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Thi ~ d()C i i i i iCJi t ‘P~~ I I s  the resi ,l t o f  a s t u d y  pelfil rm cd h\ the Rem o te

S~’ns inq La bo r it o r y  ( RSL)  at  t he  Un i v e r s i t y  of Kansas , Lawrence , Kansas ,

The purpos.’ of t h ~ midy ~~~ I c ’  devt ’  lop radar i wage s imu lot ion techn I —

ques . Th is  work i s  i natura l fo~ u~ of ove r 10 y e a r s  ol pr ior research

at  RSL. I t  i s  b u i l t  upon the e -~pe r i e nc e  deve loped in a hos t of s t u d i e s .

T hese s tud ies i n c l ud e  among o t h e r s , deter mn inat  ion of t h e o r e t i c a l  models

of radar bac ks catter from re a li s t i c terrain and veqet ation models ,

a cquisition of a large emp i rica l data base of radar back scatter measure-

ments , and development and yen ficat ion of the u t i l i t y  of IDECS (Imaqe

Discrimination , Enh ancement , Comb i nation , and Samplin g ) for image data

e x t r a c t ion and enhancement. The purpose of t h i s  document i s  to summarize

those invest  I qa t ions , to  i dent I I y s i gn i f i c a n t  accomp l i shm en ts , and to make

recommen dat ions  Concern inq fu tu re  researc h needs and p o t e n t i a l  app l i c a -

t ions of the r e s u l t s  of  t h i s  wor l~ .

What has been developed is t Ime c a p a b i l i t y  to c r e a t e  radar image s i t l m U -

lot  ions for the ;t ’nc ’ ra 1 c is. . T he has c prob lc i~s have been identified

and solved . The next  s te p is  t o  develop specific app l ica t i ons. With

each app 1 1 cat ion wi 1 I conic u n i que , new prob i ems w h i c h  must be so lved .

These application s and  the probl em s they bring .,re the areas where the

c s ea rc h e f f o r t s  r i c i s t  be ~~O r l C t ’ m l  t ra t  d in  th e  f i i t ,‘~~~~~.

The general model developed in th is study for radar image si n m u l a t ion

can be used in a variety of app l i c a t  ions. I t  can he used to s imu la te

the i mage products of d i ffe le n t radars and can accept a variety of sources

of input ground truth data . Both SL/\R (Side-Lookin g Airborne Radar)

and PM (Plan—Po sit ion m d  ic .ltor) r~id.ir i mages can he simu lated , The

model can handle equally welt scenes of terrain having l i t t l e  or no

relief and terrain having si qni fica nt relief. Pot ential applications run

the gamu t from qm j idinq re~m mo t e l y—pi loted vehicle s to photo interpreter

(or pre— m iss io n) t r a inin g .
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A vt ’ ry I I I IJ )0  r I ~~ I mmi i ( is  I, HIt’ ac hi eveti l im  t hi ‘ 1  udy was the use of

e m p i n i r i l  t c . i  Ls  i t  t i m  dat a for the ground truth target reflectance in for—

.1 t I on reqmi i i 1d by I he mode I . the r esu It ~ ot th i s s t ud y demons t rote the

q rca t va I ue nI us i nq emmi p i r ica I backseat te r data i n the si mu lot ion rmmode I -

Th is concept remoVes somm ~ (m f the previous l imit at i ons placed on simu la - 
V

ion and great Iv expands pot ~‘fl I i u I  app Ii cat ions. Although the use of

clip I r l ea I da t .i was a si qii it leant a’ romp Ii shmmm en t , the ii mi ted amount of

t hese data av a ilabl e r equimes t h eu r i t ical back scatter models to extend and

e.~trapolate the data b r  cases not available. Even with this l in m itation

the mode l developed has a wide range of a p p l i c a t i o n s .

The o b j e c t i v e s  of the i n v e s t ig a t i o n  have been f u l f il le d . The concep t

of rada r i niaqe s imulation has been developed and shown to be a viable

too l for a m u l t i tude of pot en t i a l  ap p l i c a t i ons . Many area s have been
i d e n t i f i e d  as a result of this study which require addi tional research

in order that the p romim i se offered by radar i maqe simulation be realized.

W i t h  s i g n i f i c a n t p rogress i n  t hese areas , rada r i mim aqe simulation can be

exploi ted t o  the fulle st extent possible to aid the Un i ted States Army i n
attaininq i ts goals and imm is si on ob jectives. V
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the i m i c j i  n,’o, nq , ., m  I t  m m  ‘ i’d mm t hi~ , r,’pni I t I or t the cingn’Ia—

11111  ~irid Cont  r i b m i t  iO ns  -it ely i mmd i vi d u a I~~. The work was sponsored by

he Enqi nec r inq  lopo i r • ipbmic l .al io, itci r I os , The t in i ted S t a t e s  Army , ro rt

f~
. Ivo l r , V i  rq t m i a . antI yj,~~’, pi . r t  I I  i d  it  I lie Reiiin t c S c m i s i  ng Labora tory ,

The Un 1 v t - r s  I y I i t  Kansa . - I - I  i n c  c’ • Kans as . Many poop It ’ at those

organ i ?a t ions stiomi 1 ci tm I ecoqn i it’d I or the  1 r spec I f  Ic contr I but ions to

the wor k m e p m c :  t i d
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A B S T R A C T

Th i s document sumumma r i ts  t h e  results of a radar image si m u  la t ion

stud y nenfornied at th e Re sole Sensing Laboratory , The Un iversity of Kansas ,

Lawrence • Kansas. The work t h i S  sponsored by the Eng ineer i ng Topogra-

ph ic Labor atories , The Un i ted States Arn m y , Fort Be lvoir , V rgini a .

The goa l of this  ‘t cmd y V / i  lü develop radar image si m u l at ion techn i-

ques. The purpose of this document is to summarize those investi ga t ion s,

to ident i l y si g n i f i c a n t  accoimip l i sh imm ents , and to make recommendations

concerning future research needs and potential applications of the results

of this work.
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I . t) ~d IMMA RY

I h i t  i ~- iiI m i t I on

I c i i the pu s t  3 V i a l ’ -, 1 .1 t mc l y hi s 1)0011 c flhmiILi ( ted i t  t Ime Re mmm o te dir,ns h u m  L,ib—

i c c  J I m m y  (RSL ) T1i ’ Uum i V i i  S I  ty r u t  F~. u m i t , t i m ‘li vi’ lou ra (Iau i image s i mm m til a t 1 (1)1 .111(1

t m . i l u r i ’ e x t  l a d  t i ll l ot  h i u h i t m i t ’ s  1 c m  t i - i  u - m i m i  i l i c a n i u m u  idar  s . This 5t i u d y was

conduc ted runde r con i rac 1 to the Er m q i ricer i rig Topographic Laboratori es

(Fit ) , tin i ted States Army , Fort Re Ivo l r V i r g i n i a .  The purpose of

t h i  s I c - i t unmen t is to sum mm nu a r I ie t hose I nves I I qa t i tins • to i dent i fy

5 i g ru l $ h & i n t  ai conmp Ii -,hm ume nt s . and t o  ma Lt ’ i et nim iuii , ’ndat i~~utis conc ern inq

f ut Lire rese,1 rch needs and potent i a I app I i cat 1 w it S of the resu lts of

this work.

We norma l I y t .ike the OX ~ ~~ , l in t  ~~~ c rm ,ule ’ to imuewlul sonic vi ~ua I

re p re s e r it a t  ion o f an ohje t (or .ci ’mm t ) which I .  p roduced by li n si ’’-

ni r ror s • or othe r opt i c a l  ci c’immen t s - We i t  ~ f a r m c  I I I a r w I t h s uc Ii I niaqes

when t hey .ire f o i m mie d a I wa V ( I onc~ t tus in  I lie v i I liii (to t lie human c’yi-

port  ion of the i’ Iec t i- o mm m ,ugni ’ t  IC  spec I ruin — ap p roxi um ia te l y ~u OOO In 7000 X .
These wavelengths art’ he req i on of t he e Icc t roumm agrie t ii spec t r urn to

which the  hunu,ini eye Is sens it I vc V It i s possi hI e to form i imuaqes ot

oh j cc l  s with  c I or t romaqnc I i C waves of mnuc h longer length. In p.i r t i r u l  ar

i f t tie si’ i umma qe s a ri’ for time d wit h wa vi’ lengths in the mimic rowa ye p0 r (ion of

the ci ‘ t roumiaqne t I c spec t r m m c mi • I hey are c a I led radar i um iaqes . A l t  houqh

i nia g o’. and I maq I nq s ys I (‘rims t a Li ii by i- i  r ape ra I I nq I ii I lie mc Ic r 0w,i Vt’

i i t  opt  I cat req ion oI t hi’ s m c  t r uj i i m Iu,i vi’ mc m .Iny t e ì  In re. ,iiid p roper t I

ri cou muumuo n , t hey w i l l  d i’ .p Iu y  s i r l n i f i i . u n t  di tbe ,en ce s

tlocIi’r’m i i -  irj l u g  r- , icI ,m u s dos  i qrw’d I ’ m tu p t- r a to in romimp I - s  t’ r i v I roiiumut ’ Iu Is

