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:~TR~lDucT I~N

Vndo r co r i t r ~tCt  to the Army ’ s Night Vis i on and Electro -Optics Laboratory ,

~~~~ t 1 ?l qhO Ust has boon i nvo ., t i qa t iny the des ign , test , and implementation of

a set of al qc r i thin s to pt rform intel ] igont tracki rig and intelligent target

hominq on F L R  and TV imagery . Research has been ini tiated for the deve l op-

ment ot an int elligent target tracking and homing .sy~tem which will combine

target cuc ing , target sig nature predict ion , and target tracking techniques

for near  :ero break lock performance. T he intel l igent tracker w i l l  monitor the

entire fieli of view , detect and c lass i f y targets , perform mult iple target

tracking and predict changes in target signature prior to the target’s entry

into an obscuration . The intell igent tracking and homing system wi ll also

perform target prior itization and critical aimpoint selection . Through the

use of VLSI/VHS I technique s, the intelligent tracker (with inherent target

cuer) can be applied to the fully autonomous munition .

flurinq t he secon d quar ter , severa l meetings and a number of phone

conversa tions took place between Westinghouse personnel and John Dehne ,

Peter Rainiondi , and Capt. Ben Reischer of NV & LOL . The intelligent tracker

was defined in terms of its functions and a systems analysis of those functions

led to a set of constraints . Analysis of the intelligent tracker embedded

in AAH , RPV , and PGM scenarios provided additional system requirements and

I . goals. The base line frame to frame tracker was described and a number of

varia tions examined. The strategy is to start with a simple tracker and work

toward more sophisticated designs as requ i red to handle the NV & EOL data

base scenarios . An effort was devoted to restructure the Smart Sensor pre-

processing algorithms to sharpen their ability to segment small targets

1L.
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~4 1 ine~ hlq h) 171  neavy c lu t te r . 1~~k s i tuationi is an outgrowth of the RPV

\cen jrlo ana l~~s i s . ~a rqet signatur e prediction was analyzed in terms of

two exa rnple\ from the NV S LOL data base. Also included is a description of

th e ~V ~ EUL ~ dat~i base.

• ~e~.ti !~qhouse personnel part icipat ing in this effort include Thoma s Wfllett , 
—

• Program Manager; ~)r • John Rom~nisk i, ~ohni Sh ipley . Leo Kossa , Tony Can igi l iosa ,

- Robert BiJIieV and R1 L~~Ori Kroupa . Program Review and consultation is provided

by ~1rs . Glenn Tis d aie and A :r i1’l ~ose nfe ld.
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1.3 S . s ~~ - i

~~~~~~ ~~.r~- o - ~ ~ ~‘ ;15 t ’~:t ion  15 to ieuine t T Io  iri t~ l l iqent tracker

• in “- - O~ i ~5 ~~~~t i o n~~, t o  des~ r 1 t o  tn~ range of po s s i b l e  sy s tem co nc e r t s .

t : d~ I ’ ~ . t ’ ~~-~. - ~ n~~” 1OS i f l  w o i ~~’ t h~ lnt t l l i ( u r ,t tracker will play a part, to

-~~s c ’  l~ ~ t n t  ?~~~fl~~ t O~ ~t~~~~n d :r ~~ t r’is in :~ v 1opinq ea c~i of the functions .

~~J tO ~‘~~o ~~~~~~~~~~~~ t~ -~~L, 1 ’ ~~~~~~! t  • ~t nd 1o~~1s fror ’ an ana~vs i s  of the sc enarios.

~~~ ~Jj -I t r I L  ~ - •~ F ~~
‘ t i  on~~l ~)t f in  ~t

:n t~~L r - , t ~-~art~ r 1v r~ ;Iort . tho conc e pt of the ‘i r ite ]  1 i gent t racker

was ~ I •ii ~ 1 t~- t ’ ~~- des i m i  pe rform a nce I r~- rovemen t over convent ional

~ r-~ • a k- t ~ I ~ t 1o’~ I .~i an .i I ~ S 1 s , n owe ver , i t ray be more useful to

i no it in ~~4 i t  - . t unct Ic Tn~ fun c t ions are :

• I) ~c~ ,~~S i t i u ! i  and ne idof f  to tra ck e r-  locate , detect , c lass i f y .

m i  : i rj O n lt i : e  tar~ e t s  au tomat ica l l y  and hand off to a tracker

The in te l l i c i ont  t racker concept is assumed to include

: o t n  ~1c i u~s 1t ion  and t rack in g) ;

~) nand le inul t ip l t ’ tar gets— track a number of targets in a

sco ne s i r u l  t i ne o us l v ;

3) t a roe t  s ionature  predict ion ’ - predict or ant ic ipate target

occ lus i o ns and how the targe t signature wi ll chanae as a

result of the obscurat ion ;

4) reacquis i t ion - reacquire a target as a result of track break

lock or if it leaves the f ield of view ;

5) a im point select ion - determine the crit ical aimpoint of ~ target.

which may be en interior point wi thin its outline.

I
[
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_ _ _ _ _ _ _ _ _ _ _ _ _

1.2 Possi ble Sy_stern Concepts

The ~v s t en~’ concepts which are ava i lab le  to imp lement the above funct i on s

v’ange ~ron a h ighl y soph isti catei tracker to a hiqh-spe ed cuer. Between these

extr en’es is a cuer -tracker combinatio n . The tradeoffs associated with each

concept  w i ll tr t~ arin ed und er this contract. The highl y sophisticated tracker

is ~ssure i to ope ra t e  at frame or f~e1d cates , but to lack the capability for

autoriatic acquisition and ‘ultiple target track . At the other end of the

spectru m , the stand alone cuer will have automatic acquisition capability , H

but it might not possess adequate tracking speed or the ability to handle high

fra c rates. The combination of distinct cuer and tracker logic in an integrated

‘ ir t ell i een t tracker system mdv offer desired performance with a minimum of

hardware co m p lex i ty  and require d speed. However , the design problems may be

more compl ex .

1.3 Application in AAH , RPV . or PGM Scenarios

Three application areas will be considered later in this section to

provide intelli gent tracker system goals or requirements. T hese are the

AAH . RPV . and PGM ve hi cles . The AAH scenario consists of a helicopter in a - 
-

pop-up mode firing a group of missiles at a cluster of targets whose position

is known well enough to get the helicopter within viewing range but not well

enou gh to provide a fire control solution . The RPV scenario consists of an RPV

acqu ir inq a target at detection range , closin g on the target to classification

[ range , an d then returning to detection range to track it. The PGM scenario

inclu des a smart artillery shell which is fired at a target from a ground

I - range on the order of 10 km or greater .

Li 
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1. - . A ~l ,- i  o’ 1 el ]i~~~’ ~ni cke r Furic ’ ions

I ’~e f e - c t  i~ i -~s j L n 1 H - j  i n  ~- m rj . 1 . 1 w i l l  now be discussed in terms of

‘ - ic  ~l pr o 1 - , t - o c i it r d  -~i th the i r  development and ir; terms of the

s / s  t o ’ -  ~o ml s  m d  rt ii r~~x n t  . wh i h can ~-n obta ined by considering the three

m t o v  s o ’  r~ os .  •~ ~u e r - t r m  ~er com binat ion  is assu med.

• ~~~. A - -~a i~Si t •
j ‘ i ’ d  ca r Joff

~“i s f~ ’ ct i- ’ - i nc  I -~ I s  tour  ‘ u i - f u n c t i o n s :  de tec t i o n , c lass i f i ca t ion ,

t a r p  pr ior i  t i .‘ m t ioni , t~~~ t m r q t han d-off to t he se ] f -contai  ned tracker. These

- ‘n be di~~, - ,t ’d in or 1, r .

-t - ‘. . I t1e t~ - t 1 0 1  -

O t e f l iU;~ t 1Oi of t~~t reo nred de t e c t i on  rate wi l l  involve an analys is

0. 
~~ ‘ ‘ve ra ] ]  n , s t~~ in w n i c h  t he  in te l l igent  tracker is embedded. For purposes

o~ Ill t r a t i o ’ - , p~i;.. v n ’ , let us assume a minimum bound on the probabi lity

o~ ~, t - . t ion - f  ‘
~ 0. 1~ f~• A su rvn -/ by ~V & E0 L ind icates that the present sing le

n’e d e tec t i o n  :lerf~ rsance is 1~~~ the order of 0 .90. By combining the results

o~ s e v e r al frames . now eve r , this s ingl e frame performance can be improved. This

im p roveme nt ~i 11 fl~~~ be ons idered.

we Iss Lnne a r p t  detec ti clns a rt independent from frame to frame ,

t e n  the ) r IsPihi l i t .- of d~ t - c t i o n  on \ frames out of n frames fo l lows th~
cu ”u l a t i v e  hinom- i~~l d i s t r i t i t i o n .

n x n-xP( \ )  = - (x )  o (1 —p )

wnt re p is tho Pr( ab ilit y of detection on a single frame . Figure 1.0— 1

snows the c ’;ul at ivo de tect ion probability against the number of detections

for a g iven number of looks , with a single look probabi lity of detection

1-3
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0 * ~‘.90. ~e are usi r’~ m ul t i p i t -  looks to dr ive the overal l  probabil ity of

d r t e c t i on to - 0.995. Figure 1.0- 1 shows that at least four looks at the

tar~~t are required to exceed a overa ll detect ion probabil i ty of 0.995.

~umber of Looks P~~n. Number Curim. Prob. of
-__

(Framesj of Petect io r . Detect ion

2
3
4 3 .995

4 .998

4 .999
7 .997
8 4 .995
ci 1 

. 999

.998

Figure 1.0-1. Cu mu lat iv e Prob. of Detection vs. ~umber
of Detec ~ iors ~.°J for Single Look)

.~~.1.2 Class i f ica t ion

With reciard to c lass i f i ca t ion , we make severa l simplif y ing a ssumptions ,

namel y tnat the c lass i f icat ions are independent frame to frame and the probability

of a correct c lass i f icat ion is .65 . This latter assumpt ion means that the

probabi lity of classifyino an APC as an APC is .65 ; the probability of classifyina

the A PC as anything (e.g.  jeep ) else is .35 on a single frame . The problem with

putting the c lass i f i ca t ion  problem in these terms is that no particular

c lass i f icat ion may dominate after (e.g. 6 frames ) and hence other decision

procedure s are required. This approach does point out that a large number of

frames is require d and the probability of classification of .65 should be

raised to ? .85 or so before multiple looks (classifications ) are useful . Figure

1.0- 2 shows the cumulative binomial probability distri bution for a single frame

probability of classification of 0.65. Figure 1.0—2 indicates that the minimum

number of looks at the target under the assumptions described above is six.

L
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - 
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The reason that the assumed system probabi l i t ies of detection and class ification

are selected so high is that the overall probability of effectiveness of the

system in which the intelligent tracker is embedded will be a product of many

probabi l i t ies;  e.g. probability of impact , probability of kill , etc. Multi -

plication of a number of probabil it ies ensures that the final product will be

less than the l owest component.

M m .  ~o. of
~umber Correct Cum. Prob . of

of Looks C lassif icat ions Class ification

2 — < .995
3 - < .99 5
4 - < .995
5 - < .995
6 6 .995
7 7 .998
8 7 .996
9 8 .998

10 8 .99 5

Figure 1 .0? .  Cumulative Probability of Classif icat ion P
vs. :1umber of C lassification

(Probability of Correct Classification
on a Single Look in 0.65)

1.4.1.3 Target Priorit iza~ ion

Target priorit ization follows the classification (tank , truck , APC ,

etc.) by directing attention to that target considered most important. The

order of importance is probabl y determined prior to the mission . The intelligent

tracker will classify tarnets and order them in accordance wi th an a priori

hierarchy. List processing is required to reorder the classified targets

1-5
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ac0orjin q to •.ou~’ priori t~ . the (- oo rdj na~ ~s .m n. l re feroni e image of the highest

pr io ri tv ta roe t are inthIt~ a v a i l  at i 1 e to the t. r~ck e ’ r.

4 .1 .4 Handoff to the Internal Tracker
3 .

The technical problem here is a result of target motion between the

time the cut’r finishes a frame and the tracker Is given the target position.

How do we position the tracker on a target whose position Is no longer known

• and to what degree is It unknown? To address these questions , we will Invoke

several assumption s . As s ume the target (3 meters by 3 meters in size) is

travelinq at 40 miles per hour (approximately 20 meters per second). A~sume

also a sensor resolution of 0.33 meters per pixe l , and a frame rate of 30 frame s

per second. Then a vehicle traveling 40 mI les an hour and perpendicular to the

lin e of sight (cross-track) moves 2 pIxels per frame. Figure 1.0- 3 shows

— 
the track window 5l~~t’ necessary to encompass the target at various cuer frame

rates . ~ssurnlnq the direction of motion of the target Is unknown and equall y

- 
- l ikely In all direct 1on~ .

Distance Moved Plus 1/2
Fr~mne s / S~e .  Tarlet Lenath 

- - - 
Track Window

2 29 58 x 58
3 25 50 x 50
4 21 42 x 42

17 34 x 34

lb 30 x 30
7 13.6 27 x 27

12 .5 2 5 x 2 5

° 11.66 24 x 24
10 11 22 x 22
lb 9 18 x 18

7 14 x 14

Figure 1.0-3. Frame Rate vs. Track W i ndow Size

1— h
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4.
Al l  of the track window s izes shown by Figure 1.0 -3 are outside the range of

• desirabilit y . As we have seen in the simul ation runs on the ~V&E0L data base ,

the in i t ia l  track wi ndow shou ld be as small as possible from the standpoint

of locking up on a false a larm , or on an other target wi thin close prox im i ty

to the f irs t erie . snecial algorith ms are used for an in i t ial  track window of

32 x 32 p ix els whi ch takes added time and impinges on the multiple target

t rack ing problem di~ cuss~d later in this sect ion.  Hence, for accurate handoff

to an interna l tracker , the cuer frame rates should be as fast as possible.

For example, for a Q ci pi xel target , a desirabl e track window would be

10 x I? p ix~ 1s , which requires a frame rate upwards of 15 frames per second .

This analysis assumes that the firs t target cued i n  the frame is not handed

to the tracker unti l the las t  target cued in the frame has been processed.

To partiall y relieve tnt’ pressure for high frame rates , let us hand off to

the tracker as soon as a target is cued within the frame , even though the

frame processin g has not been completed.

In actual i ty , sonic ct :t’rs use pi p eline architecture such that a target

in the top portion o~ the image is s&’qmerited and classi fied as soon as its

pixels are available , to illustrate this point , F igure 1.0-4 shows the time

occurrunce of video at 30 frames per second and the cued frames at the rate

of 6 frames per second . T e  heavy vert ical  l ines represent the cued frame s

and th e smal ler , thinner lines represent the tracked frames. The numbers

above the horizonta l lin e represen t the five frames in a cycle which is repeated

beginning at the six~h frame . ~ornal1y, the cuer results are available to the

tracker somewhere between the fifth and sixth frame; the cuer results are

denoted by the arrow labelled CR. Also shown at the bottom of Figure 1.0-4

is the ima ge being processed. If we divide the images into , say , five horizontal

~~~ 1-7
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strips , the cuer results of processing strip I are availab le to the tracker

ef  t t i ~ k t r arr~ 1)0. 0. III Ui is ( i~~ the t ra ~ kr’r pi cks up the

t I iqr  t roc- t ire ~ ue r ~~~ u ye i-v nt x t f rani~’ re sult i rig in an e f f e c t i v e  30

‘ r a v , - - ee l  -~t ’~ o’id ~~eiug t a r t  j I  a 13 ~~~i t v  1 2  i\t l track windøw .

