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o [I. INTRODUCTION AND SUMMARY o RN

- TV - ~.

Mapping, Agency Aerospace Center ({ MAAC) ital Source data for simsation
“of Forward Looking Infrared (FLIR) and Low Light Leve1 TeIeV1s1on (LLLTV)
sensors imagery during various per1ods of—thd day and seaso;; of the year. ‘
This includes determination of those deficiencies of the DMAAC data base : ..
. which 1imit. its use as well as 1dent1f1cat1on of -the additional parameters
F ) which would- 1ncrease its utility for sensgr S1mu1at1on In addition, the
effort involves deve10pment of Computer Image Generat1on (CIG) algorithms..
to simulate the effects of d1urna1 and seasonal variations on sensor imagery.

-The purpose of this study ix to’ 1nvesé1gate the ‘use of the Defense

( L In_ order to. fu1f111 the intended goa]s of this study, the approach

- Was. d1v1ded,1nto four tasks.. wh1ch are descr1bed in the following four’
sect1ons of this report The first task invelved construct1on of a data
base for a chosen target area for three different reso]ut1ons of the DMAAC
data base. The subject target area was one, of 16 ava11ab1e from the AFHRL
Seasonal Sensor Handbook: The second task conS1sted of the derivation of .
fairly sophisticated visual apd” thermal tonal models from theoretical -
thermo- -electromagnetic models. These models b1end the phys1ca1 properties
~of the scene with, the environmental conditions and part1cu1ar sensor char-

) acter1st1cs to resuIt in an accurate simulation of sensor 1magery under »
various d1urn;l\and seasona1 cond1t1ons The third task consisted of o -;
generating si 1ated sensor: 1magery for var1ous diurnal and seasona1 . 1" g

" conditions using the data bases and tona1 modeIS developed in the f1rst
two tasks. The fourth task cons1sted‘of analysis of the deficiencies of

_ the simulated 1magery, in order to determ1ne what parameters need to be

added to the DMAAC data base to support ‘effective simulation of sensor

1magery

-
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) At the beg1nn1ng of the program the intent was.to generate the _imagery R

w1t‘h a modest ‘extension of the data. base reqmrements However, same p{hortk

com1ngs were- assgc1ated with this approach» The 12 material cades used in:

"the DMAAC-Specificationrdo not fu]]y‘r flect -the physical prOQerties of the
'materia]; For example,-in the.sceng evaluated Jnrth1s study, both the

cement plang and t hosp1ta1.h%ve the same’ mater1aJ code yet they have - ; ;
ddfferen' therna]':foahm$1es A§so, the DMAAC feature code is use oriented

and 1s npt related to the ref]ect1ve or em1ss1ve propert1es of the buildings.
Thus, th hosp1ta] has a feature code that is identical to-that of schools®

'and churches, all of wh1cn are 1dent1f1ed as 1nst1tut1ona1 structures, but
'th1s identification has ~nothing to- do with the".underlying-physical
character1st1cs With limited additional descriptors ip the data base, 1t

was fe]t that on]y a little more f1de11ty could be added to the simulated,

1 F)
passave imagery which is derived through transformat1ons of, the DMAAC data

- s - v

A bas1s of much of the tonal’ modeg1ng is the resul 'easurgnent .
program under Air Force Human Resources. Laboratory (A
which resu]ted in the AFHRL Seasonal Sensor. Handbook..‘ )
were "taken ‘on mu1t1p]e days in each “of the four seasons of.t ~ar on - AN
16 d1fferent target scenes. ’pThe 1nstrument and env1ronmentaT'uonditions

were recorded. This handbook provided -a qua11tat1ve .source during the

<\formatwrh of the tonal modeéls. ~ Also, once the models amd 1magery§ﬂere

der1ved the handbook was used for qualitative evaluation. .t

Thus, the approach taken in the study was to determ1ne what 1nformat1on
is needed to s1mu1ate the 1magery contained in the handbook Then imagery.
us1ng ‘lesser. amounts of data can be generated for various user applications.
The impact on the data base can then .be assessed for a g1ven app11cat1on
and Tevel of detail 1n the'1magery

R
v

The resu]ts of thns study 1hc]ude a realistic tona] model: for the
simulation “of passive sensor. 1magery of complex cu1tura1 scenes, the genera-
't1on of 1magery from a scene constructed accord1ng to the DMAAC specifica-
t1ons, an assessment of “the resultant diurnal and seasona] 1magery, and the -
re]at1onsh1p between the- model data requ1rements and the resources of the .

data base e

'3 . -" ’ . . \,12
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oo et 11 DATA BASE GENERATIONr,.',.,f'

In order to genergte LLLTV and. FLLR 1magery, the construct1on of a
| data base for a sé]ected target area accord1ng to the DMAAC spec1f1cat1on
was requ1red - The data necessary for the simulation of sensor. 1ﬂagery ﬂ'Q
... are d1v1ded into. three basic types The first type of data cons1sts of
a three d1mens1ona1 geometr1ca1 descr1pt1on of the features conta1ned 1n
. a scene. The second type - conta1ns descr1pt1ons of-the phys1ca1 make- up
x* of typ1ca1 surfaces in the geometr1c data base and is needed to s1mu1ate
d1fferent types of sensors; for examp]e, for the: FLIR sensor, the thermal
conduct1v1ty and capac1tance of the material must be known. The third .
type of data descr1bes env1ronmenta1 cond1t1ons for a part1cu1ar scene © "
. and. 1nc1udes temperature of the 'SUR; sky, a1r, ‘wind speed and»dhrect1on,
; and prec1p1tat1on T . Q oL
2. 2.1.°TARGET AREA SELECTION o - ’ T -
'_;t; The first task of th1s~effort 1nv01ved eva1uat1on of: the 16 target
 .areas in the AFHRL Seasonal Sénsor Handbook ; ~The data for th1s handb00k‘"
“were taken: from the tower of the Avionics Laboratory building at Wright-
Patterson Air Force Base. and spanned the area between the f11ght main--
tenance hangars of Area C to the Trebe1n radar dish. Scenes in these
recordings range from nearly all: ‘natural content to a mixture of cu]tura]
. and natural features w1th rather dense cu1tura1 content. The scene
show1ng the . hosp1ta1 was chosen to be the subJect of th1s study because
of its. variety of. cu1tura1 content This scene is shown in F1gure 1 as

seen from the tower.

The se1ect1on of the hosp1ta1 scene required data base mode11ng of -
-a. str1p approximately 2- 1/2-miles .long and 3/4 mile wide, parallel to
-the- ra11road tracks between Dayton and Xenia Avenues in Fa1rborn, 0h1o, :

T

1 as shown in’ F1gure 2.
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Aruitoxt provided by Eic:

"a number of photographs of the bu11d1ngs and the surround1ng areas weﬁe

) VA

L . N . B N . .
. . . - . °

o . Figure.1.” The Hospital Scene

' . . . , . tﬁ 2 L ] . ,‘ . : .. L
| . ( ; _ _ . '
‘Photographs taken from the tower at the Av1on1cs Laboratory were the

“major source of .data used in se]ect1ng 1mportant features for the construc-

t1on of the\data base - Since not a]] deta1ls of the scene were visible

from that view, some. of the features were om1tted Effort was concentrated
on “the hospital (1), off1cers fam1]y hous1ng (2), the base heat1ng plant (3),
the Southwest Portland. Cemenit P]ant (4), and the Maple Avenue br1dge (5). -
Exact re]at1ve p051t1ons of these featUres were obtained from a geograph1ca]

~map of Fairbern and a map of ‘the wr1ght Patterson Air Force Base. vD1mens1ons

of the features were extracted from the ava1]ab1e b]uepr1nts. -In addition,

taken as an 1nterpretat1vg a1d in the data base construct1on..

.
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o N A data basé was prepared for the chosen scene at each of three
1eve1s of detail.. These correspond~to levels IA, IIA, and IIIB of the ’ﬂ
1974 DMAAC spec1f1cat1on -Level TA has a reso]ut1on of 500 feet 1eve1 IIA

has a reso1ut1on of- 200 feet,. and 1eve1 IIIB has a reso1ut1on of 50 feetv

L

The data bases for these three reso1ut1ons were prepared. in accordance’ fif-f"

w1th-gu1de11nes in. "Spec1f1cat1ons for D1g1ta1 Radar Landmass S1mu1ator w

t

PR,
sy,

. 2.2 DATA BASE consmucnon e

NV
.~ i b

s 2 2. 1 Leve1 1A v o
R . For Tevel IA, on1y 12 features were mode1ed and- the1r "featdre ‘ .
. ana]ys1s data tab1e" s 1nc1uded in F1gure 3. D1mens1ons of th@:‘g H. :

At

hosp1ta1 ‘the steam- p1ant, and the cement plant fe11 below the minﬁmum jw-h
requ1rement of 500 ft. he1ght and width for Tevel IA and, therefore,

were not mode]ed to scale. -Instead, they were mode1ed as point -
features, with d1ameters the same as their convex covers, as suggested

by the “1so1ated structures cr1ter1a“ (100 ft across and 500 ft d1stant
from other group1ngs) L

‘ Each of the two groups of visible fam11y ‘duplexes on the base were
modeled as homogeneous blocks of un1form hexght, since the d1mens1ons of
individual houses fell below the minimum size.criterion for level IA.

A1l of the features were modeled as' three- d1mens1ona1 po]yhedra with .
“a base outline as 1nd1cated in Figure 4. ~The rema1n1ng two: features are
Route 4 and a ground plane, both of which are modeled as p]anes ‘The
. equ1va1ent sensor data base for 1eve1 IA cons1sts of 111 surfaces con-
' s1st1ng of 188 vert1ces and 544 edges '

2.2. 2 Level IIA , .
, At 1eve1 1A, 21 features met the reso1ut1on requ1rements Their“
feature ana]ys1s data table 1s shown in F1gure 5. S1x 1so1ated fea-
tures were modeled with their basic out11nes (as opposed to p01pt -
features) These were the off1cers hous1ng un1t mode1ed to sca1e,

13
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.. NORMAL sofL - 12

. 'Figu"rg 3. Level IA Feature A_ﬁa]ys-is Code,(FA'C) Sheet

FAC-NUMBER <

CLUSTER OF - - = "2+

HOSPITAL, © .- '3
STEAM PLANT .~ - 5

CTREES 0 67

MENT-RLANT- - 9

 FREEWAY o

10,

SUREACE MATERIAL

25
25

0 .

40

14

W

—_
LG
o

110

Y

1

TREE COVERAGE (%)

130

©

H

100

ROOF COVERAGE (%)

30.

