
F
*O—AO 56 ‘i12 ABERDEEN PR OVIN S MOIRC NO F/s 19/5

SATED TV INSTRtMCNTATION SYSTEM . (U)
.Ml 76 C 0 BROWN

UNCLASSIFIrD It

I
~~~64~2

U
END
0*fl

- FtL UE D

8 - -78
OOC

I
I

II



I ‘—
~

________ ~ :~ ~I I
___________________ I

I 25 II~II

V L V .



LEVE ~~~~~~~~~~~~~~~~~~~~~

.

( ~~ I CATED TV IN STRUMENTATION SYST5 (U) (
~)

JUL 10 19’T$
‘

~~~~~~~~BE~~~i~~~IOVlNG C~.OUND 
~~~~~~ DABERDkL~ PROVING GROUND , ~~ 21005 -

/ J ) JUN ~ 78 / L~:_
’ / .

Weapon—pointi ng data fo r the hi t—probabi ].ity analysis of
stabi lized vehic1e—~nou ntcd ~2apon systems ha ve long been ol) t~1ined by
high—speed photographic techniques , which do not provide a real—time
analysis capability, as film must be processed and requires excessive
data—reduction time ( fi lm reading). Infrared (ir) tracking systems ,
also in use, provide no image and therefore are extremely difficult to

—~~set up and aline. The Gated TV ( C I V)  system ~~~g~re 1) conclstlng of
a “ideo camera , a tracker error processor (traeL~r ) (TEP) , a vi~eo
monitor , and a digital or analog recor~cr , will derive weapon—pointing
errors as digital numbers or analog voltages proportional to angular
elevation—and—azimuth errors in real time . This output can be recorded
or presented directly to automatic data—processing equipment (ADPE)
to obtain wcapon—pointing data as a function of time. This ins t rum en—

• tation provides the basis for measuring target position , lead angle ,
and target angular rate. Utili~Jng such information , stabi].ization
and tracking studies of main and secondary weapon systems a~e readily
accomplished.~~~~ 
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St in e the eri~’i d a t . i  a r t ’  iva  lahi & i i i  i i i t l iii, ’ , t in’ t s t  d l i  o u t o r
CZ~ifl 1110111 t O E  t t t i i : ; t a f l t  I v , i t t  t~V [d i n g  I i s o  t t i i t  r~~ I t t t  t he  I t ’ s t  ant i

rap idly c o r r e c t in g  s i t  p a t  Ions  t k it  n i l  gh t  res t i  i t  ii t lit ’ l& ’~~; ot
va lu ab le  t e s t  I onis er c i  E L  i t - . t i  d a t a ;  I H o r O o V & ’ r , a v idt’o non I i o u  In
t h e  SY s t e m  pi tiv ides a pit t t i re  o I l u t e  t he t ’~i~tt t i i  I ’ ;  p~ I u t  h r .  . M any
cost 1)’ Fe t e st  a re  t h u s  a v t t  I dot ! , aiit l ho I er ~ t ’ i i  i i t t  I v I e ,i~; no i o v i  a l t  I c
d a l i .

CONCEP T 1)1’ g\’ g i  F ~‘I UI’ 1I ~;VI’ I t  ~N

The civ  ~-;~ s t  eni dot  t- m i  i i i t ’~ I. lit’ p o t  u t  i ug mgi  t ’~ ; t t ho \ . t i oius  nu t  t I
Ct .)l l t rol s V S t eIfl~ Of eoiiib ~it  v o l t  i t ’ I t s .  F’! gu rt ’ I ~ . a hi oiL it I . 101 .15  i t

t hu h s \ 0 t  1. 111. v [(h it i . i I ~I i t , I  in t l  l o i s ;  a re  h i i ’ ’ t l i i t  Oil OFt l i l t !  i t t !  ~; I ri~t ed
w i t li the  gun  t t ih t ’  of t lit’  coniba t  v ol t  i t I  t’ . l I l t ’ v I ~l~ o p i t ’ I t i l t  I I i . i n s —
IIII t *_~ l h\’ t ’;i!il e 01~ tIll 0 t i I~~~. l V t . ’ I u k  t o  iii I l iS t  I ( i t i t Il i a  I t t u t  va n t t t t i  a I n !

the  o t her  s v at  t i n  c tt ~ l p o i s n t  . its’ rot ’t ’ I vtd ~‘ ‘~~~o;; i t t ’  v i  tl ~ ti ; ;  I g i i ;t  I
fed  to  the  Tl~I’ , and an at inot i t  eu V Ideo  S I gnzi l i t ed I loin I ho I i~~~kt ’ t
to a v i  (it ’t~ non I t or .  The t r ;u ’Lo r  O O h i V t ’ Ft  t h~’ I . 1 1  gi ’  t 

~~~~~~~ 
i t  I on w i t  h i  it

the  v i d e o  p i c t u r e  t o  di g i t  a I :iiid illia I Ii~ , \ ‘J 1100 p u t p t ’ i  t I 01511 Iii i t i  I
t ime  to the  t a r g e t  ii isp !  a~~u ’ i ; eu t  I 10 .1 p r e d e t  i i  I t i t il but Ft ’~; I g u t  .

iues  are t h o u  recu’ rdod  on t apt ’ or sent di Feet !  \ l it  I l i t ’  A P I F .

The two mo st  I mp o r ta n t  oompt t nent o f  t h e  ( I V  S V S t  t e l l  0 I lit V i t l e u ’
eant ra and the v ideo t raekei  . The v I(lt.0’ tiioii i t  t~~I I S is i t i  V a lI~~~, I l 1S  I
v i ew in g  thu .’ d a t a  t ,t n t - l ; i t  b i t  an t i  moit l t o t ’ i n g  t i le  t i tek  lug p l i , i s t ’  t I
tei~tlng . Ai t h - ’u ~~h t i t e t  o i ~t ; h i l  i t !  ‘ s a i ~~’ t i v a i i i : i h i t ’ b r  ! ‘  t o o t i t  i i ,
dat  a cl i ck I n~ , and t \  .— I t m  i it s  I 1 a O~t l i i !  i i  I fli m il I 

* 
t i l t ’ \‘ ~~~~~ coi l  t t

plays no part in  the  t ’ t  r~~t r - ; i ( ;Ia i ~~~i t-a t ( t i n .  Thu t i L t ’ !  ~ i ii I ~ t i t 1 ,
r ecorder s  a t - ~ t I S L — t  i s t e i l  t lu v l t ’os , ~in t I  s ij i  I t  i t  I s  t~~~~~ & f l t  I a I t o  t i l t ’
op e r at i o n  o f I h~ CT\’ s v st  in t ha t t t i t ~~ I un o t  b i t  p l o p u u ’ l v  , t l s v a l t ’ s i m p 1 ~
data i t i g g e  t o  .tnd 1si’~’t ’ no t  lii t ip .  t O  do \ i t  ii t l i t ’ o t  L I - ; :  I g i s t !  p t i i t  i i t  I on

Thu’ video can i a  , l osp  rep,:iruieul is more Iv an imag ing t i t y I c e , 1t 1 . i v s u
p r iun : i r y  i o l e  in t l i t ’ C~ V ; v s t  I ’m .  S i n t o t h e  t i~ sk ~’r i n l i t i t I ’ . t i ~ ~
si gna l f rom t l i t ’  t ’~ l J n O t ’ i , t i l t ’ t ’ ; l l f l t ’ l l  i i ;  t lie I r~ ti~~t hi t ’et’ I il l’ t l i t  1 I \
sy st u ’m . ‘Ilte ~‘l d t o 1~~i : tk r , i  li t t u s t  lie ot  . i h i ’ , rugged , an~I 1 l I l t  ~t i  • atit l l i v , ’
a wid e  dvn. i ’u  I i i am b i ’  t o  u f lOuF t ’  t l i t ; t  t i t i  i~~~ t or I : ;  t I ; i i i  t h~’ t t v c  i a  I i
s y st e m  p e r t  o r n : l i n t ’ . ‘It s ’ liii ;; oFt t is ’ v i  d~. o t aut  a u t i s t  i t o  i t ’ ;es ;

t h e  same & l i j i  t a o  i F  I ot  c ;  . C ii ; iu tg  I op I lit ’ fi t ; 1  1 I t t i t b i  t i  t I 15 I t ’ i t o
changes t li t’  I I t i  d e I v i  ow ( ! t ) t ~’ ‘I t i  I l ie  ~ I t i t t i  t ’ ln i ’ r a . S i t u -  u s ’  t i ’
r e s o l u t io n  i ~: f t x t d  i t t  i u . . ’ i i t  l O t  ~~) . t ~~ ‘ i i t i t ’a I ‘I o t  ( is I t lV  , t i t t ’

rt soi U t l u i i  01 . i O 0 U 1 ’~ l t \  i t t  I lie O V o t  t I U  I : ;  ~i I ins t l o u  ot  t h e  I i t t i t  l i n g i  ii
of t_he lens. For e~~irn p Ic , a 

2i )  I is- l i ‘~t l~
( ne t  I ca I I t ’ i u g l  h u t  I ot i s  t i n

1—i nc h (2 5 . ‘~~-tntn ) v lu l i t ’O ul t i5t ’ i l  V i t i  ~i ;  ,i ‘~ V St  t ill \‘ t ’ i  I I i l l  t ( l \  o t  I ~ .
mu s and an a c c u r a c Y  ~‘t  I U .O$ ml  I ’ ; a n !~O -  I n t lu ( _ ‘d k’ - ntin ~ t e n ; v i i i  i t ~
ac c u r a cy  of 10,02 nul l 1) 111 an  FOV o t  i t ui l y 4 .8 ml I s .  A t u ,uit ot I t ’x l  I
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be t w een  t he dc ’sircd ac~ u r acy and the FOV required to accommodate
sy st om errors  (In tl d y nam i c s , lead angles , supe releva t i o n , etc .

The t racker  a t e c p t s  as i ts  input  the video signal f rom the camera .
T h i s  video si gnal is a h i g h — f r e q u e n c y  ana log—vol t age  s t ream of
sequen t ia l  lef t — t o — ri ght  t o p - t o — b o t t o m  (i ~ n o ri ng  ima ge reversal by the
1u’ns)scans of t h e  camera i i i ; i g o  area . The t racker  searches this  input
si gnal fo r  a d i s c o n t i n u i t y;  a voltage hi ghe r than an opera tor—
established threshold , mea ning  a target  bri ghter  than tile back ground ;
or a vol tage l ower than a threshold , mean ing  a ta rget  darker than the
backgrou nd.  By ide n t i f y in g  tile target  pos i t ion  In  the i npu t  s tream ,
the t r acker d t t r m i n e s  the t arge t  posit  ion in the FOV . This operat ion
Is accomplished at  the s t a n d a r d  v ideo—fie ld  ( the re  are two f ields  to.
every 2:1 In te r l aced  f rame)  scanning rate of 60 times per second.
Since the s t a n d a r d  video l ine—scann ing  r ot e  Is approximately  250 lines
per f i e l d  ( 500 per f rame)  in the ac t ive  icagu area , maximum resolution
is 1 line in 250 , or 0. 4% of the FOV . Tills resolut ion can be increased
by hi gh er scan ra tes ; fo r instance , anothe r standard scanning rate  is
8(10 l i ne s  per frame , 400 per f ie ld , y ielding a resolut ion of 1 line in
400 or 0.25% of the FOV . The trade o f f  is tha t t h e  hi ghe r scann ing
rate is somewhat specialized and the associated equipment is consider-
ably more expensive and less available . There are applications , however ,
where the hi gher  resolution is required , such as tracking through the
gu ;iiter ’s sight.

The t r a c k e r  is capable of ed ge or centroid tracking . In the edge mode
t he  opera tor  cart select the leading edge of the targe t that h~ /s1ie
wants to be tracked. This m ode is particul arly useful for large targets
that rrtv extend out of the FOV . In the centroid m ode the tracker
di gitally performs the mathematical operations:

X = X d a f S d A  Y = YdA/ f dA

to locat e and t r a c k  the center  of area (A) of the t a rget .

A t r i c k i n g  g . i t t  limits  the processing of t a rge t  i n f o r m a t i o n  to an area
a~itt t i-:a t 1ca lly adhustabl e in size from 5% to 80% of the FOV . The gate
cati t ie m a n u a l !  v positioned or , using an electronic servo loop , the
gat ( ’  w i l l p oi ; i  t. ion itsel f such t hat  the center of the gal:e coincides
wi th  t he trackin g point (edge or centrold) in tile preceding video
f i e l d ;  -thus , i n  the cu r r en t  video f ield , the t racker will  on ly  search
for  t h e  new ta rget  pos i t i on  in an area the size of the gate around the
las t  known t a r g e t  posit Ion . While somewhat l i m i t i n g  f re quency response
wi~ h snail g ; l t e sizes t h e  gate greatl y enhances the system noi se
immunity anti t r acking a b i l i t y .
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The t racker a 1 so st t i e  rat ‘s .i r e t  I c ’ t e  ti I up I - iv on t lit ’ non it ~‘ r , I nil I
cat I I ig  t h e  ccii I 0 ! - i I the  1”OV Ui’ I t s ’  h~t is ’:. I g lu t  i t  I ci t u i c t ’  pti  I ut  . t h u I
r et I c i t ’ ;1 his in  sy i  t e r n  ‘set  up ;un d al  I i t t - m i n t  . An ,ulcI it i o i i , u  I I eat

• a t  lows t lie :-~t t o  re h’ ru.’ncv 1~~’ h i t  t o be nt )~’t ’ cl I r tni I h i t ’ t e n  h i  t t  I l it ’ Ft ) \ ’
and pos it ~t oned I v t lie ope r a t t ’ r

‘I’he t r a c k e r  h a t :  i i i ’ et ’ u.l I I I t ’ l t ’ i i t  o u t  p u t  s.  ‘the \‘ I de~~ t i n t  p u t  l i l o t I l u e t ’S
he di up i ; iv  on t t i c ’ V I dc ci m t t n  i t  ot , a Id I I I ~~ s v u t  c m  O t t  t i l t . al  I nt - n u t , and

op e r , i t  Io u . i i i , ’ c i i  ‘ i t  a ! c t c i t  l i n t  a Ft I h~’ ~ li I t ’ I t i  I t s !  c l i i i  put  i i i  g i u a  I s
811 a l l  I u t ’ r io  I t  p i i i  c’ (’ t : ,  i i i  g i s  c i i  g i t  a I • an t i  tI I r• It 1 I ~I at a ;u Fe I h i t ’ l u t i s t
desi r~ t s i e  I ou ’ I u i - I h e r  p l t L - t~~: I i i t ~~. ‘ t h i t ’ s t ’  d i t  it : u i  s i  i t i L is  ar c  I ~5

u L t  l i t  it !’  ,~ 5 ( ‘ (i ifl~i l ( ’ i f l ( ’n t  • 11 ~o I.’ li l t ( i i t 1t t t i I I I I  t i l l  I lit ’ I t O t ’ I u t  lou
d c t t r m i n t ti by t h e  :s’,i u  i , i t c ) t , t u i a i v  l i t l l u l i ’ t ’ I  5 ’ h i t  it ’ l l i i i ’, I l it ’ I , 1 t ~~’ c t

posit io n  i n  a c a r t  c’sI:in coord luma t u.’ I audi l o u t ,  ‘l i lt ’ , i i i t i  I t (ott ot  ,u i t . t i  i t t ’—

to—d I g it a 1 e c i I L V t  - E L I - r u t  wIt iii Li t I i ~ t r ae  I~ t i  ~~ l i t ’ F L  t i ’s i I t  i l u i t  t ’ n u i l  i t O ,

o u t p u ts  v i  rv ing  i t t  wc ’en —5 and  f—S ~~t i It • p~ I l u l i l t I t t u i t I I t ’ ( lit ’ I ii ~‘ e I
p05] t Wfl . ‘I i i t ’~ t 111:1 1 c ’5 1) 111  5111 0 pl ’UV I LIt ’ .1 c ’c i l I V e l L  I c l i i :5 ,111:; ol t ’lut ’ck i n g
field d a t a .  t w i t  c l i  t , i t ;;l ci [u p I av : ;  t i l l  t h e  I i t i n t  p.111 1 c i t  f l i t  I t i L e
also pr ov I tIe cc ’ ti ven t e n t  re ach ‘ u t  :~ of I lit ’ t ’ F I c ’  F S I ~~L I.I I