. -~ 4 ~ 
~ ~ ~ ~ 1 1

Video

~ 

~ ~ J ~~ 

. . I • • 
St re am

I 1 I!It ’ ) CR CR

— — — — — Image in
— — — — Frame Sto re

I i q u re 1 . ) — 4 • Cued I raux and Image

Tue res~i l t of s t r ip  .] are avai I able at track frame no. 3 simulatin g a 15 frames

per ’ second cuc i l ig ‘‘ate and a 1~ x 1t~ pi xci track window . These WindoW sizes

ir e within the realm of s trai ght— for~ ard tracking hardware . A five frame

d~ 1 r V C C C  U r; at 5 t r ip  5. oweve r , on the next cued frame , s tr ip 5 could be

read fi r s t thus a l lowin g a lag of onl y One frame . -

• Th u , even though the s~ en1e i ; scanned by the sensor in only one

d i r e ct 11 )71 , the ‘. cent I s p I act’tt in a t rame stora ge dcv i ce which is organ i zed

171 5 hon zon tal sectors , each of wh ich i s e pa rat e ly  address able . To

avoid problem . of cuttin g tarcit ’ s rn ha It • . e .  when th~ ta rge t fal Is on a

ii ne be tween two sectors , a f r vt’ ~j tie iveri ap t’~ tween set - to n  boundaries is

LI suggesteu.
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~(t suiiii .tr t ~ t ’ , t - ~ I P it ’  Use at .gi pn - or n ’ l nI t  addn t’ss inn me chani ‘or in

~
tu f r.ni nt , tt ir ngt ’ .le v itt ’ , m i  t i n  tr ot k wind ow s app rt t a h in q the t i r si  P’Vd 1t~ i i -

~-i ~‘i ‘.1  :e , L OU li t ’ U .n ’nl .

1. - 3 .0 Mul t  i~ it’ t r t g e t ’

C rn’eir t t , r ~ k - r - ’. g ’ i ner.l 1 1 ra nd it otil v o u t  t arqt’ t w 1 t h in  a ni veni t r nii - e

ri ar idl in n; t i l l !  I u~lt ’ tar -g e t - • in v o lv es tu oi I - a t e  h in’dware . This i srv n i t  he ~n

app ri n pr i n t , ‘,ol ut ion Ii t i n  p rtn t ’ l e i i at flo r i d he ( n ij s , ’  of i r i li~.i,e volume cons t n ’ a  j ut- -

r • t u - m ill i u i r t  i urn t a Ut ’~ ’ with 1 1 r,nt ke r- we rie. h i t  criti c () t the nrc—

• - ,- ~~ es. l u g  s r i  a 1 lv  l in t ’ ~ t he t n o t  ken i n  alre ady hct’ni act  o r ; ]  I shed. Further ,

t i e  t a P  ‘ I t f l  i i’l tge , r - U n ! i i l i i  a - ha rt  t i~in i~~()f t I i t  , is o n  iir.ntt ]y it osi tion ed

ml - - r I t I  u 1 ‘ i i  f P 1 I t  a . r he ‘.~~ nrt ’rq i ‘ i i  I hen t ’ e twee n I Pu a uc r and

ft - 7  • - - a ’ -
‘ f i t  t I i t ~ ‘ i n - . I n ’ r ~~’. n i t 1 ’ in t Pie ’ di r e m t to ri of ‘. 1 1111) 1 en ,

‘ o r  r r~ - t~’ i i 1 ! n  t n t  ‘ i r u ,  a l a l i li n’ o f  t a rge t  sitinil t a r i n t iu ’,ly . An

- . - le of .1 I rIp l et • a - a’ ‘ n er is  ~~ h l i t  -, 1 ~~~~~ I n  I i t t  t r~ckt ’ r . I ot t

- - . - , ‘ l p ’ ( t ~~ t~~~a L i ’ i  ‘ 1  r u  i •~ -~. r t i & ; h~n i ~~t W i  t~ t i  t ’~~P s t  r ig n i n n y  morr’ t ’l a t t i n

tr am ~ t t  m i t t  I ‘ - a  I - Ii hi -s li el i t  n I L i m m i sOt  i t - ~~~ to ii’!; - t ’ii’t ’nt the fire

c “ i t rOl i r I r i  H l i t  si i i  I” It r I r t , ’ - - ~~n l i ni ’ , t r i t  I r o u t  - e l  was  u e a  to

m i p u  Ic I tie .e  -
‘ I -~n t in pins i t oni arid ~i’IPU tt ’ I Pie I t a t  k pos 1 t i t i t  error f i t ’  the

t i  t i a i ~ I ~r el . A i.. t t i in ‘ i i  a l~~~i a itt x I n I t n t  L wi nidow w i ’  c omp u te f  in

a ~~~ i n it ‘lv 1 m i 1 - Il l A j i  in st a t r1nme’ no to  o f  ~i) frame’s per secotid

a 33 iriri l i S i t rids t t t ’ t w i ’ t i i  I t ori’ . liii s niup i u” th at a sin g le tracker could

o r id  Ic 3i) I n t ’ ,’ I, n t  I t a m e  • It ~-ie is’, uric t hit interface ’ de’ 1 avs between a

p t t t t ’ I  vt ’ n’  ion o ’ t i n t ’  I — itt h i t  sliced ,irj c ro l i rocessor  and tht’ h i n i a nv  tracker

a t i r s  niumt t ’r Lv one ho it , then a m ore con’.envat i Vt’ est ima te is  I I~

I r i g e t s  pen - t t tlii~ n t r , i~ ken’ , I t we nt ’s I ri it  our a t t e n t ion  t o  the hi nary

41nt ’ r t ’l at ion i o u t  , r ’ f t ’n enct’ iu ,nge s t o r a g e  portion s of the tracker and ignore

the iji mba 1 Lrnn i t n’ ol , s i qni 1 tau n t it ion niq , and so on , the present hardw are

pack age i on the orde r t n t  a ‘ x i~ inch hoard , assu i rui n iq the tracker is

1-9
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built in conventiona l , wire wrapped hoards with standard dual In line packs.

* Additional volume in required for the 14 rams which will hold reference

images for the added targets. On the other hand , substantial reductions

in hardware volume are anticip a ted under the Very High Speed Integrated

Circuits (VHSIC) Program. A discussion of the binary correlation tracker

and severa l versions of it are contained in a later section of this report.

1.4.3 T~~~~~ S~~~~ture_Pred ictio n

This function involves predictin g or anticipating target occlusions ~nd

pred ictina how the target signature will change as a result of the obscuration.

T he mos t in~ ediate issue that comes to mind is the extent of the prediction

process. For exaniple . is it nnecessary to Identify the context within which

the target is found i n order to perform target predict ion? More specifically , Iis it necessary to identify trees , woods, roads and so on? The answer is not

cl ear; however, it is clear that although much work has been done In Identifying

context and texture , progress is lim i ted . Further , in view of the scope of —

the intelli gent tracker work , this area of investi gation is necessarily limited.

There are a number of obscuration cases which can be predicted with

histogram techniques. A histogram of the background in front of the target

Is examined for gray level content similar to that of the target. Noting

such a similarity alerts the intelli gent tracker to an In~ending obscuration.

Analysis of the histogram will affect tracker strategy , change detection

thresholds, and direct segmentation slices . It may also be possible , usin g

histograms , to detect the d isappearance of a target and thereby aid the cuer.

Further , the synergism between cuer and tracker comes into play because much

of this work can he based on histograms which are used jointl y by both the

1-10
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cuen’ .‘nid tracke r , e uui’. 1 den th e’ use’ of’ ,n handpass hi ,ia,’v carrel at ion tracker

where’ the’ gray I eve 1 ‘. u s~’d in  the corn—t’ 1 at ion mu~ t fall wit hiui a certain band.

The Pr i s togram over the c ue’d ta rget can he u set i to upd ate’ the t racker bandpa s s

• cv~’ r v few f rame s a n~1 ova Id the c cw~inon problem wlue reby due’ to a change I n

Ii (ih t 1 niel , ba ckqrounel arid so air • the t a rqe t pa’. ‘ .t ’s out of the hanr dpa ss . In

Sect ion .‘ . of’ th 1 ‘. report we w i l l  ~1 i ~ cuss the protr 1cm of in curl ng adequa te

~l ,n ~ -t t s mlt ’’~~t’i pti onr over that pOrt of t he’ ta rqet not obscured so that the’ tracker

w i l l  have a we’ l 1—d ef ined rt’ ft ’ rt ’rrct ’ image compost’~l of that part of the’ target

• w h i c h  i s  nra t obscured. T h i s  is  p articul arly app lic able ’ to small ta rgets which

a ~p,•a r in the RPV sct ’nrar I o t a he’ di scuc sed in ~‘ec t ion I. h.

1. 4 .4 Rt ’ac quis i t ion

• Re’~eii u I S t ion 1 ova l vt ’s reaii iu I ri rig a targ et  a f t e r a t ra c k  break lock or

a taroet leaving the’ fit ’] d af v i t ’w. In tht ’ forme r c as e , the reacquis it ion is

probably the most di t t i c u l  t problem for the’ intel ii gent tracker . Cons ider

th e’ cast’ whcn’ t’ a targe t complt’tt ’lv disappears from vlt ’w because it enters a

heavy W oods , To comp ] hate  irratte ’rs further assume t he’ target 15 1 Ight

against  ,i dark background and some of the’ c 1 e’ari nqs In the woods also appear

l ight — a ]ore’d , lurt her , I he’ I arqe’ t re’ — eine’rqt’s arid remains partial lv

obscured; t h is  means that the’ c 1 assi f j ca t  ion logic does not have’ t he’ benefit

of a look at the t o ta l  ta rqe ’t. f i na l ly, the sensor platform has shifted

pa’. it I our in  th e’ n~’ani Ii me’ so tha t I he’ shadows and gray 1 eve’ ] s appear di fferen t lv

from thaI i fl~~eln ’ i ni which the ’ ta rget nil sap pt ’ared . Recause the  target n~y he’

may I rig in di ffere’nt b,~ckqround than when it di sappeare’d , it may appear

as a 1 ight target against a 1 iqhte’r background or a dark target against a

l ight background. The’ so l ut ion may I Ic in ,‘\amifl iflq th e’ hi stoqram content

of the various set~uen led ob jec ts  or blobs. We’ are curren t i v  work i rig on this

• scenario and w i l l  report on r t  in the’ nie’~t report .

i - . ’ ’
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The other reacquisition problem may involve the same cuer considerations

as described above hut the target has disappeared because it moved out of the

field of view . The track algorithms update the track window position so a

history of updates provide ’ the general direction and veloc i ty of the target

- wi th respect to the image coordinates. Since the sensor is moved to center

the track window in the iniaqe according to the tracker window update coordinates ,

the sensor can also he moved in  a like manner to accomodate a ~~ Ay track

change based on a predicted target position with respect to the image based

coor din ate system si nce t ’ e targe t disappeared from view. The problem is to

produce a smoothed track from a series of track window updates because in the

I mult iple target tracking section we discussed the feasibility of providing
I , . ‘ , , .s-i mulataneous tracking on multip le targets. Without that capabi lity the track

j prediction problem is much more d i f f icul t .  This tirohiem also means that a

smoothed track must he maintained on a l l targets of interest being tracked

because any one of them could leave the field of’ view unexpectedly.

1 

Fi nall y, since the sensor control loop is a rate loop and not a positio n

loop, the \ ‘ ~~, \v  phd position must be mapped into 2nd order difference

j equations to coumiand the l oop to move to a new position and stop. If the

conmiand is too strong, the system will overshoot.

1 .4. 5 Ai~p n  Selection

This function has to do with determinin g the critical aimpoint of a target

which at closer range will be a particu lar interior point on the target

silhouette. Critical aimpo int at i orcq range is based on a knowledge of the

f 

target classification a ,- the exterior shape . As the range closes , as in a

homi ng situation , more of the interior detail becomes avallab~e and the critical

ainipolnt could now he based on this. The aimpoin~ algorithm must be compatible

wi th the frame to frame tracker.’~ In this regard , it is envisioned that once

the portion of the target which c4~rntains the critical alrnpolnt is identified.