30

5

Q

G

*FEATURE ID

3

DIRECTIVITY

907 -

1400 | -,

400 -

120 -,

907 -,

230 -

904 - .-

DIMENSION Of
" POINT FEATURES

100

“LEVEL



: s . ,
u H : ¢
' Q! . ¢
s R . - . . . .

{

-] N 4

111 Surfaces
544 Edges

188 Vertjcgs

" Level IA Consists Of:

.Figqrg.4. “Odtiines of Features at-level IA~
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o _ FAMILY HousEs .. 2 2 4 25 T e A
OFFICERS -~ - = * ", . ‘ ./ )
E rHOSPIf}L { 4 2,3 6 13 ‘0 100 730"
SR PR U 139
. CLUSTER OF .. | | .
C FAMLyhouses S 2 4 28 T i:/ 0 730 -
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* RESIDENTIAL : , PO
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. a2z 4 25 11 30 30 40. - .
AREA N ; .
~ _RESIDENTIAL ' ‘ - L :
| AREA 1z ¢ 25 1 30 30 400 -
RESIDENTIAL o
- ARBA S M2 4 25 11 30 30 40, -
BRIDGE 2z 3 3 0 0 D 260 -
"CEMENT PLANT 3 2 3 8 13 .0 joo'.1zo -
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> o ) e € ) “
E GRASS 15 - 0 0 0 10 .5 304 -
NORMAL SOIL 15 0 0 1 10 5 904 -
ATHLETIC FIELD 17 10 0 0.0. 0 20 -
PARK 12 . 10 0 1 3 1 0 -
-, SHOPPING CENTER -1 . 3 0 1 0 -0 30 -.
NORMAL: SOIL 2 2 1 9 1T 10 5 904 -
STREETS - 27 2 6 3 3 -0 0 <00 -

se2 Figure  for Co]-um»n> Headingz) -
“igure 5. Level ITA FAC Sheet
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the Towe _jevel of the hospital with predom1ncnt height of 25 ft, the uoper
& tne lower level w1th predominant height of 64 ft, the ’

ar~ the two 1argest'sect1ons of the cement p1ant (the kiln, .
N

level o
"heatfng
finish- f and rock storage as one and the 511os and pack house as
* ‘‘another 1e sixth isplated structure is the Map]e Avenue overpass. ts ] )
' dimensions (420 by 60 ft) fell w1th1n the minimum requ1rements for leveil IIA
- angd the overpass was thus mode1ed to sca]e . - ‘ :
' However, the shape .of the bridge - d1d not confu\m to the DMAAC:
. spec1f1cat.ons It is supported on.both esds by an earth embankment which

:-fe11 below m1n1mum size requ1rements for Tevel IIA and its shape cannot e

\'be modeleéd as a set of surfaces paralletl.(or perpend1cu1ar) to -the ground
plane. This accounts for the “f1oat1ng in “the a1r" effect the mode]ed
br1dge has.

-

Some difficulties were also encountered when mode11ng the Tower
- portons of the hOSp1ta1 The height d1fferent1a1 of the terrain has
the effect of an addizional floor being exposed on the west S1de of the

structure; whereas, it is covered on the east side. - STy
9 . . . -

Remaining features are homogeneous Slocks of residéntia]{areas;
tree covered areas, a park and an athletic f1e1d two bare ground areas,
and the base ‘plane. Outlines of all the features “n 1eve1”IIA are shown .
~in Figure 6,-and the areas ‘between the homogereor - biocks give outlines
of the major roads. Altogether, the model at lev=1 1IA cons1sted of 131
surfaces -constructed from 611 edges and 285 vert- zes.

2.2.3 Leve] 1me : o S
- ‘Level IIIB conta1ns a data base with- the finast 1eve1 of detail.
* Again, features were selected from the single view from the tower and
- do not include all the détail allowed by DMAAC Specifications. Despite
that, thereiwere 87 -individua}Ffeatures (some of which had several parts).
The feature aMalysis sheet is shown in Figure 7. The first 37 features .
were the fami]y{dup]exes,on theEAir-Force Base grounds."Most'of the ,

&
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| .7 Level IIA Consists Of:
- 131 ~Surféces k|
611 Edges ' ’
235" Vertices- -
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1nd1v1dua1 houses were nqt far enough apart to sat1sfy the DMAAC "1soTated
structure or1ter1a“.( 0 ft apart) Instead they were comh1ned 1ntp groups
running paraTTeJ to the streetsf~ The rooftops ‘of the dup]exés are ther

<;haJor v1s1b1e part of the group of housTng on sthe Aig Force Base, A

g

however, s1nce the spec1f1cat1ons do not a]]ow for sToped roofs, the

- ‘model does not accurate]y reflect them.~ - e

I R . o -
Feature 23 1s the "off1cers quarters" bu11d1ng, wh1ch wa's mode]ed to
scaTe The hosp1ta1 (feature 24) was modeled as fdur separate Tevels w1th\\
hé1ghts of 96 ft, 64 ft, 32. ft, and 25 ft, as suggested in: DMAAC:“He1ght '
Cont1nu1ty Spec1f1cat1ons ‘Terrain e]evat1on presented d1ff1cu1t1es for
the bottom TeveT as they did dur1ng the construct1on at Tevel ITA.

)

were: quite not1ceab1e on the. photographs of the scenes, they were not ' t
knc]uded in the model. Th1s was, done’s1nce the spec1f1cat1ons do not
have c]ear 1nstruct1ons for mode11ng s1gn1f1cant deta11s dn sides of.

bu11d1ngs AN the features can on]y be mo@e]ed as DMAAC "areas wvth ~
- . | 0 e

_?‘ ;:‘i' | Although the metaT shades over the southwes; waTTs of the hosp1ta1

E predom1nant height." .

; - The heat1ng p1ant service stat1on and ‘church. of Kaufﬁnan qnd PoweTT

Avenues were modeTed to'scale (features 40, 41, 42) "The Maple Street over-
pass was mode]ed as in Tevel IIA and with the same‘assumpt1ons (feature 43) *
The cement pTant was divided into 11 1nd1v1dua1 structures, each of wh1ch
. had- outT\nes to scale: (44 -.-silos, 45 - pack house 46 - warehouse,

. 41 - ‘water tower, 48 - smokestack 49 - precipitator, 50 - kiln bu11d1ng,
51 - f1n1sh m111s, 52 - rock. storage, 53 - laboratories and offices,
54 - -shops angd steres, and 55 - ra11road tracks)

1

~~Again, much of the s1gn1f1oant deta11 was not modeTed since speci-
fications do-not allow for sloped roofs or detail on the sides'of the
*N\buildings. Furthermore, ‘the rock storage building is a structure with -
a sloped roof and without one wall; thus, its model doesvnot_refTect'
its actual shape. ' | B Co

- o
N . .

20 2L
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b Rema1n1ng features are homogeneous blocks’ of e1ther res1dgnt1al
N L areas or tree-covered .areas, grass patches, and bare d1rt fields.. As T
,;.‘ 1n Jevel- IIA, the base plane is covered by the homogeneous dreas so as to.
. form outlines of the maJor streets, F}gure 8. ‘The leve], IffB data baSe .,
con51sted of 684 surfaces made out of 3203 edges and 1155 vert1ces*

9

n - r . - o

2 2}4 qMater1a1 Data Base , v 7. - f“),' "y_; ‘~ - ./; - n* ":; W
As stated in the 1ntroduct1on, the .approach taken 1n th1s study was .
to determ1ne what 1nformat1on 1s heeded\to s1mu1ate the Jmagery 1n the .

f" . handbook Th1s requ1red the der1vatTon of a tonal’ mode] for the s1mu1a- L ‘
- t1on of pass1ye sensor 1magery The tenal model will be descr1bed 1n '
Sect1on I11. what is of concern 1n th1s section is ‘the add1t1ona1 da;a

ba§e descrlptors requ1red by the tona] mode] s

) For each of the sensors, various sirfaces in the geometr1ca1 déta _

‘_ base w111 attain’ different shades depending on thé physical properties s
of the surfaces they represeént. For the LLLTV simulation, orily thé 1.-

. Lsurface ref]ect1v1ty close to the 'visible band is used“ﬁur1ng the shade
ass1gnmenﬁ\ For the FLIR ymodel, npt on]y is the supface cond1t1on .

) importaht, but the compos1t1on of walls be]ong1ng 'to the surface is o !
a]so necessary. This add1t1ona1'qp%rmat1on was added to:the data |
base A 1ist of available surface material types is shown in F1gure 9
To - comp]ete]y describe the hosp1ta] scene, the material type and reflec-
t1v1ty of each surface in the scene’ ‘had to be 1ncorporated in the data
basé. This was done through~a. four-digit word ' The first two difits ..
are the mater1a1 type and the last two d1g1ts are the percent ref]ect1v1ty
_The add1t1ona1 feature descr1pt10n is given 1n F1gure 10 for“each feature
in 'the. datd base for levels. IA,. “IIA, and 11IB. - For examp]e? the wa]Ts of
the off1cers hous1ng, featlre 23 at level IIIB, has a code 2040, mean1ng
they are made of brick, wh1ch is 40% ref]ec;;ve at the visible bands '

The need for these add1t1ona] data base descr1ptors and the1r use’
) will now be deschbed ,in the d1scuss1on and der1vat1on of the therma]

mOdE] . ‘ '.“ '~ > _ : .- s

5 .