Thu.’ I t a o  i b i l  i t  V o t  ( t i e  5 I \ ’  sv S l  t m  ~ ‘, i a  It ’ he I t o t  i t ]  i t \  e va  I i t o  I I n~ f l i t ’
sy st euti  w i t  hi t h i t ’  I t ’  I t o w i n g  u ’ r ’ i t  01 i . L :  t in’ svs t  ( H I  oh ’s I d  I u u t k ’ I 1 1 1 11 . 1 0

a n t i c i p a t e d  and 5 I  ev ide a t  h e i s t  ( i i ’ t i n t  , t n ~’t i l i  i t t  t i . L t , I  i s  I s  ~R ’ u h , l
from thu.’ hi gh—: : i c - t ’cl p lio t c i g r u p h i  t ’ t e c t u i m  l u l l S ’ s  i t u i t  C i  I i , s - k  h u g  v o l  t ’ l tuu; ;

the u s t  c -u n ~I i~ u u l d lit ’ pi l o t  l ( ’ , L t  I roni a o t , L i i t l ~~t i i n t  i i  ( Si ’ t I  I ii I il i t -
t ion ari d o p cr at  I i l 1 ~ t i l t  t v : ; !  ‘ l i i  . l i ’ t ’ l i i ; c \  su i t - :  I L i d  t u i : I i t u n t i t I  I i  It ’l l

conc h t t on s shioti l i i  lie - i t  I c - i t t t h ~ u t  cI t n i - o ’ - d  l v  I i i , ’ I i , i , k l u g  , I l ) t i

stab t I I s i r  i c ’o i  i t i c  I o u  w h i c h  i t  w t i u l ch  bc t une d

LAB0g1\1’~tR\’ 155 15

Not ( ‘ ul lV wa s I i t o  S i \ ’  S V S t t ’ i I t  .1  uiei,~ 111111 rtLl :ut lli I t  Icn i  S ’ S t i ’l i l , l i n t  I In ’
v ideo cont ra was as c ut  I t e l  v new f o r m  c f  I I i l l t S I L l u t t  I ’  tie cust ’d I
da ta ct t  1 icc ’ t It i t i  . t h u s  the v i  ~h ’ o  ctciiut ’ra ant I  l i i i , l i i i ’  n t , i  t u t  t u ~‘ , u i s - i i  t

of t h u.’  (‘.TV Sy s i  c Fi , I I r a t  u l u i c 1 c rw~ l i t  e x t  c n n !  Vt ’ I ;t t ’ c ’~~;iu ‘ I V  ( ‘ V . 1  I n i t  I t ’ l l

des i gned t O ~~t L  I i ’ ’  I lie olicra t I cill and at e u u F a t ’v l l u l ’ t ’c l g ) I  1 ~~c ’ h i t  l t \
point  t in t I Vs i s i i i p i~ ’d i i ’ I c c l  t ’ t i t  p u t t  s Vt ’ I 5115 ;5- (li ~ i I c u l l  l U t  i . I - I ‘ l i l t ’ i V

t es t s  we Fr t ic’ 11 I I I i t t t  t ci ioV t i  I t i l t  0 SV SI  t il l St  i t  I t I I lii ~~~1 I t  V • cI V i l l  I t
linu.’a”l I V • I I t ’ l l t  t i l t  V F t °I’~~’~~ ’ tu Sh l i i i  sc’ 1 ig, , lun ch l i i i  h a i l  c i i  i i ’  I I It v ‘

in a vi bra I i o u  c l l ~~’ I ronmu ’n I . l i i i ’ 1 t i t ’ c ’ u - ;i I c’ i - v  h’s I o l e  tb ’s i guu t ’d I t ’
uflC oVc ’r p o t en t  h a l  5 u t ~1i tern areas be I t i r e  I it ’ i d  t e n t  I i~ -. a ntI t o  p i  t ’ t  I t Ic . i

dat a base ttua t i n  Id  tutniun i t~c’ the cia (a I ci tte t ’V .il tiat t d thur (ii I l t ~ hth
test ing . Th is w c u u l  d a I low t tic’ chic’ t ’ o l t i ’ t i n u ;  c - f  I l i t ’  I I t t  it t cot  I u i g  I t ’

be (‘850 of l u s t  a I Ia t ion  and op c ’ru ,t lou • sv:: t e r n  duu’ai’ i i  i t  v • ,t uitl t Ic Itt
su i t a b i l i t y .
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‘J ’hie c d j  t i ’ t i  vt ol I hu e St .1 t I c ’ sv~ I em c v i i  i ia  I I c)u1 is L t Ic’ cit I u . ’ r i i i i t i c ’ a

COl ’lc ’ 1 , i t  lciui bet  wc ’u ’ Iu t t i e  I i n g t  t ~~~ it l i i i  t i i  t i l t ’  l ’ t ) V au th (lit ’ c i c l t  t i l t  11
thu. ’ syst em. ‘l hc’ c v i  I I i i t  ion of the  t s i 1t I c ’t 0 SVsi t il l w i ’ :  d ’ c i l u i h u l i ’ t t ]  i v
t e n t  I h g  t ilt’ t i’ ;ic ’kt’t’ fo r  1 I f lea i~I (  y t i f l t h  t l i on  :idcl ti n t I i i , 01 liu.’i t t ’ ; n ; i s i i l u l l I  S
of I - t i c ’ 5 \ ’S t  c li; • c i i i ’  i a  Ziflcl u u o u u i t  i i t ~~1 ;i i1tt c~~. i i  u n a I I n ;~ I l it’ :i\’ u; t clii , u :  a
whol c ’ t in  t a c i t  c o n u l l i t t u l c i u u t .  wa s  t itic lech

Tt t c ’~ I t hue 1 I uit ’.i I I I  V cii t h i t ’ t rick s r • a o i l  I brat t ’ t i  ‘s -  l i l t _ I ’ -— I t O  I - i ’ l l  I t’F i)

gent ’ rat d i r  t~~t o  tun t ’tl to sent ’ l . l  i t -  a v l i l t - t i  :; I snal c’stll:; I st  t u g  i t t  a 1 1 lic ’,t u’

dot a I ’ iOl \ ’  c c l  V t ’ I ’ l u g  I lit ’ c’li I l i t  - I- ’OV . I I  ut t i n  I t  i n n  I l i t ’ I i l I t ’;l F l i i i  V 5 i c ’
t155 I ~‘ii ~ d ili ,ilflc ’r 11 11 I ; tb t ’I o in  a t o r t e s  i u n i t  c - tn t r t i  I l l - i t t ’ .isli u n . ,-\ I I us’o I-
regtes:; Ic t ul  a l l a h  v u ;  i s  w i n  h i t n i t ’ i S t t l on t lit ’ t r , i c -k ~’r c i n t p u t  vu I t I c ’ S  l i i  I lit ’

~Oi u t  s as a n u n i i s ’  u i en I ev i l li ;u I i on  cii  I u t i ~~kc ’ n I I n e i l - i v . 
-

An i ndu s  rv st tunda rd pr occ’ t i l l  i c  t X  i t ;  Is i t t  I c’ ’s’ , l  1 n i t  I i i i ~ the  1 1 tt~~,i i ’ l L  v c t  I
v idec’  t ’ameras . ‘ l i i  I s  p r oc e d u re  ut  11 1 : t O  an E l  A St l i l t 1 i rd \ I dc’t’
L i n e a i i t  v i t - s t  (ai n’ t 

* 
a vi  d u o  lou r—tl c ’t iii ! xi ’F , t i f l t l a ‘ s i  d~’o m c i i i  i t  c’r

The t e t t  pat t c r11 (S l ) l ; i t ’ t ’ th ito ’ I h a t  i t  c ’~ , L t ’ t i v  I I t 1~. I lie i-OV t t l  t t ic’
v i  d t t i  ( , i l ; i c ’ 1:1 . ‘l ’lic ’ V I d cc) c li nt p u t  ~5 1 1111 t li r t i c t g lu  :i l i t  - t i c ’ t ml  Nt  1 ’

where it is uin f xt t l i t i t  ii a ca l  I i’x’:i t e c h  c l  c i ’ I ron Ic ~~, n i d  tint1 i t ; I 11011 i cii

to thc’ v ldt c’ mon Ic i F . fly nsii I ng (lie at ti i ; tic ’nil t i i l I Is’ noit It ~i u )

between tho test pat torn and t lie c’ l i t ’ I r ctul i t ’ g r i d  • t is’ c ’ ; h i : it ’ I , l  1 I nu ’,n n t  v
can be ‘ s i r  1 f i c c I  01 t i c 1 j u S t  c c l  t o ’  1Z ou’ l ess  cii ti n - 

~ 
is - tti re a t o l

During titi s te st  a m w  so 1 i d — s t a t e  i m;i~~i - —d ev  I Ct ’ V I e t i ’ 151111( 1 ,i

exaniinut- d ihe cant -  :ti u sed :1 eli:t rgct__ c.c t cn ~i I c i i  t i c ’s C c  ( ( 1 1) I 01 ’ t i t t  l l i ; l gc ’

seii :;cu I’ , whi elm ‘s1’a:; a 520 liv ~~~~~ 1 I in’ : i  u a Fi t ’s ci i 1 1 g li I —-::ons it i vu.’ c ’l tw c ’n i

The 1 I h e a r  i t  ‘,‘ of r h  i n  c ;unn ’r ; i  u. :; ‘st u i i i  e~I to w el l it hi iii I ~~- of I lit ’
p i c t u r e  area, Bi’ c’ t i t i t ; s ’ t h u . ’ p lc! tire ciii (lit’ (~t f l  t ;Iin’r;t I : ;  I t ) ii:it l 

• not

by a nwcc’p  l ug  hit ’tiiii b i t t  b i i  xt ’d ci ensnt it • (iii t ;  i u : i i  .1 was t ’ c t n : :  i d e  rod
to be I imli t ’ i c i i  I I v u t  t ib i  e ~ri 1 h m u ~ z ir  i t  v an d  p Ii ’ I tire :151-act t’a t It ’ . Vt’r
th i s  reason , I l l  ~~~ ( t l l l i( ’Ft l  w.is u t set i Whc’ll l i i :;: ibi e thuit - I f l O ,  (lie t \ u l  11.1! It ’ll

øf t hic ’ G’I’V svst t i ll ; how~ vc’r , ni iii ’h t  t e st  i n g  \s’.lO :lt ’t ’ I; I t : l i u .’th bc’f u ’ u c ’ t h e

CCD c amera  w:t : ~ a v i  I I  ;lb i  0

The oh ~~~‘ t (vt of t Iii .’ chvii ;ii :ii t - svn t  em I I near I t  V t i - S I  ‘s~.iS tc’ houSe ’ I t l t ’

S~~ui(’ i i  l i c S 1  I t  y u ’v: t l  u t t i t I t ’ l l  10 1 lie st :i I I c ’ u V l ; t  em I i n t - i l  i t  V I t ’ : I , lti .nt t it I

t I mc’ t o  use a moving ta I’gc ’ t . ‘lii i s  It ’:. I I : ;  au c ’ S I I t i  ~ 1 v u I I , ! ’ I o
latt t,u - .itorv t eu l l ’t’ t ’,uiioc t ill t t ’ u - t _  t-it ’ t ’ i i I L  i t t :  In ishlt ’ iu t h i s  i l u s t  l l ; i n t - l l t t I t l O i i

W C ) II  I d lii ’ usc ul i*’ouu I d  lie i i ’ s - n i  in I c , \ I I i i t ’a F : 11 ’  F t i ~ t i l  d i~ t’ lt i j’i ii  t r ~
nd d i ’e’; s:u h le I i g l i t  c lii i t t l u g  il i t ’dt ’ :-: ( I I I i ; I  ( Fi g u i r t - I’ I so’; P i a t ’t ’ t l
t’cirnp .l c t  ( ‘II ,’ w I ( I i i Ii ( lie j’(Ji ’ t i I tu CCI ) : ,i t I I c i - -:; I a It ’ v i t k ~~ c’:inuc ’r :u , t ’i ’I)’S’c I c~tl

to t i l t ’ t r ack e  I’ . T u e  l El):; w e l t ’ i i  glu ted l i t  S ue t  c’ ; :  - lOl l l v  (bc c’i’niipu t cv
and I is’ t r tuc k c  i c i i  g I t  ; ul  out p u t t  was 5:111th l i t 1 by I lit ’ c’oiilI’ute r and s I ort’d
in t tuc ’ memory w i t  ii t t ic ’ LII) ci i’ iv I ng l i m e t I on I o i hat e F p roet ’ 1;: : ng

1
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Fi gure 2 l) yn t im ic  L in e a r i t y  ru n s! Fr equency Evaluation Setup

Since t i l t ’ ([ii:; were ar r an g e d  in  a l inear  a r r a y ,  the t r ac k e r  o u t p u t t s
could be t -oii n~ arc ’d l ii  1Iic~ kn own pos i Lions of t h e  LE Ds t o  vi’ vi f y the
t r a c k e r  dvui ;; :iI c I int ;ir I ty . ‘i’hie l i n e a r i t y  (if ( l i e u  t rack er  o u t p u t s
was ven ’i I I ed us ing  t h e’ saiiie linear regression analysis at; In the
s ta t i c  c- ’s ’,i I n a t  ion . l- : i c ’ii LED was activated 30 tun eS iii S u l eco s S ion
and t he a r ray  was swept  In  a sawtooth wave fa sh i  ion so that  1000 data
points ( 3 . 7  nu l i i i  st’conids apart) wc’ru tak en.  As d i scussed in
fo l lowing  par a grap hs , p il .u :;e lan, was ev ident  in the t rack er  outputs
during t lu is  dynarn ft t e s t  i ru g .  Time linear r egrc ~ssi on rout Inc account - i ’d
fo r  t h i s  p hmasc ’ lag by I t c ’r a t ing  r u e  regre n sic’n subr out i ne , each i ins
s tcp ~iiu1g [ I lL ’ t r a c k e r  o u t p u t  d a t  z u bri ck one sti n t ) ] in in terv a l  , until tile
st a n d a r d  dcvi  a t lo n  i.’t1 :; m m m i i  oed , m d i  criting t iuc best fit. Because
f i e l d  d a ta  should never be d i sc ’ cmt lIlduou S , ;is we’r e the d i : ;cret e  1.1-a )
po~~1t ion , I lie i i  non r r egress ion analys is  was l) e rf o r mL ~d on the t i m e —
t l u n p lti c c’ii d a t a , disregarding da ta  po.iults falling at the t r a n s i t i o n s
in t,Ei) p0: ;  it i t u l I S .  

I

Because the tr ;it ’I ing system i s  to he’ used to track moving or
stationary targets in  a dynamic (moving—vciuiclc’ ,vibration , etc.)
env i ro iuns ’u u t , th e t ‘s’t d l n e’ncy r espntusc  of time tas; te rn is an esn e uu t  ia l
p aramet ( ’r  n a i l  co tu l  ci be :1 1 m i t  I ug [actor for some tupp i I ‘;mt i oi ls .  T h e
term ‘‘break 1 tick’’ is  in ;:, ~~1 w h eum t ime speed of I t in g e I rn t )vc ’mt ’nt  i n  t i n e
FOV has exc ’c’ t ’ u . l i ’ u . I  the  t r;ic’king abi 1 1 tv of th u.’ Ti - i ’ . Since the TEP
inser ts  a gale  and - ‘  I a r gc ’ t I 1 t i n ,  i n t o  the  vi d c - t i s i gnal go inn , to t h ~’
moni tor , wli lc - ii folios’s I li e t ,‘ini~t’t when it is tracking p r u p t ’ r I  y

breaking lot - k  I s r e a d i l y  v i s i b l e  t ci the opera t o r .  Bre ak i uug  lock
of t en  (and f t ’ n - c ’xt  ended pen oils dui r i t ug  data a c j tu  Is i  L iomi )  i s  e x t r e mel y
undesirable as thu La outpu t dur ing  ( h i  i.s t ime is mean i ni’, l t ’55

Phase lag I s  also an Im porta n t pa r ameter , as there  Is a del ay

C
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* BROWN

bet iQt ’ c ’nm t a rge t rucqu is! Li en and t hiu.u J o e -i Lion and p r e se n t  at  Ion of time
error  outputs. This l ) 1i t u ~~i’ lag nnuu ;t hit kno w im wl ie i e  pre ’c 1st ’ t i m e
cor r e l t u t  ion between t tirge t p o s i t  l o u)  .inch ot her d ,u t ,-u o i l  put  s Is
esSeilt  in I It ) t ime E t ’ r m i t  of the test for  which th is infornutitloim is
be imig used.