U - 
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t i  ni rig 1’ .  SUrPI that the sensor’ i~’us t be real igned on the targets (a case for

n’erc ,iu i or ti on wht’n the ’ tanqet leaves the field of view ) , then the time re-

‘ l oin l iri e for det e ction , ¼ : las s i f i c a t i o n , and track is reduced. Assume that
r - 

J
t i on arid rea l i grii ”enr t is of the order of one second , this leaves aporox i —

r ’a tel y one st ’conr d for dete ’n. Li on , c lass i f i ca t i on , target priori ti zation and

t ,i” nrn ’ t n ’ s  t a t n Ii s ~ i:~~’ i  t pn ’n ’ tan-get arid per nil S ’~ 1 e 1 aun’tch . Detecti on , class i fi c a—

t i o n , and tn- _ i c~
, n’S to,’ 11 shiineni t is conducted on to  nqe ts  a p p r o x i  r i i a te l  y ~ lines high.

~ we P- t i er to the ’ previous dis cussion on track window s izes , we see that the

i a .  I iuuir - an’: t ’r at p1 se is  ari~ target can travel ( ii’a~ i mum ‘- ross track vel oci tv

~f ~-d k’ter St ’~ . ) is  odd o r xels . That is dur inq the ~h seconds , a high
I

- .)ood ta ”nie t could trave l across the eir t i  i’ t ’ fiel d of view. The maximum amount

a p o rt icu l ,-rn - target could  t n ’avel f rorri detect ion to a r’ issi le launch on i~ is

~O ;i sels. Furt her for a n i gh cvs tern probahi ii tv  of correct c lass if  icat ion

) i dS), 6 looks at the target are required so the frame rate must he at least

t ~rai”t’s On ’r secon d.  1 herr,’ are additional ranril fi cation c to the AAH scenario.

Fifteen uru lt i ple tarqe t tracks must be raintained on the detected targets

without regard to the ulti i iiatc c l a s s i f i c a t i o n  of each. That is , unde r the

aoov e  scenario suppose s i x  cued frame s are required for- c l ass i f i ca t i on .

Fifteen tan-gets are detected on the firs t to 5th cued frame s anrd multiple tracks

are es t a ~’ l ished .  The frame store device is  addressable in  the manner descri hed
‘ ‘ 

~revious 1y, i .e. 5 ho ri2o nlta l str i ns , and the addressin g rotated such that

there is a ir’in irnum lag be tween a cued frame and a track frame. The highest

pr ior i ty  target is se lected on the t~th frame an d the m i s s i l e  i s  l aun ched. On

thl ’ 6th frame , the 2nd highest nnioritv taroe t i s  als o selec ted arid w ill serve

to guide the sensor reacqui~ it ion follow ing the “issile launch reaction , if any .
- 

. Ir ri s discussion leads to the followinq p oss ib le v an-ia t r on in the system concept.

~ I
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1.5. 1.1 System Conce pt V a r ia t ion - Fra me Rate Cuein~ of Detected Targets

i n ’ e vno u s l v , we discussed the range of possible intel ligent tracker

s, ’ te ’  L0 nl c~’p ts t n’or~ a very sotahi sti cated tracker to a stand alone cuer. If

F we wish to Increase the f r ame rat es , as it now aupears necessar y , to enhance

cl a ssifications , reduce track window sizes , and reduce the lag between cued

frames and tracked f n ’ar ’ t ”, , t h~’”e appears to t ie a possible so] uti or in favor of

a stand alone ’ cuer . ~r,’ter’n ’ i ~rn i to F I qur’ t 1.0-4 . we see that a 16 x 16 track w i ndo~-~
L - is adequate L encompass he tarqet u ~ n i xels at maximum velocit y on the

next  frame . 1f we JSSUI” t ’ that it’ targe ts are :‘resent. then a total  of 15x 1~ x 16 —

3~4~
) 01 “ ‘ i s  nr ’~’ sna tched  fee ’ the video stream . Recall that the track windows

an - c sna tc ned  * n’ ai’ - the ~ rdeo s trt ’am ,~t frame ratt ’s , If these ii xels were processed

:‘~~
- 

~ ‘ i~ ’ O u n ’i ’ at frarric rat~’c • the equivalent pixel  rate is 115,000 pixels / sec . ;

t ’i i s is lloslO / 3 1 - 2 4  of the pro cessing rate at 6 frames per second.
t x  Oath 10

T n i i s  ra ises toe p o s s i t ’ i l i t - . tha t a separate ,l ower speed cuer imp l emented in  a

5 - o i l e r ’  ¼01 u1 ’ie , s lowe r ’  so lid state technio looy could he used to classify and

track Liesign ated tdr’ gt ’ts f o r  tne frames not covered by the 6 frame per second

~~er. T~ is configuration then w~ u1d consist of a 6 frame or greater per second

acou is it ion cuer, with a ‘,f la l ler , slower frame by frame cuer which would

classi fy acq uired target’, vii th in a ltn x 16 window . This concept raises the

number af cue-i looks pt’r target and shou ld increase classi fication performance

acco rd i ng ly .  Of coup- se , the issue here is the narticul ar form of hardware

irp l eme n t a tio n icnich J~~t ’c not increase’ the hardware volume signifi cantly .

1. 5. 2 RP V Scenario

T oe RPV , in  some cases, will make a detection on a target at maximum

detection ranqe , move in to perform clas sification , and then move back to

detection range arid track the target. At maximum detection range the target

i s four lines hi gh and at maximum classification range the target is eight to ten

l i nes high. in this case the previousl y described concept of multi p le target
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t r a c k i n g  15 appropriate because multiple target tracks are continued on the

detected targets as the RPV closes for classification . These tracks will serve

to contro l the sensor position such that the maximum number of targets remain

in the image during the transition to a shorter range . The process of detection ,

closing , cla ssification , and estab lishing a stand-off position is probably

accomplished in a longer time period than that required by the AAH scenario.

However , in the RPV case there is a premi um on main taining track on small targets ,

i .e. four lines high from a stand-off position when the track must be held

lo nger t han  in  either the AAH or PGM Scenarios. In Section 2.0, we shall address

the issue of sharpening the preprocessing functions in anticipation of this

problem.

1. ~~~. 3 Sma r t A r t f l he~~~She11

For the PGM , Precision Guided Munition , which probably takes its ultimate

form in the smart artillery shell the scenario is more difficult to analyze.

Le t us make several simp l i fying assumptions . Assume that the highest priority
H *4

targe t must he selected at a range of 1500 meters from impact. Assume, further ,

that the vehicle is closing at 500 meters/sec. and is not spinning. The ground

range is assumed to be 20,000 meters and the unguided CEP is that of a 155 fin

shell , namely 300 meters. At 1500 meters , the 300 meter CEP , 600 meter

diame ter circle , ground coverage is of the order of 230; at 3000 meters, the

groun d coverage is 120. The required resolution for classification is 1 meter

per pi xel , so the image is 1200 pixels high. The image to be p.i”ocessed is of

the order of 1.44 mega pixels which is roughly four ti mes as large as the

conventional 500 x 650 TV image . We assume that the range at which the s-meter

per pixel resolution occurs is somewhere between 3000 and 2000 meters. This is

equivalent to three seconds maxiium and one second minimum to reach a classifi-

cation decision at a closing speed of 500 meters per second.

1-16 P
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•
If we assume a 3g m issile, the maximum diversion fr om 3Q00 meters to

s. 1500 meters is + 132 meters , Further , from 1500 meters to impact , the additional

- maximum latera l movement is another +132 meters. Hence , for a 3g missile , the

maximum spot on the ground as constrained by projectile kinematics is approx-

i rnately 300 meters or equivalent to a 150 meter CEP. At a resolution of ½ meter !

C 
pixel , the image is 600 pixels high. That is, it is approximately the same

size as the TV image . At cue i nq rate of 6 frames per sec., the required data

ra tes are equivalent to those of the RPV and AAH scenarios , namely two
- megap i xels/sec .

The conflict between the CEP allowed by missile kinematics and that provided

by the arti llery piece is being anal yzed under the Advanced Pattern Matching

work sponsored by NV~E0L . Here , the projecti le pe r forn~, Datter n

matching on the tarae t - u r n ’ undinqs d id  steers even before the target is

detected . Note that the reference ima ge is provided by an RPV and the

reference image is no older than five (5) minutes. This approach affects the

scenario we descri bed , because we assumed steering on the target at 3000

meters. This may not be necessary in the semi-autonomous case and may also

result in a l ower reouired data rate. The point here is that it is not axiomatic

that the smart artillery shell requires high image processing rates.

1.6 Summary

I n order to obtain high levels of system performance for detection and

classif ication , under the stochastica lly independent assumption for each process ,

$ it appears that multiple looks at the target are required . To achieve multiple

target tracking capa bility at high rates and reasonable target volume , fairly

sim ple trackers will probably be necessary . The cuer then plays a prominent

role in providing reference windows and updating capability to the tracker. The

AAH scenario suggests that detection , classificat ion , priorit ization and track

I , 
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estat ’ lishment be accomphshed in one second. The RPV scenario places a premi um

on tracking small targets in obscuration and the PGM scenario does not call

for an ex cess ive  data handling ca pabilit y . To ensure a small track window ,

the time lag between cuer arid track should be minimized by sequencing the frame

storage device. Multiple smoothed tracks must be maintained on all targets to

ensure that the sensor can swing back to a high priority target which has

left the f1~ 1J of view . Finally the idea of adding a small , l ower speed cuer

in a different solid state technology to handle targets cued by the acquisition

(6 frames/sec.) cuer would enhance both tracking and classification capability.

Tnt ’ additional cuer would operate at a l ower data rate but provide a faster

update on a smaller image area. The l ower data rate and small volume may

mean employing a different solid state technology.

I 1.
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-“ .0 ALG ORITH M MODIFICAT IONS TO ACCOMM ODATE OBSCURATIONS

The purpose of this section is to describe algorithm improvements necessary

to track small targets (for example , four lines high ) through obscurations. - .

stand-off RPV scenar io is assumed. The problem of tracking through obscurations

is described , the preprocessing algorithms are reviewed , a variation of the - 
-

algori thms to enhance edges is described , and the variation is compared wi th

the standar d preprocessing algorithms for edge content. We described several

kinds of obscurations in Section 1.4.3 (Target Signature Prediction ) in which

the gray scale levels of the target are the same as the background which the

target is enterini. We can imagine scenarios where the target is encounteri ng

obsucrations in the vertical or horizontal directions. That is , if there are

low lyin g shrubs as seen in Figure 2-1 , we want as much definition on the upper

part of the targe t as possible. In terms of the algorithms descri bed in Appendix

1
Figure 2.0-1. Horizontal Obscuration

A of the First Quarterly Report , we want a number of signif icant edges to remain - 
-

after th inning, and we want good coincidence of these edges and target’s perimeter

points determi ned from slicing. We shall review these algorithms in the next

section (Par. 2.1). If the obscuration were vertical as in Figure 2.0-2, the

same requirements apoly, except to the rear of the target. Similar kinds of

remar ks app ly to the case where the tree is darker than the target or the same

gray level as the target. The object does not have to be a tree, for the reader

can imagine the obscuration as a road or even another target. A first approach

to tracking through this kind of obscuration is now described .

2’-l
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Figure 2.0- 2 Ver t ic a l Ot)sLuratlon

We assume the obscuration is sensed ahead of time and the target ‘. ig nna tu re

prediction algorithm s realize in n the case of Figure 2.0-2 that the front of

the target w i l l soon he lost . The question now is , what constitut es the

referenc e image for the t racker? We gi ve up the fron t par t of the target

and instead of centering the entire target in the window , we center the rear’

portion as shown in Figure 2.0-3. At the same time , we begin looking for

En

Figure .0-3 Track Window For
Disappearing Target

the emerging front edge either through direc t segmentation or change detect ion.

Having detected the emerg ing front port i on , the new track window is shown in

F igure 2.0-4.

r~
Figure 7.0-4 Track Window For

Disappearing Target
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[ Figure 2.0-5 System Flowchart

o t  t he t hre sho  I dod images in to pe t en t  I i  1 o b j e c t  r eg ions  . The Supe r S l i ce

A l g or i t h m  c t ’r r e l at t ’s per imt’te ’r p o i n t s  I ermed i n dep e n d e n t l y  by the Non — Maximum

Suppress  ion and Connected  Component s  A i g o r  i t u r n s  and .e st -ore is ob t a ined  I or each

gray  s~- ,r it  t h r e s h o l d .  These scor es and severa l ‘t ine r  a l g o r i t h m s  form a set of

c ia s s i l  L’ . i t  t o n  i ’p i o .

The Med Ian F i i  t er  .u c t t ox t r ~~~
‘ t t h ’  med Len va l ue f r o m  a 5x5 pixel window

nov in g ,i cross t I t - ’  Image .und p I .u’ t ’ t Ii .i t v.n tue in  t he center  p i x e l  loca t ion  of the

[ window .
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placed In the pixe l location mark ed “ X ” wh lob Is one p i x e l t o  the l e f t  and

above the c e n t e r  ot  the e n t i r e  reg i on .