1
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78, 28/19// - . / soom - ;
(/ % Y 63 . ‘ - 684 Surfaces
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‘siding  * L ~ Shingles -
. ™ " Asphalt Shingle - . . °50 . Asphalt .
: “--',Asphalt Paper A ¢ - .51  "Asbestos . - -
" Asbestos Shingle . .7, 52 . Wood S
Flat Asbestos . o K 53 Clay Tile. ' ’
Ldpped Wood = = " - 54 ° Slate -
Flat Wood S - 55 Transite
Vertical Sine - Corrugated Metal o -
Vertical Square - Corrugated Metal
~ Horizontal Sine --Corrugated Metal : Roof
Hortzontal Square - Corrugated.,ﬂetal ' i oL
. -Lapped Metal -60°- Corrugated Galvanized
_Flat Metal - : -~ 61. Corrugated Plastic .
Rough Stucco _ B - - 6y Copper Sheet
‘Smooth, Stucco - . . © 66 Asphalt ( )
Cqrrygated Plastic : - . 67 Buﬂt-up paper tar, stanes
= Sng,odt_& Tastic., S ) ,
"_ Y - B : Pavemen‘t’s
) Masonry : ) : : .
- . ’ o A 80. Concrete .
20, Brick - _ <, : 81 _ Asphalt -. ot
2 - Textured Brick . . ' - . : .
L 22 Concrete Block - . S )
23 . Textured Concrete Block A - . «Grounds
. » 28 " Sandblasted Concrete . o , .
. .25 ~ Smooth Concrete .- . - 90 _Bare j-:arth R
. 26 Textured Conérete - LT 91 - sand
"z . 87 .+ ~'Stone : N 92 "+ clay
N - - 28 ' Clay Tile i ( 93 -.loam
. Textured Clay Iile ST,y T Grass. T
“ ot . . ‘ T 94 - cut :
. ) ‘ o -95 .- = long
- Homogéneous Blocks - - o _ .
» - 30 . .Residential T ., g Trees RN
S 31 Inner City - . A .
C e 32 0 Industrial - S ' 96  Deciduous
- © 33 Natural. . .97 Coniferous .
o B ] T ’ s . 98  Water
. L Glas;s_ ) S ) '
) == : i ’
e 40 -~ 1/4" Clear o
S S 41 1/2" Clear :
c : :2 C .354"' $1ear . /\‘ .
3 .- 1/4" Tinted . . :
‘ 487 172" Tinted W -
45, ™ 3/4" Tipted :
‘46 . Screen - -
] < Figure 9. Currently Available’'Material Types .
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LN . e
'© " MATERIAL TYPES ..

- FEATURE . - . FEATURE DESCRIPTION ~ ~ -  ROOF. .-  WALL -
-7 NUMBER ' . SRR . MATERIAL  MATERIAL .

LEVEL IA -

,1;6;10 T ;.Trees” = a ,¥7, 3318 - 3310
72,4,7,8,9 . Residential Suburban Ca030 . 3630
3 o =4}Commercia1 | _ o _9'3430‘ 3434
5,9 7 Industrial 330 3238

S [ . Roads * 8038 8038

-7 LEVEL IIA g e

TN s Treesd . - 9614 . i 9610

7 2,5,8 : ' Suburban Residential . 3030- 3030 -
C 3 ' Residential Inner City 3130, - * 03130
? 4 _“Government Buildings -, 3430 | - 3430

6, - ' Industrial (Heating Plant) 3230 3245°
12 . Industrial (Bridge) . 3230 3238
1214 " Industrial (Cement Plant) 230 3238
115,16,17,18,19,20 ¢ Terrain - . 320 . a0
B .Rpgas‘ - 8o 8o

y E ‘Figm'e_rlo. Li'st.: of Features and Their Material Types.
T *“:’%%’,>""'a- ° ' ’ . ‘\ ‘ ) » : N

L
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IR Le . MATERIAL TYPES
T FEATRE FEATURE DESCRIPTION . _ROOF  WALL
NUMBER - o | | MATERTAL .- MATERIAL
LEVEL ITIB
1-22 . IndividuaT Houses' . .5030 2080
2 ' officers Housing . 76730 .. 2040
L2 Hospital < | - 6730 2636
25-39 ' - Individual Houses -~ 5030 2060
40 - T Héating Plant - 6730 - © 2285
. 41 - ‘Service Station . L -6730 1040 -
42 Church. L 5030 2060
43 o Bridge . a 8038 . 1230
44  ° Cement-Plant Silos B 1230 . . .2530-
74 Cement Plant Pack House . 6730 2260 |
s . Cement Plant Warehouse T 6730 2240
47 . '/Cement Plant Water Tower ' = 123 1230
48 . - Cement Plant Smokestack. - . .. 2000 - . 2040
oo ‘Cement Plant Precipititor - 730 . 200"
, 50 . " 'Cement Plant Kiln Building | 6730 . 2640
~ 51 - . Cement Plant Finish Mills “© 0930 0940
52 ' ' . Cement Plant Rock Storage = . 1220, 1210
o 83 Cement’ Plant Laborator1es & Ofﬂces . 6730 2025
" 54 " Cement Plant Shop & Stores "~ - ' 6730 2025
.55 : '_ | 'Cement P]ant Raﬂroad Tracks : S 1220 . 1220.
- 56-62 Trees o y . 7 9614 . . 9610
63-75 fﬁ “Residential Blocks. - 3040 3040
76-80 Lo Grass .« Y 94200 9420
83 7 park ... . 923 - 9523
. . . ‘ . Vo Lok
Figure 10, ('Cbntimjged)‘ !
' I's . S .




‘"fM*“““’": - *"-“*4}~:L" f'III}-‘TONAL'MODEL'DEVELOPMENT7~TM“~“’ e e
_ "This section presents the e]ectromagnet1c and therma] mode]s used
to produce LLLTV ‘and FLIR sensor 1magery. It shows the overall model
..cons1st1ng of a scene, environment, and sensor-as 1mp1emented in a

;software systan. F

3.1 THERMAL MODELING »

- - A thermal. modgj>1s the centra] part of the passive 1nfrared (IR)
simu]at1on [2]. - Thermal sources in the exterior. env1ronment and 1nter1or
of objects are cons1dered by this model. Thermal. paths from sources to

| surfaces Tink the exterior and interior env1ronments to’ each surface
. in the scene. A finite d1fference model of the cross sect1on of each
- * surface (typically a flat slab), with the env1ronment paths as boundary

. cond1t1ons, comp]etes the therma] mode]
L4

3.1.1 Modes of Heat Transfer o :

' ‘There are three modes of thernfal transport. They are conduct1on, ’
_ convect1on and rad1ation. These: are only statistically understood '
A;_ e phenomena in that they are the resu]t of a 1arge number of stat1st1ca11y

?measurable e]ementa] processes Fon present pdrposes, 1tjis necessary

~ the deve]oped therma1 mode] For conduct1on 1n homogeneous stat-onary’
media, the equat1on of therma] transport 1n a three-d1mens1ona] Cartes1an :

'coord1nate system 15// ‘ S o o '",f:ﬁéw;

‘ .'71_' | '/m 2 2+ 2- C .
B T o G L R ¢
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”ufwheré‘"K" {g a constant therma] conduct1v1ty,“"cﬁv1s a constant capac1ty :
per un1t vo]ume, PT"'1s the temperature at (x,y z st), and "t“ 1s t1me '
The thermal model deals only with therma] conduction across a f]at slab
in one dimension; hence, the conduction equation reduces_to;L? .
e 2 : .. . o S

- This, d{fferent1a1 equat1on 1acks boundary cond1t1ons These cond1t1on§§?
. are convect1ve air and rad1at1ve heat 1oad1ngs from the exter1or and
-1nter1or env1ronments, plus an 1n1t1a1 temperature Cross sect1on in X.
;Th:s leads to the equat1ons of convect1ve and rad1at1ve transport

; For convect1ve transport across a planar. surface at x =0, the
’-equat1on 1s J”‘~; L

. .'/ . . ?

' ﬁwhere h.1s the average convect1on conductance, per unit. surface: area.
erm ”"”"der1ved coeff1c1ent based- an. surface cond1thons and

oIt s the cumulative. effect of wind speed and d1rectlon

.‘__*to “the’ surface or1entat1on, surface451ze, etc. The approach
Zused,here is to assign a value based on ideal cond1t1ons such_as Jaminar
or’ turbulent flow combined. with standard formulae using Reynolds and
_ﬁusselt numbers. Feature shape, surface type. and or1entat1on, and
env1ronmenta1 cond1t1ons determ1ne these parameters

: NI DU
)

For radiative transport across a p1anar surface at x =0, the equa-
tion 15 '

T g ) : B ST ~ <

L

B Zl (@5 E;) - e o4 = ¢ aT(aCL,‘tlm | ()
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'*Qwhere there are "N" ‘soufces- of~1rrad1ant pawer "E ";-'"e T -is the average
'therma] em1ttance, “a " is the average absorpt1on for 1rrad1ant energy of
"1's" speétrum, ‘and o" is ‘the 'Stefan- Bo]tzmann constant

3.1.2 Ihe View1ng Factor . =~ . .

' The character1zat1on of rad1ant paths requirgs a measure of energy
exchange: the viewing ifactor. The v1ew1ng factor is used when two sur-
faces radiate-to each other and one wants ‘to calculate the amount of .

. energy'interchanged " The amount of . griergy reaching surface 2 from

”

surface 1 can be ca]cu]ated as follows. . ST,

-

'y
LI

Surface S is character1zed by its d1ffuse rad1ance For each dif-

v ferential element dSl, a port1on of the rad1ant enjrgy hits surface 52
This part of the radiant energy of surface S1 has to be summed 1n order n
to compute the radiant interchange between them - This summation can be
characterized by the equat1on S "

>

S o ‘cos 6, cos é T *Ji o
o I | [[ ' 1 Y T2, - F . -
. F = = dA; dA (5) _
| 12 {Al o wfz u 1 1 2;._ o o

. . ?J" .
"where "e " js the angle between the. nonna] to dA and the 11ne segment

' -'connect1on dA1 and dAz, N 1s .the length of the Tine segment connect1ng

dA1 and dAz, and “A " is the area- of surface S ‘The shape factor is
used in radiant 1nterchanges where the surfaces have constant radiance
across themselves as v1ewed by each other. In.such a case, where the
radiance of surface S is L1 and the rad1ance of surface S2 is L2

(as v1ewed byﬂeach other), the shape factor is used to ca]cu]ate the

nét radiant 1nterchange by' : f‘, , .
_Ls.l,S =nL A Fh2 L - (8
. 4 N . , |
-

Ay



For thenna] mode11ng, the shape factor can be used w1th surface
" temperature to compute heat»load1ng power by

B .
< S - Qg = edd A1F1+2 e

The above procedure demonstrates how rad1ant paths are mode]ed in the
f1n1te d1fferenée therma] model. '

3 1.3 Env1ronment Paths o ,

' A s1mp11f1ed env1ronmenta1 model is used Figure 11 presentsa
schemat1c of the model. The ground p]ane, sky hemisphere, sun, and the -
four diffuse solar quadrants are the exterior rad1ant paths to a surface.
The-atmosphere is the exterior convective path to a surface The inter- .

