mnits that can be’
" ingstalled in different environments with

much less customization. (Some adaptation -

_8. heuristic problem-solving, the abﬂ;ty to.

The principal dif- -

i designed to a par-.



s’ etx]l then requu'ed) Cleerly, there 1s
. tradeoff between the efficiency of hard e.ute— :
- mation and the flexibility of robots.

- Since machinery: Wi]l be mtegreteﬂ tht.h
“the total design of a factory it-may not .be

“useful to distinguish robotics as an inde-
‘pendent technology. A fully automated fac-
- tory of. the future might
v mg eempenente : &

N 'pamt.ere, e:ﬂd perferm some eseemblyi_v“e._

,jde the follow- . -

¥ eempute#ezdedsdeezgn (C'AD) system o

~ that provides a tool for engineers to de- -
_—— velop new products on a' computer asing
‘an electronic display screen. The data

- base generated by the computer during
 the design phase is then used by other
_computerized parts of the factory; .=~
numerically controlled machine tools
‘and other autpmated devices that fabri-
cate components of the product, trans-

“‘port, and assemble them following -

instructions genereted by the CAD -

. gystem;
‘robots, ‘also_operating under computer
generated instructibns,

The. current etmeture ‘of the mduetrlal ro-
bot- me;‘ket—predueere, users, and inves- .
"tors—is discussed,in detail in the back-

greund paper by Lu tgarten (app. B, item 4).

“The principal uses of robots today are epet’_ -

- weldmg, spray pemtmg, and a variety of so-

'eelled "plek end pleee eperetione thet in- -

ting 1t with a specific’ erientetmn in a pre—.,f’ o

determmed spot.

. The .automobile mduetry is the largest
user of industrial robots, in terms of the
value of equipment installed, and- prebebly
will continue to be over the next decade.

thet. trenefer -

The Rnbct Market

Other major current and poténtial future -

‘users are summarized in the Llistge:ctee pa-

per. Once again, these estimates considerthe - -

- industrial robot as an extension of manufac- -

turing. equipment. They do not- consider .

. poeemle new appheetle’ne eutelde ef manu- .

82, =+

N

90=240 0 =

a
sOp

KN

Ajmetenele from efetieﬁ te'etetm;i oper--

_tasks;and -

Fs‘.-éa_

. keep-track of inventory, trace the flow of
‘material  through the plant,- diagnose

possible. -~ - - - . .

“All of the ebeve teehneiegee dre eu:rently'
'under development -and being used in some

Gh ll-=ﬁ'eber Tec:hnelegy - Q o

‘ eempufeneed mfemeﬁen 4ystems that

: probleme and even correct them when "

form. They will likely evolve into compo-.-

nents of a fully eutemet.ed flexible menufee-
turing fee;hty : .

- Thus, there appear to be two pe:ellel teeh- =

uses in many different environments; and 2)

robotics techriology that is integrated into

.. _nological tracks -along which industrial ro- -
" "bots are 'likely to develop: 1) stand- elene_
' standardized units that will have varying -

complete factories that will, themselves, be

flexible. Any.assessment of the impacts of

faeturmg eueh as mmmg or equ,ipment -

repe;r

V Demeetie robot manufeeturere appeer to

fe]l mte feu: groups:

1. Traditional reeehme teel menufeetu:
ers such as Cmemnetl-Mﬂeeren that
have developed a robot preduet line.’

1!'@' o

’ bet.e

- tronic computing equipment rnanufac-
turers such as Texas Instruments, that

. plan to be major users of robots and that -

. Large meﬁufeetu’rijjg firms, eueh_ as -
General-Electric and, in partleuler elec-

" robotics Weuld need to eeQSIder bﬂth tYPEE o

Eetabhehed fjrme eueh as Ummetloﬁ

have decided to build their own. These
- firms may choose either to retain .the -

technology for their own. use or to mar-

_ket theu' rehete e;;terne]l



«~:.§_: —:; B

11? . Explarsmr? Warksh::p on the Sm:lal lmpat:ts r:f Eubﬂnc:s ) " :

-4, Small ent.repreneunal flrms thaﬁ devel— :
) i}gew innovative: rubnts This typé of -

- fin
ot

- cotild well play ‘an- mlpc:rjant rc:le in
robotics. o

The relatlve m:\portam:e in the market—i

place of these different types of firms will de-
pénd on and, in turn, influence the evolution
of robotics technology. The hiStory of the

mmraelectmmcs market suggests that many -
‘ Te'ehnﬁlagy and Market Issues

A Immber of lssﬁes cnncern%ng the robot . ..

; 'mdustry were 1dent1fled in tl‘LIS PrﬂJEGt

. Industmzl afgamzatmm EWh it types
of firms will play the most agnifmant

~ role in the production of robots and in
" .innovation? Will robot use and pmduc-

tion be concentrated in a few large com-"
‘panies? Will a variety of robotics prod- .

_ ucts be available for many applications
by diverse- types and sizes of users?
** What will be the effects'on the financial

health of different:types of pcntent.lal o

producers and users? .
e. Research and: develﬂpment (R&D)
. ‘Should - R&D stress  applications - or
© o8 shcnuld it focus 'on fundamental work

' aiming at significant new breakthrough o
in the state of the art? What role should -

—Federal Government play in fund-

atmnal Science Foundation?

23

- WHaty ype of work should be pursued in_
" Gpvernment research-labs such as the

~ Néational Bureau of Standards, and at
-what. level should it be funded'? What
addlt;xaﬁal pﬂllcles 1f E_]Zly, wauld be re-

'mncvatlve r,lewI types ﬁf i'ﬁbnts will\coms -
yreneurs, whlle the large fims ~
pltal and capar;lty t.c: produte .

Has been important in many-sec: .- ;vﬂll hE.VE the

§ of -the mfﬂrmat.mnﬁmdustry. and L.

- -either to diversify or to integrs

tive ﬁrms by larger mdustnal irms see ng: B
" tional prﬂduct lines with’ new echnolnges

is rese -ch via agencies such as

from thelentre

r'ment Alsn 51""' ]

e their trad:

-Government use.— Are there particil .
ly important, applications of robotsin~ -
-the Federal Government that shouldhe
explored and develuped'? Experts atthe
workshop mentioned, in particular d
‘fense applications and. uses. of robois
- for space esplm-at»mn aud oceaﬁagi-aph
;- ic work.. - = .
. Deﬁmtmn.—The questmn cnf defmmg
robotics and their context, while nota
- policy issue per se, is an mpnrtant
~ problem-if any Federal action is cor-
‘templated to em:aurage their use or.d¢
. velop any R&D pragram. How the tech -
_nology is defined may well determin
- the type of industry that will be helpe
by the programs, and influence- thet,.ﬁ,
structure of the U.S. rgbotics industy,
s . Standards. EShnuld the Gove ent
encourage the tabhshment D?%
nical standards: fﬁ robotics devices and
.-components? Should standards ‘be st _
. for interfacing - between robots an.
. other automation and information tec
nology? - Would standards. encourag: -
. the development of the mbgn industy.
« and the. diffusion of the technology,o
would they prematurely freeze the state
© of theart?-- - .

o
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inumber of sm‘:;al mpacts "This" st is’ pn}-}-'_; =
-vided in appendix'A. Many of. the i issues Gn»?;;'ﬂf’ .
* the list were offered without much comment; - - = ",
‘and, ds would be expected ‘the panel mem-+ "~ -
_ bers differed in their opinions of the priority -
_ of the various issues and their uﬁpgrtam:ie tD
- the Federal Gnverﬁment ‘ ,

,‘A

: c:t.her rmation cuﬂegted and evaluated 'm
terms Df (:DngTESSlGIlEl mterests DTA‘;" len-" °

‘. Fmductiwt.y and capltsl fﬁrmam on
¢ Lahor : .
—Unempluymeat d:tsplacement or:, b

A

app 7B item 3.) Furthe’

ture. 0 o even after . ©
. the enntr hution mbutics can be expegted to . some specific definition s chogen, indus-
make toward mipmvmg industrigl prmiuc— . trial productivity depends on many fac-,*
‘tivity. Since a'major national concerriis the . - tors that-interact with one another. Itis
"strengthemng of U.S. industry, it"is mpnr— -+ difficult, hence; to attribute productiv-- -
- tant to exam;ne this question. - ~. ity memvements to any smgle teclmol—_ '
- No- answers were agreed on by the work- ogy- o : )
shup ‘participants. However, some experts - “These’ warhings do not- suggest that ro-
' d1d§Warn about making simplistic assump- botics is not an important praductmn tech-
_ tions ‘that exaggerate the mpnrtance of ro- -nology. Most experts seem to feel that it is.
- botics, by itself, in mpruvmg pmductlwty However, they stated that there are dangers .
\T’wn reasons were offered: - o mherent m ta,k,uig an Qverly NArrow . defnu )

- 1, Robotics is only one patt ofa Wide array

of technologies available to automate :_pacts on mdustnal praductlmty

" manufacturing and to increase indus- - " While most applications of robots to dat.e
- trial prﬂductlwty - .. _have been made by large firms, the future
2. Productivity is a subt;le and cnmplex diffusion of robotics and related technulagies .
concept with several- definitions and can also affect small businesses in several
measurements (This is developed in ways. For exaj;nple there are leely to be 4
13
q - ,
Lo ,_
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nd produce software ‘and -

can "be Ergued, that rabg;n;s and. ﬂemblg

%_:T hird, the adoptmg of fobatiz;‘s and re]at.éd"
. tel Qlﬂglés by large ‘ﬁ:ms may foreclose

Capltal ,fnrma,mn is anfsther'
'was raised in the workshop and is disc
“in‘the's ppeﬂded Lustgarten paper.

pcxrtan
- there wauld be adequate capltal

-ticularly. great if it were. ‘necessary to
rebuild ‘entire plants. in dpder -to make
. “'the most effective use of fobotics.-
2. To fund the construction and expansion
~of plants to praduce rabﬂts in quantltlgs

Urzemplayment is an issue: ha

7 stantly raised in discussions abaut the ’séclal

" impact of robots, but that seems in this con-
text not to be well understood as yet or even
to have been widely studied by labor econo-

. mists in the United States (8). The discus-

sion at the workshop reflected a wide variety *

. of opinion about the effects on_jobs, dif- -
R speclfu: job SkjllS ina gwen mdustry

ferences that seemed to be c:cnfﬂunded by a
- number of conceptual problems.

. Productivity improvements resulting frcm
'*the use of robotics and related technologies =

can affect labor in a number of ways. These

) effects depend on fact:c:rs such as the follow-

%

S§ nppnrt.umties fcrr sma]l i

: Spé@;ﬂ].géd':ty‘lléggﬂf equlpment ‘Secondly, it - k
w it “velop hew types of robots for new ap-
- .--: " plications. The importance of the avail--.

- : -f'_ .be pushed f forward rapidly.’

ffs”me manufacturzng Dpp tumtlés far sma]l ’

questions - seemed ‘to b wh_et.har‘ T

" tion of R&D

‘ IIEEES’S&F;?"EE have a 51gmfmant E\E.DI.LDIDJE
;i . impact. -

A ',EEff,pri
. i

. 8.To fund eﬁtrepreheurs whn msh t.a de—~ ' _; ,

T ;abﬂ;ty of this fy’pe of cdpital dependson %

_how important-it is thatthe teclmclcgy

. Né one'in the wcarkshap exp ssed ’E‘he view
{ t.hat lack of capital is an important. impedi- -

.. ment tb the growth of the robo cs industry
. of to the expansion of the use-of robots in =~

. ;manufact-urmg However, some 1‘:1_ nelists ob-

‘served 'that a tax policy “that encourages

-+ such. mvestment would: be an @pertant .

: stimulus o /

““There: was-some filsagreement abuut the --
availabﬂ;ty .of private capital to fund R&D‘
"Robot manufacturers ‘maintained that they
were investing large amounts of monay .in

' 'R&D. ‘Other experts suggested that these

17 Tcn fund the modem:ssatmn of mdustrlal-j :
/]gnts for the use of automation technaol-- -

The financial need would be par- ing ex;stmg products to spec:iflc tagks. There . =

" expenditures were principally aimed at
. short-term product development and adapt-

" was'a- difference of: cpmmn about the defini-
d concerning-the amount of
emphasis that needs to be plac.ed on long-
term resean:h v. short-term j mc‘luct devel-
= opment

Labﬁr - ¢'7 j;&;;} hf

* The- effects -of new tec:hnnlngy -on: t.he

workers’ (the capital- labor ratm) m a.
- given mdust‘ry

o The extent of thange in pr;ces am:l pro-

~ duction volumes for U.S:"firms once the -
- .-new technology is in use.”
e The: supply of q‘uahfled workera w1th_

U8, employment ina. given mdustry may
- fall because of productivity improvements,
“which, by defmit;@n enable fewer workers to

prnduce a glven volume of product. U.S. em- -
ployment.in a given industry may remain .

constant or nse, hgwever if productlwty im-

i
45
L

- relative praportmn of machmery to -



‘r,preveme'nte e,re eembmed with i mereaeee m:
* “productior volurme. Effective labor’ compen- .

.- $ation may rise or fall if productivity im-.-.

'ptovements lead “to' shorter -workweeks .

- and/or, mew product. prices,- depending in .

" large part, on production wélume and. prgflt.: B

~ ability.: Fmelly, everege ‘wage 'levele will-
- change: wrrth changes in the. neeeeem-y mix of -
.-worker sKills resulting from the u:nplemente—f-
h tlen bf rebetlee end releted teehneleglee s

Deflm ns of- unereployment like those off -
pre‘duemﬂty, require distinctions. between
- short‘term and- persistent job loss, or be-
: tween true unemployment (job’ leee) end dis- -
'I:—pleeernent (job shift).- -~ .

_.- For some-time; most egperte in t.he Umted »
-»XStetes have.argued that more jobs are.cre- .
- ated by new technology than are eliminated.
-However, if these jobs are ‘in different in-
 dustries and/or require different skills, the
~ effect on an individual who has been replaced
.by eutometlen _can be traumatic. Lo

Preduetmn and eerﬂemg of rebete en&' o

releted ‘technologies will create -new jobs.-

The mimber of jobs created and the rate at .
which. they appear will depend both on the -

growth rate of the robot industry- and the

’ degree to which robot menufecture and re- .

pair are, themeelvee, autemeted

: Adchtmnelly, the effects of medem micro- 7~
electronics will'be to lower cost, improve per-

_formance, and widen the availability of,” - %

A

. automation technology Sﬂbst&ﬂtISJ.Lyf- Nega-.. v
tive impact on employment that, in the past, -
has been sinall enough to be 1ne;g,mf1eeﬂt or
undeteeteble may be mueh lerger in !:he '
ﬁ'lture RS

“dn order to assess the effeete of automa-
- tion on future employment levels, a baseline
must be established against which job loss
or gain can be measured. This beeelme could
be a simple extrapolation of current trends.
- But it may also need to. be edjueted te refleet
two other effects:

* Virtual empleymeni; domestic jobs that .
*  were not E}Ephl:lﬂy ehmmet.ed but thet ‘

A fieelt to etteibutiei mﬁleﬁueﬁt effeete te eey

emgle component .of an entire: renge of im-
‘provements in*the menufeeturmg process; in -
this case robotics. Any examination of the:
" effécts of robots on jobs. 'would ‘peed. to con-
_sider, at least in part, a much. ‘broader con-
tee;t of automation teehnelegy e

. There seemed to. be 'two. prmelpel eete of
queetmne concerning unempleymeet THese .
_questions are different in their focus, in “their
implication ‘for Federal policy, and i _
data collection necessary to analyze them: -

. 1 Will the United- States expenenee -a
- ldng-term rise in the.real unemployment
' rate due to the mtreduetmn of robotics

grephieel ,leeetien,' eeel 58, €
- tion'level, race, Sex, or ether character
‘istics? What might be.the employment
penalty of not automating?

2. Will the use of rebete, create displace-
.. ment effects over'th next decade? In-
“ - what ways will these effects be specific *
-to particular mduetfy classes, geograph-
-ical locations, or types. of jobs? How will
they effect - leberlmenegement negotia- . -
tlene‘? S o

Quelzty ef working enmrenment is another .
issue” that was identified. If «robots are =

. employed principally for jobs that are un-

pleasant or dangerous and if the new jobs
‘created by robetlce are better, the quehty of
worklife will improve. Productivity increases

" may also, in the longer term, result in a

ehert.er, more ﬂembly scheduled workweek.

New forms of computer-based ‘automation
may in many cases relieve job boredom and
resulting worker dissatisfaction that many
management e;:perte have been eeneerned



n;_ure mplex _k;lls and perform a. greatet
variety.of tasks: For, instance, they may be -
- able to follow the assembly of a preduct from
begmnﬁg to'end and agsume.greater individ-

<ual ra§pcn51bﬂ;ty for™- the quahty Df the

5 #

' resﬁﬁrg .

- - The hurhan Wﬂrhﬂg env:lronment ::sn alsa
be improved by' segregating prncesses‘that
create hazardous working conditions (such, -
as heat or exposure to chemicals) from the
. .section .of the faktory occupied by humans,"
and staffing them withrobots: Furthermore,

- equipping a.worker with a robot helper for® -

streghuous st:.tw;tles not._only eases: job.

ties to those who hs.ve physu:al ham:h(;a s or
' ather limitations.- Co SN

Whether these beneflts are reahzed
pends % ps:t -on. the parﬁmular ways

stress, but opens up employment Dppﬂrgim* :

_are ri raised by rnbatlcs ‘Some of-them will |

i

labor éx :érts Aare Ecmcerned that ‘some
- of robots ‘will produce e fects.on-the wor

HSES

. . environmeént that-will not be so salutary..For

. eXpress
" increased opportunities for' Efmplnyer surveil-

- ‘to-“downgrade” jobs.t
'W'lth autumated systems pr tha; mbats

_ already created\same new techméalfjnbs A

-ezamp}e some argue. that\ one long-term ef- -
j;fect o ':Qﬁat;cs may be to “deskill’’ labor, rt re-

uir
t.hey Ere mc:arpurated mtca a meehanmed

enmﬁnment o . LT PR
: abm‘ esperts a,nd Dthers have slsa .

Y.

ed concern that automation provide

lance ‘of -employees. Some unions also fear.
that a&tﬂmatmﬁ could be ¢ sed by emplayers
at reqmre working: -

rking’ . -

B

‘addressed in the current OTA assessment of

_‘the impact of information technology on edu-

" cation, in the-eontext,of vm:atufm educatmn
and-industrial tralmng

Ac:cordmg to the wnrkshnp pa
there is a shortage of trained technical ex-
pérts in the field of mbotms 1If thére is to be

any 31g‘111f1t:’nt expansion in the pace of
cluding "robotics, many more -
~ comjputer scientists, engineers, software pro-.

" automation

- gramers, and technicians wﬂl be needei in
. the next decade. \ .

A shortage already exists in many flelds of -

. engineering and science. It seems to be par-
“‘ticularly critical in areas of computer soft-
ware design and programing, according to

findings of the recently released National In- -

- formation System study by OTA 19). Hence,

. the-issue is not ecuhaﬂy unique.to rc)bﬂtlcs.
teehnolngy, at 1easp in thé case of very -

7 L

tu:lpants

e nalaglcal literacy would prnwde the: fallaw- _

““féew programs have been started at the com- -

munity caﬂegejevel to train workers in robot

mstallatmn programing, and mamtenmace

Same partlclpants and Gbservers sug-A

gested that there was a.need for a more tech:
‘nologically literate work force, one that has a

" _mathematics. In their view, improved tech-
mg beneﬁts , . ..

L]

1 To the extent that workers wnuld be ex-

_ basic. understanding of technology and |

pected to instruct,; oversee theoperation,

of, or repair robot units, they would
need some basic. understandmg of com-
-puters and systems, Eath mechamcal
. and electrical.
8.2,

duction of robots and Dther aut.nmatmn
technolagy

4

e

21

A technologically hterafe Wt:rk force -
- would be less likely to resxs‘i; the intro-
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h

“seerped to-welcome robots in their plants was .’

thefhigh level -of technulagmal literacy re- .~

)

™ ch, i—Sagial Issues ». 17 .
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[

3tA knawléégeabi@ téchﬁulcgléally -

skilled worker “‘would be éasier to rétrain.
for some other job, scmewhere else in -
“the plant o . -

G)ne QbSEﬁFEI‘ at the workshop suggestedr.;

that the :reason: the- Japanese - work force

parted for-the average Japanese Empluyee

This characteristic, accordingly, wotild give -

'; the emplayer greater latltude Jin ﬁndmg

1

:A :,' __~§7

Cancern about  economic cempetltmn in -

" this technology from Europe and Japan was
“'repeated often. Panelists pointed to large in-
- vestments abroad both for research and de-

velopment and for encouraging theyuse of
robots. This potential competition Esj;s‘l:s.r on

* two'levels: 1) developing gnd sélling Yobotics

technology, itself, and-2) using robots to pro-
duce goods more ccrmpetl ily (far exampie_
“automobiles). '

- Some experts felt that the dxectmﬁs of

robotics-related ,research were significantly
different between the United -States and -
. other nations, notably Japan. U.S.research-
‘ers emphasize software and highly flexible

systems while many foreign laboratories are* K.

- concentrating on hardware. Nﬂ one main-
-tained that the faragn state of the art'in-

_robotics was superior to that in the United

States. *‘Technological leads”. are hard, in
general to either prove or disprove. -

‘There ‘was a general feeling that the uti-

lization of" rﬁbots was further advanced m,_' i

Som¢ panelists ‘and t:t.her consultants
pressefl concern that an examination of the
impagts of robotics not be restricted only to
applications to traditional industrial auto-
mation. Because of their ability to work in
environments that are hazardaus difficult,

¥ .

=

' mams the sg:ne :

‘markeéts. -

k Other Appheatlcms

anclther and p0551b1y even: mcpre skllled ]Db
for a displaced worker. .. f

If the introduction of raﬁatms into a plant;

~ is'not to result in unemployment, & program .
Qf_retrammg_alsplace:i,w&rkers_miake_anx_—

‘ new -jobs.may be rfecessary. Retraining may -
‘- also be required. for those workers who re:

.main, for their existing jobs: will change in = -

form and functiod even 1f ;thélr JDb t;tle re-

-

Internatmnal Impacts

several natmns ipasglbly mcludmg the Sma— ~
et Union) compared to the United States.
~ Somie analys;s of the Japanese and Soviet ™
picture is ptesented in the backgrcund paper
by Amn (app item 1).

The issue of mternatmx(al cafnpetitmn cre-
ates conflicts .in import/export policy. Con--
trols might be placed on expofts of industrial
-~ robots. Elther for national security readons or

‘to limiit fc
ncllagy that i mc::eases the competitiveness of -

ir ’Fﬁmlrcahtmlsﬂsmieny—

'U S robot manufacturers access to foreign .
‘Even if the total mternatmnal
- market in -robots; per se, were to remain -
relatively small, robot technology would be a -
vital component in the much-larger interna-
tional market for sales ‘of complete auto-
" ‘mated factories. ' ,

. Some issues ﬂfv expart c.ontrols are EKEJI[
ined in. the context of East/West trade in a_
recent C)TA study (10) \ :

P

,eé é or even impossible for a human to enter or

survive, there may be future uses of robots

- that repregent new appartumtles

For example. several defense ’appln:atmns-
were mentmned Whﬂe there -is work on

iﬁw

o
<

access to domestic high tech- -
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direct mmtary applications of robots, muchA '

of the interest on the pa,rt of the defense

community in‘robotics is focused on manu- ,

facturing. Improved productivity im:.
marufactyre of weapons and assbciated ndili

Qf robots for such tasks as planeta:y e:s::plgr&
tion, repairing satellites in space, and ald;ﬁg

, terested in the use ‘of robots for D(:Ean ex- -

plm-atmn and seabed mining: .

- mining expeditions. Some researchers are - -

tary hardware cotild offer significant : savmgs

to the defense budget. Flexible, automated -
:factarles even those not normally involved

in military production, could be more easily

and quickly mnblhzgd in times of ﬂatlcmal ;

crisis. .
The Natmnal Aeranautlcs and Space Ad-

,muystratmn is. explnrmg the e}:panded use -

These examples suggest that‘. dépendmg i

on the capabilities of robots”in the next

_-decade; there may be important applications.
_that are not’'now imagined. The,nature of -

these new capabilities, and hence of the ap-

policies in such broad areas as R&D, techni- .
cal Edm;atlﬂn #nd remdustnahzatmn

~ phczatmns will depend: in part on Federal" -
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Appendlx A‘

~ Workshop Issues Llst Qf
Soclal Impacts

Emplayment (Plus am:l Minus) . - G Ant.ltrust. :
Displacement ~  _ . ~.... % International C‘»ompe,_,tmeness
‘Patterns I ol : - Import

.Demographics . DT R - 7 Export .
Skills/O¢cuipational Gategﬂnes S , Technalagy Transfer L. T
Regional Impact ~ =~ .- - Quality of Life T
User Industiies: ~: = -~ ~= . _ - Income Production and Distnbut:mn :
Quality of Work Life’ e -7 Product Quality = . . . :
- Education . and Training = . .~ Research and Bevalnpment
" . Adeguacy of Instututmnal Stmt;ture/(:'urncula - Time Base - ..
‘Population Segments . = - Continuity -
General Pﬂpulatmg T pn e Critical Mass : ©o
Executives .- R R -Process Over Product =~ -
- Workers - - o T - People. . :
- = - ‘Engineers - .- - - LT e - Robotiecs Technology .. . - - .. 5 e

E onomic . - o~ : .. General Standards S o

EconomicoIncentives: - Rate of Diffusion
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Commlséloned Background Papers_

N

ThE fo]lnwmg papers ‘were prepa:ed as backgrmmd for the workshnp and are included for -
the purpose of documenting the project. Their content and conclusions are thg sale respnn-
s:tb:llty of the authors and do not necesss:ﬂy reﬂect the views of OTA: ‘

1. Paul Aron’ Repnrt No. 25. -

-~-2, Industrial Robots and Productivity Impmvement by James S. Albus
3. Robotics, Programable Automation and Improving Competitivéness by Bela Gnld
4, Robutms and Its Relatmnshlp te the Autnmated Fa:togy by Eh S. Lust.garten .

<
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’RQBQTS REVISITED:

'Paul Aron Report (#25): L - ONE YEAR LATER _ .

Introduction: ‘Statistics and Definitions

Just about one year ago I.issued the Paul Aron Report #22 "Robotics
in Japan" which aroused considerable interest as the first serious and~
comprehensive study by an American -analyst. - - - In a note to that
Reports I"wrote: = "Of course, one could continue to search for additional
data which woul é prebably improve the presentation. In “vie® of the ex— .
[ ion of prodiictivity and the spate of articles oni.

robots, e;ﬂ:ellent thnugh insufﬂcienﬂy attentive to Japan's experience,

~timeliness demanded the publication of what we know now. Thus, as with

all learning, the report must be considered tentative and preﬁmiﬁaz‘y not ex-
haustive®. This note could well be descriptive of this current report. 'I'his :

. réport is an update but to facilitate reading. I have includéd the relevant

material from the préviaus report. (Regcrt # 22 1s still ava;llable on request)

- In ree:{amin;lng the c:ﬂm:lusians of my ear].iér effort, viewed at the

tirhe by some as overly optimistic, I find that the réport, while basically

correct, understated the tempo of growth.” The Fapanese industrial robot - ) \
industry is growing at a faster pace than anyone had previously Zesﬁmateti. . o .
The original forecast by the Japan~ Industrial Robot Industty Assa:iaﬂan -

- (JIRA) for 1979-shipments was ¥ 36 billion: (about’ 5 180 million); actual .

shipments “amounted to ¥ 42.4 billion, exceeding the original estimate. by {‘ oL
17.8%. JIRA had initially estimated §hipments for 1980 at ¥ 43 billion; later™ s

"1t revised the- fc:rec:ast upwards by-39.5% to ¥ 65.billlon. In actuality, ship- .
| ments were ¥ 78.4 billion (about $ 392 million)" fully 82.3% above the ariginal
-estimate.’ JIRA is now estimating shipments- fér 1981 in excess of ¥ 100.

" billion. (about $ 500. million) and for 1985 apprcximately ¥ 500 billion (ahout

82,

5 billion). - For--1990-the current "unofficial" estimate-1s-¥ 1 trillion- - e
(about 5 5 billion). These estimates should be compared with the iniﬂal IIRA es

" - timate in ezrlv 1980 of ¥ 195 billion for 1985 which many critics-argued could .

not be achieved until 1990. Even JIRA. has difficulty keeping up with the
forecasts as late in 1980 it was.estimating shipments'of ¥ 240 =300 hﬂh@n .
for 1985 and ¥ 450 - 600 bi]Jiéﬁ fE!r 1990, ..

Jaﬂ’“
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.. .+ **Exchange Rate:" ¥ 200 :

{For convenience only,I have used a single exchange rate of
¥ 200 = 5 1. 00 throughout the report for the past, present and -
future.) . . ST . IR I
" It may be argued that Japanese data on.robots is confusing to
Americans because of a difference in definitions. The Electric Machinery
Law of 1971 in Japan defined an industrial robot as an all purpose machine,
- equipped with-a memary,,devige,,,anda,términal evice (for holding things)
and capable of rotation -and of replacing human labor by automatic performance
of movements. -JIRA classifies industrial robots by the methpd of input IR
, information and teaching as follows: -

1} manual manipulator--a manipulator that is worked by an ,épéraiaf.
L a = h : -

2)  fixed ‘sequence robot--a manipulator which repetitively performs

TV__’ ..

B
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Sut:CESEiVE steps cf a given o;:eratiaﬁ ag:nrding tr: a Pf‘édEtEfmiﬁE’d
sequence, condition,, and pgsiﬁan and whose set informatian cannot be
easily ﬂhaﬁgéd. .

il

-

3) va:iable sequence robot-=a mampulatar which repetitivgly ]
) perfcrms ‘successive steps of a given operation according to a predetermined.
. sequence,’ c:m'niit:lan and positon, and whase set 1nfarmatian t:a ,,be eas,ﬂy
changedh . ST

4) playl;aelc robot--a manipulator which can praduc:e, fom memory,
operations originally executed under human-control.. A human operator -
‘. initially operates the robot in order to input instructions.. . All the 1nfﬁri
mation relevant to the operations (sequence, conditions, and positions) is-
* - put in 'memory. When needed, this inform&tion is recalled’ (or played bacl-z

hence, its name). and. the aperatic:ﬁs are repetitively executed automatically '

- frem memory. -
8 NC (numérieal t:t:ntral) robot--a manipulator‘ that can perfm-m a
. given task according to the sequence, conditlons and position, .as: commanded _
via numerical data. The software used for these robots include punched
tapes, cards, and dig:ltal switches. This robot has the same control mode
';asanNGmachine, :
6) intel]igent robat-—this rabot with sensory péfcept!an (visual o
and /or tactile) can detect changes by itself in the work environment or
work condition’ and, by its own decision- maliing facult}". Prnceed W1th
' ;its operation a:c;ardingly. _

I have user;i threa di.fferent rt:sbt:t defiﬂitit:ns. - . o .
(1). "Robots by Japanese Deﬂniticn"——all 6 classes '
(2) “Rahots by u. S. Deﬂniticn"s-classes 3.4, 5 6

(3) “stphisﬁcated Rabats"—ﬁcl&ses 4, 5 E

2 The Amél‘iu:an Rabt:t fﬁdustr' Asssciati::n 'RIA, defines a robot as. "a
manipulator designed-to move material, parts, tools, or spedaliged devices;
through variable programmed motions for the perft:rmam:e of a varlety of .

~ tasks." “Thus; the U.S: definition of robots E]iminate he manual mani-"~ -~~~

pulators and fi:{éd sequence machines.

. - The following is a breakdawn by the nature of :lnput infarmatinn and
tear;h;lng (in ven value). . ; :

¥

N
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~ - TABLE 2" ’

L L : Sha:ein'fatalsmpment [ P

"By Naturé Qf Teachiﬂg and Tnput Infarmatian

TR o LT - Fast
P .. 1974 1975 1976 1977 ‘ 1978 1979 _1980

‘1) Manual Manipulator 6:5% 7.8%
-2) -Fixed Sequence Robot . 68.0). 73.0Yy
. 3) Variable Sequence Robot - } - }
_ 4) © Playback Robot 10 2
w-_ . 5) NC Robot’ S

0.5

e , 0.2
" 4B6) Intelligent Robot A S §
__-.'._,pffg) JAttachments .. . .- . .. 14.7
< ’ : S = '100.0

Rl Wt
et ot ]
St O O o O (D oo !
. :
ol el SN LD T

wRANoos (o
|

N
=
4
.S
= Ml
Il_w‘m "

N

ST The- Eéphistiéatad rabiits t:leafly represents an irn:reasmg share Df .
L praducﬂan-—E? 5% by the ﬂrst half Gf 1980 campared 1;(3 anly 10 82 in 1974..

" Data i,s ‘available fnr the number ::f un;lts per type prgduced in 1979 -
and; thé nurﬂl:er Qf rabc:ts 1ﬂstaued ant' ; ‘fﬂnrgh at the end of 1979

¥ -

- . - - -

SR L - Shipments of Industrial Robots - 1979

SR

\ T’Efj - o Units - o N Value (%’Mﬂlian)

m

. Manual Manipu]atar L 1,051 L 2 100
© - Fixed Sequence Robot 10,721 - - . 19,990 )
.70 oo -Varlable Sequence Robot™ - 0 01,2240, o 7,700 7 7
"7 Playback Robot ) - 662 L 7.200
~NC Robot. . : -89 _ 1,700
lﬁtelhgen Robot ’ : . 788 .- o : . 3,800 .

14,535 units 42,400
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“ TABLE 4 § o . ’
) Industrial Rebots - Installed and Op ating v
- 12/31/79 - .
- : Manual Manipulator ' ST ?iQED TN -
- - Fixed & Variable Sequencg Robot = " 45,760 .
- _ Playback & NG Robot = . ooTnoozj40 -0 .
Intelligent _Bcbct L B f“ 788 - - .0 . -
- - - . . i_ N : . - —— 7 . ® |
AL SE,BDD units :
= . B i AN ) = - . - ;ﬂ;
.~ .As j IRA prev:lt:usly had not different;lated ﬂxed and va‘labla sequence ir o
-rahc:ts ‘the number of operating variable sequence robots installed in | ' )
1979 must be estimated. I prefer the more cnnservative e,stimate of 4300 :
. rather than the higher lD.ZSD. : oo -
. Final data'is not yet available for 1930 };m: ' based on the latest
preliminary data shipments and installed warking rgbats at the end of .
1980 can be estimated as follows: v -
TﬁAELES ‘ L 7 !
) - In:iﬁs;ﬁal Robots - Installed and Operating (Estimated) :
= » . ’j R . - o T '7. . . 7" . -
, 12/31/80 - -
. ) . ] ,
. Units
.~ 1) Manual Manipulater - 8,790 - T
o : *  2) Fixed Sequence Robot " 56,460 ¢ .
3) Variable Sequence Robot 6,100
_ . 4&5) Playback & NC-Robet - - 3,460 . :
. - 6) Intelligent Rt:bc:t ' ¢ 1,620 ) C
) ‘ :ratal ' S 76,500~ J_;_J '

m‘
D\ J‘\
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- " TABLE 6 - - ) < -
_ r ,E;‘:ﬁh;prﬁggn; : i Iﬂdustrlal Rabnts Esﬁmated
= : o i - B B . : . ) . . £, T =
o o 3 L ] L - ) o Hets - i =

u
HI—“

9,,

o Unts -

oot - .° - 1) Manual Manipulator : © .77 1,500
< e .77 . - . 2) Fixed Sequence Robot . - 15,000
S : 3) Variable Sequence Rabat ... 1,B00s
4)  Playback Robot ) . 9007
-+ 5) NC Robot. b ‘ ) ‘150
~ _ 6) -Intelligent Robot gt e . "350 -

Total = .+ 18,7007
S. S Tl U ' et :,,,.-:"-7,,.1 - »,i'.;,. v 5

. Using the more restrictive U 5. definitimn of 1ndustria1 robots, the e
fallcwing chart compares the relative pasiﬂaﬂs.