A bas ic  i i i t t l e ’ t s t . a u i d i n i g  of the theory of o per at i o n  of tht ’ TEl’ l eads  t o
t ime f c c 1 it ’S I j ig hm yp ci t lieu ; is ~i I system iT re qu enc’ y response and phase l ag

a. u s -  o u t p u t  of time Ti-~P Is  up da ted  once per f.i  o l d  or 60 t I
r sct t ’i I ; t h e  re fo r ~~, t ime n iaxi mum t h e o r e t i c al  f r e q u e n c y  f o r  p r o per

t rack  (ni ;~~t n m i nn ,  t a r ge t - d c ’ f l i c t i on  r e c o n s t r u c t i o n  f rom t u e  t r acker  
-

o u t p u t )  c’ I p u r e  u; in - — w a v e  clefle ’ct ion would be 30 H:n . Since th is
Nyqu I ot  u ; a ; - : I i I  I ng m a t e  i s  t imeo i -e ’t t ca l  and wou ld  not yic’ ic i t i desir :mbi e’

Out  p u t  li i i t c t ;  t d :u t :i , I t i s  suspected that tine max imunu f r(’quen(’v
should be.’ cons ider ed  as su b s t a u m t  i a l ly  lower than 30 1hz , or as low as
10 Hz.  -

b. Because of the l e f t — t o — r i ght  t o p — t o — b o t t o m  (of the rep roduced
p i c t u r e )  sweep of t he  video image device  in the camera , t a r g e t—
a c q u i s i t i o n  t ime decr t ’t i ses as time t a rge t move ’s up and l e f t  in the FOV .
The best  c:isc of t [mc ’ lag in targe t acquisition was when the target
was in the lowe r righ t corne r of the FOV (onto sample) and in  th cu upper
l e f t  corner ( succeed ing  s a m p l e ) .  In th: is  case the  ou u t  l in t :  lag w ou l d
be time ~‘e r i  i.cai ret ran1 t inme p lus two hon zoo tni l sweep t i t h e s  ( t w o

hor i zon ta l  sweeps of t h e  t a rge t  are.’ r equ i red  for  t a rge t  a c q u i s it i on )
or approx m i s  t e i V  627 microseconds .  The worst  case w ou l d  be’ when the
ta rget ti to ve cl  f r o m  upper  left to lower ri ght. . Tii~ t ime  lag here would
be the tin;c’ r c q i t ir e d  fo r  two ver t i  cal scans minus two hor I : ontu l  st - i n s
plus one ve’r tiL’al retrace , or approximately 34 i t i il i i s e ’conc l s .  Since
all other forms of target movement are between t h e s e ’  tw o e x t r e me s ,

with the target—movenient frequency b e i n g  l ow in itiost in st a n i c e : ; , t i m e
average l ag  of 17 mi l l i seconds  between targe t position tim id data ou tpu t
is probably a viable t m p p r o x i n i u a t i o i i , ignor ing t h e  p e r s i s t e n c e  of t i l e’
video l aagc device or camera d e l ay s .  Only t h e  area vi  t h in  tile gal ’

is searched fo r  t a r get  i n f o rm a t i o n , and t u e  p o s i t i o n  i s  Pro d uced
Im m e d i a t e ly  f o l l o w i n g  ram - ge t  a c q u is i t i o n  in  the edge t r ack  mode’ ; in
centroid t rack the  t a r g e t p o s i t i o n  I s produc - d al [Ime conip i e L ion  of
sweeping the en t i r e  ga te .  This will prod uce’ cli I I ering results for
rap idly v ory ing  signals.

c. Since the gate position is up dated once pe r f i e l d  and is
ca lcula ted  to center  on the ou t p um t  of tile p receding  f ic - id , time gate
will break lock i.f the  t a rg ct—d ef ’lc ’c t io n  hmor l  zon t a l  coiuip ou ieflt  during
1/60 second exceeds half the gate width or the vertical component
exceeds half the gate hc!ght.

1,
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d. Because tr a cki on , and gate di spl ;iy I s  l o s t  as Soon as any
edge of th e ’ gate goes em it of the FOV , t lie ’ t a rg e t imus t rem;c in iii an
ar c:i of hei ght  equa l t i ’  t h e ’ FOV v en t  I c’al d i  ;se ’ n i u ;  ion nm inus  t ime
he i g i u t  of time ’ ~‘t ;t e  and In w i d t h  e’ to the FOV hc~r Iz o nt  :11 d inm ens ion
minus the w i d t h  of the gate.

This eva lua t ion  u t il  - i SOd t h e  same met h od and iht tt a as the dynnm nm ii ’
l ineari  ty t est . The sweep ing Ll-D a n - n a y (Fi gu r e ’ ~) p r o v id e d a gtiod
accura t el y coOl rolle’cl s imu l t i  I ion of a m o v i n g  1 a r ; - e -  t , and I t :  t o n s  easy
to compare the LED d riv i  on, f u n c t i o n  s- .i t i m  the t r t m e i t t ’r  out l id to  yen
frequency res poim se and p hase ’ 1:1g. I t  was dcci d e t l  t h a t  I rc ’q ;i t ’u i c y —
response measurements  s h o u l d  be t aken  with the  c - n t  i re  ta rgd’ t d e f i e r  —

tion wi th in  t ime  ga te  and t i m e gate in t he ur t an t i a l  p o s i t i o n i , to  climina t e
time v a r i a b l e  of gate ’ size , which is opera to r  ~cI j u s t ;m b 1 e .

Figure 3 is a samp le of seve ral p lo t  s of the LED f c i n c t i o n  and time CTV
o u t p u t s  versus t ine . These p lo t s  cl ea r ly  i n d i c a t e d  tha t  time. ’ (‘.‘I’V
ou t p c n t s  lag the ’ LED posi t i on s  by a g e ner a l ly  c o n s t z m u m t  t i m e . ‘l ’itis lag
was a r r ived  at ,i t i a ly t  i c al  1 y by taking the average number  of data
samp les timat time linear regr t ’s s ion  r o u t i n e  had to s h i f t  ( h i ~ (‘.TV ou t p u ;~
data to achieve a best f i t , and nmuiti ~’1ying ti-nat number i-ny t i t , ’ s-i nttp l
i n ter v a l .  Thie average s h i f t  was 9 ,37 samples;  samp les were t a k e n
3 .7  milliseconds apart , i n d i c a t i n g  t hat  the  average  lag is 34 .7
mill  Iseconci s , approx ima te ly  two v i c i c o — f  I cid t im e s .

In th:t s exp eninu crm t the LED dri win g f i ; ne ’t lon was a st e-p fnii~ tiC)il , so
the CTV output s  could be cons idered  as a st e p  rc’sj ’ofl:te ha ~

‘ ing an
average rise t ime of 34 .7  mii i  i S O C O i t c I S .  App ly i n g  the con . ; -~ i l  T- ’ used
formula:

3— dB f r equency  0.35 r :~e t ime

yields a frequency of 10 H z .  Althoug h 3 dfl iS  1~ &’O1LI n g i es u $  in terms

of time d ig it a l  processing w i t h : i n l i t ’ t r : i ck~’i ’ . t h i n  f re’que ’ne’y cou ld
be considered to be the point above’ ~-.‘i i lch b r c ’t : i t i n i g  lock wou l d  occu. m m’ .

It was ant ic ipat e-cl  t hat .  the  C~~ sy; ;t em would i t ’ U : ’ tl e’Xteti :t ive ’I v for
an ev ;mluat i on of veh i cu l ar—mounted 5\’ ut ems , an em m ~’ i r O i i h l ( ’ i l t  th i n  t
would sub jec t  the video ca irn en and 1 ~‘nn-t to con s  idc’rablc ’ v I b:- a I ion.
To eva luate  the pe r fo rmance-  of the.’ sv:;te-uu in t h is cm i v i r o i uu i : c ’ ui t , t h e
camera , lens , rind mount  wer e ’ firmi v n~o iun1 ted on a j ’ac’kagt ’ t t’St or

and then shaken in such a way that  t i n e  t -est i L ot u s we ’re sm u b j -c t e e 1  to ‘ -

accelerations very similar t i c  ( i f  not me cc ’ severe than) t h i n t : ; e . ’  recorded
on the camer,’i position of a moving y e -h id e - .

- - -~~ 
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A Z  ot ‘ i t - i  IT ‘. t i  i Il-st . N F’it .i Cu. I 5 c i —  U i  ~ I s-c — 0. 1 ~ Cli- d i i , Lit ,, t,
(3TV 0 1 m ’ i-u l ’  L’~,. — ~~ ‘. 0  ~sNI -,C

Di St ’ t - ~S ~~~ (,~uF’ i A gu ,)RA’l ’~)RY l l* l~~

,ttn: ;c’ u, ’ et  i ft tel i O t ’ t ’ I ci , t~ 
- , i  Si - -  flis ’t t ; ;  i i i ’  I 1ie~ c i t  ~ I t  - : - I h - i ’ c ’,i I H ’; , t cii

to  e: i t  i i  i n  oul v I “ , t ’t ’ f u l l  :: c , i  h e , t I t  i s  \‘ ,i  l i n t ’ tot u s  i ’ h i ese ’u m ~~5
c-i ’ I I c r  i on  hv irhm I t ’ll to j usI ’,’ iii ~’ t’v, ’m , u I I  :it ’ d ’uc’ , ; t ’v el t h i ~ e I t ’ s v u ~ ci’; .
‘11 c I tube n~ It~’ tv sl u m I t~- — I t ic ’ .t n’ it V t e st s ii ,‘i’ :,snn : n’,i I e ’ t hun t t is’ c
syst ens (t t a c k e r  t u t id  o ’;c~’ : , u ’t i s  1 tnc ’t ni ’ is ’ t iii n I “ t ’  i t c h  1 ;;~~,i h e ,
bee- ,mtun ’ t i l l  t h i l l  c ’F,’ti~’i’: im’t \s i ’c ’ i  t i i c ’ d ’ l ’ : ~ c l \ ’ c ’ ci o m l I  ‘::;  S and t h u ~’ I i  ‘ c t :
rc’gu ’ i ’s: ; I c ’ii p n c ’ l  I t ’ ted ,‘u nt pt ; t a Fe ’ ic ’S:: t lm t m n i 0. t,i~ s v~~ I I . i ) v n ua i : ’  it ’
lln eai’ i t V was c.; 1 ‘ n  1 , i t  e~ i i s: I ;n ~ ,u ,

~ . S t u t  n u m ~Ia r~t c i t - v i , i t  It ’ii 1 c ’ ::t 1 :1: , : I i ’
1 ( ‘Vt ’ I ti stt jet i i  flt ’ .l n ’ It v or t e’r ion , i r e _ I  Ic  t i ;i t h a t  ti ti 

~ ¶ I Iii ’ I i n n s ’
t h e ’  o u t p u u t  u,~’I1  1 h s~ ’ ut’ i t h  i n n  I h i ’  c ’~i h c ’t i h a t t ’tI I i n m t ’, i n i t v . i-o r ct ’ F i t  n~~~i , l
tr a ck , u a I unuit i i .miisl ci c ’v , ’, t  i s ’:: , t I m i : :  va 1 u~- i5-as to i t  i i i  ii I “

~ : i s ~ e
ti’:mck a:’ Limi t Ii t i m i d  e’ I t ’V .it i , ’;; , tii i S Va I ~n~’ t~’:is si I c h i t  l v  ~re.n t e n ’  t h i - n i t
1 . , but w,u~

; to.I l i i  ii ,‘ . . l h u ~ t i lt ’! c i ’ c t  a n:uc ’ m ( ’  1 t ’ui t c ’ u i t  1 S o t ’ 1 . ‘ S
1 eve 1 t~’,’m i I ~h lm , i  \ ‘ c ’ I ’ ;  cii u - i n  I I h it ’ e’ eli ’ t ’— t t , I t ’~~ ~l,i t ,i to i t  in j u t I ~, I I ti c ’ ,i u i t v
i t  I ;;  t

’
e’ I t  t h i t t t  I l ie ’ s h [g u t  lv i~’,’u5 c ’ I I im~- ,i i ’l l V I’° i t  s ’ I F l , i u i c ’ t ’ 01 t hi t ’

r t i e k e ’ r in t lie t ’ sI ge trou t’ S I’ t ,,‘ 01St ’ t I n 5 ’ I I - Ps Wi ’i ’c’ 01 V t l l\’ I Iii ’, i’t i ‘lit —

nen;s. ,-\Ii\ ’ cc ’u’ c ’c ’ni t rat ccl 1 i s ~I m t S o l u t e ’s i s i s ,s c s: ui: SOiilc ’i,’ l i t l t  eu-i a v
senm sou - , sit ’~’ ’uich I t i n ,  Oil t hi ~ l’r i chit is ’S : :  • a n si S O t i t t ’ d ’:t ot  \.i u -v i tin , l s i i t~l t t  i i t ’ : S

appt’.u u’ to 1-c d i i  ert’nt ;: i - , ‘ ‘ :  t h i , ’m ’e I tst ’e • l iii ’ t a l -c d ’ t c ’ th ’,e P°° i t  iou ,

1cm m u - h  at (cm t o  lie ’ c’ente r . t I l l I c’VS w i t  hi m’ eSp c ’c’ t t o  St ’L ; i t ’ t ’ I’ F g u t  ii t ’SS ,
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me’nta I ly  do r I ~‘c ’cI .IS aI ’p l -ox  I n :: , n I el y i~s iii ( 1  I I se~’t ’ ut ~ls I nu :t  end o I  I he

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  --‘.--, - - - - -~~~~~ —a-- ~~-~~~~~~~-



_  -~~~~~ 
-- - ---~~~~~~~~~ --- -- ------ -

~~~~
- — - s~~-’ -—

_
~~~- -_—~~~~~

--__

A
t ’ ’~I ’ C s t ,~~: 1 -

‘ 
. Si i s ’Ju t IS’;:; ist t nt , ,- I,- , ; :  i’ u n I ’ s ’ l ’ t  i t ’ l c  i ,i 1 ii I l i -  ¼ ’t P  i . t . t

i n c ,  d e n  ; ; - ~ t i n ,  - 
~‘tn,-s--- h ss ,‘‘,~‘,-u i ist ’ nit . [hi I : -  - I  m i n t  “ u i  u - I  t ’ t i s s ’ I s

fls ’ I i t  t i ’  1, m d  5,1:  5’ t i i : ,  :11 , s ‘, ‘,~~ i It j o,f l~ ’g 1 s ’ ~, l i t  0 l i i ’
1 1  t l u , - v id , ,’ I f - i t ’ s l s \ i t t ’ :. ‘! S I  t h i  I n s ’ i I t  : 1 V : . t  i t .