2-4



- .-  I
- - r - - r- t — ~~ii .. I I I

C I
~ 

D l

L_  I I ~~~~t —

1 .  F lJ

Figure 2.0—0 Grad i err t Opera tor

The Gradient Opera tor extracts edges in either the horizontal or

vertica l direction ; the Nor r-Maxinium Suppression Algorithm then looks in a dit’ec-

tion perpe ndicu lar to the edge for a larger gradient. If a larger value cannot

be foun d , the edge under consideration is reta i ned; the edge is removed if a

larger va l ue is found. The algorithm is shown in Figure 2.0 -7.

x x x
If any x ’~y, y = O

Otherw i se retain y

- I x , y are gradient values

- E  X X X  -

x x x

- Figure 2.0-7 Comparison Arrangement
for Non Maximum Suppression

2.2 A Sharpening Variation

I The purpose of the sharpening variatior n is to enhance edge detections without

I , increasing the false alarm rate in  the 16x16 window . This is to be accomplished

by reduc i ng the window size in  the algorithms which act to produce edges , namely

1’
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the Median Filter , Gradient Opera tor, and Non-Maximum Suppression. Reducing the

Median Filter window not only increases the number of false edges in the window ,

but it produces a rather ragged looking target which exhibits more diagonal edges

than before. Corresponding ly, the extent of the vertical and horizontal edges

are reduced . Another approach seemed to produce better results , name ly a reduc-

tion in the Gradient Operator regions A , B, C, arid D to a 2x2 each and a corres-

— ponding change in the Non Maximum Suppression Algorithm shown in Figure 2.0-8

for a horizonta l edge. Since the edge ramps are more narrow for the smaller

ta rgets , the extent of the comparison neighborhood can be reduced .

x x x
IF Y>x , y~yy
IF y<x , y~Ox x x

Figure 2.0-8 Non-Maximum Suppression

2.3 A Comparison

Figure 2 .O-9a shows an image of an APC taken from the NV & EOL data set

described in Section 5.0 after a 5x5 median fil ter was applied. The image has

been thresholded at 1=13 so that the gray levels less than or equa l to 13 be-
I - come l’ s and the gray levels > 13 are 0 ’s. Figure 2.0-gb is the corresponding

Non-Max imum Suppression output for the 4x4 Gradient Operator and Non-Maximum

Suppression mask described in Section 2.1 . Figure 2.0—9c represents the

same outputs for the algorithm described in Section 2.2.

17 17 17 16 16 14 14 14 15 16

16 16 16 13 13 11 11 12 14 14

16 13 12 11 10 10 10 11 12 14

16 13 12 11 10 10 10 11 12 14

16 13 13 12 11 11 12 16 19 20

18 18 18 18 18 19 20 21 21 22

Figure 2.0-ga 5x5 Median Filter for t<13 Image 290L c - - ’ -

-
~~~~~~~~~ ~~~~~‘~~~~~~ ‘ —  ~~“: 1 

-
— .~~~ ,_~

__
~~~.;:: = ~—~~-~ -- 

~~~~~~~~~~~~~~~~ —k-----



0 0 0 0 -47 -50 -59 -45 -38 0 0

0 0 0 -44 0 0 0 0 0 0 0
• : 1

0 0 0 0  0 0 0 0 0 3 4 0

0 4 4 0 0  0 0 0 0 0 4 0 0

0 0 0 0  0 0 0 0 0 -61 53

0 0 0 0 -72 -78 -79 -76 -70 0 0

Figure 2.O -9b 4x4 Output

16 0 ~~~~~ 

-20 -1~ ~ 

______

17 0 0 0 0 0 0 0 -30 0

O 
~

25 -29 -32 -36 -39 -37 J 0 0 0

Fi gure 2.O-9c 2x2 Output

The 2x2 output has more edge definition along the top and the rear of the

target which is moving from left to right. In fact the 2x2 output reaches a

maximum number of ma tches at a l ower threshold than the 4x4 case, thus

yielding more compact targets with less danger of merging into the background

on the left sides.

Figure 2.0-l Oa shows the blob for window 300 and threshold T < 13. Figures

°.O-lOb and 2.0-lOc show the edges remaining after Non-Maximum Suppression

operations for the 2x2 and 4x4 Gradient Operators respectively. There is no

2-7
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j support on the left side for the 4x4 or 2x2 operators . The resul ts for t< 13,

14, 15 are suiwiarized in Table 1.

19 18 18 17 17 17 16 16 16 15 16 16 16 
- H

18 17 16 16 16 15 15 14 14 14 15 15 15

17 16 15 13 12 11 11 12 13 13 14 15 15

16 15 12 12 1 2 1 1 11 1 2 12 13 14 15 15

16 14 12 12 11 11 11 11 11 12 13 14 15

17 14 12 12 11 11 11 11 11 12 14 15 16

17 1 5 15 12 12 12 12 13 14 15 16 17 18

19 18 17 16 17 17 17 17 19 20 21 21 21

Figure 2.O-l0a 5x5 Median Filte r, Image
300, t< 13

The 2x2 Gradient Operator at t< 14 achieve s a 66 percent parimeter match with

2 points or pixels supporting the left side, three points supporting the right ,

five po ints supporting the top and nine points supporting the bottom. This

is more than the percent of matches achieved by the 4x4 at t< 15 and with two

more edges supporting the right side. -

1
I
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0 0 0 0 0 0 0 0 0 - 8 0 0 0

O 0 -15 -1 7 -l’-) -19 -15 0 0 0 0 0 4
0 0 0 0 0 0 0 0 0 7 0 0 0

13 0 0 0 0 0 2 0 0 0 0 0 0

15 0 0 0 0 0 0 0 0 1 0 0 0 8
13 ~) 0 0 0 0 0 0 0 0 0 0

O 0 0 26 -28 -29 -29 -29F29 -26 -23 -20 -18
0 0 0 0 0 0 0 0 0 0 0 0 0

Figure 2. 0- lOb . 2x2 Grad Op., 300, t < 13 —

-30 -35 -41 -46 -41 -47 -45 0 0 0 0 0 0

0 0  0 -46 -47 0 0 0 0 0 0 0 0
0 0  Of O  0 0 0 0 0 0 0 0 0

4 2 0 0 0 0 0 0 0 0 0 27 0 0
-

- 4 3 0 0 0 0 0 0 0 0 0 0 0 0

3 9 0 0 0 0 0 0 0 0 0  0 0

•3~ -43 -52 58 -62 -64 -65 -6~~~~i -57 -52 -47 -43

1~qure 2 .0- lOc. 4x4 Grad Op., 300 , t < 13

k

Ta b le I. Win dow 300

GRADIENT LEFT RIGHT TOP BOTTOM TOTAL TOTAL

2x2 C) 2 4 7 13 57 (23)
t < 1 3

~~~4~4 0 1 2 8 11 48

2x2 2 3 5 9 19 66 (29)
t < 14 ~ 4x4 2 1 2 11 16 55

t < 15 C ‘1~4 3 5 12 21 64

1
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~igure ~.0-ll~ shows the bleb for window 310 at a threshold of t < 13. Fig-

Ores 2 .O-llb and 2-1k - - now the edges remaining afte! non maximum su ppress ion

Operation for the 2x2 and 4x4 gradient operators , respectively . The results

for window 310 are shown in Table 2. At t 13, the results are fairl y even

for the two grad ient and non-maximum suppression masks. Further , the

percen tage of perime ter point m atches is quite high , and the distribution of

supporting edges seems adequa tely distributed , it appears tha t at t < 13, the

2x2 has a slightly better performance.

18 17 17 16 16 16 16 16 16 16 16 16
17 17 17 16 15_ 1~J13 131_14 15 16 16
17 16 16_ 14[13 11 9 9 12 12 15 16
16 14 13 11 8 8 8 8 9 10 15 15
16 14 13 11 8 8 8 8 9 10 15 16
16 16 15 14110 9 9 9 1 15 16 16
16 16 16 16 18 19 20 21 22 22 23 23

Figure ~.O-11a 5x5 Median Filte r, 310, t < 13

0 0 5 0 0 0 0 0 0 0 0 0
0 0 0 0 - 2 1 -23 24 0 1 8 0 0 0

0 -12 0 0 0 0 0 0 0 1 0 0
0 0 16 16 0 0 0 0 0 23 0 0

0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 -30 43 -48 -51 -50 -44 -36 -31 -29

0 0 0 0 0 0 0 0 0 0 0 0

Figure 2-l Ib. 2x 2 Grad Op., 310, t < 13
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1. - 
.

0 0 -34 -42 -51 -58 -58 -54 -42 0 0 0
— 

0 0 0 0 0 0 0 0 0 2 8 0 0

0 0 3 9 0 0 0 0 0 0 4 3 0 0
0 0 4 4 4 4 0 0 0 0 0 50 0 0

0 0 0 0 0 0 0 0 0 0 0 0

O 0 0 -63 80 -95 -99 -98 -89 78 -69 -61
0 -37 -49 0 0 0 0 0 0 0 0 0

Figure 2- lic. 4x4 Grad Op. , 310, t < 13

Table 2. Window 310

GRADIENT LEFT RIGHT TOP BOTTOM TOTAL & PERIMETER PO~-aS

2x2 2 2 4 7 15 68 22
t < 1 3  C

4x4 2 2 3 7 14 64 22

2x2
t 14 ~ 4x4

2x2
t < 1 5 C

4x4

Figure 2-12a shows the blob for window 340 and t 13. Figures 2-12b

and 2-12c show the 2x2 and 4x4 Grad Op. results , respectively. The analytic

results are shown in Table 3. Again the 2x2 is showing good support for each

side and a high percentage of ma tches which can be approached by the 4x4 case
/

by increasing the threshold level. Even though the number of support

edges for each side may be smaller in the case of a l ower threshold , recall

that the object is also smaller so that the percent supported is approximately

I - the same. ‘ 
- -

I
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19 19 18 19 17 17 17 17 17 17 16 16 16
19 18 18 17 17 17 17 17 16 15 15 16 16
18 18 17 16 16 16 16 15 14 14 14 14 16
1816 16 15 14 14 14 12 11 10 13 14 14
17 16 14 14 13 12 10 9 9 9 9 13 14
16 15 14 13 12 11 10 9 9 9 9 12 15
16 1 5 1 4 1 1 10 10 10 10 9 9 1 2  14 15
17 16 14 11 10 10 10 11 12 13 14 15 18
17 17 16 15 13 13 13 13 14 15 18 19 20

18 18 18 19 19 20 22 22 21 21 21 21 21 L
F i g u r e  2 12a . 5x5 Median , 340 , t < 14

0 0 0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0 0 0

1 0 -9 -9 0 0 0 0 -20 -21 -20 -17 0 0

9 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 1 0 0 0 0 0 1 8 18 0

1 

0 0 0 0 0 0 0 0 0 0 2 4 -19 0

-7 0 0 -29 34 -39 -41 -36 30 0 0 0 0

Figure 2-12b 2x2 Grad., 340 t < 14
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0 0 0 0 0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 -54 -53 -46 0 0 0
O 0 0 -37 -42 -47 -51 -54 0 0 0 23 0
0 0 0 0 0 0 0 0 0 0 0 3 4 0

0 0 0 0 0 0 0 0 0 0 4 2 42 0

0 3 9 0 0 0 0 0 0 0 0 046 0

0 3 7 3 7 0 0 0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0 - 76 -70 -62 -52 -43

-24 -36 -46 -58 -72 -79 -83 -82 0 0 0

Figure 2-12c . 4x4 Grad., 340, t < 13

Table 3. Window 340

-: GRAD IENT LEFT RIGHT TOP BOTTOM TOTAL % PERIMETER POINTS

2x 2 2 

— 

2 5 8 17 71 25
S t < 1 3  C

- r 4x4 1 3 2 8 14 58 25

2x2 1 1 6 8- 16 50 32
t < 1 4

4x4 2 4 6 10 22 69 32

2x2
- v t ~- 15 {

4x4 2 4 7 12 25 69 36

~1
Figure 2-13a shows the blob for window 410 and t < 13. Figures 2-13b

and 2-13c shows the non-maximum suppression results for the 2x2 and 4x4

Gradient Opera tor, respectivel y.

I
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19 1~ 19 19 19 17 17 17 1~ 16 17 17
10 81 81 71 16 1~ 15 15 15 15 16 17

10 18 16 14 13 1~ 11 11 11 13 13 15
• - 17 1t~ 14 13 11 8 8 8 9 9 13 17

17 16 14 13 11 8 8 8 o 9 13 17

16 15 14 13 11 8 8 9J~6 18 19 20
17 ~~ 16 16 16 18 18 1 9 2 0 21 22 22

F i g u r e  -13a . 5x5 Median , 410 , t < 13

0 0 0 0 0 0 0 0 0 0 0

0 -16 -20 -22 -24 -26 -24 -20 0 0 0

13 0 0 0 0 0 0 0 0 0 0

0 0 1 6 1 6 0 0 0 0 2 4 24 0

0 0 1 6 1 6 0 0 0 0 - 3 6 0 0

0 0 0 -35 -44 -46 -42 0 0 0 0
0 0 0 0 0 0 0 0 0 0 0

Fiqure 2-13b . 2x2 Grad Op., 410 , t < 13

-24 0 0 0 0 0 -56 -47 -33 0 0

0 -38 -49 -58 -64 0 0 0 0 0 0

0 4 1 0 0 0 0 0 0 40 0 0

0 4 7 0 0 0 0 0 0 5 1 0 0
0 0 0 0 0 0 0 0 0 0 0
0 0 0 0 -87 -92 -89 -83 -71 -61 -53
0 -~3 -66 -76 0 0 0 0 0 0 0

Figure 2-13c. 4x4 Grad Op ., 410 , t < 13

Tab le 5 show s the results for image 410 as applied to both of these gradient

operators. Again , the 2x2 shows a higher percentage of matches for lower

thresholds and the 2x2 exhibits a more even distribution of supporting edges .

There is no need to continue with the remainder of Table 5. in sm.nuary, the

2- 14
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1.
2x2 gradient , through a small set of examples , has generally shown a higher

percentage of matches and a more even distribution of supporti ng edges.

