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~~ (I. A b s t r a c t  ( C o n t i n u e d )
N

LA B ( .  t , ’i. I l n i q u e  was se lec te d fo r  ha r dw a r e  imp l em e n t a t i o n  due to i ts
r e l a t i v E -  s i l l  p l i c it y  and s imu la t ed  p e r f o r m a n c e .

The I A h G C  al g o r i t h m  b a s i c a l l y ope ra te s on and a d j u s t s  the ga in  and
i.i s i~~ a s ing le pixel e l emen t  as a f u n c t i o n  of the s t a t i s t i c s  of immediate

su r  r o u n d i n g  pixels .  If t he re  is a wide var ia t ion  in the va lue s (hig h c o n t r a s t )
no ~a in  is app lied;  c o n v e r s e ly,  high gain is applied whe n the immediate  a rea

~‘x h i h i t s  s m a l l  va r i a t ions  Uow c o n t r a s t) .
D u r i n g  the f i r s t  p a r t  of th is  p ro jec t , a d e s i g n  s tudy was conducted us ing

IC con .p l l t e  r s in ,u la t ion.model  to optimize the mechan iza t ion  paramete rs .
~~ p a r t i c u l a r , the p ixel a r e a  size of 4 x 4 p ixels  was se lec ted , the video is
l i c i t i z e d  to 6 h i t s  and mul t ip le gain t r a n s f e r funct ions  were  sele c ted. An

a l l  di~~i ta l  me c h a n i z a t i o n  was se lec ted  in o rde r to e l iminate  analog noise
and n o n l i n e a r i t y  p r o b le n s~~ The r e s u l t i n g  unit was bui l t  to f l ig ht  sa fe ty
s t a n d a r d s  and m e a s u r e s  19 inches  wide , 10 . 5 inche s high and 14 inche s
deep .  A f u t u r e  p roduc t ion  unit  would be subs tan t i a l ly smalle r .

In i t i a l  eva lua t ion  of closed c i rcu i t  TV video , p rocessed  t h r o u g h the
uni t , r evea led  a s ignif icant  i nc r ea se  in apparent  image con t r a s t .  In i t ia l
sub j e c t i v e  s t ud i e s  showed that pe r f o r m a n c e  in~p rove rnen t s  n a y  r e s u l t  in
t a r g e t  r ecogni t ion  due to sharpened t a rge t  shape def in i t ion .  It is also
1 I r , s s ib l e  t ha t  scene con t ras t  i n ip r o v e n-e n t s  may provide p e r f o r m a n c e
i r l p r o v e r n e n t  in r econna i s sance  sensor  app l ica t ions . Howeve r , c a r e f u l l y
d e s i g n e d  l a b o r a t o r y  exper iments  are  recommended in o r d e r  to fu l l y
e . a l u at e  the  app l icabi l i ty  of this LABGC unit (and p rocess ing  t echn ique ).
f t  is a l so  r e c o m m e n d e d  tha t  a wide d ynamic  ra nge sensor  ( e . g . ,  F U R )  be
e l l l p loyed to f u l l y eva lua te  the unit .
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~ e c t ion  1 . 0
I N 1 l ~ o l ) U ( : T l o N  A N D  S U M \ 1 A R Y

C o c k p it  d i s p l ay  sy s t e n  5 a r e  used  today to p r o v i d e  p i l o t s  and sensor

operators wi th  rada r , inf rared , or  t e l e v i s i o n  i n f o r r i  a t i o n  w h i c h  is u sed  f o r

na ~-i g a t i on , intelligence gathering, target detection , recognition , identification ,

and desi gna t i on . In n~anv cases , thes e tasks r e q u i re  high qualit y imagery

t 1 r  optimum operator performance . Unfortunately , limi tations in the disp lay

or sensor s vsten , or both , may lead to deg  radi-d performance in n i’t ’tin).~

mission objectives . Techniques for real time i-nhanc~-m&- nt of sensor in. a g I - r v

show promise for i m p r o v i n g  o p e r a to r  p e r f o r m a n c e  with a minimal increase

in sv s t e r n  comp l exity .

1 h i s  final report d o c u m e n t s  the results of the third phase of (ontra

N000l4-T u -(;053 to develop a real timi’ image enhancement techn ique . This

three phase program w a s  funded by the Office of N a v a l  R e s  ea rch and the A ir

F o r c e  A v i o n i c s  L a b o r a t o r y .  S e c t i o n  2 . 0 p r o v i d e s  a r e v i~~~’. of the f i r s t  tv 1)

ph a se s  of this t h r e e  phase  p r o g r a m .

Phase  1 p r ov i d e d  f o r  the d e ve l op m e n t  of t h r e e  n h a n c t - m en t  al g o r i t h n  s ,

Local  A r e a  H i s t o g r a m  E q ua l i z a t i o n  ( L A I I E ) , Loca l  A r e a  B r i g h t n e s s  and Cain

Control (LABGC), and Haar Transform Filtering (IITF . A co n :p lexu tv per-

f o r n aflc - tradeoff indicated that 1~A13GC was the n o st  p r o n~is ing algorithm .

1 h s eco nd phase was a noise s i’nsit iv itv s tu dy .  I h noise study concluded

that  LABGC and L A I I E  W e r e  m o d e r a t e ly  s e n s i t i ve  to  n o i se .

1 he  t h i r d  p h a se  of t h e  p r o g r a m , d o c u m e n t e d  l u - r e i n , r i - s i l t e d  i n  a h a r d —

war t- d - - - l op n ’nt of a ri-al time enhancement unit emp loy ing the LABGC

alcortthrn . An extt-ns i\( ’ o m p u t e r  simu lation (1(’si~~fl stud y, described in

S I - C t i o n  3 , resulted in an op t i n l u m  ha rdwa ri n i chanization . The  results of

this ri a-chanization stud y a re  s u u i r n a r i z e d  in Tab le  1 . A un i t  d e s c r i p t i o n

of the LABGC h a r d w a re  is provided in S e c t i o n  4. )~ Section 5 . 0 con ta ins

an e x t e n s i v e  d i a g n o s t ic t i - s t  p r o c e d u r e , and Sec t ion  ii ~ 0 d o c u m e n t s  a l l  of the

p e r f o r m a n c e s tud i e s  c o n d u i c t l - d  I n  the e q u i p m e n t .

I- ou r  a pp end ic e s  to the f ina l  r i - p o r t  a n -  i nc luded .  A p p e n d i x  A inc ludes

a d e s c r i pt ion of the i -n h a n c en u - n t  al g o r i t hms . A ppe nd ix  B p r o v i d e s  a i- e l i ab i l i ty

and t h i -r r n a i  ana l y s is  of the un i t .  The acceptance t i - s t  and  deta i led  e x a mp le

—~~~~ — ~~~~~~~~~~~~ —- — ~~~ -— ~~~~~~~~~~~~~~~~ - - - - -.~~



FA 13 LE 1 . 1 A 13CC BR ASS H O A R D  TA H LE OF
P E R  1- OR \ I A N C  I-; I A R A  \ l  F [ER S

- \ l u ~o r i t h n u s  I i - i - f o u - m e c l : Loca l  A n t - a  B r i g h t n e s s  a n d  G a i n  using
R a n g e  and  P i x e l  1) i f f e  r i - n d - a s  a m e a s u r e
of c o n t r a s t and  Mean as a m e a s u r e  of leve l .

‘- \ ‘ i n d i v: S i z e :  1 } l o n i z n t a l  e l em en t s  x 2 V e r t i c a l  e l e m e n t s
pe r  F i e l d  ( 1  x 4 per  F r a m e

A / I )  S amp l i n g : 3 - 13 ITS S el e c t ì ble

t . 072 \ I I l z  - 525  L i n e  Mode

1 5 . 0  M l  { z  — ~ 7~ L i n e  M o d e

i i n  F u - a n s f e  r F u n c t ion :  32 M ul t i ple Selectable G a i n  f u n c t i o n s a r e
p r o g  r a m m e d  i n  Pr i m l i s t e d  in
A pp en d i x  D .

I n p u t  V ide I/Output V ideo: 525 pe r EIA R5 170: 875 per EIA RS3 30

Other Features: • Abilit y to Accep t , Gene rate ,
Separate Svncs

• BIT and Checkout Nu des

• Bu ilt-i n Element Value Selector
and l)isp lay

• F r o n t  Pane l or R e m o t e  C o n t r o l

I n p u t  l ’ u i W i - r :  h 7 ~ W a t t s  ( t O  ~i r  400 H;-

S i z e :  19 ’ R a c k  \ l o u i n t e d  P n i t ;  10 . 5 ’ ’  h i i ~h x
14 ’ ’ d e ep

U n i t  W e i g h t :  40 lb

c a l c u l a t i o n s  t o  expla n the  L AB GC  aILu) I-ithn l a rc  p r o v i d e d  in A ppend ix C.
A d i s c u s s io n  of t h e  t est  P R OM  (P r o g ra m m a b l e  R e a d  On ly  M e m o ry ) is
i n c l u d e d  in A ppend ix  D .

An i n i t i a l  e s t i m a t e  of t h e  p a r a m et e r s  of  an u l t im a t e  p r o d u c t i o n  un it  was
m a d e - . Such a unit would be si g n i f i c a n t l y s m a l l e r  t h a n  the br as sboa rc l  u n i t .
It is e s t i m a t e d  tha t  it cou ld  he less  t h a n  4 f l ( )  in 3 

, we ii~h less  t h a n  10 lbs and
d i s s i p t li - approximatel y 50 watts , for i i  525 line system.

- - ~~~-



S e c t io n  2 . 0

B A C K G R O I N1)

I N T R O D U C T I O N

This  se c t i o n  p r o v i d e s  a summary of the work conducte d und i-r Phase I

and Phase  II of t h i s  p r o g r a m . The r - s u l t s  of t h e se ’ two ph a s e s  a r e  t h o r o ug h ly

d o cu n  - n t u d in the  two  p i e  v i o u s  f i n a l  r -po r t s . 
( 1  . 2 )

On t h i -  Pha s e- I p r o g r am , t w o  c o n t r a s t  e n h a nc e m e n t  t echn iq u e s , n am -l y ,
Local  A r t -a H i s t o g r a m  1- q u i a l i z a t i o n  and Local  A n t - a  B r i g h t n e s s  and Gain

~~i i o t r o l , a nd  one r e s o l u at i o n  -nhanc - m e n t  t e chn iq u l - , nan~~-1y ,  H a a r  T r a n s f o r m

F i l t e r i n g ,  w e r e  s t u d i e d  wi th  r e g a r d  to r e l a t i v e  m e c h a n i z a t i o n  c o mp l e x i t y  and

a s u b j e c t i v e  ‘ - v al u a t i o n  of the r e l a t i v e  d i sp lay q u a l i t y .  A t e c h n i c a l  d e s c r i p t ion

of  the s & - t e c h n i q u u - s  is  p r o v i d e - d  in  A pp - - n c l i x  A . I m a g e s  W I - r e  di g i t i z e d , p r o~
c t - s s e d  t h r o u g h a di g ita l cor p u u t e r  and  p r i n t e d  on f i l m  f o r  ( - v a l u a t i o n . The

r e s u l t s  of t h e s e  s t u d i e s  led to the  s e le c t i o n  of th e -  LA BGC techn iq u e  as the

mos t  p r o r n i s in i z  fo r  f u r t h e r  ( -v a lu a t n o L  The I l a a r  wa s  c o n s i d e r e d  l e a s t

d e s i r a b l e  d u e  to  i t s  comp l e x i t y  and ap p a r e n t  d e e r a d a t i o n  of d i s p lay  q u a l i t y .

~~nd e -r  the Phase  II e f f o r t  t he  e f f e c t s  of no i s i -  on all t e chn iq u e s  w e r e

evaluated . Both dig i ta l  ( h i t  m i s s )  and  ana log  ( g a u s s i a n )  n o i s t -  w& - r c-  included

in the c o m p u t e r  n o d -i . The results indicati -d that the LABGC c o n t i n u e d  to

provide siu.~nal enhancement but also amp lifies the noise under hi’~h noise

conditions. The Ilaar techniqu ic was m o s t  sensitive to noise . As a result

of t i e  Phase I and P h a s e  II e fforts , the LA 13CC technique w a s  s e l e c t e d  for

tI e-s ign optimization and development performed as Phase III of this program.

1. Ni - tc hat-n , D. J . , Lo w i-  , R . . , and  W ebe r , J. ~V . , In~ag e- -nha nc em tjnt
ti-chni que-s for cock pit d i s p lay s ,  T e c h .  R p. N R 213-124 . A rlington ,
V i rg inia: Offic i -  of Na val Ri-se-arch , Dec ernbt- r 1 0 ’ 4 •

2. 1-:etcha~~ , D. J. , Lo wi - , R .  \~~. , and  W ebe r , J. W . , Image  enha n c e m e nt
techniq ues for cockpit d i sp lays, Final Tech. R ep .  NR 2 13-124-2 .
A rling ton , Vi rg inia: Office of Naval Research , Ma rch 1976 .
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l i i  n n i l i ) r  i i  i c t i v e  of the P h a s e  I P r o g r a m  was  to -v ~~1u i a t i -  t h r - -  i m ag e

oha n c i - u u  n t  t c h n i q i u . s capabh- of i mp r o v i ng  opi - r a t o r  p i - r f o r r n a n c e  u t i l i z i n g

s. - n s i i r  d i sp lay  ~v sti -i: ~~ . The techniqu e- s under i-valuation v e r -  all iud gi -d

suitable f o r  imp lementa tion and utilization in th (- cock pit e n v i  ronmi nt . Evalua-

tion \‘ as  b ased  on subj ectiv e anal y s i s  o f picture qualit y impno - -n~ent aft’ r the

e- n h a i i c , - n i i - n t  t e chn i q u e  had been  app l i ed  and on physical data such as corn-

nlexit y a:1(i cost. The three technique s e v a l u a t e d  w e r e :  Local  A r e a

Br;chtness and Cain Control (I~ABG C ) , Local A rea Histogram Equalizatio n

( l A I I E ) , t e n d  llaar T r a n s f o rm  C nispening (HTC ). (Sm- A pp endix  A .

N - t i  i d o le

In the  p e r f o r n  a n d - of th is  p r o g r a m , f o u r  m a j o r  t a s k s  w e r e  p’ r f o r r n . -d:

1 . S. 1 -ction , collection , and di gitizing of re -pr es -ntat ivu Sensor data .

2. Development and optimization of the n t - s p e c t i v ( -  e n h a n c e men t
techniques .

~~. Pr o c i - s s i ng  of the selected images by each of the- e-nhancernent
proc . - 5 5 1 . 5 ~

4. Evaluation of the- resulting images .

Rep r-sentati vi san~pli - s of i m a ge r y  fron . -ach of thr .-i- m at o r  sens or type-s

(IR , TV , Radar ) v- .-r e si-lected. A fl y ng spot scanner v~as used to dig iti ze the

i n p u t  i m a g e -  data from photograp hic transpai’ -nci . -s . A di g ita l scan converter

\~as u s i -  d to c a p t u r e  and dig i t i z e -  f r a n o - s  .~ f r aw  F L IR  s en s o r  data f r o m  m a g n e t i c

v i d e o  t~.t 1 ~~~~~. ad a r  i m age -  da ta  was  c o l le c t e d  d i r e c t l y f r o m  c o m p u t e r — c o m p a t i b le

di g ital tape-s .

~ o f t v  a r t -  f o r  the t h r e e  en h a n c e - m i - n t  t e c h n i q u e s  ( L A B G C , LAHE , and HTC )

was  d e ve l o p e d on the-  i lu g hes  R i - a l  T i n u i -  Sys  t i -n i  S i m u l a t i o n  F a c i l i t y  Si gma 5

di g ital  comput e - r . 1-~ach t e c h n i q u e ’  ~‘a s  r e - f i n e d  to p ro duc t ’  the b e s t  e n h a n c e m e n t

pos sible  w i t h i n  r e a l - t i m e  cock p it i - n v i r o n n n - n t  c o n s t r a i n t s . E n h a n c e m e n t

p a r i en  , . - t e - r s  such  as g a i n , w i n d o w  S i /i - , anti  f i l t e r  shape -s w e r e  emp i r i c a lly

a dj u s t e d  un t i l  the r i - su i l t a n t  image’  showed the mos t im p r o v e me n t  poss ib le ’  in

the ’ op i n ion of the i - x p e r i m e -n t e r s .

A f t i - r  the i m a ges  se l e c t e d  f o r  u se  in this  s tu d y  w i - r e  p r o ce s sed , the

r e su i t i n g  i - n h a n ce r u i e n t s  w e r e -  ph o t o g r a ph ica l l y r i - c o r d e d .  The ’ ph o t o g r a phs

4



( i n c l u d i n g  those -  of the’ u n p r o c e s s e d  image’ ) w e -  r e  u s e d  d u r i ng  the su bj e - c t i v . -

v a l u a t i o n  to de t e r  mine-  r i - l a t i v i -  me ’ rits of each processing techniqui- .

S u b j e c t i v e  c - v a l u a t i o n  of the  p r o c i - s s i ng  t e c h n i q u e - s  ~ ‘ as a c c o m p l i s h e d

by a s k i ng  each of ten u - x p e ’r i e n c e d  s u b j e c t s  to ra t e ’  (on  a s ca l e  of 1 to 7 w i t h  a

r a t i n g  of 4 d e f i n e d  as n o r m a l ) the q ua l i t y  of each of the processed image-s .

The r a t i n g  was  app lied to a s p e ’c t r u m  of o p e r a t o r  t a sks  r ang ing f r om  ; i - h i c l e ’

and s e - n s o r  c o n t r o l  t h r o u g h t a r g e t  d e t e c t i o n , r e c o g n i t i o n , and id ’n t i f i c a t i o n .

I h u s  the e f f e c t i v e n e s s  of an e ’nhancemen t  t e c h n i q u e  could be m e a s u r e d  as a

f u n c t i o n  of s enso r  and t a sk . F u r t h e r  e ’va lua t ion  c o n s i s t e d  of d e s i g n i n g  a

t e n t a t i v e  h a r d w a r e -  m e c h a n i z a t i o n  of each techn ique  fo r  e s t i m a t i n g  c o m p l e x i ty .

C o n c L u s i o n s

S. - ’ e r a l  c o n c l u s i o n s  w e r e  d r a w n  f r o m  this s t u dy .  A l l  techn iq u e s  p r o d u c e d

the  e x p e c te d  o b s e r v a b l e’ r e s u l t s  in the-  s e n s o r  i m a g e r y .  C o n t r a s t  was  e n h a n c e d

and t ’d g i s  in F L I R  i m ag e r y  w e r e  indeed s h a r p e n e d.

I h e  e f f e - c t s  of the e n h a n c e m e n t  p r o c e s s e s  on i m p r o v e d ope r a t o r  p e - r f o r -

n - m c i -  w - r -  m o s t  n o t a b l e -  with the  c o n t r a s t  e n h a n c e m e n t  p r o c e s s e s  a p p l ied  t i

F L IR  and TV in  - lg e r v .  A l t h o ug h n o t i c e - a b l e - c h a n g e -s were produce-d in radar

i n I c e r v  b y a l l  i - n h a n c , - m e -n t  t e ’chn iqu . -s , the s u b j e - c t i v t - c -v a l u a t i o n s  did not

inci u~ i t .  t h a t  s i g n i f i c a n t  i r n p r o v e - n i - n t s  in o p e r a t o r  p e r f o r m a n c e  would  be

a c h i e v e d . Th1 - s t u dy  r . - so l t s  a r . - su n mie r i z e d  in Table-  2 . The e v a l u a ti o n  data

is  in c o n e  l u s ive ’  r e g a r d i n g  the  e f f e c t s  of t h e s e  e n h a n c e men t  techn iq u es  ( L AI 1 E ,

[ ABG( ; , H T C )  on rada r i n u a g t - r v .

It  iS  e s t im a t e d  tha t LA B G C  and I ITC would be -  m u c h  (b y a f a c t o r  of a b o u t

2 : l  l t - s s  comp lex to imp l cn . e - n t  tha n L AI J E . The i n i t i a l  me c h a n i z a t io n  con -

p l e -x i t y e s t i m a tes  a r e  s u m m a r i z e d  in Table  3 .

In s u m m a r y,  One ’  can c o n c l u d e - f r o m  this s t u d y that of the ’ t h r e - i - enhance-

m -n t  t e c h n i q u e s  i nv e ’s t i g a t e ’d , local a r e a  b r i gh t n e s s  and gain  c o n t r o l  f f e r s

the -  n o t i - n t i a l  f o r  si g n i f i c a n t  i m p r o v i ’m n e - n t  in p e r f o r m a n c e when  ap p l i i - c i  to

- 1 . -u t r o - o p t i c a l  s e n s o r  i m a g e r y  p a r t i c u l a r ly at m id -  and c l o s e - - r a n g e -s .

E at i r ru a te s  of h a r d w a r e’  complex i ty  s u g g e s t  that irn pl em i ’n t a t i o n  of th is

te ’chn iq u e -  f o r  use  wi th  fl i ght h a r d w a re  is f e a s i b l e  and wel l  w i th in  th e-  s t a t e  of

the -  a rt . F u r t h e r  eva lua t ion  of this  t echnique’  t h roug h r e a l - t i m e  m a n - i n - t he ’  -

loop s imu la t i on  o r  f l ig ht t e s t  wi l l  y i e l d  more ’  qu a n t i t a t i v e  data on the cos t

i - f f e c t i v e n e s s  of LABGC in the- n i i s s i cn  e ’nv i ron r r i e -n t .

5



l ’ :\B LV 2 . S U B J F C ’l I V E  I N  A LUA 1 ION OF’
A LTE R N A  T1-~ C O N T R A S T  EN H A  NC l- M 1- N T

1J - ~C l 1 N I QU  l - S

______--

T ECHNIQUE
OPERATOR LAHE LABGC HTC

TASK ~~~~~~~~~ I

VEHICLE  CONTROL 4 .2 
- 

4.1 3 9
SENSOR CONTROL 4.2 - 

4 .2 3.8
ORIENTATION 

- 
4 1 4 1 3 7

TARGET DETECTION 
- 

4 1  4 2  3 6
T A R G E T  RECOGNITION 4 4  4 2  36
T A R G E T  IDENTIF ICA TION 4.7 4.6 3.8
TARGET DESIGNATION - 4.6 4 . 3 3 9

AVERAGE - 4.3 4.2 - 3.8

TA B L E  3 . F I A R D W A R E  C O M P L E X I T Y
TRA I)EOFF BE ’I ’\VE EN A L T E R N A T E

C O N T R A S T  I - : N I I A N ( ;E M E N T
T E C I I N I Q I ES

HARDWARE COMPLEXITY
ENHANCEMENT 

S I Z E , WEIGHT , POWER
Cm INCHES 

• 
POUNDS WATTS

I A BGC 330 E 6 .. 8 x 8 6  5 66

LA HE 770 6 * 8 *  1 7 4  11 5 154

HTC 384 6 x 8 * 9 . 7  5.8 77

PHASE I I S U M M A R Y

1 h r  i - . son  -wha t i n d e - p i - n d i i - n t  t a s k s  w e -  r i  p . ’ n fo r n~~-d u n d e r  the- Phase ’ II

P rog  r u n  and o n ly  t h i -  f i r s t  of t h i - s e  t a s k s  a p p l i e d  to the ’ L AI 3 G C  m e c h a n i z a t i o n.
‘I h - c  t h r e e - t a s k s  w i - r e -  a n o i s e -  stud y ,  a f i l t e - r i n g  te -chn iq u e  s t u dy , and a

r i - s t o r a t i o n  t i - chn iq ue  s tud y. The s i ’  t a sk s  a r t -  s u m m a r i ze d  bc-low and m o re

(l i - t a i l e d  i n f o  r m a tio n  can h i -  ob t a ine - d  f r o m  the Phase-  II f i n a l  r e - p o r t .

N o i s e  Stud y

A n  i - v a l u a t i o n  of the ’ t e c h n i q u e- s s t u d ie d  in Phase  I showed tha t they o f f e r e d

si g n i f i c a n t  im n p r o v e r r i i - n t  in se lec ted  i m a g e - s  u n d e r  n o i se - f re e  cond i t ions.
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S i n c e -  t h e - r e - a l  ~~o i - l d  is  se l d o m  n o i s . ’ — f r - e - , a t } i , , r o i l L ’ h  s t u d y of t he  • - f f i - e : t s  of

f l O i S i -  n i t b -  i - n h a n c - n ~~-n t  p r o e i - S s . s  w a s  u n d e rt a l ’ . ’n in  tb .  P h a s e  U ‘ ( f o r t .

~‘\ na log  a n t i  di g i ta l n o i s e -  mode - is  w -  r e  de ‘. - - l op i -d to g i - n i - r a t  - c i i  a g • -s  t h a t  had

ce~n t r o l 1 e ’d , bu t  r e e l i s t c c  l i v e l S  of n o i s • - . T b -  -n h a n c . - m . ’n t  p r o c e - s s i - s  ~- • - r

th .  - n a i~~l i d  to th . - n o u s  V ‘ in  ag -s and  the-  r i - S  u l t s  conip a  r e d  w i t h  - n h a n c  i d

n o i s e — f r e e  i m a g e s

The n o i s e  s -n s i t i  vi ty s t i u c l y  o t i l i z  e’d a di g ita l n o i s e -  n odel  tha t r a n c h c  :~ ly

c h a n g e d  the st ~~t e  of in ch  ~- i d u a l  b i t s  in th e in  a g e -  as t h o u g h i t  we  r i  - a Se - n id i

b i t  s t r , - a n  - T h r e e  e r r o r  r a t -s ~v e - r e ’  s - l e ’ c t , -cl : i i . ) ! , 0. 05 and 0. 1 e r ro r

p e r  b i t  e r i  th~- a v e - r a g - . Im a g e - s  c o n t a i n i n g  t h i s -  n o i S e  l e v e l s  w e r e -  e n h a nc e!

w i t h  t b LA BG C , L A I J I - T  and I F T C  t . - ch n i q u e  s . S u b j e c t i v e -  e v a l u a t i o n  of

e n h a n c e d  n o i sy  i m a g e s  r , ’vca led tha t th~- LAIJE techniqu e- w a s  l e t  st  s e n s i t i v e -

t i  n o i s e ’  w h i l e  the - LA 13CC w a s  sl i g h t ly  m o r e -  s e n s i t i v e - . ‘I l i -  ETC t e c h n i qu e-

v . u s  st  s e - n s i t i v e  to n o i s e  and p r o d u c e d  a d e g r a de d i m a g e ’ a t  hi g h e - r r o r

rat ’s .

A n a l o g  n o i s e  w a s  i nj e c t e d  i n t o  in  a g e ’ s  b y a d d i n e  a n o r m a l ly  ( c a u s s i a n )

d i s t r i b u t e d  r a n d om  n u n be r to each p i c t u r . - t - l e m - n t  ( p i x e l ) .  Th . - s t a n d a r d

di - v i a t i o n  of the -  r a n d o m  nun ’che -r was c h o s e n  to p r o d u c e  a s, - l e - c t e d  s i g n a l-t o -

n o i s e -  ( S / N )  r a t i o . I m a g e s  c o n t a i n i n g  ana log  ty p e  n o i s e -  w~- r & -  p r o d u c e d  tha t

r e - p r e - s e - n t . -d thr - i -  ty p ica l  S / N  r a t i o s  of a n a l o g — t v p . - n o i s e ’ : 30 , 10 a n d  ~~.

S u b j e c t i v i ’  e - v a l~c i c t i o n  of enhancc-d  n o i s y  in  . e g e - s  r e v - a le -c l  tha t bo th  the - 1~A B G C

and  LA i i i :  t -chn i q u e - s  w e - r e  read - n a t i - lv S e - O S  i t i v e  to  analog t \  pe - no i s  A s

- i  th  tb  di g ita l nois .- , the I l l  C was  q u i t e  s e n s i t i v e ’ , and at  l e e w  S / N  r a t i o s  the

enhanc -m -n t  was  w o r s e -  than  t h -  o r i g ina l .

\\ h i -n  image- s c o n t a i n i n g  n o i s e -  a r e  e ’nhanc i ’d , th . - n o i s e  is  i - q u a iL -  - nh a n c e - i .

If t h e -  i -n h a n c i - r n e’nt p r o c e s s  w e - r e -  ab le  te d i sc  r i n i i n a t e -  b e - tw e - e ’n n o i s e  and in  age-

t i c  tu  , so that onl y i n t - i g  e i n f o  r i ì i a t i o n  w e - n e  e -nhanc  c c l , the n im p i - o ve d  r s u l t s

cou ld  be p o s s i b l e - . A s m a l l  s ide t a s k  w a s  un cle - r t a k . - n  to d e v e l op  Sonic ’ s im p le

n o i s e -  s u p p r e s s i o n  log ic in the -  LA 1IG( ’ t . -chn iq u e . Th i s  log ic p r o d u c . -d v e r y

good r e ’s u l t s  , s u g g e s t i n g  tha t f u t u r e -  e ’n h a n c e ’n i e -n t  w o r k  can , - f f , - c t i v e - l v  c o m b i n e -

i m a g e ’  i - n h a n c i - m i - n t  and n o i s e -  s u i p p i - e ’ss ion t e - c h n i cj u e s  s i r e c u l t a n e o u s l \  . A moo r e -

t h o r o u g h d i s c u s s i o n  of t h i s  s t u d y ,  i n c l u d i n g  i l L u s t r a t i o n  01 t h e -  e f f e c t  of n o i s e ,

is i n c l u d e d  in the ’ Ph use - II f i na l  r i -p o r t .



F i i t e ’ r i n g  ‘ I e - c h n i q ues  S tud y

I h .  a i~~ i i t a u t  i e ) f l  of f i l t  - r i n g  t e - c h ni q u i - s  tha t  u t i l i z e -  n o n —  l inea r m a n i p u l a t i o n

of t r a n s  f o r  ni i o n  -t i n  c o e - f f i c i e ’n t  s and of t ho s  i - tha t u t i l i z e  l o g a  n i t h n i i c  and

eX p o n e i ~ t i c t l p r o c e s s e s  b • - f o r i - t i l vr i n g  h a s  s h . ~’n  d r a r e - i t i c  im age ’  i n i p r o v i n - n t .

1h ~- n ’ias  t n i l e b l e  \y( )  r k  in t h i s  a r e - a  ha ~ b e - i - n  don . ’ b~- Thom as S t o c k h a ni  a t  the-

U n i v e  r s  Lv at  U t ab . M o s t  of t h e s e ’ ap p r o a c h e ’ s ha , t t i l i z e d  the ’  1 o u r ie r  t r a n s  —

f o r m , w h i c h  is u n s u i t a b l e - f o r  r e - a l — t u n a -  ( ( - . g .  , T \  r a t s )  u s e - . The ’ n o n —

l i n e u  r t i l t ~ r i n g  cie vi lope d h . - r e  o s i s the  l l a a r  t r a n s f o  r n  , w h i c h  w as i - x p e - c t . ’ c i

l i i  p r o . i i i c  e s i ni i la  r r , s u l t s . l h i s  a pp r o a c h  was  t a k e -n b e - c a u s e ’  the-  i l a a r

t r , e n s f o r n  i s  a n i i i t h e - n i t i e . e l  t r a n s f o r n i a e t i o n  u s i ng  o n ly  a d d i t i o n  and sub-

t r a c t i o n  w h i c h  is i i  i t c h  •-a s  i i -  r t i  m e c h a n i z e  f o r  r ‘ a l — t i  i t  a- app l i ca t ions . Two

n u n - l i n e - a r  enhanc • ’n ie -n t  t . -chn i q u i - s  \\‘e r -  s t u d i e d . O n e ’ v~ as  to a p p ly n o n —

l i n t - a  r lv  t l i e  HTC f i l t e r  p r e v i o u s l y cl e ’v • ’lope -d . ~l he ’ o the r u t i l i z e d  a f i l t e - r

de - r i v e - c i  f t - o n .  t ha t  s u c c e s s f u l l y d c - v e - lope -d  b y S t i e c k h a n i .