"« igr side of a surfdce has a free convect1on path to the interior air and

a radiation path. ** - .

o The'ground p]ane is a horizontal.plane of infinite extent with con-
’)‘stant diffuse thermal radiance. It is a grey body with a spectral peak
near 10 microns. - Its d1ffuse radiance is related to temperature by
Stefan-Boltzmann s Law. The ground can be dry, wet,’or snow covered.
Under wet and snow covered conditions, 1t c]ose]y approximates a black
body,‘so the ground condit1on j&es not have mdjor 1mpact on its thermal
em1ss1on " When the ‘ground 1s snow covered though, its maximum temper-
v ature is 32°F. _ ’ o
he sky is a hemisphere over the .ground plane.- It is a close approx-
1mat;§h to a black- body except in spectra] bands where the sky is- h1gh1y
transparent. It has constant radiance over the hem1sphere because almost
all the received thermal energy is from the bottom 1 kflometer of the
sky. ~The sky's spectra] peak is near 10 m1crons "The presence of'clouds,
espec1a11y low, rain- bear1ng clouds, 1ncreases the sky's rad1ant or

. - sy ot . . -
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apparent; temperature because clouds are opague in those barids where the =~ -

sky is highly transparent. .The sky and ground have sigilar thermal

-.emission-bandsqsince,their.temperatures are similar.

.The sun is & 5900°K black -body. It is a source of both.direct and
diffuse radiation. The direct radiance_ is modeled:-as being emitted by a
point source, while the diffuse-radiance is- modeied .as coming from- four -

- sky quadrants Each quadrant is a constant-radiance ;diffuse surf“ce\that

rate wind vector, ‘and surface orientation, a certain quantity of water

approximates the diffuse solar radiation falling from that -quadrant 6f the

sky. - The spectral distribution-of selar radiation-is significantly dif-
ferent from that of ground and, sky. About 99 :percent of solar radiation

is between 0.2 and 3.0 microns which contains the v151b1e wave]engths

However, the bulk of the- received radiation from the ground and sky 1s.

at wave]engths greater than 3 microns ) :
The atmosphere is mode]ed as.a. gas., Its temperature and wind vector

determine the rate of convection between a surface 3 exterior and the

%

'atmosphere Reynolds and Prandt] numbers are,used to estimate convection

rate. Precipitation 1nf1uences exterior heat transfer since incident water
is heated by conduction to’ the surface temperature Based on precipitation

" hits a square meter of surface per hour )fhfs water 1s h%ated “from its
’.percipitation temperature to ‘the- 9urface temperature 'with a resulé?ng S

SRR

| ’heat transfer and evaporation ff“f ' !

"The interior side of a surface has a free convection path to the
interior air. _The interior air may be air conditioned (i €., in the

t

'range 65° to 75°F) heated (i e, kept aboVe 65°F), unheated (i. e.,

enclosed but not" heated ‘or cooled)‘“or ‘open to thé“oufside.  Based on'
the condition of the interidr ‘afr, “free convection from the interior

‘~‘4

surface “to ‘the enc]osed air mass “can occur ”A - .

|
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Ar':ﬁ3 f4§LThe F1n1te D1fference Model ';, ”“; - ””iﬁiv} ‘ ‘ .-LCT‘, a

is modeled as either a f]at tayéred s]ab a-cylinder, or a sphere.
Per1od1c layers 1ike beams or studs can be mode]ed Layers are sect1oned
-with therma] capacity w1th1n “the section and thermal'res1stance to the
_ adJacent sect1ons ass1gned The edges of. the slab form the boundary of
" the $lab. with 1ts exterior and 1nter1or env1ronments Boundaries or.
edge effects between d1fferent wa]] cross sect1ons are 1gnored. This
is the bas1s of the: f1n1te d1fference model. 4’ . .

' ;;,? set of points, line segments and p]anar po]ygona] bounded surfaces
h

“ The f1n1te d1fference method is a powerfu]’hethod of approx1mat1ng'
many types of part1a] differential equations. App11ed to therma] model-
ing, the method permits quantitative computer mode11ng of the- walls,
roof and ceiling’, and also interior and exter1or convect1ve and rad1a-
tive rnteract1ons of a target feature. ' ’

Figure 1235hows three typ1cq] wa]] cross seCtions: * uninsulated
wood, insulated wood, and‘brickj The wall models interface with the
“environment at their 1nter1or and exterior, where convect1ve and radia-
. tive transfer occur. The 1nter1or wall models 1nc1ude conduct]on through
so]1ds and convect1on and rad1at1on acrossxa1r gaps, The para]Te1 ther-

“mal paths of wood studs and e1ther a1r gaps or 1nsu1ataon are modeled as .

'para]]e] one- d1mens1ona1 paths w1thout cross paths 1nc1uded This has
been found sat1sfactory for measured cases. ‘ ' '

~ The f1n1te method has - a theoret1ca1 foundat1on in approx1mat1on .
. theory using funct1on spaces The theory of app11cat1on has been“devel-
oped and 1nc1udes cr1ter1a for a well-formulated model in ‘terms of con—
s1stency, convergencg, and stabtl1ty -A finite difference equat1on ,
(F.D.E.) can be written for a node "i" connected to two other nodes

in the mode] ’

<
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" Cons1stency demands that as the 1ncrements of time and d1stance approach
zero the F. D.E. approaches the partial differeptial equat1on Rearrang-
" ing (9), we see that.- .- .- . T -

'

Ty MTH0) = (T, 0-Ty00) 7 T, (N+1)-T CE o

z R

s

AX

{-As AX At +~ 0, th1s approaches the d1fferent1a1 equation for conduct1on - ‘
As contrasted w1th.cons1stency, which demands that the difference equation
‘at each node approach the partial differential equat1on convergence demands
-that the so]ut1on of the difference equat1on at each node approach the so]u-
tion to the part1a1 d1fferent1a1 equatlon at aX, At » 0. _ For most cases

~of therma] mode11ng, it is sufficient to prove the third cr1ter1on, sta- -

t b111ty, since convergence of solut1ons is then assured Stab111ty refers’

to the behavior of the numerical solution ca]cu]ated by & f1n1te word

] hlength computer. The stab1]1ty crlterlon guarantees that the truncat1on’“ 1.

e~

:'ﬁ.errors of- 1terat1ng the F D E. do not propagate T

Using the model, the temperature at dJscrete 1nterva1s within
a wall and the heat flow from (or into) ‘the extér1or surfaces were
-computed and are 111ustrated 1n F1gures 13 and ]4/. ;;

Figure 13 presents the temperature of each node of a wa]] ‘a§ a ‘func-
tion of time. For contrast1ng thermal behav1ors an un1nsu1ated wood wa11
an 1nsu1ated wood wall, and a brick wak1 are shown. <Surface materials and
their cross sections have a major 1mpact on exter1or surface temperature

Figure 14 presents the therma] 1oad1ng of three d1fferent .environ-
ments as a function of time for. some standard surface orientations. The' )
env1ronment t1me, and surface or1entat10n a11 have significant impact
on thermal exchange at the: surface. :

. o N 84.w!:£?
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. a ;urface is ¢ racter1zed by the surface temperature and spectral,

_ Thermal mode11ng proceeds by first mode11ng the surfaces‘of a target '

‘ feature and’ then connecting- sthese e]ements to the. therma] .paths available.
"-In th1s approach walls, ce111ng and roof floor, and internal -air coudl___e_
t1ons are mode]ed 1nd1v1dua11y For each feature, the appr6pr1ate standard

elements are connected by- therpa] paths forming an overall therma] network
@
“The fu]] method of construct1ng f1n1teq%1fference\network mode]s of

target features requires a scheme involving standard component parts w1th :
1nd1v1dua1 submode]s ~ These components are.def1ned‘1ater in architectural

-~ <4

“

',class1r1cations : _ _ ]
) . . Lo - S N { ) ‘ R B \

3. 2 EMITTANCEAANQ_ABSORBANCE MODELING k ' . St
The amount and spectrum of - rad1ant energy em1tted at each ang]e by

“w

.dfrect1ona1 emittance. The blackbody spectra] em1ss1ve power function
of P]ank is used to calcd]ate ‘the max1mum emissive power as a function ' ,
of waveipngth and then.mu1t1p11ed'by the spectra] d1rect1ona1 em1ttance ) v
at each wavelength. - P]ank s equat1on 1:u k D )

4

v
—

-

\

—

__._'Ebk(T) =

},g.

‘C1 . ’ - 'w. o .

C/AT SO (11) B

A (e ® A1) ' BT

where "Eb"‘1s monochromat1c em1ss1ve power in (W/hr m u) "A" is wave-

‘1ength in m1crons, "T" is temperature in kelvins, "c]" is 0.59544 x

. (w cm ), and "c4" is 1. 4388 {K.cm). The approach used here is -
to estimate an average of the spectral, d1rEct1ona1 emittance over a ‘

-band, weighted by the expected ambdnt_ofienergy‘output at each/frequency '

across the band. Then, a diffuse emissivity is estimated from the normally

directed emissiVity Em1ttance is then used in either thermal mode11ng of

' rad1at1on paths or pred1ct1on of thermal infrared s1gnatures



' grazing angles.

ol e
=F

Em1ttance 1s a stat1st1ca1 property not Completely determ1ned by .'.¢«ﬂ
~ the surface matenﬁﬁﬁ Surface cond1t1ons, 1nc1ud1ng roughness and degree '
:of ox1dat1on,‘have a major 1mpact on em1ttance . The volume of mater1a1

just under the surface also contributes to em1ttance in ponconductors

';fFlgure 15 shows[some d1rectfona1 ‘emittance cuayes of prepared.c]ean

ISurfaces The durves approx1mate d1ffuse emissive sources except near

- In_addition to the amount of energy em1tted there can :
be-a degree of . olar1zat1on to the energy, “especially 1n the m1111meter
band '

4

; b]ackbody em1ssio . From th1s equat1on severa] rad1at1on 1aws ‘can be
" derived. Integrat1ng Plank s equation, -one f1nds the total b]ackbody

: therma] hem1spher1ca1 em1ssion 1s

X L SR
S SRR B Eb=0'T4, > C Sooa(12)

¥

' where "o" is the Stefan- Bo]t!mann constant. .wien'S'displacement'law can
- be der1ved from Plank's equat1on It s L

4

- _— R SN

, “max
) . e ’ I. : / s

4 . L. v . .
B : _ S

v_v,here Ycg'tis 0.28978 (K.em). .