1’
Table 5. Results for Wi ndow 410

GRADIENT OP LEFT RIGHT TOP BOTTOM TOTAL % PERIMETER POINTS

2x2 4 3 5 6 18 90 20
t < 1 3  C

— 

4x4 2 2 3 8 15 75 20

2x2
t < 1 4  ~ 4x4

2x2
t < 15 C -

-

4x4
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In conclusion , this work indicates that the 2x2 case does produce better

edge definition than the 4x4 case , for this set of images . For very noisy i mages ,

the smaller window is suspect and will produce edges which may show good

coinci dence . On the other hand , the 5x5 Median Fi l ter has been retained to

reduce the spurious signals in a low signal to noise ratio image . We shall

adopt the 2x2 Gradient Operator and corresponding Non Maximum Suppression Mask

for tracking in the case of obscurations within the 16x16 window. Further

quantitative resu lts wi l l  indicate how well the sharpened preprocessor

algorithm is performing. - .
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3.0 FRAME TO FRAME TRACKER

In Sec t ion 1.0 and 2 .0 , we discussed a number of factors affect ing the d~s iqn

of the frame to frame tracker. Simultaneous , multipl e targe t tracki n g of 15 or so

targets puts a premium on tracker speed and hardware. To produce these ki nds of

speeds and ’ tarqe t handlin g capability , a simple tracker such as a binary corre lat ion

tracker is appropriate. This iilaces more reliance on the cuer preproces sinq

functions for segmentation and a lso demands a closer interaction between cuer

and trac ker i n the form of ~in addressable frame storage device divided into

hor i zontal strips. If a more powerful tracker is needed such as a bandpass

binary corre lation tracker , then the cuer mus t provide frequent updates to the

handpass. If more cooperation between cuer and tracker is necessary the small

w i ndow , high update rate cuer may he implemen ted and/or we may move to more

sophist icated trackers such as gray level correlation. The strategy then is

to take full advantage of cuer presence to simpl i fy the frame to frame tracker

in order to boost its speed and target handling capability because in all three

scenarios it seems likely that multiple target tracks will be established and

maintained before classification and prioritization are completed. Further ,

in the MN case, multiple target track points will serve as a basis for reacquiring

targets which have left the field of view because of their own movement or the

movement of the sensor .

In the fo llowing paragraphs , we discuss a number of technical aspects of

the trac ker . namel y a description of the baseline frame to frame tracker which

- 

- 

- provides the initial design start, a variat i on which is applicable to the close-

th homing case, additional computations for aimpoint selection at long range , a

track window position update strategy, and an example of binary correlation

trackin g as applied to the NV&EOL data base.
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3.1 Basel i ne Frame to Frame Tracker

t The baseline tracker described in this report has been programed and

exerc i se d on the 525 i n o  TV data base as supplied by NV&EOL . Initially,

I the cuer i s used to “seed” the tracking process, i.e. the cuer defines a reg i on

of the field of view which contains the desired target. Size data concerning the

I target is emp l oyed to genera te a set of nested regions about the target as shown

in Figure 3.0-1. The size of the inner window is chosen such that at least

Outer Reg ion

Inner Re ion

- H
Target

Figure 3.0-1 Nested Reg i ons

90 percent of the target is enclosed. The outer region is twice the linear
- 

dimension of the inner one. For the RPV case, for example, the 4x4 pixel

target would requ i re a 5x5 pixel inner window and a lOxl O pixel outer window .

The next step of the processing is to generate gray l evel histograms for

each of the mutually exclusive regions. Let p~ be the pixel sample va l ue

I 3-2 j
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• for the pixel occurring at row i , column j  relative to the top left hand corner

I pixe l of the outer region. Then define

k 
— 

1 if 
~~ 

k
- 0, otherwise

S .

L
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where k is the gray tona l value of the pixel . The histogram for the outer

and inner reg ions (HO and HI, res pec tive ly ) are formed by sunining the patterns

defined by for every possible gray level , k £ 1o
~ ~~~~ 

where 9max is the

largest value allowed by the video digit ization process.

H0( K)= 
~~ .ij~~0

HI(K )r~ ~ ~~~~ Q k 
~~~~~~~~~~1 •J ij  ‘ 3

This histogram information is then used to define the gray tones which are

unique to the target. This is accomplished by forming a posi tive difference

funct ion PD for all tones :

PD(K)~ IHI(K )-H 0(K)i if 0

0 Otherwise

Note that the difference is taken between the corresponding gray level

• counts for the inner histogram and the outer (annulus) histogram . Next

a discriminant function , 0(k), is formed . In the most bas i c al gor i thm

0(k) is set to one for those gray l evels , K , for which the positive difference

f u n c t i o n  is  non zero. Other variations are possible. The most successful

one involves us ing the histogram and positive difference function data to

define a passband of gray levels such that

D ( K )  ~ ~ T L~~
K
~~

T II

( 0 K TL, K )T H

The threshold va l ues T~ and are chosen such that the number of target gray

levels is maximized while the number of background gray tones is minimized

in the passband .
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1.
Once the discrim inant function has been derived , a binary image , P, is

created from the original pattern , P, accord i ng to the transformation defined

by the discriminant function -

~ij = D(P~~) 
-

This preprocessed pattern , P. serves as an in put for the track algorithm .

The tracking algorithm originally stores an nxn reference array , R, of

binary pixels. The dimensionality , n, is determined by the cueing algorithm

accord i ng to the size of the detected target. On subsequent frames, the image

is preprocessed into a binary pattern according to the acquisition

djscrjmjnant . NXN subarrays of the preprocessed pattern are exclusiv e - ORed

with the origina l reference array, R , on an element by element basis. The

result of this logic al operation are sumed over all elements to define a

track metric , Crs, i.e.

n f l
Crs = i~~ ~~~ 

5r-s- i — j ,  5+~~i
GR

~

The coord i nates r.,s define the coord i nates of the subarray with respect to

some coninon reference point , typically the upper left hand corner of the

} image roster. The track metric , Crs~ 
is computed for several different sub-

arrays. The exact number is dependent upon the initial target dimensionalit y .

For example , if n = 8, all track metrics for the 81 possible subarrays within

a 16x16 window about the present target position are computed. The location

of the minimum value for the track metric is used to define the new track point

and the tracker error. This is relayed to the cuer for future reference and

can al so be used to stabilize a sensor and/or designator upon the target.

For cases where the target is much larger , e.g. n = 16, a directed

3-5
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has left the field of view. These quanti ties also serve to point the cuer to

. - that portion of the image in which the target was last seen. The multiple

target track function requires that the track point and tracker error be computed

for all the detected targets in the image. The target track could also be used

to insure  t h a t  the cuer and tracker are both working on the same target. For tar-

get signature prediction as described in Section 2.0, the track error is over-

ridden and the window is position ed such that the rear portion of the

target is centered in  the track window. By using the cuer to initially center

the window and size the window , the probability of including other targets

within the inner track window is diminished.

3.2 A Variation for Close -in Hom i ng

The cuer is assumed to locate the track window such that the desired tar-

get is centered in the region. Within the track window two concentric windows

are constructed , as shown in Fi gure 3.0—2. The track window is shown as 0, the

next window is labelled M, and the inner window is labelled C. Depending on the

target size, the dimensions of the wi ndows may have to be adjusted.

I C ]

Figure 3.0-2 3 Windows

The preprocessor forms the histogram of gray scale for each of the window

segments, as shown in Figure 3.0-3.
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1.

No. of
pixels i n Histogram

subwindow with
gray level k

k gray level g - maximum gray leve l

Fi gure 3. 
-

P. .=k
Let Qk 1 13

13 
(p Otherwise

then HO: H0(K), K=1 ,2,. . . .

where
HO(K)= Z 

~ i j~~O, 1j
~~ 

C ,M

Similarl y, the histogram s for the other windows are defined as:

HM ( K) ~~ 
ij ~~M. ii ~~C ,0

and

HC ( K) = 
~ 

i j~~C , ii ~~M,O

The windows are sized such that the target is almost completely enclosed

within the middle window M. The difference between this approach and the

former is the anticipation for close-in homing . The inner wi ndow will allow

us to track on a particular feature within the target outl i ne. Next,

3-7
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window pairs are measured for content. We define a window content measure

as follows . çHc (K~- HM (k) if > 0
M 1 (K) where M 1~ K) ~I

~.0 Otherwise

HM(K~4 HC~K) if ,~ 0
MOM

. 
~ M , ( k )  where M . , ( K)

0 ~t h~-’rw i se

The measure of wind ow content w i l l  determine w h i c h  se of histograms to

use to derive the preprocessing transfoniiationi .

If -

~
1OM ~ choose pair O, M

Otherwise , choose the inner wi n dow set. Once the proper window pair has

been picked. the function M(K), e i ther M1 or M2 depending on the test outcome,

is used to define the preprocessor, i.e.

M ( K ) ~~M1(~ ) ~ ~ ~~ c MOM
( M9~,K) if M

OM 
4 Mr~

.

Define a d i scr i m i nan t function 0(K).

DtK) = 
1 M(K) 0

0 M( K) 0

The raw video pixels are then transformed into binary pixels accordi ng to the

discriminant function.

~~~~~~~~~~~ 
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This def ines a binary pattern which represents the pixel characteristics of the

qray l eve ls  of the target.  There are other possible preprocessing transformations .

This transforma t ion f rom raw gray levels to binary patterns is one of the more

• ‘—imp le  ones and w i l l  he used for the f i rst phase of the investigation. It

may turn out that this variation ’ of the baseline tracker is employed after the

‘ i iqh est  priority ta rget has been selected and close-in homing initiated. It is

app l icable to the PGM scenar i o where the range to impact is 1500 meters or less.

Prior to these conditions for the PGM scenar io and the AAH and RPV scenarios

the basel ine tracker may suff ice. At 1500 meters or less the maneuverability

may be l imited to such an extent , tha t t racker  “dither ” is the paramount problem ,

i.e. the aimpoint wandering around the target.

3 .2. lTrack Computations for Aimp oint

There appears to be two trac ki ng al gor i thms suita b le for use in

the Intell ig en t Trac ker , centro id and correlation . They can be ap pli ed to

any input pattern (raw video , bina ry, preprocessed linear video). Centroid

tracking is accomplished by computing the centroid on the preprocessed pattern ,

if it is preprocessed ,

~~= 1/u( P ,~ 
~~r 1/U( ~ 

~~

- ip 1~ ~

where

1 3 13

Other usefu l quantit ies are the spatial variances ,

i i u  ( Z .~2 
~ 

1/U ( ~~~ p 13 - ~~
“ )

Although we w i ll not use centroid tracking in the initial phases , because it i s

( suspect  in  heavy c l u t t e r, we shall be computing the centroid and spatial variances

which will be used in a impo int selection.
I-
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3.3 Update Strategy

I On frames between times when the cuer produces a target, the

correlation track algorithm is executed. The raw image is p - e~ - - essed

I - .  according to

I = D (P~~)

I-

a

I

I-

ii
U 
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in the region def ined by the track window , say 32x32 for this example .

- This region is searched for the point of best correlation of the initia l ,

e.g. 16x It ~ reference w ith the 16x16 subregions of the preprocessed track

window . The starting coord i nates of a 16x16 subregion , wi th respect to the

first pixel of the track wind w is called a search center. Figure 4

illus trates th is. For each member, a set of search centers 
~
r,s1 a

correla t ion number is computed . Thus , the starting pixel of the subwindow

defined by search center r,s is 
~r+1 s+1~ 

Note that the center window

- ~~~~~ .8 I

?
“

~~~~~~~ 

I 
~~~~ 

i

Figure 4.

has search center 8,8. The correlation number is computed for each search

t - center in the set r,s according to

16 16
Crs.. ~E ~~~~. I ~ ~r+i-1 ,s+j—1 I~i=1 j =1

r
The track point is derived from the minimum correlation number

C~~~* = cc
r s  ~ r S -

h-i
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j The stra tegy of se lect ing search centers is now described.

The track error in whole pixel units determined from the minimum

cen ter accord i ng to * *A X s - 8 , 
~~

y - r - 8

Once the track error has been found two things can happen .

1. T he errors ~\x , :.y are used to drive the servo so as to keep the

target centered in the track window.

2. The track window is moved in the raster to follow the target;

this is cal led in active track.

Because of the nature of the study , we shall be empl3ying the latter ,

the track window position is modified for the next frame to be

1 =  1+ ax k =  k+ Ay

Notc that if the cuer provides target information , the location prov ided by

the c -r overrides the correlation returned error.

t The current search strategy is a three phase process. Phase I

involves lookin g for the minimum correlation number for a set of fixed values

given in Table I. The phase one correlation minimum location serves as the

start ing point of the phase 2 search. Table II gives offsets for the pb’se 2

search centers wi th respect to the phase I minimum. Once the phase II

minimum is located , it may still be the phase I minimum , phase III is

started.
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Tabh’ 1. Phase I rixed Search Centers

I

I - 

r (row coord.) s (column coord.)

j - 2
2 6

a, 2 10
1 2 14
1 4 4

4 8
4 12
h 2
h

6 10
(a 14
8 4
8 8

12
I -. - I
LU

10 6
j 10 10

10 14
I - ‘L ‘--

I - ‘
I -L i--

1? 12
14 2
14 6
14 16

1
I
1

I

I - ;

L .  
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Table II. Offsets with Respect to Phase I M m .

. 1

I r ( t we ) (co 1 unin

I - 
~
‘ 0

1 ‘2 0
0

1 1) -+2

[ 
Tat a 1 t ~ II q Vt ’5 t hese o f f~ t’ ts Wi t h respect to the mi n imum 1 oca t i on at the

end ot Phase 2. The search center with the minimum correlation value at the

Ii end of Phase 3 ilt ’ f i n iec the new track point.

Table 111 . Offsets with Respect to Phase 11 M m .

Li
r (row coord.) s (column coord.)

0 +1
0 — 1

1’1 0
- - — 1 0

— 1 —1
-I -+11 + 1 - 1
+1 +1

I ~~~~~~~~~
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L 3. 4 App l ica ti on of the Basel i ne Trac ker

The purpose of this section ~ i s to demonstra te that the baseline tracker

is working w i th  the NV ~ EOL data base and the output format. As an examp le

of the basel i ne tracker appli ed to the NV & EOL data base , we selected a set ot

six consecut ive frame s from the ddta base described in Sect i on 5.0. Fig ure

3.0-5 shows a plot of the approxima te xy positions of the target taken from the

digita l printout of the video tapes for cons ecutive frames 245 through 250.

_____ II 30 35 40 45 50
1 -  - - - 

~~~~
- - -

~ - - - a - - - -

30 - 

• 24
• 246 ~~~~

. 29~ 
2~8 ~~ Frames

35 250

40

45

Fj q

~~
t
~
’ ~~0 t a . ~y Plot of Varget Positions

The 16xl6 window is s hown in Figure 3.0-7 , and the inner window is also

drawn . The histograms are computed for each window and the PD function

is shown in Figure 3.0-8. The Positive Difference (PD) function shows

the gray levels , derived from the histogr ams . w hi ch are un iq ue to the
L~. target and is shown in Figure 3.0-8.