T h e  m u o n — l i n e - a r  H a a r  t r a n s f o r m  s t u d y i -~-a lua t e ’d  t\k -o f i l t e r s ;  a c r i s pe n i n g

and a St o -kha mn t y p e . The c r i s  p en ing  f i l t e r was ciu ’-: .-lo pc ’d in th~- p r e v i o u s

c o t  ~-a ct  w h i l e  the- othe r w a s  de- n i v e -d Ir o n  ~‘ t ockh an i  ~ t e o r ~ ( 3 )  
The n on —

l i n t - a r  c r i sp e - n i ng  f i l t e r p r o d u c e d  & - n h a n c e ’n i e - n t s  tha t w e r e -  d i f f e - r e n t  f r o m  the ’

l i n e - a r  c r i s p e -n ing  t y p e - b at  t d g c - d  n u t  si g n i f i ca n t l y b . - t t  r than i t s  l i n e a r

o c in t e r p a r t . The St o c k h a m n  t y p e  n o n - l i n e a r  lite r showe’d  e s l i g ht

‘ f - a s - in  the  i mp r o v e m e n t  o v e r  the  n o n - l i n e a r  ( - r i s p e n i n g  L i t e r  f o r

T \  t - : p -  i m a g e - s . A n  i n i p r o - ’ ’n ’n t  ~ -as no te d , h i i \ \  e - v e - r , t o r  F U R  i r i . - t g e s

e nhanc e -c l  by the  St e c k h a mn t y p e  f i l t e r . The -  m o s t  d i - a n i c t i c  i n  p r o v e - m e n t

r e s  ~i t  d in th i -  e - n h a n c e - m e nt  of r a c la r  i m a g e ry  w i t h  th e-  n o n — l i n e - a r  Stoc~~Iia n~
t \  p e -  f i R . - r app l i e d  in the -  H o a r  c lonia in . I h i s  e - n h a n c e n i e - n t  t . -chn ique  a p p e a r s

ha v i ’  s i g n i f i c a n t  po t en t i a l  f o r  i -adar  t~- p i -  i n  eg - ‘ i- v .

B l u r  R ‘s t o r a t i on  St u d y

I i  a g e  d~-g r a d a t i o n  by mot ion  b l u r  can have - an impo r tant eff,-ct on p il ot

e f l ’ e t i  - i l l S s in t~ u r g  . - t  d e t . - c t i o n , r e c o g n i t i o n  and  des i g na t i o n . F u r t hi -r  m or e ,

s n s e e  r s t a b i l i  z e t i  en s y s t e ms dc - s  i gne -c i  to p r e v e n t  th i s  p r o b l u ’ i c  i can he - qu i t . -

e o s t i ’ . .  S i n c e -  si g n i f i c a n t  w o r k  has I) e’efl don . - in r e - s t o r i n g  i m a g e s  d e g r a d e d

by n o t i o n  b l u r , an a t t . r ’r i p t was  m ac i t -  t i  a pp l y s u i c h  t e - c h n iq u - s  to  r e a l — t u n a - ,

L St e e c ~” I i • t r i  , ‘ I . C . • J r . ,  ‘ I n i ag e -  l b - o c i - s s i n g  in t h e - ( o nt , - x t  of a \ i s u a l
M o d e l - 

, Proc . I F EF  , Vo l . c i ) , No . 7 , J u l y  1 172 , pp. 82)~— ~42 .
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a i t - b o r - n e ’ a p p l i c a t i o n s . Th is  w o u l d , in t u r n , h a d  t i  r e d u c e d  i n v . - s t j e e n t

in s e n s o r  s t e h u l i ’ ,~~ t i u e n ,

M o s t  of t u e  p r i o r  w o r k  has  u t i l i z . - d  l- e )i irier transform te-chn i qu ie - s . Since-

th e I l a a r  t r a n s f o rm  has a s t r a i g h t f o r w a t - d  i- i - a l — t i m - h a r d \ -  , e r e  ri e - c h a n i z a t i o n ,
an a t t e mpt  w a s  made-  to d e r i v e - a l la ar  d o m a i n  t i l t e r  s u i t a b l e -  f o r  m o t i o n  b l u r

r ‘5 to r a t i o n . This  f i l t e r p r o v e -d  to he too c o nip l e - x  f o r  r e a l — t i  n i ’  u s . -~ T h i s

i ’ d  to the - d e v , - l o p r n & - n t  of a d i r e - c t  b l u r  r e s t o r a t i o n  te chnic i  ue ’ n o t  i n v o l v i ng
t h e  h Iaa r t r a n s f o  r n ~.

R e s t o r a t i o n  of b l u r r y  i m a ge -s was  r e s t r i c t e d  to the  c l . e s s  of s p a c e

i n v a r i a n t  and  c o n s t a n t  l in , ’a  r m o t i o n  b l u r .  The ’  d- n i ; a t i e i n  of a h h i t a  r d o n i aj n

b l u r  r - s t o r a t i o n  f i l t e r  p r o v e -cl i mp r a c t i c a l . H o w e - y e - n , a sp a t i a l  don  a m

opt -  i- a to r ~;-as d e - r i ~ - e- d to r e - s t o r e ’  b l u r r e d  im a g e -s , b u t  r e - s  idu a l  te r n ~ s a r e

p r o d u c e ’d  in the  p r o c e s s . A n  al gorithm was  d e ve l o p , -d to e s t i ma t e  the  n i a g_

n i t u d e -  of these ’  t e r m s  to p r o d u c e - a fu l l  n e - s t e n a t i o n . A pp l i c a t i on  of the  sp a t i a l
d o m a i n  ope r a t o r  and  t h e -  e - r r o r  t e rm  e s t i m a t i n g  al g o r i t h m p r o v e - d  q u i t e -  s ucce - s s -

f u l  and si g n i f i c a n t ly  e a s i e r to i n ip le-n- i e-nt in r e a l — t i m e  h a r d w a r e  . A f u n c t i o n a l
h a r d w a r e  d c - s i g n  ce-as p v rf o r n i -d t ;  e s t i m a t e  th~ chi p c o u n t  f o r  s u c h  a r u -a l-

t l f l e b l u r  r e s t o r a t i o n  sy s t e m . H o r i z o n t a l b l u r  r e s t o r a t i o n  is n i e c h a n iz a t i o na h l~-

s in ~p l , ’ , r e q u i n i n g  P 2  ch i ps . \‘ e r t i c a l  and  t w o — d i m e n s i o n a l  r e s t o r a t i o n

r e q u i r  i d  5 Se and  71 )~i chi ps , r e - s  p e c t iv e l y .

_________________ 4



S. - e ’ t i o n  1. 0

l A B L U  I ) I - ; S I G N  S [U  U

Le s t! u p o n  tb  r e - s e i l t s  Of  th .  P h a s e  I a n d  11 ce; o r- k d i s c u s s e d  in S . - c t i u o t  2 . 1) ,

the  LAB C( t - -c h n u i q u e - ~, a s  s, - 1 , - c t u d  f o r  n - c h a n i z a t i o n . 1 h e r e ’ f o r e ’ , th . -  Phase  III

e f f o r t  was  d i r e - c t  ( I  a t  u i p t i m i z i n g  t h e - LABCC al g o i - i t h n -  h a r - d e c - a r e -  d c - s i g n  and

t h e  a c t u a l  i n ip I e n ~ e - i t l  e t i o n  if a b r a s i - b o a i - d  s y s t e m . I l i e ’  op t i n i i z ; c l  on t r u e - n o n

use -d v as  a s u b j e c t i v e - e va l o a  l i on  of pie t o r e - s ge -ne - r a t ’cl u s  ing d i f f i -  r e - n t

n ’i. ’c h a n i” a t i o n  pa r a r i 1 - t e  r s  wh ich  a p p r e c i a b l v  a f f e c t , -d conip le-xi t’~ . ~\ di g i t a l

u ’  -c ia  n i z a t i o n  f o r  ti h i - e s  sboa n d u n i t  v e s  s . - l e c t . - c i av .  - r an ana log  n - -c h u n i z a  —

t i o n  due  to t h e  i n h e -  r e -n t  n a t u  - i-  of the - p r o c  . s s  a n d  th. - d e s  i r e ’  f o r  n ; a x i  ri ore

v - l i a b i l i t y  and s t a b i l i ty .

DE SI CN  - S I M U  L A TI ON

In orde -r t e e  e v a l u i , c t u  v a r i o u s  LA 13CC t i e - s i gn c o n f i g u ra t i o n s , a d u -t a i l e ’d

c o m p u te r h a r d w a r e - s i m u l at i o n  cc as d e v e l o p e d . Thi s n o u ~ r e a l  t i n - con  p o t e r

p r o c~ ram w,e s d - s  i cn e d  to s i m u l a t e  the  h a r d w a r e  at  e v e r y  s t a g e  of t he  n u e ’ e h a n i  -

,,a t i u u n .  “i d d i t i o n i e l l y ,  s u i f f i e  i c - n t  l e x i b i l i t  w a s  i n c l u d e d  in t h e  s i m u l a t i o n  t i c

, u r y  ma o r  dc si gn  p a r a r e  - t e n s  - Th.  s i -  pa r a n t. r s  a r e - ;  1)  t i - c h n i q u e -  f o r  th-

m e a s u r e  of ic ) Ca l  c o n t r a s t ;  2 )  t e c h n i q u e ’  f o r  n i . - a s u r i -  of l oca l  b r i g h t n i - s s

I )  w~m idov ,  s i z u  ; 4 )  n un ~h . -r  of i n p u i t  g r ay  shade - b i t s , and  5)  v a r i o u s  t r u n c a t i o n

p o i n t s  in t i e  f low of ope r a t i o n s,  -N f l o w c h a r t  of t h i s  p r o i~ r a t i 1  is s i i n . v n in

Fi~~i i r e  1 . The s p e c i f i c  h a r d w a r e - c o n f i g e e r a t i o n  is  s e l e c t ee !  b y —t e u t t i n ~ v a lu e s

to t i e N - \ M l ’  LIS T v a r i a b l e s  l i s t e d  in T a b l e ’ 4. The v a r i ab l e s  w e r e  in i t i a l i z e d

t o  s e l e c t  t he  s t a n d a r d  d ev i a t i o n  as the c o n t r a st  m e a s u r e , s e l e c t  a 4 x 4

n o n i n t e  r I t e  ed w indow , and  s e l e c t  1 bi t  i n p u t  video.  I ) i f f e  r e n t  p r o g  r a in s  w e r e

e i t i l  i z ed  to vary tim e in i gh t n e  ss  i i  iea s u i r e  -

D1- :Sl(;N O P T  l \ I 1 Z A 1  ION

The -  r e  a r e  m a ny  w a y s  to n h i n i n i i z i  the-  c o mp lex i ty  of the ’ L AI i G C  h a r d w a r e -

unit. As initiall y conci -iv e-ci , the-  LA IIGC al g o r i t h m  c o m p u te s  the- mean  and

s t a nd a r d  de -v i a t i o n  w i t h i n  a s l i d ing window to n n - a s u r e -  i n t e ’n s i t  and c o n t ra s t

( s e e -  A ppe nd ix  A ) .  T h e - s i -  c o m p u t a t i o n s  i n v o lv e  s q u a r e s , d i v i s i o n s  and a s q u a r e ’

r oo t  w h i c h  c o n t r i b u te ’  gr e - a t l y to h a r d wa r e ’ comple ’xity . The ’n e fo r e’ , a l te ’r n a t iv e

11 b~D1)~ ~~~~~~ ~~~~~~~~~1 }i~~~
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F-\ l iL1 -~ 4 . ‘ ‘ l J A R J ) V - ’AR 1-~ l A l u ; C  L l ( O G R A \ I  \ A R L A B 1 ~ES

I r e  — e ’ t
\ a n i e b l e - ~‘- ‘ e u u u e -  V a l u e  J~i m n c t i o n

I n l e l u t l- ’i le  I l e u ~~ica1  f i l e  ci - f  i u u . a g e

O u t ; . u t  V i l e  2 L e g i c i l  ein t of output fil e

i t i l l  i - cc  R 1 ~ s 4 ‘~ c f rocc-s in  w i ndocc-

in d e i ’~’: ( - , - l c i n ’ i n s  4 cc of colon-ins i n  ce’ i n d . u w

R e e ’~
- (-, f f s e ’ t 2 Row in  w indo ce -  of ce nte r ’ e l e m e n t — i

: i l u u i n  (‘ se t  2 Cej lun’u n i n  \vindc i \N -  c)f c en t e r ’ ’ eTc n -e ent --  1

I n l ;e  ce  S i -i~ ’ 25 6 o f ro\c -S a n d  c o l u m n s  of i np u t  i m a g e

N I - e x  \ a hue ( 3  N I  a x imu m  p i x e l  - - a l o e

c ;  l I M  1 16 \ alue  of ‘‘ s t a n d a r d  d e v i a t i o n ’’ at w h i c h  g a i n
equa ls  1

C L1N12 4 ~~p~~e r bound  of g a i n

Sca le  4 ‘ of b i t s  of a c c u r a cy  of g a i n

B u r n  l maa un  ‘r rue  N a lue of ‘ t r u ’’ c a u s e - s  the  g a i n  f u n c t i o n  to
be c o m p u t e d

N i . , r e -  1’ rue  V a l u e  of ‘ f a l s e  t e r m i n a t es  pr o g  r am

D o n e -  h” al se  V a l u e  of ‘
i. rue ’ ’ ’ terminates prog ram

R a n g e  Scale 0 . 283 Sca la r  to mul t i ply r a n g e , m e a n  d e v i a t i o n , or
p i x e l  d i f f e r e n c e  by

A ( ;  U - S i  IF  I’R 2 Log 2 (w i n d o w  m o w s )

A C 2 S I I I -  f R  2 Le eg
2 (w i n d o w  c olu m n s)

A V  T S U V ’rR 2 Log 2 (w i n d o w  rows~

A \ 2 S 1 I F T R  2 Log 2 ( w in d o w  c o l u m n s)
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i’i~ t s u i i i s  ed l m l t e ’ I ’i S l t \  a n d  c- o n t m - ~ e s t  w i t h i n  t h e -  s l i d i n g  c’. in ( I ( ) ~~~~~- s u i l t  in

s i c n i t u —  a n t  n -  e 1 u ~ t i - m i s  in  h a r d w - e r ’ ’  e’ e i n ~p l e - x i t v .  A n o t l i  n h a r r l v : e u r i -  op t i m i z a t i o n

is  ac ’h i ,  c’ e ’ e l  i f  t h -  n u i r ’  b e - n  o f e l e ’ m i u i -n t s  in th . - s l i ci n g  w i n d o w  is h i -l d  t u e  a b i n a r y

p owe -r  i t  i . Hi . ci , th - d i v i s i o n  in  the  ale,,’ o n i t h n i  c oU ld  b~- r e - p l a c e d  by b i n a r y

s i i i f t u ’ . A l s o , t h e -  sn  i l l . ’r  t b  s l i d i n g  cc i ru cl ow , the -  s c r u p l e - n  th e -  h a r d c e , a r e

i > . ’c~e I t s , ’ f e -cc . r e ’ l e ’r e  n ts a re  c - e e m -u~p ot a t i on a l lv  i n v o l ve d ,

P r .  a t  ha rclc ’ a r e  - so c - i n g s  i- i -s u l t  if the-  LABU C:  al go n i t h n u  is app lie d to the-

- - - ii : i e - l c l s of  a f r a m e ’  s - p c  r e t - I ’,’ i n s t - - a d  e f ~o u n t l v ,  If the-  odd and

i - v - n t i c k  -e C e ~ p r l i c  e 5  se -d t ’u c  e the r , l a r g e -  s t o m a g e -  b u f f e r s  a r e -  ne e ded to s t o r e -

an  e f l t I~i fi ~ -ld . l l o w- e c - e r , no su c h  s t c i m - a c ~ c- is r e q u i r e d if the -  f i e lds a re -

cc  e E S i ’( I m n d . ’p e ’n d e n t l v  - F u r t h e r ha r c l w a r i -  s a v i ng s  m- e ’su lt  if the ’ n u m b e r of

h i t s  . e t  i n p u t  g r a y — s h a d e -s is n i n i m i z ’d . E a c h  of t h e - s c ’ me c h a n i z a t i o n  c o n —

s i d e - r a t  t e n s  \i c S  a n aL  r e d  ant i  a r e  du s c u s s c - c i  in the ’ fol lc~’c ing pa r~igr ap hs .

( , -
~ ‘ 

‘ ,
~~~~~ t NI ~ a s u r e ’ T r o d - o f f

~ 1ne . e the  s t a n d a r d  cle - - -j a t i o n  c a l c u l a t i o n  i ny o l v i - s  s um s  of squa r es , s q u a re s

e~ s u t m e s , d i v t s i o n s .  a n .- ! a s q u a re - r o o t  wh u i d i  a r e -  c omp l e x  to i l i i p le - m i i e n t  in

ha r clwa r e , c i t e  n m i a t e -  c o n t r a s t  nii - a s u r e S  \\‘ e r e  c o n s i d e r e d  f r u i t f u l  a r c - a s  of

c - v a  l i d  t e e n .  It h a s  bc ’en s h u i w n ( 4 t  t ha t  f o r  n o r m a l  d i s t r i b u t i o n s  the

~~~~, . I i ~~~ t i e  - i i  r a u i ~~ e ’ ( m u — i m t i n T — n ~ i n i n i u i n i ) c a n  be used  to e s t im a t e

tb  s t a n d a r d  d e - c i a t u en o f  t h e -  p o p ul a t i o n . I - u r t h e - n m i - u m - e - , i t  c an  h e  c o r r . ct e d

bc a pp !- . u i -  a p e - n t u u r m u c i t n c c- s c a l e -  f a c t - e r . 1 h e - i - c - f o r e - , an a l t e - r n a t e -  t i )  the

s t a n d a rd di -
‘ i a t i u u i - e  is t h e -  r ange ’  of v a l u e -s w i t h i n  the \c’ nu! o c ’, , p - ul p e -n l y s ca l e d .

‘l o  d e - t e - r m u ,  m u ,  t h e -  p r - o p c ’r  sc a le  f a c t i e r  a c e e i i u p u t e - i -  p m - o g n a m i u \e :dS \e , n i t t u ’ n  tc)

- .n p u t  - the- m -ang e a nd  s t a n d a r d  ci . - c ’j at ion  ( I)  r d i s c  r e t . ’ c c - induc e , s w i t h i n  an

i n l a g e ’  . 1 ii r~ e t i u e s  of s tancia n c.l d e v i ~e t j  on to r a n g e - c~’ c- r e p r i n t e d o u t  and the - i n

e u r i t l i m - - t i e  f l l e ’ eu f l S  c o i i u p u t i cI f o r  f i v e -  TN’ i n - a g e - s  and v a r i o u s  \ \ if ld O W  S I / e S .

A n  a - i - r a g e - r a t i o  f u r  e a d i l  i l l i - e g e  w a s  o b t a i n e d  f o r  e a c l i  cc i n d e , ’~c S i z e , The-

a ‘ - i  r~e g i  r a t i o  f o r  e ac h  w i n d o w ’  s i z e -  a c e r  a l l  sc c - n e - s  w a s  the -n c i t  m i i p u t e ’d to

p r o ’. i d e -  a sc - n i -  i n d e p e n d e n t  s c a l e -  f a c t o r . T ’h~- s t a n d a r d  d. - v i at i o n  of th.-

i i - r a g -  w a s  c i l s u  u o r i : p u i t . - d  f o r  ‘ - i c  h cc inc l ow s i z . - . l i e - ac - i - r a g e -  p lus  one

5 t , 1  u u ’ - i  r d  d e v i a t io n  was us .  d as the-  op t in  e u i f l i  r a n g e ’  s c a l e -  f a c t .  r , In mos t

c a s e - s  th i s  i n s u n ’ - s  t i c e c t  t he ’ e s t i m a t e d  s t a n d a r d  de v i a t i o n  is g r e . e t . ’r  tha n the-

4, S ne dec o r , C . , S t a t i s t i c a l  M e t h o d s ,  1 i - I c , , ( ( ) l l e ’g i a t e  P n e ’ss ,

i t .



a c t u a l  s ta ’id~e i - d de - v i c e t i o m i . ‘I h is  f u i - t h i - r  g u a n a m i t -  e s  t ha t  t b  g a i n  f a c t o r  ap p i t e d

to t i le  e e -ni~- r  p i x e l i s  l e s s  t h a n  o r  e q u a l  to tha t  w h i c h  is  ( I - - n l ’ : . - r l f r - i’: t l ie a c t - t I

s t a  mice m - d de -v i a t u o n .

To c h e c k  the a b o v e -  p r o c e c l u r i  t b -  c o r i : p u i t -  r cc-as u i s i d  t i  g e - n i - r a t e  r a n d o m

n u r n b e  r s f r o n t  a no  m n ia l  d i s t r i bu t i o n .  IN c o n i p~ u t  - n P ~~~~~~ r a m u  w a s  the ’n c’, n i t t -  n

t u -  con p u i t e -  the - r a t i i u s  of r a n g e -  t i  s t a n d a r d  d c v i i i  i o n  o n  ‘ ; I e n i o i i S  w i n d o w

s i -r e -s . A n  a v e - r a g e -  r a t i o  was c o n u p u t ’ ’d f o r  i - a ch  w i n d o w  s i z - - . T h e s e  0 c c - r a ge

r a t i o s  cc e -  r e ’ ide n t i c a l  to t h o s e -  p u b l i s h e d  in Sneci - -co r . 
( 4 )  11. - m i c e ’ , i t  w a s  con —

eluded t h a t  t h e -  p n i l e  e ’du r e ’ f o r  c - c m i  p u t u  t i c  th e  op t i m u m :  r a n g e -  s c a l .  - f a c t  - i n  cc- as

‘,- t l i d ,

B a s e d  l a r g e - i c ’  on S n e - d e - c o r ’ s w , e r k , the sc a l e ci r a n g e -  has  ~e c o n f i d e nce

f a c t o r  of l T 1u ~ . T h a t  is , ~-F~ of the t u m u l e - , tb ’  s ca l d i - an c . ’ i s  w i t h i n  ~~
“ e e l

the a c t u a l  s t a n da r d  d -- j a t ion  and ‘i ~ )~~ of the -  t i n  -
, - i t  is w i t h i n  I0 ° o,

l b  ‘ h a r d w a re -  s a v i n g s  tha t  m - ’ s ul t  f r o n :  u l s i n g  the  r a n g e  in p l a c e -  of the-

s tancia  rd  d e c i a t i o n  are ’  c o n s i d e r a b l e - . -i he c o m p l e x  n : u i l t i p l i e -s and  h i g h  b i t

p r e c i s i o n  r e - q u i r c - d  iv the s t a nd a r d  d i - - ; u a t i o n  al g o r i t h m ;  a r e -  r e -p l a c - ’d iv a

p i - a k  c I - - t i - c t i o n  a l g o r i t h m ; :  to d e - t e - m - m i ~~i - t b  n~, a - i m u t m :  and  m i : i n i r n u n  in t . ’n s i t i e s .

T h e -  n e t  r e - s  u l t  i s  t h a t  t h e -  n a n c  e . e i~ e e n i t l i m :  r e q u i  r - ’ s f m -o n m  ~~ to 40”~ 1. -cc

s t h a n  d o - -s th . - s t i : c u i , e r c l  c l i - ’ , - j a t i , . m i , d c - p e ’ n c i i m i g  upon  c c ’ u m i — I o w  S i r e .

An o t h e r kn eec - : n s t a t  u s t i c , e l t : ’ t e s u u t ’ e t h a t  iS  u s e ’ci t e l  i s t i m i t a t u -  t b ’  s t a n d a rd

c i e - c - i a t i o n  is  t b -  ~u - a n  di - ’ , i a tj o f l . I Ii f o rm u l a  f o r  t ic ’ m~ , - - a n d e v i a t i c e n  u s

~~~ ~~~

— n~~~~ i~~1 i ~~ 
i i

c c - h e r e -  i s  thi -  a v e - r a g e  i n t e - n s i t c  w i t h i n  an i i  i - l i - n i - n t  by n h i m i c - w i n d o w  i ntl \ . .

- . t h  - - - - ‘ - -

is th.- i — j  - ‘n t r v  w i t h in  t he  cc’ indov ,  . ~~i m u i p l ’,- s t a t -cl , th .  n i e a n  d e - v i a t e o n  is

t h e -  ac - i - r a g e  d i f f e ’  r e - n c  e- b - ‘t cc ‘ ‘ - ‘ ml  . - a c h  i n t e -ns  i t v  and  t i -  a -‘ u i - a g e -  i n t e -ns  i t  v in

th e  cc- i n cl , i ’ , c’ .

I i i - ’ c o n e p e i t e r  p r o g  r a m  cc -os F l u o d l i f i e d i  to  c o n p u i t e - t h -  r e t  e e l  ci f m e a n  de - v i a t u  ‘n

to s t a n d a r d  d . - - ‘ i a tj o n  in l o c a l  w i n d o w s of an i m a g e . T h i s  p m o g  r a f l  w a s  t h e -n

U s e - l i  in  t h e -  SO fl h e ’ manner as e ) u t l i f l e ’d e a r l i e r to c e c i l  i ; t
~ the - o p t i n u i m  sc a l e

f a c t o r to e~~ t u r m a t e ’  the S t e m i ( l e l r ( l  , i e - v i ; e t i o f l  f r I e n i  th e -  f l i t - C O  d l e ’. i - I t I O I i .
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~[b . s c a l e d m u - - an  d e - - ; i e t i o n  has  a c o n f i d e ’n c c -  f a c t - u i -  of )~~~‘ ‘~~, Tha t i s ,

l - - ~~
’ u, e l f  t h e  t i m e ’  t h e -  sc’ e e l e - d  m a n  di ’v i a tj o n  i s  w i t h i n  2” of t b  standard dc -c -ia—

t u . ’ m i . h e n c e , i t  c a n  be u s e d  i - i  . e p p r e l x i n  a t . ’ th .  s t a n d a r d  cii - ’ , m o t i o n  c - n y

- cc  i i  - a t  - - lv

I h i .  m u - - a n  d. ’ -; u a t c - c m u  i n :  l - ’n : e - n t . i t i o n  n e - q u i r e - s  l e ss  h a r d c - ,~ e n e - t han  d o e - s

t h -  s t ~t u ; u h e r d l  c i , - c ’ i a t i o n  bu t  s u i m u , e - w ’ h a t  m o r e - t h a n  the -  n a n g e - . T h e -  m e - a n  de v i a t i o n

al g o r i t h m  can  be ~ ace  o n ip l i s h e  -d cc’ it h  a d d i t i o n s  ins t e-a c i  of co~ ; p l i -x n :  i l t i  p h i - s .

‘ T b -  n e t  r e - s t i l t  is t h u  t h e  i t i e i i f l  c i e - c - i a t i o n  r e - q u i i r c s  f n ’ u u i  ~ T d1 t o  3Yb~ f -cc e ’r

1C s t b ~en  doe -s the -  s t a n d a r d  d . - - . i a t i o n  a n d  f r o m  5~~ to 7 ’~u mu o r . - than cloe ’s thi-

r a n g . - , cu - p e n d i n g  upon  w i n d ow s i z e - . T h e -  h a r d w a r e -  s a v i n g s  w o u l d  b~ - g r c ’ a t i ’r

i f  i t  ci: e - r e  p a s s  i h l e  tc ) n’, e c h a n i z e - the-  c a l c u l a t i o n  of t h e -  c e e n r e - c t  m ’u : ’an f o r  the

s l i d ing  cc inci occ- . As  it is  m u , e ’c h a n i z e - d , a u ’ o l i lp h i cd t e d l  m u . - - e r i  c - e r r e -  t i n g  c i r c u i t

is r .  -e ~ U i  nc - c l  t c - o b t a i n  an acc U r .e t e - ni i -an  f o r  the  cc- indocc’ .

A t h i r d  a l t e - r n a t i c - e- c o n t r a s t  m e - a s u r e - Ci i f l  b. t e  r n  ~-d p i x i - l  c l i f f e r e - n c e .

ft  is s m u  p lc’ th e ’ abs  o lu t e  v a l u e ’  of the di f f e  r e - n c  C ’ bc - t c c  c - c - n  t i, c e n te r p i x u  -l

a nti  t i e  a ’ - ’ - r a g e  of al l  p ixi -l s  in the s l i d i ng  w indow , It is des i g n e d to . - xp lo i t

t i -  LA I IG (  al g o r i t h m  m - a t h e -  r tha n a p p n i ) x i n it e -  the  sta n c l a r d  de - v i a t i o n . The

p u - i n c  u p le ’ b e h i n d  th e LA 11CC al g o r i t hm  is tha t  th~ d i f f e - r e n c e  Le- - t c - , e ’ e -n  the ’

c c  m i t -  p i:-~- -1 a nd t h e ’  ac- e - m a g i - of a l l  p i x e l s  in a loca l  w indow - i s  n ; - ; l t i p l i - -c l by

a Ca i n  Pc c t  - u’ to m e r e - i c  s. loca l  c o n t r a s t . h l i s t o  n i c a l l \  , t i c -  g a i n  fa c to r is a

f e - i n c  [ion , ) f  thi - s t a n d a r d  c le - c - i a t i i  en of t ic  - p i x e lS w i t h i n  t h e -  cc m d l v ,  - In the ’

p 1 x e - i  di I f .  - r e m i t e -  a i g ‘e m - i t h ou , the  g a i n  fact . -)  r- i s  a f u n c t i e i n  r a f t ’  ‘r of the -  d i f f e r e n c e

t -  - w h i c h  it is to b . app l i . - d , i • e -  • , the- c l i f f ’ -  n e - f l e e -  h i - t w e - e n  the-  c c ’nte - r p i x i -l and

t h e ’ p i x i - l  a c - c - r a g e . In t h i s  w ay , the -  LA BG( : algorithm is ma c- 5 .- m - i ~ i t i c- c - to

t i ~ - - m t - - m E l t ’ , of t h i -  c - n t e - r  p i x e - l . If th 1- c c - m i t e r  p i xe l ’ s in t e n s i t y is n e a r  the’

a v e  r a g e ’ i n t e n s i t y  in t b -  w i n d o w , a hi gh g a i n  is app l i e d . C o n — ,- i - r se ’lv  , i f  the

i n t e - n s i t - , of E l i -  c e - m ; t - ’r  p i xe l  is not  c l e e s e -  t ( I  t h e - a c - u - r a g e -  i n t e n s i t y , a s n a i l

g a i n  is app l i e d . T h e -  s c a l i ng  f a c t i e  r s  c e s  a f u n c t i o n  of w i n d o w -  s i z e -  f o r  a l l

t h r e e - a h t e - i - n u e t e  f l u e - a s u i r e s  I ’ !  cont rast a i ’  p I ’ e ’ Se I l t e d  i n  I u i b l e  ~~~
.

The-  ha nd cc -a r e  r e q  u i  r i d  to i nu p l u - n  i -n t  p i x e - l  cli f f e - r em’u c e ’ is - - x t  r u - niel  S i ni p le .

Onl y en ad’! i t  i an a l  4 1( ~s a r e ’  n e - e - d e ’ d  r eg o rclle -s s of window ’  s i r  e ’ . Th is  s m a l l

no t u b e - n  eel l (  - s  1 e - 8  e i l t s  S in c e -  the -  ba s i c  h ar d w a  r e  n c e - d i d f o r  i t s  in  u p ie’ n ue - n t at i o n

a l r i - a e -l y e x i s t s  in t h i -  s y s t e ’  mc , S ince - a r i - a s o n ai l , - a n i e ) u i n t  of f i e ’x i b i l i t v  is

l i-i

= ,,



I A  p i . } - :  ~~~ , 
“

I A R  I ) V ~~~.- \ i ~~ ~~‘ e  , - \ U C ; }c 1(~~u ( ;R A \ 1  N~~ ‘US

- U , 1  m i c e  ~c , t Ie  ‘ V a l u i e s

R . e n C e  0 . 304 0 . 3?~ 0 , 3~~ c

\ I e an  i ) e c ’ i a t i - ’n  I , 4 ,~ c I . 4 - T i -  I , 3 1c c 1 . 354

1’~ x e l  1 ) i f f . 1 , 7 1 . 7 1 , 7 1 . 7

I n p u i t  \‘ a l c m e s  l e n  Fu l l  I r e - c  is i on  -Stan cl a rd I ) e c ’ i a t i ’ u n
4 x ,

~ I n t e ’n l a c e ~ __________

• A P I S I J I : rR - 0
• -N V I S ! !  l- ’TR r 0
• SL1:’, S l i } -  f R
• S N h l S i i l -  FR -‘ 3
• IN T ’ i - : i L,- \ ( :1 - :  —

• A C 2 S H I - [R = 0
• A\ ~~S i I v h ’ R  - 4

ci - - s i r a b l e - in  an e ’ :c e l u i a t i o n  h r a s s b oa  rd and  t h e -  p i x e l c l i f f e - r - -n c e  t - -chn iq ; u i - i s

so e a s i l y  i n  ~) l I - i -u : - - n t . - e I , it w a s  d e e  i ( he - d  t i c  ir i e ’ o n p e r a t e  t h i s  t e e  hn i que . rhe re

a m ’ - a L e  i n e i l e  a t i - u n S  t h - ~ t i t  p r o v i d e ’ s  b - t t - ’r  p u ’ r f o n n a n c e  u n d e - m -  m i t o c i e ’ r at-

n o i s e -  c o n d - i t i u e n s .

l n t i - n s  i t - , ~- , ‘ - a s u r I -  T r a c l e - o f f

[ h  - LA BGC a l g ’e  r i t h n ;  u s c - s t h -  m u :  - -a mu on a c e - r a g e ’  of umu t ens  i t i e ’s cv i t h in  th~-

loca l  s l i c l i n g  c c ’j nd l e )w  a s  a br  ig h t n e - s  s m u  I - - a s  em n e ’ . A l t b e e t i g h th~ m i t e - a n  al go n i  thni

i s  n o t  c o s t l y  in [ i - r o t s  c)f n u n u b e - r  e e l  l ( , s , a s m a l l  h a r d w a m - e ’ s a c i n g s  r e - su i t s

if an  a l t - m o t e -  n i - - a s u n ’ ’  is  u t i l i ? e - c L  The r e f o r e - , Icc c ’e - c l t e - r n ~e t e  b r i g h t n e s s

m u  c a s h  i’ e ’ S  cve - r c ’  i ’ X d f l l l f l e ’ d j .

‘t he ’  f i r s t , ac - e - r a gi - - ; a r n e t i o n , is  s i m p ly th e - a c e - r a ge  of the - n u a x i n  i an ’  and!

f l e i m u l r i i l m i u  i f l t c ’ m i S i t l e ’ S  in t h e -  w i n d o w , It is e xpress e d in equation f o r m  as

A . \‘ , = ( N I  \ X I N IU N I  + N I I N I N 1 U N I ) / Z

S i n c e -  t h e -  a c e  r a g e -  va n i a t c . e n  u s c - s  on l y t w o  p i x e ls in th~- s l i d i ng  w indow , a

s i g n i f i c a n t  h a r d w a r e -  s o ’~’i n g s  cc -ou lc l  h i -  -~~p - c t - d . I- o r  a w i n d o w -  w i t h  ~ i p i x e - i s

4’ 
i - i  

~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ - - - . -
~~~‘



a \ ’ . - m - e g c - ‘ ,e r i a t i . e m i  ~e I g I ) r i t h m u m  e e l ;  be i r i p l ’ - n - ’ - n t - - e h  w i t h  e~S”~ f , ’ ’ c c . - r  J ( s t h a n

t h ~’ m ’  - - a u . I’ ’ om’  a w i n d ow  w i t h  S p i x i ’l s , h i i c cc’ , ’ ’c’ i ’n , t he  a\ ’ - r c c g e - c’a n i a t i ’ . u i
- - ‘s i i n l c  ~~l ) ”i f c ’ w e  m ’ IF s .