At the temperatures of most obJects on the ground, the bulk of

emitted energy is Tonger than 6u. There is a need to model energy" -

'reflected and absorbed'in the em1ss1on band of ground features (1 e.,
' rough]y 3 to 15u) in order to compute rad1ant paths for thenna] mode11ng

In adthiQn to the 0. 2 to 3.0u and 3 0 to 15.0u - bands there 1s a need

" to model emittance, absorbance,and reflectance for 0. 8 to 1.7 (LLLTV) and
8 to 14u (FLIR) sensor bands Em1ttance, absorbance, and ref]ectance func- - °

't1ons are requ1red for each spectral band of 1nterest, i.e. , those bands

which are S]gn1f1cant in- descr1b1ng the ground sun, or a spec1f1c sensor
’a- . . .v . - . ’ . . «37 . .
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| F1na11y, K1rchoff s Law p1ays an fd'ortant ro1e here Ln re1at1ng '
. em1ttance (e), absorbance (a), and refTectance (p) funct1ons ' K1rchoff s
fLaw equates em1ttance w1th absorbance under cond1t1ons of équ111br1um '
Thus, under ‘the cond1t1on that transm1ttance is zero a=¢ e = 1 - p and
ak] three rad1at10n 1nteract1ons are re1ated in each band A

’ .|-.
s

3.3 ’REFLECTANCE “MODELING o Nt
o The amount of reflected radiant energy in any direction as a function
of the 1nc1dence angle of the irradiant energy is® chanacter1zed by ‘the bi-

d1rect1qna1 reflectarice. : The- b1direct1ona1 reflectance ‘is.:the: ratio of
- the Tncrementa] radiance dL (e ,e ) over the,1ncrementa1.1rrad1anCe_

‘. dE (e’ 9 e ) ' ’.', :5m N ur! '.‘2.. JD R A T
- fe . ;.:i.’w : j*:’g s RIS
L p 2?5-Y0s _(—)‘ Y‘ - e '
Eﬁ ef’¢ Lo s

The b1d1rect1ona1 ref1ectance is a ‘statistical phenomenon . Most rea1
\. 'surfaces'are too comp11cated “to have a single constant " reflectance In
- these cases, the b1d1rect1ona1 reflectance represents only the mean ref1ec-
. tance for the g1ven ircidence and reﬁlectance angles. ~Since.there’ #s a
'slgnif1cant ref}ectance variation friom po1nt to—po1nt a1ong thersarface, -
care.is nedessary ‘when: 1nterpret1ng mqasured b1d1rect1ona1 -reflectances. .-
. One approach ¥s:to” fllter measured data to e11m1nate h1gh frequency
angular changes: 1nlref}ectance since these, conta1n much of: thé. var1ab1e-
: over-thehsurface informat1on {iles sy no1se) Foo Lt

ol Po]ar1zat1on 1§’an 1mportant factor 1n ref]ectance Behav1or. Po1ar-

.1cant1y d1fferent ref1ect1on behav:ors/sp that after reflect1ons, 11ght
' or1g1na11y unpoTar1zed can ga1n a degree of po1ar1zat1on o

S S PSS TR N
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The s1mp1est model of ref]ect1on is Lambertian (1 e., cos1ne 1aw)

~ diffuse ref]ectlon " This is a constant rad1ance reflection over the
-,hem1sphere above the surface,  Many simulations use this simple d1ffuse ‘
model since it appears -to be an adequate description of the scatter1ng

~ mechanism in many cases.

L4

‘ The next-step, wh1ch was not withjn the scope of .this study, is to
develop a capability to include specular. reflection in the model..

,3 4 ATMOSPHERIC MODELING -

The atmosphere 1nteracts w1th rad1at1on via scatter1ng, absorpt1on,
and defocus1ng In the mode] developed for this effort defocus1ng has
been 1gnored while scattering and apsorpt1on interactions are easy to
characterize by the attenuation coefficient a. When app11ed to a radiant _
surface at a range, r, the transm1ttan§e in percent is e™", ' If the sur-
face has radiance: I and the- atmosphere has apparent rad1ance I at in-
finite range, the observed radiance is o ' '

Ip=T,e®+1 (1-e%) . - (15)

This is simplifying the underlying'phenomena~ In. order to be accurate,
attenuat1on should be app11ed to rad1ances wave]ength by wave]ength to
account for spectral 1nhomogene1t1es in the atmosphere Yet, that would
requ1re a proh1b1t1ve amount of computation. - When atmospher1c attenua-r
‘tion.is 1nvo]ved radiant energy is computed for spectral w1ndows, and -
an average attenuation rate computed over each w1ndow ‘When the paths '
are short, as betweeh nearby surfaces, atmospher1c attenuat1on is 1gnored

3.5 A METHOD OF" CHARACTERIZING ARCHITECTURAL. SYSTEMS
‘In drder to perform thermal modeling, cross sect1ons of wa]]s and
‘roofs and Jinterior air volume are needed These components provide
ftherma] ‘memory. ﬂ#‘brtunate]y, it is impractical to determine the
cross sect1on of each surface in a scene. | ‘ |

3
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~and subsequent]y model therma]ly

' 3.6 IMPLEMENTATION OF THE TONAL MODEL

The approach taken here is to construct standard cross sections that

~are-labeled and. can.be entered ‘into a .model as requ1red The validity of
“this approach is based on a11 the ?onstravnts p1aced on bu11d1ng designers

(and nature). Bu11d1ng codes, arch1tectura1 methods taught in school, .
available construct1on mater1a1s and environmental cond1t1ons all limit

~the types of. des1gn

The first step is to character1ze a feature s overall construct1on :

type. Figure 16 111ustrates the top 1eve1 of a construct1on classifica-
tion tree for buildings.: " Other c1ass1f1cat1on trees can be constructed

for pavements natural areas, etc. For bu11d1ngs the overall design is

,typ1ca11y easy to obs\rve from photography or is known via scene mensura-

tion. 0ther types of oonstruct1on such, as pavement or. industrial
processing structures, are. also reasonably easy to v1sua11y 1dent1fy

e

There are many subtrees of this c1ass1f1cat1on scheme Any building

- can be classified as either a s1ng1e category or a mixture of categor1es, o

then - each “identified bui1d1ng component (i'e. > walls, roofs, etc. ) of the
geometrica] data base can be therma]]y modeled by a standard cross sect1on.
In this way, the total bu11d1ng is thermally modeled in terms of its con-
struct1on, 1nter1or env1ronment and componen{ surfaces.

It is poss1b1e to construct a.thermal ‘mode]l of a.feature by (1). clas-

jsffying it in terms of standard categories, and (2) app1y1ng Jdeal mater1a1

cross sections (correspond1ng to the named class1f1cat1on) to 1dent1f1ed
feature components (i.e., wa]] w1ndows and,roofs) in ‘the geometrical
data. ' o S ' T

v 4 . . _ . ‘

The therma] model 1s performed 1n two processes In these processes;
the geOmetr1ca1 and theﬂmal properties of 1n91v1dua1 obJects in the scene

. are processed together with the: dynam1ca11y chang1ng environmental con-. -
ditions in order to ass1gn shade values to the external surfaces of* the
'_foggects The ent1re f1ow diagram of/the therma] mode] implementation .

ol
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:15'shown.indFigure 17. In-the>first proce s; a matrix of‘coeffic{ents
is tonstructed With an entry for each wa'l type 1n the . scene Then 1n

using the above construéted matrlx.}ﬁ‘[g

3 6 1 Construct1on of a Matr1x of Coeff1c1ents : .

For each of the aVa11abTe wa]] types (Figure 9) and each of the
standard or1entat1ons, a set of four coeff1c1ents 1s generatedt To ob-
tain each set df the: coeff1c1ents, a temperature vector 1; computed for

five typ1ca1 therna] reflectances o”\the current. waTll. type The f1rst
~ .element of each of the five vectors is used to f1nd a. ﬁourth‘degree
polynomial by a 1east squares fit method Coeff1c1ents of this po]yh
nomial are the .next: entry in the matrix of coeff1c1ents o

o

To allow the temperature of . tﬁe a]] to "catch up. and sett]e;"'lt o
is necessary. to con51der not onLyathe ‘Current cdnd1t1on of the env1ron-
ment, but a]sOvthe cond1t1ons of -the surround1ng env1ronmenf dur1ng '
several preced1no hours. Thus, the temperature vector is computed 1n

'severa1 1terat1ons over. the time 1ncrement.

The temperature vector is set 1n1t1a11y to have 1ts first e]ement
equa] to temperature of the interior air and is obta1ned from the "wall
type file." .The last element of: the_ temperature vector s initially
set equal to the current temperature: of exSer1or air wh1éh is obta1ned
. from the "env1ronment condition file," and”the rest: of the elements are

11near1y d1str1buted between thé leSt and 'last e]ements Each of the N
elements corresponds to. a "node" of the current wa]] type The heat

flow through the wall depends on the therma] propertJes of . the wall

L and the external lToading and can .be analytlcally represented by a _
part1a1 differential® equatlon Furthermore{”us1ng the first. few - -

* terms of a Taylor poTynom1a1 for two variablies, the d1fferent1a1
‘equation for temperature (time, position) can be reduced to a set

43
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of linear equat1ons involving. the thermal :apac1tance conductance, and
~time increment as coeff1c1ents and temperatures at various nodes as
var1ab]es. Th1s determ1nes a matr1x, and the system of Tinear equat1ons
s solved by apply1ng its 1nverse to the initial temperature vector. ToO
1nclude”the influence of the change of the environment on the exter1Jr
,'node (surface), an extra 1oad node is added. The lToad depends on:..

_(1) Sun position with respect to exterior surface of the wall,
(2)" Amount of sky "visible® to thersurface. \

. .(3) Amount of the ground "visible" to the surface.

_(8) ‘Air temperature,.W1nd-veloc1ty, and pres1p1tat1on

To summar1ze, at each t1me 1nierva1, a temperatune vector is found where
1oad1ng due to the .sun, shy' and ground rad1ances and tHe air convect1on’
is added as an extra node. * Such a vector is- generated for ‘each of the
typ1ca1 therma] reflectances of the current?wa]l type, and the last ele~
ment of these vectors is used to determine the coefficients of the
fourth degree polynomial. This is,done for several orientations for . |
each of the wall types. Thé wall type and or1entat1on are then used to \1
index the matrix of coeff1c1ents ) '

3.6.2 Shade Assignment o, / v _
0nce the matrix of coeﬁf1c1ents is. constructed for a specified t1me

of the day, the actua] ass1gnment of the shades to the individual surfaces
-can be performed. The wall type, the norma] vector, and the therma] ref1ec-
‘tance aré ser1a11y retrieved from the géometr1ca1 data base. For eachfof
_these, the three closest standard or1entat1ons are found, since. the matrix of
coeff1c1ents conta1ned on1y a f1xed number érjentations. Next, coeff1- '
' _c1ents for these orientations are used to 1nterpolate the -approximate
coeff1c1ents for.the gfzen or1entat1on F1nal1y, a fourth degree poly-
nom1a1 with the approx1mated coefficients is evaluated at a given reflec-

) tance This. valg? is then proper]y scaled and used as the shade for the
& .

surface.'
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" from" the data~base and the thenmal/vus1b]e model

e o IV.. IMAGE GENERATIONY - S el
CGE B ouno A e Togn o pee S0 i g

.. Thep:scene. data. bases forithe. three different levels of' detail and

'%were deve]oped:1n Seet1on AIL. * In-this ctiOn;'imagery'aenerated_ ,.
d the 1magéry from

the actual sensors are presented Severa] sens1t1v1t1es:were se]ected .

to illustrate the effect of the chang1ng cohd1t1on of‘the env1ronment ‘

on the 1magery . For each of the two s'nsows, LLLTV nd” Ff&R three .