L
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27 27 26 26 25 25 25 25 25 25 25 25 26 26 26 26
28 27 27 26 26 26 25 25 25 25 25 25 26 26 26 26

j i 27 27 26 26 26 26 25 25 25 25 25 25 25 15 26 27
27 27 26 2 26 25 25 25 25 25 25 25 25 18 25 26
26 26 26 25 25 24 21 21 21 20 21 22 23 24 25 27
2 6 2 5 25 2 4 2 3 2120 18 18 18 18 19 21 22 23 25
25 25 24 22 21 18 17 14 14 14 17 17 19 21 22 24

25 24 23 21 17 16 12 11 12 12 14 15 17 19 21 24
24 23 22 20 17 16 12 11 12 12 14 15 17 19 21 24
24 23 22 21 18 17 16 12 12 13 14 16 19 20 21 22

24 23 23 22 ?1 17 17 17 17 18 19 19 20 21 22 22
= 25 25 25 23 ?3 21_21 21 21 21 21 2 1 22 22 22 22

25 25 25 25 25 24 24 23 23 23 22 2 2 22 22 23 23
26 26 25 25 25 25 25 25 24 24 24 24 24 24 23 23

26 26 26 26 26 26 26 25 25 25 25 25 25 25 26 24
26 26 26 26 26 26 26 26 26 26 26 26 26 26 26 26

Figure 3.0-7 In ni~r ~ns’1 fl~,f- i~r ~Nn r~r,w,~

~
i—1~ 2 T 4  3~~6~ ~T ~~TO 1T 12 U 1T 1 ~~~TT~ TW 19 20 ~2T ~

Figure 3.0-8 Posit ive Difference Function

The gray levels unique to the target are 11 , 12, 13 , 14, 15 , 16, 17, and 21.

Then the reference image for the 8x8 window accord i ng to PD is shown in

Figure 3.0-9. The reference is correlated against itself and the resulting

image, centroi d calculations for aImpoint , and correlat ion computa t ions as

shown in Figure 3.0-10.

3-16

__________ _____ A - - -- - - i~--.~-~ ~~~~~~~~~~~~~~~~~~
-.-- 



-- — 
- -

~1~~~~~

I- 
- ...llll.

. 11 11 111

.11111 11
111 1111 1

- - 111 111 11
111 111 11
11 11111.
..ll l l l l
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R and S are the horizonta l and vertical track errors for a given correlation

va l ue C. The image at the upper left is the new reference image based on

the correlation , and X , V . SI G 2X , SIG2 y etc . are the centroid computations of

m ea n , spatial varianc es and so on for the image shown. Figure s 3.0-11 and

3.0-12 show the new reference image , track errors , dnd centro id computa ti ons

for images 246 and 247.

.11 11 
..lllil .11111 
.1111 11 1 1111 111 
111.1 11111 11111111 
111 .1111 111 11 111 
1 11 111 1 11 111 11 
.llll i...1 llll ll...l  

11 11 llll... .ll 
11 

X BAR 5.836 YB AR 4 .389
YBAR = 0.036 YB A R = 9.889

SIG2X 34.46$ SIG2X = 24.944
S IG2Y = 102.106 SIG2Y = 102.704
S IGX Y = 5 2. 489 SIGXY = 44 . 426
THETA .49~ THET A = .426

DELX -: 

~5 D E L Y  = I DE LX = -4 DCLV = 1

IMAGE NUMBER = 246 IMAGE NUMBER = 247

F~ oure 3.0-11 Image 24t’ Figure 3.0-12 Image 247

The conclusions based on this test is that the tracker is working on the

NV & [OF data base, but the track errors have room for improvement. We plan
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- next to try a band pass correlation tracker over those same images to see if

I performance can be improved . Further , the search techni que for the minimum

needs improvement because in image 246 and 247, the next to minimum value was

chosen thus contr ibuting to the window offset. Another measure of increasing

complexity to be tried in the sequence of more complex trackers is gray

level correlation .

1~

1 1
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4 .0 TARGET SIG NATURE PREDICT I0~a

The purpose of this section is to describe preliminary efforts of

target signature prediction in the presence of obscurations in order to Support

a t ra~kinq strategy . The work is described i n terms of an an~’lysis of three

scenarios from the NV&EOL data base. Severa l hypotheses are put forward for

the individual cases. At this point a genera l thread or theory is not apparent ,

although the goal is certainly to avoid allowing the target signature prediction

problem to deqenerat~’ into a number of special cases.

A more genera l problem associated with target signature prediction is a

determination of the leve l at which the problem is attacked. For example, is

i t  necessary to identify roads , woods , rie lds , sh rubs  and so on in order to

perform target signature prediction? Considering the practical aspects of the

ma tter. i.e. the scope of this contract and the state of the art in identifying

roads, woods , fields, etc ., as exemplified by the DARPA Image Understanding

Program , we think that approach is ambitious. Instead , we will avoi d that

approach arid concentrate or. the level at which the problem is difficult for

a tracker standing alone. An exam ple mentioned in a recent paper
1
is one in

whic h the target approaches an obscuration at approximately the same gray level

as the target , the target becomes obscured , and then moves away while the

tracker remains locked on the obscuration. Consider the three scenarios

and t he hypotheses suggested for each .

4. 1 Road C rossj~jj ase

The scenario has an APC starting in a field to the left of a road ,

movi n g across the road , and continuing into the field on the other side . A

win dow from the initial portion of the scenario is shown in Figure 4-1.

Assessme nt of Target Tracking Techniques , Capt. B. Reischer , paper 178-06
Proceedings of SPIE, Volume 178 , Smart Sensors , April 17- 18, 1978.
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Figure 4-1. Road Crossing Case

A rough estimate of the gray levels for the initial window is also shown

in Figure 4-1. As opposed to images analyzed in prior studies ,e.g. the

DARPA /NV&EOL Smart Sensor work , this set of images offers changing

polarities for the same target. That is to say , the APC in Figure 4-1 is

ini t ial ly represented as a light target against a dark background. When t he

APC is straddling the left shoulder of the road , the rear portion of the

target is represented again as a light target aga inst a dark background.

However , the front portion of the target on the road is represented as a

dark target against a light background. When the target straddles the right

s houl der , the front and rear portions of the target reverse polarities with

respect to their respective backgrounds. To illustrate this point , consider

the set of images in Figures 4-2a ,b, and c. In Figure 4-2a, the image has

been thresholded f ’om low gray levels and every pixel <14 is labelled as a 1;

every gray l eve l  ~~~~~~ i s  not labelled. When the target is straddling the

_ _ _ _  

p 

-

Figure 4-2a . I 14 Figure 4-2b. I <1~

I
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1.
left s houl der of the road , as shown in Figure 4-2b, a clean segmentation of

the target cannot be obtained. If we slice down from the highest gray levels ,

I . the same resul t is obtained , as shown in Figure 4-2c, with the road and -:

target appearing as a “ hole ’ . Th is is, they are part of the unlabelled

region.
I l l s  i~l~ ‘s1.~I I f

i l . S, (  \ l l s

I I  I \s i t

I I I I I  I~~
• S I I I I  I I I

Fi gure 4-2c. T > 14

There are several approaches to this problem , e.g. 1) tracking the

target by tracking Lar -ge t shadows or internal contrasts which are separable

from the bac kg round , 2) band pass segmentation similar to techniques discussed

-in the tracker section, 3) change detection , 4) reliance on edges rather than

gray leve ls for segms~ntat ion , and 5) others. In this Quarterly, we consider

1) and 5); approaches 3) and 4) are considered in later work.

4.1.1 Use of Interior Contrasts and Target Associated Regions

An example from the NV&EOL data where the first of these approaches is

usefu l is  shown in Figure 4-3 in which the shadow of the previous target has

been noted.

AP~~~~~~

hadow 

i~~_

Figure 4-3. Shadow Present
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T he s hadow i s composed of gray levels 25-30 and is clearly visible as the

F target crosses the road . We could track the shadow instead of the target and

the problem reduces ~o one of tracking a dark target (the shadow) across a

background which varies in gray level but is always lighter than the target

I (shadow) and hence a clean segmentation is always possible. However , before

arrivin g at this nice position , there are several interest ing issues to be

I settled. Is the dark reoion a part of the target (e.g. cold or dark part

L of an otherwise hot or bright target), associated with the target but not

part of it (e.g. shadow of the vehicle , dust , or smoke plume due to target

I motion), or a oart  of the  background (e.g. clump of shubbery , muddy spot on the

ground , e tc . ) ?  This must be determined in order to decide whet her it should

I be tracked and how to use the tracking data . We begin by assuming that the

classificat ion logic has correctl y identified the APC in the initial images ,

Figu re  4-3, and has not inc luded the dark object as part of the APC . The next

hurdle is to identif y the dark object as :omething in the background (e.g.

bush , mud pa tch , etc . ) or something associated with the target (e.g. shadow ,

L d u s t  plume , etc.). For this classification , we may use features such as

comparison of the sires of the APC and dark object and the movement of both.

L There are problems with these features because target associated regions change

[ with conditions (e.g. shadow change with lighting change , plume change with

veh icle speed and ground surface conditions). For the movement feature,

the target will have to move some minimum amount to determine whether or not

the dark object is moving with- the target. If the dark object is not moving

I- with the target, then it is probably part of the background . Let us tabulate

[ the x and y components of a vector centered in a coordinate system located

in the APC according to the 
‘
geometry of Figure 4-4, where the vector is

[ drawn from the center of the APC to the center of the shadow. The disp lacements

in x and y are shown in Table 1 over a selected set of frames in which the

target has moved 24 pixels.
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Targ et

Shadow

I Figure 4-4. Target /Shadow Geometry

Table 1. Target /Shadow Displacement

FRAME NO. 1 y DISPLACEMENT x D1SPLACE~ EN T

1 —5 +2
- -- 2  —6 +5

3 — 5 .. 
- 

+5
4 _5 .

- 5 ...5
6 ...5 +3
7 —5 . +3
8 -5 . +3
9 -4 0
10 -4 +2
11 —4 4-1
12 -6 +2
13 -6 +2

An e\amination of the table shows that the x and y components are constant

with respect to a target movement of 24 pixe ls, t h u s  indicating that the dark

object is associated wi th the target. Another feature mentioned for determination

of existence of an associated region is the relative size of the target and dark

object. These are tabulated in Table 2 for the same sequence of frames. These

I data indicate that the sizes are relatively constant during the 24 pixel move-

I ment of the target. We may speculate that the dark object is approximately

equal to size of the tar get , but under different conditions the size relation-

1 ship might be quite different. Probably, the stabi l i ty over time of the ratios

of target and dark area sizes is the best indication we can hope for without

attempting to account for the deta iled conditions (e.g. sun angles . soil moisture .

I,

L 4-5 
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1.

f

T~i hl e 
2~ Target/Dark Object Dimensions

TARGET DARK OBJE CT

FRAME NO. X Ext V Ex t X Ext V Ext

1 11 6 16 2
I

’ 2 11 6 18 3
3 13 6 16 4
4 11 6 16 4

-
~~~~~ 5 10 5 17 6
- [  6 10 6 16 57 11 6 17 5

8 13 6 15 4
9 15 5 17 3

10 17 4 14 4
11 13 4 15 4
12 12 5 16 4
13 15 5 18 5

wind direction , etc.). An attempt to account for such condit ions is well

beyond the scope of the present effort and is probably not desirable in a

real time tracker ii any case.

Before leavin g t his line of analysis , let us di gress for a moment and

consider thL case of attempting to classif y a targe t wh i ch has dis ti nct

light and dark parts in order to obtain the correct c lassi f icat ion we original-

lv assumed. Suppose that the background is such that each portion of the

[ target can be cleanly segmented. Because each is treated as a separate object ,

classification is not possible. However , as seen from Table  1, movement and

a computation of the x and y components of a vector joining their centers can

provide reasonable evidence that the objects are moving together. Conceivably,

these portions could be joined in a Connected Components sense and classification

loqL. successful l y applied to the combination .

4-6
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In conclusion , we have ana lyzed the road crossing case from the standpoint

of tracking objects or areas associated wi th or par . of the target. Thi s is an

important speci il case because environmental conditions are not always favor-

able but it seems that such techniques may be required in any case in order to

correct ly classi fy targets wi th strong internal contrasts .

4.1.2 Other Approaches

Another approach to the road crossing case where a clean segmentation

appears unlikely is to determine and use a band of gray level s which are character-

istic of the target only. To obtain the band , we follow the usual procedure

of success ive slices ql<T 1, gl<T 2 and match edge points  w i t h  perimeter

ooiits to obtain the maximum number of matches . Then , the gray level s repre-

sen tir ig the target are considered to be in the band. For example , the band

of gray levels 10-14 characterize the target in Figure 4-1. There are areas

to be investigated in this approach also , because we fo un d tha t  the ban d of

gray leve ls representi ng the target changes as the background changes. For

example , the maximum gray level on the front part of the target when that

portion is on the road is 8. Hence , the band cannot be set at 10-14 and

never updated , but must be adaptive . Previously, we s poke of the changing

target pol arity with respect to the background; the probl em also contains

the element of chan ging gray levels wi thin the target. In conclusion , a

band of gray levels may be usefu l if the change in the band can be predicted.

We will consider this problem further in the next Quarterly as well as

several other approaches involving change detection and detections relying more

on edges such as can be found in one mode of the Westinghouse Auto-Q System.

J Another idea is to shift the tracker to the rear of the target when it straddles

the left  shoulder; the rear of the target has a predictable bandpass here.

While the rear is tr acked , frame to frame , the cuer is l ooking for the emerging

front end on the raod. Hav ing found it , the tracker is s h ifted to the front

L
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end. In th i- . roach , the i dea of obtain i nq a i 1 ear segmenta t ion of the

ent i re target i’~ di ’~carded .

3 . ’ THREE TARGET S CRO SSIN G CA SE

The sce na r io is an APC pass ing between two stationary APC’s as shown in

r iqure 3~5. •‘~ll three APC s are roughly at the same in tensi ty (gray ) levels

so the question of ada p t ive hands i s  not re levant.  As the target on the left

closes with the other two , their resp ect iv e shapes merge prohibitin g a clean

ED

linure 4-s. Crossin g APC ’ s

segmenta tion of the ta r~~’t~ and •als~ ot~l iterating target outlines as shown

i ri Fi gure 4 — t~ . Th e probl em is to sep a r at e  t he ta rnet  s . In t h i s  k i n d  of si  tuation

( • ~ opposed to th e  rc~ad which e~ t en ds from the hot torn of the window to the top),

i t I s pos si ~i e to track the v coos - .ti na tes of the targets. The y coordinates

are interes ’ing because they can he used to determine which target is in front

F i qure 4 -6 .  Merged T a rge t s

-- - -~ -—•~-— ~~~~~ - - - - -  - - - ~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~
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of the other. For vxampl e, the y coordinate of the bottom of each target in

Figure 4-5 indicate that the left APC is passing behind the l ower APC and in

f ront. of the upper APC . Figure 4-5 is redrawn as Figure 4-7 with the y

coordinates added; i s the coordinate of the top of target I, and 
~1b 

is the

coordinate of the bottom of tarnet 1, and so on .

i