T i le  s e ’ e - m u c !  , e l t i - m n a t - ’ i m ; ! i - m i s c t - , mu - ‘as u x a m u  i n c - t i  i s  t h e -  a v e r a g e -  - - a n i a t i o n

‘c-. t i  : : u - m u , o r v .  -i I n s  a l~~, i r i t h n u  t m ~~~’~ t b ,  a v e - r e i C e -  ‘ ; a r i . . t i - i u ; s  f r - - m u  p n i - ’ c’ i e c u i s

cc i m u i - e ’ c ’, L u  e s t : t u  ~i t e ’ t b -  m~ - an  f o r  t i ; ,  c u r r e n t  c c i n . 1 . i c c  - I t s  f - i n n  ala is g i v i - n

cv

c c c i -  c c - A . - - 1~~~c \ I \ ~~~’ ’  - N I I ~ \ 1 N : [ N I ) / ,  a n d  U is  t i c  v i i i . - ! ’ , ’  in c l i ’x . In

g i -n . - r a l , t h e ’  c e v e t ~~e g . ’ ‘, a r i , t t i e , f l  \ t i t h i  ~ - - n a r y  a l g o r i t b m ’ i  a p p r o : - i m u e t -  ~ t h i ’

mu - , e m u he ’t t & ’ ~~ c l ~ ,~~;t t b  a \ ’ e - r d C - V a r i a t i on . c l g o m ’ ith mn w i t h o u ; t  r u - - m u  - ‘ r v .

~n t e l - i r S  o f  h a r d w a r e -  c u r t  p l e - x i t c ’ , t hu ’  ac - c - i - a g c - v a r i a t i o n  w i t h  m : e ’nu o ry

r - e - q l u r e ’s ~~~
‘ !‘ ‘‘ c~, e ’ r  I( ’ s t h a n  tb. n u . ’ on f o r  a cc’ inciow’ e o n t : e i n l m u C 3~ p ix e l s .  1 - o n

, - ‘ c c ’ e - n  ~u ,’ ’-~ , - Is in t h e e  c v m n d o - ,c- , i t  r e q u i n . -s 7 -  m o r e  IC ’ s t h a n  t b -  n u e ’ t c f l .

\~ in d o w  ~~i ’ie ’ I’ ‘ a d e ’a f f

‘[h. ; i l ; ’~’S i cc u l s i / _ c- of t h -  s l i d i n g  w indow has  a s i g n i f i c a n t  e - f f i -c t  u e n  the

cot: H- -x it v of c u ’r t , e i n  p o r t i o n s  of  t h - - LA I3GC hardwar ’’ . 1-on  i n s t a n c e , cc-he ’n

t h e - c c - i n d r c ’ c e, ’ si,’ -  is d ouhl~ - u I , t h ~ - i np u t  beu f e - r  r o u i s t  h~- .- r u l , e n i t c - d  by a f a t - t o n

of t !  r e - c  , w h e r eas t l , ~ - c o n t r a s t  and  h r i c }  t n e ’ s s  a l c ’ o r i t l iiu e amiu p lexities

i n c  c i i ’ d S e -  I i m u - - a u ’ l v  w i t h  c c - i n t l u u ’,e ~~i z . ,

n L e e , t e e n  t o h i - c o ns  id .  r ed  is the ’ t o t a l  n u l l - h e m ’ i t t  p i x e ls ‘cc u t h i n  the ’

l b . ’ Il l - an , o r  a v e - r a g e - , cc i t h i m n  tb ’ c c - i nc l o w -  i n c - c L -c ’s  a d i v i s i o n  o p e r a —

t i ’ mi w h i c h  is  c o s t l y  in h a r d w a r e - . f low - - v u - n , i f  t he ’  t o t a l  n u m b e r of p ixe ’l s

‘cc ‘t h i n  t h e  ‘cc m n ( I n w  - ‘ - O S  0 pocc - i ’  of 2 , the- d i c - i c l i -  ope r a t i o n  cc ’ou ld bc e ’qui c’ahi’nt

t ’ e  a n i c h t  s h i f t , T h .  r ’ - f o r ’ - , a l l  w i n d o w -  ~ i , ’e ’ s  t h i , c t  cc - n e ’ e o n s i d i - m ’ u -d co n t a i n

a p u c \ . - i - r  e e f  t t ’ , - c  ~~i u ~~ c - n (if p i x e l : ” . O n e ’  d i s a c i - . e n t a g . -  t e e  t h i s  is that the -re ’ is

ru - v. no  c c - n t - - n  p i x ” l  in  the ’ w i n d o w , ( R e c a l l  t h i ’ e t  t h e  LA 11CC al gorithm a l t c -ns

onl y t b -  c c - m e t - - n  p i x . ’ l  in  t e c h  di~~ e ’ r c - t e ’  w i n d o w ’ . I In t h -  a b S e n c e ’ of a c- . - n t r a i

p i x e l an a n b i t r - e r y  c h e n c  e -  h ’ - t w  e’ i - n  t h e -  b u m  c’ e ’n t n o i d  p ix - I s  n u u m s t  he nu ad - .

Si lu e ’ th~- - ,‘c i r u ’ l o - , ’, i s  n e c  l o n g e ’r  s c r m t n - ’ - t n i c  aho c i t  t h -  c h o s e -n  p ixe ’l , d i r e ’c t i o n al

a r t ; t - ; c  ts n a y  p~~~ si b l v  h e -  i n t r o d u c e - c l  b y t h e - LA BG C  al gei u - i t h n i .



A s  o r :~~i m i , e l l c ’  s t u d , e ’ d  i i i  ! h , e s e  I , th e  L A L C ( ’  a l g o r i t h m  ope n - c t ’ - ’ !  w i t h i n  - e

~ l i n e ’  h ’,’ ’ ’ e ’ I e , m i i t ~ m i t  s l i d i n g  cc- m m u d c t w .  I i i  \ ‘ u e \ c ’  of  ( l i i ’  a b ov e  m n e ’ c l i , e r u u , e t i o n  e omu —

s i c l e - r , e t : o m i s , t h e -  f c d l a cc’ i m ig c c ’ i m i t l o c v  S I t e - S  c r c -  e l - 0 l i i j n e d :

-‘ -1 , - m u :  - - m t t s  b y -‘t lin e ’s

~ e ’ l e ’ m u - i ’n t s  by 4 lii ’s

4 - l e n i en t s  b y 4 l i n e s

‘l e n u e n t s  by ~ l i n u s

‘f he ’ n an s q  -ia r i  w i n d o w ’ s a r e  e xa n  - ; mu e ’d f i r u s e ’ in  i n te  r i a c e t  p r i c e ’S F i r ;  e ‘.‘ i t c h

‘c c - i l l  be ’ d i i c u i s s i -d in c l - t a i l  h e I r .

I n t e ’ m - l . i e  ‘ - T r o d - - c t

A s  o r i g i n a l l y  d, - s i i i m u i ’ c l , th - - LA 13G( p r o c .  ss  - p c ’ r a t - s  c mi t b  - od lc l  ~ind  .‘

l i n e - s  of an  ir i . -i g ’ - t~cg ’t h  n . T h a t  is  t u c  s c y  t h , c t  in .10’,’ g i ’ e n  s l i d i n c  cc m m : - :  -cc

th . - m c ’  a m -  - an  eq coi l n u n , k j - - r of odd and  e v e -n l in~’s I r o n  t h ’ - o r i g i n a l  in  dC

h o w  - ‘ c r , T\’ clm sp lac- s crc con’posi ’d of odd and e v c ’n  f i e l d s . l h i . - odd t i  l i t

C o n s i s t s  of o n l y  thi ’ o d d  l i n e ’ s  c c f  th i - u r n  e g c ’ cc -hu e tb ,  e v e n  f i . ’l d  i s  c c - m t  p - s  -d

e e f  t b -  e - ’ , ’ e n  u n - s  - I- or th~- LAJ3G (’ ha rdware ’ e m i t  to pnoce -ss a c I d  and  c v -  ci l e n -  s

t o g e t h e r , i t  cc -nu i l d  be ’ n e - c i - s s a r y  t i s t o r e ’  an c’n t i r e -  f r a m u - e - . ‘T h i s  s t , e r , e c , -

r e q u i r e - m i  ‘ -m i t is ; ; m u m ; - -e  e - s s a r y  i f  tb .  i ru - e g e -  i s  p r o c c - s s e ’d  in an m t - i - b c i - t a s h i - c m i ,

c ’ , ,  eu cid and  e v e -r i  f i u - lc l s  a r e -  p r . c e ’ e s s e ’ d  a l t - - r m o c t e ’ l v  and  ; m u d e - p ’ - n c i - ’n t l v .

‘Ui- - cc’ i ri do ’c ’, F i ~ e ’ m u , U F t  b e -  m u ’ o d i f i e ’ d  to p m ’ o c  e ’ S u ”  in  a n  m n t - - c l a c e -  fa s h i t - - m ; _

As  o r i g i n a l l y  d’ ’s i g n c ’d , t i ~ - - s l i d i m u g c c - en d o w ’ ’- ~e S  ch o s e -n I - -  b e - s q i m a r ’ -  t - -  I t  i f l : t  i - i, .-

cli r e ’ c t i - c m u t l  e f f e c t s  in  t i e - ’ p r i c e  c - s s e -d i m i : ~e g e . I - o r  i m u t - - r i a c i - p u ’ - e c ’ ’ s s i m l c ,  b - v. - ‘ c ’ ’ ; ’ ,

t i ;  cc i n d ow is c h o s e -n  t u i  b i ’  a n c - c  t a n g i - - w h c , s e ’ le -n g th is  Li’ i c e ’  u S  i- nc  a s  i t s

cc’ i d t h . ‘c h e n  t h -  f i e ’lds a n . - c o n b i n . -cl f o r  d i s p l ay , t h e - s i -  two  w i n d o w  s - - s  s e - n t  a l iv

c a m :  b i n e - to f o r n  a squa  r i - cc ’inc l o cc’ as  i l l u s t r a t e d in  1- ’ i g u i  r i  2 .

A pot e n t i a l  d i s a d v a n t a g e -  of i n t e - r l , ec  . - pr o c  e ’ s s i n g  is tha t  the ’ i m u i l c i w

o n t o  i n s  u e n l y  h a l f  of the ’ info rnuatian ce)ntc flt that it d~~~c ’~~ in n o n i n t e r l e e

p r o c  i - S S i n g .  1- o r  a 4 x 2 w indow- , f o r  e - x a n l p l. - , th~- ‘ c e - nte ’ r - e ’ l c ’ m u : u - n t  in th i ’

winc Iocc- i s  nuodifL-d has i’d umpon inform i :uetion - -x tract e -d f ne em u -  its own row and

t r o n u  t ’~’- cu  row’s a w a y ,  Th is  may  m’ e - s u m l t  i n  d i r e c t i o n a l  s e ’ n s m t i v i t c  of the

a l g o r m t h u u i .
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G m e ~~’ — s i u , e c i e ’ Q u i , e o t j , - ; , i t j o m i  ‘1 u’ , e u l e - e u i l

F u r t h e r  h i _ i  r - ! ’ c c ’ , e  re S a \’ i o i t S m ’ e ’ s e i i t  i i  i i i , - r I i ; I T u i c , - r  el f d i s p l a y  c r a y — s h a d e s  is

ir j n j m m i z e d .  ‘[he ’ t r u - i c - o f f  is t h a t  t h e ’ , ‘cce - r  t ! u , ~ g r ; e y — s l i a c l c - s , t he  l ess  (i y n a m l c i c

r a n g e  n e s o l m i t i o m i  on l i i , ’ d i s p l a y .  I i o c c ’ev ’- r , t h u e ’ t~ ’’c”~- r  t h e  c r c y — s h i a ( i e s , t h e

fe ’cc ’ e’r  I t s  t e n , -  r , - e 1 u i i r e t e l  1 - i  i m i p l e m u . ’ m i t  t i c i ’  I , A [iC( t c l L O r i t h I i m c . R e - ’ l ’ R  in c  I r o n - i

c c  to 5 b i t s  a! q c m e u ; t i a - i t i o i l  n e - s u i t s  i n  ;e t a r , ,  I S - e i ’ i l i L ’ s of 1 ~.‘h,, whi l et reducing

to 3 b i t s  n e - s u i t s  in  a ~5i m iu a m c I c c ’ ; e r e  s;e ’, i m c i t s .

l- ~ i-:su i :I  s

‘l i i i” s e c t  en c l- - s - i  n b c - s  t i ;  re  F I ; l t ~~ eu t b -  i , A 1 L l (  h a r d w a r e -  t r a d l e - (  I fs

in t - - r m t s cf  h ia m - d c c ’ a r e -  e ’ O n I p l e ’ ’~ ; t ’ ’  t i m id ~ u i b i - - c ’ t i ’ ,’ ’ - e - ’ , ’ ,. i i u . e t u i , m u  of c ’n h a n c c - n  - ‘ru t

- - f t .  c t i v .  ne  - s s~
‘[h . h t i r c i w - t e n e -  c e c n  p l e ’ x i t v  u ‘c ’ , e l u i , e t i , u m u  “ u s  p u ’ r f e n m  c - c l  b y m u - ~u - - i m i c a f u i n c t i o n a l

hI  - ec k cl i  0 e r u e  ru t  - , f c - ;  cli lu t e  r ’  ‘c’:; r e  c ct Ii c c i  r - ‘ u - c mi , -N mu , - -~t i n a t e  ‘c’, ~~s ‘ :  0 ’!  e of t he

n m m u ; : i e e ’ r  of i n t u - c r ; e t e ’ d  c i r c u I t s  m- e - q e m i i - cd l  f u m ’  ‘ a c - li c u , m i f i c c m r a t i  e u u ,

T h e -  ~ u ; b l ’ - c t j v i ’  e - ’ , ’a l u a t i c u n  - i f  e n h a n c e ’ ; ’  - u t  e ’ f l c - e ’ t u c  - n - - s s  c f  a p a r t i c u l a r

c , n f i e ’ i ; r a t i o n  cc - as  p e - u - t ’ c r m u - - e i  by c o n  l3 . t r ; nc  the-  r e s u l t i n g  p i c t e ; r . -S t i e  t h c c s i ’

p n i c d u i c e ’ d  iv t h e -  u e r i c i n a l  I , , \ h [ i (  a l c u e n i t h i m ;  - 1- o u r  s . ’ p a r . t . - TN  m ccc ’s ,

h e a t h  u i e P o ’ I e ’ s s  a n t i  w i t h  c - i ’ i s s i , e n  , , u t e l e e c  f l c e i s , -  - e u l d e - ’ t , ‘,‘, ‘ , - r e ’  - i t i l i z -d in  t he-

I c -  l , , - \ i ~ C( ’ c u T  : - ; t e n  s j i u , i l o t i ’ e m i  c i r a c m ’ a m u t w a s  u i , s e c l  t o  s i n i u m l a t e

t i  r e s u l t s  t k u ; i t  , ‘ ; , I  c ,  e - ’- : ’ e e c t e d  t ’ m’ - ’ r : ,  e a c h  d - s : ~ - ui c m i i  - u ; r ; c t i - e n ,  i n  a l l  t h e

I t t O  C ’ S  o r e s  - i c - h  c e  ‘ c - , t , e f - d i  i ’  u ! : c  e l - a ’ em ’ s t u ne a u c o l i c - a h i e  u n l e s s

i - c - I - - , ’ u s e -  o c t e t . ‘1 ,e c e m u t m ’ t e s t  I i - a ~~ ’ i r e  u S  t~~u e -  ~t z i n d ; e r e !  d e - c ’ - a t i a :~ . T h e

b m c , - , ’t m i c ’ s s  ; e ’ t e s h i m u -  j~~ t h e  ; c r i t u ! ’  c - t i c  - , e u f l  i f  i mi t e ’ m i s i t m e s  w i t b i m i  Ca-  s l c d i n ~~

w m o d - u ’ ,’:, c e , h i  ci is  ~ i -  I u - - c -  c ut  -c cv  S m - e ’c c S . I - c Sc ! - ui r e  cv nd  - icc ’ i n t l  i etc t c t—c t h a t

n - . r c u j n a l i y  t h e ’  pm , -  e - s s i f l c  i s  , e - i ’ f a m n i e - d  i n  a -i ‘ r i i n t e m ’ I ; - c  e - fashion. F i n a l l y

t h e -  - m ; , y — .s h u e d e  q e i ; n l u t ; c t i - ’ c u  is e b i t s .

1- ’ i~~m m r e s  a n t i  -I u e , n t , c j n i i .  e c u - s  p ; ’ - .  e ’~~~ e ’d by  i c e  c c c i i’ e , e n r l i d , c t e  c ont r a s t

n t - a s - t m - C - s .  I :, ‘ - ~~, t a t .  - c - s  ‘c- , i ‘ c -  pr ’- ‘ .5 ‘- d  e~ am u i , t i - e ’Pi , - e -  b a s i s  , m s i n c  a four

c- l i ; -  i - n t  b y c c - c  l i u u e -  s l i d i n c  c v i m u d - e ’ , ( - I u-u 4 t i m e - , ,  i n  - ‘ 1 , 1  f r ; : , - ) .  I l ie t e r r e ’ —

s p - e m u d i m i g h a i - d ’ c c a e r e ’  c ’ i c i I~~i ’X I I  y - I f  e t c h c i i  t h e -  c - . : ; t  m ; u s t  u u e ’ ; e s ; u r e - S  i n  t e n n i s  of

I ( s  i S  S t c c ) ’ , ’ , ’ i  i n  b ile ~ ( f i r  t h ; , t  p e r t  i c c  ‘ , t  l i i i -  l e e  h i an i , ’c ; i t I a n  t i f f t - c t e d ) .

l r i , ; c - , - c - s  p r c e e ’ e ’ -ss e c i  by  l i e  t h m - c ’ e -  i c r i  - H u i , - s - ~ c u e - a s c i i - c ’ s  ar e  c o m i t a i n e d  i n

i- ’ i t ,’ n c ’ e ’  5 t h m ’ o u i ~~ l ’e 7. ‘I le e  c - ’ c ; t r a s t  c t I - z c s ’ c m r e ’  - i t c l i i e - d  m m u  t i m e  r a n : ’ c -  a n d  t h e
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(‘ O N ’l  R A~~T ‘- I b - : A s t t R h - :  CO \1 i ’LE ~ : I T Y  OF
I ,:\ Cu 4 - u ( u N l - 1GI - R ,-\ ’ l I( )~‘—4-- I N  F I C U J R 1 h S  3 AN I )  4

( ‘ omi t  r e  st  ~‘ci e u  S l i  r u t  N u i m u u b e  r of JC s

l i x . ’ I i t  c m ’ e ’ n e C ’ 4
R: e m i c e  40

c -a m u I ) e ’vj a t i o m ’e 53
nda n - I  I ) e v i a t i o m m  82

w’inclow S17, e ’ is fo cm r d c i i  c u n t s  u - y  f o u r  r ows .  The c o r r e s p o n d i n g  h a r d w a r e

C o m m  ~ l u - x j t v  of  c - t e e ! ;  - m l  ~ h u t n e  ss m c  a’a s u m r e  c o n f i c , m r a t i o n  is p r e  sented  in Tab le  7 ,

T ,- \ B  r i- ; 7. C R I G h T T N I - : ~~~ \~ h - A S t ’ R E  h A  R I ) W A I U -  CO\ I  PU-~X I T Y  OF
( ‘ ( ) \ i - ’ I G I ’R A T I O N S  I N  F I G l ’ R b ’ ~S 5 — 7

C n i g l u t n e  ss \~e a s e ir e  N or m h e r  of IC S

‘- eari 28
A ’c ’er ag e  i) ’v c , . t i o n  4
A v er a c e  ) . - v i a t i o n  c ’ c -j t ! ;  ‘ i u ’ m l o r y  30

I Ii - cc’ : midoc ’: s i z e - / i n t .  t ’ i e t ’  ‘ t r a d e - o f f  p i c t u r e - s  a re  p r - -s e - n t e - d  in Fi g u re s
s th r- u c ’ t ~~h 1 - . T b -  sqcaa r u  cv u m ido c c ’s -- . - r e ’  p r o c e s s e d  in a n o n i n t e - r l a c e - r l  f a s h i o n

‘~‘:hil- - t i c -  n o n s q u a r -  “. i ; i ’ ! u i v .  s wi n , -  proc c- sse -d in an inte rlaced manner , The
; i t . ’ d s c m ; ’ i -  f l c ~ a l  c u i m u t r e s t  ap p l i e d t i e  t h i - - S e ’ i n u t e g e s  cc-as the-  r a n g e - , s c a l - d

~~
, - p ’ ’ m  t y  lea n - c c i  ‘, ., md cc ’, s i z e ’ . I b c  t~~t~~1 l~A l ~ C( ’ s v s t e - n u  h a r d w - a r i -  c o n - p l e - x i t v

c o r r -  u- p o n d m n g  tci ii; - s. f eu m r window’ SiZe ’S is tahulat’-d in Table ~~.

‘ l A R C h - ;  -- , 1 ( ) ‘FA L LAB ( ;c  S’~’S ’l }2\ ~ h1 , - \ R D \ V A R E
C~~ \~ i i , I  X l i i  1- OR \ A R I O I ,: S \t c ’I N D O\ V  SI/E S

( F ’,X  ( ‘E P T  A / D

\‘, en d o w  S l t ’ e ’ N o r ;  b e - n  of ICs

‘-1 1 1 -  m -  m u t s  by s i ;n ~-s 750

I 1-  r ;  ‘ t I  bc- 4 L i i i ’ s 350

1- , ! -  n - z i t t -  iv 4 L i n . - s  c - S O

1 L I e - m t  c - m e t s  cc 2 L i n e - s  2 5 ) )

I’ i g u m -  s I I  t h r c c ’ u ~~h i I c’ c e n t a i n  imag -s  t ha t  we - r e  q u a n t i z e d  to 6 , 5 , 4 ,
an d b e ;  t~~ a n d  p r i c e  - s  s e - C l  l i v  tb~- L AI 3 G C  te ’chn iq u e , Th i s  LA I3GC al gor i thm

- I m i  e d  i i -  r a n g - as  Ic c a l  ( c e n t  r a s  t nec-as u n -  and  u p e - r a t e - d  w i t h i n  a f o ur  e len ent

iv c - - , . e l  d i i -  n t  s l i d i n g  w i n d o w  on an i n t e r l a c e -  b a s i s . The  c or r e ’sp o n d i n g

b i r d - i r e  c e r m p l c - x i t u . - s  , i r ’ -  m n c l u m c h ’ d  in ‘ b a i l . -  ‘1 .
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T A R  1, 1- :  e ‘l Ol A I. I IA R1)W A RE  ( O ~’cI pL L~~lT Y
U I ”  LA !~~ ; - U N I T  o CI -; RA 1’ I N G

ON Q t ’~-\N ’ 1 1/ E l )  L”W’-. Gb- ~S
( I - ; X ( ’ L l ’ I ) I N ( ; ,-\ / D )

N u m u - b e ’r  ‘f I~ i t s
In ( J n u c i r m a l l n : c e g e -  

- - - 

N on b - -r  o f ICs

2 5 0

5 2 1 0

4 18 ) )

2, l e O

1’ m a l l - , , t i i - - I A  i ” .(~ ( ~i l g . e r i t b c  \c , e S  ap p l i e d  to u c n i g c - s  d e g r a d e d  hc- ‘c’anious

1 ’ - ’ ’ .’ls c c i  e m i e l - c L ’  n o i s e ’ . ‘Hi -  S c ’ t~~t a g c - s  a n  ~ m ’ . - s - ’ m u t e d  in Fi g u r e - s  14 a n d  15 .

Tb . -  1 , - is ot  n O I S e  in t b ’  i m a g e ’ s  c r c ’  c h a n a c t - ’ r i z e ’d by c C 10: 1  si g n a l — t o — n o i s e

r a t i o  ant i  a 5 : 1  S i C m i a l _ t , c _ m ; i i s i -  r a t i i e , r c ’ s p e - c t i v e - l v . Th- - LA 13G( al gonithn ’

o p - r a t e - d  cen  arm u l t -  n l a e  e ’ b a s i s  w i t h i n  a f c i c u r  c l - - c ; - ‘ c u t b~’ t w o  l i n e -  w i n d o w - .

( ;ONC LU SIU N S

T u e  c a b l e ’  t u V c ’ of t ! , i s  s t - a k  cc ’;es t o  o p t i m i u i u — i t h e e ’  J .A I ’ .GC al g o r i t h m - c u f o r

h ;e r d w - - e r e -  c l i - s i g m u  and  , c i , n i c  - c t m c a m e .  ‘ 1’ ! , -  u n i t e - r i - c  c iseci  c - c r c -  , - s t i m u , a t c ’ c I  l ia r d ’c c ’ :ur -

e ’ a m u p h - : - u i t v  and  e - ’ c ’ ,c l u i - e t i o n  cf t h e ’  s j c : u i l , e t e - d  c - n I t - u r i c  e - u i u e ’ m e t  p u t o n - . T h -  r e ’ su l t s

cat t h i s  st o d ’~ t - .  S e - l i - i  t t h e  o p t i m e c i i i u u  1~A R G ( ’  , c I c , , L o n m t b u l u e  a r c -  s u m m i m i c a r i - zed be low:

• ‘I ’he -  n u e ’ d s , c n e ’ of l oca l  c o n t r , e s t  f o r  l , w  n o i s e  s i t u a t i o n s  ( l e s s  than
20 :1  S / N )  i s  t h e -  r a n g e ’  ( b a s e d  ‘en m u : i n i n u e i r ’ u t  con u p l e - x i t v  and  e ’ssent ia 11~’
e-q ual S~~b j c - c  t i v c ’  p i ’ m - f i i r n u a n c c -  I .

• The’ mu: - e  sea re of local e’ ontrast f e e  r hi g h n o i s e  s m t c m a t  i c e n s  ( 1 : ) :  1 S/ N
and g r c ’ u t - - r  i s  t h e  p i x ’ - l  d i f f u ’ r c - m i C ( n e g l i g i b l e  h a r d w a r e  m m n p a e ’t t o
e(l (l t - is c;epabil i t

• ‘l ’h . - m u :  e - a s u r ’ -  of l o c a l  b r i g h t n e s s  is t h e -  mute-an (sub je-ctic- i- l v preferred
to c th e ’  r t i - c h n  mq e m e s  I .

• T h e  - a ‘go r i  t h n u  c - n i  p l oy s  a f o u r  c - l i - n i  i -n t  b )y tw- cc  l i n e ’ w i n d o w ’  (based  on
r n i m u i n  t i n :  con  ip l e - x i t v  a n d  no s u b j e c t i v e  pe - r f o r n i a n ce ’ d c -g r a d a t i o n ) .

• ‘I h e -  a l p o r i t h n i  o p e ’ r a t c - s  on an im i t e  n l ac e  has is , based  on a s u b s t a n t i a l
c o r r e p l e - x i t y  inc r ’ - a s u -  if e n t i n u ’  fi~-ld is sto re -c l  and e)n u S  S en t ia l l y
.‘r 1 ual  s u b j e c t i v e -  pe- r fo r n u a n c c - .

• The ’  i n p u t  v i d e o is  q u a n t i z e ’d  to t, ’ i t h e -r  a , 5 , o m’ 4 bi ts  (5 bits may
be ace  e - p t a b l e -  hu t  c e n u n u e -  rc i a l  A / I )  c o n v e r t e r i s  av a ila b l t ~ with
(c h i t s ) ,

3 c )

- - -  “ ‘  ‘ ‘ :‘ ‘,r — ‘ -
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a, Ori g inal cc’it}i nois e

j
~~, I , . R ( ~ ( :  1 ) 1 e 1 ( ’ ’ ’ S S e - d  ‘.‘- m t h  - . l . A R c , R ’  p r o c e s s e d  ‘, c m t h

r - an g  . - - .  S u ’  as u m r  c ’  of P i m-u ’ - l  d i f f e  r e -n c  c - a s
c . e n t r ; i s t . r u - a  s u r e -  of c o n t r a s t .