.11 5\ I ’~~’’ - 1 S t ,  l l~ • ‘ s ’t  I , , -~ :5 1 1 5 ’  I : ’ : - - a ‘ S t ’id ;s ’ , s I t  I t , ’ :  s ’\ ’ s ’i  l I l t , ’ tim , ’ n is ’’-,t

I us ’ iii 5~ . i S • Ih j I,u t s - ; u , i n :  to ‘c . i  s ;  i i i : ;  t I 5- -~ I t u e  t - s j :  u - n i  t O n i t ’ I i s i s 1
h i  - - ‘ ‘\n;’ u, i t  0 h v I ; I I I Ss ’ , ’ , ’iSl : . l i i  :- p h i : : :  I Inc I - - :11 1 i l u - , ’ s , s n n t l

t i _ i , h e n  I nc , ,‘ , , : . i l : ;  , i n  I i u - , ’ s ’ s S , ’ s , S i  t h u  ~; i  ~~; u , ’ , ‘ ss ’u t  en u. .u;: ;p i ~~- I i i: - ,’

1 . ’ n u n ! I i , - ~ - ,- , ’ : u d u ’ ~ 0 ;  t i l t ’ d \ ~~’ c ’ l  I I:u t ’ n i i  . t h  I v  ~i , ’i  i v , ,I I . ;  ,,I - u l ’ 1’ ;~ ’\ii-;,l t 5 1
n I L  , ‘cs ’~~, l ’ ’ , “ . 1 ,  : t i , ’. t1 ’~’ h’~ ~~~~ l c~ s,I , uu ~ h 0 \~~‘ c ’ t  :u uc ’ n i i  , ; h  i ; u ; i : l ’ , - n  S ( ‘5~l I , i I

I,- i t  l i t ; i  I - . , - s _  uh’ -~’ I t u t u ’, .is c’ il ~~~~~~

i ’ l i h  P ii

I h i s ~ s h i t ’ I’ ;:;  ‘5’S’ s ’t  I 115 ’ I 1 c I  a , - u -  ‘s ;: sn ;;  t o  t - \ ; ’ - u  I l l s ’ 1 ,  p n n’ I ~- ,n 1 I i  \

s ’I  t Is ’ i -  \ ‘ - - \  - 1  ca t o ;  ¶ is 1, 1 l U s t :  , i :  ~s :t ,n t L ’s .  T h u  inc 5\si t m  d V ,iI ; : i t  i s ’s ,

Iu ~’ \ ;u \  5~ s ’;:; 5, 11, 1- 1 : 0 , - s u s ’ :n I I v i i : ~~ I .; I h~’d sS i  - l1~ t ; t ’ u ; s ’\  - ,l I ~‘n;i 5, Vs ’ n - ii

~ i t  i , -;~ -t ; : ‘~ pt ’: - , ’ ’ v olt :c l , - s ;  t i n  i S  t s ’ s I t l  i i ~~’ ,I  t~ ’ ‘sn c’ i t::,’ t m m  1, _ n: ;
I tWO I i s , !  S : t ‘ I ~‘l ;, ’ I , ’: - - ‘ I s ’ t , chm n i i ; 1,~~ S.  i i ~ ~: : \ ~i i  d ni , ’I ii I t ’ s _ i  i s  I I ,

s ’I ’ s h  a I i . ‘; :  ::,‘ d i s l  t I t s ’ \ S ’ i l  C i O  ,h I I s ’
~~

’ 
~‘I’ ’’ .1 1, ’:: s ’ t ’ , n ~’ , - i i ;  ;~~

‘ V ‘‘I I Ii , ’
n, \ . I’ .is ’~- , i u t i 0 0  \ , , i : .  I t ; - , ’ c d  ,t nd ~

‘
~~‘;;~~ t ’ u ’ i i ’ n i t  s :‘ , ‘ i : s l n  i ~‘r u s ’ h s h  nis, n o , ’

h h n t ~ n ’ s  t ~~t ’ , . ’ I i t ’ l l  i n n :  a i I t n t  :~ ‘n :  :‘~~
- , ‘ : - -  ‘~j 0 l ’ s I t i m  ( l i t ’ \ t u s s ’ c ’ , i i l i , ’ i

nns ’um;;It - ,l ~‘;: t h o  u ’ t : u ;  I n :l~ ’ s - it Ii i t . ; \‘ i S , , ’ o i l  i’ ;:t :c ’n t  1’\ ’ ; - : i c i  ‘ ‘ \ , , t V s ’ I I n L

t1~ .1 t I . :  t , :  i t  , s ’i n t , ;  i i :  i ; : : l i t ’ I n  ,s ’L ’n , ;ss ’i m t  ,‘t ’, ansi n e c s ’ l  d c i  • ‘i’ h s ’
s t  s ’ t , , i v s ’ I ‘ , i 5 s u :  t t ’; ,n n , ‘ ‘‘‘t b  ; n - cd n 5,1 tin (;: ,tn5I s I l  sI

I t i l l s ’ t 1, ’’’ i t  I to ; S. ~~h s I ’  
l~~ - ‘ : ,I : ; n ’ ;‘n, a I h t. sS;t  I i i ’ ’. . l i i i ; :  St  I ii~ ’ I ~‘~~ t t  l i S ’ 5 S

liii 0k ’ , l O t , ’. s’S 15 ,5 , h_ si I lie \‘, - n l i , ’ h , ’ , ,;:; t n ts ’ h5 - u - ::us ’,i i t s ’ i i  n:~ . ~l , nt .t h~ ’ ’ -  i : : -.,
tus h n s ’ s O  i i n  ; n t ~ i s O ’  0 : 1 1  , n s s’ , ”s-n 1 1 d :, - l  i v  one ,-is, ’ni in Ihs’ s i , n  I a v , i n i .
A St;m:” I; \ 01 ;:u s;p,’s-,’ m’ ~~~~ ~ a i i  ,; : u - t ’C 1.1 1 s ’si : ‘t i , ’ t , : i v  :- . i ‘, i;i : ’ :- ,! I : ;  I u i o
~~~~~~~~~ ~ - - ‘0 :~ ~ ;:~ ,sIJ : t 1 - i ~ .‘ci  ‘1 ~‘5 ’, d:is , , ’’,;, : i~~ t t ’d 5kn n I ni ,~ F\ ~

‘
‘ I : :

it s- I tn5i ~ d ,i s  I s’ t i t S’  ‘i . -Siti ’ i i i ’ :: i ii ~‘ I 5

D , u t  , u  ,‘\s t h u t  IS t I t ’d ¼pt ’ F t t ’ S t  I
‘ I v I s : c ’ , m l  I ;,; s ’ L i n i ~ t , ’u - t
p i t ~ \~ I s ’ L l : ’  h i ’ I t ’~ I th l i t ’ s1 I’ tot o h ;: , 0 i:’ , ’n , 5 , ,

It L V  1,0 ; ;  i t  c:; —
s 1 , 5 5 ’ s, :’ • t ’ t ~~~~ • ~~ ‘ s 1’ 1~ ,~ 5,; ’,- i n~~u u 5 ’t 10

‘lv i’ j s ’ , n I ~- , n t ’  i l l  ;, - t  I c ’s ¼ ~~~~; ‘~~~‘ .s- , : l ’ , ’vc~ 10
h- i ,i I .1 h , ’ d c n , ’’ ; , “i (~I n uc ’, i : ’ - ~~~~

- S t  I , ‘ , ‘ i 15 5 1  1 ,“:~~I - 

Ma l e-n m l’ t , ’ r,;n us (~I , ; t  a , i s s i i t  u - i l  ,‘;; , ; u t 5 I  n s ’ s I O c ’ (  i s ; ;  s ’t ’:uu !’ i nu, ’~i )
Q c u l c ’k l- s ’\ t s ’~’::; l l i n n s - ,i t !as’;s.i fl :’~ 1- 1 , 1 1 5 1 1  i c u / t , i t , ’t  . ; s ’ t p m i ,‘0l, i —

i t  i t ’ll s, F I s ’ ;’ ‘1

Xi’I -~1 ‘h ’ . i n i ’-, i_ -i  t n ; s ’ L i i ; t ,  e ; ; t . c h s l I i ’t  ( ‘ st s ”
)IiC\ ’ i, 1 t n ,~ ‘h t t i ~~~, I c t :1 , u i ’ i  I i  ‘en  t e~~t ~ I l .’O
h’t -t i() [,m ni ~ i, .t t t ’, uc ’ic m i h ’ t ,  l i i  ; t t . n t s i l  i o n ’  I s ’ ; : t ; : ~
( r aphm A nn , t o  ( . i  I r d5 ’ I s ’ n i u . c ’ I l , i c ’is I ;i~~ ;S’ i i t ’ ;; I

Teit at M,; , on - h’ i s s n , i _ t i i i  S . i i -  i u i u ~:;

F l  i’- u I t ’  ~e Sumun m .u r of Il [V M otie ’ t ,i i \  S,u v I u n,;: i~\’ 5
’O

I

- 
~~ ~~~~~~~~~~~~~~



T 1ITT~ T~ TI’I -

*
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of t i n , ’ ~ IV I nst n ’ tn: ;c ’ nmt  .1 t i t ’l l  :;y ;: tern:
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t ;m rgc’ I d I re’c t’ I y t lie ’ l’s’ h - n y n t a v  I n n ,  t I isis ’ and inianpowe r t o  d r iw ’  down J u l  J I g s ’

ScU l l’  and i i i  I in.’ ( l i e ’ I 5 1 1 , 01 , and r e’t urn

SUN , , - V I  IWO
I’l l  h~ROR su -

~ I ’l l) ~SC1U’.i’.N CAMERA
DROOP - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -

A N CI ,E~~~~
’ ‘ ‘ a~~~~~1 

TUNN ~ T \ ~MAN’l.1.E’i”7\ \ \ \ \ \ \ \
F’.! gu i— c’ 6 V I dc ’n N m n z  zi y I’e~~, I t  I on Syu : I i ’m

~I’Iie V i ch t ’ su M nn ~ . u-u i.e Po;; i t  ion  Sys t ciii (V? ’ii’S ) I Uc ti r~~ti i t n t  (‘S h it’ AV ’I ’S S I C S
lii(’,l sure  gi n o iu uuztu le lnns s\ ’c ’um ncnl I to f t  ii ~‘e 5h 1 ’° t t o  t I n s ’ itnat i I h’ t ti ’s ’,’ I ’ S p s ’ l ’  I ott
(‘I f I I line’ . A snn i ;i 11 e o n  I I i l I i o t t n ;  i~;lV c’ l tise’ I t i i m d  t ismns I ult ’(’nt :;s - i’s’s’li t i n s

moiint’e’d ciii I h u e ’ gun nnntin l 1s ~ ( F i g u n i ’s ’ 6 ) .  A m u  r ms ’ i’ I : ;  I ,iu - ; t &‘IK’m f t o  t i le ’
muzz l e  Sd I h i t i l  t h i~ l t i s, ’m ’ I’m e ’imnu I n ;  1’( ’ f h s ’,’teSI I ’ , m s ’k ( 0  t h e ’  t i’ tln nuil l le ’ t ’ i ) t
Sen re’c’ n . ‘h’ Iuc ’ v .1 deus  c ’ a nnn c ’r t l  u i I time’ AV ’l ’SS I ; ;  s i  t int ’s! s i t  t iii ’ ba s k : ; I i l e  c i t

t i m e  I r a n s i  II c ’ c’f l t  t ;o l’ s ’ c ’ll and r e;nl I t u gs  tu i’ t~ t akc ’i i  1w p O s i t  I o l l i Imp i In c cii i ::,’n ’

over this’ I ;n t , - ; ~ y ’ fo i ’ tui e ’eh l mv  I h ue ’ i’t ’ t  l t ’ t ’t  eel 1 tm:n’ t h e ’t i t n  s~ni ( lie S t i t ’s ’ i i .  ‘ I b i s ’
calcu  I t n t  i s t’ ou th It t I ; :  ;uop,iii i l l -  e l i  t ;p  1 t ’ s ’ t ’tui c ’i ’ I t  i~ I t l ie ’ mmiuz;l1 u’  in n ’ m i i  S u ,  I’

o t h e r  de’sl i ’ i s h  nu s  I i ’i i t  I l l s ’ ti i i ! t n t t ’ , ’ t  e’i ’ s ’ns ’c s! I t s  ~ p c m S l  I Ion t t i l 5 i ’ I i  t n t  l i i i . ’

bu ’ 1’, I no l.TIg i t t  I c’s I I op.  ( l O t - u’  s i p - I  i i i , 
~
p
~
il i t - t i  I i o n  of V i u l t ’mt  t ec ’h i i i  i ( I u I u ’:

a l  l s w ; t  t h u  i i ;  da t a  to he ’ tms ’qu ii ’t’d i’s’t mms ’ t e ly  nn,I 1 s gp: ’sI  m n i t i n ’ , ’ as’ c’ unl — ;t t u ’ I ’ ’
and rap Ed! than to I t  hi i s t h m i ’ i t t’e’ iii i I ~ici~~ • - . -

A NC I lOR
- - - - . - - - — - ~~~—- ~ t ’h (1I~A~~tA1!I.1’Ii (M (

XY l) ) Ci ’ l ’ lZi - t I q
Fi.OA’I’ ‘ -,‘ ____ __ I

. 

I 
-

~~-; CAMI RA _ ,. M ON. i ‘I’OR

VI gu r~’ 7 V I  ( It ’O I’bi i— I Nt ’ .i ‘iii i’i ’n t t’n t ant i  Ansi 1 vu ;  I : ;  Sv:; I ‘ni

‘I’ime Vttk ’o Su r f  Moasui’e’mi’n t anti Ai ms I y s i  s S yst em  Wa S c le ’v s ’l ~ pu. ’d t o
measure ru t ’ he’ I g u t  , vi ’ lis t ’ I ty , aimd pi ’ ii Oil c i i  ~‘1 ti ng I imp s u r f  I l i ro u ig imoin  I.
an ent lit ’ su r f  ns ’n t i ’  . ‘l’ t ’ ; ; t  I n n ,  of t i  ml i I t  ti m’v I and I on , c m’s f t  resin I i c-il
t ha t  t im I n ;  dti  t a is’ olit  a I nod , h i s iws ’ yi -  r ;t l  I WSVe ’ nls ’ t Isu l r I on, n t y : ;  I e’ifl;; I n
ex i s t  i ’m ’ c’ p r i o r  t ci the dove 1 oprnc’il t of the video bti ~e’sl sy n ; tern we t’e
if leapab 1 ~ of nit ’S n ; u i i •  I n n ,  s tir  f a nd O s lO I d  only  t , lu t ~ in chat a for a si op 1 e
loca tion .
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* BROWN

A f l o a t  I lime ’ it ; ;une’lien i’eel t ’ i l  t Is’ b e’ t i u ’ h m  SOd beys’utmd the surf zone (Fl gun m ’s,’
-

- 
- 

7 ) .  The Same c ui i t i p oh m e ’ i l t  S ( i f  t h e  AV’i’SS are Ut i i  I zcu et Wi t im t i n e ’  o a n n e r t u
posit  ion& ’d Oil t h n ’  li , ’t i ~’ii  ll u ic ’h t i m a t  S t  s FOV covela ; the  e n t i r e ’  p oi - t ioui  of
t h e ” f l o a t  1 m i ’  in t in ’  u:uii ’ f zone . I ’ i’c’viousl.y detcrnnincci ;mn~’, h c’s and
dl stsnc(’s t i l t ’ c ’ii I e’ re ’cI h it s ) ( l ie ’ c ;m l c t i i a t o r  clut ’ iuig c .~I u n t i L  l o I n .  An
operator p o si t  I s t u n s li l t ’  c - tm  ‘sc, r at tins pet i k  of a h - n r e ’ t u k e ’ r and the  f l o a t
l ine  and d i g i t 1  zs ’ :; i ! i l n t  p tis i t  l~~ii  . A i t  or the brt’sil n.’r puin ;;’e ’s I lie i’i, , Z ’ : - o n ’
is tlme ’n nic ived Vi ’ r t  l ea  I iv ~ ‘ t i m e ’  f i  otn I l i n e  as i t  i- i’s I s a t liii’ low
wa t e’ i- I evel . ‘I’Iie c :1 lou I s  Ic ) r p r c)gr a , :I  then  acc on imp I I sim en ; th e ’ tii’os ~’ss;i i-v
t 1

,
1 goiie ’u me’ t t’n’ to cal e : u l t m t  s ’ t he’ h e ’1 ph il , of time l) i’ ( ’nmke ’r . Time ’ tid eh i t  1 omi is I

a di gital L i  Us ’ I ) :I nt c l t i l l  o’s,’n ; t ime ’ sy s i  ou :n t o  y.i old bi-cakor ve ’Is ic  l i v  by
dig! tuizi up t im e ’  st m n i n t ’ nave’ 0 i’i ’nt I a t t Is- s i 1505.1 t b u s  , mu d j ms ’ n ’ ‘ m c i i i  

* 
h) ’~’

di git I z I nmg t~’o n- i,nn ’ s ’t ’s ’mI l im p , wav e u— r e s t  :: at a sing i t ’ p
~~~-’ t (01) . The

c a l c u l a t o r  t m l  :a i lOp,S t i l e ’ dii I i i  and p0 m fo rms  any ana l  vsis as rc’qui red
by the t est lir ogr am .
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Figure 8 Automa t i c  Video Slm c~ii. Fragment  Am es :10th Vol is’ t y
Flca su r i mmg Sy stems