.irc 1(10 ( ‘Xpc f l s I vi’ t o  buu I Id j u s t  t o  S i t ’ I I t hey w i  II 
~~~~~~ 

t i - irumu as &Iu ’s i it ’d .

Even i t a radar is u v u  I l a tc h , t he c r.I cit opeu,l t h u t  m !  u m ,ikes i t s  m u s t ’

tmn~~ust  ifi a hi e for or nl i ui , lm v or t r i v i a l  ,ip~- i I i a t  ions .  h i s  i s  e sp e ci a ll y

t r u e b r  a irborne mm spai t hi- i r no r itb m is  - iIi~ st’ .111 ( 1 c i t  Iii ’? l i i  l ors  t i - i  t o  I i .  ussoc i

account for t he i nc rn-as i nut c Ieumu ~ nd f t - i  u t hi’ s i mu I a t  ion 01 rild,i r I mnaqes

S i riuu I at  ion of radar i rn.-t qc s limr ’,ln’, ha know ) edge ml I ho i ad.i i s y s I em ~nd

ground scene to be i mii.iqecl i r e  Conve t I vu by s u I 1.11) Ic t echn i g lut ’s  i n to an
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I muiaqe whIr lu rep u i - i - r u t  wh.-i I I hi’ rada r would have “seen ’ ’ i f  it  were

ac t u a l l y flown . Radar siun u j la t ions are produced , t y p i ca f l y .  e i ther  by

optical tvc hr u i r l ue s (.an optica l computer is used) or by di g i ta l  techn i ques

(a hiqh- speed di g ital computer is used). Depend i ng upon the app l i c a t ion

for which a p a rt i c u l a r  radar image is to be s imula t ed , the s i mu l a t ion

effor t can he relatively s h m ui pl e or it can he amazing ly  complex

requir iru q very de tailed knowledge of the terrain and vast amounts of

computer time In genera l , the radar i nuage s i u ’ sml a t ion problem is not

s i mp I e.
Rada r imaqery possesses several distinct advantages over optical

pho tograp hy. The two pri ul me advantages of radar are the fac ts  tha t

microwave frequencies are affected less by meteorolog ica l condi tions ,

and , since radar provides its own source of illumination , radar  images

ca n be made equ a l l y well during eithe r day or night. Cloud cover and

ligh t precipitation do not prevent the successful operation of imag i ng

radars - hence the name , all-weather surveillance. These two advantages ,

a l o ne , r e i n f o r c e  t he va l ue of i mag ing radars and , by implication , they

establ ish the potential applications for imag i n g radars  and , hence ,

F the projected value and applications for simulated radar imagery.

The c a p a b i l i t y  to c rea te  s imu la ted  radar images has grea t potent ia l

va lue in many a r e a s .  Anionq these areas are such applications as the
IV 

guidance of remotely-p iloted vehicles , nav i gation p rogress checks ,

ana l y s i s  aid to the i nraqe interpre t er , and training . A flight guidance

computer could be developed to use the simulated ~~~~~ imagery to fl y

(or guide) the vehicle along a specific path or a navi gator could use

the  s i mu l a t ed  ima ge r y for fli ght progress checks. The capability to

create  s imu la ted  radar ima ges can be seen also to provide an a c t i v e

and v i a b l e  a n a l y s i s  and assessment a id  to the image in terpreter .  It

would enable the interpreter to c rea te  for t r a i n i n g  purposes (or to

basel ine damage assessment  - c i v i l  or m i l i t ary  - in the event pr ior

re conn a i sance i magery had not been obta ined)  v i r t u a l l y  any s imu la ted

i mage a t  any frequency and pola ri ia t ion for which knowledge of 
the2
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to rra iii (ground t I u t  ti , t m t i )  Wd~ .)v,u I I lb I ’ . As va 1 nab it’ as the in o i —

pr ’ t yr I s , i t  I s hi aIm I y u n t i L -  I y flm I t each I u t  erpre t&~ r is  fa u mm i l i a r

wi th the im mi ~iq c ’, - rodmu u Is ml eve ry  radar for e v e r y  poss i t’ l e  scene .

Radi i im c t c p  s I m i t i  l i t  i uu n oh I I p u o v i  iii t i m  I ui t o m p m e t e m  wi th the caoabh I I tv

to m ake co um m par is cn s outside the realm of his experience and w i l l ,

therefore , expand his experience base thereby inc re as in g  h is  e f f i c i e n c y

va l ue . Other potent l al app l i c at ions for si m mmu lat ed radar i nmaqery run

the gamimu t fronu tactical terr a in reconnaisance to agric u l t u r a l  crop

hea l t h , nm at u rity , and m no istur e content eva l uations.

1 .2 Projec t Sum nm ary

Severa l app roaches to the radar image simulation problem have been

i nves t i ga ted at RSL. The fir st i nvesti ga tion was conducted to

analyze the nature of the simulation problem , The results of this

effort were reported by Parasha r
1
. This i n i t i a l  effort was partiall y

s u c c e s s f u l .  Much was learned in t h i s  in v e s t iga t i o n  and much ins i ght was

ga i ned into the nature and priority of the simulation problems and

para meters. The approach reported in th is  f i r s t  i n v e s t i ga t ion  was

to niode l the test site as a flat agricultural area. Existin g radar

i magery cover i ng the k i nds of a qri c u l t ura l crops p resen t i n  the test
s i t e  were used to de f ine  the data base from whi ch  the s imulated image

was to be cons t ruc ted . I n an image , the parameter of i mportance i s

the relative variation of lightness (or darkness) from point to point.

If we call the relative va l cm e of lightness of a particular image point

the qreytone of that point , then the total range of variation in an

i nuaqe would be the qreyscale. This first RSL radar image simulation

work obtained the qreycc alt’ data f o r  each microwave ref lectivity

category ( formerl y ca l led a g r i c u l t u ra l  crop) to hJ s imu lated  from

e x i s t i n g  radar i liaqt’ ry. The a t t e m m u p t under taken w a ,  to o b t a i n  as

m uch statistica l data as possibl e about houmioqeneous reg ions of each

1 
Parashar , S. K . and A. K. Funq, “Simula tion of Radar Image: Garden

C i t y  Test Site , Kansas ,° TR 234-5, Remote Ser~s inq Laboratory,
The Un i versi ty of Kansas , May, 197 14. -

3
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ca tegory  and then misc existing elec t roumuaqn etic hackscatt er theories

to int erpolate and extend these l im mti ted data. This was not a success-

f u l  approach f or t he s o l u t i o n  of  the qenera l s i m u l a t i o n  problem.

But i t  d id  produce a w e a l t h  of info rrm m,i t i on and Indicated directions to

be taken for futu rc~ research.

The second in v e s t ig a t i o n  was conducted to demonstrate the appli-

cab i l i t y  of the rada r image s imulation mode l to a relatively f l a t

agricultural area and to solve som e of the problems identified in

the f i r s t  s tudy.  The r e s u l t s  of this study were reported by P a r a s h a r 2.
The s imula ted image was compared to a rea l radar image of the same

scene . A numbe r of points of di s s i m i l a r i t y  we re identified in this

comparison bu t , on the whole , the simulation looked like a radar

i mage. Somne of the points of dis s i u m m i l a r i t y  were due first to the

rela tive coarseness of the d i g i t a l  data base which represented the

ground truth infornia t ion (qeommme tric a l and backscatter characteristics)

front which the sinmu la ted image was p roduced . The difference between this

and t he f i r s t s t ud y i s the miuodel used to extrapolate the empirica l back-

scatter data. The area for which a simulated radar i mm iage was to be pro-

duced was almost exclusive l y agricultura l , thus i t was decided to use

Cl a p p ’ s model 3 to extend and i n te rpo la te  the backscatter data which were

ob tained in the same way as in the first study. While for some applications

Clapp ’s model m ay be a reasonable approx i mation for the angula r varia-

t ion of backsc a tt er da ta , i t is too sim p l i s t i c  for the radar i mage siumm u-

la tion problem and this caused a second error to be introduced . On the

whole though , this work showed that the simulation of a rada r image

for a med i uu mm resolution radar could be achieved (at least for a relatively

f l a t , agric ultura l area) and i dentified m ore problems that needed to be

handled be fore the si m ulation mm iod el cou ld be applied to more complex areas.

2
Parashar , S. K , A. K. Fung, and R. K. Moore , Sm m ula t t on of a Radar

Image for Ga rden City Test Si te .” IR 234-8, Remote Sensing Labora-
tory, The University of Kansas , February , 1975 .

3
Cosqriff , R . L .  , W. H . Peake .and R. C . Taylor , “Terrain Scat terin g

Properties for Sensor System Desi gn (Terrain Handbook) ,”
Eng ineerin g Experiment Station Bulletin , The Ohio State Universit ” ,
vol . X X I X , no. 3, pp. 10-12 .
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The next investigation was conducted to deunonstrate the application

of the radar image s i mm i ul a t ion model to a surface which has si gnif icant

re l i e f .  A l s o , t he m ic rowav e  r e f l e c t i v i t y  data used to c a l c u l a t e  the

image qreytones present in the simm i ulations produced for the selected

teat site area were taken from applicable scattering theories
14’
~~. The

results of this stud y were reported by Parashar
6
. The l i m i t i n g  fac tor

that prevented more precise comparisons between simulated and rea l

radar i rmm aqery of the sarme site was the specification of ground t r u t h
information . The da ta base of ground truth information tha t was

pr epared for  t h i s  te st s i t e was made b y hand and , con sequentl y, it

was a rough approxim im ation to that area . The quality of the simulation

effo r t at this time was superior to the data base. A clear conclusion

to be drawn from this study is tha t we need to define the minimum

amount of information to be inc luded in the ground truth data base.

V A way to approach this proh lt ’un is to anal yze the sensitivity of the

va r ious parame ters  w h i c h  tog et her make up the s i m u l a t ion p roble m and

establish for a g iv en app l ica t ionof radar image simulation the minimum

r e q u i r e d  leve l of i n fo rma t ion . T h i s  information can then become the

V 
guideline for bu i l d i n g  ground truth data bases. White on the subject

i t should be pointed out that the mos t expensive part of radar image

s i mu l a t i o n  i s  t he b u i l d i n g  of gro und truth data bases. The recommenda-

tion tha t a sensitivity analysis be performed to establish minima

‘4 Heveno r , R. A., “Backsca tter u nq of Electromagnetic Waves from a Sur-
face Composed of Two Types of Surface Roug hness ,” TR ETL-TR-71-4 ,
Engineering Topographic Laboratories , The Uni ted Sta tes  Army ,

• Fort Be l voir , V i r g i n ia , Oc tober , 1971 .

Fung, A K., and H . L. Chan , “Backsca tterinq of Waves by Compos i te
Rough Surfaces ,” IEEE Transactions on Antennas and Propagation .
Septembe r , 1969.

6 Parasha r , S. K ., A. K . Fung, and R . K. Moore , “Di g i t a l  Si mu l a t i o n
of a Radar Image of P isqah Crater Test Site California ,”
TR 234-10 , Remo te Sensing Laboratory, The Universi ty of Kansas ,
July, 1975.
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for ground t r u t h  da ta  bases shou ld be very s e r i o u s l y cons idered . To

be able to s i m u m u l a t i ’ a good q u a l i t y  radar w i t h  a hi gh resolut ion , a

very de tailed and exact knowledge of the ground truth (microwave reflec-

ti v i t y  p roperties and geouuletry of the site) is needed. The magnitude

of the proh le mmm is  best i l l u s t r a t e d  by the fact tha t if it is desi red

to simulate the image products of a radar having a resolutio n of only

lOU fee t , the ground truth d a t a  base must contain at least 2800

points per square m m mi h- of terrain (50 feet would require 11 , lOO : 25

f e e t , ‘414 ,600: t ’ t j . A s im I r d m L m t e d ~ sce ne can e asil y exceed 100 square mm m i les

and at 25 foo t resolu t ion the data base would have to contain in excess 
V

of ‘4 un i I I  ion poin ts. The prob l eumm rap idly gets out of hand. Severa l other

lessons were l earn ed i n t h i s  i n v e s t i g a t ion t ha t  are  wor t h poi n t i n g  out he re .
F i r s t , more experime n ta l (emp i r i cal) microwave reflectivit y da ta  needs

to be collected and theoretical scattering models need to be developed

to support directl y the m ission object ives of the U.S. Army . It is

strong l y bel eived that radar i mage simulation w i l l  p l ay  a very i mpo r-

tant role in the future for the U.S. Arnm y (in fact , for the en t i r e

Department of Defense). If t h i s  is true . I t w i l l  become increas i ngly

impo rt ant t o ob ta i n  t hes e da t a . Second , i t is necessary to define

objective i mnaqe quality measurement criteria. As the tool of rada r

iu naqe simulation begins to he used in more applications it w i l l  become

i nc reas ing l y imuupor tant  to be ab le  to umleasure in a q u a n t i t a t i v e  and

objec tive manner the quality of radar i mage simulations and their

sui t a b i l i t y  to f u l f i l l  the task for which they were produced .

The fina l i nvestigation conducted on this contract had the widest

scope of all the i nvestigations. Thi s study was conducted to investi-

ga te the probl eum is ua i se d in the f i r s t  three studies: it exp lored
new direc tions for the s iu m mu lation problem and it comp letel y g e n e r a l i z e d

the sim m i ulat ion problem (that is the radar image simulation problem was

viewed as havi ng qen ’ra l , broad-range applications , and the s i m u la t ion

umuod e l should be designed to hand l t- any of th em im instead of just one of

hem) . The u m ’su It- . , m t  t h i s  I ruvc ’’,t i ’tat ioui were reported by Hol tzman , e t

6
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. The gene r.m I umm o d i- I to t m amla r i m m m a te ‘.i mm mii (at ion dcvi’ loped in this

s t  tidy can hi’ m u sed to  s i ‘mmli Ia t e t he i image p rod tic t s of d I f  f~’ rent radars

dri d f can accept  a v a r i e t y  o f  - o u rc es  of input ground t r u t h  da ta .  Both
SIAR (Side—Looki ng A i r bc t r rm t - Radar) and PPI (Plant Positio n Indicator)

m adar i mages can he s i m , m u l a t e d .  The model  can  handl e equally well terrain

having l i t t l e  or no relief and terr a in having siqn i fican t relief. A

very i mpor tant mmm i lestone achieved i n  t h i s  s tudy  was the use of e u m i p i r i —

• 
cal  backsca tt e r da ta for  t he mi crow ave r e f l e c t i v i ty da t a us ed i n t he
s i um mu I at  Ion . Tb i -, t t u mly u e p re s e n  ts t he flu -st t i mmm c at RSL that emm ip i t  i c .t I

b .ickscatter data bases were used i n the s i i mm nla ted ra da r  image qreytone

ca l cu l a t i on . Previous ly,  t he .backsc at te r  data had been taken by Su i t -

able s t a t i s t i c a l  techn iques from im a real radar image of the scene to be
si mulated . In this study ,  t he backsca t t e r  da ta  were taken from an ex-
tens i ve emp i rical calibrated data bank whic h is be i ng developed at the

RSL on a cont rac t  spon sored by another agency . The r es u l t s  of th i s  s tudy
demonstrate t he grea t va lue  of us ing  e m p i r i c a l  b a c k s c a t t e r  data bases as

t he input microwave da ta  for the radar image s i mu l a t i o n  p ro b l e m and , further ,

demonstrates t he p ot e n t i a l  requi rement  for a s im i i i la r  e f f o r t  to be conducted on
behalf  of the goals and m i s s i o n  o b j e c t i v e s  of the Army . No new data

bases were constructed in t h i s  study and the s i m u l a t i o n  model was

vas t ly superior to the available ground truth data. A very good data

base needs to be developed so that  the true f i d e l i t y  of the s i m u l a t i o n

model can be appraised . A l l  of the f i r s t -o r d e r  e f f e c t s  (e.g. the

mos t i mportant effects) were i ncorporated in the s imu la t i on  model.

These inc lude shadow , layover , near-range compression , fading , e tc .

Not a l l  of the e f f e c t s  were shown in the sample radar image simula-

t ions presented in th i s  las t  report bacause the data base was unsuit-

ab le :  i t  was f l a t  te r ra in .  Rut the problems were solved and app l i c a t i o n s

w i l l  be show n in th i s  repor t .  An a l t e r n a t i v e  to the s t a t i c  s imu la t i on

mode l was exp lored in which a human be i ng (photo anal yst , etc .) was

placed in the decisio n process of the computer software in an interactive ,

Hol t zma n , J.  C. , V . H.  Kaupp , R . 1. Ma r t i n , E . C . Komp , and V . S.
Frost , “Rada r Image Simulat ion P ro j ec t:  Deve lopment of a General
Sim u lation Mode l and an Interactive Simu la t i on  Mode l , and Samp le
Resul ts ,” TR 23~i- l3 ,  Remote Sensing Laboratory, The U n i v e r s i t y
of Kansas , February , 1976.
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— t i i i ’ - (~ - . it - , . t - - t hi’ p I n q m  a c - i  I
V em ) dm p v r ,1t i m n a  I it m uift- - Th is 1 n t e m  ic t i vi’

s i mm mii i ,i t ion t er hm u I gut - w~m s ‘V. tuuw ui t o  be hi iv I It ’ ‘- i t m  I t ,m cm d t m m he .m s ‘ m m m i  —

ant i m m m p u t -i v e m m m t ’mt t u , v t ’ i d Oml V t ’ um t I om m , i  I t t ’ i hu m it Itit ’ s wIt l i lt I r’gu I u e ,tdti~’i 
—

ence to m l  l e x i l’ I t  Io rm mo ts tVI i t i m tm.u r ~I—cod i mmti of u tue s i m m u l a t  ion instruct ions

prior to p roduc L i  out , and thus t he s I mu tat ion pa r,immm e t e rs and scene ca te —

tior i za t ions a re  m l i i  I I c.u It  d i r i mm m po s ’ . i b l  e to a 1 U’ r e a s i l y and rap id l y.

It is felt tha t t im , ’ v a l u m -  01 inter a ct ion between computer and anal yst

has been shown I nt t it 1 s s t tid y - By I uc I ud I nct the hunman I n the dec i s ion

process , a who I-  qrea t er t 1 m m the -- um it of i t s p a r ts  1 s created .

The commmput e r i s a v e r y  list’ I U  I t ’im I hut i t t ,  dec i s I on—oak inc capab I I I t i es

a re ve ry I I mmmi  t ‘d - By us nq ti m e i om impu t er to m mm a x i mim i ze its S t  renq t fiS

(e.g. rap id m i ma n i p u la t  ion oh v a s t  a mm uounts of data) and using the trained

human to mmm ake dec 1 si ons , I m t , , u - n m t o m m s  1 mm m p rov c immer u t s ca n be ach ieved i n

the radar I image s I mm mii l i t  I on p rub 1 em it - By ex t  r apo 1 at  I ng t hi s capab I ii t y

to other are,us it seems n a t u r a l  t o  i n f e r  tha t  the i n t e r a c t i v e  mode

I s the obvious mmmt ’ t hod ~ f cho it :  c fur p repa rat ion of data bases . Much

of the prob l eimm at data hi -c cons rmu ion I ‘. centered around the drudge

of data mmm ar i I pu Ia t ion ; the c ommipu t’ r I s very good at t hi s task. On the

at he r hand , ‘ctany dec I s io n s  mmmm j s t he mm ma de regarding the nature of the

terrai n t r um mm which a dat a base i s  to be c o n s t r u c t e d ; huunans are very

good at this t,isk but computers are not. The opt i mmmu m mm me t hod for

data base const r uct i on would co m m m h ine the s t r e n g t h s  of both computer

and human ; t he ommmput en  fo r  data m m ia n i p u l at ion , i nmaqe enhancement

techniqu es . ‘. t , u t i s t i a I  i nmage ( l a s s i f i c a t i o m )  and p a t t e r n  recognition

techniques , ,und lii- Imum im ,i n f o r  h i s  own s p e c i a l  e x p e r t  i se :  app Iy i  mig his

years i tt  t i , l i  m u rig , urm , I  i ’ m m 1 I t  e 1’’ m im ,uk e imimp o r tan I decIsions regard i ng

he in t r I u m s i c p i npi’ t t i i ’ s  of  I l m t ’ I i’ m i i  I it

What ha’. h)(’L’1~ tii ’ v t ’  I aped i t it , -  ap~ hi l i t  y to  c rca t e radar i image

si m mii h a t  i ouis { om a tm , ’ ’ , t i i  .mpp I i t  m u  I 0 mm- . - Th~ ba sic proh I , ‘mmm s have t)een

ident it led ,iri (I sol veil - What u (‘‘md i m t ’~ is to develop the app Ii cat i nm is

Wi t h each app I i~ at urn w i  I I cu mm mi’ im m u I gui’ • new , p rob I em it s wh Ic ii mu s t be

so lved. Tb I i - , I t im’ a r e m  whi’ u t ’  immmi ~- hi w (mr k m em,i I ns t o  be done -
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1. 3 Potentia l App I i c a t  ions a~ Radar I mage S i m u l a t io n

The radar image s in m u lat ion nmode l developed on this contract is

a rigorous mathematical mm ode l which treats the radar , scene , arid image

mi mediu m as a closed system . The va ri ables which com mi prise the model

of this closed syst erm m can he specified as precisel y as is desired. The

application for which the simulated radar i maqe is to he created w i l l

d ictate the degree of detail that is required for each of the simula-

tion parameters and the data base.

Since this si m u l at ion m imode l is a ri gorous math ematical mode l ,

i ts poten ti a l  app l i c a t io ns a re p rac ti c a l l y l i mitless. Rather than

l i s t  and discuss the applications which i mm ediate l y come to mind when

thinking abou t rada r image simulation (e.g. , naviqation , terrain anal ys i s ,

damage assess men t , guidance , image interpretation , fea ture extraction ,

mission planning . te rrain classification , training, etc.) we wish to

d i s c u s s  a few less  ob v i o us po tent i a l  app lications. For instance , radar

image si mulation could become an i nva l uable too l in future radar system

developmen t programs . S im mi ula t ion could be used to determine the optimum

f requency, polarization , an tenna , tr ans m i tt er c h a r a c t e r i s t i c s , r ece ive r
charac te r i s t ics , and etc. , fo r discrimination of the desired targets.

I n  o ther wo rds , simulation could be used to determine the rmi inumum

specif ications and tolerances for the vari ous (or just the critical)

se nsor pa rame te r s . I t cou ld  a l s o  be u sed to eva l ua te the tes t i ng
criteria themselves to deter m ine the a b i l i t y  of the tests to

nmeasure the desired effects.

Once cand idate radar systems are desi gned , sim ulation could be

used to evaluate and compare competing desi gn s . The i r app l i c a b i l i ty

to speci fic program n goals and their capabilities to meet those

objec tives could be evaluated. Simulation could be used to compare

the capabilities of existing radars and measure their a p p l i c a b i l i t y

to the goals and ob~cctive s of a particular prog ram and , thus, could  be
used to hel p make the decisions of whether to build a new system or

9
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to use an exi st log system um . Sin m u la t i on could be used to evaluate the

parameter t radeo l l s  and to help determine the radar specifications for

a new progr am ’m . Sim ulation could also be used to define and evaluate

scien tific as well as enqi ut eer inq testing criteria. I t could be used

to produce sample data for evaluating the testing criteria , da ta

h a n d l i n g  sys tems , and for training personnel.

in o t he r words , precisel y because th i s  mode l i s  mathe ma t i c a l l y

r igorous i t  i s  ex t reme ly f l e x i b l e .  Th is  f l e x i b i l i t y  and u t i l i t y

should not be lost but should , i nstead , be exploi ted to the fullest

ex tent possible to help the U.S. Army attain its goals and mission

objec tives.

10
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? 0  RA DAR S IM u L A T I O N  MOt)F L

2 - I S I mmmu I at ion h u t  u~~i ,,i iii t i ()11

Au r ~ u m ~u l y t  l i t 1  , m p l m m i i i  I, t , .  t i m e  m t , i h l m ’ i i i i  I l k —  —, i m i i m j l , t t  I t’ l l  at  i , u , l , uu

imagery was developed , This approach r e s u l t e d  in a unique d e s c r i p t i o n  of

hi- radar i ci,] ye s i im’u l a t I (in p rub 1 ciii by cons I de r i nq the I mm iage product
rad,i r sys tent an d ground scene te b~ a c losed s y s t e m .  C i (lure I is a

conceptua l mtuode l for t h i s  c Ia- ,ed sy - tem i m.  Reference to t h i s  f igure  w i l l

show t he r e l a t i o n s h i ps be t ween the three basic parts of the c losed

sy stem: i nmage mediu m , radar sys tem , and g round scene.  A s im i m p l i s t i c

exp lanation of this sy stemm i would he as follows . A t r a n s m i t t e r  generates

short bursts (or pulses) of energy (a t  m ic rowave  f requenc ies )  wh i ch  are

blocks of energy trave l inq at the velocit y of li g ht pmopa qated into

space by nmeans of a directional antenna. The energy i s conf ined to

i ll um uti nate the surface of the earth in a narrow path. At any one

instant , the area of the earth’ s surface illu m inated by the transm ni tted

pulse is limited in the direction of the pu l se ’ s propagation (range

direction) by the ph ysica l length of the transn u itted pulse and in the ortho-

gonal direction (azimuth direction ) by the beamw idth, rea l or synthetic,of

the directiona l antenna. Objects which are reflective to the energy at a

par t i cu la r  f requency or w a v e l e n g t h  w i l l  r e - r a d i a t e  a f r a c t i o n  of the t rans-

m i t t e d  energy back to t he antenna ( t h i s  i s  c a l l e d  ba cksc a t te r  and the per-

centage of energy r e - rad ia ted  back i n a s p e c i f i c  d i re c t i o n  per u n i t area  by a

particula r object is called its scattering coefficient - ~u 0 ) .  This enerqy

Ii be received by the antenna and t-i i 11 be converted by the radar receiver to

a video s i gnal. The ma gnit ude of this video si gnal at any instant in t ime

is determined by the scattering properties of the objects having the sante

round-tri p delay ti n me from um transmitter to ground to receiver . That is ,

for each pulse of energy, the receive r processes the received energy

according to the time elapsed fro mr m the time the energy was tra n snmitted ;

the energy re-radiated from objects which are closer to the radar w i l l

be r ece ived  and processed before the energy front ob j ec t s w h i c h  ar e fa rt he r

away. This video signa l can he processed in a nunuhe r of ways. The object

is to convert the signa l int r - ’ an i mnaqe and many ways are available,

1 1
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I ‘ m m  e x a m c i u m  I t , it  ( a t m  me r e i c , r - t , ’d ml I rr’c t l y mi m i s , cmm i a I f” liii: i t  Can he

t onvem tt ’d t i ’  dlii i t , m }  da ta  , mm m , l s t a r, ’,i ~Ii i idt~mt( ’~ i c tape;  I t can hi’ di ‘-~
p l,iy, -d

by i n t e n s i t y  - cici t culat in g the e lectron be am im of a CRT (Cathode Ray Tube),

am id I ) b i o t t ) t t i d i t l i c ’ I  - i i i  i t  , im m he i ’ m ‘ ,  ,‘ — ,seil by m i t  her , m m m n r , ’ i ’ l a bo r i t e  mm mc l Im od s

I i m i -  t na I i Ou ’ the vi ~. m a  I m e coud nt the mV ad , l r t V e t u m r m  s i qua I) depe rmds on

v i m  i at ions i n t t i , re l it  I vi- s t  renq t hs of the s i  qna I re t im m e d  f m mii the

d i i  I i’ m e rmt 
~~ 

Is iii t i e  d r t ’ ,i i mn ,i mietl t i c  pr od uce (a l it  m , m ’ -. t s , e d liii’s , m mmd l (fit

range of b r i ghtness  in  t i me i ciaq e. The two prim ary factors determining the

strength of the si gnal observed on the final i mimaqe produced , and conse-

quent ly the br igh tness  of an i mi)aqe po in t , are q e a m - e t r i c  and di electric pro-

pert ies of the target.

2.2 Simulation Model

T he developm iment of t he  radar image s i m u l a t  ion model w i l l  not be

repe ated here . The develop nment i~ repor ted by Holtzman , et a l. 7 and the

resu l t s  are sum i mmar ized.  R e c a l l i n g  that  the r e l at i v e  b r igh tness  between

wh i t e  and b lack of a po in t  in an Image is  c a l l e d  the greytone of that

po int , t hen the parameter  we w i s h  to c a l c u l a t e  for each po int in an image

is the greytone.  The greytone for each po in t  in an image can be computed

f rom the fo l low i ng equa t io n:

cm ’ (A tA A G 2 
~ ~ 

2~4
c — f  ~~ 255 1 2 c 2 t 2 2 2 2 2 m  k 14
R — vm Oc

m O {~~~~ -;~~ j • iO
~ i~~
(
~~

)+ 
~Ioa (11 + 

~~~~~~~~ 
+ RNI~ 

I)

= The instantaneous gre’~tone , inc lud i nq fa ding , to be c a l c u la t e d

- 1 C
2 for each d i s c r e t e  po in t  for s c a t t e r e r s  belong ing to backsca t te r

ca te gor y c ;

= The qreyton e v a l m i e  added to the va lue  com iuputed for each point

(0  i al ibm , m t t ’  t he t ,itm ’~,’ of hr i ’ t i m t  m m t - ’ . ’~ Ii .m m m i mmm .m ’t c It t i t i  iii l i t

to a known reference ;

y = A p roper ty  of t he i m a g e  mned i um ( in  t h i s  case , f i l m , i .e .  image V

mn, ’diu m u m t r ans fe r  f u m n c t  inn);

P1 
= The t r a n s m i t t e r  output  power of the radar to be s imu la ted ;

2

7Ho l t zman , J. C., V. H. Ka upp, R. L. Mart in , E. E. Komp , and V .  S. Frost , 
—

°Radar fnuage Simulation Project: Development of a Genera l Simula tion
Mode l and an I n t e r a c t i v e  S i m u l a t i o n  Model , and Sample Resu l t s ,” TR
23~i- l3 ,  Remnote Sensinq Labora to ry ,  The Unive rs i ty  of Kansas , Feb. ,  1976 .
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II ,, - u - i i i -  - i i I I I ,  - m ‘ c i  I ‘ mu I ‘ u , - i ,,I I I - , u I i Iii t i l l

-‘ S c m  t i’m I no c tiO I I I~ - c t Pt’ r &m u i i t area tar t ’ ,lC Ii q ro tim id

P0 l il t ~ c c i  re pond I on t o  the I oca I anq Je el Inc Idence  
~
-

The sc a t  t o r i  rig c i t ’ 1  € ii len t  per d m 01 t area ~or the m e t  e rence
I 

ba c k s c a t t e r  c a t e q o r y ;  co r respond ing  to the loca l ang le of inc i dence

~ 1

“2 Area c i t th~ q r ccc mm i d ‘qiut r eso lu t  ion c e l l  u t I umunate a by

the radar to qe ‘-. i l l - i l  I a ted
- A

1 Area of the qrnm m nd spot resolut ion cell i lluminated by the

cal ibrator:
G2 

One-way qa im i of the antenna of the radar to be s imu la ted  ( in

d i re c t i o n  of ‘A
2
);

= One—way gain of the antenna of the ca l  I bra to m ( i n  di rec t ion

of

Wa velen gth of the el ectro mn aqnet ic energy transmitted by

$ the radar to be simulated ;

Wavelength ot the e lect m omm i agnetic energy transm uu itted by the

ca l i b r a t o r ;

R2 
= The d i s t a n c e  f rom the  antenna of the radar to be s i m u l a t e d  to each

ground re solution c e l l :

= The distance fromu t lit ’ antenna of the calibration system to the

re fe rence  ground s pot

k2 . k 1 
= Constants w h i c h  depermd upon the exposure t ime and on the

f i l n m  processing and devel opmn ent ;

M2 , M 1 Cons tan t s  of p ropo r t i ona l i t y  r e l a t i n g  the return e l e c t r o m a g n e t i c

powe r received by the antenna to intensity on the f i l m ;

N = The number of independent samples contained in uncorrelated

resolution cells :

RN A Ra y leigh distributed random numbe r between zero and one

having zero nmean va l m ie and variance equa l to one .

No t e x p l i c i t l y shown in this eqUa tion (1) are the method s by which

the various Properties of the im a g in g problem ui have been satisfied, For

ins tance , since the earth is not smnooth and fla t , when ca lcu l a t ing the
angle be tween a line perpendicul ar to the surface of the earth at a point
and a line from tha t poin t to the antenna of the radar , the components of
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8Mart u n , R. 1., .1 . I . A l i l i m c I  I , M. Mc Ne il , V. H . Ka m t m t t ,itmd .1 , C. Ha l l .‘c im,u m i ,
‘‘Dig i t,i I Mode I f o p  R,oia, I m cm amu’  Sim u mu l at  iat i mm md Rt ’siu l t s ,’ TR I q -8 ,
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that the imiode l w i l l  (me inv a lid Ii ) anothe r c o n f i g u r a t i o n . The uuiode l is

comp letely general and rigorous. The mimode l should be siu t tp l i f i e d  accord-

ing to the sp ec itic requirements of each application. Onl y by do i ng t his
w i l l  the true value of the mmmodel be r e a l i z e d,  Un fo r tuna te l y ,  i t is no t

known towha t leve l of detail it I’ . necessary to specif y the ground t ruth

data for any particu l ar application . Si nce this represents the major

cost in radar imaqe sim n ula t ion (grou nd truth data bases) the proble m im needs

to be stud i ed anti the u r m i n i c - u m c i  d e q m u ’ e - o f - s p e c i f i c a t i o n  of the ground truth

data bases for specific applications needs to be established. Onl y af ter

t his i s accomp lish ed can the true sim p l i c i t y  and va l ue of the radar image

simulation mode) developed here be realized .

This m ode l has beer, tested against a data base consisting of geome t-

ric solids . The data base of geometric solids is a test data base tha t

was constructed to evaluate the output responses of the simulation model .

The geome t r i c  da ta base ha s bee n repo rt ed9 and Is inc luded as Appendix B

to this report. The qeom i me t ric data base has been an invaluable testing

too l because i t prov ides us wi t h the c a p a b i l i ty to measure objec t ive ly the
response p roduced by our sim ulation model; the i nput data are comp le tel y
known and the output response is completel y predic table. Precisel y

because the output response is calcu l able can t h i s  test too l be used to

mu ueasure the val i d i t y  of our simulation mnodel . Sauui p le results of the

app l i c a t i o n  of our s i n tu la t i on  mode l to the geommm etric data base are

inc luded in Appendix A.

2.3 Si mu m ulat i on Conclusions

At t h i s  stage in the devel opment , the radar i mage simulation model

;~ superior to the availab le data bases (at RSL) of real scenes for which

we can tes t it. The next step w i l l  be to comimpare a simulated radar image

and a rea l rada r imulage of the same site. A very good data base is  in the

p rocess of be ing bui l t to serve this purpose. Upon completion of that

data base , t he next staqe of ref i nement required to make this simulation

nuode l app l icab le  to the var ious po ten t i a l  uses for s imulated radar

imagery w i l l  be determ n ined . It should be sa id  that by further refinement

9Komp, E . D., V. H . Kaupp , and J . C. I-loltznuan . “Construc tion of a Geometric
Da ta Base for Radar I mm iaqe Simul ation Studies ,” TR 3!9- l , Renmoti . Sens-
i ng Laboratory, The Unive rsity of Kansas , Jul y, 1 976.
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is not necessaril y mean ’ add i t iona l complexity. In fact , si rm m plificat i on

of the si mm tu l at ion immodo I dat a requ I remmien tc is sought . Of the three

comumponent s of the c In - ~‘d system (I c i i , ld J m ’  produc t • rada - sys tent , and ground

k scene) which are included in this imiode l , the area in which simp l i f i c a t ion
- 

- would have the greatest impact is  in the ground scene data base. Ground

- scene data bases are terri b l y expe nsive to nmake and any reduction which

can be nmade i n the m i m i n i u mmummu leve l ~ 1 d eta i l required in the speci fi ca—

- c , t io r l of the terrain data t r a n s l a t e s  into dollars saved . A stud y needs to

- 
- be conducted to establish these criteria for each of the potential

app lications for radam i mumage s immi u ~ at ions.

17
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~.o c o NcLUs ioN :~_ A N D  R E C O M M E N D A T I O NS

~. l CONCLUS IONS

What has been developed is th e c a p a b i l i t y  to create radar i umuaq e ‘-,i n iu la - 
-

(ions for a wide variet y of applic ations. The basi c qeonme trica l proble mum s
have been ide n tified and solved . What remains is to develop the applica-

t ions . W i t h each app l ica t ion w i l l  coumme uni que , new p roble ms wh ich  nu us t he
solved . These app li ca t ions and the pr oblem ums t hey bring are the areas where

research effor t m umu st be concentr ,ited in the future.