A TABLE6A = . .

NP L anSffj Jap pan Gc:mpar:lsan
SR o . Industrial Robots

ISBG an

o ce - Japan U.S.
"Production in Units 1980 . . -.3,2000 . § 69
. > Production in Value (S$Mil.) 1980 . ~. 180 ¢ 100
. Installed Dperating Uﬂifs 12!31/80 11‘,25@ . 4,370
. . The most aptimisﬁc Estimates faf U.s. prc:dut;tian in 1980 iz 1, 500 _ -
and. for U.S. installed robots.5,000 but even if this estimate were correct N
- the U 5. position is hafdly altered : .
- 1 $
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T TTIn 1980 the United States. probably placed third in the unit pro-
duction of industrial robots--the Soviet Union produced an estimated
© 2,000 - 3,000 industrial robots. Soviet production, héwever, tends to .

concentrate on the less sophisticated robots, Somehow, Americas seem

to-have taken comfort with an estimate published in Time in December 1980, - Y

of 25 robots in.-the Soviet Union“{at the very moment that the Soviet -

‘Union was producing about 70 different robot models). Ineidentally,Soviet = °

robotics began even later than Japan--in 1971-72 the first three Soviet
- robots were produced. The United States produced its first robot'in
- . "1961--a Unimate based on a patent originally issued in 1954. It was only
- in 1967 that Tokyo Machinery Trading Co. started to import and sell a

Versatran robot, then produced by AMF, Ine. In November, 1968, Kawasald

Heavy Industries concluded a technology license agreement with Ilnimation and

in 1969 began to produce robots in Japan, Thus, the U.S. enjoyed at -

————least-an-eight year-léad over-Japan And a ten year lead over the Soviet ]
copdnden. e 2

. for Japan is necessarily -very tentative.
j-"é N . S SRR+ ) i

. IABLE7

v _Japanese Industrial Robot ngénd 'Fafét;astiiP;aul Aron

~In Units

"1980(E) - 1985(E) - 1990(E) -

Manual Manipulator_ 1,500 6,000 12,000 .
Fixed Sequepce - 15,000 30,000 /45,000
Variable Sequence 1,800 - 14,000 18,650 -
Playback 900 - - 6,500 13,000

*" NC Rebot : - 150 1,400 2,800

. Intelligent o 350 10,000 23,000

Total =~ . 19,700  ©7,900 114,450

ERIC
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TABLE 8 (Japanese Irid_ustrTl Robot Demand Forecast--Paul Aron[cont. 1)

alue 'j;E 7

o P 1980(E) - 1985(E) - © 0 1990(E)- ’ .
R B ) H .- (B ® - #) N C- T € ) E R
° Manual Manipulator - 3.0 . -3.8 10- L2 - 2 ’
" Fixed Sequence . . - - 38.4:- .45.0 60 iz - .. 9 -9 - o
. . Variable Sequence . . 12,00 ° 1&3 - 75. 15 -~ . 100 - o
=+, Playback : 15.4 - 70 14 140 4
s .- *NC Rgbot- - . . 15 - -3 .o+ 3 - 3.
... Intelligent ' 120 24 - 280 - 28 r
Auxiliary Equipment 70 0 14 140. - 14 :
"~ Export 80 16 200 *+ 20

e
b L b B B RO

Rt
PO WD N O

. Total . 78.4 100 § 500 1008 1,000 - 100%
= - : ’

. -". 77 'Using the more-restrictive’ American definition of rébots, Japdnese " "~ "
3 ~industrial robot production is estimated to.achieve a unit output of 31,900 .

with a value of $ 2.15 billion in 1985 and 57,450 units and $ 4.45 billion |

in 1990. If this were to Gccur, Japanese output in 1985 would be four times .
" greater in units and value than the most optimistic forecast for the U.S.

Why have industrial robots enjoyed such successin J apan and why

S . -do the Japanese place such high confidence in their future?

LABOR: ~ . S

. Japan's success in robot production and installation can be traced, in.
large measure, to its labor practices. The Japanese employees in major
corporations are guaranteed lifetime employment nitil the age of 55-60)."
In addition, all employees receive two bonuses, each ranging from 2-5 ¢

months pay, in Jutie and December, which, while negotiated between the '
.unien and management, are ultimately based:upon the company profitability..
- The Japanese union is not based on crafts, skills or occupations: the union
- ' ' is on a company wide basis and covers all member of the bargaining-unit.
Employees identify with the company, not with a skill and they are often =
shifted from one job to-ancther within the company.--The worker, not
fearing loss of employment, does not oppose automation; in addidon, as
automated production generally enhances quality and profit and conse- .
guently the bonus, the Japanese employees welcome the robots. In Japan
- i the company assumes the responsibility for retraining the employees who

- . have been displaced by the robots. The lérge companies, at least in the

u - 1ast 20-25 years have assumed the responsibility of training and retraining
’ " . their employess; lifetime employment deprives most companies of the ~

A . o . - o : N . R . #:“

O
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uppér‘tunity to recruit skilled workers frcrn other. cgmpanles and fthEfDi‘E,
necessitates training.’ Nat fearing the loss of trained workers, companies
are en@uraged to devote considerable effort to training programs. Finally, -
as robots are used in dangerous, unhealthy and repetitive jobs, the .
employees consider production by robots as a means of relieving monotonous.”
- and ‘environmentally harmful ‘tasks in manufacturing. ‘Employeés, ‘dis- :
- placed by robots, have mcved 4o jobs, more cha].lenging intellectually and

o -less" demaﬁding physieally. - . , L - -

S . The p:actigé of QG circles hg played an ﬁﬁportant rr:;le 1r1 develapiﬂg )
. employee participation in problem-solving. They are valuntary teams of .- -
8=10 Emplqyees who begar in the mld—sixties tf; study quality prnblems '
and to suggest improvements.

" active QG t:ifcles are also the ‘leaders in rabcﬂzaﬂcﬁ. Df—t;t:u,rse, the ) .
relatively high tempo of real economic growth in Japan, with its con- -~ R
- - sequent - demand for increased labor;-has more than compensated;for-the -~ -
- losses of ;obs resulting from iﬁt;reasing preductivity, automation, and
robot introduction. - Some Japaneseé economists, however, are -already
warning that the saturation by industﬁal robots might crea‘te an unempl oy=
ment problem in the 1990'5.

" The Japanese seem to beliave that they displaced the U.5. as the
~ "Number One" in robot production largely because of the labor prDbiEm. ) ,
In America and Western Europe, the introduction of robots is frequently :
debated and. thecrudal point in such debates is the unemployment pro-
blem. This’is rarely dis\:uésad in Japan and instead-the positive effects
of robots are discussed: improvement of quality and productivity and -
greater.safety for the employees. Stress is placed on the new opportunities
" for greater and higher level employment, as robot operators, robot
maintenance workers, 'and "software Engineers“, and for opportunities in
new industries such as ocean resource gathering made possible by robots.
Unlike Japan, few U.S. companies have assumed the responsibility for.
retraining workers that could be displaced by robots. Furthermore, the
: American worker does not directly benefit from the increased savings and
profit created by roboties. It is interesting that the TV program on
. productivity ("If ]’apan can do. it, etc.") omitted any. discussion of the bgnus R

1n Japan. ‘ ] s

N

' COSTS 7DF LABDR Al\fD RDBC}TS

, The advantages of iridustrial robots can be better understood in the
context of the relationship of labor costs and robot .costs. The accomplish-
ments Df ‘the robot introduction in Tapan from 1968 ta 1973 WEfe not

1y

Q
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pramising because of the wide inergence of labt:r and l‘Bth cﬂsts.; Before -
B ‘the 1973 "Oil Shock", Tapanese labor costs were still relatively inexpensive
" - while industrial rabats‘-w*ere still high=priced because of the low lavel of
electronic develapment. During the decade of the sevénties labor-costs- -
) . - .:rose sharply in - The’ rﬂAnufagturing cost of-industrial robots of 5
= all types’ at, ﬁrst de::lined ffDlTl 19?(] 1975._ After 19?5 the prit:e c:f ‘Ehe

1

in. japan caﬁtinued ta redut::e thg ::r;st of the moré saphisﬂ;ated I'E!bGtEr- :
The fl:llawing tablé based oh a ITRA survey is revealing. o - ;

Eajig of Robot: Cos ts to Lp r Costs -
. ‘_(ugig ¥1000) S
wA. ' Labbr Cost Per Man ° - 990 2,300 ~_ 3,000
B.°® Average Price -~ Robot " 4,600 . 4,100 5,000
. (7 apanes‘-e definition) P S :
C. Cost -- Playback Rcbat - 12,000 11,000 11,000
~ Ratio B/A 4.6 1.8 1.7
Ratio G/A DR 2 4.8 3.7 .

s

The decline of mbgt costs, relattve tD la]:n:: costs is esgedaﬂy sharp in
the Tield:of sophisticated rébcts. Superficially, a playback robot can. be
amartiged within four years on a single shift and within two years on a
double shift. The actual expenses of robot ;nstallatmn ‘and malntenance
resulted in a slower rate of amortization. In the future, labor costs are
expected to increase 6 - 7% annually while robot costs, thanks tc: dec]ining
micft:pracessgr prices, shﬁuld reman level or decline. e

: In a questionnaire distnbufed by JIRA Qn the motives fc:r installing
iridustrial robots in the future, the responses in orderof importance were
as follows: - (1) ‘economic-advantage, - (2) -increased worker safety; - - -
{3) universalization of prmdustian systems, (4) stable praduct quality, and
*(5) ‘labor shartage. : , .

EJ

o

~ -Hence, the eg@némic ad\}antaé’g of the industrial robot over human
:labor. which seems certaln to grow in the future is considered the most

important factor in the increased applicatien of ifndustrial robots. -

ERIC
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MANAGEMENT
- : Iepenese management on ell levele hes been more. reepcneive to the
- introduction of robots than their Ameriecan counterparts. Life-time- :
) employment Has ereated greeter ;security and -a more long=range attitude - - .
_.among Japanese managers. . The absence of stock options .reinforces this - T
attitude. Japanese managers are able to tolerate the high initial costs of . -
7 ineorporating robots into predueﬁen and are willing to accept a2 much lenger
payoff than their American counterparts. - In the first yvear of robot-intro-
duction, costs can be very ‘high--not only increases in depreciation, ‘ ) o
. interest costs, and miscellaneous costs related to the robot (changes in the . ..
plant and its equipment to accomodate the robots)’, but also interference o
and slowdowns in produeﬁen while the robot is being fuu?ﬁﬁetegreted into
production. In one case study in Japan, for example, the company. had
anticipated that robots would increase’ predut:tien and thus would permit
write-off of all cods within the first year. Instead, produection declined
and total costs gr by 30%. Similar experiences heve caused many . . .
. American manager¥ to abandon their robot program. B%ht the Tapanese S
persisted and at the.end of the second year total costs were 25% less ths :
" if the product had ceﬁtinued to.be pmdueed menuelly. e sy

xﬁsr

Japanese managers are generaliete. often shifted frem one eree to =
- another that bears little relatiofiShip td their previous experience. ok the
.other hand, American managers tend to be specialists and etey within one
= ' area of work during their entire ee,reer.,, Thiz, at times, creates opposition,. -
if pot hostility, to a novelty such as a rohot that might un,;:lermine their L )
po§itién. American, reports are replete with tales of oppésition ‘to robots - e
. by middle and lower managers and conflicts between .manufacturing engineers C
seeking to introduce new technology and production departme: zeeking to ' - e
maximize qurt at production and intolerant of eﬁy interference in output. -
Even the ffent ne of management-the ‘foreman-often  see the robot as'a . _
threat to their status especially when- the robot requirgs "care and feeding”
by an inexperienced youth G?ith a tralning in eleetreniee who eubetitutee o ,
knewledge for stfength. ] ) . I

*

o Arnerif:en rebeticists c;ften see these "hean t:eunters" as th‘eir* e'ref’ny. ,Thé
non- edvereery reletienehip end the lgng—term Quﬂ@k whia : ;

dueﬂen. i . : B o e L {

: ‘American end European eempenies were else ; t0. some extent side= .
tracked in robotics as they had been. in the production of numerical : * g
control machinery. The Americans developed very expensive and very o sy
ccmpliceted NG machines so that when the eemputer broke down, the ent:lre

ERIC
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mét;hiné;rviﬂuigy a machine:shop in 1t§élf; haitédé ‘Théjapanes’é dé’\jels:ped' e _
smaller; simpler, less expensive machings that catered to ‘small-scalé pro- s

duction and could produce in small batches. -In robotics the European and.
American producers often concent d on the most expensive robots and- -

entrate expensive rok .
_ permitted the Japanese to develop rebotics gradually from the unsophisti-

B cated manual manipulators ;tq,r}naféégm'pleg systems that incorporate ™ -
C Mintelligence". = " A P
% . * INDUSTRY STRUCTURE FOR INDUSTRIAL ROBOTS

.« .. 7 .At present about 130-140 firms. in Japan are manufacturing robots of -
: - ‘whom 37 are members of the JIRA. Most large manufacturers, gctual or
.= potential, are JIRA members but -some important exceptidns-sholild-be
. ¢ - noted--Matsushita Electric Industries, Osaka Transformer Corporation, = -
-7 - ~Seiko, and the pen manufacturers. * . . . — S - -

£ ...+ The existing robot makers are widely digtributed over the whole
" - range of business scales.. In size of capitalzation, robot makers are
S %777 broadly distributed from s_ma% fifms to. glant corporations. In examining
-+ . the-table below, ‘the 55 smdlldtompanies-with less than ¥ 100 millon.. .. ... ..
s - capitalization (equal to about $ 500,000) represents 41. 4% of.the enterprises;
~ ‘the medium firms with (¥ 100 =" 300 million) represent 23.3%, _while the firms
‘with over ¥ 3 billion capitalization (egual to about $ 15,000,000) represent _

~.# - 35.3% of the corporations. The same trend is evident when we examine =
“ ., the robot makers by number of employees, The small firms with less than .-
500 employees represent 46. 6% of the total, the medium firms with -500 to
5000, 30.1%, and the giant firms with-over 5000 employees, 23.3%. This g
. data, based on a JIRA survey in 1979, of 133 robot makers, is shown bélow: -

s . . , B e . . CL . - .

oo L ' Ind'usjfiél Robot Makég Distribution

g

ES{S:[EE’ :Eif -Capital

L]

, : . . Less than ¥ 10 million A 19 companies - -
' giomillion - ¥ 100 million ° 36 companies )
AP : %100 milliksn = ¥ 1 billion . 23 companies R
- ¥1 billilon - ¥3 billion . 8 companies. .
More than ¥ 3 pillion: - - 47 companies -7 3
& = -

LI O o
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FEL . B
 TABLE 11 . - -
e o Industﬁal Rabat Ma};ef Distﬁbutign .
- "By Numbaf of Emplayees '
Less than 50 o T 33 companies - 24.8'%
50 - so00 - ¢ . . " 29 companies _ 21,88 7
500 = 1000 Co oo ..t .- 15 companies -~ - '11.3 %
1000 - 5000-., - . . TN ‘25 companies . 18,8:%
. ' More than. SDDU - “ 31 companies C23.3 %
. ?Pt'al o j‘ e - .-133 companies . - . 100.0 % .

The w1de distfibuugn of industrial robot’ makérs is the’ result Df
- EEVEfEl factors. The giant electrical equipment and heavy machinery .
- makers-were-attractad- by the-high-growth potential ‘of industrial rebots™
and ‘éntered the field to diversify their business. -Many have been mt:tivated
originally, by the ne&d for robots within théir.own business tq increase
productivity and safety, overcome shortage of some skilled workers, and to
enhance their-ability to undertake small and medium batch multi-preduct -
manufacturing. .This applies to the large electrical manufacturers ‘such as -
Hitaghi, Matsushita, Toshiba, Mitsubishi Electric and Fuji ‘Electric: - It -
" also applies to the heavy equipment manufacturers such as an ,,aki Heavy
. Industries, Mitsubishi Heavy Industries, Tokico, Shinmeiwa, and . .
] i - Some of the steel makers such as Kobe Steel and
Daido, in diversifying their operations into heavy mac:h;lnery, also were -

.attracted to robots. . v, . CUE e e

2

' Sim:e ff::bat applici'atian often must be custom-made for each and every . -
user according to his s’pec:iﬁc production process,:the robot maker, -even
'if small, can specialize ina specific area of application and succéssfuuy
t:c:)mpete with the big cnrparatigns, Some of these smaller companies under=
took to produce robots in‘arder to enhance thelr major products such as
Aida in the hydraulic pres Emufacturing The production éf robots often.
enabled the manufacturer to offer a total system rather than an individual
. plece of equipment. This phenﬂmenan is sees
makers such as Fujitsti Fanug, Toshiba Sei

Naehi Fujikashi and I{Dmatsu., )
Other small entérprises began to manufacture robots for their own use and.
then ultimately marketed them. This applies to firms such as Seiko and
- Sailor Pen. Many firms. branched into robots from manufacturing materials
handling e eql.;ipment and t:anveynrs. Th;ls im:lucled firms such as . .
" Tsubakimoto and Mctadai : : _ -
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" The Japanese are currently debating the future of this structure of .
- . .robot makers.. Some expect no radical change in the industry structure
" within the foreseeable future. They believe that the small to medium
“enterprises will continue to carve out markets for themselves in the many
- specialized areas. Others visualizing the increasing role of minicom- -~ .
puters and intelligent robots expect that the large electric manufacturing
companies because of their superiority in I1C.and LSI technology, will
- " 'dominate the robot industry. At present, each individual robot maker

.7 7 .has its own area of special expertise such.as Yaskawa in arc welding,

' Kobe Steel in large palnt sprayers, ‘Aida in press application, Fuiitsu
Fanuc in machine tool prpcessing. - However, all makers.are using the * _

* technology developed in their specialty area “for applications of other areas.

. Kawasaki Is the most active in this approach with its Unimates entering o
almost all areas of application. But many other manufacturers are aspiring
to be "universal robot makers". The emergence of an electronically-.
oriented universal robot maker depends on the rate of development of

- intelligent assembly robots. - . e T

. Unlike the United States, where two robot makers hold over one half
w4 <3 = of-the market-share; the-Japanese market is.widely. dispersed and changing
each year. In the U.S., despite the many new companies entering the ’
field, companiés actually manufacturing robots probably number less than
20 compared to about 140 in Japan. Kawasaki Heavy Industries has only --
3-4% of unit volume:of all Japanese robots (by Japanese definition). By -
the more strict U.S. robot definition, Kawasaki produced 450 of the 3300
‘- robots made in Japan-in 1980 for a market share of 18% in units. Because™
of its relatively higher price, the market share of Kawasaki in value is
. probably somewhat higher. In many respects the production of robots
*  in Japan resemble the flerce competition that grew up among manufacturers:
- of television sets, digital watches, desk and hand calculators and video-
tape recorders. After a period of intense competifion among many firms,
production” ultimately was concentrated in.a few large firms. - It should =
be noted that-this period of competition also resulted in Japanese domin-
ation in thewesld market for these products. “As the spokesman for the
‘Long Term Credit Eank of JTapan confidently puts it: "Itis only'a matter
of-time before the industrial rebot becomes one more plece of merchandise
which symbolizes Japan".. : - : ‘

1

AR cture has given the Japanese several advantages.
<. - The American robot manufacturers must sell their robots to users; few can

e test their equipment in actual production conditions at th own plants.

. .. With the entry of IBM, Texas Instruments, GE-and Westigghouse into the

~ .+ . . robot market.this should be: altered. But in Japan all't

' -of the seventies the major manufacturers-now emerging
Toshiba-had been using robots ‘within these companies, -2
many other companies entered the robot fleld because they had ‘developed

* This industrial stry

s
(.
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- robots initially fgr their own needs -Sailor Pén Péntel Pﬂat in the pen e
and pencil industry, Qkamura in the furniture 1ndustr}r@ in the

" compressor industry. Many companies developed robots to sell their
own products-Aida, Japan's leading press manufacturer . devel@ped a
serles of laading and unloading rohcts for its presses. uiit:
‘developed a serles of robots to service their N.C. machines. In turn,
Fanuc's competitors developed robots to stay in. Eompetitiaﬂ with Fanug.
while Fanue in turn developed an assembly robot t6 help reduce the-costs 5
of prcdut:ing its rgbots. In samg cases companies developed robots for
affiliates. That Mitsubishj ; should develop a "Window Cleaning
Robot", a fixed sequence machine for high buildings, can.be better - ) -
understmd when- we know that its sister, Mitsubishi Estate, owns many
of the tall buildings in Tokyo's Wall Street. . This automatic cleaning

~ operation, reduced maintenance cost, eﬁminated dangerous work; prn— .
vided better \:Iéaning, amj prc:tected "privacy in offices, hotels, and’
other places". Tovods < prgvidecl welding and handling rabats .
for Tovota. Mitsj; ishi Heavy 1 provided robots originally just

for Mitsubishi Motors, its autgmgbile mﬂ:ing suhsidiary.

Ber:ause the .robots were used within their'own factories, the robet =~ ... . -
makers in Japan affefed for sale not just robots but total systems which
.palréady had been tested for: several years in their own factories. This | o
compelled companies that had originally just produced robots to begin
‘to develop total systems. One example of this is a completely unmanned
computer-run dry noodle factory-which includes an automatic. warehouse,
battery-operated cars, loading and unloading fobatsp autamatic manu- .
: facturing and insper:tian, and packing. ‘ . ; R

.GOVERNMENT POLICY _' o =

. It is quite evident that MITI has heen 1nterestgd in I‘DthS s:lm:e the
‘beginning of the seventies. "It would seem unlikely that JIRA would have
been formed without some gavernmént encouragement. However, it was
not until-1978 that the industrial robet was officially designated as an
"experimental ressarch promotion product" and as a "rationalizatioh pro-
motion product” with promulgation of the special Machine Information
Industry Promotion Extraordinary Measures Act. While the Electric
Machinery.Law in 1971 had defined an industrial rebot, industrial robot
terminology was fifst standardized in 1979 under the J‘apanese Industrial
Standards.- N ) ) . .

Falls:wing the typical pa]icy oi c:c;oPerativa rather than adversa:y ) '
relations with business, the Ministry of Trade and Industry (MITI),

having identified robot production as a major strategic industry for =~ _
. Japan's future, undertook several measures to popularize their uti]isati@ﬂ. <

90=240 0 = 82— 4 _
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{1) With MITI encouragement, if not direction, a’ robot leasing
.company, Japan Robot Lease, (JAROL), was founded in April, 1980
with the initial pald-in capital of ¥ 100 million. This company is jointly
- y 24 JIRAmembers and 303 by ter non-life insurance com-
s.aim of JAROL-is to support robot installation by small and-
- -ale manufacturers and increase their productivity. As 60% of -
operating -funds are financed by low cost loans from the government's
. Japan Development Bank, and the rest from the Long-Term Credit Bank,
~Industrial Bank. of Japan and the city 'banks, JAROL is in a positon to
fease industrial robots under .conditions more advantageous than the.
ordinary leasing companies. For its first year of operation (fiscal year
~.1980), JAROL planned ¥ 700 million robot leases; actually its'leasing
contracts numbering 52 amounted to ¥ 1,150 million (about $ 57% million).
The average term of the lease was 6.5 years and provided a full payout.”
In April, 1981 JAROL offered a more flexible 2 - 3 year rental agreement
 (not a full payout) and after the expiration of the agreement planned to
rent the robot to the same or a different user. At the same tme JAROL

resulted from a request of an Australian firm to lease Japanese-made
- ' robots. Some qu n arose as to the propriety of using government. .

loans' for. overseas leasing but JAROL suggested loans from the Japan: =~

began discussions with MITI to enter overseas leasing of robots. .This

* Export and Import Bank. Positive action on this matter will greatly
strengthen Japan's competitiveness in overseas industrial robot markets.

» . {2) MITI has arranged for direct government low-interest loans
to small and medium-scale manufacturers to encourage robot installation
for ‘automating processes dangerous to human labor and for increasing
productivity. The government budgeted for fiscal year 1980 ¥ 5.8 Eillion
for these loans which are extended through the Small Business Finance
Corporation, a government finance agency. . o

) «(3) . MITI has permitted the manufacturer who installs a robot to
depreciate 12.5% of its initlal purchase price in the first year in addition
- to taking ordinary depreciation. This extra depreciation is a commeon -
practice in Japan when MITIseeks to promote ‘a particular industry or -
product. Extra deprecfation has been as high as 50%. Generally it can
‘be taken over a three year period and is usually repaid in five annual
installments beginning in the sixth year. By installing,an industrialy
robot, ‘a firm can depreciate 52.5% in _th% first year, 12.5% plus 40% iS £
+ year depreciation double declining). s L —
(4)  MITI created an atmosphere favorable to the introduction of the
" industfial Tobot, but it had depended largely on the private companies to
. determine the direction and scale of production and to undertake R & D.
However, MITI has now just announced plans for a huge R & D program
to be discussed in the following section. i
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. DRGANIZATIDN GF RGBGTIG RESEARGH AND DEVEEGPMENT

Research on robotics in Iapan is ct:nducted by three majaf types of
institutions-~colleges -and universities, national and public research
institutes, and research laboratories ofprivate firms.. The number ‘of .

-robot research laboratories in universities -and pub]ic research institutions

grew from 43 in 1974 to 85 in 1980, In fiscal 1979, the universities spent

100 million yen (or about %.5 mﬂhcn) on robot research and the public
research institutes about 220" million yen (about $ 1 milion). This total |
of about § 1} million is hardly a“very large amount. But this statistic
omits "personnél ex perxditures‘“ -and is therefore a substantial under-

-statement. Some 270 researahers at colleges and universities and 80

- researchers at institutes worked on robots in 1979. Public resedrch has

concentrated on theoretical problems, many of which have direct and
immediate application such as--speed control (acceleraﬁén of robot when

its gripper holds nothing), improved positioning accuragy , simplification

" ‘made public but up to now has been the overwhelming source of robotic

and mgdulafizatian of rgbats _sensory perception, pattern recognition .
ability.” . - = . - .

The expenditure af prlvate enterpﬁses on robnts has not been  _
R'& DJ Of the 107 robot manufacturers surveyed by JIRA in 1579,

twenty had a“specialized robot research division in their in-house research
laboratories, while another fifty-two without a special robot research

.division had Dné or more féSEaIcthg specia]iﬁiﬁg in robot- resaafchi

The private research laboratories have: cht;Ei‘lt;‘atEtﬂ on R & D most

‘closely linked to applcation——-increased speed, minlaturization, computer

control, weight re::lur:tir;ﬁ and msdularizaﬁan (development of inter- - -
changeable robots). : . -

. A major’ :hanga has just oscurréds—MITI annauncéd a séven year .
¥30 hﬂugn naﬂanal rcbgt resea:r:h prograrﬂ tc baqirx Apfﬂ 1 158.?.. MITI
to make r::bats suitable fnr a wider app]ic;aﬂun and tt: develap J apaﬂese
robot technology instead of relying on imported American and West

" European know-how. Stress is to be placed on intelligent robots espe«:ﬂaﬂy
for assembly werk, and on robots for nuclear, space, oceanic, and earth-

- is called-a nationally impaftaﬁt major techm:lcgy develapment scheme. ~  — -

moving industries. The development of sensory perception, language
systems, and motional capacity are to receive top priority. This program

EDGID-*ECCJNGMIC} IMPACT OF INDUSTRIAL R@EDTS

This section expresses the Japanese views on this tczp:lc:: and is greatly

Indebted to Mr. Yonemoto of JIRA IRA Japan's most prominent autherity on this-
. subject. Industﬁal robots have ft} three major charactéristics A

ich, in large .

measure, determine their socia-ec:annmic impact.
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C? -7 - 1) Industrial robots,unlike special pufpose automated machines, -
U S are programmable, and, as a consequence, are both flexible and versatife.-"
A robot's movements may be altered merely by changing its program.

. 2) Industrial robots can perform beyond the physical and mechanical .
_abilities of humans. They do not tire from long and continuoug hours:of ~
work in 'an environment which may be uncomfortable, if not hazardous to
-humans. (They require no breaks to overcome fatigue or to meet per= -
sonal needs). . : ’ S

.3) Industrial robots perform with a high fidelity and accuracy in
compliance with the instructions which they receive from man. :

' As a result of their versatility, super-human capability, and high
fidelity to programming, industrial robots have changed in.many ways

the p{g:iui:tigﬁ scene in which they are employed.

1. . Automation of Multi-Product Small Batch and M;g;edif‘lgph'ﬁ'gaducﬁanf 'Lir;g,i

i

the automation of multi-product small batci¥and mixed-flow=-line pro=" "~
duction. - The special purpose automated machine is restricted to limited
‘model mass production. -Recently, consumer demand has become increasingly
diversified to the point where according to Japanese estimates, fully 80% -
of mechanized industry's products are manufactured in a modérate-to-

S . ... .. _The flexibility and ,.yer;s_atilttg of industrial r—cbat}s makes possible

low volume of output. Thus, the nature of contemporary consumer ]
demand and particularly Japan's desire to accomodate a wide diversity of
export requirements necessitated and encouraged the use of industrial
rabots. ST T T N B

' 2. Ease of Phasing in Product Design Médiﬁgg\;t;aﬁ and Model Changeover.

A complete changeover or even a modification in a product model
often require-changing or at least radically rebuilding a special purposé
..  automated machine. Where an industrial robot is used instead, a mere -
change in program is required. As the product life cycle shortens, the
flexibility and versatility of industrial robots becomes increasingly advanta-
geous. : )

3. Improved Operating Ratio and Increased Operating Time. -

< Unlike men, industrial robots can operate on a 24 hour basis and -
therefore, the machines, they service can also operate on a 24 hour basis.
- Purthermore, industrial robots are capable of performing functions at a
high speed which exceed human Umitations. ] . o

r
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 4; Abgity;ta Withstand Severe Working G onditions, -

The 1ndustﬂal robot ean work in an environment which is adverse

" to humans, Human beings require a host.of conditions to make the -
working atmbsphere-both pleasant and safe-ventilation, proper lighting, - i

! air cﬂﬁdiﬂaning, or at leas temperature control, and a var:lety of .

5. Abﬂity tt:l Exé:ute ra
: C‘ﬂpe Elasti:a]ly with Ghangiﬁg P}caucﬂnﬁ Vélurﬂe.

The sustaiﬁed stability af industrial robot cperaﬂons-their ability

to work continuously and accurately faithful to their man~given instructions--
eliminates slumps and spurts.and provides a smoother production flow.
/ - This ability also enables iru:reased pradu:tinn demands to be met’ Effecﬁvely.

s - &

6. E‘-hange in Natagj t:f Pfﬂductian Eystem. . -

B t es the ctivity ‘of the a
thing péintedly satirized in Chaplin's famous film, "Modern Times". \The
operator programs the’industrial robot and therefare the Human damin—
ates the system. According to the Japanese, the industrial robot - : A
reduced psychological resistance to the conveyor system and thus L
permitted its more effective use. They belleve that human satisfaction
derived from the human control over the robot and this attitude leci ’EB
quahtative imprnvement in I@GF oa

7. Cfeatioﬁ of New_ 'I'enhnalagies. R .

The characteristics of the industrial rDths-—c;Dmbined with the t;hange
in the production systemto a man-dominated robot-machine system led
to the creation of completely new technn:lagies and to their application
in exploiting oceanic resources and in increasing utidzation of nuclest
energy. ‘Robot applicatiaﬁs to health, household, and cleaning duties

" have also been forecast. -

The wide sadﬂ—ecﬁncmit; impacts of the app]il:atian af indu strial robot

expected by the Iapanese rcbatisists has begun to be evident i

o

1. Impravement of PfoducﬁvitL o

The autczmatian ﬁ:f small- batch and multiapr::duct mixed- f]c:w line
prﬂdugﬂan saved man-hours and reduced in-process and accumulated
inventory. The improved operating ratio and increased operating time )
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else redueed men heure. The feletive ease with which an induetriei rebet

could be fit for -a product design’ changed saved the time usually required

for retooling. The more effective use of the conveyor system-made pese:lble
»" by the industrial robot,.also eentributed to enhanced predueﬂvity.

~ 2. Stability e.nd Imprnvement in Preduet Quelity.

- The eupershumen eeneeitlee of the industrial robots and their

‘fidelity to human instruction led to.a uniformity of products and hence
- made possible the stability and improvement . of preduet quality. By .
working 24 hours the industrial robot eliminiated the incidence of inferior
or defective products which often occur during factory start-up operations.
The quality variations which result from leng hours or the differing :

ebilities of eperetere were eliminated.

»

- 3. - Imprevement in Pfodnt:tien Manegement.

Prnduetien management has imprever:l fer eeverel reasons:

i - -a) Reduction of inventory and in=prer:eee ducts as a result ef
eutemetien of small-batch and multi—prer:lut:t mixed-flow- line—predur:tien.

: b} Reduction in eet—up time and ,elirninatinn of reteo];ng the pro-
duction line. ) )

- eg) The durability and aeeureey of ineu=triel rnbete feeﬂiteted
production plenning.

d) Indu trial robots reeeﬁng more eleeeieally 10 predur:ﬁOn volume
ehange reduced problems of manpewer reelleeetien. . o

v, ' e) Industrial robots have- helped to improve the quelity of work life
-and led to greater employment stability. In addition, they have con=: -

tributed to overcoming the ek_ﬂled rna:tpewer ehertege in eueh areas as
weleling and painting. . I

Yy menieetinn" of Wer'king Life. - = BT '.‘7

‘a)’ Induetriel rel:ete releesed humans fforn heeefﬂefne ancl unheelthy
werking eendit:lene prevenﬁng accidents and occupational dieeeeee.

. b) Imjuetriel robots releeeed humene f:‘ern meneteneus werk amj
thus redueed peyehelegieel stress. : d :

LT
5

- a). The man- fehet rnee};xine pfnduntien system- eliminated the
peyehelegieel resietanee to the conveyor eyetem and :lrnpreved lebnf

s
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quallty: and humarx satisfactions from the human control of robots. Such
L a system corresponded better to a‘more highly educated and aging .
. . soclety. In recent vears, Japan's. soclety-has witnéssed a.growing shift .
: from blue-collar té6 white-collar occupations and the industrial robot . - .
enables corporations to accemodate to this trend. Human resources °*
. lberated from adverse.work environments and from mondtonous repe- -

titive manual jobs are rechanneled into ‘more intellectually demanding
robot operations and manterxan:e positions: For example manual wire
bonding of IC's require the fatiguing performance of mcnﬂténaus, ;
repetitive tasks under a microscope, and a trairiing period of 4L'5
months. The industrial robot reduces the training peﬁad to 15 miﬁutes .
and eliminates the fatiguing manual aperaﬂnn. .