' n ‘to demonstra e’ the 1nf1uence e

-3he1r -construetion  were. described in Section Itggzz:the”visualaﬁd:thermal

s1gn1f1cant1y d1fferent days were c
of changing season§ The' env1ronmen

cond1t1ons correspond1ng to

«r

the 3 days are 11sted in Table 1. The first of the 3 days is a. cool ,
;'clear day dur1ng the w1nter w1th the d1rect sun—rad1ancegps the

maJor component of the 114um1nat1on and the therma] 1oad1ng The second

- day 1s a hot c]oudy day dur1ng the SUmmer and the diffuse sun rad1aqce :
qn;(113um1nat1on by the sky) and. th\iqlr ‘temperature become more signifir
cant than on the c]ear day The

h1rd day, a fall. day, is an. average. .
warm day w1th part1a1 cloud cover, The w1nter day produced the best con--

:trast in the 1mages Four different t1mes dur1ng this day were seJected

to illustrate the sens1t1v1ty of the scene to the diurnal var1at1on
For® this. purpose images . at ;/ﬁM, 10 AM.' 1 PM, and 4 PM are 1nc1uded
for 'both sensors at- each of the thrée 1evels of the deta11 '

jfs Figure 18 shows the 1magery taken. from the AFHRL Sensor Handbook
wh1ch are photographs of the. scene taken by .the actual’ -sensors., In e

N

$ection 4.2, 1magery s1mu1at1ng the ELIR sensor is presented, 1magery

s1mu]at1ng LLLTV sensors- 1s presented 1n Sect1on 4.3. These" two sections
demonstrate tﬁe seasona]a d1urna1 and 1eve1 of deta11‘sens1t1v1t1es o~
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A (TABLE 1. ENVIRONMENTAL CONDITIONS o

®

‘Season . S ~ Day 1 h: C]oad' Temperature  Wind
Winter : 7 February 1976 . Clear . - Cold hindy
Summer - 3 September 1976 Clear Warm  Stil]

> P§11 r _\%S\ "7 October 13;6 - Cloudy Cool 3; Still

v
4.1 ACTUAL VS, SIMULATED IMAGERY _
F1gure 18 shows the imagery of the hosp1ta] scene taken by the actua]

: LLLTV (]8a, 18¢c, and ]8e) and. the FLIR (18b, 18d, and 18f) sensors In
the f1rst photo taken by the LLLTV sensor on a clear cool day,, the position
of the sun is clearly indicated by the shades of the. hospital walls facing
towards the observer (F1gun§w]8a) Notice that the simulated imagery
for winter prov1des a good approx1mat10n of the image as seen by the real
sensor. On the same day; in the FLIRx1magery (Figure 18b), all walls are
‘quite bright but of uniform shade. Aga1n, the simulated image has the
‘same character1st1cs (Figure 19c). Images in Figures 18c and 18d are
shown for .2 PM on a hot ‘overcast day ‘These conditions correspond to
those of the s1mu1ated summer 1mages (F1gure 19d). The 1ast\two 1mages'
are-at noon on ,a part1a1]y cledr warm day-which corresponds to the
cond1t1ons of the fall images (F1gure 19¢). Notice that the resolution
‘of the real sensors far exceeds that of even leve] IIIB (wh1ch is about .

50 ft). . T

4.2 SIMULATED FLIR IMAGERY'  © L - U

P »
- \ . .

4 2. 1 Seasona] Variation’
‘ Figure 19 shows three images of level I11B"at various times of the
year. Environment cond1t1ons de;1ned for t s1mu1at1on of these 1mages
were the same as in Fairborn, Ohio at 10 AM, bn 7 February, 2 September,

. and 7 October 1976, respect1ve1y . K c : .

7R
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' *gjgte.'- The uinter day was-a_ clear coo] day w1th sky and - a1r tempera- ’
tures’ close o 40 'ﬁjﬁsun radiance was"the most s1gn1f1cant component
of thé@heaty_padjng' This resulted in'a, h1gher sensitivity of the walls -,
to the~posit10n of the sun . than on the other 2 days. As a consequence,.

' wa11s’facfng Tn tﬁe d1rect1on of the sun are s1gn1f1cantﬁy'warmer (1nd1-

: cated by,a 11ghter shade) than - are the wa]]s facing away from the sun..-For
example, the south-facfng wall’ of the hospita] is qu1te warm whereas the
west-facing wall of the hostha] wh1ch is not 1rrad1ated d1rect1y by the ﬁ
sun, is £t111 quite ;old (Figure 19a) Also notice that the southwest-
facing walls of the cemenﬁ*p]ant, ‘even -thoughgthey are not d1rect1y irras
diated disp]ay a.noticeab]e temﬁErature graggtnt. This 111ustrates the
conductivity of’the varfous mater1a1s. The.]eft-most wa]] is concrete- -'

® block, and‘thus, acts‘as a fa1r1y good 1nsu1ator between the cold exter-

1or and the warm (heated) interior. This accounts for 1ts dark shade

On the other hand, the r1ght-most wall is a- meta] structure and is a

good conductor of heat. Thus, heat is being 1ost th ugh .this wall 1nto

the cold env1ronment, and th1s is 1nd1cated by- the lig t shade of this.

metfl wall.

Summer -«The‘env1ronmenta1 cond*t1ons for the typica] summer day
, areé ot and cloudy The temperature -at 10 AM was around 65°. Due to the
clodg cover thepwalls were not sensitive to the position of the sun as
tpey were on a clear day -in winter. A1l walls- have fa1r1y uniform
.'shades since tﬁe a1r and the sky. temperatures are the dom1nat1ng heat
' 1oad components Sky . rad1ance due to d1ffuse sun 1oad is higher- than
/;>1n winter, and the roofs- of the buildings. have s1gn1f1cant1y h1gher
- temperature than wa]]s Thus, the temperature difference. between the,wa]]s
(and'rh;f is higher. in summer than in winter. /MOreover the overall ;em-
© peratures are,h1gher than in either falf or W1nter as 1nd1cated by the
bf1ghter 1mage (F1gure 19b).
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Fall - The day. for fa]] was a relat1ve1y c]ear warm dav The
temperature of the air was s]1ght1y Tower . than- 1n summer * This causes,,
~ the walls to\be genera]]y coo]er (darker shade) than 1n the summer
‘dmage However ‘temperatures are st111 warmer than on the winter day

;'(Fxgure 19c)

r
'4 2.2 -Diurnal Var1at1on , :
F1gure 20 gives the outlines of the major featuresf1n the scene ‘together
w1th pos1t1ons of the sun at the var1ous t1mes of)day F1gure 21 contains
' the simulated 1magery of the scene at.7 AM, 10 AM, 1 PM, and-5 PM S,
respect1ve1y ' Env1ronment conditions at these times are“the -same as on

7 Fébruary 1976 in Fa1rborn, 0h1o /

‘;\s' Early morning - At 7 AM - the sun-is still below the horizon; thus e
. the on]y thermal 1oad1ng ds due to the sky.rad1ance and. air temperature f,
© A11 the walls. have approx1mate1y the same shades since they are.all uni-
formly loaded by the air femperature (Figure 21a) Notice that the rOOfS
of the foreground bu1]d1ngs are s1gn1f1cantly cooler, (darker) than the
corresponding wa]]s This is caused by the Tow temperature of the sky o
whjch;forces the roofs to- radiate heat. - . .

~ Mid-morning - By 10 AM, t”é’sun.has risen "above the horizon and is
thé major component of the heat 1oad" This fs refTected in the high
o%ntrast of the Figure 21b.x Shades of the watkls, espec1a11y those of &~ o
“the hosp1ta1, clearly indicate the position of the sun. South.fac1ng -
wal]s of the hospital have s1gn1f1cant1y h1gher temperatures than the
west-facing walls. This is because the_sun is ii]uminating south-
facing walls but not.the westhacin walls . (Figure 20). The roofs Y’ L
of the building in the foreground age at this t1me also illuminated
by the sun, causing 3 reversa] of .relative temperatures of walls and /)
roofs, 5{‘ o - ff
Afternoon - At 1 PM, the sun’ r1ses c]ose to its hfghest position
(apex) and subtends largen ang]es ‘with the norma]s to the wa]]s of the

. hospjtal (Figute 20). This resu]ts 1n br1ghter ground surfaces and
DIV - , : -

¥ - .
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. roofs, and 1ns1gn1f1cant change in the shades of the hospital wa11s as 2
“shown in F1gure 21c. However, where at 10 AM the walls of the cement
p1ant were not d1rect1y +1luminated by the sun, they do face the sun.by -
1 PM. Th1s accounts for the ]1ghter shade of the cement plant walls when .
compared the shades at 10 AM. A]so, not1ce that the meta] wail (right-

s mgst) is :ekner then the concrete block wa]] (1eft-most) Th1s is due. :

to highel thermal'hknduct1v1ty of the meta1 ‘when . compared to the conduc- .

t1v1ty;of the concrete, : ;;/// S __»a_ ef

ven1ng ﬁy 5 PM the thermal 1oad1ngs due Lo ‘the air temperature
‘and the dfrect sun’ rad1ance are about equa1 This produces the "washout“
effect in Figure 21d, since the walls are not ds sens1t1ve to the posi-
t1on of- the sun- as they were in the middle of the day. Genera]ly, all
y.es are s1gn1f1cant1y 11ghter than dur1ng the morning” hours,
S1nce they had time to yarm up through the day and the thermal capac1- -
‘tance aliows*them to, reta1q~the hedt into the early evening hours
Also not1ce the shade reversal, espec1a11y on the heat1ng p1ant wa11s;.w
'7.‘ When compared to- the shades througﬂxthe rest of the day, walls. fac1ng r
south and west,reverse thEIP shades dur1ng ear1y even1ng This is -';_
caused by the passage of the sun throughout the day as 1nd1cated in