The s tu dy was conducted to inv es ti g ate the a p p l i c a b i l i t y  of radar

i mm m aqe s im u tu la t io r u I cc , i s s i st  the U.S. Armmmy i n a t t a i n i n q seve mal spec i fic m ni s—

sion objectives. Ea c h pha ci- of t tie stud y explor ed new directions and

b roadened the general applic a b i l i t y  of the concept (radar image simulation)

to more areas. As the invest iq,it ions continued , 1 t became apparent that

radar i image s I tutu 1 a t  ion wou 1 ci in time tnt ure becormme an I nc reas I nq I y Important

tool. Radar i mnaqe si n mul a tion has riot lived up to its potential in the past

because of several very real (it n ita ti ons. These l im itations a re beinq

overcome with the use of high-speed di g ital computers , wi th the develop-

umment of empirical mumicro wave backscatter data banks , with niore autonmated

ways to deve lop the ground t r m m t h  data bases. By t he conclusion of t h i s

study the basic t heoretica l nmode l had been developed. The basic
techn i ca l problen us had been defined. A ri gorous mathen uatica l model had been

cons tructed . Remaining were the d i f f i c u l t  prob l ems associated wi th apply-

ing the mode l to particular radar systems for specific uses. Many radar

phenomena are i n m p l i c i t l y  included in the nuodel developed but depend upon

irimp l ementation of the model for ex p l i c i t  representation . These phemionmena

together with the problems associated with constructing ground truth data

bases almos t i nvariabl y depend upon the parameters of the radar system being

mode l ed and the intended use of the resultant simula ted imagery. Even

though a ri gorous ma t hematica l nuode l has been developed which is practica l

to use , much future research effort is s t i l l  required. To maximize the

va l ue of this si mmi ul ated capability this research effort must be concen-

trated on the prob l ems associated with specific applications of the siniu la-

t ion , ground truth data base construction , e uum pi ri cal  data acqu is i t i on

18
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and t heore t i ca I mum od I i rig, Ia rqc i oaqt’ i i a r md I I ng p rob I e’ums and cultural

scene s inmula t  ion , These am” ( hi’ p r i m m i t .  a reas where i mmmn ied iate research

I- , n eeded .

The genera l umm ode l developed in this stud y for radar imaqe s imm m u la-

tion can he used in a va riety of applications. It can be used to

simulate the i nmaqe products of different radars and can accept a

variety of sources ot input qrom jri d truth data. Both SLAR (Side-Look i ng

Airborne Radar), rea l and mimed i um resolution syn thetic aperture , and PPI
(Plan-Posi tion Indicator) radar images can be simnu lated . The model

can handle equall y we ll scenes of terrain having l i t t l e  or no relief

and terrain hav i ng signi fican t re l ief. The nmode l is deve l oped by

Hol tznian , et al. 7 Potential applications run the gamu t from guiding

reimmotely-p iloted vehicles to photo interpreter (or pre-&ssion) training.

A ve ry i m umport ant milestone achieved in t h is study was the use of

emp irica l backscatter data for the ground truth target reflectance

information . The resul ts of this study demonstrate the great value of

using empirica l backsca tter da ta in the sin m u l ation m imodel. This concept

renmoves some of the previous l im um itations placed on simu lation .

Although the use of ermmp ir ic a l da ta was a si gn i f i can t accomplishme n t ,
V the limited amount of these data available requi res theoretical back-
V 

sca tter models to extend and extrapolate the data for cases not available.

Even wi th this limitation the model developed has a wide range of appli-

ca t ions .

Mos t terrain can be tumodeled ds collections of a numbe r of homogeneous

reg ions. These homogeneous reg ions a re t yp i c a l l y much larger than the resolu-

tion element of the radar system be i ng mmmo de led so they are normall y ca l led
distributed tarqets. The m ’~odel for rada r image s i mu la t ion developed here
handles d istributed targe ts exc eptionally w ell. Cultur a l targets (hard

ta rqets) are not handled so wel l by this method because of the extreme

comp lexity of adequatel y spe c i f y i ng the geometric and dielec tric properties

of this class of target. Another mode l involvin g optica l techni ques

7Holtz mmman , J. C .. V. H. Kaupp, R. L. Martin , E. E. Komiup , and V . S. Fros t ,
iiRada r I mmmage Simm m u la t ion Project: Developm um ent of a Genera l S in iulat ion
Model and an I n t e r a ct i v e  S im u mu l a t i on  Mode l , and Sample Results ,”
TR-234-l3, Remote Sensinq Laboratory, The Un iv ersity of Kansas , Feb., 1976.
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reported by Fros t ’° , et a l., is  the choice for s i m u l a t io n  of cu l tu ra l

ta rge ts .  The op l-im unm me t hod for s i m u la t i n g  a scene cons i s t i ng  of both

di s t r i b u t e d  and c u l t u r a l ta rge t s  would combine the strengths of both

techniques ; di g i t al  s i m u l a t i o n  techn iques for d i s t r i b u t e d  ta rge ts  and op t i ca l

techn iques for cu l t u ra l  tarqets. Given this uime t hod for the simulation

mode l, the capab i l i ty to produce h i gh-quality si rm iulated radar i mmm ages far

exceeds the capabilities to produce high-quality data bases .

3.2 Reconinendat ions

The objec tives of the i nvestigation have been f u l f i l l e d . The concep t

of rada r image s im tmu l ation has been developed and shown to be a viable

too l for a mu ltitude of potential applications. Many areas have been

iden tified as a result of this stud y which require additiona l research in

order tha t the promise offered by radar i mage simulation be realized . With

si gni ficant proqress in these areas , radar i mage simulation can be expleited

to the fullest extent possible to aid the U.S , Army in a ttain ing its

goals and mission objectives. Withou t si gnifican t progress , rada r

i mage simulation w i l l  continue to be an expensive too l with only limited

app lica tions. The following discussion treats a partial list of the

mos t obvious areas which need work . The di scussions are based upon the

p roblems and achievements encountered during the performance of this

st udy . lmpor tdnce has been assigned to these probl em areas according to

thei r s i gnifica n ce as they appeared to the inve stiqators.

.2 .1 Feature Extraction

The u t i l i t y  and vers a tility of radar i nuage sim um u l ation is dependent

upon automating the prob l ems of ground truth data base definiti on .

Clear l y, the bi ggest single pro hle m uu to be hand l ed is tha t of identif y ing

the geometric and elec t romagnetic properties of the scene which are to be

t ransferred into the data base. The term most often applied to this task

i s feature extraction .

10
Frost , V. 5 , J. 1. Abbo tt, V. H. Kaupp, and J. C. Holtznia n , “A Mathe-

ma tica l Mode l for Terrain- Imaging Radar and Its Potential Applica tion
to Radar I mage Simulation ,” TR 319-6 , Remote Sensing Laboratory , The
University of Kansas, Novembe r , 1976.
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C las s i cal techni ques for I ea tu rm - ex t  r,V ic t i on a rt - pm I na ml 1 y mmmanua I

Typ i c a l l y, a photo i n terpr eti ’m ‘-~carm s l iii ’ i ntel 1 iqence data and draws

upon his interpretation experi c-nce to decide what information to transfer

manua l l y to t he da ta base Urnle;V c o nstum i cti e n . These decisions are mumade

w i tim as few di g i t a l  couu uput er i l u a qe  enham mcem iment techn iques as poss ib le .

This reticence to use availabl e enhancemnent routines is caused , in p a r t ,

by the very nature of the au to - a t i c routines. They are not generally

applicable to any but specific , w el l -structured , test cases. In addition ,

misc of these techn i ques requires tha t the interpreter also be a computer

expert. Moreover , the interpreter loses contro l and v i s i b i l i t y  of what

he is try i ng to accomplis h when he enters the computer world of automatic

land-use classifica tion , or pa ttern recognition , or region def in i t ion , or
ad i nfinitum. These reasons have serious ramifications for feature

ex traction and , consequentl y, da ta base construction ; they cost money.

They cost money in the sense that it takes a much longer time to extract

the features for a data base than mi ght otherwise be necessary ; data

are manipula ted by hand and the best informati on may not have been

obta i ned .

Clea r l y, a tremendous i ummp rovement of the p roduct developed , resources

expended , and time required could be obta ined if a workable marriage

between computer and interpreter could be arranged. The conuputer is very

good at manipulating vast am um ounts of data in short periods of time ; the

V huma n is not. The humnan is beyond conmparision when i t  conies to drawing

upon learni ng experience to m ake decisions. The computer excels at

clearly defined repetit ive tasks , at statistical anal y ses , at image

enhancements . A cooperative approach in which the human is used to make

decisions and guide the process ing direction of the software , and the

compu ter is used to manipulate the data rapidly and easil y and to remove

the drudge from the human would be op t ima I in the sense of nuax i nu iz -

in g the return for resources expended and min i m i z i n g  the time and effort.

-
~~~ Th is cooperative approach is ca lled intera ctive feature extraction , or

automated feature extraction (not automatuc feature extraction sunce

this is i mpossible with the state of the art ava ilable today). V

The concept of interactive feature extraction uses the human for his

specific strength s and the com iputer for its specific strenqths. In

in teractive feature extr action , the cormmputer is used to display, enhance ,

2 1
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mmm a n ipu late , amud ,i t tn -m t-~~ ci - ,u i cl t l m ~ l umu i man I nt e r p r e te r  as hi- performmms his

I unc t ion . V i ewed  am m o (her \-I~ i’/ , t he humtman i s used to nmake dcci s ions and to

gui di’ t he otumpu or I n rca I -‘ t i mmmc as  t he p rog r a m u ms run , I rite rac t ion c arm hc~
at, om ut m l i shed by q i v lu ig the i nterpr eter a few has it tools wi th which to

comi mmm mu n i ca te hI c dec I s Ions to the ,- pu( e r ; a kt ’ y hoa m d for coummu um and s and

j o y  st ick for di ret, I spec if ic, t ion am e probably the mmm i n i im m unm to  be p rev i ded

G i yen these capab I I i t  icc , t hi’ d ata base can he bu I I t d i m  oct I y is  t hi’ feature

I nfornma t ion is proces sed arid d e c i s i o n ’  are trade . BoundarIes se parat  I nq

d i f fe r e n t  r e q  i ens ca ri be spec if i eu c t i rec t I y by the i n te  rp mete r  and , wh i Ic

the huma n is  ana l y zim m q the nex t pro b leu mu area , the conuputer can build the

symm m bolic data base i mmmmedi a t e l y and display the r e sult s . Depending upon the

l eve l of sophistica tion of the interactive software and the com umputer and

display conmp lex , tremendous savinqs of resources and i niprovements in

efficiency and qu a lity of the finished product a re  v i s u a l i z e d . G iven an
interactive feature extraction system , special euump has is could he bu i l t  in

to max im ize  the use of the i n t e l l i gence data norm m ma ll y available from uì which

to define the qeommme t ry , d i e l e c t r i c  properties , and e leva t io n da ta wh i ch a re
required by radar i mmmaqe simimu l at ion .

1.2.2 Sensitivity A nal y s i s

The uti l ity and versa t i l i t y  of radar i mimage simulation can be inmproved

and the cost reduced if the m i n i n m u m m  level  of de tail required to be in

the data base for specific applications of radar image simulation can be

de termined . As previousl y noted , t he mos t expensive par t of the radar

i mage simulation process is the bu i l d i n g  of the di g i tal data base. If

it can he determ um i ned , for a s p e c i f i c  app l i c a ti on , t hat the leve l of det a m l

i n the data base can be reduced , t his t ra ns l a tes d i r e c t l y in to  sav ings  of

t ime and money. I t is reco rmmm ended t ha t such an anal ys u s he conducted

for the applica tions of radar imnaqe simulation mum ost often used by the U.S.

Army to attain its mission objectives.

3.2.3 Data Compression Techni ques

Vast anmount s of data must be processed for al l  hut t r i v i a l  app l i c a t io ns 
V

of radar image ci m m mulation . As presentl y structured , data bases consist

of a point in a mmm a t rix , at l e as t ,  ft -mr eac h nixe l  (p i c tu re  e lement )  in the

fi nal simulated radar i mumaqe . This mmm eans that most data bases for opera-

t iona l systems are e x c e p t i o n a l l y  large and even the mos t t r i v i a l  image
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lm a uu d l hug Is  u m u m f i n u ( t ’Iv t , t m 1 ) t t ’ ’ . t i l l m l e  t h i n u s  such - i s  t o t a l  otis of data

t c u ’ ,u - ” , to  ,ml t i m  I lw look L i m  m t- i t ~ ,mi (fi m i i h t I 1 m m ’ )  m i t -  t r omm me ndou sl y t i tuic’
c on m s ummm i mig ~ nd t ’ s i i ’ m m - ~ i y e . f t  i s  I t,’ t m ~~ emm d(-i f tha t both tee  hn iques fo r  da ta
Cis t ressiun ,mm m d al Iou ‘ l i l t ’ u i-t tt m tls t m  i m m f i m r m u m a t lou s to rage  and retrieva l

hi’ I mu v e st I qat,’d - I nc~- u f ,m t , m  h i - u - s  m m -  1 1 m m  rad,i m j - r m u e  I m i i i  l a t i om m Imavi-

st —j o  r ,m I umi iquc’ lea I h o -s - i u md s i m  e’ (mere au~c~ sever a l cr1 t i ca l I i mm m i tat otis on

Ii. - . technique s ~ 1 d,m (,i hi l l I n g  and com um p r eccio n f o r  mnor~- general i tluaq e

r e t - c s  I rut a re  no t  m it t ~
- ‘

~ ‘~a m I y opt i umm a I and tmiay not he app I i cable. On

I mt . other im and , p m t i ~ e l u ur t,-s m e  i t -c t ed I or mm rom ~e qenii~’ral ii age data base’s may

be w e l l  5th ted wherm ai med at radar s i m u l a t i o n  dat .m hasi’s for a spe c i f i c

application . Thus , i n v e st i q a t  i omi of  data coummpre s siom tec hniques wh i ch

mm mi q h t  he vi a b l e  for da ta bases to r  radar imumaq e s i n m u l a t  ions should be

omup led w i t h  c ,-n c I t l  v i ty ana l yses -

Alternate ii ’  thods for I n ter mm a t ion storage armd r e t r i e v a l orobabl y

w i l l  req u i r e  the a~~sem ichl y (it d ‘‘pe t a l  purpose c omum puter  and menmory

it vi ~ e des 1 anon -, ( U  c t I y for i age p WCt ’ S  s i rig app I I c a t  i ens . The (J rea l

pu ite n t i a I va I no of radar i c u a t m e  s I mu I at ion ‘us a useful too l seems to argue

tha t t hi invest  i qa t ion needs t o  he ccmn duc ted .

3.?. 1~ Image Q u a l i t y  Meas - i r t ’ i ~~n t s

The qua I i t  y of  a s I mum I a t  t, ’d ra d .i m i - a i m ,  - t m - , f o r  I hat mu ma ( (i’ m - 
• a real

r,mda r I au m i ’ ti m u i I i I s 1 m m  t ~ti hm - d our pose m ust  p u t - 5, -n t  ly he assessed by a

fitm m m ,~mi hi’ i rig - Tb I s dot Ot - r i  mu ,-) t i em i m g u i  1 m t ~ 1 s ve ry ~uh cc t I ye and re 1 I

0m m ( lii’ udqetmmi’ni t s o t d i f  fi’ r u t  poop it ’ whim hi ,m ve d if feren t bases of experience

r em - u wh ich to  judge . As the  m i m hi~ r o f  app Ii ca t  i ens i nc reases  for bet hi

s im u mu la t o d  ,irm d m t ’ m  I r i l a m  I ,1 i, ’s .so u I ’ —~ i m i c r t ’ a s e s  the  m iecess i  ty  to use

‘ i t r i - obj ect ivi’  l ’ ) lt ’ qua l i t s - UI , m - ~~m r , ’ i l ( - l l t - ,, PmVes mim m m ahly , these objective

i m m ie q u a l i t y  m m m e a s j m  e r e c t s  w o u l d  ~~~ -i d i g i t a l  computer  to r e l a t e  the

ulata of the v i c t u a l r i m  om — I ( r O u t l e t  mm m the image ’) t o  appl i c a t  ion . C e r —

-i i t t  stat I s t  i ca I () m o l e  u ( i t - s 01 1 it - I - laq i ’ s lieu li i he used t o  predIct tIme ’

use fu limes s o f  atm i mcm acrt’ tI sat i v ~m u - - c if i c ob j e ’C t i vi’s . Such a se t of

mm( ’asur em i en t c r i t e r i a  the m in I p m , ’ - a ’ m I  1v exist - I t  is  m e’comnmended tha t  an

invest  i qa t ion be cnndmic toil I o di- f in e such a ci ’ t of i mumage qua 1 I ty nmeasurenmen

parameters .

Tb I s set of i l ag,’ m
~ 

m u m  I i t  v r it , ’ r i i  u~,ou Id he i rival ua h Ic to the recommiiended

sons it l vi ty st mad ,. Im i fac t , - m I iii I t  i’d stud y of t hi’ type recommended here

w i l l  he requi red for -,umccec ’, i~ (hr semi s1 I ivi t y study. Moreover , as use

(if radar i rmu aqe s i i l m m l d t  ion inc m e ,m si-s . necess ity wi I I decree tha t these

2 3
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cr i te r i a  be iden t i f ied , application by application . The opportun ity exists

in tu um’ ,ed irl , u t , I m t - - c ’ i mmd i v i o l o m , u l  t I  l ot  I’ , ,iiul i i i  del i mit- the u i t e l  i , u i u u

adva nce of sped ti c  mi&’ed , Success here w i l l  immake it easy to relate the

value of radar i micaqe sim um u l at ion to each new a p p l i c a t i o n  and w i l l  a l l o w

J u l  teren t ai~enc los , om 1 abs , or peep I t ’, t o  um ide ’ rc tami d how a part I cu 1,m r

m’s’qe mmm av satisf y their needs.

3.2.5 Empirical Data Mea suremum ent Program

The concept of radar I mmo,mqe s i mu I at ion has beemm s hewn to be a vim 1 m i ab le

tool for a mm m ul t I tude of potential app Ii cat i ens . A mima jor obstacle must he

overcome before the promise offered by radar i lm laqe simulation can be

realized . I n fac t , that samne obstacle is a ic tain reason why radar i mmmagery

is not used to the fullest extent possible. So l i t t l e  is presentl y

known abou t the hackscatter properties of most objects in the terrestrial

enve lope that the visua l record of thi s paramneter . present in images as

the greytone variation , is not properl y utilized for the information it

con tains. With more certain know l edge of the backscatter properties of

objec ts  in a scene would coumue a si gn i f i c a n t  increase in i nt e l l i g e n c e

ga thered from each mcmage. Tha t obstacle is the necessit y to have backscatter

da ta available for ,is much of the terrestrial envelope at as many microwave

frequenc ies and p o l a r iz a t i o n s  as requ i red to a t t a i n  the miss ion  ob jec t i ves

of t he U.S.  Army . If radar image sim u lation is going to be used increas-

inq ly by the U.S. Army (or Departm cuen t of Defense), re l i a nce on ex is t ing
smu mall prog rams and the nm is sion objectiv es of other agencies to collect

these data is ill—founded. It w i l l  require m imany years and good luck
for this need for backscatter data to be fulfilled in this way.

We recomimnmend that a five-pronged stud y be i nup l etimented to gather these

required data. F i rs t , the mm m ajor projected applications for radar

i mage simulation should be identified . After this is done , the spec i f i c
microwave reflectivity ca tego r ie s , frequencies , and polarizations can

be iden tif i ed for which backscatter da ta w i l l  be required . Second , a

da ta collection system should be developed which w i l l  ga the r these

data .  Whe t he r t h i s  sys tem is  a s y n t h e s i s  of e x i s t i n g  hardware , or

designed and bu i l t  specificall y for t h i s  requi rement , or both , is i nmmater-

ial. Very probably there already exists hardware in the defense inventory

which could be used . If so , this good fortune would reduce the cost of

this phase of the proqraumm by a substantial amount. Third , a program 

V~~ V
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on l o t  I , - to  - ‘ I o~cm, ’ t  m m m l I rIp I, - - lt m l t , ’P ti m ii It - u t  t he m ‘-gu i r~ d data. The

c f t o t tl , l h~— t o f I t t  I t o h  nm , m ’ , m _ m m i \  - ,t ’.m - , o m m _ u l  v , m m i , m t  i m i u m - , itt ,‘.iulm t . i I t ’ i ’ t t

- i s  - I t o O t t  !I\ t l l ’ I i m t ’ i i l o I - i ’ m - l u  i - c l  I m o m t ’ , . N - s _ t  , ,m p m ( ‘ t i m  ,m m mm o mmu ’ - .( 1~t tle— , i t i mm t ’d

~~~~~ ( I t t - l _ m t m .  tI m m ‘~ 1 0 1 - c u l t  a -  m~ I I I  Imav o Iii mi r ga mm i / t~ , ca ta l ique , ~iti m.1

I It ’ those I i  t,i 1 m m  ,itl l t i oh t m  - c r 0 1  i - c s  I mg th e maw P i t a .  Last , theoretic al

c-h - i t m m - - m , ini io - t i u  ‘- - c , m t t - t  m u g s t u d i o ’ ’ , ru -i ’d to he i n i t i a t e d  for certa im i sp e c i f I c

,‘ t u i m  t -MI, ’ c l t ’ . I t  is  In t l  re ,m ’ ,c m u a b l t - In e x pe c t  to I’It’ , m s u m e  back sca t b r  data

t m  a I I pe’rulcu t a t  I tins ot tht ’ - ‘ a m - i  ,ih f e ’  - T hit ’ m’e o r e  t o o many co mu c b I ia t (ill s .

rl mis Is where heor~’ t i c a l  c b u m h i u -s show t h e i r  v a l u e .  Theor ies  can be

dt -vt’ loped to ox tend ari d ext rapo I~m to t lie miieasured da ta  for the cases

~-j h Ic lu a ri’ not mime asu rod.

Tb 1 s p ron ra c mt , ot SOtIlO othe r rca Ii za t ion of i t  , 1 s requ i red i f the

U .S. Ar my (or D~~Ion s~ Dcp a rt nce m it ) i~, (C) have an a c t i v e  and v i a b l e  radar

i l l u m e  s i i m m i l im t  ion p m t u l m r a n l . I t  I - . mm o t t he  spec i f i c  S t o p s  of t ime proqram im

tutu t Ii toe d ( hat i s i ripo I t an t  , i t  1 c t he c u l l  ~,(V ion of these data. Wit hon I
- 4

t hese d a t a , mut ’ u t ho r  c m  the co in, i’pt  el radar  u icmaq e s i mui ulat ion nor can

m t l ) i d m1.1 i t  s, II he e ‘~p m i  ted In t he Iii I I o c t  ox t en t  posc i  h Ic to he 1 p

the A rlIl v - m t t a i r m  i t s  goa ls  ill  I m i i s c i o r i  o b j e c t i v e s .