- Rgbat i.;tilizatiari m?akes pcssible’ greater emploif?ment gppcr‘turﬂty

and zanﬂnuaug lgadinglunlaadmg or f:arrying a heavy welding gun were
required.  The "humanization" or work life contributed to employment
stability, reducing absem:es from work. - .

5. Resaurce Ccnservation.

were at:hieved :ln a vaﬂety Df ways: . i s

a) ' The rc:bat saved material-the pa:mt spraying robot, for Example,

© used ZD 30% less than the manual: painters in many @peratir;ns.

. b) :Phé ease of accomodating the rabat to product design changes
:réduced investment in purchasing and/or rebuﬂding equipment. .

. t:) The reduced defe;tiver‘atia saved resg‘:urces;

d) The industrial robot, by working in unpleasant eﬂvirﬁﬁmeﬂi
. reduced the energy cansumpﬂan Df air candiﬂaning,vventilatiaﬁ lirshting.
’ etc. .

d) By its ability to uperate on Dne, ,.twa or three shifts, the mdustrial
robot resulted in reducing investment. . .

3

'ROBOT:APPLICATION. T T

‘. Rt;bct shipments are also classiﬁed by user which shaws the autc—
mobile as the primary buyer except in 1980, when the electrie appliam:e
industry, which usually c:ccupied second place, tDGL: the lead fc:r the first

tifne.

&
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TABLE 12 ﬂ
: Breakdown of Industrial Robots by User (In Value)
i jfigaﬁésg _Definition 7 - -
1974 1975 1975 T 1977 ;'179?8 1979 1980P
: - -7 - = - -
_Auto . 35,5%. 19.9%  30.5%  33.6% ~'34.5% = 38.4%  30.0%
"Electric Appliance 9.6 - 12.8 . 20.9 23.1. 24.6 7.5 36,0
Machinery 4.5 56 - 7.6 8.8 7:0 5.3 ’
. Metal Products 5.8 3.8. ‘5.8 3.4 7.1, 8.0 .
Exports 2; 9 4.2 - 2.3 4.5 2.5 1.9 LR
. (P - P elimin ry anm:um:ement of T IRA)
Ll Hawever the autamahﬂe 1ndustry stﬂl dominated thé sphere t::f saphiss
: ticated robots. - - o
. =
P _ B . N _ _
' b Shipments of Flaybac:k Robots by User . )
(4/1/80 - 10/1/80) .,
T -fr* o - i "”Uﬁit' - yalue o -
e Automobile _ 61.5% 52.4%
) _ ) Electric Appliance 10.3 - 11.6 , N
< Machinery - . - 3.9 8.3 ) 2
' . Metal Products 4.4 5.7
y Exports 5.9 . 6.0 .
. Others - 14.0 16.0 - )
The large percentage of exports of playbat:k rahots c;ﬂmpared tn the 1255 thaﬁ Z%
* export share of total industrial robot production ind:[t‘:ates the dt‘ecﬂon
of J’apan 5 export policy. v s
Since the play];ack ‘robot seems to be éam:entrated hea\rﬂg in the
automotive industry, an analysis of the type of work perfarmed by
: playback could indicate relative use: .
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*Ereal{dcwn of Playbar:}: Rabat by Wc:rk Pr:;\ggess o . -
+ (::ullé - 10/1/80) '
.- L. t_:,‘e:'—#-
o o S S . Unit Vﬁailggf :
Arc Wélding 18.8%  26.0%. , : P
Spot Welding 57.1 45.1 =
' Spray Painting 11.3 . 17.8 I

Others - 12.8 11.1

- It is clear that spot weldingrepregentg the major application of the
playback robots. A preliminary repag on 1980 calendar year robot
production revealed that compared to}979, arc welding robots increased - .
211% in value and 100% in units, and spot-welding robots grew 85% and lDD% :
‘respectively ™ In addition,. assembly robots grew 340% and“33% respectively -
(certainly from a low base), and.press.and conveying robots 60% and 6%
resgecﬁvely. The large grcwth in assembly rabats was mainly for iﬂEErﬁDﬁ

t:nmpared to 1979)

SPOT WELDING S .

.- spcﬁ; weldiﬂg rohc;ts . 'I'hg rﬂajc:rity gf_J' apanese ca;:bcdie&cn ,t af’ .
" " 300-400 press=formed parts manufactured from sheet steel wl = :
- bonded together by 3,000-4,000 spot welds. In the latter half of the

"1960's special purpose automatic multi-spot welding machines were intro-
duced.. However, with the tendency to product diverszification and the
shorter life cycle of car models, the return en investment of the multi-
spot welders declined. Large monetary expenditures to modify the multi-y
spot welders were necessitated by model change-over or design modifi-
cation. During’ ‘the modification, a corsiderable period of time was lost
and management expenses were consumed for production line reorgani-

- zatdon. . - . oo R : T [ 4

™ o Thus, the fabrzts replaced the multi-spot welders because they only
* require being taught where to weld in the new model in the event of a
* model change-over. Often merely one hour is required for the new
’ . learning process. As production volume is no longer clearly predictable,
it became quite risky to invest in speclal purpose automatic machines.
3"

5i
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‘ Investment iri the more flgxii':ié robot seemed preferable. The robot also

eliminates the need of the manual c:peratar to: fﬁllgw the canveyar line
with a heavy welding gun.

'I'he autamt:hile- x:ampanies then intmdused batteries of robot welders,
In some assembly plants, a single operator for robots can handle a work
load once shared by ten workers. ‘To improve productivity by simultaneous
multi-spot welt;ling. efforts have besn made to develop multi-arm welding
robots-and -to!apply a number of modular robots to welding. Robot intro-
duction into the spot welding line has made possible the automation of multi~.
product mj;{ed ﬂgw-assembly line on which vaﬁaus rﬁédel flow one after ,
anatheri S .

T - Nissan has been the Iargest user of spot welders and by the ené of

1980, it had about 300-spot welders. At the same time, Toyota reportedly

.. had:200 spot.welding robots, but it ordered 720- robots from Kawasaki o
‘Heavy Industries=-220 by 3/81, 200 by 3/82, and 300 by 3/83. It has. been

assumed that most of these would be used for spot welding. Kawasaki

_,is reportedly delivering about 25 units monthly. Mitsubishi Motors has
. ..been receiving spot welding robots from Mitsubishi Heavy Industries.
Tx:ya Kogye’ and Hcmda "have’ mtraduced welding rnbgtsi T

T

‘Kawasaki H.1. is clearly the leader in pradue:tir:n of rabt:\t spot welders.
981, it had. delivered 1,500 Unimates primarily for spot . -
welding, and its monthly production rate is 60. Mitsubishi H.I. occupies
second place, having delivered 250 robots by the spring ol 1981 and with a
monthly production rate is slightly over -10. Toshiba Seiki has begun
production of a modular spot welding high speed robot which can reach
a monthly rate of 35-50. Toyoda Machine Works-is also-making an inex-
pensive building block system spot welding playback robot, but.they will

.~ not-be offered for public sale until the fall of 1982. "Toyoda expacts to sell-

1,000 units annually. We do not-know how many of these have already
been shipped to,Toyota. By 1983, Toyoda Machine Works and Toshiba
Seiki, if they shguld be successful in their modular and simpler spot
welﬁmg rcbats caul:l Qr:u:upy a sigﬁjiit;ant market share.

ARC WELDING

. Arc welding operations are candusted in an-extremely unfavorable
environment where carbonic acid gas, fumes and heat are generated. As

-a rasult, arc welders must wear masks and consequently, must. take time .

out frequently. ‘Seme loss of operating time is, therefore, inevitable.
In addition, the new generation of young workers, being better educated,

‘tend to-shun arc welding. As a caﬁsequent:e arc walding was partic:ularly

suscépﬁbie to rabaﬁcs .

. ngever the lang -sized robot Sui:h as the I{awasaki Unimate, which
could handle heavy Iaads s:c::uld hardly be justiﬁed ecgnamicaﬂy By an
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7 . Electric Mig., at present, dominates the arc welding robot: appncaﬂans
. With its relatively. low=priced playback robot. Shinme

- more expensive, continuous path control, arc welding robot. -Hi
' produced two robots suitable for arc welding' a sophisticat
 robot, and a low priced articulated playback robot, Matsushits has intro-’
< duced a very competitive arc welding robot. aE I S

.are now growing at the’ same rate as spot welding robots but'not as fast
_ of application. - To become skilled, a coating worker required 2-3 years -

- to a more educated sc:tziety contributed to-a. develaping skillad worker.. . e ol

. especially in complicated shapes.

A

application- whi(:h largely used light weight welding guns. ‘!askawé

A

iwa - develclped arc-
welding robots for work on heavy plates while Osaka Transf
arc welding robots for work %n sheets. Kobs Steel has pradqc da

d intémgént

=

With Matsushita entering the arc weldintj area and with’ Hitachi

. capable of substantially increasing its output, it is emtirely passihie that

the wo flrms wﬂl ultimately dDmmate the arc wgldmg market,

SPRAY PAINTING AND GDATING

Pa;nt:lng robots -are the third largest type of playback rabats and

as the arc welding robots. Spray painting and coating offer a rich area

of experience. However, the poor working environment and the tendency -

shortage. The necessity for a large percentage or fewark madg pfo—
duct.ian plamling difficult. : ) .

- The industrial robot prc:\vided certﬁn advantages in paintingi . w

1) 'I‘hey insured stab:llity of prc:dur:t quality and therefmfe made : B
possible improved produetion planning and control. Despite the selection e

' of the most skilled workman for finish coating, the quality of the finish

varied according to the workers and the conditions:-of the day.: Iniauto= - |
mobiles, the paint finish of & car, and especially its uniformity, is a
‘determining element in the Japanese domestic consumer pfeference.

2} 'I‘hey made pﬂssible a multispraduct mixed: batch _coating L'lne.

S
3) ,Tlley pravided continuous praductign aperatign and redux:ed
the need far*intefmediate stacks. .

4y The manual warkers and special purpase autamaﬂc coating
machines terided to increase the use of paint to preclude uneven coating,
,,,,, In addition, special purpose auto- . -
matic coating machines tend to overspray paim; on smaller .preducts ina - _
multi~product coating line. In the case of-spray painting an aufo body, i
a savings of 10-20% in the use of paint has been effectuated. Reducing’
the amount of paint reduced th I‘lEEd far venﬁlatinn énd therefc:re sa\s’ed
on energy cﬁmsumpﬂan, ; -

s e

",
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N . .
: 5) Spray painting i£a very unhealthy job becaise of the .
chemi«:a]s and dust. The spray painting robot could free the operator .
from staying in the spray booth. It provided a felaﬂvely simple way - o
trs meet safety regulations. : ,7 s o ’
v ,f L Knbe Steel. 1ntr¢:duced the Nnrwegiaﬂ Trallfa sp’ray painters——a o
S rather expensive robot. Both Hitachi and Mitsubishi Heavy Industries .
worked with other firms--Nihon Parkerizing Co. and Iwata Air Eampressy; i
ot Mf . Co. respectively 16 develop playback spray-robots. Tokico
= offered a large variety of low priced painting robots while Nachi s

':- *+ .. Fujikoshi t:ffered a spray robot with both remote and direct teaching.

®

=

) Ct:msidering the demand for spray rn:bats (Nissan alr:me is repm‘tedly
seeking "300 units) ‘it seems evident that production objectives will be
_incréased.. It is still too early to predict the future ma:ket share as - . .-
changeg are e;{pec‘ted shortly, at least in Hitachi. R .

.- MAGHINE L@ADING AND UNLGADING ‘ e

- Industrial robots. ha\re been applied to a wide variety of prﬁﬂueﬁcn

processes in which the basic breakdown of the process indicated that the

- robot is being used primarily, if not exclusively, for (1) loading and™ - -

unloading, (2) ‘trans- -shipping 'and (3) palletizing. and depaletiging. :
This refers to app]icatigns in the following areas:

1) - die éasting . ' : Lo ' -
2) forging Lo : B o
3) press work
4) - plastic molding .
"~ 5) | machine tool loading
= . 6) heat treatment )
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~ _‘who designed 1ndustria rabcts. often relatively nsephisﬂcated far SR
- particular production processes and the unilvergal robot makers who '
offer.playback and intelligent robots. In most cases, however, the . -
specialists seem to have won out as of now. .In press working aperaﬂcns
. Aida Engineering seems to have won dominance though strongly’ .
challenged by Toshiba Seiki, -Similarly ;. Fuiitsu Fanuc seems to enjoy .

supremacy now in the loading of .machine-tools, although- Kawasaki H I.
has mgum:ed a atrong ehallenge. = R

. In plastir: rﬂalding (the autorﬂat.ic unlaading of.injection malded ) .
't . products) the small manufacturers dominate. Ichikoh Engineering Ca, - T
’ ‘and Kyoshin Electric offer a complete line ‘t:sf fixed sequence machines. . ’
Star Seikl offers both fixed and variable sequence robots, Sailor Pen. .
.+ Ilkewise, offers relatively unsophisticated machines. For uniaading
- workpleces from a die casting machine, Ichikch offers its fixed sequence

::--:f'mat;h:lna whﬂe Shcku and Daida affef vari able equence robots.

. . ~In the forging.area, a gfeat number of rabﬁt ma}zers offer & variety
of specialise&i prc;dut;tsi Alda, Kobe Steel, Kcmatsu and Nachi I-‘uj:ll{ashi,

MAGHINING e @

In J’apan one gperatar of NC‘; machine ‘EGD]S serves on average less )
than two NC machine tools: This low ratio is the result of manual loading . : .,
and unloading of the work ‘pieces, ‘manual dispgsal of chips and mainten- ’
ance. -Many Japanese firms saught robotic solutions to this problem. .One

“'of the consequences of the application of robots to machining besides
: improved productivity was improved production management. Robots ‘
could respond more elastically to changes in production volume and in = y
the event of temporary requirements for increased production they could’ :
" pasily be worked oveértime. Where the process was computerized, it was
wpcssi}:ﬂe to. knaw befnrehand when a -machinery- gperatian would be ccmpleted.
: While several ather cc:mpan:lEE manufactufe rabats for mat;hining e
. Fujitsu Fanuc dominates this application area with an output of 100 units
monthly. The Fanuc Model 0'uses the NC of the single machine tool which .
it services: the Model 1 and 2 (known in U.8. as 3) have their own NC -

. . and service up to two and five machines respectively. These machines A
= ‘make possible an unattended machining system that aperates autc:matically :
, at ‘night. . .
z . 7 .
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with ro|

- themselves.

s T

The entry of Fujitsu Fanuc into robets has caused some of itz .
competitors and some of the machine tool manufacturers to develop and
produce robots of their own. This is especially-true of Okuma which ~
supplies its own NC for its machine tools. In addition, Yamatke-
Honeywell and Ikegami Iron Works have started production of NG

robots. Fanuc plans to introduce additional models in the summerZof 1981.

Fanuc's competitors now are other manufacturers of robots who

-have modified 'thei_r;pmduéts to service machine tools. .

TRANSFERRING -

"Closely allied to the machine loader /unloaders are the robots which

. are engaged primarily in the transfer of materials. Many robots equipped
, for specialized processes such ‘as welding and painting can"also be
modified for transferring of materials. In addition, many conveyor

equipment manufacturers were compelled to produce robots to compete
bot manufacturers entering their market. Some robot makers |
e materials handlin arket-trying to carve a spegialniche for-v

entered

- . Shinko Electric, Taiyo, and Kayaba Industry are manufacturers of
machine loading robots that entered into the transfer field.  The con-
veyor manufacturers that entered the field include Tsubakimoto and
Sanki Engineering.. The "universal robot makers" offering machines

Tor transferring include Kawasaki, which offered modifications of its
. Unimate for that purpose, Daido Steel, Yaskawa, Nachi Fujikoshi and .

- . Toyoda Machine.

Some firms specifically developed a line of materials handling

“ robots.- Dainichi Kiko has developed ‘a liné of heavy duty transfer robots.

Motoda (now Oriental Terminal Products) makes a complete line of what
i described as multi-purpose versatile robots in both variable sequerce
and playback versions, Their major, if not exclusive,market, seems to

" be the materials handling area but Motoda claims that these robots can

be used for welding and spray painting. ~Toyo Keikl has developed
a series of variable sequence robots specifically dedicated to palletizing
and dépalletizing. The entire area of transfer robots like the area of

" machine loading robots is still too greatly splintered to-provide a.mean=. .

ingful market share analysis.

ASSEMBLY ROBOTS

Asseinbly robots capable of inserting, screwdriving, bending, and
similar processes eXist largely either in the R.& D or the early application
stage in Japan, Most major electrical manufacturers, such as Hitachi,

-
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_Matsushita, Mitsubishi NEG Gki and Fuiitﬁu have devel@ped fully
autamatiw: systems for hanging. All these use cameras for visual.
perception to pesition by shape or pattern- -and in-the case of- Hitachi -

© . and Mitsubishi Electric, ta detect defec;ts. Puji r;tric‘ “"Checker

" 'robot", which exam | 'pills is not a robot -
'but does advance both visual (by use ofa camera) and tactile pefceptian o

E3

for quality iﬂspéﬁtign- T » . . , ) =

‘ "In additign, special purpgse automatic- assemble:s pravideﬁ Et:ﬁ*
- siderable ‘datd for constructing assembler robots.- Hitachi built for-
- Nissan an autamati«: tire fitting system which uses.a machine hand to
e detect the hub bolts, pasiﬂan them, and tighten them. - Hitachi also
= developed a fully automatic system for fitting rubber belis to. tape.
"recorders from which they learned assembly’ pz:lm;:mples su:ltabla fc:r
,autgmabﬂe and E]EEtriE app]iaﬁée belt fitting. >

St

. Hitz hi mangfacturers an intel]igent rebgt with a 25 step rﬁémcffy
.'Eapac;'ity and a 200g. load capacity that can fit different components’ : )
" one by chie inm a specified order. ' The r bat moves -fast -requiring cmly
'1-2 secmﬁs to fit workpieces. . Its’ finger support is flexible, to < '
. excessive force. Its positioning. precision does not have too E,].CUSE a - ;
- tolerance but a special searching function: autnmatic:ally detects the holes - A
of workpieces and fits them properly even when pasiﬁgning is not R
ja\:x:urate. An automatic rejectmg function within the rabi:ﬁ: prevents
-.-assembly of defet:tive warkpie::es - ) N .

) Bt::th Hita(;‘lli and Matsushita have buﬂt expeﬁmental mhc:ts ta .
: asgemblé Elél:ffic vacuums.'.‘: : _ ) : TLoo

The larger electramc Iele::trical manuiac;turlng cnmpaﬂigs are planning
to robotizg-50-75% of their assembly nperatians by 1985. This would in-. -
dicate that far more. activity and experimentation has taken place than has
so far been publ’u:ly revealed. (Stiu this forecast seems too apﬂrmsﬁc

&

'tame)'_‘ : .

In March, 1981, Hitachi publicly annéuﬂcéd a task farce of 500 key
technology experts to fashion and install a standardized assembly Tobot
with both visual and tactile sensors, microcomputer control, and ’

. 'mcilf;\ilil;y and projected a 60% robotization of its assembly processes by
©T 7 19850 TIm April, 1981, Matsushita announced-a plan to marshall the™
. entire staff .of its technological division to develop intelligent industrial
robots cantfaued by micrr::pmc:ésscrs and modularized (BBS). Matsushita
revealed that some BBS robots were .already fun:tit:ning at its plants.
The new robots were to be of three types (1) robots that position ]
workpieces accurately, (2) robots that assemble workpieces, (3) . robots
-that adjust the finished product to function as originally designed.

oy
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- computerization and.

._conventional universal type spot welding robot. Inam

Daiwa; Securitie’sAﬁjérica Inc. © - rae-am

Er.f'vv» RS : .

- .NEC then reported that it had developed a factory robot that
assembles electronic- machinery and appliance parts and components
with a speed of 45 ceéntimeters per second and a positioning accuracy
of only 8 microns.: The high precision and speed has been realized by
ﬂ‘t& applcation of the principle of electronic
magnetic repellance, ufilizing the linear-motor -levitation technology

"“that has been used by the Japanese National Railways in developing -

the "floating" train. The NEC linear-motor driven robot arm-and hand
pisks up a machine part or c;gmponent with' a maxdmum load ‘of 2 kilo-

;*.gfams and carries it around by mald.ng it float over the work’table. .
" The high precision of movement is achieved by the robots's set of 16

sensors (visual) supported by a built-in microprocessor. NEC has
been producing these ‘assembly robots so far for its own factories and )

‘those of affiliated companies and 111_1581 NEG plans to manufacture 50

units of these asgembly robots.

In June, 1981 -Ishikawajima Harima Heavy Industries, a c:lf:se '
ally of Toshiba, announced plans to produce its Group Manipulatﬂr

-are Known ¢ except ti’lat it is- being used at their new Fuji plant Fujitsu

is warking closely on robot development with :‘lts affﬂiate.

‘The heavy emphasis on assembly and sense pércepﬂan by both
the private firms, universities, and puh]ic: research jnstitutes would

seem to indicate the possibility of achleving the goal “of popularization

~,

-Médule System- EMMS) -with-an articulated arin with-the most. advanced ... ... il
parallel circuit-type 16K RAMS in its mi:rﬂpracéssnr. In October, .
1981, the GMMS will be tested {possibly at 'I'Dshlba"e‘) and hOpefully wnuld
be marketed Lly September 1982 the latest. .

of assembly robots by-1885. As will be.discussed later, the Japanese consider that

the intelligent fnbat 45 an impgrtant element af e;-;port pt:licy for the
future. . X ) . ws .

- BUILDING BLDGK SYSTEM (BBS) ' Py

‘and to run these lines at higher speeds created some prgblems for the
ed-flow production,

ThE trend” ‘to incafparate varinué models into a 51n§ e production line

line robot capacity was not fully and efficiently utilized. Furthermore, it
réquired a larga ﬂcn:sr spae:e for installatign. - R .

After a year “of develapment and design am:l a half year of testing
a new robot, the BBS became operational in May, 1978. The BBS iz more.
cnmpact in size and theréfore,. lower in'cost than the conventional robot.

- It is a fully- articilated. mu1t1=welding system wherein one control panel
can EDHL‘I‘GI simultaneausly up to 8 uﬁits (48 axes) and a hydraulit: umt
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; separate ’Eram the rnbat's main bndy, gnntrnl three robots.

A study of two /ears of Qperat.lon pf the BBS welding in an auto- . . .
o plant indicated that its investment efficlency was 30% greater thana - L Co
- conventional robot system. The floor space required was reduced T
: almost in half. .The downtime of a BBS rahnt was one third of the T,
downtime of a' convenﬂanal robot. o , ] - ’

BES is the aim af mast of the makers nf sephisticated rabcﬂ:s.

SR —stantiate the I apanese e:{pectaﬂuﬁ gf a 5ubstantial increase of the BES )
far beyond application only to spot welding. Tayoda Machine Works and
" Toshiba Seiki have developed successful BBS robots but detalled pro- :
duction information for these cc:mpanies and ather BBS makers i= S %

curfenﬂy unavalgble.

e VEFQMgSSEMBLY RQEDT TD FLEKIBLE MAGHINE SE’STEM e T
) . The ultimate aim of the assembly rcsbnt iz -the creation af a.com=-
. prehensive flexible’ manufacturing system (FMS) sometimes called the
tynmanned factory®. Such a system as exemplified by Fuji Electric's
turnkey noodle factory would combine industrial robots with an auto-

. mated warehouse, unmanned transport vehicles, belt conveyors, and
: cémputets which wauld simultanecusly c:pe{rate and reccrd production.

Fuj:ltsu Fanur: has iﬁvested ¥ 8 billion to create such as factory
at Fuji to serve both as an automated manufacturer and a showrcom.
It= prc:du:tian capacity can be expressed in terms of monthly sales of
¥ 1.5 billion or in terms of production output~<-100 industrial robots, =~ . ~
150 electric clis;harge wire cutting machines, 100 numerical controls. . .
The total number of employees is 100--19 machine processors, 63
assemblers, 4 inspectors, and 14 managemerit and clerical personnel. A
factory of this scale r =~=mally - requires ﬂve times as many people. )

The Japanese & "' “that the FMS agtually results not only in -

. reduced labor-costs but ‘reduced capital investment. Fujl operates )
.24 hours a day. (unmanned at night) and equipment utilization ratios
_are close to the maximum. Furthermore, model changes can be made
easily. With robots, machines need not 'be replaced or rebuilt; only.
the program must be changed. -Prior to the introduction of industrial

robots, factories often shut down for months to make -the required
_ alterations for a model change. In addition, a substantial amount of
- - =-<peripheral factory equipment such as ]ighting {(the robots run at night
in-an unlighted plant),air conditioning and atmosphere control became
" unnecessary, at-least'in thosé areas where robots -work without humans
in proximity. Finally, the miniatuﬂsatién of industrial robots, which_
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is beginning to take place, will enable robots to be positioned very close |
to each other permitting a higher degree of efficiency in space atiliza-
-tion, a major element in Japan where industrial land is relatively scarce -
‘and high-priced. This plant contrasts sharply with the custom-made,

almost handicraft -assembly of many American robot manufacturers. . The

ability of Fanue to increase its output swiftly is understandable; when -

they speak of an ultimate capacity of 360 units per month of industrial

robots (which I presume includes both machine loading/unloading robots

now being sold and their new assembly robots) it seems quite feasible.
. FUTURE OF JAPAN'S INDUSTRIAL ROEOTS - o :

"The demand projections for rapid growth are based on the following
analysis: B C : S
“ " (1) . The intelligent robot with. an internal microcomputer and

sensory perceptions has emerged and its field of application, espeeially"
T " in assembly and inspection, will widen and expand very rapidly. The.
; announced plans of the major electrical manufacturers should provide- )

- sqbstaﬁﬂal markets within each company and its affiliates. - ;

(2) The shortage Df skilled labor and the aging of the work- ~ 7"

force will hasten the acceptance. of industrial robots. -

# -~ (3) The ability of industrial robots to work in adverse .work
environments resulting in.savings on anti-pollution devices and energy
. _ will also accelerate acceptance of industrial robots. I

(4) The government policies of financial aid and accelerated
depreciation will encourage the use of inddstrial robots among the small
and medium corporations. To the gxtent that such firms.are suppliers
of the larger process industries, theéy will be compelled to introduce -

_industrial robots to provide swift on-time delivery of components,.

" -{the Komban System of Toyota).

(5) To increase Japan's competitiveness in international markets
not only against the'advanced Westérn nations, but also against its low
labor cost competitors in East Asia (South Korea, Talwan, Singapore,

- : Hong Kong), Japanese firms are being compelled to automate. : '

. .."(6) _As.demand for goods. becomes less uniform and more
divérsified,*small and medium batch multi-product production and -~ 7
constant modification will become predominant. ‘The industrial robot,
especially the BBS, has greater flexibility than the dedicated, single
purpose automatic equipment. : ) : i

2

(7) :japarl has made robots iar top pfiéﬁt? both for research and
production and ‘an unrestrained effortis being made in that direction.
(8) The Japanese axpect a ‘substantial gxpénsian of robots to areas

F
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other than the process industries suchas electrical and automobile
manufacturing. In agriculture, robots will be used for crop dusting
and spraving chemicals, harvesting fruit trees, tilling ground and even-
milking and féeding of cows. The Japanese expect robots to be used
in many aspects offorestry. .=~ o o .
: A top priority has been glven to undérwater geological surveying .
“~and welding and machining (under 300 meters). Komatsu already has
an underwater robot being used in bridge bullding. In mining,robots .
are being developed to work coal and ore faces. Robots are also being -
planned for building construction (especially multi-storied) and road
construction. In the service industries robots are being developed to
clean wallg and floors of buildings, cleaning of beat hulls, cleaning. - -
electrical insulators in nuclear énergy. The Japanese also expect 1o
expand robot use in thée hospital and the home. However, it should be
emphasized that the top priority for the first half of the decade remains

the intelligent robot for assembly.

Tl 7 (9)  Tapan'expects to bea major exporter of industrial robots.-- -
. This requires some additional comment. * ) =
~The Japanese expect that Western Europe and the U.5., as well

as Eastern Europe, will make strong efforts to increase worker pro-
ductivity. These "reindustrialization" programs will necessarily’
involve increased use of industrial robots and Japan plans to export,
them. While exports of robots were less than 2% in 1980, the Japanese
expéct that in 1985 and 1990, exports will constitute about 20% of
production. o ’ ' )

E

. .The Japanese attitude is expressed in the following view of Machida
of the Long Term Credit Bank: "The industrial robots presently in
use are, teghnologically speaking, still in their infancy. During the
1980's they will mature: from boyhood to the young adult stage. At
sresent, Japan is the number one country qualified to be the parent of
this chiid". : I ‘ 5 Co

Ac;;é,,:ting the challenge of Japan's lack of innovativeness- and
creativity, Machida wrote "It has been said that Japan cannot be victorious

-~ - in the planeer technology which is producing sophisticated, knowledge- .

intensive products because we do not possess high creativity: However,
s the expanding exports of Japanese intelligent robots will scon bear testi-"

mony to the fact of our international competitive strength, not only in

improvement technology and application technology, but in ploneer

‘techinology as well".




’-DaiWaSec:';uﬁtiesAmerica Inc. . Jease-ar

Machida concltudes his overview asserting that the "intelligent robot . -
is representative of the leading edge of technology products" and that -~
“the grawth of the industrial robot 1ndustry will bear eluque it testi—‘

‘. ata rate Df almost 40% annually. Spat welding. arg welding, and machifle
loading will continue to grow but at .a decelerating rate. Spray painting
should maintain continuous growth. In 1985 the production process for:
which rabtﬁ:s are pfgdm:ed have been estimated s follows (in % of value).

, 1) Assembly 21.7%
. , 2}  Machine Tool Progess 13.1
3) Arc Welding 10.5
‘4) Inspection 10.0 -
5) BSpot Welding 7.5
6) Spray Painting 5.0
- 7Y Molding 3.3
. .'8) Others. -28.9.
g‘) B ’ ’ ’ ) ) . = - T
- ch will the U.S. and Iapan compatre in the future? Using the U, S. .
deﬁﬁit:lnn of robots the following table"’ includes the latest estimates. .
 TABLE 15 | 5
i u. S =Iapan- mparisan
Industrial ggbcts/(U S. Definition)
Value (millian 8
- - U.s. Tag Japan
1980 '100.5 180 -
1985 441.2 2,150.
1930

1,884.0 4,450
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Daiwa SecuritiesAmerica Inc. -~ page -3

E‘

This is pn:hably the best estimate of the future, assuming a contin- -
uation of those dlements presently at work in each country. If we learn
anything from history, it is that the future is never a simple continua-
ti(;n (;f ‘the- present. Therefore, hopefully the estimates remain "tentative

ﬂ

FOOTNGTE: While Ialone am responsible for this report and its con- ,
clusians many athers prs:v"ided assistancey In partiu:ular Mr. Earl Kamita

and Mr. Engelberger and Mr. 'I'armer two “veterans" of U.5. mh@tit:S,
‘not only added to rﬂy fUﬁd of kﬂBWIEﬁQE but greaﬂy inﬂuem:e& my
g tliiﬁkjng. )

Paul H Arcm o .- 7 g
Executive Vice President ’
Daiwa Securities America Inec.

(o]
L
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INDUSTRIAL RBEDT TECHNDLDGY AND PRDDUCTIUITY IHPRDUEHENT

Jamés 5. élbus .
Industrlal Sgstem; Division
National Bureau of Standerds

- Robots have Fe¢elved a great deal of pubixz;tg recentlg
The movie "Star Wars"” and several television series 'such as.

"The Six Million Dollar Man"” and “The Bionic ‘Woman" . have
raised the consciousness of “the publ;; to the subject of
- - ‘robots. The.enormous influx of foreign cars-: manuvfactured in

part by robdts has aroused awareness of the press and many
"politicians to the fact that Tobots canchave a profound ef—
fect on industrial p?ﬂdutth;ﬁg Many people today believe
that the Tobot Tevolution is well under way; that factories
are #full of armies of highly intelligent robots:, and that
human workers are be;ng d;spiacéd in dfﬁVEE The facts are
quite d;FFerent -
First of all, there are gnlg about SDDO robots 1n5talled in
the entire country, séhuﬁdlg. the ‘great majority of these
are quite primitive, with no capacity to see or feel orT
~respand to ﬁhe;r gnv;ranméﬁtv:q_ang_szggjf;cagE7gagaﬂi_  -
Most people think‘af a robot as an android, which walks and
talks, sees and feels, and. looks much like C3PO, or at. least
R2D2. Real robots are much more primitive. “In its simplest
- form a robot is nothing more than a methaﬂ;cal device_ that
can be .programmed te perform some useful act ‘af maﬁjpulatian
or locomotion under avtomatic control. An industrial robot
is - a device that can be pragrammed to move some . gripper  or
tool  through space so as to accomplish a ugeFul 1ndu§tr1al
task. ) -

These Tobots are tgpi:allg pfagrammed bg recording each task
as a series of pgznts in .space. R This recording is then sim—
iplg Teplagéd thﬂéVET the task is to be performed. :

Ty

Th;s sxmple pTﬁEEdUFE is aﬂequate to per%urm a surprising.
number of industrial tasks, from spot welding avtomobile bo-
dies;- tending die’casting machines, 1lpading -and wunloading
‘machine  tools and presses, Spray.- painting... and performing a__
‘wide variety oF materials handling ta§k§ o

Even arvc ueldzng can be perFuémEﬂ bg a robot which can nei=
ther see nor feel; so lnng as the parts to be welded are po-

. sitioned in exactly the right place, and the welding péfames
ters are :antralled by some autﬂmatgé system.