The Automat ic  \‘ideo Shell  F’rzm gment Area and Vc’iocl I y Metmsu r  I n t ’. Sv~ te ’i” :;
4 are prese n t lv unde’r deve’ 1 opmen I . Bo t i m  sys tems u t  i i  Inc  :u v i d e - i s  came ’ rum

a progi’timnn -nnb l e cal cum in to r , nod a vi d ee ’, dig i t I tue r ( I i  pure’ P ’) . The

di g I t  .1 t u t o r  a liciws a sing i s ’ video f i e l d  to be con ’s~c’rLc’d to a iiun t~i~i x of
d ig i t a l  word s correspond ing ~c’I t he  g ray  sc~~i e ’  VS I tie of eae ’l n p icture

elenuent  (p.1 xc 1)  compris ing the 01111 re FOV

To measure shell fr:up,tnieu’It’ velocity , a shell is e’xp lodcd in an arena
wi th da rk  v i ny l  sh me ’ c ’ t 101; z i l on g  one side’ . As the fi’:tgtnncnt’u; p i s’rcc I ii’’
shee t ing  a i i i  pu speed f :1 ,l,rn came r t i  r u.’e’orcls the  ito h c’S t i n t  i i  I t hut  p ant  st ’s
through the  shoe ’ t I n ip  I’ ronni a bank of 1 .1 ash bulbs Ut )  the  ih i i t .n ~le’ . 1I~’ad i i t t ’,

th e’ f i l m  fr ; nmumi ’  by I Fame’ to det e”r iiu i no I’ ragmc’nt I inne’ timId psisi I ion for
vcloci I y cale- ul at Lou is p r ose ’n tu ly  a l o n g  and a rduous  t a s k .  ‘l’he’ ‘sr i di ii
based - svSt c’m nn will present ea ch f i l m  fu’arn e to thit’ v ideo caiu li ’r a • c l I p i t  I t i ’

the p let  ure , and counp ar e ’ the new p ie’ t e irc  nuatr: i x i-, !  th tha t s t u s i ’ eel i i i

memory f r o m  t h e ’ prey i t i t i s  l’ramc thus  d e t e r m i n in g  new f I z m g r n c I u ’ I t  ho li’s
and t he i r  l o c t i t  ion. 1)ata anal ys is  t h a t  p resen t l y takes dtnn ;; would
be acconup .I ished In m i n u te s  w i t h  tim e vi (leo based n ;y n ;  I to~m n .
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The’ namc~ sy:; I e’ni c ’Sl l  Sc) m ins,’tlSuil ’ e’ f rSglnleUtI ;i it’t m . Coil I mus t i’s! 11 gi l t
SOt i l ’ c’ e’S .1 t :;t ’v c ’  cal ang i is project si Um ouc t t  es s i t  l ime f r t m g i nns ’nm t on ( c i  a
t r a iusl  uc ’ c ’ m l t  t t i i t  Ic ’  aho~vt’ whii cli ( lie I m’ttgnnnt’ nt I s  nttms h”e’n di ’d . A v . 1 dc ’ci

s’aunI~’ i’s i t ;  I i i  t i s ’ e ’eI be’ i,ow t ime ’  t ill) I c ~ Ss) t l t z m  ( ( l i e ’ ;t I I imou ie  I t  es bc’ c ’e sm m u e ’ v I t i c ’ s ’
I nutige ’;; . ‘l’i c t ’n te  v I s i c ’ci i i n i ; i g ~’nt a r e  t i l t ; i t  I t u e-cl ai’md (li t ’ e’ouitput i i ’  c-all  t l m c ’n
dett ’u ’mlne ’ t h i s ’ ,It ~d~~l i tt t i l l ’  vnr .ioun ; I m O U  ( ‘( ‘ 1 l s ,,t i :t and 11015 t i l t ’  I t ue c i t  t i n s ’
f r apu i i e imt

I’i’i, :1001 i v , ap
~
s ’I ic ’;it I o m ~i; c i t  VidIlIl) to i n n s t m ’ im i n5c ’ ti t tn t t i m  t u f t ’ ] . I n m l ( t e l  l iv  I lie ’

spe’e’d ami d l’ s ’ c s  h t m l  t on  s i t  I l ie vi cic’o I m nnt mge’  ck ’v I t o t ’ t . As cc’ : : e ’- m re ’ii I i in ~t i’ ss\’ s

I i , ’se’ p~ m ’ ; m m i t - ’ I  s ’ n ’nt , t he’ ;mpp L I c at  i t ’ns c i i ’ v i  eli ’s’ t o  I n s t  i t n u ; n t ’ m m t  ; m t  i on  w i l l
grea t l y  iile’i ’ s ’ , l : t s ’ . I n i l t i p s ’ t u r n ’ I , i t  I c i i i  t l’.li ’iU’tS \~‘ I I I b , ’i ’ e mt mm t ’  n ; um i u’ e ’ f e a t ;  l I , l ~ ’
along  with n u tt i -sl i ,‘t: . ’n - ’.’ c x l  s ’n ’t l v e ’  p ro ’ ’ ‘‘ta-i l i m p ,  1)1 I i n ’  v i h ~’o ~I t u , t , , ’ . There’
is an ( ‘n , ’ m i : , ’ u n t ;  t i i i n ssmni t  c i i  ,i ,m t t i  v e t  t o  be ’ ( ‘xl u’ ,nc  ( i ’d f rom li ii ’ l ’ r d s t ’ i ’;~:; I
of a v l c i c ’o i i i  l i e ’ . ‘Fli t ’ ( ‘l \’ e ’v a l u a t  i o u  prove ’s t i ~ ’ t ’ f l  e’c ’t I ~‘i ’n s ’ :s t  c i t  t i

video bt inte ’d i i I : t t  r c mn i m e ’i ’m r . i t  I O u  S V t - t O tu i , t i l l s1 thici  f m n i ’ t l u i ’ r  app.I I s ’ ;m t loin-i
discusse d hem ’s’ .ir~’ cmi i y t i m e ’ beg in n i n g .
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Weapon—pointi ng data for  the hi t—probabi l i ty  analysis of
stabilized vehicle— ~no untcd ~~ apon sys tems  h n v c  long been obtained by
high—speed photographic technictu~’s, which do not provide a real—time
analysis capability , as film muSt be processed and requires excessive
data—reduction time (film reading). Infrared (ir) tracking systems ,
also in use, provide no image and therefore are extremely difficult to
set up and aline. The Gated TV (GTV) system ~Eig~re 1)~~~hsist~ng of
a “ideo camera , a t racker  error processor (traeke -r) (TEP), a video
monitor , and a di gitcl or analog recorder , will  de rive weapon—poi n t ing
errors as digital numbers or analog voltages proportional to angular
elevation—and—azimuth errors in real time. Thfs output can be recorded
or presented directly to automatic data—processing equipment (ADPE)
to obtain wc.apon—pointin~ data as a function of time . This instrumen—

• tation provides the basis for measuring target pOSition , lead angle ,
and target angular rate. Utiliaing such inform~tion , stabilization

~~~~ and tracking studies of main and secondary weapon systefas are readily
acco~n lished. - -- MICROWAVE LINK

TARGET* 
[~~IIT~~R [

~~1~
• 

RF~CORDER ~t~~~~
)

_ ~~~~TA dIIEcKJ 

~~~~~~~J~~~~~~~~4
TEP

Figure 1 Block ))iagram of GTV System
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Since ’  t lcc  t r ier d a t a  .cre  v a l i a h i t ’  in  roi l I l ine , t h i ’ t e S t  e l i  F t ’ i t t t I

C d l i  nioicl Itti’ e t ~ iS. I an t  1 V 
~
) OV I ci i  I ) I ~ t I O S ’  ( O i l  t i d  I I I hi ’ I t  I

rap Idly correct I itg sit p~i t  I O i IS  t h i t  n i l  gh t  r ese t  It  i i i  he ’ I i t s

valuabl e t i’s t I e n s  or cc t t I i’d I cIa t . c ;  I n o r e t i v e  r , a v t i re  u i t i i i  I t o  r I n
t i t i ’  Sy St i ’ i i i  I II ( I \ ’L ( I O S  a p i t t  t i l t ’ i t t  W I I t ’ F i ’ I ho t,’t ’ . l 1 t i i i i  I s  ~c’ h i t  i i c ~:. Mai iv
(‘08 t I) ’ It ’ t i’S I a i t ’ t liw, ~t V i ’  f et e d  • and hi ’ t I c r  c ci i i  t i t t  I v I ~ ‘ t tS  t i t O l e  v i  alt I
d a t a .

CONCEPT OF’ ~Y ~ I V N  UPHt\T ON

The’ CT\’ ~; s t e t i  d e t e cts I nc ’s t h e  pit I lit i ii~~ ,L n t ’ . i ~~i; c i t  t he l~, 5
~* I i eie :  ~uc d  I I

( ‘out  m l  ~;y st  c utS o f  t oinli a I ve l i  I t ’ I ~~i; . l ’ t  gun ’ I I s  a l i i  or k ~i I i g i cu c i i
t h I svs t c m .  A v I d i i i  c ;icu. i .  and e n S  a e m i i e c i i t  i d  on ~i icd l i i i  i i S  ~ iit i t t

vi ti c  t h e  gnu t ithe ’ of ( l i i ’ i’c’nthat vt ht 1 i c . (‘he v i  ~I~ o p1 et  t i n t ’ I s  t t a n ~ -

m l t  ted liv c-al i t or m i c - t c n ~ t v~’ 1 Ink  I t ’  an In st  i t u r i n t  a t  ( c i i i  v i i  c i t t i t  a i i m  ( c m
thc  otlit’ r s v s t  i-rn  t t ’ : i j ~o i i i i t I  i i .  i l i c ’ r est I v e t  t ~~~~~~ I t c v cL ci ~ I ~~, i c  I I s
lcd t o  the  TEP , and an a i t i t o  I a t  i’d v I ~~~~ I gua~ I s  I e ’d run t  I l i t ’  t t a c h i  u
to a V Id ~~i mini i t  or . ih e  t c i ~ - l o t  c o l i v e l  t S t i c i ’  t a i ,  t p o s it  I t ’ll w i t  Ii I I I

t he v i  dee p1 i t  u i s  to d i  ~ i t  i t  c i i i  ana l ‘~~ v i i  t i c ’ s  p l5 ;i t t l  I I oci a I i i i  l i i  I
t i tni’ t i  t h e ’ t 5 F ~~t ’t  (I is p i  at i ni t i l t  I i  I ’ l l  a p nt ’ 1it ’ t t i i u i u i ~~d b c t i t ’~ t i l t  . ‘t h e s e ’

F \‘a~ t i cs  arc t i i c ’ i c  r t c o r d ~~d Oi l  I a pt ’ t i c  s e i c  I dl i’ t ’ i t I v  I t ’  t li t ’ A i i I ’ I

The t we I1IO SI im p o r t  a n t  t ’om(’oni ’ut  S o t  C lie U L V  svc-i t t c i i i ’ t l it v I  cu t ’
camer a and t h e  v i  dee I i~, it kc i  • ‘liii v I t l t ~ i nieic i t  ~‘ I i ;  l i t t l e  I v a n~~’ t n s  t o t
viewin g the d a t a  ge lit r a t  I o u  ant i  m e n  I t  c i i  I i i c ~ t h e ’ t u a ~-k l o p  p h c i s t ’  i t

testing . Al t h i u g hi t~~~t t : e  c : t ~~s I i  i i  i t  I es ar  i’ f f l V a i t i d h t i ’ I c i i— t I r o u t  r
da Ia cii ‘i-k I ii~ , and _— I t a l u s t  a a t  .i c if l  I s i t  a I j i l t  :c n i  , t h i t ’ vI  ‘~~‘ at ‘ i t  t

P laY s no p a r t  in the  c i  r o r — s i  i n s  I ~~~~i i i  a t  i t i t i . ‘( hi’ cli p ( t a t  a i i i i  an a l s
recorder s  d i c  t. i m~~— t  e st e d d i v  t i c S , a i t i l  wIi i  i t  i t  I s  es~ t i i t ( a t  t o  t i l t ’
o p e r at i on  of t h e  C’1’\’ Sv~~t t  a t h a i t l c t ’\’ I t u i t ’ t i on  i’ 0 N t  I v , t lit v d i i ’ S l u m p ! v
data Io~~c i r . ’ciid h~ vc n et  i i i  it ~~ to dci wl t ic t h e ’ e’i t o t  — - s  I gci~c l  pi f lc ’ i  i t  ( c i i i .

The video c, l r s ra , 1on~, r am ’ded as rni ’ l t  i v  tn i m i c  I i i~~ ~t t - v i s , p I . t v i ;  a
p r i mary  j o l t ’ i n l i ce ’ UT V sv s t i ’n u , ~ h u t ’  1 tie ’ t i- m’ k e ’r l i p t i t  I s  t i n ’  v
sigica l f t o rn  t i n  ca m er a , tin’ c , t mt ’ ra I i i  t Ia’ t u a i u s t l t t i ’er I or  I lie ’ P i ~ ’
sy stem . Tict’ vi d c i i  ( , i 5 ~ r i  mu st  he i t t  a b l e , i i i c r I  , ,u i i ~t 1 l i i i  , c I  , r in d l i v ~
a wide  (h’flaln i t a n r e  I o t O S t i l t ’ iIt ~ r~ i i i  i S  C ~c i s t  I ~ s i i i  t he c ’ V ~~~ i a t  I
I~) 5  I (‘ill pt ’r I 5 1 a  t i c - c ’ . TIc’ i t - i c r ;  t in  t i i  V iS t i  e ’ . i m ’ d mi t t ;  I i t  i n ’  (‘ c is s c  i i : ;

th e tSd f l l t  c ha i S t  I n  1s t i S .  t h c a i t ’ I t ip  t I c e ’  t c ’~~~i I I ‘ - n t  h i  c ’ t  t l i i  I
chan ges t 1w I I i _ i d  o l  I i S ’  ( ~ OV c i t  I Ice ‘ I de ’o c i a ’  i-a . ~ l i i i  t i i ’  t i m  L~
rc$oi Ut ion is a fixt il pt i c . t i l  r i ,  . ‘i  ~ V t i  t I ~‘a 1 1 c i i  lie ’ I OV • lie

resolut l u l l  01 ,i t l t F , t i V  ‘ I  t h e ’ r r v ; t  c ’l ; i  i i ;  a I t w i t ( c m  i t t  t i lt ’ I i i i ’ i i  i t ’ i i t ~ t Ii
of the l en s .  For ex amp l e ’ , a 2t 1 l i l t ’1 ( h , ( i ~~i sal i t  i ’ t ’a I 1 c ’ci g t i i i  ion’; eu

1—in ch (25 .  ‘* — nun) v i  dl con c tmc ’i a  v li ld ~; a c ; v s t  cnn v~~ i t ( t i  I li i i ’ c i t  I ~ •
ini l s  and an nt ’ i ’ u i a e v  i t t  0 .08 cccli ’ ; an P0 I n t - ii ( . c~ ~_ ‘—iu mcI I c i S -  v h ’ i c l ~ iii

ac curaCy of *0 ,02  i t m i l  but  an h i W  i t t  eni l ~
‘ ‘i .i~ ml 1s.  A t i . i i l c  o t t e ’ x i  i t t ;
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bcti.’ee n the desi  red ac~~u r r i c v  and the FOV requi r ed to accommodate
syst i rn error s and d y n a m i c s , lead angles , sup e re levat ion , etc ,

The tracke r a ccep ts  as i t s  input the video si gnal from the camera .
‘ !lm : i s video signa l  is a hi gh—frequency an a log—vol t age  stream of
sequential l e f t — t o — r i ght t o p — t o — b o t t o m  (i gnori n g (lun ge reversal by the
le - i i s) s can s  of the camera  i i ; c p , c ’ area , The tracker searches this  input
signal for  a d i s c o n t i n u i t y :  a volt a ge hi gher than an operator—
establ ished threshold , meaning a targe t bri ghter than the background ;
or it  voltage low er than a threshold , m e aning  a target  darker than the
background . By i d e n t i f y i n g  t h e  targe t posit ion I n the input stream ,
the t racker  determines  the targe t posit ion in the F O V . This operation
I s  ac corn plis hr -d at  the s t i sd a r d  v i d e o — f i e l d  (there are two f ields to
every 2:1  in ter l a ced frame) scanning u- r i t e  of 60 times per second .
Since the s tandard  video I in c—scannin g r a te is approximately 250 lines
per f i e l d  (500 per frame) in the active image area , maximum resolution
is 1 line in 250 , or 0 .4 % of the FOV . This resolution can be increased
by higher scan rates;  for instance , another standard scanning rate is
800 l i ne s  per frame , 400 per field , yield ing a resolution of 1 line in
400 or 0.25% of the FOV . The trade off is that time higher scanning
1-ate is somewhat specialized and the assoc ia ted  equ i pment is consider-
ably mo re expensive and less available . There are applicat ions , howeve r ,
wher e the h i gher reso lu t ion  is requi r ed , such as tracking through the
gun ner ’ s sight

The t r a ck e r  is  ca pable of edge or cent roid tracking . In the edge mode
the  operator c n n  select  the leading edge of the target  that he/she
irants to be tracked. This mode is part-icularly useful for large targets
that r. stv e x I t - n d  out  of the FOV. In the cent ro id  mode the t r acke r
d i g i t a l l y  p i - r f o t m s  the ma themat ica l  opera t ions;

X = X d a / S d A  Y = YdA/ f dA

to locate and t rack  the center of area (A) of the ta rge t .