L2.6 theoreti c ,m l Mc,dels

The i ncr u-a s i rig ap t o l I cat i tins fe r radar i mnimqe s i mu I at ion as we I I as

int m ’rpret at ion of radar imagery r t ’ q o u i r t ’  an eve n la rger  s to re  of hack-

-a a t  ter data . Al  I rad,-m r I cI , m ’ m i ’ ‘-, i m ~n u l o t  inrm ’~ mmmu s t tuse semIte ntodel for the

m m ’ f b c  t lv i  ty proper t i c ’s (ha Lscat t e m )  of the oh j e c t s  in the scene. Those

im r i’ requi red Iw the  c i  mmml m l ion imm ode I lii p r o du c e  (hi’ qreyscal e data in

t i m ’  s I mm 1 a ted I image - I t  I c ‘ m u t t  ‘ ( ‘ m S  t t m i , i t~ Ii’ to e xpec I to riieasu re amid record

lit’ hac Lsc at (or ofa t ’m I t i m a 1 f pius s I Ii I o p~’ rm m mm ,u at  ions im m md com imb i na t i ons  of’ t he
var h abIt -s : Fnu ’ qum em icy .  po la r  i , -’. m t  ion , categor ies , seasona l changes , and

ti , Theo re t  i ca I m v  o i l ,  Is m m ui u c t  lm ,~’ ileve loped to ex t  end and ext  rape l a t e  I he
,i,’ uso , r pd da ta  I i t  ca sos w h i c h  have not been or cannot he mmi eas u red . Th is

I - , a rea l need , n ut  a wh i m i m s i m  a I I l m u s i m i g  Th ese t h e o r e t i c a l  models w i l l  fornm

a m m in teq ra I p ar t  of ada r I mn,iqr’ -. I mm mu I at  I on as app 1 led to the var ious

app ? i ca t  ions.

~. 7 .  7 Other Sen’,n r Sys temtm’~
Ac it I c be I I eyed I ha I (f i r ’  t m  er’m m l 1 m m 1 m m t e l l  i qence gather i rig s ys t e m s  i s

to use el oct r m t  mo p t i i , m I cyst emits w hhli a mm’ an riflQ regale of a nunuhe r of

) 5 
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different sensors , t I ’ . t ~
- o msut’mnh’d I hit the concept of simulation be

extended to these o ther  s r ’ n s m m m s . Radar is just one sensor of this aqqre-

gate. Another sensor , for e~ a mm p l e , which scents to have great  p o t e n t i a l

v alue is the FL I R( Fo rw ard -L eo k i nq t m -mf r a -R ed). Other censors also exist.

These sensors rmee’d to he i-w d.’led antI the und e rlyin g phenomena investigated . 
-

It would appear that transfer f u n u l i o c i s  analogous to the famous radar

equation re l a t i n g  (he various aspects of sensor , scene , and med ium can

he obtained . Since - Ip p l i (ati o nus f o r  these sensors are expected to increase ,

i( is recomc,imended l h,it these i nves t  i qat ions be conducted.

3.2.8 Develop A pplications for Radar Image Simulation

The genera l concept of radar iml maq e simul ation has been developed . What

— renma ins is to extend the general concept to specific applications. With

developme nt of each a p p l i c a t i o n  w i l l  come uni que , new , proble m s which
must be solved . These problems w i l l  run the gamut from feature extraction

for building data bases to i mage handlin g problems . Some of the more

h imuportan t prob?emc tha t need to be tackled are those related to making

operationa l or nearl y operationa l system s and research more cost effec-

tiv e . The studi es required to att a i n  this goa l w i l l  carry over into the

research area and wiU open the door to increasin g the number of app lica-

tions for radar imimaqe simulation ,

I t is recommumended tha t the qe rmi-ral concept be developed for several ‘

spec ifi c  app lications , the prob lel’ s identified and so l ved , the value

de termined . Do i ng this w i l l  documu ient the value of radar image s imu la t i on

and w i l l  increase the demand for solution of the problem s presented in this

section . I n this way the use of radar i mage simulation can be accelerated j
and exploited to the fullest extent possible to help the Army attain its

ob jec ti ves .

3 . 2 .9  C u l t u r a l  Scene Sinm u l a t i o n

The si mulation of the radar return from cultural objects by di g ital

techn iques is  very d i f f i c u l t .  Extens ive knowledqe of the geometr ic and

d i e l e c t r i c  p roper t ies  of the o b j e c t s  i s requir ed . Also , i t takes a lo t

of computer time to use these d a t a .  A l t e r n a t e  techn iques for the sini-

u la t ion of the radar return from c u l t u r a l ob jec ts  need to be i nves t i gated .
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A p r o m c o i s i n q  po ten t  il c a ndidate is  o f f e r e d  by an optical filtering

t e ch n  I q o J e  ~o. Th I s opt  i cal f i l t e r i n g  node I needs to be i nvestig ated to

oio ’t o rm u i i ne It s rancte ri f ,1 1 )l0l iu a tn H ty together u-u th al tert iate processinq

t o ’ i hum iqut ’s to rca 11  ‘ i ’ (lii- oi m o od m ’ f - For i m i stammce , I it ’ mode I m mu i qh t be rca Ii 7ed

t o n  t t o t ’  di g l t d  I c oolip m u (or m mmc l  m’ -’mm f Of t he opt I c s brnc Ii by d I gi ta I bammdpa s s

t t i -ring techn i ques. Techn i q ues need to be devised to comb i ne the opt ical

ra -la r s imt j l ation .-ii th the d i r i i t a l  simulation. The resulting hybr id  rada r

• I age si  mmmu I at ion l Inde I won I d cormib i rio the optical s i mu lath on for cu 1 tu ra 1

td ’jeCls w i t h  the d i g i t a l  si rmou l , i tion for distributed objects. Great poten—

i.m l s a v i n g s  in ( l Ire and resomirces are offered by this hybri d.

In addition , other techni ques need to be investi ga ted. Development

of a number of tech nuim ues for simulation of a particular class of object

t-i ould sim um p l I fy the si m ulation p rocess and reduce costs.

3 .2.lO Validation of the General Radar Image Simulation Model

I t  is recommended that  a stud y he co nduc ted to p roduce s i mula ted
imm maqery of a specific area for commmp ar ison with real imagery of the sanme =

imrea. The area selected sh om u fd con sist of as many of the variables

encountered in radar i magery as is possible. A good data ba:- e should be
produced for this area . This data base should be used as input to the

sim mi u l ation mode l and the output simulated radar imagery should be compared

to the real imagery. The results of tl’is study would establish the true

potential value of radar imaqe simulation . This , then , is a way in

wh ich the model can be validated and w i l l  establish a baseline of qual i ty

for radar i mage sim mi u l ation.

0 

‘ 10 Frost , V. S., J . 1. Abho~ t . V. H . Kaupp , and J. C. Hol tznian , “A Mathematica l

Model for Ter rain-?ruia qinq Radar and I ts Potential Appl ication to Radar
I mage Simulation ,” TR319-6 , Remo te Sensing Labora tory , The Universi ty of

f<ansas , November , 1976.
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,‘iBBREV I I \ T IONS MJD A CRO N’~MS

An qs trom mm c (10
10 

immeters)

CRT Cathod e Ray T ube

FLIR Forwa rd-Look i ng Infra-Red

P1 Princ i pa l Investigator

PPI P l a n - P o s i t i o n  Ind icator

Pixe l Picture Element

RSL Remote Sensing Laboratory, University of Kansas , Lawrence , Kansas

~o Scattering Coefficient (Backscatter). The percentage of energy
reradiated in a s p e c i f i c  d i r ec t i on  per u n4 t area by a par ticular
object.

SLAR Side-Look i ng Airborne Rada r

P Ang le of Incide nce . Ang le be tween antenna electrica l bo resi ght and
a loca l ve rtica l fromi m the antenna.
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A PPENDIX A

DIGITAL MODEL FOR RADAR I MAGE
SIMULAT I ON AND RESULTS

The follow i ng techn i ca l report (TR 3 1 9-8)
prepared by the Remote Sensing Laboratory ,
The Cen ter for Research , Inc. , Uni ’ersity
of Kansas , is inc luded in th is report to
provide the rationale for the d iscuss ion
of Sec tion 2.
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ABSTRACT

The theory and i m cmp l ementation of a di g i tal closed-system , radar image

sim im u l ation mode l are reported. Visual results of several SLAR (Side-

Look i ng Airborne Radar) siu nu tat ions w ith a slant range mode are presented .

The model and conuputer software , wh ich  were develo ped at Renmo te Sensing

Laboratory, have t he capab i li ty of produc i na SLAR or PPI (Plan-Position

I ndicator) i mmma qery , A test of the integrity of the model and software

i mp l ementation was conducted with a data base consisting of computer-

generated geometr ic obj ec ts .  This allowed the calculable shadow and layover

response to be emp loyed for valida tion of the operation of the SLAR model.

Though the shapes of objects for the test site were artif i c i a l l y  generated ,

the dielectric properties encompassed in the scene were derived from empiri-

cal backscatter data . This input reflectivity informa tion origina ted from

the agricultural/soil moisture data bank available at the Remote Sensing

Laboratory .

Pic torial examples reveal that the simulated imagery realistically

niode ls  radar effects seen in rea l i miuagery ; for example , layove r , shadow and
fading. Examn ina t ion of layover and shadow on the i magery produced for

various f l i ght t racks reveals tha t the simulation package is performin g

w e l l .  As an examp le of the applicationof radar image simulation to “rea l
world” proble ms , a s imple  s tudy of tim e visual effects caused by changing

f r equency  o r polarization or both is included. The frequency-polarization

tests indica te the appli c a b i l i t y  of sin m ulation for optimum discrimina tion

s tudies , fea ture enhance nm ent tasks , and general radar sys tem design.
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1 . 0 INTRODUCTION

A t heo re t i ca l  mmuodel hus been developed at the Remote Sen sitm q Labora-

tory in an effort to sitt iula te radar i im iagery. ’ The result is a closed-

system nmode l; tha t is , a muiathe mat ica l for mum u lat ion which encomumpasses the

phenomena that affect the known , transmimitt e d ,pu l ced energy and subse-

quently the fina l i mage produc t of a radar system. The imp l ementation of

the mmm ode b with suitable i nput data and software routine s for a diqit a l

comtm puter has been accomplished . SLAR and PPI form um atted i nmagery have since

been success fu l l y s inm ulated . A descr ip t ion  of the radar image simulation

theory ( in  p a r t ic u l a r  for the SLAR mt uod e l ) ,  app l i ca t i ons  of the ummode l , and

exper inmenta l results are included in this document in add i t i on  to a copy

of t he di g i ta l si nm m ula t ion program and a brief outline of the necessary

i npu t data.

Radar i nmage simulation (RIS) techniques have been app l ied  to m i l it ary
t asks , for example , interpre tation training, naviga tiona l aids and guidan ce

sys tems for unmanned airborne vehicl es
1
. The suita b i l i t y  of RIS for

technologically advanced electronic guidance has been recognized in

‘ l i ght of recent testin g of tact ical and strateg ic SLCM ’ s (Sea-Launched

Cru ise M i s s i l e s )  and A LCM ’ s (Ai r-Launched Cruise Missil es) in the United

Sta tes. The resources exist at RSL to develop simulation models for po-

tential hybrid guidance schemes emoip loy i ng, for insta nce , multi-spectral

sensors-. The capability to p redict sensor (and successful uu ui ssion ) per-

formance must have an i rmmpac t on the design of such future systemui s as well

as , of course , use in p rov idi ng the reference infor rima tion .

I I RIS also has i mporta n ce as au-i in strun m ent for research in the areas

( of electroma gnetics and scattering theory and it provides a met hod of

predictin g and opti m m ti z inq system perfornmance when information concerning

t he microwave response (ml t e r r e s t r ia l  scenes is  a v a i l a b le .  Although vo lumime

scattering t heories amid hacks a llt’ r data b r  veqeta l ion have existed for

For a more comumprehensive discussion of app l ications of radar simulation
see , “Mi l i tary-Oriented Appli cations of Radar I mage Simula tion ,”
(authors - J. C. Holtzunan , V. H. Kaupp, and J . L. Abbott) , Remote
Sensing Laboratory , Un iv e r s i t y  of Kansas , IR 3 19- 10 .  See a lso
S c ie n t i f i c  Amer ican , Fe b r u a r y , 1977 , “Cruise M i s s i l e s , ” (author -

Ts p s ) .
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s t ’v i-  ra I ye~~m r , I t I s duo ih t l,i I t l i - u t  t i m  I s kmmow I edqo ’ has been previous I y

, is st ’ mm ) t) li’d ( t  h,uI i s , t o t  v i  s o u , m I l 
~ 

p n etl i t t  a m aoI,i u ri -s potm ’~e~ i mm t ime o m i armm oo ’r

p r c s e m m  ted in tim is report . for t~xambi p Ic I t would he very d i (Ii cult I i)r 01-ic

to postulate or mentall y env is io um the differences in radar i mumages (for a

particular comp l ex ground scene in which the frequency of the radar was

cha nged ) without the aid of s imu l ation of the imagery . Thus , the point of

the frequency/polarization study is that the microwave response of a

terrestrial scene varies rapidly w i t h  frequency and that optimum performance

of a d i s c r i m i n a t i o n  radar  can he sought.  Ar , ther va luable app l i c a t i o n  of

RIS i s estimation of seasona l variations on the radar i magery , particularly

for rada r guidance systemuis in which the resolution and dynamic range of

greytones (image density) are fixed . For example , i t would be i mportant

to know before fli ght whethe r the presence of a heavy snow fal l over

a target area would mask the o therwise dominant cha rac te r i s t i c s  of the
s cene.

This work i5 organiz ed into three subtop ics , (I) SLAR model theory,

(2) the mechanics of p roduci ng rada r image si mu la t ions , and (3) resul t s

which include s im u la ted i timaqery Fr oni several experiummental fli ght situations.

The ground scene for this work is an art i f i c i a l  data base . in that the

eleva tion data was as si qned by ~ computer to descr ibe three dimens onal

objec ts on a plane. The purpose of emp loy ing a d e t e r m i n i s t i c  scene was to

allow the researchers to calculate known shadow and layover response to

a SLAR at a known altitude and distance from the near range of the data

base for verif ication of accuracy of the SLAR si nnu lat ion program. Since

ra dar return a lso depends on the hacksca t te r  c h a r a c t e r i s t i c s  of the ground ,

empirical s igma zero data were associated with specific areas wi t h i n  the

scene. The significance of t h i s  nay not be c lea r  un t i l  i t  is r e a l i z e d  tha t

the simulated imagery w i l l  accuratel y represent the dynamic range of image 
—

dens i ty on the film that a real rddar would produce fromum the

same scene . What has been attempt ed here has been to provide a fine

reso lu t ion  da ta base which doubles as a test mechanism for SLAR sinuulation .

Some of the results may be surprising to those persons not familiar with 
‘

multi-frequency/polarization i milaqery ; never theles s , the i muagery inc l uded

reinforces the i dea that radar image simulation or sim i l a r  m odel ing tech

niques may have  many interesting applications,

-
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- Be fore proceeding to the de sc ri jm t ion of the mmmechanics of simni u~ atin g

SLAR l umm aqes , t ime t heory which i ’~ the basis of the closed system mod’~ I

w i l l  be presented to illustrate the determninat ion of qrey tones (image\

dens i t y ) .
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2 ,0 RADAR IMAGE ShM Uf,\TI1 tt~ (gl ORY

I mm an i umuaq I mm q SLAR , .1 short 1n, I se of m i mic rowave energy i s transmitted

I um lo space front a um ,mnm t enn m ,—i t - j l i o t ’ s u ’  h o m t - s i  q l m t  I - , m i t _ I  Im ot i otm om I to the (I iql m t

track. This enerqy , confined w i t h i n  the antenna beanm solid angle (and

sidelobes) strikes th~ g round. A port ion is r e r a cl i a t e d  in the direction of

the antenna (amimount governed by hackscatter cha racteristics and qeomnetry

o f the scene ) and is detected by time receiver. The video signal can be

p rocessed in various ways. For exanmple , i t can be recorded d i rec t ly on

sig nal fil m , i t can he converted to d i g i t a l  data and stored on magnetic

tape , i t  can be d i s p l a y e d  by i n t e n s i t y  modu la t ing  the beam of a CRT

(Cathode Ray Tube) and photographed , or processed by other , more elabo rate met hods.

The fina l image (the visual ecord of the radar return siqna l ) depends on

vari a t ions in the relative strengths of the signal returned f rom different

pa rts of the area i mimaqed to produce contrasts , edges , and the ranqe of

- ‘ image bri ghtness (qreytoncs). The two prim il ary factor s de termining the

strength of the signal observed on the fina l i niaqe produced , and conseq uent ly
the bri gh tness of an i nmage point , are geometry and dielectric properties.

Simulation of radar i m ag es  may be acco nmp lish ed by m athematical

operations on the kn own pa ranmet e rs  of the radar to he modeled and s i t e

to be imaged to form a visual display. The general techni que ut i l i z e d
in this docunie nt is reported by I-$ o ltz mna n . t.’t - . a I  2 1mm t h is  method the

radar eq ua ti on is  used to r e l a t e  t a r g et  emuip i r i c al  backsca t t e r  coeffi-

cients to relative i mnaqe areytones . A qenera l foro of the greytone

expression is developed in this section . Al so included in the simulation

model are (1) the effects of relief amm d t i l t i n g  of resolution ce l l s , (2)

la yove r and shadow , and (3) radar fadi ng. 2

The general model for nuean powe r received is based upon the

radar equation which nma y be expressed

-~~ 2
Holtzman , J. C. , V . H . Kaimpp , 13. L. tla rt im’m , E. E. Komomp , and V . S . Fros t ,

‘ ‘Radar Imuuage Sim ulation Pr k-c( : Devetop miment of a Genera l S in t u la t  ion
Model and an In teractive S imim u lat i on Model , and Sam im p l e Result s ,’ 

‘

TR 231+-1 3 , Remmm ote Sensing Laboratory , The Univer sity of Kansas , Feb. , 1976 .

Moore , 13. K., Remmmote Sensinq Manual , (Ed i tor - Reeves), Chapter 9,
American Society of Phot oq ran im cm etry , 1975.
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w h e r e  F
~r 

= Average return powe r received at the antenna terminals;

P
1 

Averaqt’ trans nuit te d power;

mm ° ( m ) = Scattering coefficient of the ground spot resolution cell

(functionof loca l angle of incidence , O k,, the i nc ident

wavelen gth (~~m , tran si imi t /receive po l ari ?ation , and surface

par amm ieters)

o = Radar incidence angl e to surface ;

G(E?’l-~
Antenn a gain in the dir ection of AA (function of the radar

Systet i mnc,de)ed and rssunm ed to be identica l in the return direc-

t ion ) ;

= Wavelength of the incident wave ;

R Dis tance to the ground spo t resolution cell (A function of

al titude and look ang le) ;

AA Area of the ground spot resoluti on cell.