+ However, .the great ma;nr;tg of industrial tasks are beyend
) the capacities of present day robet technology. Most tasks
. are too complex and unstrusturéd; or invelve too many

Q
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uncertainties.; nf TEQUITE too much abi ility to see -and feel
and adapt te ‘ehanging ctircumstances.. Before robots can sig—
‘nificantly impact productivity of the economy as a uwhole,
they must be used in hundreds: of thousands and even millions
-of applictions. . This will not be possible before a large
" number of techn;ﬁal pr@bléms are 5n1ved - DR

TECHNICAL FRDELEHVAREAS

One of the first problems is accuracy. Robot . positioning
accuracy needs to be improved. Although the repeatability
of most roboets is en the order of 0.050 inch over its uwork-
ing volume .{and in some cases as good- as 605 inch):; the ab-

solute pos:t;an;ng daccuracy may be off much as 0.250 _  l
inch: or even O.500 inch in some Tégxaﬁs of the reach en—
velope. Thus, it is not possible ¢o preogram a robot “to’

to an arbitrary mathematically defined point in a Enﬁrd&pate
space and have any assurance that the robot will come Elaser
than a half of an inch.  This creates major -problems in‘pro=
-» gramming a rnbat from a,EQmputéf terminal, or in transfer-—
ring programs from one Tobot to another. Each robot must be.
taught its program séparately by leading it pﬁ;nt by point
- through its job, a tedious and costly task. - )

>

A S U S

Presumably, this aﬁcuracg prahlem could be solved -thfauéh
closer robot manufacturing tolerances, although not without
cost. Alternat;vglg; calibration procedures such as illus=
trated in Figure -1, might allow each robot to offset <its
off=line program points to compensate for its mechanical .
inaccuracies. However:; no efficient methods of robot cali-
bration have yet been developed:; and Tobot contrel -software
is not presently designed to use - calibration tables for im—

proving absolute positioning accuracy. Until this _absolute
position -accuracy problem is solved, roabot assembly in the
-small batch environment will be unecaenomical. - Teaching a .

robot every point in the trajectory of a complex §§5emb1g
~task is a time consuming jJob whieh may ¢ake -many times
lnnger than would be requitred to perform the same task by )
hand. Thus: using a robot for small lot batch assembly can—. -
not -be economical until- software can be efficiently produced
by off=line prngramming {i.e.., pf@g?émm;ﬁg from a computer
terminal). - . T e s

i

Second, dynamic perfeormance must be improved. Present day
.Tobots are too slow and clumsy to effectively compete with
human labor in assembly, Two possible exceptions to this
are " in arc welding where speed is governed by the welding
.process itself, and spot welding where the task corresponds -
to . moving a heavy welding gun through & simple string of
points in space -- a prgeedure which the robot is particu=
~'larly adept at executing. However, if robots are to perform’
other tgpes of assemblg and construction tasks, they must be
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. _.able to execute much more complex routines with myc h greater
grace, dexterity, and speed than they are now ca =pable of.
- Control systems need to be. alternately stiféf and ﬁgmpliaﬁt
along different axes in space (uwhich do not gerne-r'szllg cein=
cide with joint coordinates). This requires much more so—
phisticated cross—coupled servo control compvtat—=ions than
L = “a - . Lo - -

re presently employed.

Fufthéfmﬁfm'i‘ghét strur:tures are tupital-lu ‘quite== massive
and unwieldly. Most robots can lift only about one= tenth:of
their own weight. Many cannot even do that. - New meaechanical
-designs using . 11ght weight materials such as carbomms filament .
epoxies/and hollow tubular . construction are neeE= ed. Ad-—
vanced control systems that can take advantage of s=uch light
weight structures and high speeds u;ll be & major research
PT‘B]EE‘E , ) - -

Much alsoc remains to be done in gripper design. ‘F“gpicallg.
robot hands consist of pinch—jauw grippers with onl _y one de—

. gree of freedom —— open and shut. Contrast £his with the
human hand which has five fingers, each with four E&Zegrees. of
freedom. No robot has come .close to duplicating thame dexter—

. ity of the human hand, and it is not likely that\ ﬁfge will in
“Ehis  céntury. Certainly,” ~dexterous -“hands- ‘withes - gointed. -

. fingers - for indgdstrial robots area long way “in thas e future.
N The problem is nmot so much in boilding suvch a mmechanical

structure,  but in controlling it. No one has angm idea how
to.'design control algorithms to make use of such C—omplexity
“and very little TESEET‘EI‘I is being done in this aTéams. o ow

Thl’l‘?dp sensm‘s of many different tupes _must he ﬁevelnped
Robots must become able to see, feel, and sense the== position
of objects in a number of _different ways. - Frﬁcgss;ng of
visual data must become fastéer and be ahle to determine
3—-dimensional shapes and relationships. Robot grip=pers must
* become able to feel the presence of ﬂhJEStEf and "~ sense the
forces developed on those objgects. - Fra::m;tg Ser=3s50TS are
needed on  robot " fingertips to enable the robot t=o measure
the final few millimeters before contacting objectsss. Lgngef-"
Tange proximity sensors are needed on the robot are=a t:g avoid
colliding with unexpected obstacles.  Force and $=>uch sen—
sors _'are needed to detect and neasure contact —orces. A

variety of acoustic, electromagnetic,  optical, zx—ray, .and

particle detectors are needed to sense the’ presences of vari-

ous materials - such as metals, -ferromagnetics, plastics,
fluids:; and limp goeds: and to detect .var;;aus types== of flaws
in parts and assemblies. Both thesensing devices and the

software for analyzing sensory data repre;erﬁ: T‘E%EET‘EH and
develupment problems of enormous magn;tude P

Robot sensors is an
vi

[ ' area where there 15 mur.h research ac-—
tivity. Robot io

on -is by far the magt papuléi‘_”

5

Q
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topic, and 4=~ 1so probably the most difficult.. A computer
mué treat . a ‘visual 1image as an array of brightness dots
lled piEtuarfé elements, or pixels. - A " typical scene may
;ist  of from-1& thousand to_over a million pixels. In-
tnmretaﬁ;ﬁﬁ of such-a large volume of ‘data is an enormous
task even — for a high speed .computer. It often takes many
seconds to se everal minutes to analyse a single picture by
. computer. —This is far too slow for the robot to respond in
“ a'timely PasE. hion to what it sees. ‘VYarious tricks are  used
to. speed vug p, this respdnse time. One' is to illuminate the
. stene _so tE hat the objects appear as "black and  white:
silhousttes. Annther, is to assure. that no two ab;e:tg of
" interest tou- eh eor overlap. - However: even_ under such artifi-—
cial circym-=stances Ttobot’ visiph is a very complex problem .
and subject - te many difficulties. Buch techniques obviously
Climit _the ys -e of fabat vigioﬁ to a few select appiiéatigngg

Other Tobot sensnrg 1nput§ such as tnuzh and force Ap

pear to - _
be simpler i~ n principle, . but much less work has been done in.- ;
these areas. ‘ o . 7 w2 F

= #

Fourth: - cont :=Tol ggstems are needed mh;ch can- - take” advantage
of- sophisti cated EEHEQTQ data from:sa large ﬁumbef af dif—
~~ferent "types = of  sensors simultaneously:: ‘Present --control
systems are - severely limited in their abilitg to modify
ribot’s beha avier in Tesponse to  sensed conditions.’ Rghgt .
" control syst —ems need to be able to accept feedback data at a
variety of 1 _evels of abstraction and have control loops m;th :
. a variety o =f loop delays and predictive Lntefvalg; See far -
example, Fig _ure 2. Sensory data used in tight servo - 1§aps
for high s -peed or high precision motions must be pfa:esged
and introduc —ed into the control system with <delays of ino
more than a3 few milliseconds. Sensory data used for detect—~
. ing the pogi .tion and: erientation of objects to be appfaé:hed
fust - be ava milable withip hundreds ‘of milliseconds. T
. data needed for recognizing the identity of objects o
relationship = .between groups of objects can take sEEand§
Control sdUst-=ems that are properly organized in a hierafchz—
cal Fashion so0 that they can accommodate a variety of senso—

ngelags EF’- Eh:s type are not gva;lable on  any commercial
“robot: . ) - o
Fﬂthx'fgbgti! control Egstemg need to have much more = ‘sophis—~ o >

ticated imt=ernal models of " the envirbnment iy which they"
work. Future = robot control systems will have data bases
similar to those generated by Computer—Aided-Design (CAD)
systems, apd 2 used for computer graphics displays. These can
describe th ae three dimensional rtelationships of both the
workplace gn:md the workpieéces. Such data bases are needed to
generate ex —pectations as to what parts should lpﬂk like to ' _
. 4he vision-s=systems or what they should feel like %o -the

touch senzo=DTS, or where hidden or occluded features ate

Q
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- the autaomatic generation of robot softFtware; £
-describing hw a finished - assembly shyuzsld look

*ig;afé"d,; VJE{ventusllg. ,_gu'gh ' mtEfnal mﬁéﬁis might

each stage of an assembly ~or constrycfiiion task
in séquem:e - .0 ’
. .

Szix,th; téﬁhniqugs 'Fﬂ'f’dewelnpmg rayi=t so,tma;e rnuét be

sensﬁrg ‘interaction . is =—involved, SMocp. floor personnel un=

,‘;sk;li‘ed in. computers l'h!!s‘b be able tg- pﬁﬁstruct Tobots in what -
“te do: and uhat to 10esk for in maklfing sensory dedisions.

Eifentuéllg. it will be nec—essary to KgWwere 8 whole Tange of
programming languages Amnd debugging tFools.at each level ‘of
the sensory-contrel hieram~chy. The ﬂ§\r\ﬁ‘elupment af’ Eomp1iers
and 1ﬁt5fnfet5f5 and oO=Eher softuwany development tools,. as
well as techniques for makk ing usk of Yhrmowledge of the  en-—

vironment deérived from a Eumber of JifFFerent sensors and CAD -
»data*bagps are researeh teopics that wil A1 vequire hundreds of
person—years of highly sk=i 1led systemy software- talent.

Seventh,. interfaces need Eé'be definad in some - standardized

way, so -that large nufb=s ers of TobQYsi=, machine tools, sen-

tegrated - systems.. Trencsls in the Rie=21d of computer—aided—
- manufacturing are towarcd (distribytyl g computing systems
‘wherein a large number of computevs =.:. rohots, and machine
tools. all interact ‘and chAcopérate as  yNo  integrated system

This. creates enormous =softuare p‘rﬂbléems Particularly in "
the case where sensors afe= used to dE‘IjEEE’E variations in the

environment and  to modiE=y the ;antf‘wl output to EﬂmpEﬁEatE

. for those variations, thé seaftuare’ cér];- Become extf-emelg dif—
ficult to write and virtee=1lly impossihl e to debug. In order
for such §g§tems to work =+t all, it fg 1 ne:egsarg to  parti-—

tion the control p’ﬁab‘l%m into modu] & aT™ compoenents and then

develop interface ‘standared s by which thhae various system com—-

ganentﬁ can ;Dmmunltate e==2ith each gthe =7, . See F;gure5 2 and

It is gFten Felt that §t$3r'-;:lafds af-é Aty inhibiting 1ﬁFiuent&é -
on a newly developaﬁg -Fl;:éld --"that ti= fheg impede "innovation -
“and stifle competition, LT m fact: Just - the opposite is trve.
Well w Chosen interface st%ndards prongti=e market competition. \
techpology development, Ar—d technoloBy ° transfer. They make
it possible for: many SHifferent mMmagMavfacturers to produce

“ugsed in
example:; by ~
" or even how
should appear

.. vastly impwroved, Fragf‘amﬁﬁingabg*tééﬁh‘lsﬁg is 1mpf-actzcal Farl___.,
- .small-lot production, espmecially for complex - tasks - where

“ - sorTs,- and-control computes—s- can-be: cayhriected- ‘EﬂgethET im-in— o

various components of modizzlar systems, Standard interfaces
assure that mltivendor systems wjili_1 FPit  together -and
operate carrveéctly. Indiviz dusl modules ¢+ can be apt;m;zed and
upgraded . without - makingt=he entire-sys-2tem obsolete — Inter—""

face standaris also make i_ %-possible #ir=r autgmatian to be

" introduced ';ncrémeﬁtallg " =~.one modyls _e at a time. Systems

=

Ty
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- sdpace. hamevev.-ig another issue entirely. - The serisof.,

-edlyzwill -be, solved in the decade of the-1980’s ﬁnbat~ mo="

automated piecewise.
T

'Eaﬁ Ee ﬁgdé;'upmard :ampat:ble and a i
mation, waters gradually,’
Trier ' ’

Thus., users can test the- auvte
w;thaut a, large ;nitxal Eapxtai ba

Eighth,- gng pﬁ sential a1 t appl;;atiﬁﬁs requ:re robot . mo— -
ﬁé}%ﬁg.‘ Most _robots to ‘dre .bolted to the floor or to a °
t4bletop. Small robot¥- caﬁfféach only one or two feet while
larger nneg ‘can. grasp. ngectE-nzne or ten feet auway. But
many appl:catians mneed robots which can m neuver ever much
‘larger . distances. For example; 'a Trobot used to load a
‘mach:ne toal typically: Epeﬁds most of its time . waiting - for

- the machine €ool to finish ;ts aperatigns Stmetimes a -sin—
gle ‘rohot can be pns;tiﬁﬁed bétmeen tmg . .or more machine

"tools so that it can be more fully vtilized: - However. this
-.leads to severe crowding of the work eﬁv1rﬁnment and in many -
i%vEEEEE ighglmplg not practical. . There-are a few appi;cat;ang
i{fin which vobots have been mounted on rails so that they can
w, t between ‘several machines. Unfortunately. to date
Y prnven too EXPEﬁElVE and :umbersﬁme for wide. scale

In maﬁﬁ appl;cat:nn%. pg?txtularlg ‘in arc melding of large .

i 1ike. ships or buildings. it is not practical to
27k to- the rnobot; the. robot.must go to .the. work, . .
Eametzmés over distances of many tens of feet, Qne Exampie
is in’ the ﬁnnstructiun:AnF iarge maeh;nETQ sueh ~as . road
bu:Pﬂing .equ:meﬁt— - Anather example is insthe bu;ldxng of

ships. & .good ship building robot wouldd be able to maneuver
inside . odd shaped compartments, c11mh over. vibs and bulk-
heads, scale the side of the 'ship’ 5g§ﬁu11, and weld seams
;sévefal hundred . fieet in length. SYmilar mobility Tequire—
mEﬁts exist in the euﬁgtructian ef buildings. Construction - -
robots will need ‘to be able to manvever through the cluts-
tered enviraonment of a hu11d1ng site. In some cases they u

w:ll need to ;11mb gtairg. and " NDTk Fram 5caFFgld1ng

e

Ruhnts will also be used in undéfgéa e&plarat;gﬁ. dflliiﬂg‘ -
‘and minxng ‘ Robot ‘vehicles will someday explore the motin’ e

and planets. “These - appliéat1nﬁs will- require s:gn1¥1gaﬁt
nts in mnbil;tg mechan:gms i

111tg “in thf Fattn?g using- ?é;ls.'taftﬁp _ar;&avérﬂ :
onveyors is. a relatively simple problem that -undoubt~-

_ Robot’
head

bilitg on -the cﬂnst?utﬁ;an gltet under  the sea. and in outer

ids

-processing, and contraol pf@blems associated with thes

pects of robot mabilitg m;ll TEgU;TE ‘years. of concen

ifsearch : ot . A . K |
L . - T -

the - mast paft; thésé e1ght prgblem areas encnmpag
_EE;entint issues and eng;neerlng prnblems mh1
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require much more research and deVelapméﬁt.i It mag be' pos—.

. . sible to improve the mechanical accuracy of rabnts. ‘and to
< improve servoe performance with little more than careful en-
o - gineering. But much more fundamental research and develop-—
ment will be required before the sensor, control., internal .

_madelxﬁg.ssﬂftmare generation, sgstemg interface, and ﬁﬁhil%

. ity problems are solved.. Much.remains to be done in sensor
- . technology to improve the performance., reliability, and cost
y effectiveness of all tgpes -of - sensory transducers. ~ Even

more Temains to be done-in. 1mprnv1ng the speed and sophisti=
cation of sensory proces sing algorithms and special . purpose
harduare for recegnizing features and analyzing patterns

" beth in space and time. The computing  ‘power that is - re~
‘quired for igh ﬁpeeﬂ processing of visual and acoustic pat-
_terns m;ll ven ?EqUITE new tgpes of camputer arch;tezture

m;

o Sensnrg—aneTactxv Eghtrﬂl systems that can * respofd to
various kinds of ensory data at many different levels of
abstraction are stil very much in the . research phase.
Current commercial . robot gnhtfgl-sgstéms do not even:allow

- real—time six—axis 1ncremental movements in Tesponse to sen—.

- sory data. - Nnne have convenient interfaces by which sensory
data of many different kinds can be introduced intoe the ser—.

- vo.leops on a. ‘millisecond. . time scale. for true Teal -time sen—
‘sory 'interaction. None of the commercial robot control sys—

“‘tems have angth:ﬁg approximating CAD data bases or camputer

%graphltﬁ models of the environment and mnfkr;eces Finally.
. corrent programming +techniques are time. censuming and neot
capable of dealing with. 1nternai khamledge or  sophisticated

§Eﬁ§nfg 1nteractinn§

»ry - €om plex' ‘problems’ that will réqu1fe méﬁg

These are ve
. person—-years of research effort. ‘It is thus not surprising
that the robot applications are still extremelg limited.

HH%? LIES IN THE FUTURE?

"All of the problems listed above are amenable to “soluti
It is only a matter of time and expenditure of resources
‘t- . .fore sensors and control systems are developed that can p
duce dexterous, gfa:eFul. Ekllleﬂ behavior in robots. Ev
tually, robots will be able to store and recall knowledg
-~ ‘about -the world -that will- énable them to behave intelligent
1y and even ‘to show a measure of insight regarding the spa-—
tial .and temporal relationships inherent in the workplace.
High .order languages; computer—-aided—instruction, and so=
’ph;st;ﬁated control systems will eventually make it possihle
“¢o instruct robets using much the same vecabulary aﬂd syntax
that one might use in talk1ng to a skilled uorker . ’

There is no que&tlnn that given enough tzmg and' resources
robotics will -eventually become a significant factor inm

U

e

ERIC

Aruitoxt provided by Eic:



* . \1 FE L L A N ,.App.zéséémmlssléﬁéd:Eaizkgml.in}:i Eapérg 369

_ —

increasing productivity in industrial production. The ques—

tion is: . How much time and how many resources will be re—

- quired before this becomes a reality? = . .. - , T

In.my opinion more than a few tens of millions,  .and less .

- than. a few hundreds of millions of dollars for research-and -
development will be required to make robots capable of. per—._
.forming a sufficient number of tasks to make significant
- product'vity improVvements.in industrial manufacturing. More
than .+ few  hundred and less thain a feuw thousand. person—
years os high level scientific and engineering talent -will
‘be needed before Tobot software of sufficient complexity can
} tion.-

be. generated economical y‘fafﬁsmallT,intdfbat:h .. produe
In other words, a national research and development ;
of at least one, and perhaps two, _orders  of magnitude
greater than what has been done to date will be required to
produce a significant dimpact on industrial productivity.
and more than just total dollars spent is important. Robot=

~ ics research is systems research.. - At least a few stable.

- consistantly well funded resedrch centers of excellence will
be required. ) : ST

The questions then

re: N S

"How. fast are we pfag?egsiﬁgjéiﬁng'théT%éadfﬁéﬂfﬁé‘ééiﬁ%iéﬁéﬁﬁ“'"Mm
IR o , and : »
"Who are the researchers that are leading the way?"
_ In_the United States there are
_boratories: . ' =

University o AL | , =
. .Nen—-profit - : Lol T s
L Private Industry S ) :

Government

:PFJFJﬁ

UNIVERSITY RESEARCH

' Among thelﬁ?iﬂﬁipal'uﬁivefsitg'iab are: -

[Ty

Stanford University: The robotics effort at Stanford is of
long standing. = Tom Binford has been doing pioneering work
““in ‘three-dimensional vision for over a decade. . His students .
have developed one of the most advanced robot programming
_languages available today called AL, for Arm Language. ‘The
Stanford artificial - intelligence lab has produced a long
list of ground breaking research projects in: manipulation.
hand-eye coordination, and rvobot assembly. Stanford is
presently working on robot vision. a three—fingered hand,
force sensing:  Tobot programming languages: and geometric
modeling for vision . and programming. They also .have a
cooperative program with Unimation for Tobot - mobility.

Q
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: Staﬂfufd received” gbaut $200K in FYSI from NSF. - There  are
' HIT ‘has had -a major

'ftlﬁg wites  that.

“'1ﬁtq cells cgrrg;n
“wvision ~and optic

abgut 14 graduatE'studentg working on var:aug prnJects

—abgt1cs EFFaft at IEést - as lang “as
Stanford. At present. Danny Hillis and John Hollerbach are
building TDth ekin made of thin sheets of ruﬁber lined with
‘detect pressute; These are heing used to
give ‘robots a senseiof touch. MIT ‘also is active in robot
vision and prngfamming languages: Tom Sheridan of MIT. is

-working on Superv;ggfg Cantrol of TEIEnpeTatETE This . work

is currentlg directed toward undersea work and is part1allg
funded by ‘Naval Océan Systems Center in San ‘Diegoe. ~ Total
MIT funding is around one million per year. Office of Naval

Eﬁegearch pfuv;des app?aximatelg 7ODH of th:s émgunt

'Cafﬁegzeahellan UHIVE?EItg has- recéﬁtlg formed a Rsbgtlts

Institute directed: by Raj Reddy with $funding from Westing-—
house, ONR. DARPA aﬁﬂ other industrial sponsors. The Insti-
tute -has programs in flexible assembly, machining. sensory
systems. vision. mobility and intelligent systems. In- its

less . than two years «wof existence the ngt;tute has recorded

significant ach:evﬁmeﬁts in the expansion of sensory capa—
bilities of machines:; - the integration of several machines
-out c@mples tasks. the application -of

development of new Tmobot mechan;sms.’and theé application of
artificial 1ntelligenEE tn the management of evolving intel-—
ligent technologies. .Total funding is over 3" million, mak=

-ing . it one of tne best funded major un1ver51tg prejects.

Dffice of Naval Research cantfibutés apprgxxmatélg 500K per
gear to Carneg1e=ﬁellan Uﬁ;vers;tg .

Rhode Igland Un1v3f§1tg has an 1mpress1VE eFFart dlfetted bg

thn Birk on general methods to enable robots with vision to

‘acquire, orient, and transport workpieces. -The Rhode Island
‘robot was ‘the first to pick parts out of a bin of randomly

oriented pa?tg,f Rhode Island is also deoing work ‘on dex—
terous Trobot grippers and robot programming 1anguagéés
Funding from NSF is $210K per:géatgand #rnm ;ﬁdustfiél ‘atfi- -

“liates, about $750K per year.

'Univeﬁgitg of Florida under Del Tessar is doing  work in

telenperétnr§;, force ' feedback, . and robot kinematics and

W.dgnam1ﬁ§ Fund;ﬁg from the. DepartmEﬁt of Energy, NSF, and

State of Florida amaunts to about 51 millien per year.

Purdge University 1§~dn;hg research in“ rabnt EEntPBl sys— -
tems, robet programming. languages. machine  wvision, and
modeling of part flow through industrial pdants. Total NSF
FUﬁdlng to Purdue is abgut $400K over a four geer period.

é number of Universities have smaller’ rubpt;cs 'éF#grts.. or

¥

'
b -

49 a wide range of 1ndus§f1ai tasks; the -
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husetts is dnzng mnrk in v;sual in—

1 =] 55acC
terpretation of mnatural scenes and design of parts for au-
tomatic assembly. (125K per year). Theg have JUEt_sTEEEIYEd'
an NSF grant for $157K to study "Econemic Applications of.
.. Assembly Robots". - ' _ L '

University of Hargland Computer - Vison 1lab - under Azriel
Rosenfeld. is doing work on a number of image pre¢25§1ngkpfge,
4ects including robot vision and methods Ffor using - v;;ual\
wledge in interpreting  images. (over %1 Millior“per

niv ér51tg of Rnﬁhest§f unde? Herb Voelcker i= develaping;
advanced methods of representing three d;mgﬁgianal shapes in.
computer memotTy. - The result of this work is a computer
graphics language EallEd PADL which is profoundly influenc=—
ing the way future computer graphics systems .are being
designed. Much of - this is being dene with NSF funding.
{$85, 576 in FYB81) - T .

L]

; REHEEEIEQT Palgtezh Institute under Herb Freeman is. also

~ studying  the generation of computer models for three- =
dimensional curved surface objects. . ($?EK) ' S

Uniyersity

UnivE?gitgr’
{$60K)

_Ohio State University under . Robert McGhee is ~working on
dynamies and cofitrol of industrial manipulators and legged - }z
locomotion systems. ($125K from HNSF) DARPA has recently

"funded HMcGhee to build and test  a man—carrying walking
machine. ' This project is funded at $250K in FYB1 and $630K
in Fysa. Battelle Labs are .cooperating with Ohio State

University in this effort.

University of Illinois, University of Pennsylvania,  Univer-
eity - of MWashington, -and the University of Texas all have
small reseafzh pT ﬂJéﬁtE in rnhgtlci; .and robot related work.

Total Natinnal'Eﬁlenze Foundatien funding - for university
research 1in- rvobotics and related fields is on the order of R
$5 million per year. Additional university - funding Ffrom
other sources such ‘as industrial affiliates and internal
‘university funding maysrun another $4 million . per year.
University research tends toward small projects of one or
"two professors and a few graduate students. The average NSF
grant in Trobotics' and related fields is around $1S5S0K pef
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Althaugh'supﬁg?t'ﬁf university research by iﬁéugffg':is‘ on

-the rtise, it 4dis still small by European ot Japanese stan=

dards. University efforts tend to be fragmented, progress
is sporadic, and the issues addressed are often unrelated. to
the problems of industrial manufacturing. o '

NONPROFIT LABS

'C. 8. Draper lLabs with Jim Nevins and Dan Whitney have been

studying part—mating science and assembly system design for
a number of years. They have performed. 8 variety of assem—
bly experiments, studied the use of force feedback, and
developed a theory of the use of passive compliance in

. part—mating. - Draper has also done economic modeling for
‘"designing industrial systems, and real—time 'simulation of

the space shuttle remote manipulator system for NASA. NSF

“funding is about $200K per year. Draper also has a number

of industrial clients for whom it performs design and con-—
struction of advanced assembly systems. Total funding is
about %1 Million pﬁzggeat,' - ' ’

SﬁI Iﬁternatianél héssan-extensive Tobot ;Pgéeafch’ program
that .dates back to the SHAKEY Artificial Intelligence pro-

_Ject that was funded by ARPA in the late "1960°’s. Presently -
"8R1’s. program 1% "headed by David Nitian. "Emphasis is—on’-
machine vision for inspection and rtecognitien. Some very
.sophisticated robot vision research is being done en over—

lapping parts using structured light and a combination of
binary and gray-scale’ vision., Work is"alse being done on

"pfiﬁtedé:ircuit board inspection. programmable assembly..

vision—guided atc welding. and semiautomatic process plan-—

. _ning. Funding from NSF is about $350K per year with about
" $350K per uyear from industrial affiliates. SRI was the

first robotics lab to develop an industrial affiliates pro—-
gram. Office af Naval Research contributes approximately
250K for research in communication and negotiation between,
cooperating robots to distribute their workload. - Additional
$250K per year funding from NSF started in August 1981  for
work on printed—-circuit board inspection. - ,

" PRIVATE INDUSTRIAL RESEARCH LABS

,Genéfal,Hntgfsﬁhas”eétaﬁlighégia,ma;grrrgbaﬁits research ef=

fort at the ©6. M. Research Labs in Warren Michigan. They
have concentrated on vision and have produced a new robot
vision system called "CONSIGHT". This system has a unique
method for obtaining silhovette images of parts on a con-

veyor -belt that does not require back lighting .and is not.
dependent on ‘contrast between the part and the belt. Gen—
eral Motors is also interested in small parts assembly by

robots and automatic inspection. - Several years ago they
- contracted with Unimatien to produce  the PUMA robot: a

~1
W
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small, accurate, computer controlled rnbaﬁ designed for asﬁ‘f
sembly. ’ T : . : ; L.

o -

General Electric is be:am;ng VEFQ att:vg in fnbnt research.’
9. E. has a substantial research effort in robot assembly.,.
robot vision. robot controllers and new VLSI micro circuit.
tachnalugg They have designed a very impressive laboratory
robot which embodiess a number of innovative concepts. -8, E.
also has a robot dgmanstratlnn facility. where they have one
of almost every robot manufactured today. = As a part of this:.
"facility they offer courses . .in robot pfngramm;hg and appli~ "
cations engineering. G. E. has also .announced intentions of
marketing the Italian PRAGMA Tobot in thi% country under the
‘nmame of ALLEGRO. as. mell as the Hitachi Pruﬁess Robot.

Hest;nghauée has establ;ghed a productivity center in P;tt§=
.burgh with a robetics research lab .containing 15 robots of

‘all difFETEﬂt kinds. This center supports Carnegie—Mellon
University with #1 million per year grant for. manufacturing
research. Westinghouse also has a cost, sharing progect with
"NSF called APAS for Adaptable Pfagrammabie Assembly System.

This research project will be complete in 1982 It has been
. funded by NSF at about %500k per year. Westinghouse also,

has a R&D center which is working with - the Un1ver5:tg_ of -
Florida to assess what télenperatnf technology "is- needed for - -
nuclear power plants : }

I1BM has bEEﬁ 1nva1ved i rnbgt1ﬁs regearch Far a’ number “of
.years. .-IBM has developed Tobot pragramm:ng ‘languages called
AUTGPASE and EMILY and has studied the problem of robot as-
sembly. IBM has also developed its own. Tabot which it uses
- in its oun manufacturing operations. All of the IBM Tobot-—
ics EFFnr@ is 1ﬁtefﬁallg funded %and details nF the progjects
are not- ava;lable , _ -

Texas Instruments also has develaped a fabat which - theg . use
for assemblg and testzﬁg of hsnd Ealzulatafs No deté;ls of,
this effort are avgzlable

Haftin—ﬂarietta has a ?BthlES e#?uft directed pr;marzlg to—
ward IASA and DOD interests: They are working on avtomated
.diagnésis and checkout of avionics, cockpit simplification,

‘and various autonomous devices. Hartiﬁ'is'alﬁﬂ studying: the
speed requ;reméﬁts for space shuttle manipulators. T . coordi=
"nate t?ahgﬁarmatinns; and two arm Eaﬂrdzﬁat;nﬁ Funding is.
" about $3 million per year. .

Automastix is a small new company with a heavy emphasis on
“robotics research.  Robot vision:. microcomputer control sys-—
tems, and appligations engineering in ‘arc welding systems
are their main target areas. : Co.

Ui
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Machine Intelligence Corporation is another small company.
whose  technical staff includes the principals who pigneered
Tobot vision. at. SRI “Internationadl. Machine intglligence
Corporation . manufactgf2§ computer vision systems to be. in—
corporated into turnkey inspection,  material—handling and
assembly systems. In cooperation with Unimation Corpora—
tion: they have developed the Univision . system, the first
commercially—available "seeinng” vobeot: marrying -an.advanced
vision system with the PUMA robot, programmable under a spe—
- gial language "VAL". They. have an NSF Small Business Inov—
novation grant for research on a method of person/robot com—
munication,; - to permit programming a robot m;thnut need for. a
professional programmer. 7 . «

Y

ROBOT MANUFACTURERS

The .major robot manufacturers, of <course, also conduct a

substantial amoufnt of -research. _Unimation is working on ad=—=

" vanced control systems, ‘calibration techniques: mobility
systems, and p?ggfamming techniques. o v

g . Cincinnati Milicron has 'a resea arch group mark;ng on new con—

.trol. system architectures, programming languages. and

. mechanical désigﬁ,
Ffaﬁagersat?anx Autoplace, Advaﬁﬁéﬂ Robotics, DEV;IE;EE:

v Mobot: Nordson: Thermwood, ASEA, KUKA:, Tralfa, U. 5.  Robots.
and ‘perhaps ten other small new robot cnmpaﬁies are all ag—

gressively dEVElﬂpiﬂQ new and improved product 1;nes

The level QF funding Far ﬁéseafch bg the robot manufacturers
is pfgprietafg - However. based on the aggregate sales of
ahaut %150 m1111nn for the entire U. 5. robot industry it
'is probably . around %15 million per gear and scattered over
about twenty companies. One or two of the largest manufac=
turers _are spending around $5 Million per year on research.
'However, it is doubtful if more than three manufacturers-are
spending more than %1 millien per year. . .

GOVERNMENT RESEARCH . , - .

The Natieonal Eureau of Standards iﬁzgur§u1ng Tegeafﬁh relat—
ed to 1nt2ffa§e standards:, perfoFfmance measures, and pro-—
“gramming language standards for rTobot- systems and integrated
:amputE?ﬂazdedamaquagturang systems. This work focuses on
advanced concepts for sensory—interactive control systems.
‘modular distributed sSystems, interfaces between ‘modules., and
‘sensor interfaces to the: control systems of vobots ‘and
machine tools. Fund;ng from the Depaftment af Gnmmerce is
- about §1 5 million per year.

The éif(Foréetlﬁtegrafed Computer Aided Manufactuging (ICAM)

- 3
G
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project has Féndid s:veral robat develnpment and 1mplementas!

tiion projects. A contract with General Dynamics introduced
robots into drilling and routing applications in’ aircraft
manufacturing. A contract with McDonnell=Douglas resulted
in a robot programming languvage based on the APT HN/C tool
language. A contract with Lackheed'éeorgla produced a study
of potential future aerospace. applzcatiaﬁs for Tobots. - To-—.
tal funding was ‘about %1 millien per year, This work ‘is now
completed. Technical Hndern;;at;on. a felated program. is

“presently Funding General Dyna zcs to design ‘several aspects

of an avtomated factory. Fund g for this is about %4 mil—

‘lion per .year. Total ICAM funding is $17 million per .year
for Egmputer based information, planning -and control, and

systems  engineering methodologies for increased avtomation.

"Estimated future ICAM funding for Tabntiﬁs is %2 m1111an pEf

year. : - .

NASA. has ‘a number aF small fabatzcs PTQJEEtE at VEEVEFEI :ﬂf
its cehters. JJPL has a project in_stereo vision. force
feedback grippers, and the use of automatic planning pro-

grams for mission sgquencing applications. ‘Langley Research

-Center is doing resejrch on robot, servicing of spacecraft.

Marshall Space Flight:CéﬁtEF hae developed a prototype robot

_arm for satellite refutrbishing and is working-on free- Flging
teleaperetars Johnsen '~ Space Center  is ““managing “the -
-development of the space shuttle remote manipulator system.

The total HRASA Tteseach huﬂget %u? autnmat;aﬁ is abaut’%g
million. . .

The Naval Air Rework Facility in San Diego is ' funding the

‘development of robots - to remove Tivets and fasteners from

airplane wings, to strip and repaint aircraft, and to per-—
form - wire assembly. Total funding Fgr these ‘three projects.
is about $S—m1111nn per year. . .

The Naval ‘Ocean Systems Center 15 zur?éﬁtlg éxplar1ng Cvari-
ous Military applicdtions of robot and teleoperator sgstems
There are specific interests in teleoperated and robot sub—"

mersibles, teleﬁperated Eﬁd rnbot land veh;sles. télé@ﬁé?ét* .

OVERSEAS RESEARCH

ed. lighter tnaﬁ- = —vehicle g derwa
stereo optic “and- agnustlc vision., remot
nomous tTobot knowledge repfesEﬁtatzan and decision making.
and . complex Tobot system ,spe;z%;:ét;ﬁn and -verification.
These, interests are distributed among six prajécts Fundéd at

-a tgta! nF #4450K per year.

The totél_gayéfﬁmEﬁt—Fund;ﬂg for robotics is about %10 .mil-
lion per year. ' C .

Overseas robotics efforts are é@ﬁsiderablg' better Fgﬁdedi

s
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Althn'gh ‘exact figures are hard to obtain,: mast'ékﬁnmiedéga
able observers estimate that the Japanése are spending from

three to ten times as much as ‘the United States on rohatics
and, related " research. The Western Europeans are estimated

to be spending from two to four times as much as the U. 'S.

Certainly the cafpﬁrate giants of  Eurcpe and Japan are
heavily involved. Fiat, Renaul%, Dlivetti, _and anksmagan
have all developed their own Tobats, and many othér European
£irms are marketing a wide wvariety of very .sophisticated
robots. In Japan, Kawasakir. Hitachi. Yasakawa, Fanuec: and

" HMisubitshi a1l have major research laboratories and are ag-—
AngEEiVElg' marketing a wide variety of industrial Tobots.