'y

" Figure: 20 B 'fﬂ'TF?, * ,f’t T ;'._"h
4.2.3 Levels IA and TIA e R B
M Images at the 1eve1 IA have no 1arge surfaces fac1ng the obseryer,' '

thus, dur1ng the d1urna1 var1at1on, ‘the sun pos1t1on cannot be detected.
- as easily’ ‘as at’ the higher 1eve1s of deta1ﬂ 0n1y the overal] change

of the eqwxronment throughout the day can be traced in these 1mages

Surfaces ;n the scene get, progress1Ve1y warmer as ‘the"sun rises and

- warms upﬂ&he surround1ng air as 1nd1cated by the gradua1 br1ghten1ng
of the 1mages (F1gure 22). .;:_. . " S

l
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- At 1eve] IIA there are more- 1nd1v1dua1 features and both the/p051tion
of the sun and the temperature of the enyironment are quite apparent°
(Figure 23) South- facing walls of a11 three,maJor 1nd1v1dua1 features
! (hospital,’ heat1ng plant ‘and the cement p1ant) are warmer than the walls
~ facing west ‘and the images become gradua]iy 1ighter as the day progresses,
Just as they do in 1eveis IA and IIIB =

»:”?;

-
»

a3 SIi‘iULATED LLLTV TMAGERY o :
. 0n1y two parameters are used in the v151b1e model for the computation
| of'the surface shades.l The more significant of the. two is the direct sun i',
radiance., The" other parameter is the diffuse sk radiance which is.a '
.‘magnitude sma]]er than the direct radiance. Suri&ces in the mode] were 4
‘thus very sensitive to the sun positfon, and all the 1mages have in..— "f"
';'generai higher contrast than the 1mages in. the therma] simuiatign., Ty
. . : e N
. 4;§;i Seasonal Variation S e t
‘ Figure 24 contains 1mages at three seasons of the year. The first
" one’is on: 7 February which is a c1ear cold day with 51gn1f1cant 'sun rad-_
~ - iance; the second 1mage is on a-cloudy day on 3 September and the third

dayt is a re1at1ve1y ciear day on.7 October

o W1nter - The most 51gnif1cant component of the 111um1nation is the
;,'sun radiance, ‘thus, the image has high contrast. Surfaces facing away -
ﬁK-ﬂ © from the direction of the sun are significantiy darker than the surfaces
| - facing toward the.sun (Figure 24a) For examp]e, the h\spital wa]]s
" gnfacing south (Figure ZOf\are 1ighter than surfaces facing west.

'X;L;,; o Summer -0n a cloudy day, Figure 24b the scene is not as sen51t1ve
'l to the position of the SUMas on.a. c1ear day. This is because the
' direct sun radiance is no 1onger 51gnif1cant1y 1arger than the diffuse
‘sky/radlance. I]]umination thus comes from both of these components,
and the’ imaae\contrast is reduced. Noticeraiso that the overai]

] L ' ;s . .'5,'. ‘SC B S ' -
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- for the Tow contrast of the “image..

. 111um1nat1on of the scene is reduced and the 1mage appears to be darker

than on the clear day in w1nter..

Falil - F1gure 24c is the 1mage for a part1a11y cloudy day, and thus

:the d1rect sun rad1ance is h1gher than in the summer c10udy 1mage put

lower than in the clear winter image. Aga1n, as in the summer scene,
clouds -in the sky diffuse some of the direct: sun11ght and cause the v
sky to. appear br1ghter than on the. c1ear w1nt%r day. This accounts

i;'4~3 2 D1urna1 ‘Variation _*

Images for 7 -AM, 10 AM 1 PM, and 4 PM respect1ve1y, are shavn in N

”F1gure 25 and\gre based on the 1eve1 IIIB data base model. The sun e
“position and 1ntens1ty at- a11 jour ‘times correspond to those on - "

7 February 1976 1n Fa1rborn Oh1o. : _' ' }' _ : .’_'_~b
Morn1ng - At 7 AM, the sun. has not yet risen above the horizon, and

'-the.on]z.illum;nat1on 1s due to the sky rad1ance. A11 ‘the surfaces have

- very 'similar .shades causing the "washout" “effect in Figure 25a. At io AM,

‘the sun is st111 re]at1ve1y Tow and to the east. The pos1t1on of the sun

is c1ear1y 1nd1cated by the shades of .the wal] of the Upper sect1on of the:

' hosp1ta1 - Surfaces facing east are substant1a11y brighter than the - :

: surfaces fac1ng west (F1gures 20 and 25b) .However;, . the southwest walls .
of the cement p1ant face too far toward the wesl and thus are not illu- ﬁ'-

-'m1nated . - S ‘ N

' . . v

LY

.. M1dday-- At T PM,. the sun is at its h1ghest point. and i]]um1nates the

scene with the max1mdh 1ntens1ty9(F1gure 25¢c). South -facing wa]]s of. the

hospital reach the1r 11ghtest co1or of the day as ‘do all, surfaces para11e1 .

111um1nate the southwest- fac1ng wa]]s of the cement plant and . the west-

lfac1ng wa]]s of the hosp1ta1 (F1gure 20) .
T 2 >_ a l. : N .
) . Y.. . '-i %l‘ . 0 y :5';‘5’ 1Y ‘

. to the ground p1ane. At th1s time the sun has a]so advanced far enough to‘ ’



-  Evening - At 4 M, the sun has moved to. the west and the south-

, west-faC1ng walls of the cement ‘plant are almost perpend1cu1ar to the -
direction of the sun. Thus, their shade reaches the’ brightest point

,of the day. The sun has advanced far enough ‘the west that the south-

Y ‘facing walls of the hospital are illuminated Wess than the walls facing
- - west (Figure 25d). This _accounts for the shade reversal of the hospital’
- /ﬂans at 10°AM and 4 M. e

i Q:;eve'ls IAand IIA \ T S
S was the case With the IR sensor, 1mages of ‘the Tevel/IA do not

oPrOV1de much: 1nformat10n about the 1ntens1ty or the p051t1on of the sun |

: (F1gure 26) “Only the’ iarge surfaces paralle1 to, the ground plane pr&L
vide some indication of where the sun 1s., n aert1cu1ar/ as "the sun r1ses ﬂ
and the angle of 1nc1dence 1nCPeases surfaces para11e1 to- the ground

. become 11ghter , 4'. fnuk'.;;:i.._?:; -sﬁ . : v
At level IIA, F1gure 27, there are ‘more 1nd1V1dua1 features, s1m11ar
to the IR 1mages' " However,. the pOS1t1on of the sun cannot be determ1ned

- from the 1nd1v1dua1 surfaces.. PR B j-__ % .

‘\ o . 858 e
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¥ L IMéAcr ON THE DMAAC DATA/BASE

)

At this po1nt the major aSpects of the proaect 1nc1ud1ng the data

) base, tonal mode]s and imagery have been presented.. The intent of this
_work was to evaluate data base descr1ptors and a]gor1thms for LLLTv,and

FLIR s1mu1at1on -In this section, the descr1ptors needed in LLLTV and
IR s1mu1at1ons are presented, the descr1ptors available in the DMAAC data
ase are d1scussed and a reso]ut1on of any d1screpancy is attempted

)
.

5.1 REQUIRED PARAMETERS )

- The data requ1red to run a sensor S1mu1at1on can be d1v1ded 1nto
three categor1es scene data, env1ronment data, and sensor data. The |
scene data con51st of the. shape and material descrfpt1on of the sgene.
The environment data consist of the electro-magnet1c and thermal s1tua-'

't1on surrounding the scene at each 1nstant The sensor data consist of.
,the performance behavior of a sensor in 1mag1ng the scene as 111um1nated
by the//nv1ronment ;zhese data actual]y ex1st as. parameters, 1 e., posi-

tion, material code adiance, f1e1d,of V1ew, etc

-~

Parameters used in the S1mu1at1on depend on the<mode1 and, algor1thms _f
emp]oyed and are h1gh1y 1nterre1ated " As such, it is 1mp0551b1e to ex-
p11c1t1y state a set of parameters that-must be in a ‘scene, environment,

or sensor data base. Some parameters.are derivable from other parameters,

so that the choice of parameters used is sometimes arb1trary With this
in mind, m{n1ma1 pérameter sets and 1nformat1on derivable from data base

‘parameters are usefu] ways ofvdescr1b1ng requ1remenfs on the data base.

Parameters are corre]ated w1th many aspects of a feature and the .

ut111zat1on of. these correlat1ons is necessary in order to use; the DMAAC .
_data base. Surface and feature parameters are correTated with feature
use matér1als, 1ocat1on size, age, and arch1tecture Arch1tecture - e
{ _,seems to be the best basis for 1nferr1ng sensor- re]ated parameters S
N B . L * |
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- It is h1gh]y Corre]ated to phys1ca] cond1t1on (1 e., acCurate, high]y ‘
' descriptiye, detailed, ‘and COmpact) It is S1mp]y and accurate]y
fextracted from most aya11ab]e inte]1igence. ' - , (

51y FLIR oo B
'.’ . The most d1ff1cu]t S1mu1at10n is paSS1ve therma] - The scspe igna-
‘ture has a theryal memory of up-to several hours prev1ous to the image;
‘thus, the M is a result of Numerous. Previous evehtS- Figure 28 pre= -
" - sents the significant categories of data 'and expected sOUrCES* 3IR '
simulation places heavy demands on the DMAAC data pase and requ1res a
full data desch1pt1on of the environment-. The S1mulat10" requires as

1np ta SEt of SUY‘faCeS’ material cond1t10n5 of EQch ur‘face, and the
nterna] enV1ronment of €ach subset of sUrfaces ing @ feature

The generay enviromMent and jnternal. featur ‘environment provide -
boundary cond1t1ons for €ach Surface for SeVEra11s1mu1ated hours Prigr
to the image tipe. The Complete computation carrhe either’ executed each

- time surface shades are Urdated.oy stored in tab és Either way, the same
demands are Placed on the Scene days 5&§_; : s

"/ The ork in Cecnon II‘I sbows WiBE sirfaca Cross sec*"on, Sgrpt'|v-

7 -ity, ori ntat1cn and env1ronment all p1av significant roles 1n fOrm$n9
g,s4qpature These data are needeq in anY‘potent1a1 a190r1thm that

generates accurate tgnes-

A high degree of s1mu1at1on accuracy ‘with ré%pect to tona] rend1t1on,/
~does not appear to be- neCESSary for the traiming app]1cat10n . However,
for passive 1nfrared senSOrs ‘the 1ntens.1t1es must pe based upon, param-

. env1ronm nt.

a:The number of therma] Paths (conduct1ve, convective, and rad1at1ve)