1-kgure 14. LA I 3 U C  al g e u r i t h n u  - e p p l i ed  to i n i ~e g e ’  w i t h
1 0 : 1  s i g n a l — t u ) — n c c i s  c - r a t i . i .

‘ h i )  
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i i . l . A R ( ( ’ : m r ~e c - ’s s- ’d - , m ( j i  c , , , -- , i ’ ,e - e p~ ’ e , ~ - s s - - c 1  w i t h
r a n g -  u S ’  - - ~e s c m re -  of  I) 1~ ; - - ]  e l m  t ’ m ’ ’ - m ’ e ’ n c e -  a s
c o n t r a — t , n u . ’~e t  m e -  cu f c u e n t r a s t ,

I’ i g u r e ’  15 . l~A B G ( ’ al g o r i t b r m u  ap p Ii ~ d t i  i n i a g e ’  w i t h
5 : 1  s i g n a l — t o — n c c m s c ’  i- a t  i c .
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~‘,e - c t i u n  4 .0

I)1- ’
~-CRIP I’IUN tu 1- ’ 1 ~,-\ h i (  ~C I 3 R A -S S RO AR I )

Ci NC I R u N  -\ I .  D1 ;~~ CRI 1 c j ’ R)N

l I e  I , ,- \ l - t ; ( ;  s y s t e m : ;  a c c e n t s  and s y n ’ h r o n i 7 e ’ s  to  an e x t e r n a l  v u d c ’ i u  s o u rc e ,

p e r t c c r ! u i s  t h e ’  , - m u h a n c e m u e ’ n t  al ga r i t i n u  - and r e con s t r u c t s  t h e  e n h a n c e d  compo-

S i t e ’ ‘ - i d e . c  \ c - a ’c - e - f - - u ’ n :  f i r  t u - , c m u s f e m t e -  t h e ’  d i s p l ay .  f1’m e m e c h a n i z a t i o n  p a r a r n —

c - r e - m s  a - d c - s e  r i b c e ’ .’I n “ c - C t  i on  III of t h i s  m e p e e r t  ar e  s u n u m a r i z e d  in Table 10 -

C e  - m u t  - e n d  ‘ r i - c u t  p a n e - I  c e i m i t r i i l s  a r e ’  sluoc v n i n  I - i g ur e  I ( i ,

Ce m u t r . , l  j : i m i c t j o n s

F t c , r e  ‘ita’ r ~ c v i t c h  c c . n m u e - c t s  th e  1 I O V  AC p0cc -er (( . 0 l I z  o r  400 h I z .  to the

— r .\ 
‘ 

- 
~~

\‘ 
- - I 5\ ’  , - ,  r - -  I ~V j tee -c ’cc -e m su p p l i e s  . Flee m u u e de c c c m u t n o l  s w i t c h  s e l ec t s

‘ i t h ’ - r  i- , x t , R . c u m t - u c - , i t y j u a s s , l i x e l  i ) i t t c : r e n C e , Ci t  1 and Bit  2 M o d e s .

l I e ’  R u n ~~ ’ mOd e -  e m ’u ; p l c . v s  t i - ce e nh a n c em e n t  al go m i t h m  w h i c h  app l ies  a g a i n

t - -  T h e ’  — i d e a  h~e~~ed u n  the ’  u - , L n L ’e of t h e  i n t e n s i t y  c - a r i a t i o n  w i t h i n  the w i n d i - ’,c’ .

H u e -  ~- c n g e  i s  c o - t I - t e d as the  d i f f e  r c - m u c e ’ be tween  the m’n ax i rn urn and m i n i m u m

i n t e n s i t y  v a l u e  w i t ,h i n  t h ’~ c v i n d e e w  , m u l t i p l i e d  by a prec le te  m n -u i n e d  c o n s t a n t .

Fi; e- r - i u i e u  ~ l c e s~~1y appnoxi ‘u : a t e , s  the s t a n d a r d  d e v i a t i o n .  Fhe R a n g e  a l go r i t h m

is  ii~~c ’d i n  l c c w  n o i s e  c o n d i t i e c n s  -

Fh~- B~- p e ~ s N I .  dc a l l cc ’ cc - s th e” c e b s  c- ry e  r to c’ ie cv the  u n p r o c e s  set !  e inal

c c  t a g e  . ‘ c ’ c m lv f m m n c t i o n  ~~‘~~
- rIo r u  u c ’d in  t h i s  n-m ode is tha t  ti -ce c-ide -a is passed

t i r c e u i g h t h e ’  ,- \ ( ; C  ,- \ c i t c - u u u t i t i c  C a i n  Ce n t r a l )  l c . c c p  to p r o v i d e  a c m n i f e c m m i i  v o l t a g e

a m m t p i i t .  I b i s  p m c c v i d e . s  - c m i  c - f f e - c t i - , -e c e c r u i p a r i s o n  c cf  t he  t h r e e  n -codes .

F l u e -  t h i r d  m u - - d c -  is  t h e  P I x e - l  I ) i f f e r e ’n c e  N b - d c ’ , In t h i s  mode ti - ce g a i n

app l u c - d  t - -  t i m e  c e - m i t e r e - l e ’ m ; u e ’ n t  o f  t i - ce  c v i n d i i c c ’  i s  i n v e r se l y p m- c e p c r t i u e n e d  t i c  t h e

d i f f e r e n c e -  ‘ i t ’ t he  c e n t  c - r e - l e u c ; e m i t amid the  a c e  r a g e  va lue  e e l  the  cc’indow ’ .

Ini’i i (’,c ti .cnS ,e r e ’ c i  i t  t h i s  m c u e c d c ’  i s  i c i e s t  effecti ’-,e in relatic - e-lv hi gh noise

e an t i  i t  i i  cml s -

In h e a t h  t h e -  R u n g - m d  I i x e - l  b ) i i f c - r c - n c e  \ I c c d c s 
- 

t i m e  . 1c c - r a g e  v a l u e  is s u b —

t ! , i ( ’ t e ( I  f r i - r n  the c e - n t e r  ‘ler’ m m e n t  i n  t i c -  c c ’in de .cc ’ . I’iue 4 x 2 e lement  w i n d o w

st a i - t s  in t i e ’  u l e l e e -  i l i - f t  o f  t c e  (I is~ c 1ac ’  ,cnd  s l i de s  h o r i z o n t a l l y  and v e r t i c a l l y

w i t h  th e -  I ’\  r e ’ ~ te r

- 1 3  ~~~~~~~ M~ P1Ai~ &.Q~X~Z~OT 71 A4I~b.L)
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j ’A P eLE  10 . LA 13CC B R A S S I 3 O A R I )  I A  B RE ( )  F
PER F O R M AN C E  I e A R A M E T E R S

Al go r i t hm s  Pt’- r fo  rm’n ed:  Local A n e t i  B r i g i i tnes  s a n d  C,i in  u s i n g
R a ng e  ant]  P i x e l  i ) i f f c - r e n c - as  a m i u r u e s u r e
of c o n t r a s t  and M e a n  as a m i u e ~i su r e  of l eve l .

W i n d e e w  S i z e :  4 H o r i z o n t a l  e l em e n t s  x 2 V e r t i c a l  e l e m e n t s
p e r  F i e l d  (1 x 4 p e r  F n a m e )

.\ / 1) S a m p l i ng :  4 - 6 BITS Selec table

t k O 7 Z  M I  b z  - 525 Line  M ode

15 .0  M h z  - 875 Line  Mode

G a i n  I’ m a n s f e r F u n c t i o n :  32 Mu l t i p le Se lec tab le  ( G a i n  f u n c t i o n s  a r e
programmed in Prom l i s t e d  in
A p p e n d i x  D , )

Inpu t  V i d e o/ O u t p u t  V i d e o :  525  per  EtA R S 17 O ;  875 per  EIA RS330

Other Features: ‘ • A b i l i t y  to Accep t , G e n e r a t e ,
Sepa ra t e  Syncs

• BIT and Checkou t Modes

• B u i l t - i n  E lemen t  V a l u e  Selecto r
and D i s p lay

Inpu t  Pe c \c’e r :  178 W a t t s  (6 0  o r  400 l I z  A C )

Si z e :  19 ’  R a c k  N i e c c i n t e d  U n i t ;  10 , 5 ’ h i g h x
140 deep

U n i t  W e i g h t :  40 lb

44

— - — - - - — - - - - — --— - ‘-fl -—-,  — - _ t - _ -:—— - ‘, -‘~~~~~—~‘ -‘



C O N T R A S T  ENHANCEMENT UNIT
S

MODE
- CURSOR PiXE L

P X F l v * c i  i iF~X R ( Ntt  PI O M S e L E C T  i i M - t T
~~~h - u cc ’

- S YPASS ic e - 2 3 4 i
IANEE lIT 2 i

\,,,
~~~~~~ ,/

4

CXI - - C
*

“4 - .- ;, ‘fl- . — PO Si T iO N

- 
-
~ iNPU T Iii’s

LIN E RAT E r u  W { R

I’ : g t e u ’ c H - I n u t  f r  u - c t  u c t i e ’ l ,

i i  I i t  I -~ O ’j c  i s t h  a c i a l c u g  - - s t  m a u i . ’ - To t h i s  m a o - i c - , t n - ; m l I u ’- i t  c h i c - c u

;~~ ; i : , i og  ‘ . c  - i i a : ’ t , i  ‘ ,- \ / C i  e c c u c ’ , ’ , - r t . - r i  e c u  l u - n  r l i g g , , i  t c c  c m , c l o g  u H f  \ -

- i o c n 1 , i - - t ’ ’ i y  ey c a s s j c i g  t h i c - n u i u - c m i c  c - c ’  c t  I g o m t  - I h i s  i - i c e - i . -

- ,  I I o: ‘ ‘ - - - ,  i c  l o g  c I m c  e m i t  S -

H :  2 - - - d i -  I s  c -  d E L ’  i t . c l  c - s t  i c :  d ’ - , \ s t  - ‘ i ’d s i c :  i l  c c  -d - i d e - - - u i :

~ g e - n e  r , t ‘ ‘ ‘ I  c r u d  , m ~c i l  ‘ ‘ ‘ 1 - ,  t : , e ’ - ’n : ’ , : c u u c  , - n i  c i r c : u : ’ s , C i ’  c ’ i r ~~- - r  c - - n t  m - c - l l e ’d -
h c ’c’ t a n  f r - n i  d u n e - I  , t i c  - c - s  ‘ - i n  H i - u ;  I n ’  I , S i t i c m ; e d i t  : t e ’  I n s ’  I c  C c t - - m i  u n ’ 1  th ~-
c - l T e - m u t~m t y  ‘ e l ; ’  ‘ c m i  i u’ e ,~ d c - t i  t h e ’  i i g c , t  c - t i  c u i n g  d j c c d e ’  - I k I c  - r ! c s t e l  i v ,  t O ’ I

- - n i : c - e n e ’ c ’ i ‘, c : t L  T i : — - k u u - - v , ’n c - e r : ’ , ’ ,  T n u c , ’ f l S m t ’ ~- ~_ , e l : i i - _

- - -  5 7 - / 5 ’ S  l i n e —  ~ ~~L ’  p r - c c - i d ’ s  , c  S c l e - C ’ : c O  m’ . - c -  i - i t h c - c -  11 ,51 ~i e _ ,~~~~~~ l i m e ’

~~t i u i n . , u ’( !  t i n  c O I < ’ ~~~- b ~~.\ - 5 7 5  l i n e -  s t - i m u d , c  r e -I . I ~~
- d i s l c l , e v  u’ c - s - - l u i m  m m m i  f - c r  c i , , ’

52~ 1 1 c c , -  t i t e m d p  i s  -~~s ( t  
~- 1 S t )  p i ’a - l s _ ‘ I c c ’ , s c e l c i t c c - n  c c ;  c e -  5 7 -  I c u u e - e c u - d c ’ i s

S I , ), v 5 i - I i c ’ t C l M .

c u e -  - - - e  r ; , , m n  ~ e - l e ’ e t  ~ l u ’ , ’~ - l i i i - I ‘ k c  “ 1  “~e ’ I e - e  ‘ e ’ c i , c h l ~~-~ - n e ’ . - f

t e i c u c ’  i m i ’ c g  r - m m u - ’ : d d e -  H . -  U n i v  ~~ , ‘ c c ; c c m ’ u e - ~ i } ~~I~~ M s . i ’i u e ’  I i m i m  t i e i m m  s e - i ’ ’ - -

, c d d  ‘ - ‘ ~~~~~~~ - - ~~~ ! ‘ , i ’ u - e -  - c d ’ ’  m ’ S S  i i i t ~~ c d  ¶ 1  e ’  I~~I ( ( \ t ~ c c ’h i e ! i  i i ’ i m c  m d i ’ s e i g h t  s c - i  e u ’ u , c h c l e

-15
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f ;c ; c t i e c m s , [h i s  , c l l c i w s  ti - c e s e l e c t  i - - m i  , e f  32 p r e t p m ’ c i g m , c u :  n e d  g e m  f - i m u c t u - - n s  -

I ’ l u e  C a i n  F u i n c t i ( c n  cc c i i  c c - I s  t i - ce ’  m e l a t i e c r u s h i p cf  t h e  v i d c ’ c c  g a i n  app l i e d  to t h e

e”e u c t e ’ r  e i c - r : ’ , - r i t  w h i m  i h ~ - ‘,‘r i m i d a w  cc -j Ib t i ; c  r . e n g e -  i c r  p u x - -l d i f f e m e n c c - . A d d i -

i - - m i d f i m n c t i c c u u s  t c i a y  i c e’ p r . - v c d e ’ d  b y p r e i g r u e c u i u : : i n g  t h e ’  t i e - s j u ’ e , d  f c m n u t i . c n  i n  a

S E g n i - t i c s N S ,~Sl  31 P R g \ I , I l i e ’  th  re -c ’  ‘ ‘ \ I . S I t ’ ~~” of t h e -  , u d r i r e t s s  a r e  c e c n t m e c l l e d

i c y  the f o t ’u c t i c c n  S c ’ le ’c s cc- i t ch  - [he s ix - ‘  L~SB ‘ s - - of H cr add - c e ”  s s a r e  c o n t r o l l e d

by t h e  r~e u u g c -  or  p i x i ” l  d i f f e r e n c e  - I’lie I 1~ U N )  s e l e c t  p o s i t i on  I - 2 - 
3 

- 
or  4

e n a b le s  the  I I ( i ~t ’-~t s  U 3 l , U 3 2 , 1 4 1 , or  14 2  -an t u e  Ou tpu t  P r o c e s s o r  c a” d ,

l . - c a t i c c m  ,‘\ i . Die E\  I’ M d c  a l l c a \c’ s t h e  m u u c de  s w i t c h - c  to he c o n t r . e l l e d  t , ’- a ;m g h

a r c : ;u .  - t u  c - m i t  ‘ - - I  c u i n n e c t o r -

I’he c u r s e c m ’  c e c m u t r o l  i s  c u c m l u c seci  of ,\ 1u e c s  i t j , c n  and Y j u i - s i t i - - n  s~ c ’ i t c } : e ’~

cc ii i c i ~ a r e -  u i ~~c’d e s  u c t ~~l s c c ’i t c l ; c s , f i u e -  t h r e e  h i t  c i t I e s  fm’ c c m i u  e a c h - c  s cc- i tch , C)

t h i ’e c c ; g h  7 , i s  c - - ; u ; j a e r e d  t e e  the ”  S y n c  g e n e r a t i c r  c o u n t e r . H u e  p o s i t i o n  ct t h e

u r sa  r is i n d i c a t e d  c m - c  t he  d i s p lay  b y m - ep lac ing  t i-ce v i d e c i  i n t e n s i t y  of the cel l

cv~ th  — c -  : u a x i n - c u m  i n t e n s i t y  value . [h u e  c - a lue  of ti’ie a c t u a l  c ’ i d e e c  ce l l  is d i s —

p 1 t on t h e ’  f m - cen t  i i :c n e l  en ti -ce p i x e l  c -a lue  r e a d o u t . Die d i s p l ay  is  in o c t a l

c c - S I l t  77 as t h e  m a x i m u m  i n t e n s i t y ,

I _ l i e -  r e a m  p a n e -i  is  s l c i - ,’, ’n mi Fi g u r e  17 . [he t e s t  c o n n e c t - - r  on t h e  r e - a r

: - u c n e - l  a l l c c’,’s t l ~ c” le c’ p a s s i n g  of S c i t u : c ’ t e l  H f r - - c u t  panel c -- r u t r ol s for r e m u ; ’ - t e

c t i ’ r a t i - - r i , l i e  f c m n c t h e n  s e l e c t  c r u e l  t u : c d e -  c , - r u t c ’ c c l  s c c - i t e h e ’ s  a m e  t i l t ,  o n ly  s cc- i tches

by pu c 5 5 cr !  . H~e- c l c de s ‘c c i  t ch  m n c ~m s I h i ’  i n  t - e C X  I ’ p. - s i t  i c e m  a n d  the  f u n c t i o n

S e ’l e ( ’~ t i ’i~~’ S t  he cu t h e ’ ‘ 1 ’  pc~ S l [ - u t . 1’ : , , ’ me , c m  - m e l  e c e n n e c t e e r  s i g n a l  l i s t

i d e - u i t i f h , ’ ‘ c ’; - c c b  u i - u n . -  t c -  h v l i : c s s  c - - m i t  i s i g m i , u l ,

~f !, , - p- ’c’c’ ’~ C o n n e - e t - - r ; c - u c  i c i e s t ’ - u n i t  ‘,‘ : u t l1  I l l )  \ AC c t )  o r  400 i i - ,, i n p u t

r

i c c -  n i n e  - -- , , x i a l  c u c n n e c t c - r s  1 - r . c ~’ic ied - c m i  t i ; c  r - t r  1)anel . ‘l”h e v i d e o

f l i t is e ru c u e - c L , ’ r h  d j m e c t l y  to t~~c - v i d e o .  - : u t j - - u t  I c r  d . c i s ’ c  c l u - e i n i n g  a n  fo r  t h e

‘, i d e -  e - r r n i n c t  i - - m u , i ’be - C f l h i : c t l u  e d  ~- i d u - . -  c r u d  l i~~e ’  I i m i z o c i t . u i  an t i  v e m t i c a l  s y n c s

i r e -  ~c l s e a  p r e e v i d e d  (In (‘ e c , i x i u e l  c o n n e c ’ t - - m - s , I : u -  e ’n h an c -ci v i d e i c  i~~ b t i t h ’ m ’ e’d t c c

(I r i ’ ,’ e-  75 u i u u c i  c a b l e - , H u e ’  c e i r s e i r  sy n c  i s  a l s e c  l c m n c c ’id e ’d  on c o a x i a l  c o n n e c t o r

a I an  e~~~~ I l l i c S C c i 1 e e :  sync . ~‘\n e ’x t e r n a l  h i c r i z e e n t a l  s v m ~~’ i m i p e m t  is a l s e c  p r o v i d e d .

‘[‘lie- s cc ’it c i i  h u n t e d i n  the  Sync  S t r ip p e r m i l ( i d u l e  s - l c ” c t s  e i t h e r  t h e  e x t e r n a l

h o r i z - c m ; t , , I  sc - rue  i c r  the -  sy n c  s t r i ppe r  h o n i z ( e n t a l  s yn c  c i m t p e m t .  [lu c r e  a re  a l s e e

t \ ’ , ’ c c  S J c~~i~~’e c ( m n n e - ( - t c c r s  l ) m - e e c ’ i (l etI —
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I - . T m u i u  u ’ - u u _ i n t ’ l .

[ h e - r e ’  , e c ’ u ’  ‘ a  c , c  rd  - , 1 c e u ’ ~~ i i i  c i i -  l , A i ’ G (  sy s ’ . ’ : : m  e s  s i ; - ’,’, cc  e t c  I - h g :  u’ ’ )

- c  - ,, c r d  ( i - c - c c ; I  - c n s  ‘ t i ’  , e m c , J i c g  t i c  d i g i t a l  e . c m m c , - c t e - r  I i : . -  i~ - . m : e  ‘ ‘ c i .  ‘5

( u - c ’ ; ; - c r e t i - - m e  \ :-, : ~ ~ i , f l u e - t m  - - c d  - - , ‘ , ‘ e c - n i , i i : i —  ‘ c v i - - e n - c i t  i c  r d s .

I l i i  - — , - i - c mc] s a i -  - ‘ ‘ ‘ i ’ m ’ : . -  ‘1 e~ - 1 L i  - ~— ‘ c m i ,  u m e a t - . - c ’ i t : : - - - t I n ’ - - ’ ’ s c c m ’ .

- , T - - .~ : ‘r c c ,  C ’ S  s i c r  - 
- - ‘ ‘ a 0 t I e r !  H a m e g .  - c - -a r d - [ l i e  - y - ‘ c ’ u ’ ’ e m ’ ;’ ’ ’’ I ,  - i n  I he-

s y s ’ i - r u :  5 c : , e ’ n : , i l u e  , 1 5  A S , , \ ‘ , ;\ 7 , , \ - , .c m i d ,\ e u ’ c ’ s ~ c e ’ - t u c ’ H .  \ t i - - a u l

a co  k r] i eg r , i  c c  a t  I i i i -  - i c - u ;  t i s s i  - - -i ii m i - c  I ’ m g m m - r  I

A l l  r i p - i l  c n n  . c t : H d ’ . t i n a l c e g  \ n i i ’ .  p r c c c  c ’ ~~~~ j~ ig  i s , - e u - : -  e r ]  I i  l i t -  ~~y n i

~ t m i t e 1 e e - r  N t c n ] u : t e ’ , A ‘ , c - n i ’  c l  e n d  l i . c r i , , c i i t  c i  s y n c  s , , m e ’  ~~~l r i : c : , ’H - t i : , ’  ‘ c i d e m -

i —  m ( p m - c o  c- -c u-_ i - c l  C c .  a - ‘ ‘  c d  I - u t -  i t  I h c ’  A I e cc n \  c m ’ I c - n ’ ,c mid  i c e ’  p . s i

p r e c c e s s e ’ ’ !  d m g u ’ a I  , H e . ,  i s  c c , c i - , e - m ’ t e ’ l  c d _ c c  1< t - -  , c t i , e l c - g  c c c l , - - ’  l e e r’ t l i ~~]~l c \ ’ . I ’h e

\ / I )  t c e n , e ’ r ’ r e ’ m , ,- \ I  - i , i s  a d i r ,  l i a s c - ’ - , i s ~~, ’ r u i h i I c  en d  c n m i v c ’ r t s  t i c e ’  v j d c - c c

,i t u t a H  t i m - c - c l -  t e ,  ‘ b u t  d i g m t . e i  c’, - . r ! s .  h i -  d i g i t i , , e - d  v j e ] c - i i  i s  t m - , c n s u - r r , - d  i

t i e -  I n p ut I ’ m - . c (  e -~~s , c r  i \ i - v l i i i  h st i l e ’ s  e - n n ’ e m g le c ’ i d e - -- c , c 1 l . - c ~ ,t d j n c - c c s m . - m i c l

r e a c t t i r e  e - p r o c  e ’ s s u r c g .  H,’ n i  s , c  ‘ c ’  : e ’  u i - m i t e r 1 . f l i , c s t e ’ i ’  I c e  k m m e g ,  c nn ] c u r s u m ’

g e ’ nI r i  I i on , i  m e ’  a I s  e i  P C -  r u - c  r i c a - c l  on t h i  s m i l e  ,d i d e  . I he v ~d - - - - r i  ng  c - c a l i i i ’

17
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w i t h i n  t h e ’  c~- i n d e’a’ i s  c a m - n p e m t e - d  d i g i t a l l y  in  r e a l  l i i :  e on t h e  A m n , e d , i l e  anti

h u e -  ~ -~- e n  in  l i i , - s a n-c e  cc j f l r j u c ’,c - i s  s i m u u i e l t , c c n - c ’ i s l ’ c ’  ~ p n p r , , t e - d  ‘ m u , \ 5  I i , c ’~~~e ’

t c c r c c  s t , c t i s t i c ’a l  v a l u e ’ s  a m - p  t m , c n s : e -  r r e d  to the  U u ; l p - u t  P r o (  e S 5 c c m ’  \ c o d , i l e  , - \ 7 i

w h e r e ’ t h i e ’  c c  t e m a l g a i n  and b c a s  i s  a j up l i e d  te )  t h e  s i n g l e  p i ’. c ’ I ~- I c ’ u m , e - m u t ~~, \ , t m :

, t b i c ’  g e m  t r a n s l e ’ r c i n c t i o c u s  a r e  s t e e r e d  in } c ~~ ( : \ l s  on t h i s  m u t c e d u l l ’  p r - c ’~ d i n g

s i g c f l c i c  t i l t  f l e x i b i l i t c - . [he c c u t p i i t  d i g i t - e l  p r i c e  e , 5 5 c n c vj d e ’ u c  i s e ’  t u r u ’ , e -d  t o  l i c e ’

sy n  s t n i c u p e r n u e d u l e  f o r  D / A  u c c m - ; e r s i o n  to  t n  H g  v u d e - o  t a r  d i s p la -;.

- : 1  c - r o i l ( ‘ ( i c - c l ing  P e q u i r e - m ” n e n t s

[b e ’- l n i : a g e  E n h a n c e m e n t  ) ‘ n i t  d c c e - S  c u t  r e q u i r e -  cr i y c - - t e - r r n H  e ‘ m u t i n g

e . it  i s  r e q u i r e d  t h a t  t h u e a i r f i e c c e , ’ t e c  t h e  u n i t  t i - c l  c r t - ~~t c - m e  t e d !  , c n d  the

l e d (  ; c l  a i r  t e - r u t i u r r a t i m m ’ e  do e s  not  ex ced 30 °C i t t  s e - a  ic - - c - i ( s e - C  a p p e n d i x  B) .

E le t r i c a l  In t e r l a c e

[he e”iec tri cal interiace c o n n e c t o r s  and si g n a l s  a r e  n b C  - u c u t e n t e d  on the

Interfac e Connec t c r  W i r e  l i s t .  The sys t em - ct si gnal names , and d e t i n ; t i i - n s

a re-  l i s t e d  in T , t i u  le 1 1  -

TAB h E  1 1 . ( (  ) N ,N i - ( ’  [( u f l  I J~~T

I n t e r n a l  ( o n n e ’ i t e c r s

1 1  — I n p u t \‘ i d e - a t i  ,-\ / D

- O u t p cu t  and (‘ omi t  r o l  f r o m - c u  A /1)

R e a r  Pane l  ( ‘ on n e c  t o r s

.13 - I n p u t  \: i de o

I - h  - O u tp u t  \‘ j d e - a

J5 - C u r s o r  s y n c

.11, - E n h a n c e  V i d e e c  ( I c m t

17 - h o r i z o n t a l  1—t y n c

- V e r t i - a l  1-~~ rn:-

( C o n t i n u e d  n e x t  page )

4e~ 

-
- - -
-.- - - -- 



l a b l e  I 1 , c -one  I ‘ i d e - r i

— [I c - c - c u - - t i -  ( a e n t  m c c l  I ~ \‘ Log i c ) ( A c t i v -  Low u n l es s  o t h e r w i s e  no ted

- 87’~( S V ) / 5 2 5 ( ( )  ‘~
‘ i F - BIT 512 Input Bit 25B

B — I~y l~ass  G — BIT S LI  Inpu t  B i t  LSB

C - P IX I ) I F  I I  - FCMSB
I )  - I’ d [ I ,~ - -~C2 SB F u n c t i o n  Se lec t

(A c t i v e  h i g h )
E - i ’d I ’ l ’  2i K — FC LS B

,l I 0 — Pc cc ’,’(’ r

I I I  - E x t e r n a l  h o r i z o n t a l  Sync

I \ X , J X Y  - Sp a r e

S r P I } ’p I - : R  M O D U L E

l u e ’  S y n c  ~et r i pp e r M o d u l e  i s  f u n ct i o n a l l y s h o w n  in t he  b lock  d i ag r a m  in
I~ i ,, ure 20 a n d  a p h o t o g r a p h of t h e  c a rd  i s  s h o w n  i n  F i g e n r e  21 .  The  f u n ct i o n s
~~~~~

- r f or  med on t hi 5 n iodu le  ar e  as  fo li ac ’c -  5

• Vj de - o A u t o m a t i c  G a i n  C on t r o l  (A G C

• E x t e r n a l  ( ‘ l ock  Sy n c h r o n i z a t i o n

• Sy n c  S t r i pp i n g

• D i g i t a l  to  A n a l o g  C o n v e r s i o n  ( 1 ) / A l

• V i d e o  S w i t c h i n g

l i-ce v i d e c  A G (  p r o v i d e s  a c o n s t a n t  ~~~~~~~ SV input  to  the  A / f l , analog t i c

di  L’ i t a l  c o n c - e - r t e - r  , f o r  im p t e i  a three  to one v a r i a t i o n  of t i - ce  i np u t  v o l t a g e . T h i s
allow s ti -ce encoding of the video input to the f u l l  d ynamic  r a n g e  of the  A / i ) .

50
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l i i i ’ sy n c  s i g n al s  - c r c ’  m e m c , i i v e ’ d  f c ’ - - n e  I i , ’  v i d e - c .  i n  the  A C H  l c c o p  ( c c  p r o v i d e  A H C

c o  t } ; e -  c- i d e - - -  o n ly .  I ’ u i r t i u e ’ m n u c e n e ’ the  \ ‘ i d e i -  a p p l i e d  t c i  t h e - ’ A / D  does r u t

c - - n - c l c m  t h e  sy n c  ptil se s -

[he s c -n c  s t r i pper  d e t e - c t  t he  ! u e - r i z c c n t a l  and ye r t i c a l  s y n c - c  as - - - e l i  as

t h e e  e v en  i c r  odd f i e l d  d a t a  f m n c m e c  t i - ce-  v i d e c u  i n p u t . I ”he s y n c  p u l s e s  a r e  u s e d

c i  i i i ! :  ib  i t  t h e ” A C loop d u r i n g  t h i s  t i m - c - c e  -

1’};e b c e  - i  z i i n t a l  s y n c  c o n t r o ls  ti -ce p u ~es e  lock loop  (PL I ~~I . The P LI ,

g e - n e r a t e ’ s  a m a s t e ’m ’  o s c i l l a t o r c - l c c c k  e u f  18 \ l h l z  f e c r  ~~~ l i n e  o p e r a t i o n  s y n c h  rca -

n i  i ed  -,c i t ! :  t h e  ho r i z c ’c n t a l  -c c -nc  - 
[h i s  m a s t e r  u s c  i l l a t -  - r is coun ted  daw n  and

used  as th; - refc -m c ’nc e input to the  I LL . ,

fp e  I ) / , -\ c c , n v e  r t s  the  b i n a  n -v cc-c ’ ig h u t e d  e n h a n c e d  o u t p u t  i n  t i -ce n o r m a l

u i  des  I . e  a n a l e e g  c e c r u po S i te  v i d e c i  - f l u e  AID di g ital o u t p u t  is r e c o n v e r t e d  to

a n t  I i  i~~ f o r  t e s t i n g  i n  t i - c e  h ’dI ’I ’  I ccu ~ ide . In t h i s  n -code , ti-ce pm - ope n o p e r a t i o n  of

t } : c ’ u r i s ’ -  - g  c i r c c m i t r v  is  v e r i f i e d  -

i i  c c - i d e - c c  e c c m t p u t  of t he  At  b (  lo ep is sunmied  w i t h  t l ie  in te  r n a l l y g e n er a t e d

-
‘ ccc s i g n c l — u  - [h u e  conip o s  i te  v id e o  \ c : a v e f c c r m  is m’c m l t i p l cxed  to ti - c e E n h a n c e d

V j dc - o  - ci,~e i ’;t in the B Y I c A S S  Mode .

V I D E O I N  [ ;_1 VSY NC OUT

STRIPPER ~~
__. 

— 

H SYN C OUT

— 
V I D E O  OUT

PHASE
H SVNC REF I LOCK
Sm ~~ 

LOOP 4,

M U X  
M A S T E R

__________ CLOC K

~~~ PHASE
H SVNC REF LOCK
525 ~ LOOP

875/525 S E L E C T

E N H A N C E D  V I D E O  
0/A 

COMPOSITE
VIDEO OUT

h- ’ i g u re 1( 1 . S ync St r i p p e r A S ) .