T1me area ~A of a resolu ti o n c e l l  for a pulsed radar can be mmmodeled
2

as

h’ : . c u ’
= wV 

~~~~~~ o )  (2)

where: w Size of resolution cell in the along-track direction ;

= Size of resolutio n cell in the cross-track direction ;

h’ Hei gh t difference between the cell and the radar ;

-
~ 

= Antenna beam om width;

= Radar incidence ang le;
= Siana l pulse width;

Loca l sl ope of re solution cell in the a long- t rack ;
= Local slope of resolu tion cell in the ac ross-track.

‘ Holtzntan , J. C . ,  V , H. Kaupp, 13. L. M a r t i n , E. E. Komomp , and V .  S. Frost ,
“Radar l nmaqe Sin uula t ion Projec t: Deve lopmum ent of a Genera l S inmu l at ion
Model and an Interact ive Simulation Model , and Sample Results ,”
TR 234- 13, Remote Sensing Laboratory, The University of Kansas ,
February, 1976.
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If the average r e t u m n  eooe r P from a particular category of

- ,o a t t o - o - - r  (( ) at a ~; m u t i o .~~ l , i m  , m m o o 1 l t -  o~ i n c i d em i ce 
~~l ~ 

for a c a l i b r , i t i o m m  ‘,ys—

t m - t n  i s  known , then t’ qm iat l o in  ( I )  can he rewri tt en:

P
1 ~~ ( ‘ - ~ 

) \A~ 
‘

= 

4 - ) - R

Equa t ion (1) can be used t o  define the average return power 
~r

- 2
froum i the same cateqcmry ot scatterer (C) at a differen t ang le of incidence

(
2
) for the radar system being mode led .

p ° (a ) \A  G ~(e ~~~~ 

2
‘ 2 2 2 2

= 
2 2 

_______  (4 )
r ,, •~~3 

14
c2 t ’+ ’ R

2

Dividing Equation (4) by Equation (3) gives:

p -~~
° (o )A,~ G 

2(1) )- ‘ 
2
R ~T c 9- 2 2  2 2 12 2 (5)

r rc P ~t
0 (fl )A A  G 2 ((~ )

~ 
2
R 

-

~~2 1 c 9- I I  1 1 2

Thus the ave rage re turn powe r for each point in an image (for any parti-

c u la r ca tegor y of sca tt e re r ) ca n be fou nd i f  the ave rage re turn power fo r

one point belonqinq to a category is known (o °
~ 

absolute) in addi t ion to
backscat tering coefficients and ang les of incidence for both points.

The visua l preser ttati on medium modeled was photographic film. An

image density which is related ta o the average return power is di;played

on rea l SLAR images. This image dens i ty  is often called a greyton~ ,

which k a relative measure , tha t is , it was produced with respect to

some ca libration reference. I m a digi tized image , the greytone repre-

sen t s a specific i mage density leve l w ithin the possib le dynamic range

on the image . The return powe r (related to video intensity), properties

of the film and photographic processing method s determine the photographic

density (D) on the fi lm by

Goodman , J. W., Introd uct ion to Fourier Opt ics , Chapter 7, McGraw-Hill ,
1 968 . 
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k
0 = lomq

10 l 4- log 10) (6 )

where: y = Gamminia of the f l I n t ;

k A pos i t i v e  constan t w h i c h  depends upon the exposur e t ime and

on the f ilo ’ i processinq and deve l opnue rm t;

I I nmaqe In tens i t y ;

0 = Pho tog raphic d emms i ty.

Th is relationship holds trm ie in the linear portion of the film dynamic

ranqe. If a linea r radar rece i ve r is a s sume d, the the intens ity (1) iS

directly related to the average return powe r (P).

l = M ’ P  - (7)
r

where: M = A proportiona lity constant.

Rewriting (6) to i ncorporate (7) g ives

D “log P + log
10k 

+ Ybog
10M 

(8)

This result w i l l  be used for the fina l greytone expression .

The photograp hic density (0) i s  defined by
4

D = log 10
(-~-) (9)

where the film trans niittance i5 g iven by

T .1_
~

_ (10) -:

with: I
t 
= Transmitted intensity;

I = Incident in tensity.
0

Rewriting Equation (9) produces

0 1oq 10
(.j.2.) (11 )

Goodman , J. W. . lrm tr o du cti o rm t o  Fourier Optics , Chapter 7, M cGraw-Hil l ,
1 968 .
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The I t t o t  ‘ m l  i ied va lu~’ o f  t he do ris 1 t y  Ui) 0 - , f l ue  g o m ’ y t o t m i t ’ I , ’vt ’ I. limo ’

I o m o ~t- s imi ut u la t  i om os w eo m - d i  cii I l ied i n t o  8— b i  t hi ma ry words for display,

a I I owl tig ? 56 di s t inc t rey t ,t m o ”~ - I f  t lie opt i ~ a I dens I ty  used in a s I mumu —

Lit ion Is  1 mm t l i o ’ r m n o m m ’ t r o ~~ 0 t o )  X , t Ime l i m m e a m  por t  lo n of  the f i l m  d yn am ro ic

Is re qo ui red t o  be of ~t it t  ic lent s i ic t h a t

lO ’ l 1 1 7 )

m m

in the s i oruc ul a ted i mnaqery p roduced at  RSL , a q reytone  of 25~ was

- m ’~soc ia ted  w i t h  wh i te and ze ro w i t h  black.  Th is  is  the exp ress ion  for a

n o sitive . This signal is then used to  i n t e n s i t y  modulate a CR1 (a po si-

l i ve  -1aqt’~~. This i nmage i s  therm photographed (a n e g a t i v e ) .  The nega t i ve

is then used to p rodm ice a photo (a positive) which is the final product .

The qreytone leve l G cor responding to a density D was given by

G = ~~~~~ V - 0 ( 1 3 )

The general m -
~’ 1a t i o n m s h p between the average return power amid greytone

l evel for each re so luti o n c el l imm the s im mu u l ated im age is obta ined by

rewr i t  I mm ci Equa t Ion (8) , I ncor- Ioci ra t i n g  Equa t Ions (5) and (13):

r P -
“ 

( ‘ o  )~ ;\ G 
2~~ , 

~ ‘ 
2
R ~255 1, c

2 ~ 2 2 1
S = S + — 

[l o u 10 ~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
(14 )

+ l i to 2
l o[ ~~

2
-] 

+ lou
Ig[~~~] 

]

T h i s  equal ion s t a t e s  t h a t  the r e l a t i v e  g rey ton t’  v a l u e s  for eajo p o i n t

i n mn I Hia tt ’ co r res pon d i ng  to ,mny ,mo m q It ’ ~ I Inc iti en et ’ of a c a t e q o m y  ~~I s c a t  t —

o - m t - r s  can he o n t o r a i n e d  i f  the grm’y ’nne and angle of i nc i d e n c e  Is known

or one d i sc rt’ t t’  po I n t I n any ~ at eqorv - Th I s egua t ion i s the genera I rL’~- u It

w l m i c h  e s t a b l i s h e s  t ime m e l a t  i o m m s h i p hetw ee tm the ave ra ge  r e t u rn  lm~~ - o~r and

ro’ I at  i ye grey t o n e  I eve I s l O t  1 s i morn Lit ed radar i maqm ’ . I t  s hon I d he i’ o i nit ‘- I

out t hat on a rada r I mm iaqe and , thereb y, on a si rmmu 1 a ted radar i image , the
I mnp~i r ant par ,mmu e to ’ r I s the re I at i ye i n ey t omit’ level between po i m i t s ott I l it ’

imr ma q e and not the ,ahco lutc v ,,l tmm” , of the qreytone . Since thi s Is true ,

E qui at on (141 can he used to t’ s t ab li- ,h the relative tireytone levels be t ween

ml 1 categorIes o I sc,i tI ~ ’ ers i nt: I o io ! t ’ oI in an I triage t~rov ided tha t the absc o lut e

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --— _~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -V -V
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v ,u lt i~’s of t he st , m t t e r i n o i  H:oo’fI i c i e n t , -~~~
“
, and the appropriate a nq les  of

in c i d e n c e  f o r  ,il I p o i m m t s  a r t ’ kmm o ~ -:mm ,inid provided t h a t , in ,mdd i t i on , t Ime g r e y —

to r te  of mo o - p o i n t  in  th e i - - a q c -  i s kmmot-in . The ‘lore gene ra l  r e s ul t  is , then :

~ I - “

,, ~ 
) ‘A ~ S ,

2 
° -, 1 ‘~~

2
R

+~~~~~~~~~ I o i o i ) - - 
- 

~~~~~~~ 

( I , )
r
~ 2 

m
a

1 L II h~11 - ’ ,~1 ( -v 1 ) \ A
1
(;

1
0 ,o 

I 
) °

1
’ R

2
1 $

k , 11
2 1

~ loq 0- -f--) 
~ 

, loq 10 I,~ —) j
where:  G

R 
= G r e y to n e  l e v e l  of sonte point belong ing to category ‘c ’

c
2 and havin g the ~ C r 1 t t o ° O  ing coefficient , it 

0 (n ) mmmea sured- c2 ~2
at  the a p p r o p r ia t e  angle of i nc i dence , ‘

~~2’ 
by a radar sys-

tent ;

= Known greytone l eve l fora par ticular point belong ing to
a 1 category ‘ a ’ and hav ing  the sca tt e ri ng c o e f f i c i e n t , e 1

0(P
2~~).

nmeasur e d a t  the app rop r i a te  ang le of inc idence e 9 - 1 , by a

calibrated syste ooi .

Eq uation (15) is the genera l theoretica l result which has been imp le men ted

m a  computer s i m u l a t i o n  package.  In m p l i c i t  in t h i s  eguat~ on are t he e f f e c t s
of geometry w h i c h  cause the phenomena of shadow , la yove r and ref lection of

nt icrow ave energy ( m m  accordance w i t h  loca l t i l t  of reso lu t i on  c e l l s ) .

Reference [2] conta ins  a more comple te  t reatmen t of these e f f e c t s .

2. 1 Fad ing

Equation fl5) gives the i mnipres sion that a deterministic process is

occurr ing. The i n t e r a c t i o n  between the radar and a su r face  is a randoni

process to sonme ex tent , and the mean va lue  of the qreytone level  for a

g iven set of para nmeter s is described by Equation (IS).

If one assumes that the process can be modelled as additive , i.e .

s igna l mean + noise , a mode l for the true statistica l properti es of the

phenomena can be de r i ved .  The re turn  powe r froni a s i ng l e  sca t te re r  has

a noise -like characteris tft that follows a Ray lei gh dis tribut i on 5 . This

5
Moor e , R. K . ,  Radar for Geosc ience i ns t ru mmm ent a t  ion, C h a p t e r  5.6. Geoscience

Ins trumentation , (E .A . Wo l fes , Editor), John Wiley and Sons. 

- - -  
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d i s t r i b u t i o n  i s  c h a r a c t e r i z e d  by equa l mimean ami d s tandard  d e v i a t i o n . TIme

pro b a b i l i t y  for N’  such s c a t t e r e r s  f o l l o w s  a c h i- sq u a r e d  d i s t r i b u t i o n  t - j i th

2 N ’  degrees of  freedorom. The mean and variance of chi-sguared d istribu-

tion are g ive n by:

mniean = degrees of freedooto = 2N ’ ~j

var iance  = 2 (mean)
roe a n

standard d e v u a t u o n  =

For radar , the numbe r of i ndependent san t im les in a (l i ven reco l o i t i o n

ce l l  i s g iven by 5:

2w 
= 

2h’~~
2 

(16)
L )cosA

where : g = Radar inc i dence ang le;

w Az imm iut h resolut ion ;

L = Horizontal aperture length of antenna (L : -~-);

= E f f e c t i v e  a l t i t u d e ;

= Antenna beanmwid th ;

= Wavelength of microwave energy.

Therefore , the standard deviation due to fad i ng can be represented by:

-

~~

- 

= JL~ ( 1 7 )

o For a pa rticular cell , the return powe r 
~~~ 

can be represented as:

P = t- + ~ ‘RN (18)
r x

where:  RN is a random v a r i a b l e  wh i ch  has the d~~,i r”d - h a r a c t e r i s t i c s  (chi-

square d i s t r i b u t i o n  w i t h  nuean and va r iance  descr ibed above).

For compu tationa l purposes the random variable (RN) can be norm imal ized

to zero mean and va r ia n ce o f one lead ing to:

P = + —n— x R N  i ( l +~~-~
) ( 1 9 )

r

5Moore , R. K., Radar for Geoscience Instru mentation , Chapter 5.6, Geoscience
Instrumentation , (E. A. Wolf es , Ed i t o r ) , John W i l e y  and Sons .
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3.0 SLI\R SIMULATION PROCESS

T ime SLAR s i m m m u l a t i o n  package (a copy is included as Appendix I)

cons i s t s  of four separate proqran ms and assoc ia ted  subrout ines as g iven

in Figure 1. They can be run separa te l y so that ( I )  the fa i lu re  of one

module does not affect successful com~ Ie t ion of the previous programs , and
(2-) expe rim mn entation can be conducted in one program for a particular radar

being mode l ed , thus avoid i ng the cos t of rerunning the en t i re  package.

For exa nmp le , i t might be des i red to change a reference greytone or the
dynamic range in the simulated image. This sturct ure for the software

would a l l ow  SLAR Geometry , SLAR Slope , and SLAR Shadow (the first three

programs ) to be run once , and the ou tput tape to be used for severa l

successive experimentations of SLAR Greytone (the fourth p rogram) .

- 
MACRO-FLOW CIIART OF SIAR SIMULATION PROCESS

_ _ _ _

~0
Compute i~esct ution cel l s 

-
ISLAR Geometry)

Compute 1oc~I I nc ideim ce Anqie
and Radar Anq ie (SLA R Siop e b

Compu te Shadow & layove r - -
L (SLAR Shatbow)

Compute Grcvtc-res
ISLAR Grevtone)

- 

- 

LM
011

J 
[ Normal D i sp I~y Transform Disci riratmstcr s~ ’1

Tra nsfer File f ront T,°;e to _~~~ SRC File to SLF —
~~~

-
~ File to lh i:CS

Disc I ute IKANDIDAISi (Convert (KANDIDATS)

Figu:34 
• 1
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3 . I Input P,m m~~ iw’ t e m s  -

Four arr -mv’ ., RADAR . GROUND . RU FR ammd PROcES cou mt  a lum loca t ions too

o I m t a  w h i c h  v~m m y  w i t i m  the  iii ’s I m o ’oi app I I c a t  io rm ci the SLA R s immmu l a t  ion amm o - f

oav I-ne ad joi st ed f-ny t lie ut so-’ r . Do-’~~ r I ~ t I outs  of (ho-’ a r rays a r e  comm ta I mm eo - i I mi

— Figur e 2 wh i c im  i s  a ‘-, oo l l om i i , m ry  o t t  , m I I  p a m - a m o l e te t s  ( suoo m o loa m i  zt ’ol from o m mr oo q m ao i

I i st I tmq I n App emm d 1 I) o-’iim I ch an o’ chaumqt ’ab Ic.  The ,is t o r i  sk~ d e n o t e  excep—

t I no - s  as exp la I ne(f a t  the c (tmm c I us 1 0mm o f  the I 1 s t 1 nq . The user mmru st have

a m o m i n  i mmia I knmow l edge of  t ime i mite rdep endemmce of the rada r and ground pam —

moo t e m s  ho- ’ fore at te 000 p t i m q  to a I ter the values I n these tima t r i c e s .  For

oxa m o o p le , a chanqe in the paranm eter RADAR(6) momay neco’ssi t a te  compensat ion  in

GROUND (I), (2) , (5). (10) ,m uid RADAR (7), (8), arid (9) paramete rs .

3. 2 Data Base

An art I ¶ I c I al (Id tin base (scene co mm s i s t  I u~~ of  o~t’oimoe t r i ca l  so i l i d

‘.Imompt ’s w ins  used t o t o st  t he ope rat ion 0)1 bo t im time s i m m  1 at  ion umm ode I and

the s o f t w a r e .  A d a t a  base of  qeomite t ri ca I shapes was used for t hese

purpo ses because ( o f  t ime kmmown I m m p u t  / output  response chin m c  te n st  ic s  of  such

a d a t  a base. I he I mmpo m was k miowmi 0 xim c t I y am m d the  out po ut  was  de t e ron 1 mm i st I

amid ca l o u  1db It’ - The ,m m t i f  I c i 0m I d a ta  base o- iesc r i b - ne i l  by Kommmp i s  0m coonpos I te

o o f  tl mr o ’t’ d i o i o o ’ m m ’ , i o o u m o I  o o l o j i ’t t - - limo ’  o o o . m t  m 1 m o b  i’ l o ’ v , O t  i o o m m  , ,oumb t , m t t ’ ,t m m ‘, o b . m t , t

I - - r , ‘ m eoi mu • u ° 0 ,0,01 mm I - u iv , ‘ m oh l o o m  0 - m o  0 I’’’- u t u o u t )  ovt n u In l o o m  oi l ’ . I In-  1 , m I - m I o u - _ i  -

- 
- Is /00 by 1000 po )in ts in extent , repr esentin g 20 by 20 foo t reso lut  loin .

T i m o j ’ o , t ime da ta  haso - ’ appe,m rs  to - u be 14 , 000 by 20 ,000 feet. Knowmm emmip i r I -

ca l  b a c ks c a t tc r  c h a r a c t e r i s t i c s , iii the fornm of s iqo i ma zero versus a n g l o -’ of
i utc idence , for temm separate ve qe t a t io mmi categories , have been ass iqnied to t imo

t round scenic .  The v a l u e  of s l o o V h  a d ,mt ,m base wi  t im coo m mp l e te ly  s p e c i f ie d  die-
I ~‘o r Ic and on’oim t m’ t m~ I c proper t I es I s tha t i t  p rev i des us wi th a means tom vim I I —

oi~m t ~ the SLAR s I rum I at i limo
_

V The c a l  Cu I 0 b  Ic response (eq . , extent of shadow and

I i ~ o , v o -’o - due t o - n  e;mo-- im o b j e c t )  of the q t i o m t m m c . t r i o -- so l  l b s  to var iou s f li g ht

no ks . 1 requ1ency/ ~oo I a r I tat i omi comb I mm t I ~mns • mica r aunt I a r range o-i ep re’; 5 l OOt

,mm ot t l t ’ s , e t c . .  , m l  I mw’-i t h e  I ina l i m moaq e tn - outh i t  t t o  (m o -’ j u o l qo •o I  ob j e c t t v e l \  -

Na t ot rim II y • a in i g h r o- s( i l o u t  1 0mm (0 )  r I a r go’ 000, - i t r I x ) d in t a I-nast can he gen e m ,mt ed

b y a n nmmt ~m o u t m ’ r ; Imcm we’vt ’ r , t lie m moo m mohe r of o l a f  a po m I n t s  used wi 1 1 be I i mi n i  t m ’ol bo y

I hi’ specific ,ipp I ,o - a t ion amm d c o m i l i l i o u t e r  m t ’ s o o u m  t~t ’ ’ . -

6 
~~~~~~ , F.  D. , V. II. Kaoupp mm m l J . C. ibo l t .‘ i i i ,m m m . ‘ ‘ C o n i s t  0 uuc t i ott nf a Scoimme t m Ic

D a ta  Rinse l o i n Rati,m r- I~~ , i o t o ’ S i  i i i  I m  t lout St  ou d I e’-. ,‘‘ TR I 9— I , Rt’m n~u tn’
S o - ’ n s i o m t t  I .ahnra to r y,  The ( t o n i  v o n .  t y  o o f  I~, ini— , m ’ ,, Ju l y,  I °)76.
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The d a t n  has o i l  o~o o s n , - t r ic  snil ds i s  shown i m i  F i q o u m e  
~~~. The fl a t

ht ’~ ke u hoa rd coo o. o p t  to n I y rep 0 e (‘Oi t s in re03 s o f  seven  n I vege tat ion types -

T im e o ’t~ j t .’c t s  o~~
-o 0 i ~. I ..~~ o t t  ho ’ m m m i  0 p b n & ’ m o ’~ . t v i i  mmdci s , m yr 0 m i i d- , 0.imnd rec t a m n o i m u  l a m  C

pa rim l Ie  iop 1 peds , wi h heIght , mo m d  d i  mmmens i omis d rawmi to -~ca 1 e . T ime va n - I c  t y

of ‘hapes pres e rm t ninny o l i f f o o r o n t  local t i l t s  to the radar and w i l l  cause

greytone c hanges a t  the sides of ob jects. By m mo aki n q the data base

1 a rqe and w i  t h r n- so I Ut I on m ott o: h f I ncr t han the s i mu l , t  ed radar i moma q e , it

p o s s i b l e  to s tudy  omm an y p ro p e rt i e - , of  the s im mn u lnt ion software (e q. ,thc

fo ro m mimt Ion  of r e s o l u t i o n  c e l l s  by the SLAR package and the layover effects).

Fi gu re 4 show’~ the m o ’ I m t i v e  po s ition and elevation of the many

objects on the data base. The ma xiromu mn variation of r e l i c t  is 2000 feet ,

th erefore, a wide range in the imoi m oun ts of shadow an,b layove r are expected

to be evi dent in s i o m m u l a t e d  imagery of this scemie.

Fi gure 5 1 ltoms tr a te s the mmm icr owa v e ref le ct l v i tv category a ssiqm n -

miments for the objects. Com m ipari nq Figures 4 and 5, It is seen tha t the

same vegeta t ion covers  seve ra l  o b j e c t s  of d i f f e r i n g  hei gh t. The va lue of -‘

emp irical back scatter data for simul a tion is readi l y apparent , for i f  i t

were not av a i l a b le , c o m m mp l i c a t e d  a n a l y t i c a l expressions derived f rouim vo l uonie

scattering theories would have been necessary as inp u t data. Ba c k s c a t t e r

data at incremmmen ts of one degree be tween zero and n i n uety deg rees (incidence

-~~ angle) were stored (for each vn’qe tat ion type) on input f i l e  tapes.

The SLAR sim i iulat ion produces two types of output: (1) a ‘‘ shadow

map” (hard-copy output of the SLAR packaqe) and (2) a mag net ic  tape compat-

- - ib le  w i t h  a di g ita l  coniputer controlling a display mio e d i um m i . The shado~’j

moma p c o n s i s t s  of a large m m m a t r i x  of cha racters , ze roes rep rese n t i ng shadow

areas , nines indicating no data , and al l  other numbers the sum of the data

points fa ll log w i t h i n  a re sol t it ioni cel J bin .  Both types  of output  are

i 11 us tr im ted i n the fo I low i nq °~ect ions for radar cyst emm o opera t I nq at 8.6

GHz with HI-I polar I z,it inn (wi tim the ex c e pt  ion of the f requency/p o la r i  zat  ion

~.t  ud y result s ) Thus , the sbm. ~~b o w  m om ap I nd i ca U’s the shado~’, as well a’,

layover , and sti m o ts the nunmhe r of t ransposed ccl Is .

• 0 . V

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~



~~~
. 00 ’Z7 000 4 

~: ~~~~~ ‘-“~~~~~~~~~ ‘~~ ‘~~P0 - 1 ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

ui- ~1ç -

_ _  -

~~~~~~— l I’l If i - U  ~ IO o l 0I ~~~~~~ 

~~i.j\±~
- 

- 

-

/ ~0 1 1  /
\IO’ / / 1~I I

/ 0 /

—v
_ _ _

1D/

4 .~~_5~~~ 03~~s_ —~ -_ —-‘-- —  -------—- .—- . . . 
- .0~lI1J



- —-
~

- 

~~~~~~~~~~~~~~~~~~~~~~~~ ~~~
‘-“  “S” 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
‘-— ‘ —--—

~~
—- ——- -~~~

. . -
~~~

.- ----~ ..-~~~~
—-. ‘ ------~~~‘~T~

~C 0 ’ ~O 0 C  0-• 3 0’0~ ’0 LEGtND

14 000 

~~~ J TT~~ t 1 . T ’I ,j 0 .~1 22~~o :oo-L._J N r~~ m:d

omsoo ~~~~~~~~~~~~~~ ~J 1500o 1s00~~~J 0 Towe r

0nc:~ 
t ’c3 10000 tooo l - -

O5c~ fl - 

~~. r . 1 rT~0 1~ 
-
~~~~ ~‘0 5 j  C) Hcmt ,~~e’e

Q2~~ h :-: -
‘ 

,~~

‘

- 
2 ~0 icoo / 2 0  

jJ
CYt ;n ao r

0103 .~; 0 . 5 L j~~~i L~ 5 ±~~~~ 
to~Q

~~~ 4BO U ~ 1 
~~

L ’L ’ -
~~~~~ 

fl~ V~- 0 O S —

L l0 °~) 
— J 0. 

~~ j 
- Re cm c-

• ~~‘ - -
~
.-—1 po~lk:hp~s

5,000 h~- ~ no I 4t0 _j )  Q2~ 2O no
Q2031

i F . EL[
~~~
LHJ

~~~ ~~~~

o ~~~~ :I’k ’ :~ L~LL _
o no ,c;~ 15 ,000 20,000

1490 ))  ~O _.) J  l~ 0 0 . 0 0 0 0 0 -  I 2 . 0 0 0 0 0 . 0 0  0 4 , 0 , 0 0 - 0 0 .  ,U110.1 0 0

- LE GE ND

~~
‘j’
~
” J[f~ 010 T1~’~ ticoctoce tner 9oc~~cctte r

HI 1i 2 3 °~ 3 7 ~ ~ W ~~ Colcgooy Co ’c~o’y0~ U Li J 0~ ,Ll Numbe r Desco ~ omion

O~ 6 I 1 W 1-eom Smn ~-bk

08 ~i1 3 
AIfoo l~~ Tall

06 1~Lth~ 
06 4 C/’ OO ; Sh o r n

.
~ Li -: H L .L ~.I~J_~J Q5 

~ 
6
7 M - 0 , 0 ) ~

- ~1’~ 8 Scr~ o-~- :s S’-o on

0 / P 

-- -. 

Q7 SO) m 0 5 O ~ S : T0)m1

4 — -—— — — . — 

~ c— — no c-- 0 ’ 00 O C 0 0 0
o3  03

02 & 
- - -- 

02 5

Om 
.~~~~~~~~ - .4

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ L’ L. l’ LJ  H 1 1 .