N ana‘the time 1ntegrat10n of their effects on a surface have a major im-

;___/pact on data ‘base requiréMents. However, a1l paths, excePt to the syn,
~can be ignored (oytreme 51mp]‘f1cat1on) provided the surface cross sectjon,
solar absorpt1V1ty Sensor band emissivitys 0r1entat1on, and solar env1r‘
U onment are known _ - ) cos : '

. B A

+

\

S

eters which incde gprface cros§ sect10ﬂ’ absorpt1v1ty, 0r1entat10n and



~ Categories of Data  , * . o
: S"'ﬂ.c T P " X V . L ' N
- Scene Data ' , : K

<z5he]17' R ‘
' - set of surfaces
Surface Materials
- solar abSOrpt1v1ty
- ground/sky absorptivity
- sensor band absorptivity
- surface cross section . = -
( Feature Conditions BN
L - 1nterna1 thermal env1ronment

Epovironment Data

Sun N . N . -
> - po#ition - Ny A |
: - direct radiance = - = . Ao
' - diffuse radiance- o (
: f) - Sky '
. . = thermal rad1ance' ] : . _
‘groundh | radi \t ' ; : Gonditions -
. = thermal. radian e - . . ,
Atmosphere ' ' L . - ) (Fer §£3ndard Type

Simulated Mission

air temperature
wind vector- : _
attenuation rate
precipitation '\j

Environments oréﬁcfual

- Measurements)

-

Sensor Data

a . ‘Slnsor Band . : - g . ,
L Field of View : - _ " Sensor Performance

© .. Q§cansFormat | ' e L -
Point Spread Function - , - Specifications
Response Curve S '

» | v vl - ‘ 3 . ‘: » . ) . ) e
R e gories , d The r\FLIR

- Figure 28. Categories of Simulation Data and Their Sources fo

1
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5.1.2 LLLIV: - S -
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" The™ s1muTat1on of pass1ve “visible sensors is relativel asy . There A;)
- are cho1ces as to cast1ng‘§hadows and type of ref]ect1on (diffuse, d1ffuse /ﬁ
N J'plus specular, or general b1d1rect1ona1&reflect1on), but these chqi S
//have 11tt1e 1mpact on data base requ1rements F1gure 29 presents. cate-
gories .af data-and- expected sources The demands are much less than for
FLIR simulation.

The most significant requ1rements are gn surface material parameters
"Sensor band. ref]ect1v1ty and surface copdition- have 1mportant 1mpact on
“surface rad1ance In the visible band déctua]]y a Targer band .from 0.2

q\

to 3 microns), p1gments and many other compounds have a significant and .
‘high, spectra]]y dependent effect oh ref]ect1v1ty

5 2 AVAILA\LE PARAMETERS IN THE ‘DMAAC DATA BASE S
T Thes@MAAC data base serves as a scene data base ;ﬁin}‘to be comple-
mented with env1ronment and sensor data bases supp11e 1

sewhere. It was
bas1ca11y des1gned to serve radar s1mu1ators

The DMAAC d1g1ta1 data base provides a ground shell. 1n the form of a
iterra1n file and a planimetric (culture) file. " The basic reso]ut1on)1s ten
or more times lower than a typical E- 0 sensor, but the identification of
discrete’ features espec1a1]y un1que s1gn1f1cant features, and the use of
‘sta 1st1cqﬂ measures, such as percent tree cover and number’ of structures
~ per. square m11e, 1ncrease the shape ddta available to model a shell.

v

The manner 1n which the shell is represented as a-set of feature
ﬁound perimeters produces shape distortions of walls,-roofs ]and small .
structures. The effects of shape- distortions and om1s§1ons are not1ce-
. able, as seen in Section IV but the shapes- are genera]]y 1nterpretab1e
in E 0 imagery.

¢ Surface materia] par'ametew, must be der1'ved from the mate-r'i-al 'code
.and feature ID codevof each -feature. The correTat1on of surface mater1a]
'parameters with the given data 1s low. For- -example, ro0ofs and walls are
not d1st1ngu1shed and surface.cond1t1on (smooth or rough), surface
reflectivity in the v1s1b1e band, surface Er:ss}sect1on, etc., are’
not well corre]ated with avaﬂaﬂe data. - SR
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Categories of Data - - Sources

Scene Data

. . ’ - -7 . .
. .7+ - set of surfaces . . , C .
Surface Materials s ’ DMAAC-Like
- . = sensor band reflectivity _ :
, - surface cendition (i.e., flat, \ : s SR .
©¢ . - corrugated) _ S Scefle Data Base
Feature Conditions _ ’ f o
- internal 1ighting> ‘ B :
. , _ ‘ |
CEfvironmeat Data
, : T AL .
Sun o o S . ' - :
- position ‘ v ‘ Simulated Mission
-+ direct sensor hand radiance | '
- diffuse sensor ‘band radiance s Conditions
) Atmosphere ' . St ‘ R S
S -= attenuation nate 5
+ _Sensor Data - .
oomE— " ;-B_\d__.. L - , .
. Sensor Band. : Co - -
- ‘Field ,of View e R Sggior PerfGrmance
e .:“ Scan Format . ' .
*" Point Spread Function | T Specifications”
- Response Curve o -
. : ] .
- ,? .-'/ ) .
‘ . }.’ ' . & "
N . 5
' - ¢ . : : '
. | o .y ~
\ ! t AN .
b‘ . o o M
f}gf?, - Figure 29, .Categories of Simulatjon Data and Their Sources fog LLLTV
C . 70 £2
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, Some feature condltlons; such .as 1nterna1 env1ronment are correlated
w1th the feature ID code so it can be extracted ' >

In summary, much scene data is ava11ab1e but only in “forms correlated
w1th the phys1ca1 parameters. of the scene and-its" features. Some important .
data, such as” visible band ref1ect1v1ty and other surface parameters, are
not included in the DMAAC data base.
-~ & * ’
5.3 RESOLUTION BETWEEN7NEEDED'AND QVAILABLE DATA _
L ‘The™ tonal modeL.developed in thiis effort reguires more data than are -

presently available in the DMAAC d ase in order to perform acceptable 5;-
" tonal assignment. " The cultural file of the DMAAC source data contains .
~ information which reflects the genera1 architectural character of the v

repiesented features A]though the prov1ded resolutlon is Tow compared
to the capab111ty of FLIR-and LLLTV sensors, this file remains the best

" “ source of real-world data avallable for use in the de¥elopment of 1arge
cu1tura1 .data bases : . . £

It 1s poss1b1e that this f11e could be expanded to prov1de more of
the data- -necessary for sensor s1mu1atlon Such _an expans1on wou1d in-
7;;c1ude a more detalled descr1ptlon of the geometr1ca1 and mater1a1 prop-
erties of a feature as well as v1s1b1; baﬁd ref]ect1v1ty, surface

cross. section character1st1cs, and other.reievant parameters. N

There 1s, of course, cons1derab1e latitude at th1s point and continued . ;

stud1es should 1dent1fy Satatlona1 démands which can be placed on the data
ich of necess1ty must be lmposed on s1mu1atlon

- . Y

base as opposed to those

contractors o _ .
B . L . a * :
" J’
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‘These trend ana]yses shou]d\great]y ‘rgeduce the input data req'u1rements

‘be a spe
ments on - the DMAAC.data base.

« .- I -

" VI CONCLUSIONS AND RECOMMENDATIONS
: . . . ) : : , - Co
v B . r 7 . -
In this program, a mbde] of the thermal propert1es of materdals™
based on theoret1ca1 thermo- e]ectromagnet1c mode]s was der1ved Also,
a data base of the dense, cu]tura] hospital scene was constructed according -
to the DMAAC spec1f1cat1ons -tn.add1t1on, a program to eva]uate the tonal

model and generate imagery of the scene was designed and 1mp1emented;f
-The s1mu1ated imagery shows the comp]ete d1urna] and seasanal yar1a-
tion of the LLLTV and FLIR sensbr- imagery. A key program feature is
that the LLLTV and FLIR ‘imagery was generated for thed'three DMAAC
levels: IA ITA, and,IIIB. Finally, an initial assessment was made
“of the 1mpact on DMAAC to 1nc1ude in the data base the add1tadha1 des-
cription of the scene which is necessary to generate the pass1ve 1magery
However, the recommendations of adding the required information have been.
of general nature and contain no spec1f1c data-definition. Thi¢ is '
because the data requ1rements of the ex1st1ng ‘model are rather large.
Thus, 1t#rema1ns to be determined what/lesser amouynt of 1nformat1on is
requ1red to generate the 1mages for different user applications.

Thus, a,sens1t1v1ty analysis sﬁbu]d be performed to.test the effect"
of the many 1nput parametersﬂr: the resultant imagery Then factors of
tow- sens1t1v1ty can bé made constant and removed from the mode] Factors
which have the same sens1t1v1ty can*be grouped together: Also, som& in-
put parameters may have an effect.gﬁ}%he'1magery when they are present
together and little or no effect when- on]y one element is present .

,Once the data requ1rements have been ref1ned .the next step is to

determ1ne which data shou]d be 1nc}uded'1n the data ‘base and how they can-

be included. 0n]y those factors that'affect the DMAAC data’ base shou]d .

be 1dentff‘ed, since a number of mode] pgfaméters are concerned w1th the :

descriptiop of the sensor or env1ronmentu,:ﬁ§?esu1t of th1s study will
qu1c set of data base descriptors. andtthe corresp ding require-
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.)e tonal modeling and its subsequent 1ncorporation w1th the geo-
mé&r1c data base into a computationa]ly efficient routine provide a
practical yet realistic method of comput1ng *the tonallfropert1es of
cultural scenes. However, the model needs to be augmeW®®d in order -
to ca]culate the tonal properties of.commort natural features A studys
effort forthis purpose would capitalize on the existing theoret1ca1
model;, theyf[n1te difference equation solution, and the’software :
implementation The key effort is to model the thermal propert1es

of natural features. - - ! A

- The vork reported heré was all directed toward generat1ng images
of the hospitaJ scene from the AFHRL Seasonal Sensor Handbook. There
are other scenes 1n the‘nandbook wh1ch have merit from a ‘tactical or
training context. In fact, LLLTV and “FLIR 1magery could be generated

-for any\of the 1Q,scenes "contained in the AFHRL Seasdnal Sensor "

Handbook. ~ In addition, scenes from- existing or intended data bases‘

" used. for, /pilot: traiﬁ1ng or scenes of astactical interest for bomber/ ¥<{,
© .navigafbr tra1n1ng could also be used Thus, the principles derived

here could be" app11ed to- dther seenes to generate their passive

_signatures g o _ , ’ . o

g . . . .
N . K r
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