S I
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I N U I ’ I I ‘P e t (  I - ‘~‘~
( ) P  Ni  Oh )  I I 1-

f e m n c t i - - n c - e I  b l o ck  d i _ e ,g m a n i  e e f  t h  i m u ] c : i t  p r e c c c - s s o r  i s  i s  s h e e e \ c ’n  in

I- ’ i g i m n - e - ‘1’, am i d  e ph - c - - g m - ap h ee f  t I ~~~, c~c m d  i -s s T - - m u  i n  I ’ i g l n n i - ~ ?
‘ _ he-  f u n c t i o n s

p F c c  id ed by H - i s  :i  i c e d  c u e .’ .c r e  - a s  f- - Ih e cv s

• i i i  
~~~ 

u t  h i  i c f f - m

• a c ’ m i c  ( c e - n e r a t i c e n

• l e s t  I c i t  c - r n  t m p n e r a t i e e f l

• ( - c n n — - ( - c m i i  r e t  i - - m i

• I n p u t  h i t  S e ’  l i t - t i  en

• I’ i n . u r u g ~~end C c e n t r c . l

I h -  i n p u t  b u f f e r  p m o v i d e - s  the  c - n e l i n e -  d c - I c c - c d  c i d e - c - . l i e  d e l ay e d  I V

l i n e  f r e e r - c c  t i i t ~ h e m f f t ’ r and  t ! : c ’  c u r r e n t  I \ l i n e  - c u e -  u se d  t c c  f c c r n u  the  t c c-c, l i n e

w i n d e e w . F i n e ’  l e i i f : ’e ’r  is ~ l2  e - l e - m u : c ’n t s  in l e n g t h  - e n d  c c - n t a i n s  s i x  h i t s  i n

i n t e n s i ty  s t - n - a g e - . i’he r ! cU c i n t e ’ n c s u t v  s t - ’ n ; e g e  c a n  l e e ’  t r u m c c : e t e ’ d i  t c i  f i v e  ( c r

fc - cm r hit - - as \’- ’ e ’ 11 as du e  norm al six h i t ~ by t 1 I np u t H i t  s w i t c h .

h a -  sy n c  g e n e -  m a t - - i -  p r o v i d e s  all  b lanHna,t  and sc- nc p u l se s  t i  r e gc -n c ’r a t e

t h e ’ C O f l i } i c  S i t e  v i d e o o : i tp u t  i n  sy n c  w i t h - c  t i i  e ’ x t e ’  m n a l  [\  i n l u l i t  -

c e i H R c x n  i i e e e e u i x m
c l i i  c 

~~ 
I 

~~~ 

512 B iT  C \ 

~~ 

[ A l i c e  

~~ vu  ci 0

:

t c c i i ‘ -~~ - a
r~ 

- — —
~—-i

m e  Ni
I’A l i e  FIN

-cc ,  ci cc  Hi  - - N e ’  Ne;

d e c i d e  I /UN I A L
It i i c c i N i ,  

~ - c c c i i
I~~ PU T~~~, u* i i  I / l  - iee ~ 

- - 

_

-

i

— 

~ 1 c c i  AN ~ -
y e  i e l c c  A !  f

- 

H I c N F ( I N I , 

~

__

~~ - ‘  -

cc  i i ~ A i i -  
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I l ie - u ’.’ n - ce ’ ,: e -ne- ‘ r e m  c m -  a I s e c  t h e - c c d i -  s t h e -  I i )  t o  d i i  a -  m e  e ‘ -~ c t e ; e e  I - e - —

b : e c n - i ’ c i n t ; c ! l c ’  a nt i c ’ e - r t H a I l y t o  e n a b l e -  t i - cc -  I’te ( i (  I - c - c a . A h e m ’  / ‘en t ; e i e - n a L , e-

a l s o  i - c m c c ’ u d e d  f - c m -  l i i i -  I~ O\1 . P - ; i c l  (~~m l y  \ l e - n c u a m ’ . ’ , f c c r  t l , e c~ - r  h a l e  I i  ‘ f l •  r~c --

t i m .  ‘ I c c c  c t - e r  g ; c t i n g  p u l s e s  a r e ’  p r c ; i e u c ’ c i  a i h , i h tt  H e ’  c - q c u ; c i i i m n - c c - I l - ’

a n d  t - c  - I c - I  e c t  t h e ’  e v e n  on’ i ) d t h  fm e Id .  W i c e - n  n I c  - h i - - m i ,  - c u t  - c I - I i -  n’ e or c c .  - - e -  r ad S

n - c - a c hed  t h I e ’  m a x i n i u m  C - c u - c u t  - a h c c l d  p u l s e  i s  r l e c - c i l e - e l  t e  lu  c i . !  t h e ’  c - c n i , ’  n

‘ u n t i l  t h e ’  u u e ’x t  h i , r i z c u u i t a l  s vn u c i s  d e t c - c t e ’ c h .

[he t e s t  p~t t t e i- n g e n e r a t e - n  p r c c v i d c - s  i n p c i t  ( l r c t ~ c in  t he  h ’ d I  F 2 : u c e c d e - . i c

I c - c t p a t t i - r n , s t e e r e d  in  a R U M , is  r e a c h  c u t  s up p l y i n g  I c ’  i~~~~’ l v a l u e s  ( e f l  c - - e c u

l i n e  f i r  all  a c t i v e  l i n e s  in each f i e l d . [lie R U M  is enab led  near  t h e- } u c a n i z c c n t a l

c e - m i t e ’  r -f t he  d i S p la l ,’ - F l u e  ne a r e  f o u r  s e l e c t a b l e  t e s t  pa t t - m s  c o n t r o l l e d  b y

a d i p  s w i t ch  m o u nt e d  on ti -ce i n p u t  p m a - c - e s  s c a r  r u u ( c d u l e  - l i e  - pc r a t  ‘e n  - - f t he

I c - s t  I ’ RO\ l  is d e s c  r i b e d  in d e t a i l  in  ti-cc t e s t  I ’ R OM  data  s e - l e c t i c i n  i n

A p j .end  ix 1) .

[he cursor generator cccmpa res ti-ce ho rizontal anti vertical addresses c - f

t i e  sy n c  g e n e r a t u . r  w i t h  th i e -\ pos i t i e c n  an d Y p o s i t i o n  scc -i tches  (in the  f r c c n t

pane -I , l ’he  o u t p u t  s t r o b e  of the c c c mp a r a t o r is  s e n t  to the ou tpu t  p r o c e s s o r  t e .

latch ti-c e selected p ix el f c r  disp lay in  the  Pixel \‘alue d i s p lay . [ h e  ac tua l

I - i N c - i  ‘, , c l c u e ’  is  r e p l aced  by t h e  m a x i  n u i i r u u  i n t e n s i t y  to i n d i c a t e  the  c u r s o r  pus i —

t i c - n  • mi t c’ d i s p lay  - [li e p ixe l  v a l u e  is d i s p layed  in O C T A L  on the f r o n t

I n i t - i  d i  s

l i e  tim - cuing and  c o n t r e e l  p r o v i d es 5 12 clocks to t i e  s h i f t  m e g  i s t e r  each I ’V

l i n e ’ -  t i c  i n su r e  n i g h s t n a t i c - n  b e t w e e n  t h e  c ur r e n t  and d e l a y e d  [N l in e s . TI -c e

c l ~~ck  c - c - c a b l e  is  a l s c c  s y n c h r o ni z e d  a- i th t i - ce  h o r i z o n t a l  b l a n k i n g .  I ’hie m a s t e r

c l - - c - k  b uff er r i n g  f c c  r each  ca rd  is  a lso p m e  - c ’ i i e d  c c i i  th i e  mod c u e

O P I  V IT I ’ I~~ ) (  ‘ I -  SSOP \1 Ol )t - Li

Fl u - f r an c  t i e c n a l  b lock  d i a g  r a n - c - c  ce f  the  Outpu t  P r o c e s s o r  M odule  i s  as

si ’u i e w n  i n F’i gure 24 and a p h o tograp h ref the  c a rd  is s h ow n  i n  Fi g u r e  25 . ‘The

f u n c t i o n s  p e - r f o r m ’ned on t h i s  module  a r e  as fo l lows :

• C c m m p~mt e s  R a n g e  En h a n c e d  \-‘ ideo

• Computes Pixel  D i f f e r e n c e  V i d e o

• C c e m u u p u t e s  hI r i g h tness  Log ic

• P r o v i d e s  G a i n  F u n c t i o n  Se l ec t i on

• S t e , r e ’r s  Video  Cur so r  In tens i ty

55
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[h u e  o u i t p  r t  p r c - c c ’ s s c c m ’  n n i e d u l e  m u l t i p lexes  e i t h e r  t i e  p ixe l  d i f f e r e n c e  e m

‘ m g i ’ i n 1 - - i t  t o  t h e ’ 1 - t i n  J- ’u n c t l o n  I~ R U N I  . l i c e  p ixe l  d i f f e r e n c e  is c o m p u t e d

‘n I c -  M e a n  M d  n i l  c~ as ti - ce c e - n t p  r v i d e e  - w i n d e e w  i - l i  n’n ’i e n t  I i i  i n n s  tl ’ e m e a n  ‘ c f

t h e  c c .  r r e - s i ’ .  - n d i n g  cc - indi  ccc ,’ . S in c e  t i e  p i x e - l  d i f f e  r e r uc e  i n p m i t  i s  s v m m ’cmet r  i c a l

w a~~ r e - s m - c - e r  I c e  the  c a l c u l a t i o n , c . n l y  1 1 c c -  m a g n i t u d e -  is p r e c c e e s s e d  an d  t i n e

— c i g n  h u n t  u c ~ i r i s e - r t e d  at  a l a t e r  p o i n t  i n  ti n e ’  e,’ c c c f l i e t i t a t i ( c n , ‘H ue’  p i x e l  d i f f e r e n c e

‘- c h ic-  i s  u s ed  in  t I e - r a n g e  e - m u h a n c c - u u i c - n t  c o n - c p u n t a t i c e n  as ‘c - c - i l  as t h e  r ange

v i i i , - . In t h e -  r a m g c ’ p r c c - ss  
- 

H ,  c’ , i l c n e  e~~f the  r a n g e  d e ’ t e - r n - i n c - s  t h e ’- g a i n

~cpp l u c -d t - -  t : - c ’ v i d ~~c e m i n u s  t h e  mean , Vi’h u e r e a s  in  t h e  p i x e l d i f f e r e n c e -  c a i n - - i —

L i d - - n , t u e  g a i n  e l c l . I c c d  t e e  the  v ’ d c ’ e c  r n u i n c ; s  t h e  n u e - ,t f l  is  i n v e r s e l y p r o p o r t i o n e d

t e e  t h e  ~c u x e I  d e f f e r e n c e  v a l u e - . I ’ l a - r c ’ f c m c -  
- in the  p ixe l  d i f f e ’ c - i i c c -  n’io de t h e ’

g a i n  is lua sed  c e n  t h ~- d i f f e r e n c e  of t i ne  cc - m u t e r  v i d e ’ i e  e l e m e n t  of t h e’ w i n i d e c c e .’ and
t } ,e  u n - a n  c - a ln i e  of tuie w indo cc - .

,- \f t e  r t I u c -  g a i n  is  app l ied  t e e  t h e  c- i d c c c c  - i n u s  t he n - cean  , ti-ce mean value

is addc - .’h h a c k . fl-ce bri ghtness log i c app lies - c b i a s  tee  the  e n h a n c e d  v i d e o  if

he ( e n d t p U t  l eve l  is ari ’up l i f i e d  b e y o n d  t h e  s i x  h i t  c e u t p u t . F lu e  b i a s  is based  on

S e e N ~ c r  ‘.

f l D I FF~~~~~~~~F -  

j  
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Fi u ,” i re  24 .  Outpu t  p r o c e s s o r .
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t h e ’ me - a n  c , t , c i n  f - c i c o i ’ c i u n , en - cd  t i n -  r , e m u ~t e ’ . l i - c c -  e ’ q u a t a c n s  a r c ’  s t e i t’ e -d in P I (O\ I s

as  t . c h u l e  l ic u l c u n i e s  - he e q u a t i n e n s  a r c -  d e s c r i b e d  i n  de t a i l  i n  A p p e n d u x  H re f

t h e ’  I’e c h n i i c ; c l  l ) i - s c m i l e t i c - m i .

I ’in e g a i n  f u n c t i , - m s ~nd ~u i c i l t u p 1 i e ~ c r c -  n l g c ,  pe n ’ f c c I - c ) e - d  1 > ’ c ’ l ’ h ~, ( : M t a i c l e

- In O m - d l c ’ m  t i -  h e m c c v i d e ’  f l e x i h i l i t ’ . - , 32 s e p a r a t e ’  g e m  f i u m i c t i e n s  . m e

p r - - c - i d e -cl c - u a  t i e  Pl~~U c c i s . E u - ct h t  f u n c t  h e n s  a r e  s t - r e d  in  c - r i c h  I ’ R ( _ u N i  ant i

ii  r s c p e  r a t e ’  1 -R L ) N I s  c an  be s e l e c t e d  v i a  f i - o n t  panel  c e - n t  r -  - i s  -

In , i d d i t i c c n - c  to t i -ce b n ’ i g h - c t n e s s  c c c c u I ; u e n s a t i u n  c i r c u i t  m y , an  c e c - u - r f l e c ’e ,- /

u n d e ’- i c ’low c’c c m u e ’ c I i c ~ fl c i r c u i t  i s  i n c o r l ) . c m ’ ; e t e ’ d . An ’.-  ~~j d~~~c l c ’ ’c e l  ,i l u e i \ ’ e  c - 3  i s

f - - r c e - d  r - ~ a t — 3  and  an’.- c - i d e o  ievc ’l  l , c - l e - ’ ,’: 0 h - c  f o r ce d  t .  a z e r o .

M E - N P \P5 1 1 ) L I E

I ’hic i r m n c  t i c  .na i  hi  - -c- i- - ci i ag  ma u u ’~ - - f t i - c c -  \ l c ’-an  N i o d u l e  i s  as shocvn  in

i- i g u u n e -  .5 e f l ( b  -t p h o t c a c,_- r c p h i e c f  I N c  c a m -cl i s  u - c h c c - a ’ i e  in  I’ i i _ - i i u ’ e ’  ,,~7 . I he f u m m i c - t i o n s

p m -  c ’ ide ch  b y t h i s  : u - - d u l c ” ar e  a- -u

• R u n n i n g  ,‘\ c c u m uia ti on

• E k -m e n t  A - c- r ag ing

• L i n e  A v e r a g i n g

He  M e - a n  \ I ~ - d a l e  c o - c u  1 - i i t e ’ S  t i n e  a v e r a g e  i n t e n s i t y v a l u e  of  the  s l i d i n g

ce,’ i n c h c e c c- . F }c~ k p e r f c i m’ c i u e - d u
1’. a c c u u n u u l a t i n g  t b - c e ’  t h i  f f e r e m c c c -  hc t cc’een t h e

~‘m d c ’ . and  t i u c - c ’ i d e i c  dc ’l a ’ .  c-cl by f u r  e le n i e n t s  - [ ‘h i s  is d o n e  f c c r  b oth  t h e ’

c u r  u - c - n t  a nd  d e - l ~~c’ e - d  v i d e o  l i n e . Each  l i m e -  a c c u m i i u l a t u r c u c n t a i n s  f l u e ’  s uc i ’u e u f

f . - u r  ,‘ j d e ’ e c  r - i e j ’ncnt s  -

~e ’ , , f l  t h u ,  c c , ’ ind e i c -, - i s  sh i f t ed  h o r i z o n t a l l y ,  t h e  o ld e s t  e I c - m c c e n t  is s u u b t r , c c t e ’ 1

am i d H e  n iecc ’ e s t  e l e m n e e n t  is ar l i l e d  to each  l i n e  a c c u m u i i l a t o r . T h i s  a c c u m u r a m l a t e d

s - n m  u - i s  t i c - r i  d i  v icied b y pe r f o r n i i ng  a 3 b i t  i) ina  r y  s h i f t .
I- h c s u n  a of d u e ’  e ’ f l t i  re wir idrc ’.c- is e . h u t e  i ned by a d d i n g  ti -ce c o n t e n t s  of 1)0th -c

t h e ’  c u m r m ’ en t  v h d e - c  l i m u c  and c h i ’ l a y  c - i d e - e u  l i m i e -  - c c c u m ’ r i u l a t e u r s  - The a v e ra g e  or

r u - c t - - en  e~~f t h e  e i g h e t  c c - l i  w i n d o w  is ti-m e n  c o n n i p e i t e d  b y d i v i d i n g  ti -ce total  ‘.v in dow

a c c um n u l a t o  r ‘- ‘ --c lue b y e i gh t , ‘ .v iu ich i  i s  in  a c t u a l i t y  a r i g ht  b i n a r y  s h i f t  of

t hu m e  b i ts .

[he m n e e a n  is  t h e n  s u b t r a c t e d  f r o m  the  cen t e r v i d e o  c - le m e n t .  T h i s  quan-

t i t y ,  t h e e  V i . h c - - c  “.1 i n c u s  t i n e -  M e - a n  ( V — \ 1  I i -s S e ’ 1 c i r a t e ’ d  i n t o  s i u ~n a n d  n c a g n i t u d e .
T h i s  cca .s  ci i c e ’  t i c  r e d u c e ’ t h u e ’  n u m b er  of I C s  r c - . i u u i r e d  to  i n - cp ie n u e n t  t h e

514



e nh i ; i n c e n i e n t  c h c . t - - m i t h r ’n . [‘l i e  s i gn of ti ’u e l \ ’ — \ I -  an d t i - ce  N —  \ f  i s  t h e n  s c - n t  l i-

t b - c c -  ( ) n m t p n n t  i - roce s  co r N I ,  -d u u l c ’- w h i c h  p e r f o r m s  ti -c e a c t u a l  v i d e o  e ’n i u a n c e  cc - e n t

R ,- \ N H I - :  N I U l ) U  i .E

I N c  f u u n c t m c , n a l  b i c e c  ~ ci Lag r a i n  r e f  t h e e  R a n g e -  NI ,  ci tile is as Si  -c’: n in

I- ’i g u r e  28 and a p i n - t i  - g  nap h of the  h u c i a  m ci  i s  s l u e c w n  i n  l- ’i gu  ri  2 ‘l’he f u n c t h c n s

p r i c v i d e d  by t h i s  modu le  a r e  as f c c i I - - w - - ~

• N ’ i d c e  e Sc’ r ia l  to P a r a l l e l  H i - n - c c - i r s  i c - m i

• \‘ de c  I n t e n s i t y S o r t i n g

• R a n g e  C a l c u l a t i o n

‘ h u e  R a n g e  N i c i d u l e  c o m p u t e s  ti -ce i n t e n s i ty  d i f f e r e n c e  b et cc - c’o-n ti -ce m a x i n n u u c i

and  r n i n i n i uc ’m -c ~‘ i d e c c  p i x e l s  c c ’ i t h - c i n  tb -ce windoc ;- . I H e r  c u r  r e n t  v i ” L - c -  and d e l a y e d

-c’ i deo  is c o nnp a  red  and so r ted  in to  a n c a x i m n u c n  and n i  n in i u c - c - c  v ide .  - st  r e a m n l  -

Each  s t n - -am  is  s e r i a l  tee  p a r a l l e l  con’c-e r t -d to ac h i ie c - e- -  a . c - s  s to f o u r  v i d e o

e l e m e n t s  s i n- c u i t an e o u s  1’.- . [he f o u r  p a r a l l e l  e l e m e n t s  w h i c h  f -  rn -c t i - c e  cc-indocc-

C u e c e c e  ‘. 1 V i DEO  
fl ” 

- -_ _ _ _ _ _  ___________ ___________

~~- AUDI H AD[) E H L A T C H

D E e  c’,yb~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
P--i 1

~~~~~~~~~~~ 

A D D E R L~ 
k j

~~~~~~~~
L7;

~~~~~~~~ I 
.HRT(

~~~~~~~

A D t ) E H 1 M F ~~ M E A N
_ J ~A V I R A ~~~~ u 

________

INVERTER F __________

CUHICI NT V I D E O  ~~~~~~ 
SIGN SIGN (V Mi

~~ A D D E R

I V I D E O  M E A N ~V M  I V M , -

_____________ ‘ c x c  Dii FE R E NCE )

I ’  i g u re  2(i . Local b r i g h t n e s s  m ’ o e a s u m - e’ ( I - c - m e a n ) .
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C~ U H H N T

D E L A Y E D  S C H i A L  
~~~~~

2 E0M~~~~~
T0R

MA

~~~~~VID EO ______
V I D E O  TO COMPA R MAX 1 I 1

~~~

i

~~~

e A

~~~~~~~~~~~~~~~~ 

P A R A L L E L  A T O R ~ l A D D E R
MA X 3~~~ I 

0

M A X  6
M A X  M I N

H A N G F
- - 

MA 

______ 

M A X  4 COMPA H A TO H 

~

MIN 0 

M I N  1

SE H cA L  
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

TO COMPAR
ATORP A R A L L E L  M I N 3

~~~
OMPAHATOR MiN6

Fi g u r e  28 . Local c o n t r a s t  n -m e a s u r e  ( r a n g e ) .

a r e  c o m p a r e d  and ti -ce peak or  m i n i r n ’cur n  value is se lec ted  and multi p lexed to

ti -ce i n p u t s  of a s u b t r a c t o r . The d i f f e r e n c e  is computed  and output ted  to the

output  p r o c e s s c i r . ‘Ti-c e c o m p u t a t i e c n  de lay  is c o m p en s a t e d  to sy n c h r o n i z e  the

data  to ti -ce ou tpu t  p r o c e s s o r  module .
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~i c - c t i , c n  5 .0

I, ’N I  1 l ) I A G PUS FIGS [ES I S

In tHi e ec -en t  t h a t  t ine  H e - r m t m ’ a s t  E n h a n c e m e n t  t- ’n i t  s h o u l d  f a i l , t i l e -  f c c l l e u c e ,’ i n g

d i a g m i u r e c t i c  t e s t s  a r e  s upp l i e r 1  t e e  h e l l) i s c i a t e -  t he  f a i l u r e  t c c a p a r t i c u l a r  h c a r c h

c’:c I 
- 

I in th e sy s te n i .

,- \NA LU(

W i t h u  an  ap p r i  c p r i a t e  i np u t  f e - s t  s c u u r c e  ( s u c h  as a CC [N ’ c a n-c e r a  c.- e n n e c t e d

- .J 3 ( i n  v i d e e c  I t u r n  the  Nh -n e s w i t c h  to B i t  1 - In t h i s  mode tb - ce i np u t  c - i de - - - i s

d u g  i t i r ~ eci th r c 11gb the  A / 1) and then  c o n i c - c r ted  h a c k  to analog t i - c r - - u g h  ti-c e D / A ,

[He ’ p i c t u r e  n . m - c  the  n ’n i o n i t - c c r  in  B i t  I sh e c u l d  look c - e n - v s i m i l a r  to t h e ’  p i c t - i r e

o b t a i n e d  w i t h  the Mode  s w i t c h  in  B Y I  ASS . In ti -ce b y p a s s  mode ti -ce v i d e u c  a f t e r

sy nc - c t r i p p i n g , and r e i n s e r t i u i n  is r o u t e d  tc i  the  u n i t  o u t p u t . If the  B Y P A S S

u - c - c e - t i e does  n . ct cc-o r k  p rope  n v  the t r o u b l e  is  on the  A n a l o g  B o a r d  ( N - N  5 )  o r  the

t i n i i  mg c i - n t r o l  c - n  tb -c e Inpu t  P r o c e s s o r  B o a r d  ~XA h i  - If BYPASS does v c c  r k  and

B i t  I f a i l s  t b - c e  t r o u b l e  is in ti -ce DDC A/D converter or in the D/A (-)n ti-ce

A n a l c g Bceard ( NA ~ I - If B i t  1 w o r ks  the  t r oub l e  is now i s c c l a t e d  In c the d i g it a l

be a r d s  w i t h i n  t b - c c ’  sy .st e n -u .

D P ;I  f - \ I ,

R u n the -  Ic - , c e p t a n c e  t e s t  as o u t l i m i e d  in  the  A c c ep t a n c e  Test  d o c u m e n t

( - \ p p e n cl ix C) . If ti-ce acceptance test fails tbnat is an indication that t i - c e  t r o u b l e

is  i n  cane cc f t he  ri i g i t a l  boa m d s  - At  t h i s  p o i n t  r e n u o c - e  ti - ce t c c p  ce o- c ’  r and loca te

th e ’ f es  t I ’R (d’- l Data  S c - l e c t i e  n i l)i p .5cc - i tch  c c m  the ’  I npu t  I r - - c c - s  S c )  m ca m d  I N A h

h u e  s w i t c h  p a c k a g e  is  le ,ca ten l  in  t l~~- u u p l ) e r  n i g h - u t — h a n d  c o r n e r  ( U  12 Si  of ti -c e

c~,t  rd - l . e , e [  i n g  a t  t i n e -  s c v i t c h  oi ) -c e r ’.-e t i - ca t  s w i t c h  5 is UN , (~ is ON 
- 

7 is  UN -
and 14 is  01:1,’ . [his  se l ec t s  t i n e  m ’n e d i n u m  i a n g e  of r a n d o m  n u m b e r s  used f u n

the 1 t c c c - p t c n c e  te a- i t . If the  s w i t c h e s  l e n - c  no t  i n  t i - c e ’  aboc-e s ta ted  pu s i t i c i n i s se t

t h e n n u  c ’ e r  r e - c t i y and repeat  the  a c c e p t a n c e  t e s t . If the  accep tance  t e s t  p a s s e s

t i - ce d i g i t a l  c i r c u i t r y  is o p e r i t i  ng c c c  r m - c t l y - No f u r t h e r  t e s t i n g  is  ne e s s , c r v  -

If t l u e  a c c e p t a n c e  t e s t  f a i l s , s e l ec t  ti - c e h i g h r a n g e  of n ’andorn  n u m b e r s  by

l e a v i ng  ~ w i t c i u ~~s 5 and 6 i n  t h e i r  c u r  m e - n t  p o s i t i o n s  and t u r n i n g  s w i t c h  7 OF 1- ’

end swi tch  14 ON . (Fo r n -more  d e t a i l s  on t h i s  r e f e r  t e e  ‘T able D-  I in t h e  [est

1~R U \ 1  !)a ta  Se l ec t ion  d o c u m e n t , A p p e n d i x  I) . )  [‘he w a v e f o r m s  are ’  m ’ e c e c r d e d
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f. r - ‘-a r i c tu s p e - m n t s  in  t i n e  c i r c u i t r y  f o r  t h i s  m’node - Fi g u r e  1~ is a block

d i a g  m e n u  i - f  t i - c ’  H e c n t n a s t  Enhancemen t  [nit . The waveforms  found on each
- f t h e e  m i e d u l e - c  I N A c -  - N A l u i r e  s h o w n  e n  the f o l l o w i ng  pages  - These w a v e -
f e - m ine a re  -c h c c cc -n f c r  t b e ~ I R U N t  Selec t  s w i t c h  - s e t  at  2 and the  F u n c ti o n  Selec t
s- , v m t -h  - c e ’ t  a t  S ( f r - n t  p a n e l  s w i t c h e s) .

In t i , e ~ c ’v e n t  t h a t  t i - ce  -‘ c c c ’  fo m ao - c  a r e  not s t a t i o n a ry  on ti-ce o s c i l l o s c op e  -
i t  i s  s i g L r c - s t e ( l  I . .  go i f l t e -  t h e  i n te r n a l  sy n c h r o n i z a t i o n  mode by u s i n g  the
c r v st - i l e c s c i l l a t e - n  p n - c i v i d e d  w i t h  the  u n i t . The p r o c e d u r e  to c on v e r t  to
i n t e r n a l  r n m c d e  i s  ,c ,s Ic  - l lo cc- s

I . R en iovt ~ —\ n a l u g  c a r d  ( N A c i  and  put  a s i d e .

2 . R c ’ c ~~ c ’ c ’ e ’  Inpu t  I - ’ r c i c e ’ s u c o r  c a r d  ( X : \t n .

‘~ ( i n  th e  I n p u t  J c r o c e s . ) r  ca r d~

a .  So d d e n  c e n e  w i r e  c - f  a t cc- i sted p a i r  f r o m  U 12 4 — 1 0  to U 7 4 - 2
( s i g n a l ) .

b . S o l d e r  tb -ce e t h e r  w i r e  f r o m - c - c  U l 2 4 - 8 , 7 to [74 -8  ( g r o u n d) .
4 . C o n n e c t  a cvi  re f r o m  c o n ne c t o r p in  A8 to connec to r p in  A 13

( t h i s  is the h I S Y N C  s i g n a l ) .
5 . C o n n e c t  a w i r e  f r e e m  connec to r pin B7 to connecto r pin A 18

t h is is the  \ P-Ue ’N C  s i g n a l ) .
i- . Plug ti -ce o s c i l l a t o r in l c e c a t i o n  U 124 . The Motorola  t r a d e m a r k  is

d i r e c t l y above  p i n  1 of the osci l lator .
7 . R e i n s e r t  Inpu t  P r o c e s s e e r  c a rd  in to  c ha s s i s .
K . T u r n  u n i t  on - t i e  u n i t  shou ld  noct - be op e r a t i n g  in i n t e r na l  mode .
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I flJ!ut _l~ r e , c e s s er

[b- :~-~ I ’ \ ‘ I I ) I - ( )

.-\ ~~ -- ____

U i c  Th
C s 

_ _ _ _ _  _ _ _ _

1) 4 
- _ _

2 
_ _ _  

_ _  _ _

F I 
_ _  _  _

0 0 56 59 61 61 ~4 ~4 5 ’~ 514 62 5 u  53 h O ~- K 5 3  h I  55 0 0

Si gnal  Poin t s  Found

[8 5 - 4 , [4 1 - 3  
- 

[33- 2 , [23- 2 , U 1 2 1 - 2
B [ 1 4 5 -7 , 1, 3 1 - 3 , U 33 -5 , 1 2 3 — 5 , L l 2 1 — ~
C t ’ 14~~— I 2 , 1, 2 1 - 3 , [ 3 3 — 7 , 1 2 3 — 7 , [ 12 1 — 7

I) t ’ K~~_ i c , 14 2 - 3 , [3 3 - 1 0 , 12 3 - 1 0 , [ 1 2 1 - 10

F 1 1 44 - 4 , [ 3 2 — 3 , t ’3~~— 1 2 , [ 2 3 — 1 2 , i ’ 1 2 1 _ 1 2

F t T~~,I~~7 , 1 2 2 - 1  U 3 3 - 1~~, 1 2 3 - H , [ 12 1- 1 5

NO [‘F ; : U 3 3  i s  the  l a t ch  f e - n  t b e  c u r re n t  ~‘ i d e - n c  l i n e  I CV ID i

12 3  is  the  l a t c i c  f e e n  t he  d e l c y e d  v i d e o  l i n e  I i)\ I I ) ) .
[he w a v e f o  r n-is at  t h e s e -  t w e -  l a t c h es  sh o u l d  he

i n  p h i - s c ’  c v i t h  e a c h  ot h e r .