I i:~i m m P  -~ ‘1 i~~( ° o ’ - ’ ~~ o -  ~- ‘ - i h o : , t .C:1 C - 0 , 0 0
, / \ ~~. - t 1 i I ~’ f l mS

BEST AVAN3IE COPY

—- - — - ——— .  - - - ~~~~~~ - -—.~~~~—-~ - -~~~~~~~~~~~~~~ —,- 
--—~~ ~~~--



-.0
~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- - -~~~ -0
.~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 0 ’ r

4 .0  D I G I T A L  SLAR S IMULA T ION RESULTS

The dim tin imaoU . in fo,  mo a t ion (dint a point l o ca t i on  in the array, lie i qht

aumd Cat egory) coo t a i rued Dim mo,wlne t I c tape 1 generated by the mmmc t hod of

00 Reference [61 was used as the ground scene for the SLAR simulation progranms .

Two se ts  of v i sua l d i s p l a y s  were p roduced , shadow mu mps and radar image

5 i mmnu I at ions .

The map shown in Figur e 6a illustrates the effects of layover and

shadow that would occur for 0m SLAR operating at 8.6 GHz HH flown at a

40.000 foot altitude and 200 near range depression angle. Comparing this

map to Fi gures 3 and 4 it is seen that the leve l checkerboard pattern

l i e s  in the upper por t ion of F igure  6a . The symbols on the map ind ica te

the sum of the resolut i on cells whose radar returns simultaneous l y reach
the SLAR receiver. Zeroes represent shadow , or lack of appreciable return ,

and n ines are employed to show no data. Shadow and layover effects do

not occur on the f l a t  t e r r a i n , jus t  as would be p red i c ted . Carefu l  study

of Fi gures  3, 4, and 6a reveal that the SLAR package is accurate in

hand ling radar geomet r ica l  phenomena. Th is  p a r t i c u l a r  ve rs ion  of the sim-

u lat ion l i m i t e d  the number of reso lu t i on  c e l l s  lay ing over into one bin

to a sum of s ix .  Examina t i on  of the nmap s how s that the maximum number of

points  to enter one b in  was f i v e , thu s the above r e s t r i c t i o n  did not li m i t

t he performance of the programs .

F igure 6b s i m u l a t e s  the shadow and layover e f f e c t s  for a SLAR

(8.6 GHz HH) at 40 ,000 feet and a nea r range depression angle of 40°.

Shadows are shorter  and layove r more pronounced for this case than for the

pre vious one. The c e n t r a l l y  located pyram id in 6b shows a larger area of

l ayover . However each bin contain s a maximum of thuee resolution cell

radar returns . The s ma l l e r  area of layover in Fi gure 6a has b ins w i t h

up to f i ve  reso lu t ion  cell returns summmmed . The nmore distinct outlines of

7
Mart in , R. L . Ma r t i n ’ s Thu ’c ic , ‘ ‘S LAR S i m o m u l a t i o n  and App l i c a t i o n s ,’’

Univer sity of Kami sas , 10 ) 76 .  (This documim ent addresses prob l ems of
hand Ii nq i n-gnu anmd coot p u t  n -I n t - ,  , ta pe c.ommmp a t lii i l i t  I ~‘s of mimach i n-icc .
and sys ten, rout i n-nv’,.

6
Komp , E. 0 . ,  V.  H. Kaupp , and J. C. Hol t zman , “Cons truct ion of a Geomimetu Ic

Data Base for Radar lunmaqe S ini m u l ,nt io n S tud i es ,’’ TR 3 1 9— 2 , Remote
Sensing Laboratory , The U n i v e r s i t y  of Kansas , Jul y,  1 976.
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6b al low eaclm objec t to he ident I t  led i n  con junc t i on  w i t h  F iqures  3

anmd 4.

It can he seen that rada u in te  rpre t at I on for ii I i  t i n  ry per cotmi, - I

c coo Iii he I inc I l i t  at ed by the use of shadow — layover mimap s s l oo m i I a r to o

those pres ented. The shadow map allows one to understand differences

in i onmaqe forro oario n between radar an-n d conventiona l pho tograph ic processes .

The d i s t i n c t i o n s  a r i s e  beca u mse the radar enoit s pulsed energy such tha t

the  r e t u r n  energy can be p l o t t e d  versus t ime , the lack of return powe r

c a u s i n g  shadow , and the propagation timne determining the p lace ment of

re lative qreytones due to return si gnals. Howeve r , i n the case of opt i ca l
photoqrap hic i mmmag in q , the source of ill uniination (the sum -n ) emits energy

c o n t i n u o u s l y ,  the r e f l e c t e d  energy g i v i n g  r i s e  to a video si g nal whi ch caoino t

he char ted versus t ime wi thou t cons iderab le  am um b iqm j i t y  as to the t i oC o n -

g i n  of the t r a n s u i m i t t e d  s i g n a l .  Thus the continuous superposition of

reflected energy nmasks shadow fo rma t i on  ( i n  the sense of lack of return

si gnal) when the photographic l oo ma q ing  p l a t f o r m  is in the path between

the  i l l u m i n a t o r  and the objec t to be sensed. The handicap i nuposed by

famo n i l i a r i t y  solel y with photo graphic images is d i f f i c u l t  to overcome ,

and t h i s  can onl y be acco ommp li shed through practice. Experience wi t h

shadow and layover  for v a r i ou s  f l i ght s i t u a t i o n s  c i o m o u l a t e d  w i t h  the a i d

of an ar t i f i c i a l  data base could he e nc t remmme ly  use fu l  for overconming

the urge to t h i n k in ternms of photographic phenomena. The shadow m om ap,

by t he very fact that it contains a limited amount of quant ified infor-

cation about the processes occurrin g in radar terra in ima g ing, provide s

the necessary elements for understand i ng shadow and layover , Despite

the fact that the geometrical data base is not representative of commmnon

land scapes , the corresponding nmaps generated by sin omu )a tion are vinl u ahle .

Sim n mu linted radar images for a SLAR al titude of I-i000 feet and a mm e a r

range depressio n angle of 40 deqrt’es (fa r range ten degree depression angle)

were produt ed for a frequerncy/po lar i?ation stud y. The accentuation o -n f sha-

dow and layover was caused by the presence of objects on the data base

up to 2000 feet I-n igh and the extreo mn e l y low flight alt i tude. Tho re sults

a re shown in F igu re  7 for s i x  d i f f e r e n t  f r e q u e n c y / p o l a r i z a t i o n  coomnb i riat ions ,

Several  i n t e res t i n q  radar e f f e c t s  can be s po tted  by an un t ra ined eye : (I) 
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RA DA R SIMULATION STUDY OF GEOMETRIC DATA BASE

Original Orginal 3-0

8. 6 HH 8.6 VV
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mm e a r — r a n q e  i o o o p m e c s i o n ; (_ ‘) i t  k s m a t  ter cuteoj omrv d i -  n - im’ oin ,-mtion and van —

ab i l i t y ;  (3) cammme -cate qory b locLs  of the checkerboard changing q rey t c ne  —

r m m \ - ,s the i m p  hec,u j- ,&’ o l c l o m o m q e ’  ii c i  o m i h i  7er()  d a t a  m-~i t h pro qrecc u rig

-mnq Ic of inc i den,.,’ , t he Ia; ( ~i ) ce I vi t I vu_I b m i t H  c oi 1 o o ~ o1 01) j o-c t w i t  In pm l.m m

- m t  ion adjust im ient ; (5) ohvi oi o - -.ly , l ayover and shadow ; and (6) loss of si g nal

clue to loca l t i I of  resc lo o t i or. cell cii sides of cylinders.

It Is pocs lb I,- th a t ,, ~ no r ec o i l o , t  ion radar (and correspondingl y

I ine r data base rt .c l u t  l o o m )  eto l - .I i rodi ca te the presence of hard tarqets

on the qeonme t r i al - latin mm,- 0 , - ‘Ioo , - t o o  ‘-.o~one of the corners and ed-los of the

shapes i nvo l ved , althou gh t h e -  c a t o - o m n r i e s  s t r i c t l y r i -p re .,e n t  v r r m e t a t i o n .

Howev er , th i s o- ,eojld not hi’ I iL ,’ l y i t  the real SLAR produced 60 foot reso l ot ion

as sio umu l ated , for the random av e ra q in q  p rocesses across a resolution cell

would somewhat mask the effects of return powe r from the ha rd targets

(eg., top edges of cy li nders and para l le l epi peds) . Treatment of th is data

base (with computer generated resolution as fine as desired ) as a composite

of distributed targets i~ acc urate as long as coarse (eq., &) ~ 6o foc-t)

resolut i on is employed im i the c im u ou l a t ed i magery .

Assum ime that the fli q h t  omis s i o n of a rea l SLAR was to produce cat e-l om y

information over flat terrain and that a low altitud e constrained ti -ne near

and far range depr o- sion angles such that onl y the m iddle thi rd of t he
p 

i mages in Fi gure 7 were sensed . Such a mission would be fruitful if the

particular radar systemom was operating at 8.6 GHz with HH polarization .

Wi th any other comb i nation of frequency/polarization shown , the inforniatior o

gathered would not l o ostify the expense. Radar parameters have alread y

been stud ied in t h i s  manner for the Earth Resources S h u t t l e  Imaging Radar

to  p redetermine  d i s c m i m i n a t i o n  a b i l i t y 8 . W hether the imag ing s y s t e m  i s  a

SAR or SLAR , was te and i ne f f i c i ency in rela ted m i s s i o n s  can be avoid ed by

forethough t; a help ful aid would be the simulation of rada r images f rotmm da ta

base w i th  rel i e f  and category (hopefu l l y ,  emp i r i c a l  backscat t e r )  in fo r mmu a t ionn ,
be it a real site or the construct of a geographer ’s i nmag ination .

Rather than si r omol ati ng flight at 4000 feet  in the mids t  of t e r r a i n

v a ry ing in hei ght from 0-2000 f e e t ,  an a l titude of 40,000 feet m :o i qht t o t ’

nnore reasonable for a SLAR . Experi mim em i ts have been conducted with two

8
Bush T. F., “Crop land Inve ntories Using a Sa t e l l i t e  A l t i t u d e  Ima ging

Rada r ,” Ph.D. Disser tation to be published (Spring 1977), Un i versi ty
of Kansa s.
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IHoj ht qeon ietrie c as shown in Figure 8. The extent of shadow and lay-

over w i l l  differ in the cases of 20 and 24 degree near range depression

angl es. F i guru- 9 I I lu st rate ’, that shadow’, wi 1 1 he longer i mm the 20”

exam i mpl e , and tha t data point s layove r greater distances toward the f l i qht

track in the 24” depression angle case , espe c i a l l y in the nea r ra nge ( t h i s

assuioes qround range presentation) - However , more br i ghten ing w i l l  occur

i n the layover areas of the 20~ case due to the greater density of cells

entering bins on the nea r range side of tall objects.

The resulting simula ted radar i mi-naqes are shown in Fi gu res 10 a nu d

II. Close examni nation of lengths of shadows and layover are aided by

emomploy ing t he checke rboa rd as a d i s t a nce marke r . A l l o w i ng for the di s-

tortion in photographs of the IDECS visua l d i sp l ay, the shadows a re

-
t 

longer in Figure 10 and data points lay over greater distances toward the

f l i ght track in Fi gure I I. Near range compression due to the slant range

• p resentation pa r t i a l l y  masks the difference in layover between the two

i mag es. Unfor tunatel y, the sca n lines in the IDECS display interfere with

t he s t udy of the two s i n u l a t  ions , so they im m ust be viewed at a distance.

However , d i f f e rences  can s t i l l  be distinguished in the categol- y disc rio oo-

i n 0 it io n  a b i l i t y ,  f ad ing ,  o b j e c t  br i ghtening , shadow and layover . The c e n t e -
py ra n m id  in the Fig ure  io has many c e l l s  located in b ins along a li ne

p a rallel to the f l i g h t  track , whereas Figure J ) has cm larger area of

hni q hten i nq (lowe r intensity) constituting a tr ian gu lar section .

In conc lus ion , it has been shown that the SLAR simulations

correctl y represent layove r and shadoo-o . The use of the a rt i f i c i a l  data

ba se makes possible the quantification of these radar phenomena for val i-

dation of the SLAR mrmode l . Empirical backscatter data at the frequencies

and polarizations of Fi gure 7 lends credence to the idea that the SLAR

si ni uu la t ion is very valuable for systeni opt inm i zation tests , especially

- -  
IDECS - Acronym for I mage Discrimination , Enhancemen t , Combination and

Samp l i n g, (an image processing station ~ , Remote Sensing Labora-
tory. -

m 
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89,840 ft. ______ j 20 000 ft. ’1
109 ,900 ft.

Figure 4 3
Flight Geometries for Equal Altit ude Test

Appendix A contains Ground and Radar matrix values.
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Figure 4-4 Shadow and t.ayover Difference
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in the area of hackscatter category dis crim i minat ion . It is not possible

to ma ke s ta temen ts  about the overall adequacy of the closed system umodel

for it is not yet possible to objecti vely mnieasure the quality of the s i m n i u-

l ated images and their s u i t a b i l i t y  for specific applicati ons. Future

s tudies are be i nq aimed toward the goa l of def i n i nq i mm iaqe quality fac-

tors for very specific applications , hut un t i l  these factors can be

quantified , the value and qualit y  of the simulation is left to the subjec-

tive opinion of eng i neers and radar interpreters. It should be noted .

however, th at simulations of rea l scenes produced at RSL have consistently

been nnistaken for rea l i magery by s taff rada r interpreters . 

--- - --
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5. Conc l,is ions an-m d Reco nmnm c~~dat ion’.

The calcul abl e response of an a r t i f i c i a l  data base has been used

to exp lore the accuracy of the SLAR si nmu l a tion programs which embody
the theory b riefly described in this document , The closed-system model

which has been developed to imitate ground-radar interactions has been

shown to have cons i derable fle x ib i l i t y  by the application results

presented. The simulated i mages shown herein il l us trate effects such

as (1 )  layover;  (2)  shadow ; ( 3 )  frequency/ polarization ; (4 ) near range

compression ; and (5) category di scriminati on. The value of i mm oaqe

simulation for pre-evalua tion of future radar systems has been stressed

because recen t deve l opments since the publishing of Reference [21 have

shown the u t i l i t y  of a geometrica l data base (with empirical backscatter

charac teristics and computer generated shapes) in conjunction with the

SLAR simula tion programs of the Remote Sensing Laboratory.

The lack of a large ca talogue of eu npirical backscatter data (VV , VH ,

RH , HV , circular direc t and cross polarizations) and computer resources ,

have hampered the simulation efforts to sonme degree. The appa ren t

advantages of accurately p redicting systeni performance prior to construc-

tion as wel l as use in guidance systenns would seem to be i ncentive to

appl y what has been learned abou t radar-ground interactions through use

of this particular close d— system mm om oodel.

The radar i mage simulation methods deve l oped w i l l  next be app l ied
to a rea l data base (Pickw ick , test site) to measure it s perforomoance

and to validate the model by comparison of simul ations with rea l imimagery

of the same site. Subsequentl y, experiments w i l l  he performed at the

Eng i nee r ing Topographic Laboratories to determine the su i t a b i l i t y  of

the simulated imagery for missile navigat ion systems in the develop-

mental stage.

2 
Holtzma n , J.C.. V .H. Kaupp, R.L. Mar t in , E .E. Kemp , and V.S. Frost ,

“Radar lnnage S i m u l a t i o n  P r o j e c t :  Oeve f opment of a Genera l Sim im ula-
tion Model and an I nteraction Simulation Mode l , and Sample Resu l ts ,’
TR 234-13 , Remo te Sensing Laboratory , The Un iversity of Kansas ,
February 1976 .

_ _ _  _ _ __i_ . _ _ _ .~~~
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TR 319-8

APPENDIX I

The SLAR simulation proqr aumu is commta in ed in this section . The

data wh i ch must be supplied to the program were previousl y listed i n

Table 1 . Due to interdependence of some of the Radar and Ground

matrix va l ues , the fo l lowing for mulas are usef u l :

~Gr(9) 
= R(8) c

i
~Gr(1O) = R (6) ‘ ‘ R(9)

*Gr (ll ) Gr(lO)/Gr(2) + .5 1 G r( l l) 5

~Gr(l2) = G (5)/Gr(ll)

*Gr( 13) = R(7)/R(8)

*R(15) = R (l6)

The asterisked quan tities are computed with in the body of the program.

When chang ing R(6), for example , R(9) must be altered to compensate

such that Gr(10) has the desired va l ue .

Parameters for Fi gures 4-5 and 4-6 are given below for a more com-

p lete descrip tion of the rada r systems be i ng simul ated by the SLAR p ro-

grams .

Fi gure 4- 5 Fi gure 4—6
Gr(l) 109,900 89,840 feet

Gr(2) 20 20 feet

Gr (3) 20 20 feet

Gr(5) 700 700 feet

Gr(6) 1000 1 000 feet

Gr(1O) 80 80 feet

R(6) 2.38 x 2.00 x lO ’
~~ seconds

R(7 )  3 .93 x I 0~~ 3.77 x l0~~ seconds

R(8) 1.63 x lO~~ 1.63 x I0~~ seconds

R(9) 6.80 x l0~~ 8. 1 0 x l 0~~ radians

R(12) 40,000 40,000 feet

_ _ _  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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APPENDIX B

CONSTRUCTION OF A GEOMETRIC DATA BASE

FOR RADAR I MAGE SIMULATION STUDIES

The following technical report (TR 319-1),
prepared by the Center for Research , Inc .
U n i v e r s i t y  of Kansas , is inc luded in th i s
report to provide the rat ionale for the
discussion of Sec tion 2.

I

L~. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -. 
.



__,_
~
,__

~

Raymond Nichols Hall

~~~~~~~ THE UNIVERSITY OF KANSAS SPACE TECHNOLOGY CENTER

2291 trying Hill Drive-~- Campus West Lawrence, Kansas 66045

Telephone: (913) 864-1+832

CONSTRUCTION OF A GEOMETRIC DATA BAS E

FOR RADAR I MA GE S I M U L A T I O N STUDIES

Remote Sensing La bora tory

RSL Technical Report 319-1

E. Komp

V. Kaupp

J. Holt znman

Jul y, 1 976

Supported by:

U. S. Army Eng i neer Topographic Laboratories

Fort Be l voir , Virg inia 22060

CONTRACT DAAK -02-73-C--0106

ml 
CRES 

________________________________________________REMOT
E S E N SI N G  L A BO R A T O R Y  

~~~
---—- - -

~~~~~~~~~~~~ ~~~
------- —--- ---~~~~~~~~~



F~u5IL. ‘

~~~

“

~~~~~~ 

-

~~ ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- - 

~1!

ABSTRACT

A computer program to produce a d i gital ground troth data base of a

controlled scene c- f geomet r ic  s o l i d s  has been deve l oped for radar i nmaqe

simulation studip s The data bases which can be made by thi s program

have well-defi ned geomet ric propertie s and have well-defined boundaries

separating different microwave reflec tivity categories. Since the geo-

• metric properties of the features in a scene a re o f paramount importance

to rada r , a test data base with known geometry is crucial in radar i mage

s imulation work. A l so  important to radar image simula tion work is the

capabili ty to easily change the reflectivity categories of the various

reg i ons contained in a scene . Al l  of these features are available in

the data bases which can be produced by this program . These data bases

are ideal ly  su i ted , t herefore , to radar image s imu la t ion  studies ; they

have a known input to the simulation program and produce a calculable

response.
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I NTRODUCTION

A sof tware package to produce a d ig it a l  ground t ru t h data base of

a contro l led scene of geometr ic shapes and so l i d s  has been developed for

radar image s imu la t ion  s t u d i e s .  The data base produced by th is  computer

program provides t o the sim ulation program a known input with well-defined

interactions and relationships be tween the various features contained in

the scene . The uncertain t ies in the geometry and dielectric properties

of the features in a scene inheren t in di g ital data bases of real terrain

are removed . Thus the data bases whi ch can be developed from this program

are ideall y suited to provide a known cal ibrated input to radar image simu-

lat ion studies of an inves t i g a t i v e  nature ; they have a ca lcu lab le  response ,

and hence can be t hought of as a standard scene,

The most d i f f i c u l t  aspects of the radar image simulation prob l em are

to obtain the geometry of the ground features and know l edge of the micro-

wave reflectivity properties of the ground scene. Some of the more common

sources of these data are hi gh resolution aeria l photography , maps , and

other radar imagery at , perhaps , a different wavelength and polarization .

Independent of the ground scene data source , it is necessary to extract

the desired information and convert these raw data into a suitable diq i tal

da ta base (ground truth data base) for input into a dig ital computer.

Typically, the scene for which it is desired to simulate the imagery of a

specific radar w i l l  require the generation of a large number of points in

the ground truth data base. For example , if the radar system to be modelled

for the produc t ion of s imu la ted  iumuaqery is onl y capable of resolv ing fea-

tures (ob j ec ts )  which are separated by 100 feet or more , a 10 m i le  by 10

mi le scene would contain approx i mately 279,000 independen t elements. (50

foot resolut ion would require more than a m i l l i o n  e lements . )  Production

of simulated images of scenes of a reasonable s i z e  can require the develop-

ment of a very large ground truth data base.

In a broad sense , there are two classes of radar image simulations

that can be produced : the first is the class of simulations where the

~ 

---.-- ---~~~~~---- — -
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‘ ininulated radar iiinaqt~ry is  t in e goa l , and the second is  the class where

t he imagery is not the goal .  The s imu la t i ons  of the first class are pro- - -

duced , typ i c a l l y ,  to reproduce f a i t h f u l l y  the radar inmaqery character-

is tics of a particular scene based on the rea l properties of that scene.

For th is  c lass  of s inmu lat  ions i t  is necessary to generate the appropr ia te
ground t ru th  data base for each scene. The app l i ca t i ons  of the s imulated

imagery produced in the second c l a s s  are unrelated to the scene itself.

Some examp les of simulation where the radar i mage is not the goa l are

found in troubleshooting software , in s e n s i t i v i t y  s tud ies , in parameter

optimization studies , etc. A standard calibrated data base wi th known

input c h a r a c t e r i s t i c s  would be ideal for th is  c l a s s  of s imula t ion .

Typ ica l l y,  however , an e x i s t i n g  data  base produced for some other appli-

ca t ion is used . This app roach has the problem that it is difficult (it

not i mposs ible) to determine the ori g in of the results produced in the

s imu la t ion  (e .g .  anomalies mi ght he caused e i the r  by the data base or the

study) . In fact , experience has shown that using existing data bases to

troubleshoo t new software , to determine thresholds of sensitivity for

various s imu la t ion  parameters , to evaluate discrimination capabilities ,

or for other similar studies is in efficient, can mask results , and can

lead to incorrect interpretations of results. A controlled data base of

known geometry, dielectric categories and features , and having a calculable

response is required for s tud ies  of th i s  kind .

Severa l geometric data bases have been p roduced by the program des-

cribed here . A specific examp le is shown in Fi gures 1 , 2 , and 3. Fi gure

I shows an i sometric line drawing of this data base . This figure illus-

trates the relative orientation of the various geometric shapes included .

Fi gure 2 is a plan view of the same data base showing the relative hei ghts

and positions of the various solids. Fi qure 3 is also a plan view of this

data base , but this fi gure i l l u s t r a t e s  the microwave reflectivit y category

assignments made for this one data base. This da ta base has been used to

t roubleshoo t the image simulation software and to verif y that layover .

shadow , range compression , local ang le of incidence , and fading were all 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~ -~~~——~~ -~~~~~~ — — ~~~~- —
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properl y si nmulated . It has also been used to demonstrate visuall y the
effects of changing carrier frequency and polarization for a well-defined

scene. i t is expected that this data base w i l l  be inva l uable in future

studies.

METHODOLOGY

The software desi gn for the construction of the various geometric

-m sol ids was made as simple as possible. The various geometric solids which

can be selected for inclusion in a data base to be constructed by this pro-

gram are available as subroutines . The objects available as subroutines

and the options for user specification are listed in Table I. This pro-

gram creates a grid matrix of an arbitrary size. (Present operatio in

creates 1000 x 1000.) Cell size is user-spec i f ied , but must be square .

Within this grid matrix , 3-dimensional representations of regular

surfaces are construc ted by user specifica tions (details of available

structures to follow) . In addition , a specific microwave reflectivity

category may be assi gned to each object. The elevation and category

assignment (i.e. reflectivity category) for each cell is packed into one

word ; the ri ghtmost six bits are reserved for category number (giving

possible range of values 0 463), and the re imma inin g upper bits are reserved

for the elevation . Those cells where no object is defined are imp licitly

defined with 0 elevation and 0 category .

This computer program will produce data bases as large (or as small)

as is desired . To prevent problems caused by computer core l im i t a t i ons ,

the data base is constructed in horizontal stri ps. In the first pass ,

all the columns of the first N rows of the grid matrix are constructed

and stored on an external device; pass 2 produces the next N rows ; pass

3 the next N rows, etc., until the matrix is comp lete. N is chosen by

the user so that (N ROWS ~
‘: M COLUMNS) is a ureasonable fl amount -nf core

requirements. For the specific data base herein described (Figures 1 , 2, 

- ~~~~~~~ -- -- --
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TABLE I

Ceome tr i c Solids

Solid Options

C u be User supp l i es  s t a r t  row and s ta r t  co lumn , length and w id th
of base , the ang le of rotation in degrees , and a microwave
reflectivity category number assi gnment.