A t i m - k i n g  pat e l i m i t s  the processing of ta rget  in fo rma ti on  to an area
a c i t t ’ i ; a t ica l l y rtd ~ u stah le  in s ize  from 5% to 80% of the FOV . The gate
ca ic hi’ rnanmu ~i I  i v  pos i t  lont ’d or , us ing an e lectronic servo loop , t u e
gate  w i l l  p o s i t  ion it se l f  such tha t  t h e  center of t h e  gate cc) i i i c ’id es
wi th  the  t r a c k i n g  point (ed ge or c en t r imi d )  in the preceding video
field ; thus , in the cur rent  video field , t he tracker will only search
for  the new t cfl’,iL position i n  an ar ea the si ze of the ga te around the
last known t irg(’r position. Wbile somewhat l imi t ing  f requency response
wi t  ii small  g a t e  si z e s  time gate greatly enhances the system noise
J mmunlty and t r a c k i n g  ab i l i ty .
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Tiut ’ t r ;i t - kei -  ;ui ; t c m  g e n t ’ i r c t  c i ;  .m r e t  t e l  (‘ d i  5 ( i  i IV (lit t ilt ’ icuoni t t i i  , I i tch I
cat lug the  ct ’mu i t t  o t the F’OV or t lit ’ h i m c c - ;  I p I t  Et’ I c i t - n e t ’  lie h u t  , ‘lit I s
ret ( c i  e a i d ; ;  I n  svs t em ’st’ I up ant i  t i l l  l l ( ’ i u i t ’ i i  I . Pen ~t c I I  i t  tona l I o c t  m i i i ’
a l lows t hi’ zero i t t  e re lict ’ 1m o 1mm t t cc hi - ,u ,m v ~- tI I relic L i i i ’  c- O mi t or t i I t i m i ’ FOV
and p o s i  tinned liv t ite o pt - r a t  c i i .

The t r a cker  h i a t t  C Imi’ c’e d l  I I  c r c ’ i t t  cciii p i t t  ; . ‘i’iut’ V d c i  cclii p u t  p rc ,Jtc1 -os
t ime d i  ;;p i ;i~ ’ t in t l i e ’ v ( d c i i  mmiii i t  til ’ , r u t  cii uig t r y ; ;  t e n t  t t ip  • a 1 1 iut ’im ’i u t , ;i~~cI
op er ic t  I cmii . Tim e ’ d i  p I t  rd t in t  p c it s nu n’ I l i e ’ 1 _ u i  i i i  c i ~ N i l  Ou t  p u t  s I  gtt .t i s ,
as a l l L o t  ern ;i l  pu  - c - ; ~ ;; t u g  i t ;  d i  p i t ; !  r c umcl  ci igl t ‘ i t  t I n t ii n i c e  t h e  int i st
( lest  r ;ch l ~ ’ t t i t  t i ~ u t hmc r p ut - t- c ’ssiuig . ‘l!u - ;;- cil p i t n c l  sic ,; 1d15 arc ’ l ’ s
Comp i clr l ’ i i t  or  :~ ‘ t~ nl i c ’ m i t  • ~ t~~ i :  i~l t (c l t ’pt ni l  ( u p  on t i n ’  i -; ;o l m i t  t o n
det c ru ;t i uk’ tI by t i u t ’ ;;~ ‘ ; i 1  rate) I t timnIc y ii ciunht ’t • l u s t  i c , c t  l u m p  t i l t ’  t . c r p e t
posi t  [on In a t ’ ni I t  c t ;  i n uU c ’t ) t i  m d ( n o t e  I r i s h  I i ’u i . liii ’ a c i d  I t  ( c m i i  c i i  ~t u s i  I i c r —
t o — d  ( p i t  ~~~~ ~~~~~~~~ - t c ’F;r s t I l t  i i i  t i c ’ t m - r i t i - I pc itt ’ i t t  i - - - . i  i t t ’ r isc  t t ’ c n i l  op
Ot i t h i t t t  Va i v i  t ug  l i t - t WOc li — ‘i amid f5 v~ c I t ~ ; 

• p r c ’ ~~ o u ( c i i i  i i  t c i l it ’ I a u ge - i
p o s i t  ( t i n .  ‘l’ht c ’ ; rc - c c l i i i op o ut  l i m i t  p r 1 m \ ’  ( t i e ’ i i c ) l 1 \ i ’ i t  I t i l t  mc - , c m t ; ;  ot  e l i ot -k (i~~

f I old d;c t o .  ‘l’wo ~j  p i t  u i  d I sp  Li vs on t lie I l c ’ i t t  
~ 

cii - I I t icc ’ t i 1 c  k~’ I
also p r o v i d e  cc’ ci ve um t i - l i t r t ’n c dc  ‘ i t t  S 01 I iic C E  i i ’  1 S i  ~, ; t t  I .

The feasi III l i v  c m l  t h e  ( l V  t r y s t  em was I o he t i - s t  i ’d l i v  c - v a  I t u i t  I mug t i l t ’

systc ’un w i t h  t ice o i l  ow i n g  c u ~ i t  or  I a : t l ie ’ ; s t  ciii  ; t ;s c t t  hi I t u t i ~ - t t n t  .1;i

ali t i t ’ l p a t c ’d  and i t  o c  Li i  i t  l e a s t  t i l t ’ t i l l t ’ ~ - ; c t l ; i i t u ; t  s t  c i ; i t , i  j i ; ;  i - ;  cle F ( V i ii

fro nt th e hi gh—s p ot -c l phe I c c g r 5 c p it ( C t e c h t u m  i i i i h ;t an t i  i t  t u , m ’ k  ( c u p  v s I  i l t i ; ;

the S v S t c ’nu s h o u t  ~-d Ii~ t ’r a t l ea  I I 2’cnii a si s l i l c I ( i c ’ l i ) f  i l  c~~~ Sc 5 c i i  ( i i i u i  I
t ion and oper ~t t  i 5 i i ;  t i l t ’ ;~v st  i -mum a~~i’ t i u r c \  d c i i i ’; I ( -d ci l u s t  r~t ;; i - c i 1  i t  ( c i i i

conchi t  i m~~;; ; r i t c m t i l  ti be n i t  I c - r I ; ;  t t h a t  ~t ’u i i t ; i d _ ’~ i l~ ’ t ( m , ~ t N i c k I u p  acid

st ;uhil  i :~or  It’;; I I I i ; ;  b r  wi c I c - I t  t wotcid itt ’ t i sc ’ ii

LAl3OR~\TPh’Y 1~EP ’t

Not c m ui l ~ ’ was t i m ’  P i V  svst  em a new Iuis tr timc -;u t nit l i n t  ; ; v t ; t  c ’nm , b i t t  t i t e ’

video Camer a WOS an i ’mit  Ir e l  v new f o r m  c i t  I i ;i n s~I ti ~ c C - i  be ’ tc ;c -d I
dat a t ’t ’  I li s t’ t Ion . -t t c t u ~~ t hmi ’  v j d~~c c caituei’nm and I i : i  • t i i i ’ mi i i ( c i  - I  ~

i ’ l i i ’ t l  I ; ;

of t h i ’  ( ‘ l \’ s\’5t c i’; , I t r o t  t i u u d e r w t ’nt  , ‘x t t - n ; ; l  Vi ’ i n t b c ’i~; i t  i l v  e ”c i t  t i l t  t O l l

desl gnt d Ic c vt r i t - ’- t i u c ’ opt ’r ; u t  I o n  aicci ;t c c ’ i l i n l c ’V tilI t l im p hu a ii i ’ h u t  ‘c

poin t ;tt’ld l \‘s 1;; ol  p c~eti It ’ t t ’cI c ’c i t p t i t  S v o i  Sl it ; ac t i t i l  e t c  I j i tu t ; . I - l  ‘ i i  t i  i

t est ; ; wc ’ri’ ti c ’; ; I t ’ t uc ’ c i  h i  ov a l t u t u  I t ’ s v St  em O t t  C ~i c i I iR 51 I t v , e i v u i i i ’ m -

1lin~nm ” I C V . I r et j i u c ’ m ) c v  l c ’ ; ; h m c m u i ; ; O  ;iiicl p h i nc ’ l ag , r i n d  ii ‘i - i i m n l i -a l ~~i c u t  I It V

in a vibr a  t Ion i’lt~ ’ I r o m m n i o u l  t . ‘r im e I ;t l s c m t n t  ci iv  t e s t  ; ‘ I, - - I e ’ c l O t ;  I % i i c cI I c ’
uncover p o t e n t  I n t l  p I c ’l’ 1c m a ic;i; ; be I c c  ic I I t ’ Id  t c; t I i m p r in d  t 0 ~~~~ dt ’ SI  - I
data base thin t we t i l  ci m l i i i in f a t ’ t l ie dnm Inc h i  li t ’ t’v ,t 1 1 1 . 1  t c c i  di i i  I n c , I h i d

testing . Th is won It1  a 1 low I in ’ c hu te  I c c) fli ’ t I ’ u ) S ~ I l i i ’ I h - i t t  t e s t  ( i m p  t i c
be va st ’  of  Inst n il l i i  Ion amid operi l ,t ton , ; ;v s t  i’m d ur a i c  i t  I t  v , , t c i c t  I t o l d
s u i t a b i l i t y .
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‘The ohcJ i c - F  i v~ ci i  t ime sI a t  I c 5 > 5 1  i’m i’vn c 1 cc r c  t I oui s - i - - I t - ’  d c - t  c _ u _ lit I t i c ’ a
coi’r e l5 m t  lom m b e t w c ’i u u  t h e  I i i  p c t  pc~~-i i  I ( c l i  i ll t Il e- i- ’i)V ncu m cI 11c c’ 0111 I m d c t  ‘if

the sy s t e m .  T i mt ’ c v n c h i u : m t  t om u c m f  t im e c - c n - ~~c i t ’ t e  S V t ; I e ’ u i i  , , t ’ ;  c t c u i d u u ~ - t  c d  ic\-
t est I up l iii ’ t r n i t k i ’  r f or  I i t - d c i l l  y a nt i  t I t o  add I op t i  - c i t  It ’ i i - - ; ’ : h e f t  S

of t1 c ’ ;;vstt ’in , t~~ i t t t ’ ,i ant i  uuco m u it i i i , r i n d  t -v t I u n i t  I ui~ , t l it ’ ; ;V s t  c _ i l l  . 1 : ,  ru
whole as each  c t - ’ t ;~s u i ; - u t t  S i ;  adL le(I

To t e st  C lit ’ 1 1 h i t  m i t  v c m t  L i i i ’ t i- i ~- k -  t a c - a l  b r a t  i’d V I c I - c m - — t cot -— ; c .c t I eu - n
gent’ uni t 0 i  5’;;; ti~ c’ t t t d) ~ O it t m i t t  ru ~‘i t lt - tc t ; I  pnn m I c’ c i u t ; ;  i t ;  I i op el t I I u t e n c  m
dot nirrnl \ c o V e t ’  (ii; , t huc’ & ‘n t  i i i ’  i-’i_ )V , i’i~~ c l c c t ~~ i i i  t i l t ’ I I i t c l F  r i m - l a y  S 0 1 c ’

ass I put t -il i m i l i n c r ( i n c h  i rube  i t-; i i i  ti , t ~‘t  C ; ;  ( t i l l  i it t i c1  i l l i t  c f n c ~ ; } m ( i t t  . ~\ Ii u l e . i  i

regret ;  o f  cm li nina l v  t ;  I s was 1 m c - i 1 ci rinc ’d ccii t t ic ’ I i- nit -ki t - t i cu t ~tcm t vn i I icc ’S I c i  t ilt’

~O1 lit s tts a illillic ’ m l ea  I t’vni I ott t I en of t mn cc i~t ’ r I I nt ’nl u it y

An I n d n t ;t  rv st tmndni r d p i~tci’ e t i t i  I c ~ t X 1  s i t ;  fe  m o v a l  t in t  t ( l i p  t l i t ’ 1 i ilc ,t l~ i t V o l
video t ’;lmer nms . ‘l’lm i s  pro c’t’du ic Ut iii ;-t ’  5 r u n  E l  A St  - lid ird VI dc - cm - 

-

Llne.u m i t  ~
‘ ‘i’c ’Ot Cit a u - I  , a vi  di ‘ c m  I n c r — t i c ’  t nil xc’ u • r ind ii ~

- I t u e  pie u t  i [ c m i’

The I c~~~t (tn t tt’ [ii IS p l Oc ’(’d so t lin t it i t  C l v  I I hi ~; t i l t  1-’OV c i i  t lu c ’
Vitlt - tc (‘ ti lt ’ c - n i .  ‘ i it t ’  ‘C cic ’o tint p u t  is i cm mu t l m r c m u p lm :i l o t  m - c lO t  mni  Xt ’i ,
whme Fe it is  ml xcii s (lb a c-al i i i  inc ti’cl t’ic ’c’t i o~ Ic  pm (ci rind is  t 1~~ui I ott

to thc~ vide o iiioiu i tc m r . i~v n c c l  h i t s  t i lt ’ a I I t o - t i c - i t t  ( - ‘ t i  tli - riout I t c i i )

bCt s’e ’L - uu t h o  test- pnl  i t  c -r u1 and t i l t ’ c l ii’ t r cnu i t - p u - i d  • l~ ’ c - ii1c ’ i t  I I m i cou m i Iv
can be ~‘ei- i f lcd Oi-  ni l n o t  c’~l t c c  I - cc c - i t ’OS c m l  I i t t ’ r I t ’ l l ;  i i ’ nurea
During t h i s  test  a new soi I d — s t  rite I n ; l : ’ ; ’ -— d i t -v I i i ’ \‘ I d~’ci c t i ; t  I l S r i ; ;

oxnum iii -d , The eamc - t n t  used ii c - i i r t r g e — — c ’ c c t m p  lt d ci~~ ’ I i~ c ( L i  ~t )  i~~~ v h o -  I inapt ’

~enso t’ , wh I elm Sr i  0 .1  S20 liv 1-~ -
‘
~ 1 i nin t i n il ’ V n ;\  c i i  I I pl i i  - - ; t t i i  ii i t  i VS  ci ~~ine n t S