Fanuec has teamed up with Siemens of Germany to market a vefg
:ompe*xt;vé line uF robots under. the name General Numeric

European and dapéﬁEEE uﬁ;wers1tg EFFﬂrts are heavily subs;—-

dized by the respective governments and university—industry
Eallabgratxdn is very clese. Many university - research laﬂ
boratories are elaborately equipped with the most modern N/C
machine tools and the best robots. Many of these -machines
are - donated by private industry. Government support for
salaries and overhead makes it possible for the universities
in Eurepe and Japan to sustain large and coherent research
pregrams, . Even if the total U. 8. effort were 'equ1valeﬁt:

sistent long term basis would put the u. 5 .at a serious
disadvantage. The fact is, U. S. robotics research efforts
are neither better funded mnor better organized than those of
cUT .overseas trading partners.- The Japanese -have made the

. development of the avtomatic factory a high priority item of

national policy. European research is heavily subsidized by

the government funds. In both places robotics tEthnnlugg_is

treated as crucial to- natianal economic develapment
IHPLEHENTATIDN

In sthe United States at pTESEﬁt: there are aﬁlg about 3000

" robots installed. . That’s . less than the number of maﬁkerg
emplagéd ;n a single factory in many companies. That’s less
- ' : ',‘ng=t}aﬁﬁ—qﬁ—gamewhagh;;thnn15:;n:$h;§_;gnni:;

trgr Toda g; thére is a bigger market for toy robots than
for real robots. ‘80 at least for the present; robots are

“haV1ﬁg almost no effect one way or another on overall pro-
ductivity in this ecountry. . Today, robots are being pfgduced”

in the United States at the rate of about 1500 per yeasr.
Predictions: are that this will probably grow. to between
50, 000 and 60,000 robots per year by the year 1990. In oth=

er words the production rate is growing at about a factoer of .

10 to 30 per decade. At that rate the U. 5 will -be 1lucky
tc have a million robots in operation before the year 2000.

This means that unless there is some drastic change in the:
'p?ESEntlg pra;e:ted trends, there wen’t be enough robots in

"the lack of U. 8. eenters n%déxtelleﬁce suppafted ‘en" a8 con— -

i
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aperation to hgve'é;signiéieantFimpaEt on ‘the oaverall  pro-
ductivity of the nation’s economy before the turn of the
century. ) : .t S . . :

Of course, there will be some specific areas where the im—
pact of robots will be large. In areas like avtomobile -
spot-welding., robots have already had some effect. - By the
‘mid 1980’s there may be o significant effect on productivity
‘pn arc welding. - - ' .

"Arc welding is a hot, dirty, unpleasant job where the welder
must wear heavy protective clothing and must work in the
presence of a shower of hot sparks and choking smoke. - Typi-
cally - a human welder cannot keep his torch on -the work more
than 30% of the time. A robot welder, on the other hand can
keep -its torch on the work about. 90% of the time. Thus.,
_even though the robot cannot weld any faster than akgﬁgman,
‘it can turn out about 3 times. as much work. oA -
¥ T : .
Unfortunately, prasent day robots cannot t up their own
work. That requires.a human assistant.. o this reduces the.
productivity advantage. Also, the robot must be programmed = )
to perform the welding task.. " Typically this takes much é#
longer than would be required to actually perform a weld. .
Thus, unless the robot is used tg perform many repetitions

of the same welding task there is no. productivity gain.

3w
n

Of course, once Tabots become intelligent enough to assemble
and set up their own work, productivity will improve. Once
robots become clever enough to look at the Jjob -and figure
out where to-  put the weld, productivity will improve even
more. . Eventually. welding vobots will be  sufficiently so-
phisticated to work.from plans stored in computer memory and
to correct errors which may oceur during a- Job, Welding ,
robots will then be able to work nights and weekends (four
shifts per week) completely without human - supervision. At
"that point productivity improvements over present methods of
many hundreds of percent become possible. Unfortunately., we
are “a ‘long way from that today. - There are many difficult
~reseagch-and -development -problems that must be solved first.
Unless the ‘level of effort in saftware development is in—
creased many fold, these improvements will not be realized
.-for. many years.. - . . . _: : - :

Let’s look at another industry, the metal cutting industry. .
‘where rcobots are already being used to load and. unload
machine tools. ~This is a relatively simple task,-so long as .
the parts are presented to the robot in a known_position and -
orientation. During the 1980‘s, robot sensory and control
capabilities will improve to the point where robots can find
-and load unoriented parts; or.in some cases, even pick parts
“out of a hin filled with randomly oriented parts lying on.

i
i
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machine shops a single machinist could set

~ “top of each.other. This may improve ﬁrﬂductivitg bg

- dreds of percent because it will make it possible  to 1n5t311
~robots in many exisiting plants without major re—Eﬁginee?:ﬁg
“of  production methods. . For example, in cenventional N/C

up s

hun~-

EVEfal

machines which colild then run for extended perladg uﬁatténd—

ed. In some cases robot tended machines may rTun’
--and on weekends - mithaut human intervention.

By 1??6 rﬁbgts may beg;n tn have a signifi cant
mechanical assembly. There has been a great
research effort spent on robot assembly: Unfortunately. the.-

impa

avernzght

ct on
-deal of

results have not -been spectacular——yet, On the one hand.

be econgmical ° for ‘mass production assembly tasks.

vagher hand, robots cannot yet compete with human e
workers in small lot assembly. Humans ate incredibly adapt-
able, dexterous. as well as fast, skilled, and’

rela

‘robots -cannot cnmpete with classical so—called "hard automa—
tion" 1in  assembly of mass produced parts. General purpose
.machines like robots are still too slow and too expensive %to
On the

sembly-

tively

cheap compared- to Tohots. A human has two hands and ten

fingers with arms, and shoulders mounteéd on &

mobile

form - equipped with a total of 58 degrees of ‘freedom.
. _human _has a fantastically .sophisticated vision’
“can be prugrammed to perform a wide variety of tasks quite ™
- easily. Even in & relatively routine tagk such as th

“system and

plat=
. The

e as=

sembly of an automobile alternator (perFafmed at the C.S.
Draper Lab., Camb?idge. ‘MA),  test rTesults indicated
robot assembly would be only marginally effective economi-

Nevgrthélegg.,prﬂg?ess‘is being ’médé ,éﬁd m111 con
Robot capabilities will graﬂualig 1n;Tease ' Sensory systems
will become more 59ph1§t1:atedwand less Exp§ﬁ§1VE Th

of cnmput1ng -hardware is dropping rapidly anc

fno sign of ‘bottoming out. Software costs are likely
the foresee-

" the major impediment to robot development Fgf

able future, but even these are. slowly g;eld;ng

‘niques of structured prggrgﬁmlﬁg and high level

Eventually, extremely fast, accurate: dexterous

be programmed vusing design graphics data

" describe the shape of the parts to be; made and

gurat;nﬁ of the assemhlies to be cuﬁstructéd

to the’

‘“lTangua

robots
bases -
-the

Event

robots will be able to respond to a wide varietuy of s
cues, to -learn by experience and to acquire §k111§§§bg self

the robot labor force. o . -

optimization. Such skills can then be transferred to
robots so ‘that learning can be propagated rapidly throughout

During the 1990%s robots will probably enter- the con
tion trades. Under - the tutelage of a human

that

. eally even after every phase of the task-had' been aptimized

tinue.

e cost

steadily with

‘to be

tech=
ges.

will
whict
confi~

vally,

ensory:

other

struc—

master—

T —
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fcfaﬁfggln; appréntice rnbnts m;ll-:gfru bu11d1ﬁg 'métEfigls,
1ift and position wall and floor panels, cut boards to size,

-and lay brick. block, and eventually stone. In the next A
century, labor iﬂtensive: ‘building techniques (using rTobot ¢
labor) may once_again become practical. Homes: streets.

,briﬂggsn,ga?dens -and fountains may be constructed of sculpt-
ed stone:, quarried, cut, ‘and assembled by robots. "Eventual-—
1y, robots will mine the seabed, and farm the surfaces of
the ocdans for fpod and fuel. And, of course, robots will

“play’ a major rofle in outer space, — in the construction of
large space - structures:; in space’ maﬁuFé:turlngp ~and . in
planetary exploration. : »
Sometime, perlaps around the - turn of  the century, -Tobot.

technology will, develop to the degree necessary to produce

the totally autgmatéd factory. In such factories robots -
will perform most, if not all, of. the operations that now
require human.skills. There will be totally avtomatic -in-

ventory  and tool management, automatic: ma§h1niﬁg; assemblg:
finishing, and inspection systems.
even be able to reproduce themselves. ;
factories will make the components for other autnmati:
tories. ) S - - '

x

“Once this occurs, productivity improvements - will- prapagaté'?5v~ﬁ~:

from generation to generation. Each generation of machines
will produce machines - less expensive and moreé. sophisticated
than themselves. - This will bring about an exponential de-

clineé in the cost of robots and. autamat:g factories which
may equal the cost/performance record of the computer indus—"
try. For the past 30 years computing :ggts . have  spiraled
downward by 20% per year. This, -at least in paft; is due to
the fact that computers are used to design, construct, ~and
test other computers. Gnce avtomatic factories .begin to
manufacture the components for avtomatic factories, the cost

of maﬁufa§€u71ﬁg .equipment ‘will - also fall E!pnneﬁfléllu

" This,- abv;nuslg; m;ll reduce the cost of goods produted T in
the -avtomatic factories. . Eventually., products pradu:ed in -

- gutamatic factories may cost anlg slightly mowe than the raw

matefialg aﬁd engrgg from which they are made. . . v
-The long Tange patent:al of totally autﬁméted_‘manuFé:¥Ufing
is lzterallg begﬁnd OuT capacitg to pred1ct It .may :hange

"every aspect of industrial society. ‘Abtomatic factories’
that - can QPETatE without human labor, and Teproduce them—
selves, could 1ead ta an Eﬁtifelg new era. in the hlﬁtﬂ?g of
cl?;l;zatinﬂ :

Now. in the light aF the UﬁprEEdEHtEﬂ economic ppteﬁtlal of -
robots: I.suppose I should comment on why the. 1mplementat;ﬁﬁ C oy
of this technology is praceed;ng s0 slumlg o

:
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First, .4t least in the U. 8., funding for robotics R&D has
been very modest. Every indication is that in the future,
support will® grow, but not dramatically. Certainly, there
is -nothing to suggest that a crash development program on
tfe scale of the Manhattan Project or the Apolle Moon.. Pro—
gram -is imminent. Certainly;. there are no plans for the

‘federal government to-launch such an effort and private in-

vestmént funds are not-likely to be committed on a massive
scale becavse of the long time to- pay back. Robotics is
still -a long term research topic. We are a long, . kong way
from a sophisticated sensory interactive, intelligenth; high—
ly skilled, dexterous, economically feasible, and commer—
cially manufacturable robot. Research in this area is lgng’
term, time consuming, and risky.. Alse, there is no certain-
ty that inventions can be kept proprietary. There is there-—
fore, no guarantee that the firms which make the investments .
can capture enough of the benefits to make the risk

‘worthwhile. - . . )

Secondly, even after the research and _development - prohlems
are solved, several decades and many hundreds of billions of
dollars will -be required to convert the present industrial
base to Trobot technology./ . This enormous investment will

_‘severely . tax available sources of capital. The transforma—

tion. of the entire iﬁdustfiél plant of .a country simply cari-"
not be achieved except over an extended time period. .

Thirdig, and"perhaps_mas%_impprtaﬁtig; many voters - question
the desirability of rapid, massive deployment of roebot tech-—=

nolegy. Despite -the obvious benefits from productivity dim—

provement, there would be serious social and economic ad-
Justments necessary as a tesult of such a rapid preductivity
growth. Productivity improvement by its very nature reduces
the amount of human abor needed to produce. 3 -given product:

- Fhus, an. obvious, bbt I pbelieve incerrect conelusion is that

a rapid increase in productivity would lead to unemployment.
There’® is a wide spread perception that robots pose a threat

to-jobs. © The fear is that if robots were introduced at the
rate that is . technologically possible: unemployment would

become a seriocus pToblem. . ; .

Hgﬁéyé¥; widespread unemployment is not the _inevitable
result of rapid productivity growth. There is not a fixed
amount of work! More work can always be created. All - that

~is needed is a way to meet the payroll. Markets are not sa-

turated.-  The purchasing power of consumets - cdn always be
increaseéd *at the -same rate that more products flow out of
the rabot factories. At present, there is plenty of demand.

‘The mere fact of inflation is prima facie evidence that con—

sumer demand exceeds the ability of present production tech—’
niques and facilities to supply goods and services at con-

‘'stant prices. Juérk:is=ga§g to ' create. So is demand. What

B F =
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to produce is
aFit. aty -(or

gﬁad; aﬁd EETVLEEE that :can be sold
belai :

‘the average citizen oo : ha
‘—autamatlun4~mggld ﬁéfgssa Yy put increased Spéﬁdiﬁg
bgok; ]e que%tion ;54 iFlthe

mnst BF the Jghs'[
Inorder for mﬁ5'
oing to " bring
Eeessafg to demnnstra
: prudug1ng‘:ntcgpatian§ wall be created to F:Il'
tl i robots.

:Fg?hép§;=the muﬁt ﬂbvxaus §aurc,
" dustries which  must be
ffﬁbnt iégéd eééﬁnmg Gerta:nlg 1F Tobots are to be,manufacﬁ
‘enao t_és"ta make a gigﬁi¥itsnt im-—
new. fﬁbat-

= 43 -

ble%fabguﬁ Everg'afgear = A% 10y
t;ﬁue&,' roboet production will .add job
as. Fagt as ruhat 1ﬁ5tallat1an’pakeg zh

v

it will. be maﬁg gears. pefhggs mang~ ) = e
‘can 695;gn.,‘manufaeturéj' market, i talls prﬂgram; and.
repa;f themselvgs with little BT ng_human 1ntEPVEﬁt1@ﬁ . In
the "m fimeg “the maﬁufacture and’servzc;ng of :robots will:
p?ﬁdUEe an gnormous demand for mechanical Eﬁg;neé S techniﬁ_,
cians, :nmputer-prngramme?E.,electrgnle dé§1gﬁer5 Fﬂbnt 1n—_;
;staliat:un and repair persons:.  New ru‘gt*:ampanles will re=.
quire‘ secretaries, - sales pg;snns; ‘accountants, and bu51ﬁ35§§_;”
managers. - It seems lzkelg 'that the _ rant ~industry will
EVentuallg “employ - at least as many - pénple ag the cnmputér
””Wéﬁﬂ autamnb;le ;ﬁduEtTIEE da- tadé e U S M “ R
. R s s 7 . ]
Canverting the mﬂfld /5 ex;stzng‘1ndu5trial plants from manu-
al to nobot: labor m111 Tequ1re many decades and will ﬁﬂEt as-
much'as the t¥tal existing Stock of industrial wealth. This
« is. a Herculean task which’ will provide employment- to mil=
Aions of workers fﬁF—EEVEfal generations. . Fer a cdontry
fd- States mh;ﬁﬁ . has a-strong technological

- like -the "Un}: .
"hase the world market in rnbnts tgplﬁfeasilg create. twice

‘45 many gjobs»in vobot, praductiﬂﬁ as were lost to Tobot la— 2
bor. Needléss to say. the Expnrt of rﬂgp;-gggtems (aEEﬂMEll,a;
as products. ‘'made by . them) :gguld hdve a strong pnslt;ve.
¥y oot . . . :
3 - ® #
L k-2 = Y
, ) i S : 85 . .
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.

* years, perhaps several dezade f
~~gent, - highly skilled rabats" “"But ‘technical solutions will
" . come..  It-is only a matter of time, money, and  intellegtual
',regaurcés The real question §s whether we can- %¥§%¥E s0—
" ciety in which robots will cumplement; not compete with, hu-

- = - &

fec

iar on the international market.
In general, industries that use the most efficient produc—
tion -techniques grow. and " prosper, and hire more workers.

1Hafket§ for their products expand. and they diversify iﬂté_

new product .lines. Workers displaced by alftomation are sim-—

; ply trahsferred into new gramth areas or retrained for dif-

ferent. :otcupatxnns .. 1t . is . in  the lﬁdustrxes that fall
behind in productivity ~ that job layoffs are p?evalent
‘Inefficient industries lose market—share  +to competitors,
shrink, and eventually die. ~Thus, the biggest . threat = to

“-jobs. is not in industries that adopt the latest robot tech- .
~mology. but 4g$$hase which do not. . - - - . . :

For examp]e. there are almﬁst QBEEhaIF million anless mnrk=

“ers teday in. the AmeTican autnmnbile industry. ~This is not

because of -a couple thousand robots. It is because of- the’

enerqy crisis and béc3953v ‘Yof foreign competition. U, 8-
avto workers are 5uFFer;ng nemplﬁgment - more because of

-robots in Japan than heeause qf robots in Detroit. If Amer=

-jeca continues the.present.low:Tate of productivity growth,- -

‘"we cannot help but have even: greater unemplogmént Foreign

"tradlng partners are mﬂderﬁlziﬁg at a rapid rTate. If we 'do

“not innovate, our produfts cannot compete, and our workers
will find their Jjobs be
“tion.

,Impr§v1ng prnduct1v1tg is not easy. - It° fEﬁUiTEs .research,

.=dgvelameﬁt.' education, capital investment. and: incentives

to do hetfer " The new technology of advanced automation is
not a quick £ix.. It is a long range solution: --Robots have
much promise butija long way to go. ‘We are only. bEglnn1ng to
unflerstand ,‘Bmﬁj of. the technical ‘problems. . We are many
from  making truly intelli-

mans ~ for their livelihood. - 'If th15=pfnblem can be solved,
then the prospects for the-future may. ‘be -very-bright. indeed.
tots and automatic factories have the potent;al to in-

Ltréaéé productivity virtually without ¥imit. This ‘poten—
tial, if brought to_reality, could create a material abun-—

dance and standard of living which far exceeds the herizon

vf today’s ExpEEtations - Dver the next two centuries the -
-technology of roboties and.advanced automation’ could make —

rich. Rabats,;samedag could provide the economic

1Ev2fg;

foundation for an "evergpefﬁuqi ar1§€bcra§g " However, this’

"will require that we find a"way to make them werk for uUs

and not im campet;tinn with vus. . Te pro&

the human

worker’s l;vellhaad in the coming decades thefe are Eevefal‘

+ on the balance.of trade and the .strength of the - dol—

A .

hg taken away by Fare1gn’ cnmpet1=.”
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-stgps mh::h can gnﬂ shﬁuld be taken

Y

. = . ( A_: .
'szﬁt- we must pTDVidE ré&ra;ﬁ;ng for mﬁfker5>:displacéﬂ';hg
.Fobets for new and better o:ﬁupat;nns . L ’

Eeznnd.‘(gﬁtar a dgzade or .so mEEﬁirabats'béglﬁ' to make “a

gnificant impact on productivity) we ean decrease- the

mﬂfkmegk It is ‘nowhere written in stone that' —pumans .must:
~work 40 heurs per. week. As Tobots tahe over . more and more
“work, humans can 1mprova their work™ environment and de—
crease their . woTk periods to S@.'EQ;_ar even 10 .hours per
week, Education and leisure- activities .can be increased
-virtually without 1limit. ; Eventually, all "work" could be.
-VﬁlUﬁtaTg; o !iﬁ , T ' ’

However, in order to achieve this we will need to explore ‘a

_mide variety of mechanisms Far-bfaad ﬂiﬁg QUf,nuﬁership of

robots and avtomatic factories. Employee - stock- ownership
plans. “individual rﬁhnt=nmn9f entrepreneurs: and even semi-

_public mutual fund ownership plans might be developed in the:

future, 1f evergnne £ould - own the equivalent of one_or two
_Tobote, evefgong would ‘be financially. dindependent, T

less of whether. theg mere emplaged or not. - e

. =, i ﬁ

F;nallg; ;nrthe next Feu géafs and decades., we 'muﬁt Teeég%
nize that it is premature to worry about insufficient work

to go around. "There is. v1ftuallg ‘an unl;mited -amount . of

work . that needs to be done in eliminating poverty. hunger,
and disease, not only %p America, but throughout the world.

We - need to develop renewable energy resources,, clean up the
‘environment:; Tebuild our cities, exploit the oceans, explore

the: planets, and colonize  outer space. ~ The new age of

robotics m111 open many new PDSEIhlIltiEE What  we humangi
can do in the future is limited only by our 1mag1ﬁatiéﬁvtg=

see the oppgftunities and our courage- tn act .out “our. be-=

liefs. i} o : . . e

egard—
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in 3 alibration system. Each of the two
‘cameras can measurs the x and v position of light-emitting-diedes (LEDs).
Initially, a calibration cube with a set of LEDs at known paints is used

to. ¢hmpute the positions and’ viewing angles of the two cameras. Then
the two cameras ean track a LED on the robot so as to determine the

Remote, in situ robot trajectory ¢

- . 3-dimensiofial pesition accuracy of the "robot over it working volume.

M : : #
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Explanation of Figure 21J

whereéin goals, or tasks, selected at the highest level are

decomposed into sequences of subtasks which are passed to’

one or more operational units at the next lower. level in the -

““hierarchy. Each of these lower level units decomposes its
input command in' the context of feedback information  ob=

tained from ather units at the samf or lower levels, or from. .

. the external environment. ‘and issues sequences - of sub="-

subtasks . to a set of subordinates at the next lower level.
This same procedure is repeated at & = ve. h1eraf:h=
ical’ level' until at the bottom

dravlic pistons: or ‘individual muscles. This basic scheme

. can- be ‘“seen-in the: argaﬁizatiaﬁal h;erérchg on the left of.

Figuré 2.

hierarchy: : L 2 féhg.,aﬁd a unrld model
hierarchy. The ‘sensory proce:s 1g hierarchy consists of a
series of computational units, eacl of which extract the
particular features and 1ﬁ¥§rmatian patterns needed bg the
task decomposition unit at that level. - Feedback from the

'jsensufg processing . hierarchy enters each level of .the task -
decomposition hierarchy. This feedback information comes
"#rom .the same or lower levels of the hierafﬁhg or from the

Exte?nal Env;fgﬁmenf It is used by the modules in the task

deggmpasltxaﬁ -hierarchy to sequence their autputg and to -
~ modify their decomposition function so as to accomplish ' the
-higher ~level goal in sp;te of perturba&;aﬁs and UﬁEXPEEtEﬂ‘
'Eventg in the enV1faﬁment . — : :

m

bases that generate E:pectat;uns aga;nst which the séﬁsg

=

The md?ld mgdel hiéfafﬁhg consists of a set of" knowledge -
T

,”pfgz35§1ng modules can. compare. the _observed _sensory. data
" stream. ., - Expectations are based on stored information which

is ac:eésed by the task being executed at any particular

time. §he sensory processing units cdn use this information.
-to -select the part;cular processing algerithms that are ap-

propriate to - the expected sensory data and can inform the
task decompesition units of whatever differences: or errors.
exist between the observed and expected data. The task

decomposition unit can then respond, either by altering the-
‘aetioen so as to . bring- the observed senseory data into
in=—

EﬂrrespgndEﬁEe with the E:pectatlpn; or by altering the

Ln
‘put to. the world model so as to bring the expectation into

= o

i

ey ; archy there s

generated a set of sequences of pfimitive actions which
..drive individuval actuvators such as motors: servo valves: hy— '

s

' The command and control structure for -successful organiza= .
tieons - of ' great complexity is invariably hievrarchical, .
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’éﬁ?féspnhdencé mith'therﬁbsé?vatian.

- “Each- Enmputatlgnai unit in the task dEEBMpGEltann . sensory
processing, and world. mgdellng hierarchies can be. represent—
ed as a finite—-state machine, At each time increment, each

" unit Teads its input and based an its present internal Etate

computeg an agutput mzth a very short time delay.

1€ the output of eaﬁh un;t in the task. dEEEmpDELtlnﬁ hierar-—
chy ° is - described as a vector, and plotted versus time in a

_vector space, a behavioral hierarchy such as is shown. on the

right side of Figure 2 results. In this illustration a high
level goal:, orT task,  (BUILD SUBASSEMBLY ABCD) -is input to
the highest level in a rebot. control hierarchy. " The HS task -
Vde:nmpasltian unit breaks this task douwn ints a 5é?ies ‘of
cubtasks, . of which (ASSEMBLE AB) is the first. This “"com-
plex" subtask command is then sent to the H4 task decomposi=—
tion . unit.. H4 de:gmpa§es this "complex" subtask-into a se-

" quence of “"simple" subtasks (FETCH A), (FETCH B), (MATE B to

A, FASTEN B ' to A). The H3 unit. subsequently decomposes
‘each of the "simple” subtasks into a . string of  ‘"elemental
.moves" . of the Fﬂrm (REACH TO A), (GRASP). (MOVE' to X),

" {REALEASE); etc. 7 The HE ‘decomposition unit-then computes .3’

string of  trajectory segments in a coordinate’ system fixed

"in the work space, or in the Tobot " hand, or in the work

piece itself¥. “These trajectory segments may include ac-—
celeration, velacity. and deceleration -profiles - for the
robot motien. In Hi, ‘each-of these trajectory segments are

transformed into joint angle movements and the joint . actua=
tor=® are. servaed to- exécute the Enmmanded motions. .

ét each level, the & units select the éppfﬂpflate feedback
information needed by the H.-modules in. the task decomposi=
‘¢ion hierarchy. The M units generate predictions, or ex—
pected wvalues, . of the ‘sensory data based on the stored
knowledge about the env1rnnment in .the . ﬁnntext of  the task
he;ﬁg Execgted

‘
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Explanation of Figure 3.

The computing architecture shown in Figure 3 is intended. as

a generic system that can be applied to a wide variety of
_automatic manufacturing facilities and can be extended to
much larger applications. The basic structure is hierarchi-—

ot - gal, with the computational 1oad distributed evenly over the
various computational units at the various different levels

of the hierarchy. At the lowest level in this hierarchy arte

. the -individual robots; N/C machiming centers, smarf sensors.

robot carts: conveyors, and automatic storage systems, ' each
‘of which may ‘have its own internal hierarchical conttol sys—~

tem. - These -individual machines are organized into work sta-

tions wunder the control of a work 'station control unit.

Several work station cortrol units are organized under, and

receive” input _commands from a cell econtrol unit. Several

cell control units may be organized under and receive input

commarids = from a shop control unit: etc.’ This hierarchical
structure can be extended to as many levels with -as many
modules: per level as are necessaty. depending on the com— -
plexity-of the factory. ’ o : - :
- . On the right side of Figure 3 is shown  a data  base which
"egontains’ the -part programs for. -the machine-tools, the part
handling programs for the Tobots, - the materials require—
ments, dimensions, ,and tolerances derived from the part
‘design data base, and the algorithms and process plans .rve—.

quired . far routing, scheduling,. tooling, - and fixturing.
This data is generated by,a Computer—Aided—Design {CAD) sus-—-c¢

tem -and & CamputersAidedéPTBCEEESPlénniﬁg (CAPP) sggtﬁmi
This.datd base is hierarchically structured so-that the  in—
formation required at the different hierarehical levels is
readily available when needed’ ' :

On the :left is a second data base which contains the current
status  of the factory. Each part in precess in the factory

‘has d-file in this data base which ﬁdﬁ%iéng information as

to Wwhat is the position and orientat™on of that part, its
stage of completion; -the batch of parts that it is with, and

. quality _control information.. This data base is. also

. hierarchically structured. At the lowest level, the posi-=
.- “tien - of ~each part ‘is - referenced to a._particular tray_ otr_
oo "table top. At the next higher level, the work station, the

= ' positien of each part refers to which tray the part is in.
At the cell level, position refers to which work sthtion the

part is -in. The feedback processors on the ‘left scan each

level of the data base and extract the information of in=

terest to the next higher levell - A management .information

system makes it possible to query this data base at any lev—

el - and determine the status of any part or Job in the shop.

. It can also set of alter prinritie%.an,variqus'Jﬁbi

£ : B T

Q
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RDBDIICS; PFﬂGRAHHABLE AUTOHATIDN AND INCREASIHG EDHEEIIIIVEHESS* ;

Bela Gold%* - S

g;ﬁ st: - that Ehé aﬁtual e:anamic effea:s ﬂfﬁEVEﬁ msjar tecb:alﬂgical
advances have a;mnst invariab;y fallen faf shnrt ﬂf thgir ex— -

1pe:t effects, -and * ‘ 3 ) -

that such exaggerated expectations hEVE*bEEn due to their over~ '

Second:
' ééﬁ'éﬁzfétiﬁﬂ on only a limited ‘sec pf of the < gmplex of .
) ) interactiong which determine actual resulta: ig - -
Hgﬁéé, sound aﬁal sls of ‘the prDEpEEEiVE Effeﬂta of . inzféasiﬂg applicatinﬁs of
fabaiiés in damestic‘industfiés on their e Effeetiveness and ig:ernatinnal -
competitiveness requires av ! 7 '

i

Accordingly, Part

'anaiysis, including.r Ehs pla;e af rabatiﬁa ﬁithin tutrent énd Pfaspettive ada

vances in manufacturing tezhnolagy, the effects of increasing rnbat utilization j
on productivity and costs; and the resul ting e ,fféczs on internmational competie-
tiveriess, ParE I will Ehen caﬂsider thé p:ﬁb;ems and poldey implicatiuﬁ of
seeking: ta accelerate Ehe déVEléP nt of robotics and” relatedsadvanzes in'

anufact dvaﬂ:es within

‘El

turing technelegy;: to acceler te EhE diffusian af
po

ck su
omestic manufacturing industrie ; and to mit;gata any Egnti ally burdegagm%

=M

s
social and economic effects of such fevelopments. * .

o
-A. 3 ies and rngramable Aut¥mation in Hanufacturing L g U

e T ® . oo e o
éﬁ!&g in the phy Sigal efficie ency. of '‘manufacturing operations may ba dgrivgd

'

* Pfepared for the Rﬁbatics Wafkshup of the Ccngressiaﬂal Office of Tec hnnlngy B
Assessment held on July 31, LQEl. . . - .

*& William E. Umstattd Prﬁféssgr of Industrial E:anamics and Di
Research Program in Bhdustrial Ecﬁnﬁmizs, Case Wester ‘Res serve
-Cleveland, Ofio. . .

-

or of the
niversity,
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‘g2 = Explererery Werksﬁep on the Seeiel lmpeers of Rabeﬁes

Erem a veriety of develepmeﬁte. fhermeeeaiﬁpefteﬁt among these include: ad=
vances in Eeehﬁelegy, increases iﬂ ehe seele of preduetiaﬁ- imprevemente in’ehe
/eueput and que;ity eepebilitiee ef equipment. aﬂjuetmente in labor eentfibutiene,
and eenﬁiﬁging‘inereﬁente in the effeetiveneee of pfeduetien plenning eﬂd contrel.
7*, :Beeeeee Ehe efEeetiveneee ef ‘such ‘opeérations depenﬂs on integfeeing all thesea
. feetere, ehengee iﬁ aﬁy one are like;y to interact vith nehere,- Hence, evelu-
ation of the efieeee ef any innevatien QquifEE enneideretie f 411 reeulting
readjueemeﬂ:e in the eyetem.. ’ o
l i After heeie advances in teehnelegg, Ehe most’ impeftent end eontinuous source
of geins in the phyeieel efficfency of production epefet%nns in ‘the past has
probably been incressas in the epeeielizetieﬁ of facilities end equipment. The
degfee of apecialization whieh was found mest rewerding was determiﬂed by the
variety eﬂd volume of eutput which needed to be pfgeeeeed hy the ‘given equipment.
uentity reqeifed

w

7 . Thua; increases in the eteﬂdétdieatieﬁ of preduete and in the
os: .

ely more ﬂerrewiy epe ,elieed p:eﬂueeien

f feged “the. iﬂteeductien “of progr

eyeﬁeme. Evenﬁuelly, the menufeetufe efveempletely unifnrm products in very lefge

>+ . quantities led to ehe céonstruetion ef iﬂcerleekiﬁg erfeye ef highly specialized
t-." " 'machines capable of predueiﬂg enerﬁeue quantities with very great- physical ' .
) —effieieney._ Sueh "dediecated eyegeme hewever, permit only minor adjustments

in prﬁdﬁet éESi%ﬁs OF preeeeeing methedei As a result, they erefnqt epplieeble
to the evefwhelming prepertien ef maﬁufeeﬁpriﬂg getivities which iﬁ#elve Ehe
}predueeien of, widef Erre?s of preduete in'emeiler quenEiE;EEf. In addieieﬂ, the

heevy inveetment required by sueh%eedieeted eyseeme eembined with their very

i

-.limifEd flexibility, also eneeuregee their users tg feeiat ehengee in preduete;

' aﬂd imp:evemente in production methoda in an effort to use Eheif exieting equip

ment as léng as é%esib, v : - . s

Qf course; engineeriﬂg design permits a wide range in the extent to whieh

L

:epeei lieetien is bullt inte preduetien ‘machinery. Thus, _genefel_puepeee
'equipment ‘may be desigﬂed to aceo mmedete a wide array ‘of tools and processing

funetions in return for limiting its rete of outplt as ‘well as thef'eepeﬁiiitiee

in respect to eny psrtieulef task. Such equipment's ‘output ie "also heavily:
dependent on the eeneem"ant epeeielieed eegeributiane of eperetere aﬂd other

/
=reennel. - d’ iﬁtermediete degrees ef equipment speeielieetieﬂ have

eﬂfefe&-pfegfeeeively larger trade-offs of decreases in ‘the range of fun tiene
.. ecapable of being perfirmed,as well as decreases i' reliance on the eeeei lieed
£

contributions of operatogs end other extetnel iﬂp 5in fet'rn’fee increases ‘in .
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. - B ; - i , :r R - ] : . ,i;'

. 3 Fant :
T S ¢
As a result af iﬁzensifying mafket pressures, Ethe have been sharply '
. %
increased efforts in recent years to impfﬁ:ve the cost r:ampacil:ivan ess of manu-— .