Wedge User specifies start row and start column , length of wedge,
max i mum hei ght of the wedge , slope of the front face, width
of the flat top, slope of the back face , ang le of rotation ,
and a microwave r e f l e c t i v i t y  category number assignment.

Pyramid Produces a pyramid of arbitrary hei ght with a square base.
User specifies start row and co l umn , length of base , ang le
of rotation , and microwave r e f l e c t i v i t y  category number.
(Slope of the sides is implicitl y determined by the hei ght
and length of the side.)

Hemisphere User specifies row and column of center , radius , and micro-
wave r e f l e c t i v i t y  category number.

Tower Produces a cy linder standing on end . User specifies star t
row and column of center , radius , length , and microwave
reflectivity category number .

Cylinder Produces half of a cy l inder ly ing on its side. User spec i-
fies sta rt row and column of center line , radius , length ,
and microwave reflectivity category number .

Patch Assi gns to a g iven number of matrix cells the desired
microwave reflectivity category number with no elevation .

Checkerboard Assigns to a series of matrix cells each of the different
microwave reflectivity categories consecutively with no
elevation .

Note:

Patch and checkerboard are available to compare changes in the return

strength of the various categories at different inciden t angles. Patch

may provide a reference qreytrnne next to an ob i ect to analyze the effect

of changing the local ir r ident ang le. 
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and 3), a 1000 x 1 000 m a t r i x  was produced in 20 passe s . Each pass pro-

d uced a sec t ion of 50 rows x 1000 points which requirt -’d a singl e bloc k

of 5Ol~ words of core (compared to 1 000K which would be required if the

entire matrix were constructed irm one pass). The mu l t i p le pass conce pt

does not sacrifice exeLution speed since only one object can be constructed

a t a time . And s i n ce  t ime ou tpu t  is performed on enti re lines , the data

base is built as a sing le un i t ,  eliminating the comp lexi t ies of mosa ick inq
su b-images together.  The one sacrifice tha t is made , however , is that
the ob jec ts  produced must l i e  complete ly  w i t h i n  a s ing le s t ri p; an objec t

cannot be constructed tha t beg ins somep lace within one horizontal strip

and overlaps to some point within ano t her s t r ip.  Aside from this minor

li m i t a t i on , the comp ut e r program is t he most qener~nl in des ign i t was
possible to produce.

FLOW CHART

The computer program (geometric data base construction) has been

desi gned to be as versati le as possible. The size of the data base and

the siz e , loca tion , orien tation , and shape of the various geometric solids

are eas i l y controlled . Figure ~t presents the basic operations , in flow

char t form , of this computer program. Di g i tal data base s of geome tric

solids are constru cted according to the user ’s des i gn and specifi cation.

Also shown is a li s t i n g  of the ei gh t geometric shapes available as sub-

routines in this program . A copy of the p rogram i- ~ inc l uded in Appendi.~
I of this work.

To use t h is program , it is necessa ry  f i r st  to  des ig n the des i r ed

data base. The s i z e , l o c a t i o n , or ie n t a t i o n , an d shape of each geometr ic

s hape must he speci  t i e d .  The comp uter program , as listed in Ap p er n dix I , w i l l

produce a d i g i t a l  data base m a t l i x  c o n s t r u c t e d  of 1 000 elements by 50

rows at a time for as many rep eti t ions as are desi ed. (A m a t r i x  of

1 000 x 1000 data values would requ i re 20 repel i t  ons . ) I f  it  is  de- . i red

t O  construc t a data base of a differen t s i z e , the di mension statements

_ _ _ _ _ _ _ _ _
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Tower 7. Tower
Checkerboard 8. Chkrbd

Figure 14, Geomet r i c  f lata  Base Flow Chart. 
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must be changed from the va lues s p e c i f i e d  ( s p ec i f i e d  in the program l i s t ed

in Appendix i~ to the desired values. The only rea l constraints on data

base s ize  are imposed by the core size of the computer used to construct

the data base . After the data base size has been defined and the dimen-

sion statements of the program have been specifi ed correctl y, the data

base can be constructed . Reference to the flow chart shown in Fi gure 4

will make clearer the following discussion . For each geometric shape to

be inc l uded in each horizon tal stri p, two data cards are required to be

input to the program. The first card is a num ber between 0 and 9 that
specifies the surface to be constructed , and the second card specifies

the required construction data. (These requirements are listed both in

Table 1 and in the various subrouti ne listings in A ppendix 1 .) Two

cards are required for the program for each shape desired in a s t r i p. A

data card of 0 si gnifies that no more geometric solids are desired for a

g iven s t r i p  and that construc t ion is to begin for the nex t stri p. In this

way, the data base is constructed strip by strip until the data base is

completed .

The data bases which can be constructed from this program are not

l ike ly to be encountered in actual radar use. But they can be very use-

ful for testing radar simu lation programs and problems since all aspects--

hei ght , l ocal slope , category assi gnment--are precisel y known . Further-
-

- more , any or a l l of these pa rameters can be changed by the user in a very

controlled manner to study the relative effects and importance of each ,

as well as to evaluate the simulation techni ques. These changes can be

accomp lished either by constructing a new data base for each arrangement

or by incorporat ing th i s  program in the simulation model to produce the

desired effec t One can also study the importance of the size of the

data base cells by chang ing the appropriate parameter during the pro-

duction of a data base . There are many more potential uses for a data

base like th is , and to increase the va l ue of this program by making the

outpu t more generally app licable , facilities to rotate the data base to

run radar simula tions with different flight paths have been included .

~ 
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APPENDIX I

List ing of Computer Program to Construct
Geometr ic Data Bases

PROGRAM TITLE: FAKE

AUTHOR : E. Komp

IMPLEMENTED ON: Honeywell 635

PURPOSE :

Creates a grid matr ix of elevation , geometry , and
reflectivity for input to a radar image simulation
program.

--- --- - - ~~~~~~~~~~~—-- - -~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~ ~~~~~~~



C 1A ~( F
C
C
C THIS PR0 G RA ~ C R E A T E S  A N A R T I F I C I A L  f l A T A  RA S E (ONSI S T IN I ,
C CF R E G U L A R  3-~D IMEt ~~ICN AL GE0M ~~T P I C A t  SH~~PF~ AS S P F C I F I r ’ )
C f~Y fl-~E U S E R
C
C IHF D A T A  E A S E  IS C O t \ S T R U C T E - r) It ~ R F C T M ~J - t L A R  F0P ~~A T .
C FA C H  CELL R E P R E S E N T S  A F I X E D  c n t ) A R F  A R E A , THF t C r ~Jr, T H  O F
C THE SIDE OF F A C H C F L L  IS O E T F H M I N F I )  flY THF VA R Ia B LE ——
C c~~i s i i
C E A C H  CELL IS C H A R A C I F R I / f D  BY A~~ E L I V A T I O N  tNI) A C - ~T FGOP y
C T H I S  I N F O R ~~A T I C N  IS FA (K~~-” I N I C  C~~ -~CR~~
C TH F LOW ORDER 6 SITS ARE c E S C R V E t ~ FOR THE CA T F ~,ORY ,
C T H E  H I G H  O R D E R  B I T S  F O r? T H r  c p ~ E V 4 1 I ( ~ i
C
C TO USE T HIS PRCGRA r1 T H F  U S E R  S P F C I F I ~~S THE ‘~~J F C T S  ‘ ) E S I R c ’ )
C A LC N~ WI TH THE N E C E S S A R Y  D € S C R I P T I V ~ P A P A M F T F R S  A N D  T H F
C CCC R~~I N A T E S  CF THE L C W F. R L E F T  C C ’ R N F P  FO ~ P L A C E M E N T  IN T HE
C C A T A  BASE C OR THE CENTER FOP C Y L I M ) P I C A L  AN !) SPH E RICAL
C C S JE C TS ) PLUS THE DES I R E D  C A T E G O R Y
C
C ALL U N S PECIFIED CFLLS HAVE I M P L I C I T  F L r V A T T 0 N  A ’ ! )  C A T E G O R Y  °
C
C IC M I N I M I Z E  CORE R E O U I P F M E N T S  THE ! ) A T A  E ASE IS C ONS T R I JC T F! )
C IN S T R i P S  SO CELLS ~ IDF (TH IS N UWeE P t~A Y BE V A R I E D  BY
C A L T E R I N G  THE D IM E NSION STMT ). TH E  ~ IP~~T FI FTY POWS AR E
C CONS TR UC TEl) AND PUT Cr4 TAPE W H E N  C O~’~~L F IF~ TH r ’ J  T HE N E X T
C F I F T Y  RO WS ARE C O N S T R U C T E D  AN’) PUT ‘~~~~ TAP E , AN’) SO ON
C T HE U SER S P E C I F I E S  THE C 0 M P L F T I O ~ O F A STR I P ON INPUT
C E Y I r P U T T I N G  0 FOR CHOCSF
C I H E R E F O R E  AN A R B I T R A R Y  NU M BER O F R f ’ ~- S  f ” A Y  J?E
C CONS T R UC TED . THE N UM BER OF C O LIJ ’~NS IS t. T M  I TF~ ‘~ Y THE
C D IM E N SIONS OF THE A R R A Y  M A T R I X  ( I N  T H I S  C A S E  1C fl~~)
C
C CJ E C T S M A Y  NOT C R O S S  O V F R  T H E  POI~~t , D A R I F S  O F  S T R IP S
C E A C H  O B J E C T  S P F C I F T ~~C MUST F I T  C C ’ - E L E T F L Y  t- \ S iP ~ T H E

C
C
C

IMPL I C I T  I N T E G E r ?  ( A — U )
C
C T HE FOL LC WING ~A R I A ’ ~LES A R E REOtiI ’ 4~~” ~~Y M O S T  OP A L t  OF
C T HE SU [3RCU TIN ES A N D SO A R E  P L A C E D  I’. ~ 1AN K C O M M O N  A~!D SO
C C C N d H A V E  TO HE P A S S E D  A S FOP~’A L P A R A M E T E R S
C
C I?UF — SMALL I/O B U F I F R  FOR D F t ’ U C  ~ P I T F  S T M T  T~ : “~~P IO t I S
C SU B ROUTINES
C M A T R I X  — THAT PORT ION OF TwE r A ~~A r~~cF P r j m ~~ ro’~c T p I Jc T F n
C T H A T  IS P H Y S I C A L L Y  IN C C RE
C C E L S I Z  SUE CF EAC H CE L L IN D A T A  r l 4 S F  (Ir - F E E T )
C STR OW ,STCOL — S T A R T I N G  ROW A ND C C t L)’-’N OF THE StI ~~F A CF T O  ~ F 

~
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C CONSTRUCTED (FOR R E C T A N G U L A R  P~~JFCTS TH IS IS L O W E R  L E F T
C CORNER ; FOR C Y L I N D R I C A L  CRJ F C T S  THE C E N T F R >
C ***NOTE* ** STRCW MUST BE GI V E N  M C DUIC 5’) (SINCE ONLY A
C 5C ROW STR IP OF THE E N T I R E  DA T A  PASE IS IN CORE
C AT AN Y ONE TIME )
C CAT — C A T E G O R Y  A S S I G N M E N T  F O R  T H E  S U R F A C E
C A N G A N G L E  OF R O T A T I O N  ( A P P L I C A B L F  O N L Y  T O  R E C T A N G U L A R  S H A P F ~~)
C THE OBJECT WILL BE R O T A T E D  C O U N T F R — C L O C X W I S F  A BOUT ITS
C LOW ER LEFT C O R N E R  THE S P E C I F I E D  NUM BE P PF DEGRE ES
C
C

COMMON BUF (20), MA TR IX (1Ofl Q, 5C ),CELS17 ,ST COL,ST p Ow ,CAT ,fl f~
(
~

DIM ENSIO N LINE (500 )
C

CELS I Z =20
HA LF CEL ~ CELS IZ /2

C
00 620 1 1,70

~O 62C J=i,sCc-
62C t ’AT RIX (J,I )10

C
C
C CO N S T RUCTION O F EACH SHAP E RE Q UIRES TWC DATA CA RD S
C FIRST CARD IS A NUM B ER BETWEEN 0 A N D 9 (I~ FOR MAT)
C T H A T  S P E C I F I E S  THE S U R F A C E  TO BE C O N S T R U C T E D
C C — BEGIN NEW STRI P OF DATA BASE
C 1 — PATC H
C 2 — CU B E
C 3 — W EDGE
C 4 — F R Y A t 4 I D
C 5 — HEMISPHERE
C 6 — CYLINDER
C 7 — TOWER
C 8 8 — CHECKER B O A RD
C
C SECOND CARD NECESSARY D E S C R I P T I V E  P A R A M E T E R S  FOP THAT
C O B JECT —— SEE S P E C I F I C  ROUTI NE FOR D E T A I L S
C
C * .*NCTEe** STROW AND STCOL ARE IC BE SPE C I F I E S  IN TER M S
C CF M A T R I X  CELLS (RUW,COL ) — RO W MO DU LO 50 —
C FCR EASY PLACEPENT OF O B JECTS P E L A T T U E  TO ONE ANOTHER
C ALL OTHER PAR b~1E TER S (LENG TH ,WIDTH, HEI G HT ) AR E 10
C BE GIV EN IN FEET SO THE USER CAN E A S I L Y  DES C RIB F THF
C FRY S I C A L  S I Z E  DESI R ED
C
C

1 READ( 05,O5 ,END 9CO) CHOOSE
5 FORMAT U? )

C
I F (CHO OS E .EQ. C) GO TO SC ’
GO TO (10,2O,3(’.40.5P,(,fl.7~’,PC), CH COS F

C

- - - 
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C P A f ~ Ir~l L I  C t T ~- u T  ~~~~~~ •. F ~ ;’:~~r f  A r r -  ‘~~~A t ’  ~~~~~ r~-
C

k R I r E ( 6 . ~~1r) C H C C S ~S i C  F O R M A T ( / / , ’ * * * W A I .Ir ~~*** ’,I~~,’ I’•~r Rr ~c’~~R V A L U E  T O
S P E C I F Y  NEW O~~J E C T . IT !Ac F- F F~ , IGNO R r D ’//)

C
C Sk I P C A R D  W I T H  P A R A M E T ~~4S F~~P P A D  O~ J F r T
C

R E A D ( C 5 , C 5 , F N D ~~Q 1 C) C H O O S E
C O T O  1

C
C
C P~~T C~
C
C P A T C h  — SQ UARE A R E A  CF DA T A  PA S I  

~~- S IGN F 1 ) cpr c~~F 7 r ’ )  C A T E G O W Y
C NO E L E V A T I O N  IS A S S I G N E D
C
C S I Z E  — DESIRED L E N t T H  CF S lo E FC !? T.~1 V S CI JA P E A P ~- A

C
C

1C R EA D ( 0 5 , i l )  S T R O W , S T C O L , S T I r , E A T
11 FORMA T (101 5 )

C A L L  PA T C H ( S I Z ~~
)

C O N T IN U E
CO TO 1

C
C CtJ’~ F
C
C CU B E — R E C T A N G U L A R  S H A P E  DE A P P I P A Y  C T h S T 4 N I  F I r V A T I O N

C L E N  — L E N G T H  I N  x D T P E C T T O N  ( A ( ~’~~~~c )
C W ID — W I D T H  I N Y  D I R E C T I O N  (V E I ? T I C A L )
C )~C’T — H EIGHT C C N S I A N T  F L E V A T I O ? ~ T ’  ~- E  P~~S I ( - ~. F D  r A C U  E FL L
C
C

20 REA D (O 5 , 11) ST R CW ,S T COL ,A NC - ,LE N ,W IO,UG T ,CAT
CALL CUI3E( LEN , WI  D,HGT
(ONT INUE
GO T O  1

C
C W E D G E
C
C W E D G E  — O H JECT W I T H  SLCPI~ ? C F R O N T  r A t E ,  ‘~ F L A T ~ ç - p

C OF CONSTANT E L E V A T I O N  AN I ) A P P I T R A R Y  W I D T H  A N D A SLO F I~’C r~~v
C FA C E
C
C LE~ 

— LENGTH OF W E D G E  I~ X D 1 P r ( T ~~C~ . ( A C R O S S )
C SLOPE — SLOPE OF F R O N T  F A C E

-

- 

- 

C HGT — M A X I M U M  F L E V A T  ION OF ~F D G F
C TOP — W I D T H  OF F L A T  TOP
C E S L O F E — SLOP E HF B A C K  F~~C F
C

-

~ 
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C
3C READ (GS ,11 ) STROW ,STCOL,A NG ,LEN. SLCF E ,HGT, TOP , BSLOPE , C A T

CALL WE DGE (LEN ,SLOPF .HGT ,TOP ,BSLO PF )
tON I INUE
C-C TO 1

C
C P Y R A M I D
C
C P R Y A M I D  — REGULAR FOUR SIDED P Y R A M I D
C
C LE N — SIZE OF BASE OF P Y R A M I D  (WILL H A V E  SO (JA R r PA S F )
C HG T — HEIGHT OF P Y P A r I D
C
C

4C READ (05,11 ) STROW,STC O L ,AN G, LE~~,HC ,T,CAT
CALL PRYAM ID (LFN .HGT )
CONT INLI E
GO TO 1 - - —

C
C HE M ISPHERE
C
C HE M iSPHERE — HEMISPHERE WITH C E N T E R  41 (STROW ,STCOL )
C
C P A D — RA DIUS
C
C

SC REAO (05 ,11 )STR QW, STCO L ,RAD ,CAT
C ALL HEMI SP (RAD )
CO N T I NUE
GO TO 1

C
C CYLINDER
C
C CYLINDER — CYLINDE R LYING ON ITS SI D E
C
C PA D — RADIUS OF CYLINDER
C LEN — LENGTH OF C Y LINDE R (IN X D I R E C T I C N )
C
C

6C READ (C S ,11 ) ST ROW ,STCOL ,RA D ,LE N ,CAT
CALL CYL (RAD .LEN )
CO N T I N U E
GO TO 1

C
C TOWE R
C
C T C W F R — C YLIND ER ST A N DING ON END —

C
C RAD — RADIUS OF CYLINDER
C Md- I — HEI GHT OF CYLINDE R
C
C

- -  —-—-~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --~~~~~~~~~~~~-~~~~ - -- -
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C
/ ( 1  ~ F A D ( ( J 5, 1 1 )  S T R C W ,S T C O L , RA P , U G T , ( A I

CA LL TOWE R (RA D ,H GI )
CONT INUE
C- tj TC 1

C
C C H E C K E R ’ ~C A R D
C
C C H F C K r . R H OAR D — s ? O W  A N D  CO 1U’- ’N O f  E A I t f 4 f~ P F r - P F S U N -r T N G  T H E
C V A R I O U S  C A T E G O P I ~~S (F~~R 

(fr M~~A P I S C N  OF PrI ~~ T I V f
C G R F Y T C N E S  FOR THE C A T 1 G U R I E S ~
C
C
C

F~C REAI)(C S .11) ST RCW .S TCOL
C A L L C H K R R D
CO N T INUE
G O T C  1

C
C

-
‘ C OUTP L T COMPLET ED S T R I P  OF D A T A  P A S E  T O T A P E

C IN B I N A R Y  U N F O R M A T T E D  FORM
C

S IC CO 6C0 1=1,50
W R I T E C O 1 ) (MA T PIX(J ,I ),J=1 ,1C IO )

6CC CONTINUE
C
C R E S E T  ALL M A T R I X  CELLS TO (1 H I F O R F  ~~EG I N N I N C  N E X T

• C S T R IP OF D A T A  EASE
C

DO ~ 1C 1=1,50
DO 610 J 1,1QCO

610 M A T H  IX (J ,I) = C)
(‘0 TO 1

9CC STOP
EN D

C S U B R O U T INE P A T C H ( S I ? E )
— S U B R O U T I N E  F ’ A T C H ( S I Z E )

C
IMPLICIT IN TEGER (A—W )
CCMM ON BUF (20), ARPAY( 5OC ,?O ),C FLS IZ .S 1CO L,~~TR /~W ,CA T ,A~~

C
C
C SIZE D IMENSION C O N V E R T E D  TO NU MP ER OF M A T R I X  C E LLS
C

SIZE = S I Z E / C E L S I Z
C

CO 1CC I I: 1, SI Z E
1 1 1 — 1
CO 100 JJ~~1 .S1ZE
j  = j J — 1  I -C

-
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C A F F R C P R I A T E  CELL S A P E A S S I G N E D  T H E  D E S I G N A T E D  C A T E G O R Y
C

100 AR KAY(ST CO L 4 I ,S TROW +J ) CAT
RETURN
END

C SUBRC U TIN E C UF3E (LEN ,WIO, HGT )
S U B R C U T I N E  C L J B E ( L E N , W I D , H G T )