~~~

V u ~~~~~

Figure 4— .7 - Li- ’~~ I rq Tir (n’t’-. . -
.- - ‘rdi na tes Added

These coordinates can he computed and tracked on every cued frame. Further ,

we establish a file by vertical position such that, since 
~~~~~~~~~~ 

it is

ordere d 2,1,3. Ta b le 4 shows a trac k of these coord i na tes as the left

target crosses the other two and emerges . In the f irst four frames there is

Table 4. y Coordinates for Three Targets

FRAME NO. 
~
‘it ~1b 3’2t ~2b ~

‘3t . ~
‘3b

1 47 
- 

50 41 44 49 56
2 45 50 41 44 49 54
3 21 24 16 20 25 32
4 27 32 24 28 33 40
5 49 64
6 55 64 67 72
1 87 94 - 97 104
8 26 33 24 30 39

4-9
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s til l a separat ion between the targets . The coordinates are varying from

• w i ndow to window hecause the TV senso~ is not on a stabilized Platform. However ,

if we used di f ferences between v coord i nates the perspective information is main-

tained as shown in Table 5. In frames 5 through 7, there is merging so the middle

Tab le 5. Perspective Track

I FRAME NO. . ~2t - 

~
‘3b

1 15

1 2 13
3 . 16
4 16

I 5 15
- t  6 - 17

7 17
• 1 5

dimensions do not have much meanin g . If the left target passes between the

other two , then 
~2t~~3b must remain fair l y consta nt as shown in Table 5. Since

the merging occurs in the middle of the three , we sh a ll be tracking the rear

portion of the left target , the top portion of the top target, and the

I bottom portion of the l ower target.

There is another phenomena observed in these images and is something we

shall call bridgin g. When the targets come within a few pixels of each othe r,

bridges begin to form between them as illustrated i n  Fiqure 4-8. That is ,

0:0
[ Figure 4-8. Brid ging

[ the gradient from the li ght target to the darker backgroand in its usual decay

by another bright object. This is probably caused by the limited MTF of the

4-10
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sensor and oversamplinq in the video digitization which combine to produce the

mixed p i xels ” which form the bridge . The significance of this observation

means that, if there is a shape merging, clean segmentations will be limted

when they are within a few pixels of each other. This implies that the look

ahead window must be of the order 5 to 7 pixels.

4.3 FADING TARGET

Th is scenario has an APC moving through a thick woods at l ong range so

that the target is cmlv a few lines high on some frames and perhaps six

lines high on others . Further , the shape is changing between frames ; this

problem is  accentuated by the TV camera not being mounted on a stabilized

platform and the fact tha t the camera is being panned. Our first approach to

this problem will be to test to see if it indeed is a problem or whether

tracking is possible without signature change prediction. In short , it will

p rov i de an interesting case for the baseline tracker. Recall , that we are

following the strategy of using a relatively simple tracker in order to achieve

the speeds and target handling capabilit y demanded by the multiple track

function . If the simnie tracker can handle the fading target case , and can

handle targe t signature prediction in conjunction with a cuer . confidence in

this overall apprach will be increased .

4.4 SUMMARY

Study of the problem of predicting and continuing track through changes

in target signature has begun by considering three cases from the NV&EOL data

base where such approaches may be important. That is , we have selected cases

where the simple frame to frame tracker can expect to fail and the cuer may

have d i f f icu lty dist inguishing the target(s) .  Although target signature

change prediction would seem to eventually depend upon identification of major

non-target image areas (e n. roads , woods , fields) such a high level of

automatic image understanding is beyond the current state of the art and is
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F deemed beyond the sco pe of thi s contrac t. Nevert he less , severa l interesting

and potentially productive research issues have been noted in this area. Broadly,

these all depend on generating a more thorough automatic analysis of the

- 
details of the target signature itself . This may includ e analysis of the

- interior target contrasts , regions associated with (generted by) the target

w h ich are not part of it (e.g. shadows , dust , plume s, tracks), better

separation of target and background intensity regimes, analysis of the

target by portions (e.g. front or rear) and analysis of foreground/background

relat ionships hetween segmented objects. Further investigation of these

areas is critical to understanding the basis for more robust target cueing,

cri tical aimpoint analysis , and multi-target tracking and this work will

con ti nue and be ex panded in the next quarter .

- I-
I -

i i
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.- 5.0 NV&EOL DATA BASE
I - The purpose of thi s section is to describe the NV&EOL TV data base

supplied under this contract. A description of the FLIR portion of the data

base was provided in the firs t quarterly. The index number for each tape

segment refers to the length meter on a Sony tape recorder. This may vary for

the reader ’s case depending on how much tape is used in the threading operation.

Nevertheless , the index should be within +25 of the meter on the reader ’s

525-line tape machine .

5.1 Tape C 1,3 H

Tape Position 0001 Light Road

The jeep and truck are dark targets on \“\‘\ Light Strip
one side of the light road and the 3 APC ’ s Jeep c~\ \
are light targets on the road. There is a 3 APC ’s

Truck O I II
light strip of ground paral lel and to the 

/ 
V

P
dright of the road. Initial position of the a.

vehicles is shown in Figure a. The vehicle 
~~ \\ Jeep

geometry after some movement is shown in \ \ \\ 
~~~~~~~ ~~APC ’ s

Figure b. Initial acquisition is at ) J~~~Truck 0

med ium to long range . There is substantial / / if
merg ing of target shapes. b.

Helicopter

I

F

1.

5-1
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-- I .
Tape Position 0044

II The jeep and truck have reversed positions \
with each other and the two vehicles stay Tr~~~\

I I } 3 APC ’s
together. Acquisition range is longer and J~~p

I the helicopter altitude seems to be higher

than in 0001. Initial Vehicle positions a.

1 are shown in Figure a. and after some 
\ \ \\

elapsed time, the vehicle positions are \ ~ T~~ k

shown again in Figure b. Even at the I )~ ~~~~~~~~ }APC ’ s

1 higher altitudes the target shapes merge Jeep ~~~

part of the time.
b.

+

Helicopter
Tape Position 0092

t Initial vehicle positions are shown in

I Figure a. Here the truck starts on the Truc k } APC ’s
road with the jeep on the shoulder. The eep

3 APC ’s are well off the road. The lower a.
hel i copter altitude is responsible for a

I . \ \  Truc k
significant amount of shape merging. The

~~~ } APC ’s

I vehicles stay together, while moving , in Jeep ~~~
two separate groups as shown in Figure b. 

b[ This section ends with the hel icopter

flying over the targets which is true for all Helicopter

these runs.

Ii

1 25-
_ 
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1. 
Tape Position 0123

Initial acquisition is at long range wi th

the vehicles placed along the border of a PC~~
- woods. The vehicles are stationary and Tru

~~ ueep
appear light against the gray field and -

darker woods. Four of the target shapes t
are merged , with the leftmost APC stand - Helicopter
ing alone.

Tape Positi on 0153

A repeat of tape position 0123, at a

greater helicopter altitude and medium

acquisiti on range.

Tape Position 0198 .Pick-up
The run geometry is same as 0153, but the Truck

vehicles have been changed. The truck

standing alone is a pick-up truck as seen APC
Tank

from the rear and the other truck is a Truck

military troop truck. One of the APC ’s j
has been removed and replaced with a tank. Hel i copter H

ii
Tape Positi on 0218 Pick-up

~~~ Trucks,
A repeat of tape position 0198 with 

~ \,,,,,
acquisition at medium range. The sensor I O4’

~ .jank• / 1 0 pj’
~
— Truck

then swings away from the stationary ‘~OAPCiruciçfØ/
target along the woods and follows the I / c
truck moving on the road. Helicopter

~~~~

-

~n_ i 5-3 
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Tape Position 233

A repeat of 0198 with acquisition at

medium range; the run is terminated be-

[ fore the helicopter flies over the tar-

gets. The altitude appears to be

greater than that of tape position

0198.

Tape Position 248 Pic k-up
The same target geometry as tape Trt~ k

position 0198 but the acquisition

range is longer and the helicopter O
Q

F
~
C
Tank

ruck
azimuth apprach angle appears to be c’A C

different. The run finishes with the

helicopter flying over the targets.
Helicopter

Tape Position 0273 Road
The tank has a light top and dark treads

- and appears to the left of the road. The \\ Truck APC

truck and jeep are dark targets to the Tank

right of the road, and the two APC’s ~~
- Jeep APC

[ appear as light targets. All the tar—

- - . gets are stationary .

Hel icopter

1L.
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Tape Position 0290

Same target geometry as tape position 0273;

here the tank moves across the road and Tank
\ 

Truck 
dPC

between the other targets. The run ends 1 0 OApc

when the tank passes between the truck and / Jeep

jeep.

Tape Position 0307

Same run geometry as 0290, except that the \\rank 
Truc k APC

tank starts on the other side of the road . ‘) ‘1 
~~~~~~~~~~~~~~~~~~~~~ rThe tank passes between both pairs of / 1 Jeep

targets.

Helicopter
Ta pe Position 0323

A repeat of 0307 except the acquisition Truck APC
\ \Tank

range is l ong and the altitude is l ower. A \ \O ~
~~~~~front view of the tank is also shown. There JJ Jeep ~I’C

is more shape merging in this run because of

the helicopter position. I
Hel icopter

Tape Position 0344

A repeat of 0307. 
-

Tape Position 0359 
-

The tank starts from the left side of the \ \
\ \ MUD Truck APC

road and passes between the two pairs of 
Tank 0 0

_I,

targets. There is shape merging and the
- i Jeep APC

I - mud to the right of the road blends in di’,
with the lower portion of the tank. .

Hel i copter

- 
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Tape P o s i t i o n  0378

A repeat of 0359 except that the

helicopter flies over the tank just

after it emerges from the APC ’s.

Tape Position 0394

Close range of tank moving around a curve

in the road. As the tank  rounds the 
(

P

curve , it is ooscured by trees and only

a smal l por t ion  of the tank is seen. H
I -

Tape Pos it i on 0410

A jeep and tank are moving along a road.

The trees along the side of the road ~-Jeep

provide partial obscurations as the

targets pass by . 0 Tank

Tape Position 0417 ~~~~~~‘~-T ank

A light tank is placed on a light road.

The tank moves off the road through a

scrub woods and then into a 
Clear in

clearing as the helicopte r flies over.

Tape Position 0443

A close range shot of tank moving on

a road toward the helicopter.

7’
Helicopter
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t I Tape Position 0450

A tank is moving on a shou l der of the

road and is lightly screened by trees 
_______

in the foreground . Acquisition range n

Woods
is short .

-~~~~~~~~~~

Tape P o s i t i o n  0459 
Tank Q

A dark tank is moving on the dark

shoulder of a road and generating a light Jeep

plume behind it. The tank passes the

jeep as the  helicopter flies over.

Tape Pos tion 0468

A jeep and tank are moving in the same

~~~~~~~~~~~Tank

The tank reappears and the target s merge again

after they move out of the curve in the road.

A close ran ge sho t of a tank w it h a trai l ing

dust cloud is seen at the end.

I .
S

5 .7
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Tape Posit ion 0481

A tank is moving on the shoulder 
o f/

~~~~‘iee p

a road and toward the helicopter .

A jeep is keeping pace wi th the tank

but moving on the road .

Tape P o s i t i o n  0488 He licopter

The h e l i c o p t e r  i s  fol low i ng closely ~~~~~~
behind the tank seen in the foreground .

In the background a jeep is seen moving

along a road. 
Tank

Tape Posit ion 0494 Hel icopter

A short  range , side view of a tank moving at
—~~~~~~~~~

---

high speed . The helicopter then ~ing s

beh ind the tank showing a rear aspect. Tank~~~

Helicopter
Tape Position 0498-0503

A front quartering aspect of a tank with a

trainin g plume is seen. The target is moving

at high speed and the range is close.

Helicopter
Tape Position 0555—0566

,) ,I:::~ 

APC Truc k
Three stationary targets in an open field. 