The I i  mmt 5ar it y of t ii i s  t ’n t i t ; - N i  I,’ ; S Vt 1 I f i cd ti m Wt I 1 s - i t l i i  mu 1 o f  t h e
picture area. ik’eni U S t ’ the r I c t t u  ie cm i; C l i t ’ (~C l)  c n i t i ;  - i ’s t n t  in i~m c i  • m i t

by a 5Sc - t -p i t u p  b c - ru i n  b u t  liv f i xed el  t- l ;; n t  u ; • L i m i t ;  c ; l t ; c t a  was c~ d u i t  Lic ’ i’ t ’ cl

to be inhu e i c ’nt 1 v si. n i b l  e in  I I n e ;m r  I t  v t i f l c i  p Ic I t i l e  n i spe c ’ t r at  i i  , For
t im i;; r t n t so f l  * i i i  i i ;  cn t mer a s-i ; ;  tu t ’ iod  whi c um p i m ; ; ; ;  ( l i l t  d im ( n p  tIme c -v t I curt i l o u
of t h e  GT\’ s ys t e m ;  iuowc’v t r , inch t et ; t I i i  p was c i t ’ . i l ; p  I (t-;h~ d lit lit c c - 1 lie
CCD camera was nivnu L i a b l e

The oh i c - i - t N e  of t i t e  dy n nu i r s i c~ svt ;i  cm 1 lmu c ’r t r  f t  C c o t  1 - n u S  t o  iuinmie - i i i , -

same I i i i ~~n , i  t y oval m u ; m t  ( t i l l  I S  t he’ s t a b  It ’ :; v t ; t  eut i I i n t ’ n i r  I t v  t i~~5l  • hu t  (lii s
t ime  to liSt ’ ii tt iflV I up  t n l r u ; t ’t  . ‘Vii i t ;  t cot I;; an c~ i~ l i t ~ I dl vs 1 ; t d ’  it ’
labora tory t e st  im t ’ t ’ n tt i tt t nil 1 t i - t I s c ’ c ’ i u , t  C I c t ;  i i i  wI I ( ‘i t  l i i i ; ;  I n s t  i t n u u i c l i t n i t i c m , u

wo t il ti l ie ’  usc’d ‘s,’oti Id  hi ’ t i v u i ; i i ; ;  i t ’ , A I i i i t ’O C’ 0 i’)~ti’c i i i  t e ( t hi t ~~ t i  I t - I ’ —

ad d m - t ’n s n t b le  I I p hm t c ’ u n i t  I lop ci b k ; - ;  ( t i l l ; ;)  ( i~ !p i i i t  : )  ~~~~~~~ h m l n u t i ;l
counp i c - t C i )’ wit hi Iii tilt’ F (iV c m l  ~ CCD ; ;cm I I cl’’~ C n u t  e v i  t i c - t m  c~;i i lt c ’ l i l  c o r t t r ~~~

- t c’ci

to the t r a c k  cc - . ‘I’lie t Ells I i ’ I c  1 (phi t i’d f i t  s t ic i ’ e ;; r  - (c m ii i v  t im ’ c’c c nh l’ u t e r
and the tracker d i  p t t nt  1 o u t p u t i ’ n t s  sn mm p I ccl liv I icc ’ ct cn l p d l t er  ~i iuc l s lot -e d
in the memory wI l it  I lit ’ L El) cI t  iv !  ~g I dlf l ~ I i on  l o t ’  I - i t t ’ F p me c~c~ 5 5  i i i  p .
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Figure 2 i)ynru nuic Linearity am -md Frequency Evaluation Setup

Sluice ti cc - I LI ) s were a r ranged in a l inear a r r ay,  the  tracker outputs
could be con upni r ed to t Im kn own posi  t t ons of t h e  LEDs t o  v e u ’i f y  the
tracker  d v i i n n ; ; u  c 1 i n c - ar  i t y  . T h e  i i  n i -ar i t y  of the tr ack c i’ o u t p u t s
was vc ’ri f l t d  u s ing  t h e salute l i nea r  regress ion anal ysis as in tIm e
S t a t i c  - v a l u a t  ion . i- Itch LED was activated 30 times in siu~-cession

and the arr ;c> ’  was swept in a sawtoo th  wave f a s h i o n  so h i n t 1000 d a t a
points (3.7 ni t  l i i  seconds a p ar t )  si lt; taken. As discussed in
fo l lowing  p a r a g r a p hs , phase lag was eviden t i n the t r ; i ckc r ou~ put , o
dur ing  t h i s  dynamic  t c ’s l i ng .  Time l i nea r  r eg res s ion  r o u t i n e  a c c o u n t c d
for  th i  s p lm a st -’ lap Iv I t t ’ r n t t l n g  r i te  r epr ess ic ’n  s u b reu t in s  , e.-uch t ( it s

ot  c’pj ’ifl~~ tim tracker cm nitpt ct data brick one soup ] c i r ct erv n c i  , un til I lie
s tandard  d c - v l a t l o u  Wds m ictim i zed * ind1ca tinc~ this best fit. Because
field data shou ld  neve m’ be d i s con t in ct ou s , as were the  d isc r e t e l i-I )
posi t ion~ , the ii ne ar  r egress ion analysis  w r i t ;  p i r f o rm e d  on the t i m e —

d~~sp 1aced dn i t nt * di si’egardlng data p o i n t s  f a l l i n g  at the t ransi  t io r ,s
in ri :1) posi  t Ions.

Because the t r a c k i n g  sy s tem is to be used to t r a c k  mov ing  or
s ta t ionary t a r g e t s  In a dvnanui c  (moving—vehic  is  ,vibra t ion , e t c . )
ct -tv I ronnx ’imt * the i r e - c ]  cme nc y r e spotu st ’ of the sys teln is an essent Int l
paramete r  and cou ld  be a l i m i t i ng  I ac t o r  f o r  some app 1 ie~~t ions  . T u e
term ‘‘break h o c k ’’ 1 ft USt ’ cl when the  speed of I. n m r~~c ’ t m ov en iemu I i n  tIm ’
1-’OV has exc eeded  t lit t r,t~ ’k I u p  oh I 1 I t v  of th e’ ‘rEP . Since t h e  TElt
inser ts a g;m t o  r ind ~ 1 ; c r pt ’ t i 1 op 1 1 1 c m  the v l d - o  si gnal ~o tog to t his •

moni to r , wh i c h  fo l l o i .t - ; C lue t a i ’pc ’t when it I~; tracking pu - cap t-n y ,
breaking l o c k  is r e a dI l y v i s ihi t to the opera t o r .  B r e a k l i u g  lock
often (anti for  ext ended pt ’ri oti s chur l  op da ta  a c q u i s it i on )  i s  eXtr ( ’titt ’ly
undesirable as da ta  o c m t p t u l  d u r i n g  t ( u  Is time is  meani fl~~l ( ‘so .

Phase lag In  also an impor tan t  pau ’aineter , as there is  a delay
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between to  rge t acqu I s It i  on ,‘mn h t h e  locat ion and pres ’nt at  Ion of t’ lme
error oc ct P U t  S • Th 1 S p ita inc l ag  in cus t be k umowu wice i•~ p u - cm’ hO-ic’ t i me
correl n u t l o u t  be tween  t ar g et  p o s i t  ion anci o t h e r  dat a  o u t  put s is
essent in u h t o  the  f o r m at  of the t e s t  for  w h i c h  th is  i n f o r i ; ; n c t i o u t  I t ;
being ust ’d

A b a s i c  c i n d e r s  I n i n d  I u i 1 ’, of the t lu c ’o ry of oiw ra t  ion of t he  TEP leads to
the f c u l  1 c i w log  hype I i c c ’s is of sys I clii t r equency  iesponse  and pluase l a g :

a. Tim ou tpu t  of the TI-;P is  cup dat ccl  once per f i c ’I  d or 60 t I i U L 5
per SCc ’ i m ;  1; the ri’ fc t ;‘c , time uu iaxin itu nt t h i c -o r e t i c a l  f r equenc y fo r  p roper
t rack (fl ;c  iii t u g t n u u ’ g c ; t - - d e f l c_’c t ion  r e c o n s t r u c t i o n  front  t h e  t r acke r  

-
o u t p u t )  c i  p u r e  s i n - — w u ~~’c deflection would be 30 H z .  Since th is
Nyq u 1st o : ; - ;p I I up  l~ 1 t c ~ is theoretical and would not yie ld  a desir nu ble
o u t p u t  fo i  tc -n ;t dot n i , i t  i s  suspected that the maximum frequency
should be considered ui s u b s t a n t i a l l y  lower than 30 liz , or as low nu s
10 H z ,

b. Because o~ the l e f t — t o — r i g h t  t o p — t o — b o t t o m  (of the  reprod uced
p ic tu re) sS’t c p  of the v id e o  image device in the camera , target—
a c q u i s i t i o n  t i m e  dc- c r onm ; ;e s  as t h e  t a r g e t  moves up and l e f t  in the  FOV .
The best case of t ime lag in t a t -g e t  a c q u is i t i o n  was wh en  tim e t arge t
was in the lowe r ri ght  corner of the FOV (one samp le) and in  the upper
l e f t  corner (succeeding sample) . in t h i s  case the o u t p u t  lag ~-~o ;u l d
be tiic’ vertical rerracc - time plus two hon z o nt i l  sweep t l ines (t vi’
h o r i z o nt a l  sweeps of the targe t are required for  t a rg e t  ac q ui si ~ 1 0 ; ; )

or approx bus  t e i v  627 i;u ic, ’oseconds . The worst case wrniilcl be when t h e
ta rget ntovecl f rom upper  let I to l ower ri gl m t. . T h e  t i m e  1ag here w o t m i  d
be the t ime r e q u i r e d  fo r  two ver t i  cal scans m inus  two hor i ; ;on ta l  t m - luIs

p lus  one v e r t i c a l  r e t race , or approximatel y 34 t u m i l l i s e c o n d s .  S i n c e
a l l  o the r  forms of t a r g e t  movement are between these two ex t remes ,
with the ta rge t—movement  f requency being low in nost instance; ; , thm ~
average iag of 17 milliseconds between target position r ind datnu c i t i t p m u t

is probably a viable approximation , ignoring t h e persistence of thuc -
video image device or camera de i nty s .  Onl y the area w i t h i n  the gaIt
is searched for targt -t information , and the position is prod uced
immed ia t e ly  f o l l o w i n g  tai get a c q u is i t i o n  in the ed ge t ro t -k mode; i n
centroid track the target positIon is prod cmc cl at 1 110 comp i C 11011 t m i

sweeping the on t i i e  ga te .  This w i l l  produce d i f f e r i n g  rc’su lt  s for
rap idl y v or y i n g  signals.

c. Since the gaIt- ’ posit ion is upd ated  once per f i e l d  and is
calcul a ted to center  on the ou tp u t  of  the preceding  f i e l d , the p a C t ’
will break lock if the target—def~lc-ction h o r i z o n t a l  cotiupoilent dc cn liig
1/60 second exceeds ha I f  the gate width or the vertical component
exceeds half the gate heIght ,

Ii 
-

- -~~ ~ - . - . - -
.. -

,

.

-

-
- 

~~
- . - -- - - - 1~• - cj, ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