C
IMPLICIT INTEGER (A—W) •

C O M M O N  B U F(2 0 ) .  A R R A Y ( 5 r ) O , 7 0 ) , C E L S  I Z , S T C D L  , S T R O W , C A T , A N G
D A T A  LC,BC sL R,OR/500,O, SOO,C /

C
C

C
HALFCEL = CE LS I? /2

C
C ANGLE OF ROTATION OF BASE OF CU R E
C

lA NG = FLOAT (AN G )/5 7 .295
C SINE CF A NGLE CF R O T A T I O N

ZSIN = SIN (ZANG )
C COSINE OF ANGLE OF ROTATION

ZC OS = COS (ZANG )
C
C
C
C THESE DC LOOPS C A L C U L A T E  THE CELLS THAT WOU LD RF INC LUDED
C IN THE CURE IF THERE WERE NO R O T A T I O N
C IF THE OBJECT IS TO BE ROTATED (ANG 1 C)
C A R O T A T I ON OF AXES IS E F F E C T E D  BY T HE T R A N S F O R M A T I O N
C XNEW = X a COS (AN G ) — Y * S II~J (A N G)
C ‘~NE ’* X * S I N ( At r G )  + Y * COS (AN G )
C
C T HEN THE CELLS R E P R E S E N T E D  BY X N E W AND YNEW A P~ A SSIGN E D
C THE APPROPRIATE VALUES
C NOTE IF ANG = C NO CHANGE IS MADE
C
C IHI S SA M E TECHNI Q UE IS USED FOR R C T A T I C N  OF ~LL OB JECTS
C

CO 100 I V :  H A L F C E L , W I D , C E L S I 7
‘V IY
Y SIN = Z S I N  * V
YC O S ‘ ZCOS * ‘V
DO 100 l X z  HALF CE L,L E N, CE LS I 7
x = Ix
C O L Z Z C O S  * X — Y SI N
~O h * Z S I N  * X + Y COS
COL COL/CELS IZ + S IC C ) L
ROW ROW /C ELS IZ + STROW

C IRs IC — LEAST ROW AND L E A S T  COLUMN INCLUDED IN THIS OB JECT

_ _ _ _ _ _ _  _ _  - - ---—- -
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C E R ,  C - C  — 3 I G G E S T  P0k - A N D  C O L U - ~1N I~~. C , t J H F D
C TH ESE P A R A M F T F R S  R E Q t J I P C D  F OP THE SU~~POL I T I N F  F I L L I N
C

I F (C C L  .LT . LE ) LC = COL
IF ( C C L  . G T . HO BC (01
IF (EOW .11 . LR ) L R =
I F ( ROu .GT . BR ) ER P O W

t C
C DEBUG W R I T E  S T A T E M E N T
C

G C  T O co
I - 1 +2
EUF (I ) COL -

BU F (I +1 )= ROW
IF (I .LT . 15) CC 10 90
W R I TE (6,60) (PUF(M ), M 1,1~~)

60 FORMAT (8 (5X ,?IS ))
1 — 1

9C F L D ( 1 8 , 1 2 , A R R A Y ( C O L , R O W ) )  F L I ) ( ? 4 , 1 ? , H G T )
C
C P R C P E R  EL E V A T I C N  A N D  C A T E G O R Y  IS A S S I G N E D  T O E A C H  OF THFS~
C CELLS
C
1CC FLC (3C, 6,ARRAY (COL .ROW )) = FLD (3 fl ,~~,CAT)

C W R I T E (6,60) (BUF(M), M=1,16 )
CO 10 1:1,16

1C EUF (I) 0
CATE G = CAT

C
C
C S I N C E  R C T A T I O N  W A S  DCN F ON D I S C P E T F  P O I N T S  IT IS PO S S1 C~LF
C TH AT T H E R E  ARE SOME HOLES (CELLS IN T O W H I C H  NO r~O T A T E D -

‘ 

—

• C PO INT WA S  P LACED ) TN THIS O B J E C T  - 
-
~

C
C S U E R C U T I N E  F I L L I N  C H E C K S  O B J E C T S  F O R  SL C H ‘HOLE S’
C A N D  F I L L S  THEM IN W I T H  THE A P P P O P R IA I F  E L E V A T I O N  A N D
C C A T E G O R Y
C

CALL F ILLI N (LC ,RC ,LR ,BR ,CA TE G )
C O N T  IN U E

- 
R E T U R N
END

C SUF3R C I JT IN E WED GE (L FN, SLC PI ,H ( T,To” ,FSLC FE )

~UB PC UTINE WEDGE (LEN , SLOPF, HC .T,TOP,ESLOPE)
C

I M P L I C I T  I N T E G E R  ( A — W )
CO MM ON BUF (?O ), A RRAY (50 0 ,?fl),(r LS T Z ,S TC O L , 5 TPOW ,CAT , A~’r,
DAT A LC ,BC .LR ,BR/SCO,O ,500,fl/

C
WRITE (6.65) STCCL,S TR OW

65 F O R M A T /,3Cx, ’W E D G F ’ ,Sx,?Tó ,//)

. 1

——



- _-~:_ - _ - _~L - - - - --

C •

FT =—2
HA L F C E L  C E L S I ? / 2

C
C A NI LE OF ROTATION — S E E  C L I 1

~F F O P  D E T A I L S  OF R O T A T I O N
C

lA N G = FLOAT(A NG )/S? .2Q 5
ZSI’\ SIN (ZANG ) - 

-= C C S ( Z A N C ,)
C

ZZTCP = FLCAT (SLO PF )/57 .?95
C
C T A N G E N T  CF SCP FOR FRON FA C ’  OF W E D G F

ZIAN : SIN (ZZTOP )/COS (IZTOP )
CN T C

C
C E L E V A T I O N  I N I T I A L I Z E D  TO ZERO

ELEV =0
C
C WIDTH CF TOP IN NUMBER OF CELLS

• TOP = TOP/CELSI ?
INC R =0
IY HA L F C E L — C E L S I 7

1CC ELEV E LE V + IN C R
IF (ELEV .LT.O) CC TO 2 0~
I Y = IY+ C E LSI Z
‘V IV
YSIN = ZSIN * ‘V
Y C O S  = Z C O S  * V

C
CO li c Ix = HALFC E L ,LEN ,CE LS I Z
X = IX

• COL = ZCOS * X — YSIN
ROW = ZS IN * )( + Y C O S
CCL = C O L / C E L S I Z  + STCOL
POW = RO W /C ELS I Z + STROW

C
C P A R A M E T E R S  FOR F I L L I N  AS D E S C R I B E D  IN CURE
C

I F (COL .LT . LC ) LC = COL
I F (COL .GT. SC) PC = COL
I F C R O W  .LT . IR) LR ROW
IF (ROW .GT. BR ) PR = ROW
GO TO 90
PT PT+3

C
C DEBUG PRINT STATE ME NT
C

EUF (PT) C01
euF (PT.1)*ROw
EUF (PT+2 )*FLEV
IF (PT .LT . 13) GO TO 9~

I

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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WR ITE (6,6O ) (PUF(M), M:1,15 )
61 FORr ’A T( 5(5x ,215 ,?x ,15 ))

F T  — ?
c c FLD (18 , 1?,A R RAY (CO L.ROW )) FL C (?4,17 ,F L F V )

FLD(3 0,6,AR RA Y(COL ,POW ) ) = F L D (  ‘C ,~’- , C A T )
111 C O N T I N U E

• C
C
C CHECK FOR R E A C h I N G  ICR OF WFI )1 -~
C

I F (E LFV .GE. H U T )  10 IC ) 150
C
C H A V E  NOT R E A C H E D  TOP SO I N C R E M E N T  Ft E V A T  ION rop N E X T  w
C P RO CEED TO NEXT ROW
C
C

INC H = h A N  • F L C A T (C E L  SI ? )
GO TO 100

C
150 CN I = CN I +1

C HAS FLAT TOP OF WE D G E OEEN CO~-’PLE T~~D’
C

IF (CNT .GT . TCP ) GO TO 160
C
C NO , SO NO CHANGE IN E L E V A T I O N  FOR N E XT POW
C

I NCR 0
GO IC 100

16C I E C E S L O P E  .GE.9C ) GO TO ?CC
13 FIOAT (I3SLO PE) /S7 .?95

U C
C BEGI N DESCENDING ALONG BACK F A C E  OF W E D G E
C M O D I F Y  SLOPE FACTOR
C NOTE IT IS N EGA TI V E SO THAT E L E V A T I O N  WI LL BE
C DE C R EM F N T E D
C

?TA N — SIN (Z3 )/COS (13 )
INCR = ZTAN * C F L S I Z
GO TO 1CC

2 CC C O N T I N U E
C2CC WRITE (6,60) (BUF (M),M 1,15 )

CO 11 1 1,1S
11 EUF( I ) 0

CATEG : CAT
CALL F I L L I N  (LC,AC,L P,BQ ,C A T E C - )
CONTINUE
RETURN
END

-
- C SU BRO UTINE PR Y A M 1 D ( L E N , H G I )

SUBR CU IINE PR YA PID (LFN ,HG T)
C

IMP LICIT IN TEG E R (A—W )

- -. -—--—— -- -- —- --- ~ - -~~~- ~~
- 
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COMMON RUE (20), A R PAY (5 (fl ,?fl ),C FLSIZ, ST(OL ,STROW ,CAT,*Nr,
DATA LC,BC .LR ,BR/500,C, 500,0/

C
C A N G LE OF R O T A T I O N  IF ANY (SEE CU9E FOR D E T A I L S )
C

h ANG = F L CA T (A N G )/ 5 7 .?9S
ZSIN = S I N ( Z A N G )
ZCOS = COS (ZANG )

C
HALFCE L = C E L S I Z / 2

C
C HA L F  THE LENGTH OF T I E  F I N I S HED P R Y A M I C
C

H FLEN = LEN /2 + HA L F C E L
C
C T A N G E N T  OF SLOP OF P R Y A M I D  F A C E
C

ZTAN = FLOA T (HG T )/FLOA T (H FLEN )
C
C
C DO LCOP FOR ROWS OF PRY A MID
C BECAUSE CF SYMMETRY FOR EACH POINT BELC W THE C~~N T ER L IN F
C T H E R E  IS A C O R R E S S P C N D T N G  POINT EQ U A L D I S T A N C E  A B OVE IT
C ‘V — IS Y V A L L E FOR LCWER CELL
C Y2 — C C R R E S S P O N D I N C  CELL A B O V E
C

CO 100 IY :HAL FCEL .H FLEN ,CE LS IZ
V = IY
Y S I N  = ZS IN a V
YCOS = ZCOS * Y
Y2 = LEN — IY
Y2 S IN = ZSIN * Y2
Y 2 C C S  = ZC CS * Y2

C
C
C X VALUE FROM LEFT TO RIGHT
C

DO 150 IX  = HALF C EL ,L EN ,C ELS I Z
X = IX
COL ZCOS * X — YSI N
ROW = ZSIN * X + YCO S
COL C CL/CELS!Z +ST COL
Pow = R OW/ C E L SI Z + STRO W

C
COL2 = ZCOS * X — Y2SIN
P 0 W 2  = ZSIN a X + Y2COS
C OL2 = COL2 /CEIS I Z +STCOL
POW? : R0b 2/CELS I Z + S T Q O W

C
C P A R A M E T E R S  FOR F I L L I N
C

I F ( C C L  .LT.LC) IC=COL

- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



A D—A051 501 KANSAS twlzv ,CEN;R FOR RESEARCH INC LAWRENCE REMOTE —ETC F/S 17/9
RADAR IMAGE SIMULAT ION PROJECT. CU)
sEP 76 a C HO4 TZMAN. V H KAIPP. a L ABBOTT DAAKO2—73—C— 0106

UNCLASSIFIED Rs~—TR—23 q—1s ETL—0098 PilL

Uit~
fr’



I f (CCL ? •LT . LC ) LC~~CO L?
IF (C O L .G (. Ho EC = C fl L
I F (COL ? .GT. I’C) ~3C (OL’
IF (H OW .LT . L R) LR ROW
IF ( kC~~2 .LT . L P) LP ROW ?
I F (R O W  .GT . BR) ER Pow
I F (RO w ? .GT. B R) HP ~~ Ot~?

C
C I F X < Y THEN E L E V A T I O N  AT T H A T  C U L L  X J )J S .S LO P F fli F A C E
C (~~EP RE S E~.TS LEFT F A C E  OF P Y P A ?~I fl )

F L E V  = ZTAN X
I f ( IY .GE . I X ) GO 10 7 f

C
C IF X > Y A~~D Y< LENG TI-~—x r )Ic T I I F N  FL~~V 4 T I C~ YOf S *SIO PF
C (F R O N I F A C E )
C

ELEV = ZTA I~ * V
I F (I Y  .GE . (LEN + C E L s I Z — I x )  EL rV Z T A N * (L F N + C F L S I Z _ T X )

C
C A S S I O N  THE TWO SYNt ~E T R I C AL P O I N T S  T h r  A F P R C P P T A T F
C E L E V A T I O N  AS JLS T C A L C L L A T F O
C

7C FLD (18 ,12 ,A RPA Y (COL,ROW ))= FLO (?i.,12,FLFV )
FLD (18,12 ,ARRA Y (COL2,R0W 2 )) FtO(? 4,1 ? , E IF I I )
FLD(30,6,A RRAY(COL ,ROW) ) = FLO (3C ,~~,C AT )
FLD (3C g 6 ,A R RA Y(CCL ?,ROW fl ) FLD (~~C,~~,CAT)

15C CO NTINUE
1CC CONTINUE

C A T E G  CA T
CALL FI LLI N (LC ,RC,LR ,BR,CAT F 0)
CO N I INUE
R E T L R ~
END

C SUB ROUT INE HEMI SP(RAD)
SUB ROUT INE HEM !SP (PAO)

C
IM P L I C I T  IN T E G E R  (A —W )
CO 1~MO N BUF (20), ARRA Y (SCC .? (1),C FL SI Z ,STCOL ,c T R O W , C A T S A N C ,
F A L F C E L  C F L S I Z / ?
P RA D  PA D

C
C P6D~~~5 I N  N U~’BER OF £~A T R I X  C E L L S
C

N C E L L  = F L C A T ( PR A D ) / F L O A I ( C E L S I ? )  4_ 5
/kA0 2 RA D **?

C
C CE N T E R  PO INT
C

A R R A Y (STCO L ,STRCW ) RA t )
C
C L T I L I Z E  SYI~?E TRY CF ~ E~~I S P H F R E
C C A L C L L A T E  THE E L E V A T I O N  FOR E A C H  C E L L  IN ON~ O ’jAD PA P~~



C ftN~ T H E  S A M E  ~ PLU E C A ~J ‘~F~ A c S I 1 P~FD I C) T I ~E C Q R P ~~S—
C S PCN D ING C E L L S  IN T~~E O T H ER T P r I  Q U A D R A N T S
C

tO  1CC 1 1, (NCE L L+1 )
(I—I ) • C FL S !l

ZR? ROW *i2
t~CO( . S Q R T (Z R A D 2 — I P ? )  / F L O A T ( C F I S J Z ) + 1 .

C
C

CO 100 C1~~1,NCO1
C O L = C L —  1
Z~ :y p ?~~( CO1 * C E L S j ? ) . * ?  •

C
C C A L C I L A T E  E L E V A T I O ?~ A T C E LL ~JS I~~G P!(~~ T T R J 4 N C . I F S
C

EL EV SQ RT (ZRAD? — ZHTP? )
C
C A L O O R I T H t ~ TO P L A C E  V A L U E  IN C O R P E S S P O N C ) I N G  C E L L S
C CF A L L  F O U R  Q U A D R A N T S
C

S — 1
7 0 S2~ — 1
71 C S~~C O L  + S T C O L

S2* (I—1 ) + STR OW
FL D(1~~,12 ,ARRA Y(C,R)) FLD (?4, 1 ?,EIEV )
F L D ( 3 0 , 6 , A R R A Y ( C , R ) )  ~LD (’fl,1,CA T)
IF (S .EO. 1) GO TO RO
S ~1
CO TO 7?

~C I F ( S 2  .EG.  S)  GO TO 100
I = S2
S2 S
5 = 1
CO T O  71

110 C O N T I N U E
~E 1L R t~
END

C SUBROUTINE C YL (RAD,LFN )
SUBROUTINE CY I (RAD ,LFN )
I M P L I C I T  I N T E G E R  (A—W )
COrb~MON BUF (2O), A R R A Y (SCO, 70 ),CFLSIZ,STCOL ,ST PC )W ,CAT, ‘~W G

C
C

I A L F C E L  = CEL S IZ /2
ZRA D2 RA D * *2

~.COL : L .EN /CE IS IZ
RA D IC E L S Il

C
C

CO 100 I1: 1 ,(NRO~~+ 1)
I: 1 1 — 1

~OW = I * C E L S I Z

- —~- - —~~~~~~~~~~~~~~~~~~~~
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L C F  A P P R U  P R  I A T L F ‘J A I I P 1 ( 7 r~ ~ V F
( A N~ F L L ) ~ T ’ I V C f - N v  R L 1~ .i
C

FL U (1 ~~~
, 1 ? , At R A Y  ( S I C 01 + J i ~ 1~~ O W  4 ) ) F ( ) 4, 1 ? , 11. F v

~ L ~ ~ 1 S , 1 ? , A R P A  V ( 5 T r 
~ ~ 

$ J i , c r ~
‘ 

~ — i ) ) I~ ~ ( 
~~~ , 

I ) r L ~ V )

~L L ’ ( 3 C , 6 , A P P A y ( I~T C 0 L + J j , ’, 1 r . ’~ . —~~ ) )  F I ’ ~ C~~
( ,l,C A T )

fL D ( ~C. ‘
s ,A R R A Y ( S T ( f l I  ~~~~~~ I ‘~~~~~~~- +  ) ) Ft ) (  Y’ ,~~, C A  F )

if C (~,\ I IN U E
R

~ 

u R N

C ~L~~~ C L ~ II’~E I~ )~~r p ( ~~ A U ,~ [ ~. 
)

~~~-~‘ C L T I ~~ E T O W F ~~ ( R A P, 1 L ; V
I
~~

t - L I C 1 T  I~ . T E G ~~P ( A — W )
(6~~~ ON H U F ( ? C )  A R R A Y ( ’ f l , ?~~), C t ~~~c t / , S T ( O ( ,s T f 4 , ( A T ,A~J(

C
C T~i E  S A ? ~ E A L G C R  I I H~~ A S  LSF I)  H E ~ ’ 1Si’~-4 1I~F r x ç ~~pi
C I t 1 A 1  T~~ E ELi~iA I I O~ 1 ~‘. F E I ’  ~:0I  ~ u ( A L C I I  A T ~~ t~ — I T  ~~
C ( O \ S T A I . .T V A L U E
C

~- A L F C E L  C F L S I Z I 2
~.C~~L L  = F I C A T  ( R A D ) f F 1 . c ’ ’ t ( r r L c T 7  • • c
ZR A D 2  R A D * * 2
AR ~~A Y (s T C O L , 5 T P O (~) Ft rV

Co U L  1 1, (~~C E L L + 1 )

(I — i )  a C E I S I ?
1 k2 R O W A * 2

S Q R T (Z R A r ? — f l ? )  / F L O A T ( ( F t c I l ) ÷ 1 .
C
C

CU 1 (C CL 1, ’J IOL
(OL C L — i

S — 1

‘C S ?  — i
/ 1  C S * C O L  + S T C ~ ’L

S2~ ( I — i )  + S TR OW
F L [‘(1 ~ • 1 ? , A R R A Y  (C, F~ ) ) F L ( 2’., 1 • I V
FL U ( 30,6 .  A PP A Y ( C, p ) ) r~ ( ~ , ‘ , ç f l  I
IF (S .EQ . 1) C ,C T O  ~ C
S :1
N) T O  71

‘C !F c2 . EQ . 5 )  ~r r o  i n - .
I S2

= S
s~~ I

- ~~~~~~
_ ._
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CO T O  71
1(1 C O N T I N U E

RE T U R N
END

C SU U R OU T INE C H K R P D
SUb RO UTINE C HKPB C
I N P L I C I T  IP~T~~GFP (A—W )
COMMON BUF (20),A R RA Y( SPn,7r ),C EL SI Z,STCCL, STROW
Co iCC 1 1,20,6
CAT E G  = 114+1
CO 100 J 1,4
CO 1CO K 1,4
R O W  :J + S T R O W
C O L  = I + K + S T C O L
R O W ?  = I + K + S T R O W
C O L 2  = J + S T C O L
A R R A Y ( C CL, R O W )  = C A  T E l ,

1CC A R R A Y (COL2 ,ROW ? )=CAT EG
RE T U R N
E N D

C S U B R C U T I N E  F I L L  IN( LC ,BC, LP ,AR ,CA IFG )
S U B R C I T I N E  F ILL I~~(L C , F C , L R , R R , C A T F G )

C
C THIS SUBROUTINE CHEC KS R O T A T E D  S U R F A C E S  FOR ‘HO LF S
C AN D F I L L S  THE M IN WITH  A P P R O P R I A T E  F L F V A T I (~SJ A~ ’D
C C A T E C O R Y  IF IT F I N D S  A N Y
C

I M P L I C I T  I N T E G F R (A— W )
CO MM O N euF (?O ),AR RAY(c0P, 71)
CATA HUN /O100/

C
C
C
C B E G I N  AT LEAST ROW A N D COLU M N AND PR O C F F D  TO B IGGE ST
C RCW A ND COLUMN TO C H E C K  FOR HOLES
C
C

DO 1CO I~~LR,BR
CO 1C C J L C , B C

C
C IF T~- E C E L L  IS N O N Z F P O  I T  H A S  B F E N  A S S I G N F D  A V A L ( I E
C AN D  IS CK . P R C C E E D
C

IF (ARRAY (J+ 1, I ) .NE . 0) GO TO 100
C
C T H I S  C E L L  I S  Z E R O .  I F  R O T H  OF I T S  N F 1 C ’H~~0 R S  ( T O  L E F T  A N D
C R I G H T )  A R E  NON Z E R O ,  THEN WE H A V F  FC I IN D  A HOLE
C C T ) ~E R W I S E  T H I S  C E L L  IS NOT F ’ A R T  CF T H E  C P J F C T
C AN D C A N  BE I G N O R E D
C

I F ( A R R A Y ( J . I )  • F Q .C .O R . A R R A Y ( j + ’ ,I) . F) . ~
) r,() TO 100

C

— — -~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ .— — — —— - ~~~~~~~~~~~~~ -“ — - — —~~—~~~~~-- —
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C
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CRINC LABORATORIES

Chemical Engineering Low Temperature Laboratory

Remote Sensing Laborator y

Flight Research Laboratory

Chemical Engineering Heat Transfe r Labora tory

Nuclear Engineering Laborator y

-) Environmental Health Engineering Laborator y

Information Processing Laborator y

Water Resources Institute

Technica l Transfer Laboratory

Air Pollution Laboratory

Satellite App lications Laborator y
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