— - 
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Range Board

R A N G E

A 32 
_ _ _ _  

_ _-  

_ _ _ _  

_ _

B if  _________ I 
- 

I
C 

_ _ _   1 
_ _ _ _ _

D 4 I LJ~L 1 1
E 2 [1 1 1 

________

F I  I__-~
f’

~
’
~ __________ I

0 0 5 6 5 9 6 1 5 7 7 8 5 9 9 9  Q 7 7 1 4 1 4 6 1 61 5 5 0 0

Signal  P oints Found

A U 6 3 - 2 , TPI 6

B U6 3- 5 , TP 17

C U 6 3 - 7 , TP18

r) U 6 3 - l O , T PI 9

E U6 3 - 1 2 , TPZ O

F 1 1 6 3 _ I S , TP2 I
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\ I e ’ e f l  B e - a  rd

.-\ ( ‘ C [ \ l I T L A  L U R :  l I N E  I c u r  l I N E  2

A I -‘ ~~ - 

-— — - - - -

4 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- -- -

~~~~~~~~~ 

-

~~~~~~~ 

-_ _ _ _

C 32 
-_ _  -- - - - --_

1) i 
~

-
_ _ _  L -. - . -- - - — _ _ _

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I 
_ _

P 4 
_ _ _  _ _ _ _ _ _

- ‘

~~~~~~ L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ fl_ _ _

I I I 
_ _ _  

~~~~~~~~~ ~~~~L - - _ _ _

0 0 S e -  115 2 3 7  230 2 19  2 3 2  2 34  22 - 4  2 2 7  l I e ’ 5~ 0 0
176 2 35 2 2 2  2 2 7  2 ’~2 2 3 0  2 3 2  i u ~i

- S i l l n a l  P e c m n ,ts l’ o und

1’5 1 — 2  [54-2

U [ 5 1 — 5 , U~~4 _ 5

C 1 5 1 - 7 , U 5 4 - 7

— 1) [‘5 1 —  10 , [ 5 4 — 1 0

F; T, ’ e 2 - 2  , 1 c - 3 - 2

F I’ c 2 - 5 , ~~c 3 - 5

I o 3 — 7

h I  l ’ c 2  — I I )  U t .  3 —  10

NO FE:  I IS I and  1 h Z  is  t i n e ’- a c c u m u l a te  r l a t c h  fo r  l in e  I
1 5 4  and U 6 3  i s  t i-i c , i c ’c n u n i i u l a t e i r la tch -c  f o r  l i n e  7, .
f lee  w a v e f o r ms  at t h e e - s e  ~wo l a t ches  si-could he

i n  pha se w i t h l  e a c h  e c t i n e  r -
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M E A N

B I c

C 8

1 ) 4

2 
_  

_

F’ I 
_ _ _ _  _ _

0 0 14 214 44 ~~~~ StS 57 ~~ ~~ 51. 58 514 S14 S7 56 58 S6 42 29 13 0 0

Si gnal  Points  Found

A U 9 3 - Z , T P I O

U q l - 5  TP 1I

C [ ‘ Q 3 — 7 , TP I 2

I) I, m 9 3 _ 1 O , T P I 3

E U~~3 - I Z , [P 14

F I , 01_ 15 TP I S
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S TU N B i t  ABS u \ ‘ I i ) r - ; o  —

-: 

_ _ _ _

B I e - _ _ _  _ _  -- _ _ _ _ _ _ _ _ _  _ _ _

C s 
-_ _ _ _ _  

_ _ _ _ _ _ _ _ _

_ _ _ _

I) 4 
_ _  _  _

P 2  _ f l J  I 
_ _  _ _

_
_ _

I T1J _ _ _  Thi
— 0  -O - 1 4 214 15 2 3 -3  - l  — l  2 4 1 -5  3 2 -5  5 13 -2~ - 1 3  -O -0

Si gnal  Po in t s  F’ound

S [‘S4 - S , T P I 6

A [3 5 — 2 , Ti’l7

1 15 5_ 5 , TP18

C U 5 5 _ 7 , T P I 9

D [55 - 10 , TP2O

E [ 5 5 - 1 2 , TP2 I

1: 1155-15 , [‘P22

69



Ou~p3~t Pro c e s s o r

SIGN BIT ~~ V I 1) EO  - M E A N )  - - G A I N  M E A N

. 5 . 5  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
-- -- ---~~~~~~

A I 1 
_ _ _

U 3 2  
_ _ _ _  _ _ _ _ _

C I t  c 
_ _ _ _ _  

I _ _ _ _ _ _ _ _ _

1) s

F; ~~~~~~~~~~~~~~~~~~
F

-O -0 ~6 ~s oR 70 44 50 51) 64 74 62 38 70 64 36 76 S4 -0 -0

Si gnal Points Found

S 1175-15

U45-Z

U U 4 5 - 5

1 14 5 _ 7

1) 114 5-10

F; [4 5 - 12

F’ 1 1 4 5 _ I S
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n e c t n c c n  1 , 0

DISHISSItuN OF I ER I ” U R \ I A N U E  S F U i ) I E S  A P I )  E V A  Lt ’A I ’I o p ,~

IN U R O I )  t ’C N U N

Hc c t - ; - t  s e n - c e e r  d i s p l ay s  p m n e v i d e  H I e N  and s e m i - s o n  o p e r a t c c r s  cc ’i t } ’ : r a d a r ,

i n i f m ’ a n ’ e - . b  a n i c h  / o m  I c - I c c - i s  i c e n  i n f o r m a t i c e n  w h i c h  can  be used  f - - n -  pc - c - f .  r m a n cc  . 1

se v c -  u - i l  m i n i s - s i - fl t a s k s  i n c l u d i n g  n a v i g a t i e - n i , i n t e l l i g e n c e  g a t h e r i n g ,  t a r g e t

d e ’ t e ’c t i - rn - r e - c o g n i t i o n  - 
i n h e n t i f i c l n t i i  - n - c  and  des  i g n a t i o n , [‘lie ope r a t i e e n a l  u s e  —

:‘ u l l n i c - n e n e  c f  su c h  i n f n c r u ~ n a t , i - - n  i s  - h e - c c - c c  e n , d e p e n d e n t  n e t  o n ly  upom u s e n s o r

p u  i - a u - c  et  ~~
- n - s s n i c } I  u s  s e n s o r  d v n an ’u i c  r a n g e  - r e s o l u t i o n  and f i e l d  c c f  v i  ec’c ( FO\ ’

b a i t  , e l s o  upon the characteristics i f  t i -ce d e c - i c e  - r u  w h i c h  ti - ce s e n s o r  in fo  r m a —

t i - - n  i s  d i s p l ay e d  t i  t ine ’ -  c h i e r a t o m .

I )ue  t i - t u e  I i  m i - c i t e d  d v n a r i i i c  r a n g e  - - f c a thode  ray  tubes  , t y p i c a l  d e v i c e s

fu n’ ( c r c’~~ en t i ng  S e n s e  r i n f o r m a t i o n  , p o t e n t i a l l y a v a i l a b l e  scene  i n f o r r ’n a t i c a n

n u a v  u i - ’ t  he ’ - - p t i m a l l y d i s p layed f o r  u -c-i c by an o p er a t o r . For  e x a mp le - h n i g iit-

n e s s  d i f f e ’  ‘ c- a c e - s  b e t w e e n  t a r g e t s  and t h e i r  b a c k g r o u n d , or b r i g h t n e s s  m n i o d u —

1 , e t i c c n s  - .‘, i t b u i n  t a n - g e t s , n - c - cay he t i c ’ sma l l  In c  a id  an o b s e r v e r  in a s s e s s i n g  the

S C c - n i c ’  c c n t e ’ n t . On conve n t i o nal d i s p l ay s , w h e r e  b r i g h t n e s s  and g a i n  a r e

c e e n s t a n t  i c e -  r ti -ce e n t i r e  i m a g e , i ( i e r a t o r s  n-may a t t e m p t  t u e  e n h a n c e  sn -ma l l

n i c c d u l a t i e c m i ,—-c bc m a n u a ll y a d j u s t i n g  b r i g h t n e ss  ant i  g a i n  c - a l u e s  . I i c - c c - e v e r

-~t r e t c i in g  the g m - ay  sc a l e ’  in  one a r e - a , s in - c u l t a n e o u s l y c e u s e s  ce n u p r e ’ss j i m  i n

, i n a L c - r . [i~~n , ‘, c - h i l e  an i n c r e a s e  i n  c - j d e e i  g a i n  c c - i l l  i u ’ni p r o v c - c e e n t m - a s t  in  t h e

d, ’ n m - : e - r  !e m ’ t i o n s  of ti -ce i mu ’u a g e , d e t a i l  i n  l i g h t  p e i n t i i c n s  i s  l i k e l y  to he I i e n t  due

t e -  ,S l c t l u r a t i O n .

Local  A r e a  J l r i g h i t n i e - s s  an t i  U , u i n  ( ; r n t r o l  ( I , ,c \ h ~~G H )  is an i m u g e ’  p r e c c e s —

i mig  - e i g - n i t h i n i i  d c - s i g n e d  t e e  i n c  l e a s e ’  c e e m - c t r a - - c t in l oca l  a r e — a s  o f  t i - ce  d i sp lay

\ \ ‘ j t i ~~~ c l i t  ( - a l l - s i n g  s a t e u r a t i , e n  i n  e e t b i e m  a re a s , t h e r e by p r o v i d i n g  g r e a t e r  d i s —

p l a y e d  d e t a i l . It is  a c o n t r a s t  e n h a n c e m e n t  t e c h n i q u e  t i - ca t  a u t o m a t i c a l ly

a dj u s t -  d i sp lay  b r i g h t n e s s  and g a i n  in  an e f fo r t  to r e t a i n  the m a x i m u m  s e n s o r

c -id eo  d y n a m i c  r a n g e  wh i l e  o p e r a t i n g  w i t h in t h e  c o n s t r a i n t s  of a l i mi t e d

dy n am i c  r a n g e  d i s p lay d e v i c e .  C o n t i n u o u s  a d j u s t m e n t  of g a i n  and b r i g h t n e s s

on a l e e c a l  has  is t in  roug h ou t  the  p i c t u m - e- i s  ach iec  c -c d by s l i d i n g  a s n -mal l  c c - i n d u e w

th roug h the i m n i a g e  ~e~i eh a d j u s t i n g  t ime  g a in  and b r i g i- c tness  of ti - ce cente r e lement

b a se d  on t h e e  local  image content  w i t h i n  the w i n d e e w - . As o r i g i n a l l y  c o n c e i v e d
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t b c ’  g e  i t - c  app l i ed  to the c e n t e -  r e l e - n u e n t  i n  ti -ce s l i d i n g  cc - indo cc - was i n - - c ’  r s e l y

i m m ’ e . P e e r t i e m n a l  t e c  t i c ’  s t a n d a r d  d e - c - i a t i e c n  of tb -c e b r i g h t n e s s  v a l u e s i n  ti -ce

cc- i m udc e cc’  , so t i n - u t  au i n i n i u m u i  g a i  m- c cc-a -s app li -d i n  t hose  a r e a s  whe me the  c- ideo

(h \ -n a m i c  r a n g e  cc-as a l r e a dy  h i g h and n-maximum gain was app l i e d  in a r e a s  of

lo w n ’ n e e d u l a t i -  cn . A b r i g h t n e s s  i) i as  cc-as a l so  app l i e d  t e m  ti -c e cen te r e l e m e n t

I . -  p m - c -y e - m t  a i c r i c c ’ s cd p ixe l  f r e . m  e x c c - e - e - h i n g  t i -ce b ou n d s  of m i n i m u m  b l ack

or  u u e x i n ~~un i’u w h i t e .

I n i t i a l  e v a l u a t i o n s  of ti -ce u t i l i t y  of I~AB G C  p r o c e s s i n g  w er e  cond ucted

is im i g a c o m p u t e r  s i m u l a t i o n . Both s u bj e c t i v e  ( K e t c h - c a m , Lowe , and W eh e r ~~~
and qu a n t i t a t i v e  e v a l u a t i o n s  w e r e  made and ti -ce n -me thods , r e s u l t s , and con-

c l o u s  ions  a r e  s u m m a r i z e d  in a s u b s e q u e n t  sec t ion  o f  t he  p r e s e n t  paper  -

! t es e  e ’c a l u a t i o n s , and a c o n s i d e r a t i o n  of h a r d w a r e  comp l e x i t y  and cost

I - , e t c h am , Locc-e , and \V eh e  r ) t 1)
, led to a h a r d w a r e  d e s i gn of a r e a l - t i m e

LA B U G  p r o c e s s o r . The p r e s e n t  paper  r e p o r t s  the r e s u l ts  of an ev a l u a t i o n

of p r o c es s e d  i m a g e ry  u s i n g  t h i s  r e a l - t i n -m e  h a r d w a r e.

P R E L I M I N A R Y  R E S E A R C H

I ’hree ec -a l u a t i o n s  of tb -c e LA BU G p r o c e s s i n g  t e c h n i que cc’ere c o n d u c t e d

u s i n g  c o m p u t e r s i m u l a t e d  p r o c e s s i n g .  1’he f i r s t  invo lved  a s u b j e c t i c - e

c - v a l u a t i o n  of p r o c e s s e d  n o i s e f r e e  i m a g e s , the  second  a s u b j e c t i v e  c - v a l u a t i o n

of p r o c e s s e d  n o i s y  images , and ti ’ue  t h i r d  a q u a n t i t a t i v e  i n v e s t i g a t i o n  of

ta n ’ g e - t  d e t e c t i o n  p e r f o r m a n c e .

In a l l  t h r e e  p r e v i o u s  e v a l u a t i o n s  the  s t i r n iu l u s  i n -c ag e s  w e r e  c o n v e r t ed  t e u

d i g i t a l  f o r m  f o r  p r o c e s s i n g  by a g e n er a l  pu rpose  c o m p u t e r . [‘lie p r e e c e s s e d