~~~Jeep
The APC appears as a light target and the

other two appear darker.
Helicopter

I. 



Tape Position 0573
Truck Jeep

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
two t~ 0

shape merg i ng with truck.

Tape Position 0588

APC circles the other two vehicles and

then executes . a c i r c l e  between them 
Truck ~~ep

with more shape merging. Run ends o
APC

with APC heading toward hel i copter

as it passes overhead .

Light
Tape Pos i t ion 0605 

\ \
Three targets , initially at long range, \\
are approaching helicopter. The

three targets are moving on parallel ~, ~

paths. AP C JEEP TR UCK

‘1’

Tape Pos ition 0630 Helicopter

Same run geometry as 06fl~, but this
APC

time the APC is the only target. I~ ~ 4

rape Pos ition 0665 He licopte r

Same run geometry as 0605 except that \\ Jeep APC Truck

acquisition range is longer and \ 0 0 0
position~ of the targets have been

changed.

Hel icopter



_ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _  
_ _ _

r

Tape Pos ition 0684

APC is moving a long edge of woods; it is a APC

F gray field . 

against dark woods and 

Wood s

J Tape Position 0706

Close range image of dark truck

moving alan: shou lder. 

~~~~~~~~~~ ~~C 

Helicopte r

Tape Position 0733

Close range images from quarter- 
~~~~~~~~~ Truck

rear aspect of a truck and APC mov ing ~lelicopter

ends with close

Tape Position 0746 Helicopter

Medium and close range images of 
~~~ QAPC

the side aspect of a moving APC are seen.

Helicopter

Tape Position 0770-0831

This section of tape contains \\JeeP APC APC APC Iruck

repeated runs over the same target 
J )

geometry shown in the figure . The J)
targets are stationary and appear / Helicopter

in the same geometry in each run.

[
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5.2 TAPE ~~ ,

Tape Position 0030

Acqui sition Is obtained at recognition

range on five stationary targets in an
~ APC APC TRUCk APC JELl’

open fie ld. The ,je~’p appears as a \\ o o a —

dark target. The two APC ’s next to it

appear as light targets . The truck - 
-~

and left most APC appear to have / 1
l ight and dark portions . The helicopter Hel i copter

closes to about half the acquisition

range and the run ends.

Tape Position 0052

L A repeat of tape position 0030 with

the range muTh shorter at the end

of the run .

Tape Position 0076

This run has the same target and

run geometry as 0030 t ”~~~mt.

the acquisition occurs at l ong

range . The range is long enough to

cause shape mergin g . The helicopter

altitude also appears to k’ greater.

~- 11

L. 
_ 
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Tape Position 0102

A repeat of run and target geometry

as 0076 but at a higher altitude .

Tape Position 0136

This run has the same target geometry

as the previous one but acquisition

occurs with only 2 or 3 lines on the

targets. As the helicopter closes

it is also dropping in altitude , I

thus simulating a munition. 
-

Tape Position 0192

Acquisition occurs at long range and
\ \  “~~ Jeep

the three targets to the left appear \\ APC

as one. The top target (APC) then APC
II Truc k

moves to the left and then 1/
between the other two pairs of targets. ‘1’s

Helicopter

Tape Position 0240

The same target geometry as 0192

except here the APC crosses the road ~~~Jeep

after going between the two pairs of

targets and goes between both pairs APC Truck

a second time . The run ends with

the APC between the jeep and truck

f - 
for the second time .

5-12 
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Tape Position 0293
APC Jeep

Acquisition occurs at l ong range and C
- - the moving APC is to the left of the 

APC 0
APC Truc k

road. The helicopter altitude is

quite high at the end of the run.

: - 
Tape Position 0326

Acquisition occurs at long range AP 
APC ~~eep

but the helicopter closes rapidly \ ~. . I I APC Tru ck
so that it flies over when the 

~ I
moving APC is becween the other +

Hel i copter
two APC ’ s .

Tape Pos ition 0351 - 

-

‘

Same stationary target geometry APC Jeep

as the previous runs on this tape. APC ___________________

Here, the moving APC starts from APC Truck

the road and passes between the I

truck and jeep by the time the Helicopter

helicopte r passes overhead. The

run ends with a close range, side 
-

view of the moving APC.

1~
S e
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Tape Position 0377

Same target geometry as in the previous

1. runs. Here, the APC starts from left side \~\ ~~ Jeep

of the road and the hel icopter flies APC O\ \ ~~
“ 

~~
over as the mov ing APC emerges from among ) ) APC Tr uck

the two APC ’s. Initial acquisition
4’

occurs at long range .
Helicopter

Tape Positi on 0449

Initial acquisition is obta ined at medium

[ 
range. Three stationary vehicles a jeep,

APC , and truck are positioned in a clearing 
Jeep-÷ 

APC
CLEARI NG

!
~ 
I

) 
-
~~~~~

L in a wooded area. An APC moves across P r~~kJJ
the clearing and is partially obscured 

1/
by the APC and truck. The APC stops

before it enters the woods. Helicopter

[ Tape Position 0463

A repeat of the stationary target geometry

of 0449, but here the moving APC starts ~~ / PC

{ the road. Initial acquisition is at longer 7
range, but the APC does not begin to move Jee ~

ruc
until the range has close to medium . The APC

run stops at approximately the same place

as 0449. There is obscuration both with

the other targets and wi th the scrub brush
Hel i copter

in the clearing .

[
- .—--— 
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Tape Position 0473

A repeat of the previous target geometry.

• Here the APC starts at the edge of the
APC 

—

clearing and passes among the other tar-

gets. It then moves among the woods Jeep c~
until it approaches and moves onto APC ~ Truck

the road. Acquisition Is at medium to

long range. The APC is partially

obscured by the woods as it moves through

them and back toward the road .

Tape Position 0493

Initial acquisition is obtained at long

range with the moving APC on the road,

the stationary target positions are the
APC ~ TRUCK

same as before. Again , the APC moves from

the clearing into the woods resulting in

a series of partial obscurations.

Tape Position 0504

A repeat of 0493 except that the APC moves

between the APC and truck and then stops. PC

Jeep

AP ~ ~~ruck

5-15 
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- Tape Position 0521-0522

-~ targets are stationary .

Tape Pos ition 0531

A repeat of 0521 except that the APC

beg ins to move when medium range is

APC a~~~tru:k :~
:°:

~:~ 
JeeP~~~~~~~~~~))

Helicopte r flies over the targets. Truck (
Tape Position 0545

Initial acquisition is at long range APC
with the same stationary target

geometry as before . The moving

APC starts from the wooded area Jee
A

above the clearing . The run ends Truc

- I at approximately medium range as the

- 

I 

APC enters the clearing.

I-
L
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Tape Position 0560

A repeat of the stationary target

I - geometry of 0545. The APC starts from

the woods as in 0545, but does not

begin moving until the hel icopter

has closed to medium range. Initial

— 
acquisition is at l ong range. The

hel icopter closes on the moving APC

simulating a munition and flies over

when the APC is abreast of the jeep.

Tape Position 0588

There are three vehicles stationary

on a road. The road just ahead

of the vehicles is screened by trees. 
‘ - 

-

Initial acquisition is at l ong range.

As the hel icopter closes , the truck

moves up the road and behind the trees. 
\~~

- ‘ Tr ck
The truck stops on the right side of PC

the road . Then the APC move s behind Jee

the screen of trees along the left

side of the road and stops ahead of

the truck. The jeep then follows

the APC and stops behind it. Both

the APC and jeep stop in front of the

truck .



4,,

I

—

Tape P o s i t i o n  0612 Jee
Four targets are mov i ng from the Truck~~~ 

~~~AP~~~~~~~~~~~~~~~~~~

the run. The runs start with the

helicopter at long range .

Tape Position 0655

The run begins with the helicopter at

long range. The four targets are in ( - -

the same arrangement as 0612 but the ~~~ \,
APC is positioned in the wood s just

off the cleari ng. As the helicopter

approaches to med i um range , the targets

move into the clearing. The run

ends when the targets have moved

across the clearing.

Tape Position 0674

A repeat of 0655 except the targets

remain stationary unti l the helicopter

has closed to short range.

[~
1
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I
Tape Position 0694

I
A repeat of 0655 target geometry

but the helicopter comes in low ,

j simulating a munition. The low

closing angle causes the mov ing

targets to be partially occluded by

- - 
the scrub trees and brush in the clearing.

.1

Tape Position 0706

Initial acquisition is at long range.
- APC

- A single APC is moving through the

I

is simulating terminal homi ng. The

APC enters the woods before the Helicopter

helicopter flies over thus partially

obscuring it.

Tape Position 0716
APC \\

A pair of APC ’s are moving through the APC

wooded area and disappear from view.

-. initial acquisition is at long range.

The APC ’s reappear again at the edge

of the clearing and at a much shorter

range.

5-19
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Tape Position 0729

- Three targets start toward the clearing 
‘I ruck

from ~~ll back in the woods. The 
AP?

run starts at l ong range . When the

,- 
. they stop. After 

ed:e of the clearing,

interval , they move across the clearing 4

as the helicopter closes.

~ 4
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- 1~ 5.3 Tape C4

- 1 Tape Position 0016

Helicopter approaches four stationary

J targets which are p laced on the edge

of a woods. The targets are close ~~ 
ee~~

- 

1 enough to each other that their 0 ‘
~~~pc

shapes merge. At long range the APC ’s

appear as light targets and the jeep 7t and truck appear as dark targets. The hatch Helicopter

on the APC between the jeep and truck

is up and the hatch on the other

APC is down. At closer range , the

targets have distinctive light and

dark segments.

- I Tape Position 0052

A repeat of the target geometry of Jeep

0016 , but i t  appear s tha t  the helicopter 
uc~

approach angle has been changed . 
~~~~~ AP C

Tape Position 0084

Same geometry as 0052, but initial Helico pter

acquisition is at longer range and

I the helicopter altitude during the

run is greater.
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Tape Position 119

Same geometry as 0084 but acquisition

i s at  medium range and helico p ter

[. appears to hover at short range .

The helicopter does not f ly over the

targets.

I .
Tape Pcsition 0155

Same run and target geometry as

0016; acquisition is at long

range. T he hel i copter f l ies over the

targets for the f irst t ime on this

tape and could s imulate a homing

munition.

Tape P o s i t i o n  0184

Acquisition is at long range with

the three lower ta rgets stationary . \\ _____________
Pt  the APC in the upper part of the

figure is barely v is ib le an~ also J Truck / Jeep
stationary. When the helicopter 1 0 4 APC

has closed to approximately mid

range , the APC begins moving. The p
helicopter seems to slow its approach Helicopter

almost to a hover as the APC moves.

The helicopter does not fly over the

target but maintains a stand-off range.

L
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Tape Position 0221

A repeat of 0184 target geometry,

except that the APC begins moving at

acquisition which is at long range.

The helicopter seems to hover at long

range so the APC passes between the

other vehicles at long range. The

helicopter then closes and passes

overhead .

Tape Position 0245

A repeat of 0221, except that acquisition

range is longer. The APC repeats the

maneuver of passing between the other r
targets.

Tape Position 0268

A repeat of 0245 except the altitude

appears greater and the stand-off

range is longer.

t —
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Tape Position 0289

Same stationary target geometry except

the APC starts from the edge of the

woods above the road . Acquisition is

at l ong range and the helicopter loses

altitude as it approaches , simulating a

munition. The helicopter flies over

while the APC is between the other

vehicles.

Tape Position 0310 Road ~~~~~~~~~

A repeat of 0289, except that the \\ ______ _____• %~\ —. _-_ Road
movin g APC will be well past the other Truck Jeep

targets when the helicopter flies J 0 9APC

over it.
I.

‘l’
Tape Position 0328 Helicopter

A repeat of 0310 except that the

moving APC is not as far past the

other vehicles when the helicopter

flies over. This means that some

of the other targets are still in the

frame the tracker is using for homing.

I
[I 

- 
U
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1. Tape Position 0349 - 0351 Jeet
~~O \ ~~APC

I ~ Rear aspect, close range images of \ ‘
Jee~~0five moving targets; 3 jeeps on the

J ‘ 
road and two APC ’s off the road. Jeep APC

Tape Position 0356 
TRUCK

Side view at close range of an APC ,

then a truck , and finally a closing APC

sequence on the third APC. 1’
Helicopter

Tape Position 0364
Truck

The helicopter , at short range , is Jeep
Truc

following behind the APC . The jeep and

truck are shown in the background moving APC 0” ~
at high speed along the road. The APC

second APC is then seen as is the last

truck on the road . Helicopter

~~~~O APC
Tape Position 373

Acqui sition at medium range of a

truck and APC mov ing in parallel. The

helicopter then closes on the APC wi th
Helicopter

truck still in the image.

IH
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Tape Position 0381

L Short range image of a moving APC Truck

as seen from the rear. The helicopter

then swings onto the truck which is

parked on the road and closes on the 1~
truck. Helicopter

Tape Position 0387 o Truck
Short range, clos ing sequence of an !~L..
APC passing in front of a parked truck.

Helicopter

Tape Position 0394

Short range , rear aspect of a moving

APC with the helicopter almos t at 0
APC

ground level.

Hel i copter
Tape Position 0400

Four targets are positioned along the Woods

edge of a clearing. Three are parked
CLEARING

close together and th~i r shapes merge.
~ ruc

The targets are stationary. Acquisition

Is at medium to long range. The hell-

copter ends the run before it flies

overhead.
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j Tape Position 0420

A repeat of 0400 except at a greater

helicopter altitude .

Tape Position 0436-0437

A view of the same targets at medium

range and an even greater altitude .

Tape Position 0462-0469

A repeat of 0436 for longer duration .

Tape Position 0480-0489

Acquisition of the same target

grouping at long range and the helicopter

closes slowly to medium range as the

run ends.

Tape Position 0493

and loses al titude as it fl ies over

simulating a munition.
Hel icopter
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