:fscturing nperstians devaﬁed to limited vatiety of prnducts requi: ed in

volumes ranging from ralativély small to maderate. Such needs-afe .dominant in

mnst small apnd intermediate manufsctg:ing plants as well as even in large pl}aﬂﬁé
» mgnufactufing ﬁspiigl goods. By far the most. impﬁ' tant advaﬁge in sﬁ h‘zapa=- . 7

bilitiés haa come from the devéinpmenﬁ of :ampuzéki ation aﬁd related - cnmmunieatiéﬁ

and inatrumentation gag;bilitiesg ‘These permit the uﬁiiizatidn of replaceable

programmed instructions in combinationm with programmable controls te ena,ﬁler

glven equipment to turn out varying amounts of a succession of different parts * ]

with little or no opérator requirements. R R o }
In nfder to help i;larify Ehé broad potent tials of the resulting revolution ’

in mnufg:ﬁuting Ea:hnalag}r “which will be unfﬁldiﬂg' with r;l 1&;:_atingffapiﬂity,_,_;f? -;_,_

over the next’ decade, £t may EE useful to illuatrate the. interconnecte

-~ being generated -as a resuflt.- Ine réssingly, ‘the- pracess will begiﬁ with computer= s
' levelo piﬂg new desigﬁs on th sc een of af - - :

ed ghanges

‘aided design (CAD) with engine
terminal by’ specifying. certain p"
caﬁﬂerﬁing thghdgaized shapii 5

L ) ) A

Bl

on the screen and tapg;x,ng instructin'hs ‘
E%Ehé confighrations to be drawn
that ismthe :éufsa gf projecting
Sﬁﬁriﬁg dEEailed mathematiﬁal » g L
aiblE to usa this infnrmatinﬁ : )

or &é;a-bégé, for a an expanding azray gf*pgfpgses. ’Far Example, the resultiﬁg"

;définitian of the dimensions and tgnfigutasians of the desigﬁed parﬁ mﬂ?’Ee used

‘.Euch manufatturiﬁg r&quiremEﬁta as:

Qf machinas to-be used in pradudiig ‘the part
ne dentifidation

- each machine as well as

o quifed Ea perfnfm such Qpefﬁt}Gns, . el R .
3. riteria for tEating canfarmaﬁﬁs of EhE ﬁinisheﬂ part with o
7 deslgn” raquitamants; T _m." LT T B o ;:. ’""”-'.'" e s
Vé; @rnduztian gehedules spé ifying individual maghiné agsigﬂment ‘to ééénrﬁ

R with estimated mm;hiniﬂg time requifed for eagh .part snd with pr eviously

. .., schedu 11gd machine loading: vary d 3 v L

S 5. agtimateg of ;he_unit ﬂégf.
_ operator; o .
6. estimates of toral gai;'ji:—fc{s -

- E
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94 . Explaramry Warkshap on the Sm:isl lmpasts m‘ Rabanc:s

4
7. combining the design data with matgfigis specifications and planned
output, along with expect ed scrap rates and waste, to generate pro-

curemant requiremeﬂtsii\ . . é. P
As indicared in Figure 1, various other kinds of performance evaluation and’
control information may also be genera céd; .
By tracing only one direction of such infermation flows, h@wevar; even the

_preceding impressive array of applications understates the potential benefits of

In faet, all such flaws move in both directi fis . !Eﬂgiﬂééfs can
l 1

. usé them to explore the relative ernative designs. Hanufacﬁu:i ng

]
(3
e 1}
<
[
b
]
D
‘L\"
i rl
=

pecialists can evaluate altern 1z sequences and machining in-

oo
B

with production an

ructions Inventory adjustments ecan be
‘

distribution variations. Production raquifeméﬂts and manpower availabilities
3 : * %

can be adapted to one annthaf. : e
1a

s Production Hschlnin chine = |
- S heduling Instructi férformance

& Control .

= : : _[Process
: Flaﬂning‘

Aided .
Design

N

-’ - = e

N ﬂperatiéns
Computer— - N - —

’ Procurement

- = < _

\/

Personncl + Cost
Assignments Accounting

’sf inveﬁtériés
Wn;‘lafin— -

- v

Potential Applications of Design Data. Bases

: J
P . Programs have already been deve loped to apply each of the ﬁa:sibili:ies
cited'above. But few plants are égtually;gtlli:ing many of them on a gontinuing

Despite the clarity of the logie invalvzd

rather than an experimental basis
the dévelgpméﬂt 2

D
f a2 funetioni g system requirés confronting very large masses
si £

S
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2. On the Role «of Roboties Within Pragrammable Automation At -
B o . 2
Most robaks are used'ig ﬁéﬂufactufiﬁg as methaniﬁal replacements for formenly,

manual operations. Major cate garies of such asalgﬁmaﬂts include k
"manipulate" and "process". Essentiakly, the first invelves transferring in-

dividual parts from one location to aficther, the second usually invelves bringing <.

./

parts together, as in assembly, and the third invelves ecarrying out actual

® operations, such as welding or painting or testing. The complexity of thes

éffafts may be enhanced if the robot is required to select among several ﬂbjEEEE

through identifying kay char to sense praximity to its

ackt i
.target location, or if it has to adapt its manipulat
g T

e or processing efforts .
ange of appliastians of robots

a
to variable conditions. Effort

Qgrammablg, equipped with feedbgﬁk

PT
controls, ecapable’'of some degfée of "learning” and possessed of a wider array

Thus, in the perspective of laBor-

lgcament objectives, devﬁlapméntal programs have sought to supplement the

and more sensitive manipulative pﬂténﬁials.

greater strength, speed, fatigue resistance and imperviousness to boredom of

with itcreasing such capabflities as visual discrimination, precisien

robots
of location and movement, and sensitivity to touch, preséufe and torque.

) Robots have commonly taken the form of separate pieces of equipment which
are readily movahle from one lagstian to another. This vaiausly yields ad- .

1
mobility cumparable tg th relocatlon of operators to adjust to
I o

changes in pr roduction negds But thb pEffufmaﬂQE of what

considered as '"robot-like", functions need not be restri

c
' mobile units. Indeed, the ‘development of flexible manufacturing systems (™),
or programmable autmmatimn systems, may well inveolve new com mbinaticns of
"built-in" robet- ‘Jike functions. ‘In the case of machining centers, for example,
- instead of using a separate robot to select needed tools from a rack and then .
: 4 = Ed

Gﬂld An Impruvgd Hudel fq;ﬁHanagErial Eéalué

= (1) For further diszus&ian, see B.
ation and Utilization of Compu
National Research Counc 11 Comm . -
Washington, D. C., March 1981.

=, -
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o E ve them in proper sequence, this capability is built into the
+ ., - equipment. ;Vaf; ous kinds of ma&hinas also have built~in capabiTities for
grasping, laadinéi unloading and passing parts along. And still DEthE intludé
devices fﬁfAEESKiﬁg the EQﬂfﬁmeﬂEE of finished parts with dimEﬁsiQnal requiremnnts..
The pefnt being amphaaized is that continuing development of programmable
automatiod systems may well invalve changes in Ehélghygécﬁl forms as well as in .
the functiomal capabilities of robot-like contributions to production. 'Phyéieally
. sep ,f?té units may be increasingly supplemented by feplazéable Eztaahedruniﬁs
to service the changing feqbiramentg of particular machines, as well as by buile-
in robat-1like capabilities in cases whexe the need fa; sugh services iz ExPEEEEd!
to be continuous and to remain within a range which can be met effectively --—-
thus, many labor-replacing robots may themselves be replaced. Indeed, the very
dgvelapmgnt\@f impéavéd capabilities in robets may stim ulltgrgﬁe redesign of
later equipment to incorporate some of these additional functions. Hence, while

it may remain® feasible ‘EEEEEE Eha prospective effecta of many indiv{huél

H‘

t
robot applizg%iaﬂs? an incre

asing number of cases may require a broader evalu—
ative context §n order to ensure consideration of their interactions with other ,
inputs as well as of other factors affecting performahce in tightly integrated

production operations. .

1. On the Concept and Measurement of Productivity

t lagging pfgdugtivity in many U.5. industries,
vem

improvement policies are still seriausly

T
ful
e
[Pt
]
I
m
1]
o]
¥
I
pel
1]
]
s
[ )
T~
=W
W
[
o
1
"
"
]
e ]
[s]
e
m
<P

nvalves continulng TE-

[»]
]
2l
s
e
w
m
"

handi:apped in several ways. The most seriouz of
~1iance on inadequate concepts and misleading measures of productivity, such as F
per man~hour" or "walueadded. per man-hour"” or the supposadly sophisticated

" —- all of which can be shown to be of dubious value,

iing, for managerial. purposes.

: For example, ''output @é? man-hour" has ﬁ@ghing to do with the effectiveness |
of production as a whole, or EVéﬂewiEﬁ/Ehé effecfiyeness of laber contributdons -

By co mParlng the cgmbined product of all inpucts with the sheer volume

to output.
of paid hours by une:}npuc, it patently ignores changes in zhg Vﬂlume and contri-=-
butivns of all other inputs. 'Value added per man-hour” rapeats this Ei;gt

attributing changes 1n output to only one of the 1nput5 but also encourages

o
% .

n
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o ‘interpreting mere -dncre as?ﬁ in wage rates, betause thay enter inta value added
1 ", The gfandly labelled "tonal

so overly aggrggative as t;a make

»

-as.evidenees of increased "'

]
o
0
"
o
[a
-]
g
=
n
"rr
[
<
LR .
m
lq

facﬁ:n; pfgdu:tivity on the other i‘iand; i
iﬁﬁéf? Etatians of resulting changes bagh diffit:ulr: and highl}i’ \rulﬁerable.

‘,d pfaducc Pfi\:EE” to, Ytotal costs’ at Eixed factor figgs“? Do ;hey re-

pfica to fa::tc:r price indezu;es, of changaa in prm:lm:z mix or chaﬂgea in a variety

1 ce s

Df char relévam: factors in:ludiﬂg some aspects of pfuductivity?
In addition tg such erreneocus concepts and measures, prevaiiiﬁg ﬂia:ussiung
1lso undermined by highly

]

c!f p\faductivity problems. and remedial policies are
vulnerable deductions abeut the é;uses of apparent chan gés in praductiﬁty levals
and by dubious claims about thé effects of productivi
and profitability. As a matter of Egcz, findings that autput per ,msaﬁ—fhtjm:i or
value d ded par msn-hcur, gr total fa i 1 increased or decreased
by 5 per cent last year would reveal nothing to management about: . what had cauged
this change: or how rewarding or burdensome it was; éf what might be done to’ .
improve Euture performance. ‘[ .
1 1 lifEﬂ;EﬂES t:f‘maﬁagém&ﬁ;, a pmdﬁcti\fity
meagurement and analysis system must encompass all of the inputs whose inter— -
acting contributions ‘determine, the ievel of output and the effectiveness of /’“"" [
" productiop operatioms. For this purpgsg‘g one approadh which has been applied '
= 1in a wide array of indystries utilize t of & natm‘:tk‘gf productivicy,.
t

relationships". As shov he six éamp::nerxts: which

eeking to improve production effi ciency: three

e
e
m

management cin manipulaf
fgpraserxtiﬁg tha input requirements per unit of sputput of materials, laber and
capital g@ads;cz) _ahd three more representing the prapar’tiaris in which these . -
er obviously need to be included because

5

are combingd with one another. The latte
management could, for example, substitu te more highly 'prtz:%gsacj inputs in place

- i

F]

(2) Fixed investment is related to capacity rather than to output, however, bacause
. that is what capital goods provide. Actual output may then vary with demand,

- engtailing varying levels-of idleness of such equipment. JIn measuring the pro-
portiohs in which the major inputs gre combined with one another, hewever, .
labor and material&finput are I:Dmpargd not withtdtal fixed investment buL
with actively-utilifed fixed investment, i.e., with fixed investment adjusted .
for the ratic of output to capa ciﬁy,

o
.

3
o
o
<

ERIC

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

\3_3 . Expléfétéfy Workshop on thelilsl Impact= of Ro narh:s

= s
- ® 0

—

of .using some of -itsmn labor <>t equipment, it

-us

\ - - ) ’ ]

o]

=
]

could substituke mote —aeq'uié’—

ment to replace 1ai:mr. The int s=r-—connectedzu of these si}: Elt;—".mentg empl_hasizes

that a changs"gy belitiated ==n any one, Buthat its effect ts must then  be

traced .afquﬂd the entlre networ™== fo ensiire tht all adaptive :

adjustments Thave

been made which are meessary t < reintegratelle system. =~ This also me-sgna, .
that an ohserved :hange ind%ne <=f the links w not have been enge endergd in

that link, but ratherhave résu.,gteﬂ as an adptment to a change iﬂduﬂagi welsea

where in this aysten

- E;iﬂ!gﬂﬁjl; VRl
Flzgd | ==wesimenr X sy/Bur/Capy

Fig- 2 -
h

For example, mehinizing =

ratio of actively-utilized fixe=

reduce man=hours per| nit of o=

‘Hl\

estment might alter il;s ratio

<

scrap rates, it woulalso dec

Because managemst's prims
ships is usually to laprove it=
ast or prospective thgng&s in

a
effects on the,coststucture.

changez in edech unitlipuc Teqi=

sulting changes in Wiunit coss

per man-hour would yleld only =

WEeTE @Epaﬂiéd byasip cer=
Effegts of resulriffdiafges flr=
of course, on thelr rspective

The miok of produc==ivity relatiopships sy direct input factors [7].
. f

i

T

ome manual opmtions would first affect t -'he

invesement pman-hours. This would ténh-d te
+put, while tieattendant increase in fixe=d fn--
o apaai ty. hd 1f the innovatien redyse—=d

~ease the mawlls input-vdlume per wnlf of

rv motivatfionh altering productivity s2l_ation-"
p 3

cost compet {ieness, it is necessary teé  eviluate

the producciviy nétwr:tk by tracing resylt - ing
This Lnvolve, first,tracing the interact —dem of

< rement with s factor price to caleulate= re-

+. For a;;srf;ple, a 10 péer cent increase in- output

5 per cent ‘niction in unit wage caost, L__f it
£ increase inblurly wage rates. In tupd, the
arious uni

preportions ofotal costs, as shown in Fi_g. 3.

twgcs on total unit co%'ts de==pend, gi
i}
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. at all =hour ‘had
engen: 4 he- - .mpre highly R
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Fis, 3 Productivity netwerk, cost structure and managerial control ratios. N
- o L \L/ - r
Management tends to be even more sxoncernad about the effects of prospective )
innovatiensa @,&faficsbilitiy than on costs. Hence, account dust he taken of the | R
i . _ . .
fact that such effects invdlve not only the direct Impact of clfanges on tetal .
unit costs, but also the indjirect effects of any changes in Product quality er ‘
product-mix on product pricesrsand capacity utilization rates.: In additien, -
profitability “would also be a%‘fectéd by any changes in the pt‘@p,gjfﬂﬁ of total R
& . _ - - = - 5
investment allocated to fixed investment and in the preoductivicty.cf fixed invest- * !
ment. But this discussion Willl not pursue such further ramifications. It may be g
—_— ] = e
g— A i N "u
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“of interest to add, however, that the above analytical framework can be diéi

aggfégatad from pignt level results to results within individual product lines -
or individual §§sg centers, and it can also be decomposed to trace the gfigétg )
af ghaﬁg;; amgng:vatiaﬁs ;ampaﬁéaﬁs of material, labor or Eapitél goods fﬂppts.cg)

. ki

otk may now be used to trace the prﬁspéctive effect

of increased applic tions of robots and of broader .systems of pragrammahle

autemation.
‘Within the nEtWéfk of productivity relationships, the immediate impacts.

of introducing additional pobots would tend to center around increases in fixed
S LS
investment and reductions in labor requirements per uait of output. In cases

whege the utilization of machine capacity had be&en rastricted by the sustainable’

\!1-

spead aof 1abar Effﬂfte, output capabilities might be insfease .  And in some
/ processing’ aparatians, robots might reduce the reject rate or even ralse the
4 _
average quality of output. Of courszse, part of the reduction im dir t man-hour

réquifemgnts would tend to be offset by the need for providing additicnal gkill d

(="

mainﬁanaﬂga and set—-up pérsagpﬁi as well as programming zapgbilities when fééuire

These indirect manpowér regquiréments emphasize the need to consider the pro-.
P

spective effects of individual robor appliﬁaziens geparatedly from the affgtﬁa

invoived. Simple & ;hanical rébﬁts which are iﬁtraduced as direct feplacemaﬁts
- for Eébar without x -ering other camganéﬂsﬁ of the production pEE cess Bffer no .

special evalua:iéqu'ablems. But the-requirements of more complex programmable

robots for vardious tyFEﬁ%af skilled servicing techniéians and even egginéags
involves the a ,§sump tion of substantial spécialiggé and fala;ively ?ixgd minimum
manpoweT—commitments. Hence, the effectiveness with which_ these are utilized
depends on £§e number and variety of robots to be employed. Indeed, such man-,
power requirements mightlafEEe: most or all of fhE!EKPéEEEﬂ benefits G"Féductiaﬂg
in operator man- Eéurs if the numbar of robots acquired were too small té utilize

S .

(3) For more_ detailed dis:usalgﬁ Df tiis ansrﬁ al approach and for some émp;rical
findings fesulting from ics appllcsti@ﬁs B. Gold, Productivity, TE:hqalﬂgy
and Capital: c rategies and Caygfnment Policies
{Lexington, HA?ﬁ B, E Héath Lgxlﬁg on- Préss, 19793° i e )

. : . - o =/
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such additianal axpertise. -BE: use @f suth thggshald raquireménts, :hg Evalu-
atian of pfapasgls for .the acquidition of more gupplex rabotsa shcu;d cover :he

1 plsnned pfngram to bE carried ﬁutgéver several years faEhEE than ch tgiﬁg the

/

whale of suﬂh basic Eérviié msﬂ??wer requirements agaigsi th

atquired. - . . = ey

5
. B .
"As was indicatéd eafiier, the effects of increazing the use of robots on

unilt manpawer ngES degends éﬂtrésulzing changes in E%é valume of difébt and

B

indirect maEPQWEr per unit of output - and in thedir reigeativa rates of pagpent.
‘In the case qf relative simple robots which replace labor and invnlvg ‘quite
=

rsnnnel the result .tends

\ITI‘

a
minimal demands ‘on existing maintenante and set-up p
t e particular operation which

- to bé a sharp reduction in the unit.wage cos
was affegted. In the case of adaptians of more complex rab'ts,‘such reductiona
in dircet unit wa ge costs wag;d tend to .be, at 1East paftly offset by in:féaEEE
in Ehe=ﬁgmbgg of needed ﬁéiﬂt&ﬁﬂﬁﬂa and ather pétialists as well *as by their

higher avé:age earﬁiﬂgs. The neE effects on total unit manpbwe costs w@uld

-depand then on the autput levels over which these larget indifE:E cagts WETEe

o+
as ﬂatéd Eafliér,‘WthE apgratcg limitation

i
w
7 L
Iy
[
-
]
[

S
. 5 . B
ulness havé resulted Efthgr in undef-utilization of the related equipment

capacity, or in high&r reject rates (thus invelving higher unit material costs
)

as well

] . 1

downtime for repairs .or readjustments. 3
Expected changeg in the total unit costs of .the gp eration directly affected

can then be’ readily Eal;ulated by weilghting ‘the estimated percentage change in
t

costs} as shown in Fig. 3. In the case of more complex fgbﬂta, however, as
f

exemplified by processing and aszsembly robots, a broader evaluation
‘may be necessary- if the

such robotized operations Eigﬁifiﬁantly affect the prmductivity and costs of

sybsequent stages Qpefat%cns— or the quality’of the flnal product in ways

o
-y

affecting prospective demanfl or prices.

LR a oms o= P

ERIC

Aruitoxt provided by Eic:

-= or where robots are subject to &ignificant periods of unexpected

erials, labor and capictal costs by their respective proportions of total
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effective fuﬂttlaﬂing of such rabats feguifés modificatibns
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- In shert, :he iﬂt‘:féaaing diffusion of robotsls lii;ial;? tee make only,a .. =~
modest, though su:i;l significant, comtribution toisproving the= cost effectiveness
of most manufacturing firms. One of the basic Eactofs!limtingr such potential
benefits iz that direct wage costs seldom accoufitfor more thar==- 15-25 per cent
of total costs and any.-savings through reducing direct. man-hour—= requirements tend
to be partly offset by inereases in capital charges cmd in indi_Tect wage and

nd for =
ta

her offaets would be génénted if wage r&e=tes are increased
ance of such innovations. An diitional lir=ditation on such

\ﬂJ‘

salary costs

to help ga ac 1:

po ﬁtial benefits ‘arises from the fact that ﬁﬁlyanaffﬂw arr==7% of tasks can be

erfor ad more economiecally by robots than by laber or by msr;h;nés which include

P !
.the roba zable capabilities. Indeed, even some of the panual funetions which

can be economically transferred to robots now may in time be t—ansferred inteo
redesigned” fnachines, as was noted earlier. !

Frgﬁ; the standpoint of longer term planning perspectives o consideration
éh@glaﬂ also be given to a plant’s cost proportions and to. the @rcapaﬁtive éffél:ta
of incréasing the ratio of "fixed" to 'variable" gits. Cost (=Toportions differ
very widely, of course, among industries ag well 2 among plant—= within industries.

: e rtion of total costs accn\unﬁéd for =¥ actual wages in
U.S. manufacturing has beed well under 20 per cen, ranging bet—ween less than 10
pé: cent in ore smelting, pet gleum refining and sther industrT_es which represent
the fi’ 't -stage of processi ‘ﬁg natural regources tomore than 40 per cedt in in=

" dustries iﬂv:}lviﬁg the fabrication of com plex mﬂa;hlneryi(*) Tls-éus, the prospectiv
effects of robotization on total undt costs r;h!r;augh reductions in unit wage costs
would i;end to be far greater at- the latter extrem. Attention must be given not
‘only -to thg magﬂitu«:lg of cost proportiéns, hD‘JEVé[:. hpt also t— the extent to
° which given catégafy of unit costs could be redwed through — obots or other ’ i

g. Thus, any fgaulting lﬁEFEESEE in cutpit per man-b—=our which are largely

or wholly offset by E[Endaﬁt increase; in hourlywige rates wv——=uld yield little or

no cost advantage, h@waver large the wsge cost ratle == especia’— 1y 1f account-1is
1

comparison of cost proportions in 20 manufa:tufing i
tions in Hansgeriai Economics: Productivity, CoSes -

Gr*wth (London: Macmillan, 1971; New York: Wdic BOOkS, B-
Japanese translatidn - Tokyo: Chikura Shobo, 1977. Diffe: e in
portions among plants in the &ame industfy are attributable= primarily te
differences. in their ''make vs. ‘buy" ratios, inthe moderni——7v _ of their teclinclogies
and facilities, in Ehf‘:‘if scale of coperdtionsand in thelyr ==rodutt-mix. For
further discussion, see B, Gold :hanging Perspectives on Size, Scale and

£ Iiﬁb fﬂﬁuf; HMareh 1981,

Rerurns: An Interpre

O
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also tgk of the associated 1nsreaaa in capital charges.' On the other Qaﬂd;Q
sight must not be lost iﬁ\sugh evaluations of the powerful leverage of reducticns
in total ‘unit costs on profit margins, for even a 5 per cent reduetion in total
ns by, 33-50 per cent. HEQQE;VEEE relative

unic, gasts could incre zase profit margi

magnitudes of wage cost praparzia;s warrants careful consideration in chﬁﬂsiné

targets among different sectors of operation for robotics appligatians whose

benefi are
Laﬁgsf term planning for advancing manufacturing technology has also been
affected in msny induSt;ieS by the traditional concern about the burdens of in-

creasing the' ratio of total capital charges, which are considered "fixed", to
labor costs which are considered "variable''-- meaning that the former are un-
affected by reductions in output, while the latter decline with them. But it is
obvious that labor costs have become less ''variable” bEEauEE of trade unien

.
age rates, and because

om

resistances to reductions in employment and
TOou

W a
alties for lay-offs through "social benefic" fequirementsi Incréasing

eost pen
attentio has ‘alsg been given in recent years to adjusting depreciation rates im !
Vrespanse to chaﬁgi g levels of c city utilization, thus edhancing the =

apa
variability of total capital —,hafges;j
The pDSSibility should alsoc be eonsidered that capital inputs are becoming

progressively more economical than labor inputs as compared with their respective

contributions tb output. In part, this reflec cts the fact that continuing techno-
a . B ) .

lagical progress tends

tes bath rise during inflationary periods, th g3 to be pald for
rates continue

"higher labor

additional equipment. Iﬁdééd, the

e n
¥t usiag such éapital goods may even decline steadily under some

=]
iation. 1In addition, most inecreases in capital facilities invelvy

=4
and often substantial, replacements of labor inputs,

of the capltal costs. S5till another factor tending to increase ;he relative

economy of capital inputs is the seemingly irreveraible trend towa
payments to labor for  nen-working time, including:lay-offs; sickness; holidays;
vacations; and pensions. Altogether, these corn -lwvations suggest that, in addition

izarions of capital and labor costs as "fixed" or

to altering past character
"yariable" in response to output fluctuatiens, attention should be given to
. : e
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characterizing the.long term tendencies of capital and labor costs - with
indications that the lattér may warrant classification as "rising” relative to

the former:

Evaluating the prospect ects Qf advances in computer-aided manufaatufi ng,
or programmable sutgmaﬁ1§%§% equires more cqmplex considerations as well as still
broader coverage and even longer time pe pectives Briefly summari;ed they are’

encompassed byl the "network of productivity. relationshipa”, they tend to alter

likely to EEE{E all unit input rgﬁui ements aé well as the factar proportions

longer term trends in capacity levels as well as in capacity utilization, and

their effects are likely to reach beyond production operations to modify mana=
gerial planning and control systems as well -as the organizational structure of

: fim,cj} : . , .

IS
[ikan]

C. ROBOTICS, MANUFACTURING TECHNOLOGY AND INTERNATIONAL COMPETITIVENESS

. . )
1. Some Basie ?’;spect;vesfagfthg DE;Efm;ﬁagﬁs of International Co mpéiitivenEEE
= — — = = e,

' The grawiﬂg national concern with the declining internatienal EémpetitiVEﬁEEE

of a aignifiaant array of major U.S. industries has generated

a
posalss for remedial action.. Unfértunately, most of these are based on untested

ﬂl’

assumptions about the general causes of such lagging competitiveness instead of
on penatrating analyses of the specific industries affected. :
Omp i

It 1is important to rgtagniga that fareign competitive pressures no longer

£
with mature technole ogles. On the contrary,

a wide gpectrum of “high tecanology” in-

= omp
A3
telecommunications, sophisticated robotiecs, airecraft and flaxible manufactgring
d

systems. Hence, fﬁllawiﬁg the paﬁizginduzed proposals to' abandon our older
* industries, which are also msjar sources of employment and income, would merely

intensify problems of domestic welfare and military security. It is Important,

M

of course, to foster the development of newly emerging industries because, al-
though they are likely to make only modest contributions® to gmplogméﬂc

(5) %Ef a brief su;mafy of some of the ese effegt5; see B. Gold, "Révising"*
) . i E" S - 5 =
Evaluations of Computer— A ded Man cems P§@FEE§1§517Q{E
fact West CﬁﬁfEfEﬂCE Vol 1 (Deabsrﬁ, MI. S@ci,ty of Hanufaztgf,ng En
Nov. 1980). For a more detailed report, see B. EQ;d,VAﬁ Impraved Model
Managerial Evaluation and Utilization of Cempute { Manufacturing: .
Report to the Natignal Research Cﬂuﬂcil Eummlttea QﬁlCﬂmpuEET—AidEd Manufacturing
- Washington, D. €., March 1981.
W )

f . -l Q)é ' ‘

O
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*and faféign trade during their first 5-10, years of devélapmenz, smmé of them
may he:gme powerful sectors of our economy iﬂ the future. But encouragement and
support.for such embryenic industries must He Eupplementéd by intaﬂsifiad efforts

to EE*%SﬁaEliShEEhE c@mpetitivenegs of .older maja: industries through advancing

beyond their curremt teghng lagical frontiers, if tée national welfare is to be
L£6) . o .

safeguarded in the short-ruyn a and iﬁtEmeaiaEE-rum aszwgll
A related view whose vu Lnéfability ia iﬁadequataly f%EDgﬂiEEd holds that the

iﬂternatiéﬂal campetit;yénasg mf sur basic maﬁuﬁaﬂturingxindustri 5 is bound to

decline fElaEiva to lega developed cou tfiéEVEEQSuSE of ‘our higher ‘wage rates.
) entials do-exist and thede ére d1jkely to
ENcoUTrage EDnEinuing ahifzs in the of some light manufac Eufing gpdugtri L

ut such wage rate disadvantages are largely offset in many basic industries by

=]

higher output péf man-hour and higher product i
for wage rates to rise more rapidly ia industrializ !
:eduﬁe:fasuléing differences in unit wage cos It is alse worth recalling here
that wages tend to account for lees than 20 per cent In U.S. manufacturing as a

whole, thus limiting the effects of lower wage rates in wigde sectors of industry.
Most important of all for the longer rum is the fact that labor inputs are being

gly fn determirming the productive efficiency of mest manu-

in

facturing in dustries by capital inputs, which embody the Eeghnalggic al eentri-
butions of advances in pfaigsslng, mechanization, Eamputefizatiﬂn, programmable
cﬂﬁtfélEVSﬂd robotics. Hence, advanced induatrial nations are likely to retain

their competitive advantages in many basic manufacturing industries for many years

ac
to come: Such advantages will be reinforced by the greater availability of
investment funds and the greater availability of the advanced engineers and highly
skilled labor needed to maintain, supervise and improve such 59ph15ticatéd»@pafatfaﬂ5 R
-- especilally these producing higher Quality and more co mplex products. 7
‘At any rate, more sharply focussed diagnoses are obviously essential to the

7 A =

development @E effective remedia éff?ftgi net only for the indu 25 which have

nm
(x4
"
el
™
o

already been hard hit by foreign ;gmpeti nrs,'but also to help the additional array’
of damaetlc industriés likely to face such increasing press ures during the next

five: years. In this conpnection, it may be worth, noting some of the findin

emerging from a study of the factors affecting the international gampg;itiveness

(6) For further discussion, sé¢e B. Gold, “y.5. Technological Policy Needs: Some
Basic Misconceptions," in H.H. Miller (ed.), Technology, International Economics
and Public Policy (Washingtoh, D. C.: American Association for the Advancement
of Science, %981) . }
T .
— - . . .
) . . O »
L o -7 ) > . - 5 =
B PR N
80-2400 - 82 - 8 . R
L}
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_to increase technalggical ca pa%}liti ; and T

plan s 1n the United Statas,' Thlg dﬂéa ﬂat ﬁéan that sli trade unions haﬁe'é,pw

=% e

ihiggtfies differ widely gmong iﬁdustrlea. ' Hem';a; '%raiiged solutions ;re
iikely :1-1 fESult in on ly miid[%alliazivgs at best. Alsg ;zhnugh dec:easing
Lj

. : e * ; * ‘x
oF a Saﬁplé é deESEi: iﬁduatryxbaing capducﬁad wiﬁh the
':;ig ngnunéaEicn;( }_ Caﬂtzafy ED widespread assumptiuns an@ bgl;efs, :he majgt»
&aﬁsgs;af the- dE: sing iﬁEEfﬂEtiﬂﬂEl tﬂmpetitiveness af.fariﬁus damestig“

Vfully reinfarced and samgtimeg even’ uvet—shadawed by«

. _:éi Praduﬁﬁ dES gns hich ‘are less effiaiené less atzfagtive, less trouble=, °
B R V,ffEE or iaé ens itiva to chaﬂges in nﬂnsumer p gf éngesi’.’ - ;;} .
- b. Higher unit ; gE costs resultiﬂg frnm~wagé rate indredses which héve:g€;§

funfgaigs iﬁ autput,per man=hﬂur, :’.

JHighE: unit cas;aﬂaf raw materlals, Energy, capital gaad . Qr»iﬂﬁéstménﬁ

. . . B i - - R " P
d. Less aggressive marketing and léss responsiveness to customer d

agd-éervi ing naeds.

(

. Third, even dissdvantagea in respet Eiv é <] pf ductiaﬁ Effiﬁienﬁy are dgE to

rta tvhanﬂigapsin,sut ié would be a misﬂakéztﬂ uﬂde;=esﬁimaté‘

thé influence on Eﬂgthen;ﬂg the" aampet;tive

-hnical.staffs under greate

rs.
mEﬁtgblargE' 3

\I"I\

‘a more limited praduﬂt=mix to help keep capac

=

Fﬂufth, anathe mpc:tanti¢gntribut§f’zérEhé pr

o
]
o
o
"
M
o
T
)
fo
m

But blamiﬁg a 1a,g,
Tl

. on géneral dEEll

ust
biliEiEs nd matlvatians af 1abur tends t@ Eé
t

ies iﬁ_the’zgéa;

‘as: -more aggre ssivé managerial dem nds f" prgduéﬁivi y improve-= ~

«préssure and mcre effe:ti fely motivated

d;cted ‘to some extent by Ehé ‘

ﬁigh quality af autput ‘and- the apparEﬂt cas effe :tlvane s af some’ foreigri—owned .

parted tha 1nttﬁﬂugﬂigﬁ af te:hnalcgigal sdvances ha,e éﬂ?ﬂpératéd in efféri

[
o
]

(7) The suth,r is Chiéf;lnvés igator.” The report is scheduled for late 1981. -
! - ] ) -
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dem%ﬁds faf in f iazes Ain wage rates ééhzriﬁueiaﬁé

“to praductian cap lffies. But it daeg mean thaz some Enreign managementsg——_

‘anj some damestié managementg ‘as we;l =="have faumd it possibla. to wark with
féé eztic labor in ways whigh yield high quality prgdﬁcts, high praductivity and

izgﬁpeﬁiﬁiva'cééts. Here again, therefgfe the need is to dig beneath su

er ~ficial
ge neralizatians to came .more ;laseiy to grips with the factors which %F mést,

E i,fluential in variaus sectors of industry, and under diffefgnt canditinn

2.

ragraﬁﬁsﬁie‘autamatign to

"o

The patantial cﬂntributians of tabcticé and

imprﬂving the Eampétiﬁi%EﬁEEE of domes Eic manuf uring industries must be

*'exsmined ‘within- the context of - the- pre;ediﬁg complex of. influential factors. ;_Tj?, ,:”;A¢*

w

Iﬂgfeasing_the utili zation of pragressivaly improved robots would abvigusly

sultlﬂg gain is likely to.be ‘of only
industries ‘'unless such advances are integfatéd with 5imu1t3ﬂaau5 advancgs in

*ténd "to have'a‘pasitivé effégt on g, -hnological campetiﬁiveness.vzﬂut the res:
éﬁdést prapaz;iﬂns in mdst plants and

- other daterminéZéiénf te:hnalggical cgmpatitiveness. Rﬁbaticizing maﬁual op-
plan

Efatians in old ts using uld mazhinery to make old products. has gbviﬂusly
e

limited pot ntials Nor are major advances likely to resu ult ffam Impfaving any

Sther szingle campnnent af Eha interwoven - fahfic of chaﬂgés undérlying significant-

prggress in teaﬁﬂglagical aampatisivz ness. Robotics can Undauhteﬂly make sube

stanuial contributions te such, progres s, but only as par; of a ;amprehgﬂsivg

pfagram to imprmve technzlagiﬁal Qamp Eiuiﬁenes%, T e R . -

Such pfagrs ~must engﬂmpass carefully aﬂ«ardinated plans see eking Eé improve ‘

. the capabilitie s :and att ractlveness of praducta, to atbpt advance d techn ;agiéé,'
”té'émﬁééyfthéﬁ in modern Equipmant of a s cale- deemad clese to thimal faf the. . .

level of . ﬂutpuﬁ and product-mix to be pfavidéﬁ tg pravide_fér piagfggsively ad¥, e : ’
’ Juaﬁiﬂg input fa;tﬂr pr@pﬁrtians and’ equ;pmsnt utilisa tion pfagticés so. as to

maximiée praducﬁiun affisianzy; ‘and to’ ensure ggntinuing gffaf;s to improve

peffarESnce_, It wmuld be impraatical zaf courge, Co. actﬁmp o adyaree on all

" .of these ffnnts simultaneausly. " But it wauld also.be. ffﬂe trating and wasteful .
i

to attempt to mskg major advaﬁtés alnng any ‘of Eha e channéls without canside*;ngz.=’

M\
Hm
L]
]
=]
-

¥
=y
m
1
[l

praspactive inEEra:tiﬂng with, snd possibly affsetti \g PT ressure

Eﬁhéf zampan ents. - : : . . L. . E

O
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the EQEPiEXiE @E the elemanﬁs‘iﬁvalved 4m

Hnreavet, fece‘nitian}@
& 'aehieving significanﬁ advanﬂes in EEEhﬂalagi al mpetitiveness musE be :nmbined

Wm

ﬁith apprapfiate time pgrsge;tiv:
pJSﬁniﬂg pfag:éss towards ghemi iﬂ E tting targets iE is impnrtanf ta Ease
themnot on ;azzhing .up. with the current capabilities of competitors, buE on.

caf:'ul avy, ,uatiang of prcspa;ﬁive impféveménts in their gapabiiicies over ;he

yeirsgalang_with parallel Evaluatinns of prospec tive chsn es in the avail-

anl prices of all. zequired ;nput as well as iﬂ the uutput levels mix
en

- »
and prites of préducts ;ikely ta be experienced in the ‘market place. . And in

1C
p;snning progresas realistic assessments need to be made of. tha likely avaii-
) sbility of capit of the time needed to .acquire needad faciligiés and equipment

n to use Ehém Effeztively, as well

‘HI

" and fgf msnagemanﬁ, EnginEErg and labor to lea

as.of the conatraints likely to affect the rate gf,aéjg;

ts in employment .