im a g e s  cc - cr c ’  t h e n  s c a n n e d  onto f i l n m  in a 2- 5 1 - - l i n e  by 2 Sb — e l e m e n t  f e e r r m i a t
( b - ; et ch am , l~e~~c’e , and W e b e - r ) ~ 

~~~~
. Di g i t i z e d  u n p r o c e s s e d  i t - i -cages  s e r v e d  as

c o m p a r i s o n  s t i m u l i .  For  tb - ce tcc-u s u b j e c t i v e  e v a l u a t i o n s  ti-c e s l i d i n g  windocc-

wa -c-u () p ixe l s  c c- ide and 9 l i n e s  hi g h . ‘rhe s t a t i s t i c a l  g a i n  f u n c t i o n  was one in

wh ich  t he  m a x i m u m  equaled  4 . 0 and the g a i n  d r o p p e d  l i n e a r l y t e e  1 . 0 at t ine

i n t  cc - hu e ’  re the s t a n d a r d  d e v i a t i c c n  cc’as appnoxi mni a te l y 50 pe rcen t  c - f tb -ce

th e cem etical maximum -cu and remained 1 .0 ti m e r e a f t e r . T h i s  f u n c t i o n  accentu-

ated sn-cal l  o r i g i n a l  s c e n e  m o d u l a t i o n s  by app ly ing m a x i m u m  g a i n  t e e  the c e n t e r

e l e - r n u c - n t  when  the s t a n d a r d  e h c ’ v i a t i e c n  u f  the b r i g h t n e ss  values  in the cc-indow

was small . U n i t y  g a i n  cc’a app l i e d  w h e r e  c o n t r a s t  was a l read y hi g h . A f t e r

t h e e  c e n t e r  e l e m e n t  was  ni n n l t i p i b - d  by t i n e  appropr i a t e  ga in  value ti -ce b r i g Fm tness
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of t h e  c e n t e r  w i n d -  -c ’- e l c ’m i i e n t  cc-as .- in h j c u s t e - r h  , w h e r e  n e c e s s a r y ,  to k e e p  i t

f r  - in cxc cc’ d i n g  ri -i i n  i nnu m ’n b l a c k  or  m a x  i mn u mn w h i t e -  ( I ’ c t ch ’n a m , I occ-e 
- and

\~ e h e  r~~ 
1)

Lc u l u a t i c . n i  of P e c i s e f r e c  [ n u i a g c s

l b - ct ’  LA BU G p r c e c e s s  inc  r e ase s  loc a l  c o n t r a - s t  cv i t h i n  a s c e n e . ‘[he

o b j e c t i c - e -f ft i s  f i r s t  e c - a l u a t i on  ccas  t e e  de te  rn ’u i n e  i n  wha t  s i t u a t i o n s , a f ir C

~c i tii cc - I -cat s em ’u s u - r s  s uch  l o c a l  c - n t  m a s t  e n h a n c e m e n t  m i g h t  pr o v e -  ap e  r a t i o n a l l y

u s e f u u l . Sn-ca l l  s amples of i n - c a g e  m~’ w e r e -  o b t a i n e d  r e p r e s e n t i n g  t }i t -  Ui r ec

n n aj o r  s en s e  - r t y p e s  : F e l e v is  ion ( f\ ’  I , F o r - - n u n - n i Locu l~ ing I n f ra r e d  ( }-~LIR

and Sc -n t h e t i c  A p c m - t u r e  R a d a r  ( S A R I , and  sec-c r a l  e c p e r a t i o n a l  t a s k s  cc-crc

c o n s i d e r e d .

N IC t h e e  d

[‘en su i )j e c t s  cvith e x p e r i e n c e  in  tb - c e d e v e l o p m e n t , d i s p lay , and i n t e r p r e -

t a t i on  e c f  s e n s o r  i m a g e ry , s u b j e c t i v e l y ra ted 11 t a c t i c a l  s cenes  in t e r m s  of

expe ’c ted  p e r f o r m a n c e  f o r  s e v e r a l  t y p i c a l  o p e r a t i o n a l  t a s k s . Fl-ce r a t i n g  cc-as

made  e c n  a s even  p i n t  s ca l e , cvit l’u the  o r i g i n a l  i m a g e  -sc  r c - i n g  as a r e f e  r e n ce

p o in ’  c c - i th  a r a n k  c - f  4 , and the  p r e m c e s s e d  i n - c a g e s  b e i n g  j ud ged as b e t t c  r ( 5

o r  7 i  or  \c -orS e  (3 , 2 , c r  I )  t han  ti -ce i c m - i g i n a l  i n - c - c a g e .

I h e  i n n - c g e ’r y  c’ as r a t e d  as t m i t s  p o t e n t i a l  c i s c  in  the  f o l l o w i n g  s e v e n

o p e r a t i c  -n a l  t a sk s :  v e h i c l e  c e c n t r o l  , s e n se  n- c o n t r o l , C c  n i e n t a t i o n , t a r g e t

d c ’t a c t i o n , t a r g e t  r e c c c g n i t i m - n  , t a r g e t  i d e n t i f i c a t i e i n  - and t a r g e t  (bc ’ s  i g n a t i o n

i-~c .  r e ach t a sk  the -  o r i g i n a l  s e n s o r  i n - c a g e  cvas d e f i n e d  as b e i ng  of r a n k  4 .

l ’hie r a n k s  cc-cr c a s s o c i a t e d  c c - i t b u  v e r b a l  labels  as f e e l l o w s

7 c-xe -  c u l l e n t

C - ~‘e-  m c .- g .~~

S gce ocl

-1 a ccep tab le

3 f a i r

2 po e.  m~
I f l o u t  u sable  -
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Re ’ sc,i lt s

[‘he m i -m e a n  r e t i n g s  f c c  n ti ’u e -  t in  r o ’e s e n s o r  types  a r e  p r e s e n t e d  in [a b l e  12 .

A s  c - a n  be s e e n  f r e o n  t h e  t a b l e , the h i g h e s t  r a t i n g  was o b t a i n e d  w i t h  ‘I ’\ ’

i m n - a g e ’  mc.’ and t i - c c  l i - w e s t  cc’ i t h n  Sy n t h e t i c  A r  r a y  R a d a r  m i  u a g c  ry

I’ - \ B L E  17 . \ I E - \ N RA  J ’IN U S  B ’’  S E N S O R  ~t V P F

I _ V  F U R  R a d a r

4 . 4 3 . 7

H e - m e a n  m a t i n g s  f e - n  t h e ’ -  s e - - en op e r a t i o n a l  t a s k s  a r e  p r e s e n t ed  in

[ ‘c h ic ’  1 e . Fine h i g h n e ’ — t r u l i n g s  c c c -  r e e , ! u t , e i n e d  c c’ i th  t a r g e t  i d e n t i f i c a t i m m n  and

d e s n g n , e t  ci .

[‘ ,- \ b H , E  13 . \11 -;A N RA  fr N c ; s  B~ TASK

U h u e  r a t i o n a l  [‘ask Mean R a t i n g

\ ‘ e h i i c l e  Ce -n t r o l  4 .

S e n s o r  C o nt r o l  4 . 2

O r i e n t a t i o n  4 . 1

‘t a rg e t  I ) e t e c t i o r m  4 . 2

t a r g e t  R e c e u g n i t i o n  4 . 1

Ta r g e t  I d e n t i f i c a t i o n  4 .

T a r g e t  i ) e - s i g n a t i o n  4 . 3

D i s c c u s s i c ~-n and ( c e n c l u s  ion

‘i n- r e s u l t s  f r o m  ti - c e f i n - - s t  s tud y w e r e  u se fu l in i d e n t i f y i n g  a r e a s  of

i n t e r e s t  f o r  f u r t h e r  r e s ear c h . ‘Fin e c eb t a i n e d  r a n k  o m c l e r s  f o r  both  s e n s o r  type

and t a sk  s e r v e d  I cc  ind i ca t e  a reas  where  L A B G C  would he most l i ke ly te )

i r u u p m o v e  p e r f o r m a n c e .  Thus , the  i n v e s t i g a t o r s  c o n c l u d e d  t i - c a t  L AB U C

offe  red poten tial  for  pe rf c e rma n c e  i m p  r e e v e m n ’ u e n t  w b u c n  app l ied  to elect ro —
e m l ) t i c a l  s e n s o r  i n - c a g e  r y ,  and l uy p ot h c s  iz e d  t h a t  p r o c e s sed  i m ag e r y  n -mi g ht

prove  mos t  u s e f u l  in  d c - t a i l e d  i n t e r p r e t a t i o n  t a s k s  ( K e t c h am , Lowe , and

W c b ) e r ) ~ ~~
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Although a d e f i n i t e  t r end  was ev iden t  in t hese  data , the magni tude  of

ti -ce expected p e r f o r m a n c e  i m pr o v e m e n t  may not he unusua l ly l a rge . For

examp le , the l a rges t  d i f f e rence  in rating , obtained with the simulated TV

s e n s o r , was 0 .9  on a scale which  ranged  f r o m  1 to 7 . While it was not

poss ib le  to a ss e s s  the s t a t i s t i ca l  si g n i f i c a n c e  of th is  obta ined  d i f f e r e n c e ,

ti -ce r esu l t s  do seem to indica te  that the expected p e r f o r m a n c e  i m p r o v e m e n t

may he re la t ive l y small . The same i n t e r p r e t a t i o n  can be app lied to the even

smal le r-  d i f f e r e n c e s  found for  t a r g e t  i d e n t i f i c a t i o n  and t a rg e t  des i g n a t i o n

tasks .

E c- e rv  a t tempt  was made in dec-e loping  the LABGC compute r s i m u l a t i o n

to approximate as nea rl y as pos sib l e  the ope ra t ion  of a r ea l - t ime  p r o c e s s o r .

As wi th  any s imula t ion , howeve r , c e r t a i n  l i m i t a t i o n s  e x i s t  which  l i m i t  the

f i d e l i t y  of the s i m u l a t i o n,  Because  the s imula ted  p r o c e s s e d  scenes  w e r e

scanned  onto f i lm , any video noise  which was p r e s e n t  became f i x e d  or

f r o z e n  in the scene and the re  was no oppor tuni ty  f o r  an opera to r to e e see

throug n ’ T the noise by visual ly i n t e g r a t i n g  the s table si gnal . It n-may be that

the g ray s h a d e  r e n d i t i o n  poss ible  with the compute r s i m u l a t i o n  did not

dup l i c a t e  that  of a r e a l - t i m e  h a r d w ar e  sy s t e m  where  the outs ide wo r ld s e r v e s

as the o r i g i n a l  s t i m u l u s  upon which  the LABGC alg o r i t h m  o p e r a t e s .  The

compute r s i m u l a t i o n  o p e r a t e d  upon ph o t o g r a phs of the wor ld  and cc-as undoubt-

edl y i n f l uenced  b y the gamma of ti -ce o r i g inal  f i lm . F i n a l l y ,  the c o n t r a s t  of

the compute r p r o c e s s e d  i m a g e r y  was  sub j ec t  to the  m o d u l a t i o n  t r a n s f e r

f u n c t i o n  ( M T F I  cnf the f i l m  ont3 w h i c h  the scenes  were  s c a n n e d , w h i l e  con-

t r a s t  in r e a l - t i n-c e  p r o c e s s e d  s c e n e s  woul’~ he i n f l u e n c e d  by d i sp lay  t r a n s f e r

f u n c t i o n s .  The p e r f o r m a n c e  impac t  of tr -c 2 d i f f e r e n c e s  be tween  compute r-

s in m u l a t e d  and rea l- t in ’n e LABGC p r o c e s s i n g  could not  be anal y t i ca l ly

d et e rm i n e d , n e c e s s i t a t i n g  the eva lua t ion  of a d y n a m i c  r e a l - t i m e  s y s t e m .

‘ ‘ u s , -  h ’n s i t i c ’ i t y  Stud y

- d c - u  n e , i s e ’  i n c r e a s e s  the n u m b e r  of local b r i g h t n e s s  fl ax u a t i o n s  cc ’i thin

c~ ,v .-d s c e n e - . Because  LA B GC was d e s i gned to enhance such smal l

- - cl
’ , ‘ - n u ~~ i t  was h y p o t h e s i z e d  that this p r o c e s s  mi ght prove to be

- - ~ n ’ ~ Fu c r e f e  m c - , .1 p r e l i m i n a r y  e x a m i n a t i o n  of the e f f e c t s  of both
- ~‘ ‘ .~~ en d o m  n o i s e  c e f i  t ine  u t i l i t y  of L A B G C  p r o c e s s e d  imagery
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Method

Va ry ing levels of noise we re injected into noiseless in-cages and the

LA B G C  alg o r i t h m  was app lied to these images . Subjec t ive  r a t i n g s  of the
L A i u .GC processed images were made , based on a c o n s i d e r a t i o n  of two

f a c t o r s :  ( 1 )  appearance  of the i m a g e r y  ‘beneath ’ the noise and (2) obscura-

tion of the image  by the n o i s e .

Two r a n d o m  noise  n-models were  employed:  a di g i t a l  u n i f o r m  h i t  serial

no i s e model , w i th  e r r o r  ra tes  of 0 . 01 , 0 . 05 , and 0. 1 e r r o r  per  h i t , and a

g au s s i a n  analog noise  model wi th  s i g n a l -t o - n o i s e  ( S / N )  r a t i o s  of 30 , 16 ,

and 5 db .

Resul t

TI-ce p r i m a r y  r e su l t  of the no ise  s e n s i t i v i t y  s tud y was that  when  images

c o n t a i n i n g  no i s e  cc-ere p r o c e s s e d , the appa ren t  or p e r c e i v e d  n o i s e  was also

i n c r e a s e d .  Ihowev e r , it may be that noise  in real - t ime d ynamic images will

not be as apparent becaus e of the visual i n t e g r a t i o n  of ti -ce r e l a t i v e ly cons tan t

scene content .

Ta rget Detection Stud y

In the pa st electro -optical sensors have been used to locate small

mobile ta rget s-of -opportunity at ranges up to approximatel y fi ve kilometers

( km ) . It was a n t i c i pated that  the local c o n t r a s t  enhancement  p rov ided  by

I ,A B G C  p r o c e s s i n g  n-mi g ht improve  t a r g e t  s e a r c h  and d e t e c t i o n  p e r f o r m a n c e

b y increa sing target-to-back g round cont rast . A q u a n t i t a t i v e  l a b o r a t o r y  stud y

cc-as c enducted to examine operato r t a rge t  de tec t ion  pe r fo rmance  with LABGC

p m - e m c e s s  i ng .

‘the two pre c-ious subjective evaluations had indicated per formance

i m p r e e c - e m e n t  would be most l ike l y wi th  n o i s e f r e e  t e l e v i s i o n  s e n s o r  data .

Thus , p rocessed and unpr ocessed photog rap hs e e f  realistic scenes served as

the experimental sti n n iuli for the target detection stud y. In addition to image

p r o c e s s i n g ,  two o t h e r  inde pen dent  v a r i a b l e s  w e - r e  mani p u l a t e d  in the  s t e u d y:

scene  comp lexity and o r i ginal  t a r g e t - t o - b a c k ground c o n t r a s t .
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Scanlan~
51 ex a m i n e d  ti -c e e f f e c t  of scene  comp lex i t y on t a c t i c a l  t a r g e t

d e t e c t i o n  p er f o  i -n u a n c e  and found tha t  unde r  c o n d i t i o ns  of hi gh scene  ccc m-

p l ex i t y the t i m e  r e q u i r e d  to d e t e c t  a t a r g e t  was twice  as long as u n d e r

c o n d i t  ica ru s u c f  locc- scene com p l e x i t y . In th i s  st udy, a Iu cc- cm .n ip l ex i ty scc ’m ie

was c t - c c  r a c t e  n - i z e d  b y l a r g e  a r e a s  of u i - core  o r  less  u n i f o r m  d e n s i t y  - s n e c h

as open f i e l d s , and a fe- cc- ob j ec t s  of s i m i l a r  s i z e  and l u m i n a n c e  to the  t a r g e t .
A h i g h co mpl e x i t y  s cene  cvas one w i t h  c o n s i d e r a b l e  v e g e t a t i o n  and m a n y

o b j e c t s  wi th  f e a t u r e s  s i m i l a r  to ti -ce t a rg e t .

In ti ’u e case  of a low comp lexi t y s cene  ti -ce c o n t r a s t  be tween  the  t a r g e t

and t ine  back g r o u n d  was a s i g n i f i c a n t  d e t e c t i o n  cue . B e c a use  I , A B C G

inc reases small local  c o n t r a s t s , it rmn ay p r o v i d e  i mn p r o c - e d  t a r g e t  d e t e c t i o n

p e r f o i’ mn a n c e . W i t h  comp lex scenes , ti-ce i n c r e a s e d  c o n t r as t  he - t cc- een the

ta n - g e t  and the back g r o u n d  cc- ill  s t i l l  r e s u l t . b1oweve r~ any  i m p r o v e m e n t  in

the v i s i b i l i t y  of t ine t a r g e t  n-may he o f f s e t  by a s i m i l a r  i n c r e a s e  in the c o n t r a s t

of c l u t t e r  objec t s  - Because  the p r e s e n c e  of clutte r ob jec t s  makes  de tec t ion

- i f  ti -ce t a r g e t  d i f f i c u l t L A L U G  p r o c e s s i n g  n-may not improve  p e r f o r m a n c e  cvh en

ti-ce scene is complex .

T a rg e t - t o - b a ck g r o u n d  c o n t r a s t  was also m a n i p u l a t e d  in the  s e a r c h!

d e t e c t i o n  stud y .  It was a n t i c i pated ti -cat s i n c e  ti -c e p r i m a ry  advan tage  p r o v i d e d

by I.A 1IGC p r o c e s s i n g  was an increase in local contrast , tb-ce potential fo r

pe r f o  r n n a n c e  i mp r o v e m e n t  would he g r e a t e s t  f o r  low c o n t r a s t  t a rg e t s  and

n u i n i n l i a i  cvh ere  o r i g i n a l  s c e n e  c o n t r a s t  was  a l r e a d y h i g h .

\ i e t h o d

l I n e -  ( ‘ x i n e ’  m i m e n t  e x a m i n e d  two leve ls  of t a r g e t — t o --b a c k g r e e c und cu - m u - c t  n -as  t

two I c - c - c l - -u of b ack g r e e e u r , d comp l e x i ty ,  and two rep l i c a t i o n s  as cc ’i th i n  s u b j e c t

v a r i a b l e s . B e c a u s e  of l i m it a t i o n s  in a v a i l a b l e  i m ag e r y ,  i m a g e  p r o c e s s i ng

was  examined  as a betcveen s u bj e c t s  v a r i a b l e , w i t h  h a l f  of t i n e  s u bj e c t s  v iew-

ing  u n p r o c e s s e d  i n -c a g e s  and ha l f  v i e - w i n g  L A B U C  p r o c e s s e d  in - c - cages

5 . Scanlan , L .A . , ‘target  a c q u i s i t i o n  model development:  e f f e c t  of
r e a l i s t i c  t e r r a i n ,  Tech . R ep.  N V !~ 1 76- 4 84 . Ft . B e l v oir , V i r g i n i a :
N i g i n t  V is  ion  I ~abo r a to  ry  , 

[) cc -n-’mhe r l e n  7(c
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Stimul i

The image  s c e n e s  used w e r e  low a l t i tude  obl i que ph o t o g r a p h s  of r u r a l

N e w  Y o r k  State cv i th t a r g e t  v e h i c l e s  opt ica l ly embedded . The c h a r a c t e r i s -

t i c s  of ti -ce s cenes  w e r e  r ea sonab ly r e p r es e n t a t i v e  of the t e r r a i n  f o u n d  in

Ce n t r a l  E un ’ op e . The o r i g ina l  f i l m s , f r o m  w h i c h  the back ground  scenes  w e r e

s e l e c t e d , w e r e  44 . 44 b y 44 .44 g r a d s  (40x 40  d e g r e e)  f o r w a r d  viccc ’ a e r i a l

r e c o n n a i s s a n c e  p h o t o g r a p h s  taken f r o n i  a p p r o x i m a t e ly 9 10 m e t e r s  (3000 f ee t )

a l t i t u d e  w ith a c a m e r a  d e p r e s s i o n  ang le of 22 . 22 g r a d s  (20 d e g r e e s ) .

ta m g - ’ t s  \v e r e  e m b e d d e d  in to  the backgr o u n d s c e n e  by s u p er i m p o s i ng  a

n a n s p a r e n cy  of the t ar g e t  on a t r a n s p a r e n c y  of the back g r o u n d  and op t i c a l l y

p m ( m c c - s s i n g  t i-ce c o m p o s i t e. The target transparencies were  ob ta ined  by

photograp hing scale models on a f ea tu re l e s s  back ground . U s i n g  a lar ge

p r i n t  of the t a r g e t  an a r t i s t  added a shadow , app rop r i a t e  f o r  ti-ce sun ang le ,

in  the back g round  scene  into w h i c h  the t ar g e t  was to he embedded . The

i n t e r n a l  c o n t r a s t  of tim e t a r g e t  was also a r t i f i c i a l ly enhanced  so that  the f i n a l

compos i t e  image  cve- eu l d  more  n e a r ly a p p ro x i m a t e  the i n t e r n a l  modu la t i on

c i i a r a c t e r i s t i c s  of rd -a l  t a rge t s . Wi thou t  the a r t i f i c i a l  cont ras t  the embedded

t a r g e t  g e n e r a l ly appeared  as a d a r k  shape , devoid cef  i n t e r n a l  b r i g h t n e s s

d i f f e r e n c e s .

Ei ght tes t  and seven t ra in ing images were prepared , each conta in ing  a

s i n g le t a c t i c a l  t a r g e t  and r e p r e s e n t i n g  an 8 . 89 and 8 . 89 gr a d  (8 by 8 d e g r e e )

f i e l d - o f - v i e w . E xp e r i m e n t a l  m a n i p u l a t i o n  of scene complex i ty , t a r g e t  type ,

and t a r g e t - t o - b a c kgr o u n d  c o n t r a s t  was  accomp li shed ii i  the c o n s t r u c t i o n  of

these images  as d e s c r i b e d  below .

Scene Comp l e x i t y.  In i t i a l  q u a n t i f i c a ti o n  of scene comp l e x i t y  was

accompl i s h e d  by h a v i n g  s ix  jud ges  r a n k  75 can didate photograp iis accord in g

to t h e i r  s u b j e c t i v e  i n t e r p r e t a t i o n  of complex i ty . Some of the back g r o u n d s

dep ic t ed  open f i e ld s  genera l l y l a c k i n g  in natural or  man-made f e a t u r e s .

Others cr,ntained features such as roads , b u i l d i n g s , l c c w s h r u b b e ry  and t r e e s .

F o u r  comp lex and four simple back grounds were  se lec ted  based on mean rank

and maximum agreement  among jud ges (min imum s t andard  d e v i a t i o n ) .  in

addition , four s imp le and th ree  comp lex scenes  were  se lec ted  for  use as

t r a i n i n g  mater ia l s .
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F e  n - g e t s  . Fi ne  t - e  r g c - t s  e u s e d  in i  t h i s  s t ud y cc-c me ’  t w m m  \ I  — 6 0  t a n k s  - t h r e e ’-

2 - 1 / 2  t m - n  t r u c k s , and ft ree ~ a r n i e m r e - d  pe n - s o n n e l c a r r i e r s  ( AP C ) , th~ i m a g e

h i c ’ i g i n t  e m f  a l l  t a r g e t s  cc-a-s ii ’ld c e e n t a n t  at tc c ’ee p e r ce n t  e m f  t i ne  8 . R~) gr a d

(~~ dc -g re - c - )  f i e l d  u - f’ v i e c c - , t h i s I u e - i g h i t  c m  m e s p m c n d s  t m a r a n g e  of a p p r o x i m a t e ly

1 . 7, k i l o n n e t e ’r s  ( 0 . 7~ n -n i l e ) and  c c a s  s e l e c te d  h - c a s e d  on r e s u l t s  f r o m  a p r e v i o - c i ’ - u

s tud c-  ( S c e n l a n ( ~~ ~c -h i ch i  i n d i c a t e d  t h i s  tau ’get  h e i g ht  was n e c e s s a ry  to m a i n —

t e  ci a c c e p t a b l e  l ev e l s  c - f  p e n f o r m n ’n a n c c u  i n  - c e l l  e xp e r i m e n t a l  c o n d i t i o n s  w i t h o u t

LA Br ( ;  p r  i c c - s - s i n g .

[‘a r g e - t  5 cc -c- me pou~ i t i c e n e d  i n  the’  hac  I~g r o u n d  s c e ne so t h at  t h e i  r s ize and

l e e c a t i c e n  cc-as ap p n ’ o p n n - - m t e ’  t e e  e i t h e r  t e r r a i n  f e - d e e r e - s  • l a  a v e i d  h a v i ng  ta u’ge t s

alcvays appear i t  the  v e r t i c a l  c c - n t e  r of t i - ce d i sp lay , ti -ce a p p a r e n t  d e p r e s s  ion

a ng le  of th e- s en s o r  wa-s  c - a r i e d  to a l low the  t a r g e t  to a p p e a r  a n y c c-h e r e  in  the

c e n t c ’ r t i c - e u - t h i r d s  of  tuie image , targets appeared as direct side views or

q u a r t e r i n g  f r o n t  v i e w s  cc-ith an a s p e c t  ang le c o n s i s t e n t  w i t h  the  a p p a r e n t

d e p t - e s s  ion  a n g le .

t a r g e t - t n - -  B a c k g r o u n d  C o n t r as t. l’he c o n t ra s t  be t w e e n t i - ce  t a r g e t  and i t s

i n i c i n e - r l i , t t c ’  s u n r e m u n d in g s  c c - c s  v a r i e d  b y ch e n u , t i n i g  t i n e  d e n s i ty  c f  t i - c e  s u p e r —

in ’ n p c  - -s c - n i  t a r g e t  rn -age  cc-b ile h o l d i n g  the  h e c  ~~ mm i n - n d  f i l m  ( !e -n s  itc.’ c e in st a n t .

r a r g e t — t o — b ) i c k g r ou n d  cc- e n t r a s t  wa s  c a l c u l a t e d  u s i n g  the  f o r m u l a  ( B  — B  - 1m a x  n-c n n
(B - or b c - c a u s e  ti-ce t a r g e t s  cc’e r c -  d a u ’I- ’ c - r t h a n  t I - c e ’ s u m  r o u n d i n g s

n i - c n n -

( i i  — h I  1 ( 1 1  1 ,  Th e ’  h i g h u  and  loic - c o n t r a s t  c o n d i t i o n shac I- g r o u n d  t a r g e t  t ,~~ n g e t
r e - p r e ’ se ’nteni mange - -s e c f  c o n t r a s t  c c - - c t h  c c c ’ n- ages e m f  2 . 0 and 0. 7 , r e sp e c t i v e l y

LA I I O C  A l g c r i t h ’ n .  F i n e  al g e r i t h u n  used t c  h i r m duce  the stimuli \c’is

i d e n t i c a l  t e e  t h e  one s e l e c t - d  fo r  i n n p ie n-c e n ta t i o n  i n  t i c  r e a l — t i  c u e  p r o c es  so r

h a r d c c - -c ne . l’he cc- indo cc - s i z e  cc-as f o u r  p i x e l s  by t n - c -  l i n e s  p e r  t , ’l e ’c ’ i s i o n

f c l d  , o r  f o u r  p ixe l s  bc. fe c ei r l i n e n - n  pe - r  f r a m e - . Fhe n t an d a m ’ d  d e c ’ i a t i e e n  of  the

p i x e l- s w i t i e  in  t h e -  w i n d ow  cc-as ; e p p r o x i m n et e r i  b y c , o l c u l , u t  i rig t h ~ r a n g e  f p ixe l

‘‘ t i e R - s  en d  n i n u l t i p l y ing  by 0 . 402 . t h i s  a p p n o x i  i e n - e t i e  fl and  i t s  der ic-ation a r e

t r e - a t e ’ ’ )  in  g r c - c t e r  c i c - t , c i l  l a te r , i n  t i - ce  d i s c c m s i ~. i o n  c - c f t i e ’ r e - a l — t i m e  p r o c e s s o r

e c u l n i a t  i n n , l i m e -  g a i n  f u n c t b - n n  u sed  was  ti -ce s a n- c e  as  f m m -  the ’  p r e v i o u s ly

p r e - s c - n n t e ’ d  s u i h ~c ’c t i v e  e v a l u a t i e e n c

A p p a r c t n - u s  , \ f l y i n g  s p e n t  s can n e r  w as  u s e - n h  t e e  d i g i t i z e -  t i n e  e m m i g i n , u l

ph e c t c m g r a p h i c  t r - t n - -u p . e r e - n c i e s . [‘h i s  d c - c - i c e - c- c n n - s i - s t - s  of a c e th o d e  r a y  t u b e

t h , e t  ~,n - - n e r a t e - : -  c b r i g h t  s p e c t  cc- li ce - s e p e c s i t i e c n i  i s  e u n d c - m ’  (‘o r l ” i p U t e r  c e c r i t r o l . l’he

7 e)
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spo t is f o c eu s e d  ( u n t o  the i m a g e  t r a n s p a r e n cy  by a lens , rhe a m o u n t  of l ig ht

1 u - e s s  i n g  t h r o u g h the  t r a n s p a r e n cy  at tha t  p o i n t  is  co l l ec ted  b y another  l ens

and  f o c u s e d  onto  a p h o t o m u l t i pl i e r  tube ( P M T ) .  The l’ \ l l ’ ou tput  is  c o n v e r t e d

f r - i o n  a na l e e g  t e e  d i g i t a l  f o r m  to p r o d u c e  a d i g i ta l  b r i g b itnes s  v a l u e . [‘h i s

1 c r c i c e - u ,- i s  repeated u n t i l  ti -ce spot has  s c a n n e d  the e n t ir e  t r a n sp a r e n cy .  The

di g i t u l  n u m b e r s  co l l ec ted  f o r  each -c spot  on the t r a n sp a r e n c y  then  m a k e  up

t e ’ -  d i g i t e l  i m ag e . l’}~e d i g i t i z e d  p r o c e s s e d  and u n p r o c e s s e d  s c e n e s  cvere

- c a n n e d  ont o  f i l m  f r o m  a C R T . Fi g u r e  30 d i a g r a m s  ti -c e s teps  t a k e n  in

p r e p a r i ng  ti~ue t e s t  i m a g e r y .

.-\ g r a y  1 1 ”  x 1 4 ’ ’  h o a r d  rn ecun t ed  on an ease l , w i t h  a 2 - 1/ 4 ”  x 2 - 1 / 2 ’

re ’c tang le cut  in  ti - ce m i d d l e , p r ov i d e d  m a s k i n g  and back g r o u n d  to d i s p lay

the ph o t o g r a phs . S u b j e c t - t o - d i s play  v i e w i n g  d i s t a n c e  was m a i n t a i n e d  at a

c o n s t a n t  va lue  by m e a n s  of a sub j ec t  head r e s t r a i n t . A v i e w i ng  d i s t a n c e  of
4 i n c h e s  c~’as useni  to ob t a in  t a r g e t  s u b t e n s e s  of 19. 2 a r c  m i n u t e s .

IMAGE D IGIT IZ ING IMAGE STORAGE IMAG E ;
e L M  I AND PROCESS ING 1 PRINTIN G

F L  ~ f N ( i  scan SC4JV NER TRANSPARENCY I
PHOTO-MULT IPL IER I

i 4 4 1  OPTICS TUBE CPMT C

24 MILiION
B Y T E  DISK

F i g u re  30. E qui pm e n t  d i a g r a m  of LAB GC p r o c e ’ s s i n - c g .
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T i e  s u1~~ e c t  in n  ic e ted  ti -c e pos i t i e  -n of a d e - t e c t e d  t a r g e t  u - s i n g  a woc’ c d e n

p o i n t e u ’  and  t i u e  e -x p c ’n i n i e n t e r v c ’r i f i e d  the  c o r r e c t n e s s  of the  d e s i g n a t i o n

v i s u a l i c ’ . [lie t im e  r e q u i  m e - d  to n -cake  a d e s i g n a t i o n  was r e c o r d e d  by the

e x p c ’ r i n i u c ’ n n t e n  u n ~i n g  a s t e - p  c i - atch  . f I c t i v e - e n  t r i a l s  t h e ’  d i s p lay cou ld  be c

h l : en k e d  by p l i c i n g  a p iece  i f  c a r d b o a r d  b e t w e e n  the  s u bj e ct  and  ti -c e s cen e .

en aid in identi f’ving the  ta rge t s  - n i n e d e l s  c c l  t i - ce  t h r e e  t a r g e t  t yj c e s  cvere

p s  i t  i - n e d  in  f ’ m e m n t  eel  t i -ce s u b j e c t .

R e ’ s e’ ,’e u - ch  l ) c ’ s i gn

,-\ m i x e d - f a c t o r s  f a c t e c r i a l  d e s i gn ic - i th  f o u r  v a r i a b l e - s  at  t ’, c ’ m ,  l e v e l s  was

i u n e ’d t u e  e x a m i n e  t a r g e t  d e t e c t i o n  pe r f or n ’u a n c e -  . Iwo  lec-e ls  of t a r g e t - t o —

h a c h g  r e m u n d  c o n t r a s t  a n d  sce’ne complexity , and tcv o r e p l i c a t i c c n s  o f  each

c u m n d  i t i c e n , cc-c r ’e cv iti ’u i n  s u b j e c t s  v a r i a b l e s , Each  s u b j e c t  expe m i e n c e d  all

e i g h t  c o m b i n a t i o ns  c e f  t h e s e -  v a r i a b l e - s . Im a g e  p r o c e s s i n g  cvas e x a m i n e d  as

- t h e t cveen  s u bj e c t s  v a r i a b l e  w i t h  ha l f  ti -ce s u b j e c t s  c- ie c c - ing  d i g i t i z e d  but

u n p n - u i c e s s e d  i t - c - c a g e s  and  i -calf  v i ecc i ng the p r o c e s s e d  i m a g e s  of ti -ce s ame

s cc ni e ’s

O n d e - r  c f  p r e s e n t a tu i n  of e xp e r i m e n t a l  c o n d i t i o n s  was c o u n t e r b a l a n c e d

- m i n i n ’ i -z c-  o r d e r  c ’ f f c - c t s  . rune r e s c ’ a r c h l  d e s i gn and ti - c e v a r i a b l e  I c - c - c ’  is a r e

s u n n n ar  i z e d  i n  Table 14 .

F A R  I -E 1-I , R E S E A R C h  I DESI (  h N

\ V i t i i i n  Sub j e c t s

l a m g e t - t e i - B a c k gr a u n d  c o n t r a s t  0 . 7 and 2 .0

S cen e  c o m p l e x i t y  h i g h and Leccv

Rep licati ons i’r i a i  I and r n i a l  2

b l e t cc - e -en  S u b  j ec  ts

I m a g e  P r a c e s  s i n g  N one  and 1,A I 3 G C

S n u b  j e c t s  . All  s i x t e e n  c - e m l u n t e e  m s u b j e c t s  w e r e ’  m e mi) er s  of ti-ce t e c i n n i c a l

st  e f f  t t  h u g hes  A i r c r a f t  Con’upany .  Al l  s u b j e c t s  eased in t i - ce  expe r i m e n t  had

t e - ’ t, e-d v i  s t ual  a c u i t y  e f  2 0 / 2 0  n c r  i) e t te  r and w e r e  r a n d o m l y a s s i gned  to one

( e f  t in ’- t i c-cm group-s of e i g h t ,
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I -~m cc cedur es , I- acb i  s ubj e c t  a t t em pted t u  d e t ec t  and i d e n t i f y a t a r g et

loca ted  in ti - c e e i g h t  r e a l i s t i c  te r n-~u i n  back g r o u n d s . Each  t r i a l  b e g a n  when

t h e  cx l e e - r i  u n n c ’ - n t e ’  r e u n c e i c - e  red tb-ce phu t og  r a p h and s i m u l t a n e o u s ly s t - c c  r t ed  a

s t e j m  cc- a t ch  Ion r ec ( e  r d i n g  d e t e c t io n  ti t e . Subjects searched the’ sce-ne for

the ’ t a n - g e t  i - c h i c l e  and w h e n  f e i u n d  , p o i n t e -d t e e  i t  and s a i d  ‘ ‘ t h e r e ’’ to i n d i c a t e

a d c -  t e c t i e n n . l i n e ’  cx i c  r i - c - c e ’  n t e ’  r no ted  t ine  t i m e  a rid c c c  r r e c t n e s  s of the

r e sp onse - . It one  rn - i n c i t e  and SO s e c c c n n i s  elapsed iv i thou t  a r e s po n s e  f n ’ e i n i  t he

s u b i e ’c t  , ti-ce e x p e r a n i c - n t c ’ r r eq u e s t e d  a ‘ ‘best  g u e s s ’ as to the -  t a r g e t  l e c a t i o n .

If ti-ce s c i b h - c t  was cu r  r c c t  at t h i s  p o i n t , a d e t e c t i c m n  t in -me  c c l  120 s e c o n d s  was

r e - c o  r d e d .  In a l l  case’ s , i f  tb - ce ’ r e s p e n s e  was i n c o r  r ec t  a m i s s  was r eco  rded .

I ‘ rio r to t i n e  s t a r t  e e l  e - x i a - r  i n - m e n t a l  t r i a l s , the  s u b j e c t  cc-as g i v e n  a

s t a n d a n d iz e d  se - t  i - f  c c - m i t t e n  i n u s t r u c t i e e n s  i c - i i i c h  d e s c r i b e d  ti -ce g e n e r a l  p u r p o s e

of the  expe n i m e n t , the  nat cu  me of ti -ce t a sk , and tb - ce c h a r a c t e r i s t i c s  of ti -c e

t a n - g e t  i m a g es . Ti-ce e x p e r i m e n t e r v e r b al l y r e i t e r a t e d  the  m a j o r  po i n ts  in

the i n s t r u c t io n s  and ansci -e red  q u e s t io n s  posed by the  s ub jec t s . Seve ra l

m i n u t e s  w e r e  p r o v i d e d  t e e a l low the s u b j e c t  to s tud y the v e h i c l e  model s  and

h e c o r n n c  f a m i l i ar  w i t h  t h e i r  f e a t u r e s . l ) u r i n g  t h i s  t i m e  su b j e c t s  w e r e

e n c o u r a g e d  t n examine  the  models  fr o m  s e v e r a l  o r i e n t a t i o n s .  Fo l lowing  the

target familia rization , s e v e n  t r a i n i n g  t r i a l s  cc-cr c g i v e n  tn -c cla n- if y the

p r o c e d u r e s  to he - u s e d .

Flue instructi m ins to the subject c c - I - r e  c a r e f u ll y w o r d e d  in an a t ten’npt  to

m i n i m i z e  ti -ce r e sp o n s e  c r i t er i o n  p r ob l e m  d i s c u s s e d  b y Swet -u  - [‘inner , and

R i  rdsa 1 l~~ . Probabilit y of d etec t i on and ti me t ee d e t ec t  are c l o s e ly  r e la ted

t n i  o n e -  a n o t h er  in t i - cat  a s h e m r t  t i n - c e  can he obta ined by s a c r i f i c i n g  p r o b a b i l i t y

of d e t e c t i o n . O b v e r s e ly ,  a h i g h p r o b a b i l i t y  can  he obta ined at ti -ce cos t  of

t i m e .  S u b j e c t s  w e r e  i n s t r u c t ed  to r e sp e c n d  i f  t hey  w er e  70 p e r c e n t  c e r t a i n

that  the  ecb je c t  cvi  s a t a r g e t .  The in ten t  was for  the p r o b a b i l i t y  of d e t e c t i o n

to h t v - m i n i m u m  v a r i a b i l i t y  so t i n - c e  could he the p r i m ar y  d e p e n d e n t  m e a s u r e .

[‘hi s  r n e t i u o d  e e l  c o n t r o l l i n g  r e s p o n s e  c r i t e r i o n  is ti -much less d e s i r a b l e  a1nd

e - f f e - c t  ive ’ t h an , for exam ple , nus i r ig a f o r c e d - c h o i c e  p r o c e d ur e .  The pr inc  ipeu l

diff iculty lies i n  the  s u bj e c t s i n t e r p r e t a ti o n  of the 70 p er c e n t  i n s t r u c t i o n ,

6 . Swets , J ,  A , , T a n n e r , W , P . , and R i  r d sa l l , 1’ . G . , D e c i s i o n  p r o c e s s e s
in p e r c e p t i o n . P sy cholog ica l  R e v i e w ,  196 1 , 6K , ‘ 1 0 1 - 1 4 0 .
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cc -h i ch  c a n  v a r y  w i d e l y .  As  a r e s u l t  some  sub jec t s  w i l l  s t i l l  he m o re  w i l l i n g
t e e  g n u e ’ —u s e n d  t h e u s  m a c -c-  s h o r te r t i n - c - c e  tee  d e t e c t . A l t h o u g h  not an o p t i m u m
Sc ml u t i n c n  , the ’  i n c i t u s  ion of a c r i t e r i o n  level  in ti -ce i n s t r u c t i o n s  was the  b e s t

t e c h n i q u e  a c - c i l a  hi t ’  i n  ti - c e p r e s e n t  e ’xpe n - i m en t .

R e s u l t s  and [) i sc u s s  ion

[i r ’rue r e q u i r e d  f e r  t a r g e t  d e t e c t i o n  was  the  p r i m ar c . -  p e r f o r m a n c e  m e a s u r e ,