-~~~ --~-- - 

~~~~~~~~~~~~~~ -I

d. Because t r ack in g  and gale d i sp l ay  is lest as soon as any
edge of t he ga te  goes ou t  of the FOV , t i m e  tnuc’p (-t uuu m ist rena in  in on
area of he ! glu t  equal  to t h e  FOV ver t [ca l  di  men ; ion  us I n u n  t i m e
hei ght of th c ’ g a t c  arid in width eqc’al. to the FOV horizontal dimension
minus  the width of the gate.

This evaluation u t i l i z e d  time sonic method  and ( ( r i t a  nus time dy n am i c
l inear i ty t e st  . ‘fhe sweeping LED a r m - n v  (Fi gu re  2)  p r o v i d e d  i good ,
accur .u  t e ly  comi C t o l l e d  s iu n u l a t  ion of a mov i ng t n i rgc t , and I t was easy
to compare t h e  LED d r i vin g  f u n c t  ion ‘- - i  t i m  t h e  C r aclnt ’r  o u t  I)u~

t- to yen 1
f r equency  re sp on se and phase lag .  I t  was dcci dcci t i m a t  f r ’ q t u r - u m ’ y -—
response m e asc mr is i ;eu l t s  should  be taken  w i t h  the e nt i r e  L a r g c - t  def lec-
t ion  wi th in  t i m e gate amid the gate In the manual posit ion , to cUmiñat c’
the variable of gate size , whic h is opera tor ad j t m s t n t b l e .

Fi gure 3 is a sample of several plot s of the !~El) f u n c t i o n  and t i m e C’l’V
o u t p u t s  versus  t ime . These p lots  clear l y in d i c a t c ’d  t ha t  the  C I V
outputs lag the LED p o s it i o n s  by a gc-nera l l y c o n s t an t  t 1uic ’ . Tl m is  lag
was arrived at an a l y t i c a l l y  by takiuig the  average  number  of d a t a
samp les that the l inear  rc-gress ion r ou t  inc  had to shi ft t h u s  C’l V output
data to achieve a best fit , and m u l t ip l y i n g  t h a t  number by t im e sam p l e
interval. TI-ic average shift was 9~ 37 samp les; samples u~’ere tn mln c ’n

3.7 milliseconds apart , indicating t h a t  the av er n igus  iag is 34 .7  — 
-

milliseconds , app roximately  two vidc-o— f1 eld t im e s .

In this  experiment  the LEI ) d r i v i n g  fur i L-t i on  was a s tep  f i u n - t i o n , so
the CTV outputs could be cons ider ed  as a st e p  response ban mug an
average risc t ime of 34 .7 mil l  isecomtcls .  App ly ing  the c o r u - c-mu l  ‘- - used
formula :

3— dB f r equency  0.35 : r ise  t ime - 
-

yields a f r e q u e n c y  of 10 lIz .  A l though 3 dB 1 s u~e~ uiingless in I ernu s
of t ime dig i t a l  processing wi th in  t i c  t r a c k e r , t h i s  f r equ c ’uic y co u ld
be considered to be the point above u-:hii -hu bren~kJ uig lock w o t u l d  O c Cu r .

It was antici pa ted tiuo t the (‘.TV syst-enu would be u - ed extc’uis i vel v for
an ev;tlua ti on of vehicular—noun ted svs t -mo , an d iu\ ’ ironm (-ui I h u n  I
would subject the video came-- nm and li ’mis to cons id ern ib i  e v i  bs :ct ion.
To evaluate time p e r f o r m a n c e  of tile s v 5 h i- ; f l  in C hu m euuvirou unc ’ui t ,

camera , lens, and moun t we rc’ ft runi y u o t t o  ted on a package I c - s t  cr
and t hen shaken in such a way t ha t  [l ie t -est 1 I c r - s  were scuh~~- c t e d to
accelera t ions  very similar to (if no t  i;to re scvc’ui than) tluosc recorded
on the camer. i position of a moving vehicle.
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505 1 1 t d 1 ci i c ’e o t , l  i I I ~~, - i i ’t c i -—ul t O , t s ; i r  ( m u ; , dcv I t - I - ;: . i  cc ~‘,m I I h t , ; I t ’d
t o  u: i t  Ii i u  on l v  I ,, , ‘ t t t u I i  a I us , t It 1;: v , I i t t ’ u,’a ;; e li - ’ s - t i  , t s  -

c r 1  I t ’ m ’ i , ’;t  by u,’lu h i m  t o  i t i d e t !i 1 ov ’i i l l  ;it ’d’t m i s V  ot t lie C IV ov o :
Ti c I nih ~ t , t t 0 i-v a t nt  t i c  — I I ne.m r i Iv t e st  s cC ~~ i~~t ’ ii S  I i n t  t us I ht.m t I Ito C I V
sy st eta i ,u  t ’h e m  a uicl c - ins ’ r i  ‘) i ;; 1 inc -n v  u~ it it i i i  I ~~- e l  f u m  1 1 ;; c S  I c ’

b e c a m m e t ’ n u l l  d i l l i  d - t ~d - u i t ’ t ’n~ h o t  \ , e t n m  I h i s  e l ’ : & i v t ch o u t  pu~ -nt ~l I h i t ’ i a c : ;-
m’ i ’g r d ’e;; ie u  p rc ’ I l e t  ed o u t  p a t  a ir e  lea ; ;  t b ru i t  O . O ~’ vo l t  . l i v i t in be
1 i n c u r  I t  ~ WOS e~~ I ~c ui  a t  e~i in i t i p  a _~ . 5 t_ ;; I n i n dn t  i t i  c l i v  i , i t  ~~t t ~h cot  I nsa I

leve l , n u s t u  I c’ t  ii ute ri m ( t  V ‘i - I  t o t  l o u t . r rt’_ i 1-s I n i p  t h a t  ~) ‘i~~ ~ f t he C I

the  o u t p u t  w i  1 1 1’ . - wit Iii m u It e c r1  I c’u i n ;  I c ’ch I I n c ~~ I i t  v • For 00111 i t ’ I i i
t r a ck  a a I mu ~h ~u u~ I e 1 c - v at  i o n ;  • I h u t ; ; \‘ ,I I , i e  Wan ;  W [ t i m  j u t  i .- I e l

t r ack  as [uni t  It ouc h c i  ~‘v , t t  b u s ; ;  • t hu is \‘r I n t o  u , n t n ;  si  I e, i u t  l v  g t e _ u t  ~ u I
I but v m s  w i t  It [i t  -‘ .- . i ’htc ’ Oh ic ’ h -us of ,; un t o is- l en  us i t t  1 S us u 1 . 5 S
le ve l  w o u l d  h i _ t e c - i~; o u t - u t t h e  ed: ’. , ’— t  1 n i c ~~n d a t  a i1’ i t  it [ m u  1 1 t u s , i i  I t  ~
I t  I ;;  f~’ I t  t l u n m t  C l ie o h  [glut  l v  Wc ’r ; r u s  I l u t e _ i c  i t  ~ is I c ’ i m i u t t - ’ ot  t hue
t racker In C he t ’~l gus modt ’ S is c ’.i%OS t h u ~’ i 1- 1 1 ;; v~- ; us ol v ,i  i v  i ug hi ( gl t t  —

ness. Aim ” COf lc S’  Ut m l  I cci 1 t p lut SOIl i dS’ i~ 1 c ’Ou: Sc ’flit \s’htn i  t 011 , m v I ~lco
sen sor . cle p emid I t ie, on t hc hr  I p i t t  m ien ; ; ; , aiw l S O u l c O ; ;  c ’ t  vs i v  I t i p  1 u  1 i ’, l l t  U c - S O

m to i -us  d I t  Ic r ent  S I us - ;  t iu o i’e  I o i c ’ , t hut ’ I a u p u s  I ‘~l gt ’ poe I t  I O il

l i t  ru ’ l i t  ion  t o  I Ito c’ c ’flt t ’ m. l i t  I us u - s w l I l t  i c  Spec ’ I I 0 s o u l -  ~ us i~ U g in C i i c ’S0

great  i v  a f I c c ’ I uu g c - cl gc ’ I r n m c ’k wit ti c ludI C .mp p m e e  i n u b i  y ~u I I t ’ I [imp u s c i t t  t e l  (1
t r a c k .

Sys tem fr equ ienc ’ V i~c - ; :pouisc u’, m ; ;  ye m if I cSi 1 0 the  r i - d  Ic  C t ’cI 11 )  h I s  , u~’ I t  h
t ht ( ’ gn u C c ’ he I mm ; :  at  ,u t I c n u n t u v  ( i t  m ;intini I C u , ; ~ k n u u i c h ,i~I i  C ,ml’e, c’ I mev , ’mt ’ iu t

he ing ‘oiu C a l  ned ts I t  it I mu t lie , m I e . ‘ The ,u~’ t ’ i- ni  pt’ p lu m ;;~~ - I i ’ , ~ , m ;; 0 \~~ c ’ 1 1—
nteut at 1v tic r I ved as app U t ’ \ I i - n.m I c I v  IS utu ( 1 1 1  seconds I uist end e I I in’
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st’ r ’ c ’n . ‘Flu ’ vi dt’ci ( ‘ f l f l t c ’  u ’n; el C lie AV’l’t-;S 1;; nm i u;ic ’cl .m I I hi ’ b rick a (di’ el

tiue tranni m i c c ’ nt  ; ; t - t , c ’ u t  auicl read lum ps r i mS ’ t r uk usu t by pot; i t  t ’ ; i  i u g  I l i t ’  , t l m : : , ’ F

ove r t i n ’  nt - ps’ fom ’uui etl liv l iii’ i— c - I I n c It’d Ina-u’i ~ ltc ’r u uu u t ’ui (lit’ ;; i - t e e  i t .  I ii,-

cal cmi i a I us i oh t_~~ii t 1;; nun ~ -, mm 1 at’ iii :;p In ; m ’c’uuii’fl I a’ I ( I i i ’ u utum n ; l u s  i i i  i t !  i n ; or

o t he r  tie;: I red n n , ’ i c - u t  I I I c  t a i l  I s  t - us f us i’ent’s’d t o  a pus ; ; i t  I on I ni i , , ’ui  nit I i t s ’

beg I o n i  tug a I I en-’ I I m u g .  ( ) l i c ’a’ na ’;; i i ) , n u p p i I ‘ n i t  i s in i t t  I t l s ’a’ I i’,i tfl i~~tu , ’;;

; m i  l , ; w t ;  I_ l i itt cla tn i to bc ; i c ( p i  I rod i c ’ u l i t ’ I  oh’ n u uu , i  11 1 1; ! ; ;- ci mcii ’,’ n i ect u rn it ci
auud r nmp i t i  I y t l i nmu i  w i t  i t  ol  Item ’ I ccliii i qu es . _ 
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F I i ,sIrm ’ 7 V i  tl , ’o l ; t u  t ’ I  Mt ’n i ; ;ti m i ’ i u i t ’ u t t  and Ai i : i  I v;; in; S v ; ; C  em . 
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‘l ’lu - Video 14m m r f Meas u i’ L’m;uen t mud Aiu ;i I \‘sl s Sy at usnu w.’u S cu -vt’ I op&’d t o
.
~~~ mt’;iI;ure tIn’ lie I pit t . vs I n c  I t y  , tu t uc l  pm ’ r I t ; , 1  o I p 1 unp l u g  s i u u ’f tiii’o iiglmomm t

an ent  l i t ’  smu t’ I zo uu e . ‘l’ta-a I up  of  n u u t ! I it n i t - v  I r in d lug  us 1’;i f t  r~’~~u u I reil
t ha t  Cli i s d a t a  ho o u t  ; u I  nod , lt ow c ’yeu ’ ;ul 1 wave mt - ; i i - imu i ’  i u p  SyHtt’11i5 Iii

e x i st t ’ u t t ’ &’ p r i o r  to t i n ’  d e v e l o p u m u e n t  of tin’ v l ; l t ’o  based sy :;C~cun weu’e

i ncapn ib l  s’ of meas t ir  [u p ’,  sm ut ’ I t inti eon Id only obt  nm iii dii tni [or a al ng l us
location .

S

h.i ~~~~ 
__~~~~~~~~~~ 

- 
- - i l l  -



- 

~~~IT

* BROWN

A II oat l i n e  i n n  niuui ’hmc ; m 5 ’d iou C i i i ’  bi’nit lt and beyond time surf 20110 ( F i g m i  cc
7) . Tin’ san , ‘ s ’ o u t l p c i t u c ’ u m u  : -  us I t i m e  A V I P S  are Ut i l l  zind wi th tlui ’ c n l n t c ’c ’a

posit  [nut ’tl  out t h e  bt ’ .u~’h ant -h t h a t  ,i I s  FOV c n v c ’ m ; n t:he Cul t in,’ portion of
tin’ float li ;t s - in tIn’ acid : ; t ; m t t -  . i’ i i ’v i om m si y d e t eu’minc’ d nu t ;: l i ’ S amid
dlst anc t’s  a m ’  i ’u i t t n r t d 11110 t i l t ’ t’ n m l c m i l n m t o r  tIni’l iir, calibr; mt lomi . Au)
o p e rat o r  pot; IC l o u t s  t i tus  c i i  r n ; t ’r  a t  t itus pe n ik  of a b r eaker  niii d Clue f l o ; m t
1 h u m u s  and d i p i t  1 a’- tn  t h i s  i’ ’~ a I I  ion .  A t  I t ’  m t he  br~ n mk ~ r p n t  tO t ’S I IlL’ C t s r :  - o i
ls th en nuc iv eci Vt ’ cC i i- ,i  i I ‘a I - ; thus I] t i n ;  C l i n e  as i t  l’eS C S a t  t h e  low
W n i  t i - i ’ l evi ’ 1 . ‘I’In’ c i t  c’mu i n i t  s i r  h m m ’c ip ,  1, 1, 1 iii ’n aeecs;tp i t  su es ( I t t ’ ui c ’(’e SSnm T’V

t rigoumouiict cv to t ’a i i n m i l a t  us t i n ’  lit ’ i gilt c ut ’ titus i ;u ’i’:i l:c’r . ‘flit’ ad d  i t t  cmi t t f
a di g! Ca I L i ti lt ’ i ) ;mi-c C tt LI c’; ;; l i i i ’ S\- ;; I c-t n t I t ’  y It ’l d Iii ’ ,’nii ~~’u’ ‘s’’ I t ) i’ i t  V l)V
digi t i n ’  i t ig tlm c ’ ann:;- ’ ‘a t ’.’ ’’ t - ri’s C a t  C vt ’  psi;; it i ciO: ; , and p o t i  od , by
d i g i t  17 lu te , ti,’ci ~ t i; ’,’’’t ’d i t ) ; ’  ‘ a n t i ’ ’ ’ ‘ i o n : ? ; ;  n; t - ‘  n ; i ut p i ’ ’ ~‘tO t i a n  . T u e  -

cal cu 1 ato t’ a I n -:o logs ha ’ do 1,1 r ind ‘t r I o  rmn s n i u~~- a a:i  I a is as reqmi i red
by the test u ;t ’ o g r a m .
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Figure 8 Atttontnttic V id c ’o Sln’i I Fragment  Au en ; and Vol et ’ I I V

I ’k ’nissui ’ i i m p ,  Sv ; ;t , ’un: ;

The Automa t ic ‘ci ~l 5a ’ Shell Fragment Ar t -ri  and V~ loc i I y ~Ct ’n ismu r lag ~y St c ; ’ :;
are present  l v  un do m’ dc’i- ’’ 1 opmeti t . Bo Cli ;c\- stems mi t i l l  :ne a v I ti c -n cam c’ ra

a progrntn-uun ;ble calc -c ’inuto r , an d a video di gtt in:i ’ r (I- ’i gure 8). The
di p i t  ize u’ a ll  ciws a sing ] us video f i e l d  to be corivl-’ r tt ’d to a tl u o C ri x of
di g i ta l  word;; corr espotui l  lug o Cite gray scale wt i  t iC of  er ich p icture
e lusu ute nt  (p ix~- 1) c on i pr I s l ui g  the ent  let ’ FOV

To measu re s h e l l  frai . tm meu u t’ v e l c - t c n i t y ,  a shell  is exploded in run a rena
wi tim dark v iu l Slft’ i’ C ( u p ,  along  one 

- side . As the Fi’ n ;p u vuen t : ;  p is ’ i’C c ti - i , ’

sheet ing a ii i  pit speed 1:1 liii camera  r ecor ds  the Itol i’s as ii glut  ~~~~~~~
througiu  t- lie ~ huee t i i m p  fro uuu a b ank of 1 1 asit  bu lbs  on the  Ii i : ; ! t lO . P~ ,’ic l i t ; :
the II  In fr auutt ’ I-tv f r nmmnc ’  to de te r m i n e  I m - n i pn u c ’nI I iu ite and pa’s i t  i on  I t ’t’
ve loc i ty  cal cc i i  at ion  is p r t ’sentl y a I c i t p and tu u ’dm uou s I ask . ‘I’lue vid eo
based - sy stctut  is’ 1 11 presen t  each C ilu uu frnuuu e to the  v ideo  ramc’rni d I t ’ l l  I :~~ -

the p1cC tin ’, and Couuipare the  new p i c t u r e  m a t r i x  i-n ! lit that stcns’d iu u
memory f r om t i i ~ p r e v i t i m m a  frame t h us  d i - C e r m i  n in g  new f r agu u ten t  hol i’s
and their b e n t i o n .  i)atni anal  yals that; present  I y takes dn i ’, ; n  w omulil
be accomplished itt ntinut - ,’t ; with l i i i’ V i d e o  based sys loun .
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TItus n;im;ti ’ Si’:; t ciii c - n il al ;n t m;;i’dS u t’e i ma 1, i iic ’n t a li ’nm . Coil i i i u . i t  c- cl I I phI
SO ut’ ci’s a C ‘ ;c ’v t ’ u’a 1 aug i t ’:; p r o j  c c ’ C i-n i I Iuoue I I c’s ol the I m’ap uuic ’u m t ciii t o  a
t r n u u i s l  tm i ’e u u t  t n t h l  us ;ibt i\ ’ t ’ wIt it -l i lii; I m : i ( ’ , t t i t ’ u i  I I 5 5 m m :  ;peuid t ’th  . A vi dcci
cauum ~’ u- ni  l i-i p ; i , ’ i ’ cl bt - low t ito tab  1 us i-no that thin ;, I I  bout .’ I I  c ’S ht ’ t ’ottto v 1 , 1 -us

i nu ,igm ’s . ‘I’iii n ;, v i  tht ’ti imu; ,np , ’s a re  i l l p II I a i d  an t i  I I to i ’ol ;iput us i ’ i’ n - i u i  I t i c - m t
d et e r m i ne  I i i , - t t  c -ri c it C i te vai’Ioua p s i ~t ’usI ( t O t ; :  tinc i tii ci s t l t t ’ Si  n ’.e ol Chic’

ft ’ ;t p ut mt ’u i t

I’ i’t ’ .~- at  i v  , m I l l ’ 1 1 ( ‘n i t  l ou t : ;  ci V Idea’ to l i i ; ;  I m ’ t i u i t ’u i l  n i t  i n ut  a i - ’  1 i ii; I C  oct by I i t s ’
spe c- t i and re: ;c ’ I m m t  l o u t  ol t i i i ’ v l t I eO  I uu rmps ’ d c” s ’ I : ‘ , ‘ ; , . As i ’i’::t ’ . i r s ’ i i  i mt t l i m t t V t - ; ;
l i i i ’: c ’ pa rams ’ l o i n ;  • C be’ nmp l i I lea t i , ‘m is  us F v I dt ’ ,’ I s ’  I m u ;;  I i u n i t - i t  t n t  I m u  w i ]  C
g mi ’.it 1 y liii’ u , - ,m :: s ’ . l uu ;.mgc ’ c’or reintC lout I i’~ i t ’p , , ’ u’s ;s’ i I 1 bt ’ s ’ s ’ iuus ’ in t e nt ’ f e _ i ; ;  1 1 , 1 , -
along wi th r;n; -,’lu ;:a’t ’ ; ’ c - tn t c ’ ; ; ’ ;  Iv i ’  p m o t ’ s ’ : a  ( t i p  of  t i n ’  v i s i c ’o h i n n e , ,’ .

IS an i ’iis’ t ‘7 ‘ m a  n iuu iem m uu t us I d m 1  a Vt ’ C t o  i’e cxl i , ; - t ‘d f corn (lii- I’r(’(-(’;.;; I m e ,

of a vi cloct i ; i i
~’ c ’. ‘C bs ’ ( L  \‘ t V ,t  I t int I ( o u t  p i ’ov~~;n t lu s’f I i_ c’ I I \‘ c ’ i t s ’ ; ; S  of n t

v ideo bass - cl I tu n - : C r multi i ’ui I 0 I ‘‘1 try at usm ;m , , i iu t i  t l i e I s n ’t  h i ~ - r app i ic - nit i oils

d is c ussc’d he ’ i c ’ a re  out  I y C lie bt ’g I mmmi  I u i e , ,
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