&
b ’»_ levels - and nrgaﬂizatianal rearrangements.

| SOME BASIC POLICY ISSUES AND ALTERNATIV B

Bl

Eampatitive"es af an iﬁcreaaing artay of dgmestic manufagtufing industries.is

s
-?' . o attributable to a variety of factors, there can be n@ daubt that lagging teéhna¥-i'

[
[+
o
"
punl
m
Y
i
bl
o
=3
]

1'gi2’L aampatitiveness and related pro ductiﬁn efficiency iz on
t

‘cauges. Such lags are due to belated and inadequate. adoption of

Eethnalagi:al advances availabla from abroad, to inadequate madernigatiéﬂ o

[,
O]
1
el
]
Ll
(]
i)
=
h\:f

faailitiés and’ equipment to iﬂadequata impravements in praduatian management aﬂd

gnntfals, and to cantinued Shaft:amiﬂge in gainiﬁg labgf cp=upetati§n far maxi—

‘_miging the cost and quality campetitivenése of product

Within® this array, pragrammabla autamatian ia Espé;ially impaftsnt not anly .

“ because it :an contribute to Esch of the chers buﬁ, abn e all bécaﬁse iE ras

PfEaEﬁES an ESSEHEiElly general pra:Esg ﬁf pfag:essive advan 235 in technglcgical

- 7 7 apabilitieg and ptgductive efficiency

a

cantagiaus tec h 'lggy whlch keeps pressing te surmount Ehé b@undafias of any

given application and thergby ED!'iﬂfégt 'adgaﬁent sectors gf aperatians and
‘eourse, be applied ‘benefic ially to 5ingle aperatinns, but

derivé from providing Ehé means af achieving iﬁgfeasingly

controls. It may, of

.ifs  major potentials:
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Figute l.

) Robot ts h Ve been and will ﬁf*céu:éé ;an;inue :a be intrédu ;Ed simply as,
diré:ﬁ répi Eménts fa: individual wnrkgr perfnrm;ng manual tasks. But ansin-
_aféasiﬂg pr pnrtiﬂn of their applicatians in. éﬁg'féﬁgréfaig likely to derive .. - : T
from the continuing devglgpment and spge ing frptagrsﬁmshie au;amazigﬁ'syééegs? o

" which are ,ik,ly to iaquite cg Srahly i# pravi 1g capabilities in-their fahgz

Aﬁéﬂfdiﬁg;gi the key issues valved in inﬂreasing Ehe cﬂntrlbuti of pro=
’_gfammab;é matiﬂn and robotiés to strengthening the internaﬁiaﬁal campétitivé—
' ness Qévdamestic manufacﬁuri ng indu str -ies would seem to center sranﬁd' o ' .

1. the adéquacy ‘of ﬁhe ‘Fate of’ debelapmenn “of Ehé technalggical :apabiliﬁiea'”
of p:agfammable autamatiag -BYS tems and of robotics relaﬁive to the rate
"of progress abraad, i - :

2- the adequacy of éhe rate gf diffusion af programmable automation systemé'>
‘and of rabaﬁlﬁs relative to Eheir capacity to improve producti ive Efflﬁiéﬁcy
and east campgtitiveness éﬁd alse felgtivé ta such diffusinn ratealsmang - :if

fa:eign QDmpEElEE TS} - - L < . : . .
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3. the’ relative eff ects. of slower ar

¥ ¢1
fusion 6f such 5ystem§*snd of robotics on ‘the co

domestic industries as well as gp t their émplnym
'tequifEEEﬁtsg and. ' ’ . -
4, the identifieation @f ‘the natura, ources and relative imporrance of the -

=
,%Efluential dstermlnants of chang ES in the rdte .of development and- dif-
. ) .

fusion of pragfsmmable autmmatia ' sys Eéms and roboticd. . - .
The fnrmJlatian of EffE ive ppraachaa ta ‘encouraging fuller fealizatian e

££

[»3

of - the “constructive pctgntials ered by pragrammabl& dutomation systems and
. T .
or

robotics would: careful explarati n of these issues,

zeem to require pri

S_AND ALTERNATIVES IR

1. On the Adéﬁgagy EE Develapmént Rates

Until now, maet 5} the davelapmenﬁ.effurta gnncérned with pragrsmmgbla auto=

tasks more effectively

m\
\m‘

va bsen facusséd ‘on pecforming existin

a @f the alréady recognizkd neeads af'm nagemEﬂEa and the

)
- el
o
1’
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PR cdﬁseqpéﬁﬁ Eaﬁiﬂg of marketing pfablam&, early robot spplicatiaﬁ Wéféiéégigﬁéﬂ=
R A . e
to replsge warkerg in dangernug or ‘tncomfortable Wﬂfkiﬂg enviranments, ‘then in e

' :asks invnlving hesvy physigal démands, and only later "and mn:e gfaduaily in- . =

highly pre:iEive :aska. Hgstzsuah past’ applicatinns réquired few advances in
_ (8) ..

;schnalagy, pfiﬂsflly representiﬁg new fafms f p ziaiizgd machine déslgns.

Alzhaugh lsfef applicati&ng have rsquifed gome hét more Eﬁmpleﬁ Dpéfatiﬁg

and céontTol’ zapabiliﬁies, develapménfal Effurts have ﬁan:inued to bé dnmina:ed
"by;EhE ijézti’g of perfarming existing gaba fascgr or more agcuratély. And e
this agpréagh is likely to céntiﬁue among robot manufacturers hecauss of . the in-
: gfi:abl?_narréy set ﬁfﬁfun;tians to be performed by any one of their p:DduE:S aﬂd, “

Sthe zaﬁsequent neaed to satis fy the cample;ely pfe—définéd parameters of Eha

component tasks to be performe Resear%hﬁfr@nfiers would aﬂcnrdlﬂgly concern

o impraving manipulati ve ;apal; 'ies, 1ncrea§1ng Eha pretisiaﬂ f act;ans takenf
oy .

Enhgn:ing the reliabili
functions of pfagrammshle cnntgnla thruugh exﬁendlng the range af human sa ﬁ
Ll

S

ments

which can be dupliaa:ed aﬂd ;hrnugh 1mpfgving pravisigna for adapﬁ;ve sdj
and "learning". ! ) o ) ) :

b It is difficult to find persuasive data agnce:ning relative progress in the
dévélapment of robo't Eapébilltiés in qifferénﬁ countries. Active’ effgrts have .

patEﬁtly ‘besn undef;way=far some yEer_lﬂ Western Europe, Jdpanm and the United.

States as we 11 as 1ﬂ Eastern Eufnpe. And impteskivé pradusts Have been market gd

by prﬂducers ff’ ric

‘Eaﬁh f hese areas. American manufacurefs ve been Espezia;ly
tamplimentafy abaut Eh Te 1iability of Japansese :abats and about certainm capa-

’ bilitlés of* Swedish‘aﬂd Itglian rﬂbacs while al o pfaising a number-of domestic
products. But ;hexreadinesa of current and PIQEPEEEIVE Americdn-user® of robots
to rattle off a long list of spaai ic llmltatiﬁns which tend to narrow the range

T of immadiataly réwafdlng appligatiuns much mafE sharply than is sugges ted by

ii? geﬂéral discus gians lndlgates that inﬁreased research and developm ﬂE may upanrr E

=~ - the way to a mgjn: expan sion of praetical robot appllcaiians in-domestic industries.
And res ul:ing innﬁvatLVE advaﬁces might well engender the rapid gfayth 6f the

domestic fabat manufaﬁtuflﬁg industry in addition to actelafating inecreaszes in

lf! =

E Ehé prnduc ive EffiEiEﬂEy of faba us . )
This raises the quastlan af :her any addizi Shggld be con— -

gidered by the gavérnmént to augme nt the limited bu t ing efforts by private -

applications by a pioneer in their develop- .
n Practice (New York:.- AMACOM, 1980).
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:and th:aﬁgh eaceuragimg praspéctive us
"

-:pradu:ers fesulted inza fapidly expandiﬁg can;rrn ith

..creasingly Ensempa iﬂg pe:fermance=m itariﬁg an
-intEfnatianal surveys have cslled attention Ea

Ea be much more advanged than any in Ehe Unitengtates, mast

" those 1§falvéd in aerospace @ragfamg, “to

»devalameﬁt af pragtammable automation systémg may Eﬂgéndéf an alternacive’ approach

Effﬁrts thfnugh research an\l
.also -
ral
Similaf Effafts ha e Eéﬁ made iﬁ Ehis tﬁuﬂf s

limited scaie,

.Tu rnimg tn prﬂgrammablé autﬂma iéﬁ
o

pgtté ng may -be ﬂﬂtéﬂ. Initial appl

i \ -

wider -sets of iﬂdivid al prgaes Kc@ntral and thEﬁ iﬁ Eg'

Davelapmsnta; Effc:ﬁs afe undar ay

;aﬂfrgls to a varieﬁy of pruductian, élaﬁﬂ o}
ea

‘these have not yec r ched the stage Qf religblé braad QammEfcial sgplicab

whether any additianal measures shpuld be Eﬂﬁaidéred to augment the iﬂsreasing

but still 1imitad,effarts of private industry aﬂd of universities to accelerate

Wthg ﬂgvglgpmgnt of inecreasingly ﬂamprehenﬁ;?e prngrammablé autamatié 7 ystém. c e 77; e

FinaLly, increasﬁbg attention” might well be given to tha poss bil ty that the

té the develsphent of robotic functions ~and forms. Specifically, id place of the
past agpraaéﬁ of robotieizing existing manual tasks, the designing of programmable
& )
s . ] . R

(9 Far exampie, ses Dennis W;snasky, W@rldw1da Eamputgr—Aidad Manufacturing:’™.
Survey (Dayton, C Alr Forcey\Systems. Command, December 1977) and alsai ’ ;
J. Hatvany, K. Rathmill and H. Yoshikawa, C'ﬁputer-Aidéd Manufacturing. T
An International Comparison (Washington, D ) 1 3]
Committee on CQmputEr=AldedrHanufacturing, Sept. 1981.)




ache )ﬂazhiné gf Equimeﬂﬁ campanént‘

g sygiém. I; mgy be

n pfagfaﬁmébié'autaﬁatiau -
(lD)

:n deve;ap “automatic fa;cnries

respgcf EE plants :apablé af

s

us prﬂgessvpetraléum refinaries and thamital glants =

’éame iﬁﬁreasingli

is : plé

hin . the basic values af the Amaritan E;gnaﬁiz_system far questi@ﬁingr
y pfivate iifms to d

.ﬂ‘ - e

?thg advisabili
e. :amm_rciai imprévements in fabat napabilitias or. in ather EEEh—_‘

‘apptapfiabl

. Hast p:ivaté firms seldam undertake tEChﬂDngiEE,
are, unlikely to feach cammercial fru;t%Fﬁ in lesé ‘than 5 fo 8 yeafs,uinéiuﬁing
: ian facilities and to a

f fafinemant da

of Eammgrniallzagian, Haraavéé;'suah‘

gtriking distance of Eﬁp riable forms’
A ‘to national resources uf kﬂawledgé which are likél§:
'maﬂysatth sectors of Ehe e:aﬁcmy and ﬁaciil

R

[elo)} Aa an i;l stration of . current efforts in thiz direction, see
the Autofact West Conference (Daarbcrn, MI: Saciety of Hanu,,_

iceedings of
uring Engineers,

'lQEG) Volumes I and II.
. (11} For furthér discussio n, see B. Gcld Productivity; Ie:hﬁalagy andrﬁapitai
: . Economic Aﬁalysis, Managerial SEIEtEgiEa and Government Pali:ies (Lexingtén HA
D., G “Heath - Lexington Books, 1979) pp. 302-303. -

ﬂm\
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ERIC

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

:téchnngégiéél camgaéiﬁivénéggbin ganufagturiug indusfries =~ Ehe devela:me

advanced suffi
Aeffarﬁs mig t

It should also'be noted that.one of the mast impaftan: fututa ‘so

hasjga: y,

iﬁzfeasingly éﬁéampaasing systems of . pragrammable auibmstign -
iently to miﬁimise the géssibilizy that inteﬂsifiad dames§;

c
no Egan;y mateh but might evenisurpsss fareigﬁ prﬁgress. f; shnuld“

be: re:ugni;ed hnwevar, that vendar of partitular ;ampanents aze ﬂDE likely t

dn. davalnping braadly

grammable Enntrnlsi- Iﬂdée& ﬁhey are more 1ikely to" i
which might generaﬁe requiremants ‘for Eampnnants with ihara;teriatics différént‘

fram their ‘own gfferiugs. HﬂrEaVEf few mSﬁufaEEufEfS are llkaly,ta deve;np

fﬁhe pfsctiﬁal questiuns wﬂuiﬂ

'EDVEEEEE wauld be a?ﬁlitable

] e lnping itv and who might canaidef . t:f .
o

it worth mgking such develop such _systems in air craft . I
ﬁgnufactgring plants ar r government zgencies. Angzﬁam pri ate - -E
:firms hgve jainéd in dava;gping.same‘géﬁmﬁﬁfcémgﬁnéﬂts_&E suih sygtéms 3 ut no e f*'

éamﬁféhéhgive feview of what needs to be déﬂeg’af whaﬁ;the be éfits of more ef

’,r:'ijapanésé industry has'sur ed the United States

-fusian and the extent of their utilizatinn.'iﬁlﬁhéugﬁfs -abaeg ers elaim that

Eectively grgaﬂised efforts might be, is svailabl& at this eimeé. Here, Ehaﬁ, is

2. of Diffusion Rates _ .5> R ' - T <

— — N . - o .

- i
IEE impaat af tech 1ologl ical advanﬁes ‘on mafkét gampeti;ivaﬁass is deté;mined

not by the lagatiaﬁ or ratg of their development, but by Eha ite-of their dif-

grammabls automation aygtema as well as of robots, such applicatians 3
or "only ‘very<limited EEEtErS of their manufacturiﬂg indu triés and are.even spa

iﬁ(WESEEfE Europe, Accafdingly, there iz still a. widé' peq;appﬁrtunity for dam tie

.
L]
[y

|

. manufact turing to overcome its ﬁurreﬂt lags ‘hi ) ﬁ

-in manufacturing technology-

improvements in its prcduativa effic ﬂgy and ﬁﬂat aampetitiveness » H
What factors have retarded the more fapid diffusion ﬁf-theae te&hnﬂlagi s7

Perhaps the most impsfﬁant iﬁfl@ence has been the basic unswareness of most in—A:_
dustrial=managements of ‘the far-reaching potentials of this burgeoning fevalugign
Such inadeqﬁata-appregia ien of these potentials

4

ok



may bg'atﬁfiggfgdﬁin'ﬁafg 0 tﬁe liﬁited kﬁnwledge of suchzcapaéilities of ‘most : \;A

1éf Ehé'sEﬁiﬂf"Ehgineérihg gf. cials. respansibla fﬂf advising top msnagemant about '\

ap nss,- Aﬂather 1nfluegtial fac:n;shas hEEﬁ ‘tHe .

I

dire:tly affected by their applicatian, thus. fainfafcing the traditiénal view

'd by speciallsgs in th ap'zaticns

- u5'1 :haﬁ Eechnical inngvatimng csn best be eval

T ;_Vfimmedistgly invﬂlved iﬂstea% af emphasisiag Ehe-bgaaéer patantials raated in-these
: . emerging tEchnclagie Widespfead aﬁateness of {he shartcﬁmiﬂgs and fesulﬁing
LE fipenalties aE some Early appliﬁaﬁians havg also en:auragad disintefes: in- these

o 'dévelapmenfs. it is impaftanﬁiia reccgﬂise in addltian that mnﬁt universities

—nalagy §§ﬁ af praviding the Eduaazianal
‘to traig urgently ueg@gd 'pecialists ad.

e

,ally attractive for .~
all firms even in thE ;udusﬁries most direc 1y aff%ﬁtéﬁz‘ But iﬁ might well be ;, ;
desirable for gavarnmént agensias to undertake a ctive prﬂgfsms'ta help develop ’

) Euller uﬂderstaﬂdlﬁg in industry of Ehs pot gntlals aﬁd accémplighmentg, as we;;

as tha current limiﬁatimns, of programmable autamatian systems and rabatics -

xim;luding péfiadic reports on pragress in the devalapment and utilization of such

N l'; :7 advances abrcsd.r And such aganciss might well DnSidEf Eﬁplﬂfiﬂg wiEh a reas onable

f;afray af universities the pnzsibilitiee_and desir bi;ity of expanding eﬂu tional

4 1; as 'fesaarah pragrsms in various ~= and Tk

we vy
ing to fiﬁaﬁze the acquiaitinn of neéded facilitieg as wéll as some schglaéship 27
r . ) . . - N = .

B 4 b ®
'—I
WU\

L s L.

12y Faf a dEtéllEd ai % ssion of theése processes andlmé§éis, see B.Gold, An - .
o Iﬁpravad Model for Hanagaflal Evalusation and uziliiatipﬁ of géﬁ?ﬂ;efélldéd
'é.;_— nuf ring:. A Report to the. National Research Council Committee on

CamputéfeAidEd H;nufa:tufi 3 (Washingtan, D. C., Match 198;)
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Appradsing the adequaq:y of current rates of a;inp?:ing and utilizing program— -

. mable automation an a robotics, vaiagsly fequires 'ﬂéﬁderatiﬁﬁ of attendant e

enbefits. and bur dégs ‘Past- sd@ptians of both have been suffiziéntly limited and

-'gradual to engqéndaf little abservghle ff 5 on the Empln}"meﬂl: &nd Skﬂl— quuirE—

" ments af tha wark far;g, while iﬁé;aasiﬂg ‘the need far -gervieing parsnhnel. * This

experience has Engandgrei;same uncanvin;ing assura nces that the accelerated ﬂi§= L -
_ fusion of am:h techne 1 ogles ‘will mot -entail signi i anE displaaemants of laber
at the same time Ehat athers have amphasized Ehs urgEﬂcy of.u tilizing theg% advances

- in afder to overcome. éeriaus sgggpcumings in costc :qmpétitiveaess thfﬁughithe

: attEﬁdaﬂt redudtions’ made pussihle in labor quulIEmEﬁtEa : o o

" The basic fac; is- that ﬂﬁemplaymgnt in any firm is gause;l primarily by a ;

decline: in its EﬁmpetitiVEDESs. : If it fails to adapt the technological advances:

utilized by competitors, its employment wili decliﬁe fnm:h more rapidly than if it

ad@pts such sﬂvaucas, even if thesa.invu;ve gome displazament of labor. HﬂfEEvEf,
dy bEEﬁ

faf many d@méatiﬁ iﬂdust:ies suth EffEEES rEprEEﬁE costs which have alt
greater if technological lags a:e nat

A,{a dam&s;it;: :ina stries may now quuiEE
least ED BD per - -

Hateaver, guch lage arg zantinulng to grow as fafeign Eﬂmpétitﬂfs

efforts to surpas Amgrigan perfafmaﬁcg keep inteﬂsifylﬁg == @5 may be iilustr ed

by Japsné £ davelapments in the steel, sutamablla, machina taal and semiconduecto or

induszfibs In. shart major im pfnvaménts in the psffarmaﬁca of damestlc industfies

is ;mpéiat;vég: Hence, rejecting attempts to agecelerate Ehe dlff Siﬁﬂ of pragrama

mable automafion aﬁd robotics could- only jbe justif:.éd by ident:.fyiﬂg and~then

pfamaﬁiﬁg other means afsgthieving the neéded léfga advanges in the prﬁdugtive

IE shmuld also be recngnlged Eha im pl nting ‘the majnr advances id tech-
ica

nology involved in accelerating tha appl Vién of pfcgrammsble automation repf sentas

a much - more difflcult and ‘far-r Eaghing challenge to manageméﬁt than is generally

he failure to recoégnize_ that basic tech-=

recognized. The key reason for this 1
i,,ﬂ t%

‘»u"

is
nologies are built nnt-nnly féd etion machiﬂary, but ‘also inte:
{13} Foer a comparisen af labor requitemenzs in the Japsnese and U.8. steel industries,
ses B. Gold, "Steel Technologies and Costs in the U.5. and Japan', Iron and .

Steel Engineer, April 19738. JapanEEE translation in Joho Shuhd (Takya}
July.1978. . .
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@édsr as weli as

oy

a of la bnr.’ jrr V gt

e. the skills®and arganiz .
Each of these represents powerfi l and mu Eually reinfgrgiﬁg cammitmants té pre-_..
sgfving exisﬁiﬂg ape:ating and organ nization al g:rangaments, cept far mall,

.- gradual and lﬂcalizeﬂ changes.

"

Ing

W e
i
o

1]

m

<

unless théy are pushed aggressively by Eaniaf managers con

P . S e e

4. - Other Incentives and Detarrénts

,"Dﬁé sf the most important stimuli to the increasing diffu on erfébéts Kas -
been the gra ua 11y’ gfawing awareness among managements, engineers ‘and 13b§§ that
Ehége have pruvem themselves practical and economical in an expanding éffsy af
applicaﬁians, " and hanae are bégamiﬂg ah inﬁreasiﬂgly unavaidablé option among thg

alternatives to be considered whenever ‘plans to improve praductiva efficiency are

being developed. This fact alaﬂe has foreced pfaducglaﬂ managers and Eﬂgiﬂeers to

focus the develop-_

of rgbﬁ; manuféétﬂ%ers on mEEEing newly emerging market apgartuﬁi;ies!J

. On the aﬁher hand, -one of the iﬁfluential deté: “ents to more rapid adﬁi;iéﬂs'
ctions. ‘The introduction  °

to replage ope ors in dangerous or es E cia 1ly uncomfortable environ—

pted, of caurse, as was their use in unduly exhauszing jobs.

=]
m
=]
(s
L]
£
o
[
[a]
i
[V1]
[«
=
[
g
[
1]
1]
I
"'U

:J\

The use of robots in highly rautinizéd ("bcring“} jobs has also- been :ammgnly
o

ovided that the replaced operatorz were gi 1 other assignﬂents;'

- But there seems to be widespread concern among managers that robot installations

which threaten -substantial emplaymgn: raductiaﬁs in existing plantz may well en-

eat
gender s,tinus,l abor problems, whose resolution would be 11kely to reduce expected

: acstasaving gubstaﬁti 1ly. Hagar installations are atcafd;ﬂgly likely to be

;atricﬁed to new plants which can est ablish new manning levels in aceordance with

thgir new apzraclng characteristics. Such managerial eoncerns need noet, of course,

K
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revent ¢ the incréasing use of fébﬁt% in older é1§ﬂts,-but tﬁeyéwauld‘EEEE to
en:ﬁurage 1ﬁt:§dutiﬂg robots @nly slnwiy and in SEEEfEfEﬂ ﬂperafinns, thereby »
minimizin g;ﬁhe rate of gains-in prnductivity ‘and cost savings while easing labnr

e Only whan aﬁ immédlaﬁe threat, to. thergufvival af the plan: is res o,

labor are such re sistances likely not te inhibit major readjustments.’

by
But it _should be neoted gﬂzgjagain that large scale <introductions o
doi

lom offer substantial E:ﬁhgmiesvanyhéﬁ; excépt as a means of impl
&

automation. And these ean sélﬂcm be r&trok

g
et
1
i

I for broader programmabl
into old. plants, excep hrﬁugﬁ majéf,mﬁﬂéfﬁizatin' Programs iﬂvclv%Pg,ehang«
in production fazll ies and’ equipment as well as npératiﬁg practites. .

Ennsidatatian pf lar e Etale pragrama of pfagramﬂsble autamatian aﬁd fabat=\\\

icisatiaﬂ, hovever, raises unéamental questions concerning the, past ba;an:ing

f \n
M

: . N

of’ praspettiwe incentives aﬂd det,:fant by ﬁéﬂagem’ﬁts, and Ehe possible need \4 )

; - B - hS ST

~ to shift that balaﬂee to:provide greater encouragemen nt ta undertaking the costly '”\\ :

and risky commitments invelved in develaping and sdaptlng majnr tEEhﬂﬂiﬂgiEElc K\;-
[

advances. - Kgy elements would seem’ to 1ﬂEluﬂE.
a. increasing the prospective ?rgfitability of longer term investments in
advanced production Eazilitiés and in seeking to develop major techno-.

lagital impraveménts in pra:essgs as well as p:aducts,r
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o
)

]
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]
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L ‘manage such éﬁvalapmanta as well as EHE avaiiabil;ty of a richer foun—.

dation of seil ﬁtif1c and fEEhﬂélEgiEal research and pre-commercial

he basis for private cammercialisatimn effcrts-

el
.
e
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]
]
m
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in QQSE<§§@PEEiEi"’ﬂESS in nrder to ease threats ‘to Emplgymént and alsa ]

lting burdens on 1abaf fESultiﬂg fram Qa—aperatinn in the
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Heeting such needs would seem to requite suhstantial EQnEfibuﬁlﬂﬂS from
Eha gawer nent, from labor Efganizaﬁiéﬂ and ffam univér ities as well : és from
;ﬂdus;ria, managements, And failure to meet such needs wauld probably éié:t
penalties from edch of thise benéficia:iés'ﬂf an efféctiwe industrial econ ﬁmy;(lél

1 rt;du

Enmmittee _on Compute f=AiﬂEd M ﬂyf cturiﬂg (Wa hingtun D. C., Harch 1981).
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ROBOTICS AND ITS RELATIONSHIP
‘TO THE AUTOMATED FACPORY

alagy Aggsasmeﬂt held ln Washlngtan, D.C. on July 31, 1981, ’

- =t ’ - N
- #
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”'BESIG’ L T = . . __— ROBOTICS AND ITS EELATIOMSHIP .

" Paine Webber L R

. July-31,-1981

v’ﬂ}!!nrﬁilmﬁenﬂuln!ﬂn @17 hi3 bidh gbi
! ] d Ea
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Aﬂalyag ' o :'_ - . |, =———TO_THE AUYOMATED FACTORY

Mltchell Hutc;hms Inc.“« e T
: R e !
I EADDUE?IQ; - E .5" l_ * o ’ : "_ R l,_f.;,- . -
A U.S. mangfacturlng basé and to- reduze the use afrlabaf mara:
" “"imternational campetlt;an, and & moré favorable tax structure w;ll 1éaﬂ to increaaingly
~ dutomated factories. One preduat the. roboty. is likely to becomdd a key building block’
in the penétratlan of factory. automation ‘into _the manufacturing world. The purpose of
3 thiz report is to provide a framework for aﬂslyzing tihe rnbat indgstry and iES’
: iﬁﬁgrfélatianship with U.5. manufacﬁurlng techniques. . . s . —— .
‘This report. is divided into several;seétia"s,f-,ag S o o
.« An ovepivew af the general status of U.5. manufacturing and the potential need =
for rabats. = . S s,
/ . An analysis of current and, ﬁa'E’tiai uses of Pabaﬁs. “ . . -
. An analysis, from the rabat praﬂuaers' paiﬂt of view, af Ehé likely Evalutian
of thé robot market, and key Epmpetitlve factars.: )
= . A diseusgian.nf-tﬁe impaet of Fébcts an manufactuﬁiﬂg aperaﬁiéﬂs_ o x
- . A discussion from both the prnduaers and users' point of view of caplﬁal :!Ea
availapility and potential financial incentive pragrams Hhiﬂh ceuld faster the
dgvgl@pm ent of Ehe robot industry. : . . , )
= o - N . = f
OVERVIEW: ~ - N ' ’
EEDISEQ,E ING = L. - Y A L ®

.The autamaﬁed faatory haa been a dream ‘of the manufactuplng world. . Thé ﬁradugtlcn
managér, always préssured Lo imprave autpdt, has been influenced by clas
econemists who ranked technological advancement as the most important dete f
productivity (38%), capital investment secend (25%), with labor: accounting fGP anly‘142
of the.changes. However, U.S. business has had to- Qpérat% in an Ex:éptlanally
diffic'tﬁ-eccnamic envirenment during mast “of the 1970=, a pericd of rapidly incrasisng v
lnflatian, exploding energy prices and’ gyrating money markets.” These fagtors’, -
‘eontributed to a decade of sluggish economic growth, weak research -and develapment .
spending and economic palig;es that favored consumption over investment, resulting in
real capital *spending that signifieantly-trailed thé strong ocutlays of the 19603. The - *~.¢
1.5% productivity growth during 1973=79 was half our historic average, with some | :
Veﬂcnamigta suggesting that labor may have been.the only. factor in the clasaical .
equation that contributed mara;ta prgductiviﬁy grcwth siﬂce 1973 than it did from 1945-

. (312) 530-8213 . -

iﬂ Héﬁi 35UFCAS Wi EIhI‘I 10 Earulidbls, Eul  #18 BECUrALY i3 AGl Qua
B

& Curliz Inearparal an Paing Wap! alfdiziad € andlgr thair
| 7 pioysns oF !!Eﬂzlﬁﬁlﬁ!i! may &t imgs Ra
, iREILGIAgG &R ATDIFaQH 1] A {A# A4EUFITEE ascribad harein and ™ ¥ 2wl ar nus tham io af fram amers. ;1) sﬁmaanlu may frgm lll'ﬂi'lﬁ |-ﬁn-!an.:::
iani 1o & Sompany bang 'IEQ"lﬂ ugaﬂ E‘ﬁn;ﬁﬁﬂl - 7194} ns Bing Webber ,'H‘ushi" Hursmﬁ: IHE FEED-1iE] TS A R 34
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_GNP'  Beal Groas Private
wth - _Fixed Investment ..
% ) 4.9%
2 ©2.1%2

‘;_ﬂ‘-" S Rea

r

ool LY J

L 1959-72 3.
1973-79 2.5

I Nl IESD =t

" The economic envirenment of the 1970s also favored capital outlays that resuilig
quick payback: A3 economists Burton G. Malkiel has p@;ﬂ}ed oub: ” .

" uwFpom 1948 to 1973 the (net. book .value of capital equipment): per 7

unit of labor grew at an annual pate of almost. 3 percent: Since f —
1973, hewever, ‘kawer rates of private investment have led to.a - ’ L=
decline in that growth rate to 1.75 percent. Moredéver, the recent -4

tion of investment (in 1978) has been. skewed toward equipment .

i , short-term projeets and away from structures and - ..

I tively long%lived investments. Thus our industrial ptant has. R

tended to age...™& - : C o S

" ‘The deline of the U.5. manufacturing base can elear;j'ﬁg §Eén.6§.igaking; L
at the age of U.5. machine fools in place (Table 1): - S
; _ ma . L

it « .. Two-thirds of all Ugéirmaéhine teools are over ten years old aﬂdréi
o " more than twenty years.old. -~ R T R

[ v,

. The technological penalty is even more severe as sophisticated numerical
. dontrol equipment has made only slight inpoads into the mgnufacturiﬁg'praces

o By centrast, capital investment as a percentage of GNF in France and West Germany .
. * .was more than 20% greater than that in the U.S., while in Japan the percentage was
almost double -ours. oo : : . . , .
‘- Corporate managers, shocked by Faltering preductivity and loss of markets to
 international competition, have begun-to perceive a connection between their =
deteriorsting competitive position3 and the aeglect of the part of their businesses
z thatsactually produces goods. However, until recently, productivity was an economist's
 _term rarely used by businessmen. .It is now dawning od some manageménts that :
responsibility for their dompetditive listlessness cannot be blamed simply on the
. decline ®pf work effort, unreasonable government regulation or a shortfal n ecapital |
. investment. Bather, they are beginning ‘to see it as. symptomatic of som=thirng Wrong |

with the way manufacturlng operations are seb up' and organized. ) - B

: As previously indicated, technological advancement, including improved management
s techniques and integration of the manufacturing proeess, is the most important factor
o "~ in sthe elassical-equation for productivity.’ Hence, two related teéchnologies, computers
and robots, offer prime opportunities for improvement. U.S.. industry today is Jjust
(beginﬁing to reap the harvest of computerized innovations .thaf could revolutionize
‘production processes during the 1980a. s '
N o B B - . 2 : - .

Until recently, the ratidnale for robots .was that they were useful in heavy, hot,
hazardous and even boring environments. In addition-to thi bility to remove people
from an unfealthy and/br even dangerouys environment, robots are a key engine of.change

' in the manufacturing process. Robotsz, particularly with the addition of computer type
- eirecuttry, are the: initial entry into. flexible automation. . . e '

&

]

SRS AméricéﬁAéérparaﬁiéns:ha%é been behind ;hé:Japaneaé'ih Eegagnising the potential of
computérs and robots for reducing production costs and increasing the flexibility and
varsatility of Factpry operations. While the pentration of robots and computers into’ e

L o 12.3
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. the manufactur‘ing «iﬁ;t‘ld wili be i:cmcentr-ated initlally Ainto those 'ar‘eag which will™
-result in reduced maﬁuf"actur-ing costs primarily through direct labor savings and
enhanced guality, the ultimate evolution will ‘probably be toward encompasszing that
tachnalagy és par‘t gf a fléxible manuf‘aeturlng systems appr-c:aﬂh tt; pro ductlgn. A

. Charactenstlcs of manufacturiﬁg flgufg L
Tvpe of L . . e - S
gruéu:tlnm R : g - . - - .
-Piece - - Baizh - Mass ¥ : :
100% = — = = — -
. : k- .
E
S
- a%
100% «
. g23..
- ! E ;,
- 2 & :/' H
. - Ma"né:ﬂ;i‘lﬁ!. Autes, -
laige electnic - imteners,
. mators, sl Lo
Factors SppEINTES
. HE with auta - _ Transter,
i _w  parthanding! dedieated .
- . rrachiung cell, g -
fex migsyst . - machme
Seource: Machine Tool Task Force on Machine Tool
) 5 )
< 2:
i /olume - - Mid-vol »  High-Volume '
. ' &% T T 224
! 2 R 4 : --'\
: 1z 7 : 14 -
Tool Change . : 7 == 7 7
v ‘Idle Time F - = -
Incomplete Second
and Third Shifts = 44 40 -
Holidays and Vacatlons
or Plant ShuedowWn - 28 27
. Equipment Failure & 7°
Inadequate Storage - - 7
‘Werk Standard Alleswance, : LT N
- - and Mizeellaneous Lo == - .18
Source: Machine Tool Task §§E;é on Machine Tool Technelogy ,
4 &

O

ERIC

Aruitoxt provided by Eic:



S - = R e 7 stjggf,,f
_Mttchell Hutchinslne. S

The ﬂa:aée af the 1980s wlll see th neéa tg§mgéaz"
when the ﬁhange in démgraphlt:s Wwill, 'résu_lt,

able far blue 1lar~jabs as’well as
- force as a wholel

AN ANALYSIS - 7?' & e :' . L
OF ROBOT USE S S i T : . . . . L
. What Exar:tly : S : o . . T
~Is_a Robot? oL g ) T 3 L ) h
among: both foreign and American ﬁaﬁgfagﬁg:é;s over the approp i ’
. ian has been publ;;héd by the Robot In 1stitute of . | T
iation of trade manufacturers and users. The RIA' :
g ammable, mulﬁ;fun: ;anal manlpul iasic -
2. T;aéhi*g pla; yback rcbaﬁs that répaat f;xaa instructions after be;nq
taught a work procedure. ) ) B N
. i 3. ‘NW.C. robots executing cgéfaﬁicﬁé-an the basis of numerically coded T,
- ‘ .+ .infermation. ) : : C i
P - = ) . e B
: .robots that pérfagm var;aus fun:t ions through- its senzing ..
R d EEEmgnL;;ng Eapéhlllfléﬁ- ) L . = R : i
. @ °
While many other ﬂEflﬂ;tLEﬂa abaund ‘tha Eey ﬁlffErEnCE is that by c@mmaply a:éeptea Amérléan
standards, a robot should be both programmable and versatile. Hence, the RIA would not nelude
manual manipulators, seo tHat Japanése and U.S5. robot population stdtistics are not preci
éaﬁga:ablé, ;Deﬁ;nitzanal d;ffe:énté agide, Japan leads all other dountries in its acceptance,
u The;r lnaustry lead is sgbstantlal pa:t;;ularly when - ’
" .
a
]
H
3
& 3
i
1
. o . 1
° Flnlané . 139 1
Bslgium S 20 s ==
aeher -0 - 1,400 - - 8
- Tatal . 17,500 -- 100
Saursass: RIX, A
i
i Unites
o 17180
2,158 "
3,355 s
- ' - 5
. & . -
- 1 2 per ¥
; - ~ f
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'
L]

.. HNen-serve
. end points
but only to

e far more sophisticated and can
in its range movement.s Motion i caﬂtrclLed by oil
.or by D.C. motors, allowing: acceleration or decel-

== Ewo fa:rs §=Pﬁ1nt tg pﬁiﬁt anﬂ cantlngmus path A _—
obot can be Pragrammed to stop at predetermined Ea;nta, but maveE . : o

palnt to pa;ﬂt‘

ment is not-cont¥olled between: the e points. A ;@ﬁt;nuaus gathAggbaE can fallaw
an irregular path exactly. ! Co :

The Jagaﬁase appear more a
:teéhﬁalégy Abave all the industrial re

ust be.a gractical dEVJ.EE tt;s suc&:e;sfully EEﬁE—
the manufa;ﬁuring wa:ld. Dur dl;ﬁu;

iosns. with many industrial manufaztu: rs. indicates

2., H;gh leuel Ef ga;;ah;l;ty with a  minimum- af ﬁawntlme.'

3. éasé of EEEEh;ng, e;ther w;th on or .off line pfagrammab;l Ly, usuél;? with
‘feach-boxes. - ot . L
Whao Wauld Use
’~Eab@t5*' Haw;aﬁﬁ Why

" In 1979 the RIA estimated that six inﬁu;try segments accountad ?ﬁf'the!ﬁulk afeuﬂéﬁ_rpbgg Lf

gh;PmEnts ;n the U.5.

- _Tablg 4: . 1§7§ ‘Estimated Unit Shipwents
» Units % of Total
Automotive _ . _.249 : Tt 18
sting/Fouhdry L . 298 : 21
,ﬁ\ijhﬁfag:ﬁufing o - 138 : 10
£ ,nuf’a:tg’zing : 513 . : 37
156 bR RN i
13 1 '
.__ 33 -2
- 1,400 - 100 : -

ots lﬁgtalléi in the U.S. taaay are law ar bédlum tachnology devices,,
ases of robots by value would probably yield a dlffgrént hleraf:hy

fhe automotive industry clearly in front. Our end use market by
> be developing along the 1 ES of the Jaganase industry (Tablé 6) .

'a“\rr

'af induséry ségmants; wi

O
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by EhE»Sag;Ety of Manufacturing Engineers {SME) lnd;:aﬁes.tha; there are two key factors as

= - ST g “HManipulatora and Séqunﬂzill Robots ’ . ;! - Lo 70% )
: Teaching Flaybm:k Bk - . i . 17 7 -
s = -. H.Ci Robots. . . - . Co. -4 i
_"InEull;gém; Roboes . WToE 5 -7 ) = £ 3 -
R Sgu.:;:g_JIRA. = P =
“ . o e - g .
. .Tabla &: 'Vé;ugfgf 1979 Robot Shlpﬁénts to Users in Japan
. -7 - --38.4%
. - . 17.5 ) .
) Plastic Molding o = . 10.8 =
L . Metdl Products - . _ 81 S,
B S Precision Machining . . .- _ - ) . : L :
' - & Metal WoE T - L - 6.0, - . -
: Iren & s 4.2 . .
Other P L . 15.0 S
T Total h s - L . ... ‘1060.0 ) a
~ Eauz;eg J;I.E.B. ) ’ L .
,77w33§bgvgﬁsﬁnat,the aute- industry was Ehé deminant purchaser of robots in | the U.S. in the
_.870s is a moot pa;n;,"t clearly w;;l be the driving force, for the ;nduat v in the 1980s. )
It's no longer a secret that General Motors has PZEjEEtEd an inatalleé base of -robots-in” its

fa&;l;ﬁles as high as 14,000 hy 155ﬂ.

?abl§~7gf Possible GM Rabat Easg {Cumulag;ve) ST
o 1978 1979 - 1980 ' 1984 1986 1988 <7 1990
- . Cumulative i60  .230 . 302 . 3,500 6,500 ; ;’ja 0" 14,000

Source: GM. . . -
‘As the. robotics market is exgaatéi'ti ba 5& nateﬂ by the asutomotive aﬁi ather heavy mani=
factur;ng segments, at least during the f;rat half of the 1980s, the Eflnclpal apgl;;at;ana

are unlikely to vary slgnlflcantlg fram the current uses over the near=te

. Spatlwelding, which we estimate to account for . o
S-40% of total rebot industry sales. s S e

. Material handling, including machine léa%iﬂg-anﬂ unloading. ) ’ .

. Die éastiﬂg,.iﬁvésﬁment.éasting!:stamginq, forging and press loading.

. Paint sgraying and finishing:

i

CpalletiZing. - - - s sl

. * Assembly.

Toward the. middle of the 1980s,-arc welding systems should begin to grow rapidly and become
the most important welding sector as demand for spot welders plateaus. puring the latter part

of the decade, it is likely ‘for arc welders, machine leading and unloading and assembly robots

to be the primary areas of grqyﬁh, with as sembly alone. perhaps fepfeaent;ng 35-40% of the ta;al
and §e§ha§g ﬁea:ly half of the annual g;gwth . - ’

The E:ad;t;anal :atlcnale as to why industry gu:§§ sed robots was that they offer a means to
inerease productivity and free workers from. boring and unsafe tasks. A recent Delphi Survey

t
. i

s
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the ;mpa:tanﬁ cr;eter;a for robot purchases:’ =

1. Reduce manufacturing costs ~ - - T

2. Provide direct labor savirgs.

Gtha;fa:’ﬁars ala:: t::.teé :.fu:luég er;ham:ea g:\:dua‘;ﬂ; gqi
and tying inte other forms of computerized automation 3 ,::ugh (the relative imgmgtam:a E:E thése
- are. clearly below thé first twe mentioned. The median average expected payback period Funs.
’ between 2~3 gea:s'and ;s nat expeeted to zhaﬂge mater_ally_dugiﬂg the f‘rst'balfiéf the 1980s. '

)

K - _ Neaw - h - .
- . _ Automotive 2.7 Years 3 \ -
k ‘Casting/Foundry 3.0 ) | N
Heavy Manufacturing 3.0 :
Light Manufacturing 2.0 T
Electrical/Electronic 2.0
’ 2.0 -: -

~ Rerospace
- Souree: RIA. . . : o o
ant factor currently, it is- E‘Egetteé that in=-

While foreign built robots are not a signif

~ creased exports from Japan by 1983 as well as foreidn owned U.S. manufa;tuflng facilities

- .- will-lead to foreign manufacturers maintaining- a-sign ant Egesgnce in the-ma:kef. Tbé Sﬁﬁ—
survey suggasted that 20% of the dollar value of robots is
manufacturers, with cost advantage and overall guality (manufaﬁtn:;ng and des;gn) he;na tha

key factors that led to a Ea}:e:.gn built purchasea. s

Robot Demand - Expectad : . . . E i o . _
To Be 'Sensitive To . : ) ‘ v )
Eeénémie.Cyéles’iir_., i - . _ R .

3 appeags gquite likely that demahd for rebots as well a=z ether factory automation equipment
wi l be a gyclical as well as a gfawt@;ms:ket- Using exgecﬁed cost raduction ‘and direct lahﬁr
ings as wall as productivity 1m’ ovement a5 part 8E a return on investment analysis suggests
Eha; manufacturers will-be sensitive to a reduction in business expectations and :asﬁ flaw
which can result from an.economic downturn. This has been the case in Japan where industrial
robot sales in terms of both unit production and value showed méderate sensitivity to economic
. conditions in 1971 and 1975 despite the small size of the industry. = i

‘M\

éiva inte a séfgn eyeliecal grawth markat"

It is eo n:eivable for the'U;s. robot géﬁtag ta ev . q
somewhat N akin to the minicomputer or semiconductor sector,-i.e. T
with sach trough in demand significantly higher (perhaps 30-40%) than the previous tgaugh-

" 1968

4.2 o.4
1869 9.4 1.5 =
1570 1.7 4.2
1371 1.3, . 4.3
1872 *1.7 i- 8.l
. . 1873 2.5 ‘8,3
LY . 1973 4.2 11.4 = -
. 1875 - T 4.4 11.1 - ¥
- ] 1878 PR -1 14.1 =
. o - 1877 . B.6 21.6
: ’ -+ 1978 - 14.1 27.3
1973 14.5 42.4 7 )

Source: JIRA.
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- Multisector Industry : . T c.
_To_ Evalve ;n‘ﬁhg 1980s E‘ o . S T o . . . o L
- L&+ S ; : PO
in 195@, sales sf f bots by H camganles appraa:hed SlDD mlllian, ug shafply from tha
Est;ma;ed 560=65 million -in sa;es i Wh;le -a g;awth of 50% is nggesslva during a-reces=
siana;y environment, the rabot lﬁdusﬁgy sigg was still less than 2% of the 54.62 billioh machine
T tool 1ﬂdus;:y with wh;ah it often was-mistakenly ineluded and an .insignificant part (4/1000 af
1%) of U.S5. GNP. While rahats are commonly assumed to be an ‘extension- of the machine tedl 1na~ L
‘dustry because of -its st;gng ties with manufacturing, we believe that the industry will evolve .
inte its own subset of the flexible automation:egquipment sector with a mglt;tude af segm;,ts B
much akin to the early aE’EIQPmant of ‘the minicomputer industry in EhE 155@5 and sarly l§7Ds.!
- However, in contrast to the-minicomputer 1ﬁﬂu5t§y,>1f is coneeivable for the majar Pa;ﬁlslpants
. .in robotics to significantly. change character by the next decade. We beliaeve it is.likely.for
a gignificant portion of robot manufacturers to "become part of major sém*aﬁ‘es arganlzeé £o |
upply systems. and subsystems for the factory of the future. A Eure robot dompany m;ghﬁ anly
ervice. a small, EEEElalled segment of tha Eattary automation markest. - - .

.
]

wl.\\'M

14

It is our opinion that the ;tg%cﬁu:e of the robotic' sector w %1 evalve a manner similar
tq the early stafe development of the m;n;gamgutar industry. Through the d4-1960s, the mini-

‘gomputer industry was dominated by two major computer manufacturers. Beginning in the sacond
half af the 195@5 ané 1nt§ the 15735, this sector aevelagea a more elaharate stru:tu:e.. L

e 10: Stfuctu:e of the H;n;camput ar Industry in 1970
Buys Kakes © .7 Sdizte
R — — — , )
- N B N - . . = x
- Minicomputer .+ 4 Peripherals Mainlrames - QEM': .
- Wanufszwrerz - Sofwware. Peripharals Indegendant Systems hauzes ' =
- - . Sof ) End-user . .
. R Systemns
= = = N o . T & 5 x
Feripheral Equipment Minicamputers Perigherals
Manufacivrers . . Saoftwars {includes teiminals
’ and leconcary
memaries} E Manulasturer
. Minicomputers Eng-user . : o .
Originagl EJuigment Minicamputers Peripherals
Manufastoerers Peéripherals - Sofiware . End-uter
Saftware Systems . .
Engincering - Idinicompuiers - .
- Programiming N Coa 7 ‘Seftware R - QEIA ,;
’ ‘ End-user 4
. L "mgg:g};-mj;:m” T _Minjcomputers =R T a ’ e T
Systems _ Periphersls End-user N
The interfaces depictéd by this structure can essenti ially be split into four subsegments:
. : i Foa
1. The end users who cauia,vg . - ) =
. . i
Ta. purchase a system fgam the arig;nai equipment supplier directly, or. . . <.
3. sometimes go to a group of independent é@ﬁsultants who help the purs chaser -
' put together gystems _and subsystems, or. ﬁﬁé . ) -
. Y . oo
es turn to a company that has developed a turnkey product using OEM
- ier- equipment as the heart of the system. : : '
. - B sy ¥ =
= % : 9
_ L 3 i
. = _L

O
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ated, they assumed greater respons billty for the int gzatgan of

As users bacame more saph; stie =}
icated bas e’ ::f

the system. - A service ;egﬁa nt bagan to Evalve sbout a decade later as the i
the product grew. : - . ’ T

) -The robot 1ndgst ry appsars to be. devalaglng alang the same lines. Cg:gzntly,:twa manufaﬁﬁurera;
" Unimation (subsg 1iiary of EGndEE) and Clnﬂlﬂnatl H;laztan, dominate the ,ndustﬁy w;ﬁh aﬂ?éstimatéd
70% of the market.

(Table 11).-
- = Qk.D B i
- 7.5 . ..
6.0 -
4.5
Nc:deaﬂ ) 0.7
Mobot 0.7 o
.. - \putomatix 0.4 .
1.2

nto the cturing P;EQEﬁS anﬂ ac:a;;ﬂﬁallg autaléé
lack of Eu?péft ava;lahle far the_ _process.

af U Si

goal of genezatlng a .
bility to _change, a :apab;' 'y prev ausly ava;lab;a only with a- sharp reduction of autput-

s change in the nanufa:tur;ﬁg coneept has refodused the efforts of robot maﬁufaztufgrs .

téwa:ﬂ‘ﬁﬁgAgzaw;ng areas-of applications ‘and systems. Moreover, new ‘companies such as- Autamatlz,'
Ine. and Robogate Systems Inc., were founded on thE éénﬁépﬁ af turnkéx lnsﬁ 11lations lﬁtegratlng;'
raba;s into flexible maﬁufacturiﬂg systamsg

The llkelyrévalutlan of thass dévelcpments ;an probably be llluaﬁzatéd hy Ehé féspan es of .
U.5. manufacturers to the 1981 SME Delphi Forecast for Rebo (Table 12). In es sence, the . ,
purchasers, of robotz will :antinue ‘to make use. of LndEEEnﬂEnt EQnSulﬁanﬁa, but alsc ‘willzturn

méere,and more to turnkey system Eggg;;ars during the 1980s. A .

1990 . L ..

.. & of Robors Purchazed by Users © 108 oL 1Ew 15 )
- with Azsistancé of Qutaids Indepandent N =

Consuleants Doing Eystgas Enginees . : o
% of Robots Precur e 20 25 30
Package with One= . Ex .
Rapot Supply snd Isscallaeion - =

d . Purchassr Peodures on Individual Basis; 80 70 70

* * Purchazssr Assumes Responsibility for f . = . } .
Layout and Integration th Inztallatien | - . - R

Dons by .Equipment Manufact

" Sauree: 1981 SH,E Dalphl Formeast ==M gﬂian Begul:s.

2
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. Langer—Terﬂ T:Endg- - . . . -
- Automation Companies - - . -' - - T - . L '
Will lealg,he Large

1 i:
aye

experience) .
ited into

1 £l 58 Moreover, the U.S5. production base is in dire need of madern;zatian
-and, most important, the mid=19802 aémcgraph;; shift w11l lead to a drap in the ent'

- work forge at a time when the average skilled m i
t6 be about' 56 years old. Thesé fundamentals
just,the;ramethgég and ph;lc ophy of grsdgat;an,'emp sizing ﬁhe suhs
labor or, in cne wazé' -automation. .

N
m‘m

'as" piece of eguipment to be integ

ﬁutlan of ;aPrEal far

. The évaiﬁtiéﬂ of faé tory. aufamat;an outside the U. S. ‘has. an -interes ‘£ing - Eﬁaractéfisﬁiﬁa'ﬂﬂsﬁ'
of the companies in the forefront of the technology are part of -the organization that makes
‘much of .the-egu u . What emerges is that the -knowledge of the fa:tgry enviro: y

i
the key -factor to the sggcéssful implementation of automation. In Japan, for example,
was originally a subsidiary of a machine tool :amgany (Toyoda) and its ma:h;ne tool techn
cannot be sold externally without the car company's approval. Nissan has a machine tool co

.pany as ﬁﬁég Hiﬁa&hi and Kcmatgu, the' sixth largest producer of trapsfe:

A similar phenamanan iz developing around the world with respect tm the 1mplEmEﬁtatlan aof
_“"FEEﬁtg‘_i“E“_ﬁEﬁ?“ﬁf“tﬁE‘tﬂﬁPEﬁIE**fﬁtfﬁﬂﬂEIﬂggfﬂh@tg*tnt§=théxmanufaatuilnngEﬂégsargﬁﬂﬂgea_sx
.a-version for 1 1 Besides many Japanese CONCeEns Ehe list wauld alsa 1n—
el , -Renault ‘and Fiat; DR T

or
luée companie ult E -

Bltgrﬁaﬁivelg, U.5. manufacturing companies rarely produce eguipment for Ehélf own use. How= -

ever, asTautomation technigques begin to take hold, the phonomenon has- begun to change. In
robots, for example, céméaﬁiés like General Electric, Texas Instrumehts and IEM all produce
cently announced its own paint spraying robot,

ions has led to the identification of the

robots for internal use and Gereral Motors rec
Fu:the:ﬁtstzateglz glann;ng within many :Drpgga
- field af*augémat t

- i SRIE!gL; Purchasas hy Largs Cospiniss
az - . in ehs Fisld s a! AutomaEisn

Exzan
SehlumbaFgRE

canaral Elsctriz

Intmesil

Licrass DEA Allagre mobot

Irsnaportatisn Aglat: TLIT ] S -

Eaton - CUELSE HAzee =

ESrasy
H : . . . .
Bandlx WAEREE E Swhasy

other Compiani
Autemsrion |
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=~ 7

MltChE" Hutc:hms Inc: | f , f B

'Thg lagiaal
=agh;st;¢aﬁe§ 1 a;v;ng :amput
::alle;s anﬁ, I The requ;igmgn'

ta he qulte lafge in natu:ef w;th suppl;efs af lndu Erlal Pleces gf egg;pment éc:upy;ng a small
n;ch& in Ehe broad Spécﬁfﬂm markest for thé automated fasﬁazy. -~ =

Eahat Production: . - T o

¥ Tha EQEEﬁtlal w1desptead use af rabaﬁs suggEsts that the lﬂdustry w;ll Eant;nue ta segment
in va:;aus ways

N

. Wﬁfk énveiééé and 153&(3!*,2‘@3 a;

2. 'Heavy applicatiens, ir ng spot " Brin I . v
50 and 350 1bs. . o e

mafkét far rg;

far market &évélameﬁt wasg, Ehs realkzat;an that ugwaréa Qf ED% af the pa:ts af thé
avaraga automobile weighed lesg than three paunda. R . . =

. Segmentation by process applications, including painting, spraying and coating amd - S
are welding. - e .
An analysis of thes

_ market segments suggested that a family -of general purpoie robots with
a chﬂiﬁé'af éfive me

; lift capacity and wrist configuration cpuld be produced, with the 3
electronics and software) used to tailor the general purpase robot
atien. While the major robot producers have adopted.this a praa: ; .
lso developed for a dedicdted system, particularly in E t spraying, _‘ ,
§r1mar;ly be:aus of & intri EEﬁlEa of goating technology. We believe it is likely for this
gEﬁEral;st'EPEfﬂa ch to pervade “in.the industry, with some sgéclal;sea ﬁ;;hes develeping be:au;e

of unique process t nologi : :

e

- . - . -

gfaaglentlﬁg and-ma i
%his adaptive ab;l;ty would be ESaEntlal o ) - . N

- 1]
The kly to the wide m”fkét éxpanELQng we believe, li 3 e =aktl 3 3
=] hnalagy ) L . ; : . ) . -
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-ment of existing Sﬂfﬁwaré'anafinéarpa ,g ion of advancas in other- areas. ;uéh ‘as:

systEﬁE <
lty af 7 using. a- rah@t 5 aatual mgtlan. Thé develﬁpment af aff—l;ﬁe gragramlng waulé
a;sa ease -the a;tual pragrém;ng tas E. LT - : ] - -

Further, Ebé kéy ﬁé,bettéﬁzfébqts lies in vastly improved elec

. Material: Rabat; in the future are 11kaly to ha bgllt aut af varigus"
cmpﬂsltes aﬁd/ar ?last;u:s rathe: than metal. E - :

This Suggésts that ¢ b@ts have all the ;haragt eristics of a high techneology iﬁﬂustfyé
1. High lévéLs éf R&D - e, likely.
ste: Similar to- .

' more EGEhi t;catea models. Hence, we. balieve

..major manufacturers intreduced .its robot line four years -ago. DEgpltE the’ w1aely ;qgi’
‘times of the past few years, selling pr

1= 4 = ExEEBSIV‘E aﬁEE;SEElE

Ejg'bﬁ'ﬁéch has been formed as a joi nt venture- :argaraﬁlan hy Renault e
nd Ransburg, hapéfuily ta dev 1@; a rogbot by Qr;ng;ng the E;Earglse -
= two companies together. : . 7 . -

3. Signifleant ReDr will be done by academia wit - nies.
This is parflcularly ue in sensors and some vision k is.currently being
égi (Gainasv;lle), Stanfc;éi;UﬁLv ; =it

done by RPI, Purdue, UFLA, Florida State v
of RhodeIsland, etc. : o . ;. -
R&D .ability is fast becoming avbagggg;ﬁ§? entry in the robot field. Further, i
for proprietary technolegy to be much more” important than patent prate:trgﬁ, simi
majer technolegical fields dominated by software and el
- f.# = .
Learning Curve
Priging Key to
Industry Growth

The heavy emphasis on computers, electronics and soff
general purpose robots for specific application suggests

hat the pr

g Ef rabet% w;ll‘fal—

low the characteristics af‘highftééﬁﬁﬁiﬁgy"hﬂuéffiés. CurrentIy, wé—”‘tlﬁéfé_fﬁét'arauﬁd"aﬂ%‘

of the eost of a robot iz the electreni ,ntaga fpr the

important to gabatlés, and prices.should £all as vciume in j%asés;

s have remained essentially unchanged, i

the .average price -per unit is likely ta
hat robots will probably be equipped with )
ement and

”hila the base-price of robots 'is 1 Eo
increase over the next Eive yéafs This re

nsors and vision. .Assuming technologiecal adv

= that the rebot industry during the 1980s could ‘achieve a -

lie
revenue gr@wth upwafds af 3_32( ycllcally), with industry revenues astimated at 5500-600 mil-
lion by 1985 and appraa;h;ng 2 billion by 1990. o ) , .
- : - T3
' ) . -




1985 - - = 500-600 .
1990 . £ 2,000
Seurce: : -

-+ _As in most- high technology i dustries, the Ea'é‘a

% T
Eisigﬂ§~is:high and éaﬁiﬂ éas 1y be :atasﬁragh;; for’

%

One pa;ential futu:e market’ éevelaEmEﬁt is the-q;éwthégf theé rebot 1
the computer hugiﬁéss, small companies may never have adequate ‘capabili ty tg ;mpiemeﬂﬁ robots -~
Eifi:ien;ly. Leasing robots, along with full Euppcrt from suppliers, could make serke for =
smaller compafiies with limited capital and no. robot-wise EmPlEyEES making -the. latest tech- '
) @1 =54 readily ava;lagle.a' . . , . = . =

- e Y £ L ’ . o
ROBOT INTRODUCTION' A  © - = = S L o , ' ‘ ‘
SIGNIFICANT IMPACT ON N - o '

Even if no further techno—
ﬁ, fahafs waulé still have

more saghist;:ated éompared

Rabct; are %h:gatening to the Exlatlﬂg work farce. Eeegnﬁ est;mgt,, bave suggésteé that up- .
wards of twenty million in ustrial jobs around the world could be replaced by robots. This ’
. E;u es faug m;lllan assembly workers,. two million machinists, one millien painters, tws mill

Lame. cutters and .six million machine operators. Retraining is bel;eved to be Eha
ablem E;Ea;éa by rapid rapati ation, not uﬁemplgyment.

In both the U.S. aﬁd Sweden, for -example, many un;ﬂ ns have come to accept robots as a method
of ‘easing the most burdensome manufacturing tasks and ;néreaslﬁg productivity, both viewsd as

'‘a route to a higher stanéa:d of living. Swedish unions have actually classified certainsdan-
gerous or meonotonous jobs as unfit for humans and ‘demanded £hat they be carftied out sy robots.
The UAW has. been guoted in publications as stating that higher wages and prgdu:tlv;ty go hand
=1 =] pfadu:t;v;,yg

"in hanﬂ and tE:hna, gy, automation and new methcdal@gy are a major way*to ing

t;éaueﬁicﬁ into a mangfaﬁtuf;ng Grgan;zat;én;gends to fallaw the pattern
nit to a p ﬁy. Tha sfjle by the manufacturer has to include:

mex sgbpc:tg ;nglud;ng back=up suppart ani teahﬁ;:al
repairs and Eagta replagement.

2
i

e
H
oo
]
i

M

rehensive . tga;ning programs- and cusjomer education, as potential .
rs often.do not have the tachnieal ba:kgrauna or éxpegtlaz to make'
robot wark on the plant floor. .

15 lations tend to be most imp a;tant for they are the ones watched most care-
management and labor. As companies become more camfﬂ:tahle in uslng robots, . o

mu;t;plz orders- follow, but the need for EDﬂtlﬂulﬂg manufacturers' support remains. In the . o

future, robot producers will have to face the problem of Eugpagt networks that Extenﬂ thrauqhs ’

out the world and offer a variety of.services, Ln:luding education.

14 » . ) . ' - o : : . ‘ L s A ’ V N
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Mutchell Hutchnns Inc.. o : | ; o

spread use of robots and wr

Wlthin the manufacturiﬁg carpcrat;an fhe jahﬁ creat 5
he most part regquire

. mafined manufacturing —=programmers,; tEEhﬂl;laﬂS, Eﬁg;néev,

Hom
\ﬂ'

igggee of. technical training. The jobs which robots eliminate, e.g. -assembly workers, painte

MI\

and achlne.aperatafs, ‘are frequently of a lower skill or, if even illed, .regquire little
technical knowledge. -Massive training programs will be neaded to prevent the creation of an
avefsupply of .warkers whose skills have be:ﬂmE‘tbsalgte and -a simultaneous shortage of - engineérﬁ

Cand Eézhﬁ;claﬁa.' It aggea:s.ﬁhaﬁ the manufattur;ng 1ndugt:y has‘ré:agn;géé the. problems by the,

50%

10

m‘\
m

: T : "Graduaﬁlng Cailége Etu nt : - Lo
Sgurce: 1931 SHME Dalphi Pe 11, _ B ;

“of such pr gzams are in place. Wgﬂalsa hav
o

Ta aate, however, only the, ba:est begir 1 5 h
curriculum to help meet the demanﬁ far

recently seen EhE development of an’ Eaaéem;: roboties-
= Macomb Ccunty Cammun;ty Eall =ge in Warren, Michigan-has just 1nﬁrsﬁucéﬁ
d the State of South Carolina ig svhsi&ig;ng academic training pregrams at

laéatiahs near the new Cln:;ﬂﬂaﬁl H;lacfcﬂ robot plan

wh;le we- ;e;;eve the erit al lgsugs af manufa:tgzgng tgchnlqués and lahat ﬂ;spla:ément €an .

be handled: i
W7 could be sérlaug durlng ﬁhe sezaﬁd half o thealasas. TEGNnBnglEEl aﬂvaﬁ:es Enhanse the eaga—
hll;ty, economic viability.and avallah:.l;.zy af a?sembly ‘and :.ni.ger:tlan rab-:t systems: |
—_— _ ) cen

£
v
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i manufactiring work force, and 1nspa ction w@:kéfs probably 5-10%. . - .
+ . These are two areas whére advanced ré bﬂtics could be applied with™ - ' -
. .7 i * : : ’

‘astonishing impact. - . . g . ) i
o : . .t o . “

- "It is estimated that assembly worker s constitute upwaﬁas af 15% of the

The need t@ Eiﬁan:e a
significant levels of R&D and
- availability of capital i i
. dustry have been abla to tap | : Y=
favorable pu 1:1ty the rabat seztgr has rez d,
Timé and Bus hE;E‘WEEK in 1980, has helped zéntr,bute ta the exzegt;ana;ly favérablé opinion

held by the lﬂvestment Eammun;ty as to thé prospeaats for rebotiegs, -

, business in an industry. capabls of growin
xt e support network su
aﬁély, 1t apgaars th
There is no deubt th

be ng on the covars af both

et

bably not h to get iﬁﬁiﬁa&ely involved in .

It is au: view that the gév fnment wauld-gf -
the fin s robetics industry. A free mérket approach. should allow. this
secﬁar to at :act tha necess ary capital féﬁqired because of the well-above avérage grawth pros-
pects. This dees not preclude the neeessity of general policy ingcentives required by BAmerican
busifesses. We believe that tax relief, especially higher ﬂ:prgﬁ iatioen write-offs, are the-
= -;kiﬁéé of programs which would benefit robot producers as well as ﬁufa&tu:éra.(> e
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"A'Mitch'en Hutchims"ihci L e e

ch as a;d;ng
] for basic

G@vgznmenﬁ pragtams which" cauld bé useful in the future waulﬂl
" RED ex;eﬁd;;urgg thrgugh e;ther tax.credits or gﬂvernment funds be
:eséazch

'7 W believe gévernnent aiﬂ Ea Ehe users waulﬂ ‘be more bénefic;al tc robot manufas; 5. This
oyld’ take the farn of: - . s -

.. -Helping gémg’ anies afford the introduction of réb@};iés inte their production’
5. . We elleve this aid could hegame erucia

I for smaller éﬂﬁ@ﬁiésa

art of showcase, perhaps a natio nal demonstration p gram,

- Establ;sh;ng some =as
’ i fac=

s
to provide inspirational leadership and develop a cogent pQ;lzy for ma
turing te:hn;quéa... . :

L'III

We believe Ehaﬁ maﬁuf,;t 1Irers’ abll;ty to afford ;ah@ts ana Etth asge:ts
tien is ultimately related to their cash flow. A stable period of economie
rest rates and ganﬁralled ;nflatign as well as go Efnment tax

'z ;mgartant to note that the introduction: Qf robots into the mangfact
This imgliés

Améﬂp through th lsﬁﬁyraf Trade and
igsue in line with the decisi an that fabat prcauct;én iz a magar sﬁraﬁeg;: lndu;try

Euﬁu:a.’

" . MITI has permitted. manufacturers who install robots to deprefiate an
aﬂﬁitganal lE%% af the guféhasé price in the first year.

MITI has ar:angéa For direct gave;nment, low interest loans .to small
and medium scale manufactu:er to encourage var;auz Eype of rabat

b ;nstallatians. . ' . o . . 5

.

selieve it would be advantag a
s& We alsa bel;ave that the U. S. gav rnmenﬁ :auld consider prﬂgram: ta helg foster the

7”w1th the Japanéaé Autamatad Factary Project spensored by the Agency of Industrial S
Technology of MITI. The project, initiated in 19277, aims to help take gxlstlng te
advances inte the marketplace, with the a::km:wleﬂged l::mg—tem goal :f unmanned m

2
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= throughout industry. Heretofore, the Japanese have led thE way
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in agrlgulture, a major :hangé from yesteryear, when

‘This 3.8% prcduﬁeg enaugh food to feed this :auntryl

al of food. The decline of population in the agrl;ultufal

-or occurred with the substitution of :apltal for labor. There are many. Paapla ‘who bel;eve

that, through automation, the -percentage of the work force in manufacturing will decline sig-
if taﬁtly fram the current 28.6%. While wa do not neeessar;ly believe the ext:eme_number of

';Tgaayf 3.8% of the U.'5. work force is
‘it was the dominant employment sector.
:_and m g the U.5. the leading exporter

=]

1-3% in the next cerdtury, there is no dauhﬁ that the U.5. work force employed in manufacturing
as we know it today will markedly decline over the next 25 years.:
EiEEthniEa, saffwa:e, ané sy

Through technology. such as
'5 architecture ;naluﬂ;ng rabgtg, evéntually the agﬁgmated

.
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Eli S. Lustgarten (312) 580-821

July 31, 1981
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7 Dfﬂce of Tschnslggy Assessment

The Office of Tsclmc:logy Assessment (OTA) was created ini 1972as . - . -

an advisory arm of Congress. OTA’s basic function is to help legis-

- lativepolicymakers anticipate and plan for the consequences of tech-

cal changes and to examine the many ways, expected and unex-
Psctscl in which technology affects people's lives. The assessment of
technology calls for exploration of the phys;ssl, biologieal, sssnstmc:,'
social, and political impacts which can result from applications of sci-
entific knowledge. OTA provides Congress with independent and
timely information about the potential sffsctsfbsth beneficial sncl

harmful—of technological applications.

Requests for studies are made by chairmen of standing committees

of the House of Representatives or Senate; by the Technology
-Assessment Board, the governing body of QTA or by ths Dxrsc:tor of

. OTA in consultation with the Board.

~ The Teclmalagy Assessment Board is c:ampassd Qf six members of
- the House, six members of thg Ssnsts, and the OTA Director, Wha is
a nonvctmg member.

mtsrnst;on;:ﬂ security and commerce, materials, food and renewable

resources, health, human resources, communication and information
- technologies, oceans and environment, and space techinology.

e S ——

-

-OTA currently has Stu!ilES undsrwsy in nine gensrsl areas: snsrgy, s
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