In t h i m s e ’  c a s e s  cvher e  an i n c o r u e c t  d c t e c t i i m n i  was  made , an a r b i t r a ry  d e t e c t i e e n

mac c f  150 s e c o n d s  cvas a s s i g n e d  so ti -cat  ti -ce t i m e  s c o r e s  would r e f l e c t  the
i n f l u e n c e  of i n c e i r r e c t  d e t e c t i e c n s ,

An analy sis of variance was conducted on the detection time data and

a s u m m a ry  i s  g i v en in  Fable  15 . [‘i-ce m a i n  e f f e c t s  of t a r g e t - t o — b a c k g r o u n d
con t ras t , back g round  c o mp l e x i t y  and rep l i c a t i o n s  w e r e  f ou n d  to he s i g n i f i c a n t ,

A ltb-u o u g h ti -ce m a i n  e f f e c t  of LAB G C  p r o c e s s i n g  wa-s  not  s i g n i f i c a n t , a s i g n i f i -

c a n t  t w o_ i .c-ay i n te u’ a c t i c c n  was  e u b t a i n e d  between p r o c e s s i n g  and back g r o u n d

comp lexi ty , and a s i gnif icant ti ’u ree -cvay i n t e r a c t i o n  hetcveen p r o c e s s i n g ,

compl ex i ty  and r e p l i c a t i o ns .  Also  repor ted  in Table 15 is Eta 2
, the  propor-

t i o n  of v a r i a n c e  a c c o u n te d  f - m r  by e a c i u  e f f e c t , c a l c u l a t e d  as the  s u m - o f -

s q u a n-e s  f o r  t ine e f f e c t  d i v i d e d  hi- ti-c e tota l  s u m - o f— s q u a r e s .
The n-ia in n - l I e - c t  of  b a c k g r o und sceni c comp l e x i t y  is  shocc-n in Fi g u r e  3 1

As  was  e - x p e - c t e - d  , based on p r c ’v i o u s  f i n d i n g s  ( S c a n l a n ) ~
5
~ t h i s  p a r a m e t e r

a i ) }) e a r e d  to he a po ten t  d et a ’ r m in a n t  of p e n - I n  r rruance . A v e r a g e  d e t e c t i o n  t i n - c - c e
cc - i th  low comp lexi [v b a c k g r o u n d s  cc -as ~4 - S seconds  cc-h - mi le  cc - i t h  h i g h compl e x i t y
b ac k g r o u n d s  ti -ce a v e r a g e -  t i m e  i n c r e e s e d  b y a f ac to r of 1 , K to o7 , 1 seconds.

[b - m i s  e - f f e c t  was r e l i ab l e  beyond  ti -ce 0 . 01 1cc-el of s i g n i f i c a n c e  c c -b i ich  means

t h at a ni i f fe  r e n c e  t h i s  l a r g e -  would  he e x p e c t en i  to o c c n n r  by cbiance  l e s s  ti -can
once  in a inund  n e-d r e p l i c a t i o n s  of ti -c e ex p e r i r n e’nt . It a l so  a c c o u n t e d  f o r

.00  p e r c e n t  of t i - ce  v a r i a n c e  in ti - me e xp e r i m e n t .

W i t i n  the p a r t i c u l a r  LA i I (  C al go r i t h m  examined , no r e l i a b l e  m a i n  e f fe c t
of LA I I G C  p r o c e s s i n g  cc-as fo und cs  is shocv n in  h- ’i g u r e  32 , l) e t ec t ion  t i n - m e
i n c r e a s e d  f rom 72 .8 sec o n d s  w i t h  t in e u n p r o c e s s e d  tee  7K 8 seconds w i t h
the  processed scenes.

One r e , e s o n  f o r  t h i s  l a c k  of a s i g n i f i c a n t  m a i n  e f f e c t  is e c - i d e n t  f r o m  the

plot e e l  t ine  s i g n i f i c a n t  i n t e -  r a c t i c c n  i) etwe( ’n ~~~~~~~~ in g  and back ground  c o r n —

pe -x  it y  shown in Fi gure 33 . In t i ne  low cecn ip l e x i t y  c o n d i t i o n  1,A I I G C  p r o c e s s in g

ir n p r o v e e -i p e r f o r m a n c e , r e d u c i n g  d e - t e ’ c t i o n  t i m e  by a f a c t o r  of 1 . 5;
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l A b I L E  15 , S U M N I A R Y  OF ANALYSIS  OF V A R I A N C E  OF DETEC’r ION
F I M E  FOR T A R G E T  DETECTION S T U D Y

- - .  - 2
-“ ource SS dl F p Eta

LA 1IGC P r o c e s s i ng  ( 1 ’ )  1157 .4 1 0 . 43 NS 0 . 001

S ub j e c t s  ( 5 ) / P  37995 .9  14

B a c k groun d 8092 .9  1 14 . 36 0 , 01 0 . 09
( e e m p l e xi ty  ( B )

i lxF ’ 2629 8 , 4 1 6 . 50 0 , 05 0 . 04

BxS / l’ 56644 , 9 14

T a rg e t - t o -B a c k -  2 2 2 7 3 . 7 1 7 . 25 0 , 05 0 . 03
g r o u n d  C o n t r a s t  (C ’)

CxP 1898 , 0 1 0 , 62 NS 0 , 003

Cx S/ P  430 17 ,8 14

R ep l i c a t i o n s  ( R )  43604 .6 1 7 .54 0 . 05 0 . 07

R xP 1 6 0 1 3 . 9  1 2 . 77 NS 0 . 02

R x S/P  80945 . 5 14

BxC 14035 . 1 1 3 . 14 NS 0 . 02

RxCxP 6653 .7 1 1.49 NS 0.01

h lxC x S/P  6 2 5 2 1 . 9  1 4

I3xR 3704 . 2 1 1 . 42 NS 0 , 0 1

Bx R x P  2 1 7 4 8 . 3 1 8 . 31 0 . 05 0 . 03

Bx R x S/P  36643 . 1 14

CxR 2405 . 7 1 0 . 79 N5 0 . 003

C xR xP 1 1 0 3 . 6 1 0 , 36 NS 0 . 0 0 1

C xR xS/ P  4 2 4 5 3 . 5 14

llxC xR 1203 . 9 2  1 0 . 6 4  NS 0 . 0 0 1

h3x CxR xP 19 5 9 . 2 1 1 .05 NS 0 .0 03

Bx C x R x S/ P  2 6 2 4 7 . 5 14

he ewever , i n th e hi gh complex i ty  c o n d i t i o n , LABGC p r o c e s s i n g  d e g r a d e d

per formance  to approximatel y the same extent . in the computation of the

m a i n  e f fec t  of p r o c e s s i n g , de tec t ion  t imes  are averaged  ac ros s  back g r ound
cond i t i ons  and p r o c e s s i n g  overall  has a neg li g ible e f f e c t .

It i s l ik e ly that the performance improvement o b s e r v e d  with LAB G C

in the low comp lex i ty  s i tua t ion  was a result  of ti -ce i n c r e a s e  in t a rge t - to -

ba c kground cont ras t  produ c’~d by the p r o c e s s i n g.  In the h ig h comp lexity
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Fi g u r e  33 . E f f e c t s  of p r oc e s s i n g  and
compl e x i t y  on d e t e c t i o n  t ime .

s i t u a t i o n , however , it appea r s  that  LABG C p r o c e s s i n g  e n h a n c e d  back gr o u n d

n o n - t a r g e t  ob jec t s  as well  as t a r g e t s , t h e r e by cr e a t i n g  a d d i t i o n a l  c l u t te r

ob jec t s  w h i c h  comp l ica ted  the sea rch  component of ti -ce task .

The n-cain e f f e C t  of c o n t r a s t  on t a r g e t  d e t e - c t i o n  t in - ce -  is shown in Fi g u r e

34 , This e f f e c t  was re l i ab le ’  beyond  the- 0. 05 level  of si gn i f icanc e and

accounte d for  3 . 00 pe r c e n t  of the- total  e - x p c - r i r r u e -n ta l  v a r i a n c e ’ . I )e ’tc’ction

time - dc-c r c ’ase - d  b y a facto r of 1 . 4 under hi g h c o n t r a s t  condit ions . This

r e - su l t  is not  u n r e a s o n a b l e -  as l u m i n a n c e-  d i f f e r e n c e  b et w e e n  a tar get and its

i rnm e- d ia te -  back ground is u n d oubte-dl y a cue to a t a rge t  locat ed in rea l i s t ic

t e r r a i n ,

I t had be en an t ic i pated that LABGC p r o c e s s i n g  would i n c r e a s e  pe r fo rmance

to a g r e a t e r  extent  with or i g inal low c o n t r a s t  th an ori g in a l hi gh contrast

t a r e ’,j e - t  s , thereb y ~ ic ’in g  r i  q~ •o ~n in teraction between contrast and proc e s s i nc~
as s h o w n  in F ’i gu r e  35 . ‘[he- f a c t  t h a t  t h i s  i n t e r a c t i o n  d id  not a t t a i n  s t a t i s t i c a l

si bni f iLance  i n dica teb  tha t , in t h u s  s i t u u a t i o n , L A B U C  p r o c e s s i n g  continued
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TARGET-TO-BACKGROUND CONTRAST T A R G E T T O BAC KG ROUND C O N T HA ST

i ’ i g e n r e  34.  E t l e c t  on contrast on Fi gure 35 , E xp e c t e d  c o n t r a st
detection time , e n h a nc e m e n t  r e - s u i t .

to aid p e r f o r m a n c e  c -y e n  u n d e r  t i - m u s e  c o n d i t i o n s  w h er e  t h e  o r i g i n a l  t a rg e t  - t c m  -

h a u k g round  c ont ras t  was  r e l a t i ve l y hi g h .

R E A L -  l I M E  L A B G C  i - V A L U A T I O N

R e s u l t s  ir o r n  the previousl y described sub  j P u t i \  e- “ v a l u a t i o n s  and t a rg e t
det e  t i o n  stud y p r o v id e d  som e- indication that 1 , A b ~~~~ ’ p r o c e s s i ng  mi g h t
i m p m e e \ - e ’  ope r a tor  t a s k  pe r f o r n anc- e u n d e r  sp e c  j fh  ond i t i on s. For examp le ,

the f i r s t  sub  c-c  t i v e ’  e v a i n n a t i o n  i n d i c a t e d  a p o t e n t i a l  f o r  pe r i o rr n a nce  i n - cp r o v e  -
rnent  in r e - n  o g n i t i o n  and i d e n t i f i  a t i o r u  t a s k s  w i t h  [‘V s e n s o r  data , wh i le  the
q e u a n t i t i v e  t a r g e t  d e t e c t i o n  stud y i n d i  a ted  s e a r c h  and d e t e c t i o n  t i m e s
d e -  m easc ’d  w i t h  L AB G (  p r o c  e s s i ng  t o r  ta -t i ca l ta rgets  in low c-on -u p l e x i t y
b a c k g r o u n d . These results appea r ed  s u f f i c i e n t l y p r o m i s i n g  to j u s t  i t y  the

o n s t r e u e  t i e e n  of a r e a l  - t in -n e ha r d w a r e  p r o c  e-ssor . F i gure ~6 is representa -

t i v e  of a n u m h e  r m e t  Sc  eru e s L A BGC p r o c e s s e d  in re a l  - t i m e  and p re s en t ed  on
a C R 1  m o n i t o r .
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An e v a l u a t i o n  of  the  r ea l  - t i m e  ha r d w a re  p r oc e s  s o r  w a s  ond u ted f o r

s e ve r a l  r e a s o n s . F i  i-s t . it w a s  d e s i r e d  to a s s e s s  the  a l i d i t y  of t he  r e s u l t s

o bt a in e d  in the  p r e v i o u s  e v a l u a t i o n s , a l l  of w h i c h  had u t i l i z e d  c omp u t e  r

s i n  u l a t e d  l , A i 5 ~GC p r u  es s i n g  w i t h  its i nh e ren t  l i m i t a t i o n s  , whi h p r e v e n t

e \ a ( t  d up l i c a t i o n  of r e a l  - t im e  p r o ce s  ses .  born e of t h e s e  l i m i t a t i o n s  h a \  (-

h e en  m e n t i o n e d  1r e v i o u s l y and the  p o s s i b i l i t y  of t h e i r  i n f l u e n c e s  on p e r  -

t u r r n a n ce  a re  s u p p o r t e d  b y a c o m p a ri s o n  of the r e s u l t s  of the L AB G (  t a r g e t
( 5 )

d s - t e  t i o n  s tud y and  a s i m i l a r  s tud y ft~c a n l an ) .  . B oth s t ud i e s  u sed  the

s a n~ e in~~i~~e sce n e s ;  h o w ev e r , in  t he  y c a n l a n  s tud y ,  the t r a n s p a r e n c i e s  ore

r c a r - p r oj e ( t t - d , w h i l e  i n  t h e  L A B C (  s tud y ,  the  t r an s p a r e n c i e s  w e re  d i g i t i z e d

an d  s .  an n ed  on to  l i l n ~ . The s u b j e c t  t a s k  and p r o c e d u r e s emp loyed  in  the

tw st u d  I s w e re  i d e n t i (  a l .  The ny c  r a I l  a v e r ag e  d e t e c t i o n  t im e  o b t a i n e d

w i t h  t h e  on~pa r ab l e  u np r o  e s sod ) ompu te  r d i g i t i z e d  and s c a n n e d  i m a g e s

v~ t 5  ( f l  t 1~~ o r d e r  ot  t o u r  t i m e s  ~ r e 5 t t e  r t han  tha t  o b t a i n e d  w i t h  the  r e a r  -

p r o l e (  ted t r a n s p a r e n c i e s .  A d i t t o  r en  e of t h i s  m a g n i t u d e  canno t  be

r e c o n c i l e d  sole lv  on the b a s i s  of image  q u an t i z a t i o n  and some o the r

exp l a n a t i o n  m u s t  be e xp lored . One pus  s i b i l i t y is that  c h a r a~ to r i s t i c s  of

t h e  im a g e  w e r e  somehow a l t e r e d  in  t he  i omp u t e r  image  g e n e r a t i o n  p r o c e s s .

~-)u ( h p o s s ib i l i t i e s  ( a n  be e l i m i n a t e d  b y an e v a l u a t i o n  u s i n g  the  real  - t i m e

ha r dw a  re .

A d d i t i o n a l  e v a l u a t i o n  of LA B G C  p r o (  e s s i ng  w as  d e s i r a b l e  I rum a n o t h e r

s t a n d p o i n t . A l l  of the p r e v i o u s  e v a l u a t i o n s  had  looked  at e’~t r e m e l y l im i t e d

im ui e ry s amp les  - It was  a n t i c i pa ted  t h a t  p o t e n t i a l  a r e a s  of app l i c a t i o n

f o r  L A U G C  mi g ht have  been  m i s s e d  d u e  to t h i s  r e s t r i c t i o n . B e c a u s e  p r e v i o u s

a l u a ti o n  i n d i c a t e d  p e r f o r m a n c e  i m p rov e m e n t  w o u l d  be m o s t  l i k e l y wi t h  TV

i nI a L ~e ry ,  it was  d e c i d e d  to i n v e s t i gate  a w i d e  v a r i e t y  of FV i m a g e s  on the

r e a l - t i me  h a r d w a r e .

F u r  a n y  g i v e n  image , p e r f o r m a n ce  i m p r o v e m e n t  wi th  L AB G (  p r o c e s s i n g

an be a s s e s s e d  w i t h  r e s p e c t  to a long  l i s t of p o t e n t i a l  b r i e t i n g  c o n d i t i o n s

and m i s s i o n  t a s k s , i n c l u d i n g  s e a r(  h , d e t e c t i o n , re o g n i t i o n , i d o n t i t i c a t i o n ,

i n t e l l i g e n c e  e x t r a c t i o n , d e s i g n a t i o n , and n a v i ga t ion . H o w e ve r , t a k i n g  in to

PAGZ B 1 ~~,~~~1 .MgD
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a c c o u n t  the b eh a v i o r a l  c o mp o nen t s  of the d i f f e r e n t  m i s s i o n  t a sk s  and b r i e f i ng

c o n d i t i o n s , i t  s p o s s i b l e  to d e f i n e  a sma l l  n u m ber  of t a sk s  which  en c o mp a s s

the i m p o r t a n t  b eh a v i o r a l  c o mp on e n t s  of the othe r t a s k s .
I h - r~ a r e  t h r e e  i d en t i f i a b le  b e h a v i o r a l  c o mp o ne n t s , one  or  all  of which

ar c  con  n o n  to the v a r i o u s  t a sks . The f i r s t  i n v o l ve s  the p e r cep t i o n  b y the

o b s e r v e r  of r e l a t iv e l y g r o s s  t a r g e t  c h a r a c t e r i s t i c s  such  as c o n t r a s t , s i z e ,

and gen e r a l  shape . The second  i n v o l ves  the det ec t ion  of m o r e  sub t l e  t a r g e t

f . a t u r t - s  such  as f i ne  o u t l i n e  deta i l s  and i n t e r n a l  modu la t i ons . The  t h i r d

i n v o l v e s  the p e r c ep t i o n  of c o n t e x t u a l  i n f o r m a t i o n , w h e t h e r  it c o n s i s t s  of

n a n — m a d ~ - o b j e c t s  or n a t u r a l  t e r r a i n  fe a t u r e s , For e x amp le , a t a r g e t - o f -

op p o r t u n i ty  se a r c h  t a s k  wou ld  i n v o l v e  p r i m a r i ly the p e r c ep tion of g r os s

f e a t u r e s , b e c a u s e  the s e a r c h  p r o ce s s  c o n s i s t s  of a s e r i e s  of eye  f i x a t i o n s

w h i c h  h a v e  b k - e n  shown to be at  l eas t  par t i a l ly d i r e c ted  b y the n a t u r e  of

p0 r i ph e r a l lv  p r o c e s s e d  v isual  i n f o r m a t i o n  ( R o b so n ) ~
6
~ T a r ge t de tec t ion ,

r e c o g n i tion , ide n t i f i c a t i o n , and in tell i gence  ex t r ac t ion , on the othe r hand ,
all  in v o l v - a hi g her  l e v e l  of decis ion making  based on repea ted  ey e  f ix a t i o n s

( R O b S O f l ) n t  
an d  a r e  s u b s u m e d  u n d e r  c o mp o n e n t  t w o . F i n a l l y ,  a p r e - b r i e f e d

t a rg et  a c q u i s i t i o n  task  or a n a v i gat i o n  task would  p r e s u m a b ly be m o r e

( i ep e f l ( I e f l t  upon c omp o ne n t  t h r e e , b e c a u s e  in such  ca se s  p e r c ep t i o n  of the

t I r r a i n  is e s s e n t i a l .

in the p r e s e n t  eva lua t ion  th ree  op er a t i o n a l l y d e f i n e d  m i s s i o n  t a s k s :

s e a r c h  and d e t e c t i o n , r e c o g n i t i o n , and i d e n t i f i c at i o n ;  and two b r i e f i n g

c o n d i t i o n s :  p r e -b r i e f e d  and t a rg e t - o f - op p o r t u n i ty ,  w er e  e x a m i n e d. B e c a u s e

the se  p a r a m e ter s , taken  -i~n c o m b i n a t i o n , i n c o rp o r a t e  the t h r e e  b e h a v i o r a l

c o mp o n e n t s  d i s c u s s e d  above , the r e s u l t s  obtained a r e  gen er a l iz a b l e  to ot h e r

speci fic m i s s i o n  tasks which can also be def ined  in t e r m s  of these  s a m e

componen t s.

Method

A pproximate ly ~ () r ea l - t ime LABGC p roces sed  TV images  w e r e  sub-

j ’ c t ivel y c o m p a red  with the i r  di g i t i zed  but u n p r o c e s s e d  c o u n t e rp a r t s  to
( -va lua t e  the potent ia l  impac t  of LABGC p r o c e s s ing fo r  the p e r f o r m a n c e  of

7. Rob son , J. G , , R e c e p t i v e  f i e lds :  n eu r a l  r ep r e s en t a t i o n  of the spat ia l
and intensive a t t r ibu tes  of the v isua l  irn agt - . In E . C . C a r tr r e t t e  and
M. P. F r i e d m an (Eds . )  Handbook of p ercept ion .  N ew Y o r k :  Academic
Press , 1975 , R l — 1 1 6 .
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t h r e e  I ) ) k  r a t i o n al  t a s k s :  t a r g e t  s e a r c h  and d e t e c t i o n , r e c o g n i t i o n , and

I i  s s i t i  c a t i o n ,  It shou ld  be noted t ha t  no a p p a r e n t  d i f f e r e n c e  in q u a l i t y was

o b s e r v e d  b e t w e e n  the  d i g i t i z e d  u np r o c e s s e d  and the  a n a l o g  i m age s .  The

t - n e s  dep i c t e d  hi g h and low c o n t r a s t , s m a l l  - m ob i l e  and l a rg e  - f i - - :od t a r g e t s

• ( L ~a in s t  h i i~h and low c l u t t e r  b a c k g r o u nd s .  V a r i o u s  t a r g e t  r a n g e s  and s e n s o r

i e l d ~ -of  - v i e w  w e r e  a l s o  r epr e s e n t e d .

T a s k s

Op e r a t i o n a l  d e f i n i t i o n s  of the t h r ee  op e r a t o r  t asks  w e re  Sp e c i f ie d . It

w a s  r e c o g n i z e d  tha t  u n der  some c o n d i t i o n s  d e t e c t i o n , r e c o g n i t i o n , and

i d e n t i f i c a t i o n  may  o c c u r  a lmos t  s i m u l t a n e o u s ly ;  the d e f i n i t i o n s  n ev e rt h e l e s s

p r o v e d  u s e f u l  f o r  d i r e c t i ng  a t te n t i o n  to sp e c i f i c  t a r g e t  and s cene  c h a r a c ter i s t i c s

w h i c h  w e r e  l ik  lv to imp a c t  p e r f o r m a n c e  in the t h r ee  s i t u a t i o n s .

Sea r c h  and D e t e c t i o n .  A l t h o ug h s e a r c h  and de tec t ion  a r e  typ icall y

c o n s i d e r e d  t o g e t her  as c o r o l l a ry  p r o ce s s e s , t h e re  a r e  some  i mp o r t a n t

d i f f e r e n c e s  in the b e h a v i o r a l  c o mp o n e nt s  of the two t a sks .  The s e a r c h

p r o ce s s  c o n s i s t s  of a s e r ie s  of m o r e  or  l e ss r a n d o m  eye f i x a t i o n s , d r i ven

b y g r o s s  scen e  and t a r g e t  c h a r a c t e r i s t i c s  such as c o n t r a s t , ob jec t  s i ze  and

g - - ~e ra l  shape , w h i c h  p r e c e d e  the l o c a l i z e d  ev e  f i x a t i o n s  and d e c i s i o n  p r o c e s s -s

i n v o l v e d  in det e c t i o n . T e c h n i c a l l y  d e te c t i o n  was  d e f i n e d  as o c car r i ng  when

an o b s e r v e r  c o r re c t l y i n d i c a t e d  tha t  a t a r g e t  ob j ec t  e x i s t e d  in the  f i e l d - o f —

\ i s V .

R c ~~~~n i t i o n . R e c o g n i t i o n  o c c u r r e d  w h e n  an o b s e r ve r  c o r r e c t ly  ind ica ted

to wh ich  c l a s s  the det e c t e d  o bj e c t  b e l o n g e d ;  fo r  ex a m p le , t r u c k , tank or

A PC .

I d en t i f i c a t i o n .  Id en t i f i c a t i o n  o c c u r r e d  when an o b s e r v e r  c o r rec t l y

i n d i c a t e d  t o  which  s u b - c l a s s  the r e c o g n i z e d  i m a g e  b e l o n g e d ;  f o r  e x a m ple ,

2 - 1 / 2  ton t r u c k  or M - 6 0  tank ,

A p p a r a t u s

A Colorado  V i d eo  c a m e r a  and 5 2 5 - l i n e  C R T  s i m u l a t e d  a r e l a t i v e ly

nois - f r e e  (2 5  db)  t e l ev i s i o n  s e n s o r  sy s t em . LABGC p r o c e s s i n g  was
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a ct  u nip l i s he d  w i t h  a real  - t ime  h a r dw a r e  p r o c e s s o r  d e s i gned to ope ra te  on
sta nda rd  52 5  in te r laced  TV video . Loca l image br i g h tness  and loca l  con-
t r a s t  w e r e  m e a s u r e d  over  a 4 - p ixe l  b y Z - l i n e  s l i d i n g  wind ow : howeve r ,
b e c a u s e  of th e in te r l a c e , the 2 l ines  of one f ie ld  and the 2 l i nes  of the second
f ie ld  combine  to y ield 4 l ines per f r a m e , Imp lementa t ion of a t r u e  4 x 4
window was decided aga ins t  because  of the large amount of m e m o ry
w hich would be r e q u i red  to s tore  an en t i re  field of video i n f o r m a t io n ,
The cen t er  e lement , to which br i gh tness  and gain a d j u s t m e n t s  w e re  app lied ,
was  loca ted  within the window as shown below:

j = 4

i = 2 ~~ I P~’~I I
In o r d e r  to provide  max imum cont ras t  enhancement  in a reas  of or ig inall y

low modulat ion , the LABGC alg o r i t h m  r equired local app lication of gain in
i n v e r s e  propor t ion to ori ginal local contrast .  Two methods for  de te rmining
local con t ra st  w e r e  irnplem( ’nt t - d  in the h a r d w a r e , one involved calculat ion
of the window bri g htness range , the othe r dete rmina t ion  of the pix el dif f e re n ce
wit hin the window ,

For r e la t ive ly n o i s e f r e e  s i tuat ions , an adeq uate m e a s u re  of the local
c o n t r a s t  within the window was de ter mined  by calculating the br igh tness
range  (B max - B m m )  and then multi ply ing the range value by a co n s tan t
to approximate  the s tandard deviation , This constant  is 0. 402 fo r  a window
Size  of 4 by 2 .

If the range is used as a m e a s u r e  of local cont ras t  in a hi gh noise s i tuat ion ,
however , con t ras t  enhancement is usually neg lig ible . Because  noise  pixe ls
typ ically have ex t reme br i ghtness  values and because each noise  pixel occurs
as an e lement  in four  windows , l a r g e  range  va lues  r e su l t  and m i n i m u m  ga in
is app lied .

For high noise si tuat ions , calculation of the di f fe rence  between the
c e n t e r  e l emen t  b r i gh t n e s s  and the mean window b r i g h t n e s s  c o n s t i tu t e s  a
m o r e  appropr ia te  m e a s u r e  of local  c o n t r a s t , The ca l cu l a t ion  of the window

mean is less øensi t ive  to the noise  pixel bri ghtness and the p ixel d i f f e r ence
value will  be smal ler  than the range value , resul t ing  in more  gain  being app lied .
Fur the r , the value of the pixel d i f f e rence  will be the g rea te s t  when the noise
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is t h e  s - enter e lem ent , t h u s  a~~oi dI n g the app li cation of a h i c h  g a i n  t o  t h e

noise -lenient.

S -vi ral gai n f u n c t i o n s  which  d i f f e - r t - d  in shape and ni~t x  i m t i r i  v a l u e  w e r e

p r o g r a m me d using l’RONIs , and are shown in Fi gu r e  37 . A table look — up

proc -dur &- ~‘ as used  to obtain a gain value corresponding to the ps -11 (10-

s t a n d a rd  d e v i a t i o n  b a s e d  on the range or pixel diff t- renc - input t t b  ~
To k e ep  p r o ce s s e d  pixe l s  f r o m  e x c e e d i ng  the bounds  of n a n i n  in  b l a c k

an d  f l i a x i f l h l a f l i  w h i t e , a b r i g h t n e s s  bias was inip lern ent e-d . i f  t h e  c e n t e r  k - l e n i e n t .
a f t - i- app l i c a t i o n  of the g a i n , w a s  w i t h i n  the dy n a m i c  r a n g e  of the  p r o c e s s o r ,
the bias was  z e r o , If the c e n t e r  e l e m e n t  would  have  be -n l e s s  than n~in i niun i

b l a c k , the f o l l o w i n g  b i a s  w a s  ( - a l t  u l a t e d :

L3
~ 

mm ( NI ,SI)) C; — Ni ,

That i s , the smalle r of the m -an (NI ) or pseudo-standard deviation (SD) was

m-ilti pli&-d by th- gain (G t , and the m ean was subtract ed from the result .

If th center e l e m e n t  wou ld  have - exceeded maximum white a bias was calcu-

lated as follows:

[3
7 = t 3— N1 — n i in (63—N I , SI)) G

For the e~ - h i t  v i d e o  emp loyed , z e r o  w a s  equivalent to fliinifiiufli l)lack and 63

t i nia\iii urn white . Either the maxinb uni white minus the mean or the pseudo-

standard devi s ti in , whi chever w a s  smn alle r , was multi p li ed b y the gain value
and the result subtracted from the m a x i m u m  whi te  m i n u s  the mean .

Mathematicall y the value of the ( en te r  w i n d o w  e l e m e n t  was  d e t e r m i n e d
b y t he  followin g formula:

V a l u e  of cente r element 
= ( V  M) G )SD )  ~ NI + Bof e n h a n c e d  v i d e o

th a t  is , the  new v a l u e  of the c e n t e r  w i n d ow e l e m e n t  ( V )  was  d e t e r m i n e d  b y

s u b t r a c t i n g  the m e a n  wind ow b r i g h tne s s  v a l u e  (Ni ) f r o m  the ori g ina l b r i g h t n e s s
of t he c e n t e r  e l emen t  ( V t , m u l t i p l y ing  t he r e s u l t i n g  v a l u e  by a g a i n  v a l u e
G(S D I , and t h en ad d i ng back  the v ideo  mean (NI ) and a b r i g h t n e s s  b i a s  (13 )
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wh e - r e  a pp l i cab i  - . .- \ s p r e v  i o e e s l v  ( I - - S c  r i h e - d , the -  v a l u e -  of the g a i n  was  cl - t i -  r m i n e - d
by t h -  g a i n  f u n c t i o n  and  t h e -  ps - e e c l o —  s t anda  i-cl cli- v i a t i o n ,

b a s e d  on a p r e - l i n i m n a  rv  e - x a  n b i n a t i o n , a s i ng l e -  LA BGC p r o c e s s i n g  f u n c t i o n

w a s  s~~1e - c t & - d  a s  p r o v i d i n g  the- b e - s t  e - n h a n c e - n i e n t  a c r o s s  al l  of the-  i n i a g e - r y  and
t o sks  of i n t e r - s t . Th i s  al g o r i t h m , e mp l o y e d  d u r i ng  the - subs - q u i n t  t a s k

-v al i o t  in , u t i l e  z e -d  t h e -  r a n g e -  as  a n e -a s  u r e  of local c o n t r a st  and emp loyed

a l t ’ / 4 . 7-3 g a i n  f u n c t i o n , w h e r e b y the m a x i m u m  ga in  app l ied w a s  4 . 75 and

t l i -  g a i n  v a l u e - d r o p p e d to 1 , 0 when  the calc i l a t e - d  w indow p s e - u d o — s t a n d a r d

d e - ~ i a t i e i n  r e a -  l i ed  I : . I ) ) )  ( s e - c  I - i gu r e  3 e ( ,  A s i n g l e -  a l g o r i t hm  is d e s i r a b l e

a i i ~~e it  d i e s  n i t  r e - i u i  c-c the  d i s p lay  ope r a t o r  to s w i t c h  th r o u g h  s e v e r a l

n m  t i o n s  i n  an pc r a t i o n a l  e n v i r ( i n n h e — n t .

R e s I l t s  and  D i s c u s s i o n

S e a r c h  and D e t e c t i o n

Search can he define-d as the observational p roc ess by wh ich  an o b s e r v e r

conie s  to loca te  or d c - t i - c t  an  o bj e - c t  of i n t e r e s t , T h e -  s e a r c h  s t r a t egy  emp l oy e d
by an op e r a t o r in any  g iven  s i t u a t i o n  is i n f l u en c e d  to a g r e - a t  e x t e nt  b y the- p r i o r

b r i e f i n g  i n f o r m a t i o n  h has c o n c e rn i n g  both the n a t u r - of h is  t a r g e t  and its
l o c a ti on . At  O n e -  e x t  r i - n i t -  he- m ay  r e c e i v e  f e w  i n s t r u c t i o n s  othe r than to

a c q u i r e -  a l l  t a r g e t s  of t a c t i c a l  si g n i f i c a n c e -  in a p r e s c r i b e d a r i a . On the  o t her ,
h may  be-  s u p p l ied  w i t h  hi g h q u a l i t y  r e c o n n a i s s a n ce -  ph o t o g r ap hs , i h e - i n ip li-
c a t i o n s  of LAB C (T p r o ce s  s ing unde r t h e s e  two e - x t r e - n i e s  of b r i e f i ng  c o n d i t i o n
l e e r  a se - a r c h  a n d  de t e c t i o n  t a sk  w i l l  be d i s c u s  se - d  st -p d  r a t - l v  b - ~~iw ,

T a rg e t  of Oppo r t u n i t y

T\ p ica l l y t h -  obj e-c t s  of i n t e - r e s t  in a t a r g e t  of o p p o r t u n i t y s i t u a t i o n  a r e
s e c i a l l  i i ~ i , b i l e -  t a r g -ts . D u r i n g  the -  i n i t i a l  s e - a r c h  p r o c e s s , c - y e -  f i x a t i o n s  a r e
i n f l u e n c e d  b y s uch  g r o s s  c h a r a c t e - r i s t i cs  as o bj e - c t  s i z e - , con t r a st , and pe rhaps
g lobal  shape - . In orcl e -r  f o r  a de - t - c t i o n  d e c i s i o n  to o c c u r , howe v e r , t a r g e t s
m u s t  be d i s t i n g u i s he d  no t  onl y f r o m  t h e - j r  back g r o u n d s  but  a l so  f r o m  othe-r

n o n — t a  r g i -t c l u t t e r  o b j e c t s . To the c-x t e -n t  tha t d e t e c t i o n  of a t a r g e -t r e q u i r e s

d i s c r i m i n a t i o n  to shape d i f f e r e n c e -  h e ’twe- e-n  the- t a r g e - t  and c l u t t e r  o b j e c t s ,
So m e -  1 e v - I  of r e c o g n i t i o n  m ay  b e -  i m p l ied  in the -  u s e -  of the -  t e rm  detec t ion .

( 3 1 )
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L r i - s u n i a b l \ -  t h e -  d e c i s i o n  tha t th is m ay  h i - ’ o r  this is a targ -t is based

upon t b -  o b s e - r \ a t i o n  of nm o r  a l l  of  th i~~ e - o b j e c t  c h a r a c t e r i s t i c s  b y the-

i s t )  i~~~i t i e r :

1 )  the - e x t e r n a l  o u t l i n e -  f c - a t e i r i - s  o r  s l n e p - — s i g n o t i e r e -  of t h e -  o b j et .

(
~~

) t b -  d e n s i t y  o r  t - - t e i r , e l  d i f f e - r e - n c e s  be- ) ’’ :  c -n t he  obj et  and  its
Sn r r o c en d i n g s  , and

1i )  t h e  i n t e r n a l  s h ap e -  e l i -S ( i n t e r n a l  n~o d e i 1 a t i o n s  ) of the o b j e c t .

l . - \ I ~ ( T (  p r o c  e - s s i n c  a t f e ’ e i s  e a c h  of t h e - -- , -  e l i t e - e l  c l i ; e r a - t e - r i s t i e s , t h u s

n i t  - n t i u i lv  a i f e - c t i n g  s e - a r c h  and d c - t i c t i on  p e r  fo e- i - i anc- e , l1u~t - e -  ye  r , the -  n a t u r e -

of t h i s  e - t li - c t  , and the  - u s e -  f u ln -s s of a ny  a c ldi t  i o n a l  i n fo  r n i a t i o n  p r o v i d e - d  by

LAB(  ;( - p ro e  c - s  s i n g ,  app  -a -s t I ci - p c - n d  on s i - y r al f a c t o r s , i n c l u d i n g  ta r g e - t

and  s h ap e - , o r i g ina l  t~e rg  i t —  t i  — h a t  kg round e ontiast and background

e m

-l he - an  i i nt  of u s c -able  i n t i c - n e t t i o n  a v a i l a b l e - w i t h  L A I t G C  pr oc - s s e - d

l i h I - e g -  r v  V. a S ohs  d to vii r v  v i th the  s i z - of the ta r g m -t . I m a g e -s dc- p i c t i n g

ta  r~~e- t v e -hic  i c - s  su c h  as t a n k s , t i - n e -k s  ~e n i 1  A I 1C s , a g a i n s t  both p la in  and

r e a l i s t i c  b a c k g r o u n d s , \ e e - r e - \ i \ ’ . ~-d . l iv  n o o n S  of a r i i anu a i  zoom c o n t r o l ,
ta r g e t  s i z e  w a s  If i l l i  ni p c i l a t e d  ft r o ug h a w i d e ’  r a n g e -  . In g e ne ra I , wh e n  the

t ; e  i - g e t s  c e e r e  s m a l l , and  t h i n s  s u b te n d e d  o n l y  a : e - w  i- e s t e r  l i n e s , l i t t l e  i n t e r -

na l  n - e i d u h e t i i e n s  w a s  p r e s e nt  i n  e i t h e - r  t h e -  e n l e a n e  ed o r  e i n en h a n c ed mod e d u e

t o  se n s o r  e -an ip l i n e  l i n - c t . e t n e n s .  In  s u e - h  u s e - s  p r o c  - s s i i i g  s i mp l y i n c r ea sed

t h -  lci n ii nan e-  ( l i s p a r i t y  l i e - N e c - c - n  t he  t o  i - g e - )  ari d i t ~~ s u r r o u n d i n g s .

B e e  a c i s e - tb I ~-\ B( ( g i l  in function a pplied is m v -  I’S - l v  p r o p c )  i ’t ional  to the-

h r i e h t n - -s S e - a n g e -  in t b  w i n d o w , th~- hi g h e r  t h -  o r i g i n a l  target —t o—b ack ground

c o n t n a s ~~. t h e -  l a s s  t h -  - f f i - c t . - l h e -  p r a  t i c al impact ,f t h i  i s  i n c r e a s e d  ta r g e - t — t o —

t~ac vg r o u n d  e a n t  c- a st  on ope - i o t a  r to r g  - t  s - a  r ch  a n s i  de tection pe rformance-

app -a c- s t e e  d e - p e n e l  On t v >  additional fac tors: targ -t shape- si gn ate it -- and

hoc kg round clutte ’ r

F o r  a t a r g e - t  l u  a t e - d  in a low c l u t t - r  a r e - Ce , i t s lu n i i n a n c  c - a l one -  was

Son - t i l l -s s u f f i c i e n t  to i d e n t i f y i t  as an obi  ct of i~~t e - r e - s t  and  LAB GC pro-

c e s s i ng  i nc r - - e s - ci t h e -  t a r g e t — t o — b a c k gr o u n d  c e ) n t i - - ls t , Fo r  t a r g e t s  ~e i t h
un i q i -  sh a p e  c h a r a c t e r i s t i c s , s u c h  as p r o t r u d i n g  g u n s  and c r a n e s , the

c o n t r a s t  e n h a n c e me nt  e f t e n  b r o u g ht o u t  t h i i - s e  fe a t u r e s wh ich  r - n e a i n e d  i n v i s i b l e -

i n  t l i e ’  i i  c he  n h an  e ce-I i m a g e -  , tin- re-b y pr iv id ing an aid to I a rget  d etc cti  d)fl ( s e e

1- i g u r e  ~~~~ I .
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W h e r e  b a ck g r o u n d  c h i t t e r  w a s  h i g h , I A l i G (  p r e e c e s i n g  a l s o  e n h a n c e d

n o n - t ~~r g e t  i > b j e  t s  c r e a t i n g  a d d i t i o n a l  c l u t te r  ( s ee  l - i g u r e  36 b and B a se d

e e f l  t h e  p r e s -n t  i i b s e  r v .t t i o n s  and r e s u l t s  o f  the p r e - v i o u s  t a r g e t  d e t e c t i o n  s tud y.

i t  app ea  rs t ha t  sea 1 (  h pe rlornianee in hi gh cl otle r s i t u a  j o t is  w i l l  be d e g r a d e d

w i t h  I .- \ l~ GC p r o c  es s i n g  b e c a u se  of the ’  i n e r e a s e  in  t h e  n e i rnb e  r o l  h i g h c o n t r a s t ,

s im i l a r  s i z e , n o n - t a r g e t  o b j e c t s . I h i i w e v c r , the  d e t e c t i o n  decision process

m a y  be — i m p r ov e d  in s u c h  a s i t c i a t i o n  b~ LA l i(  ( - e n h a n e  e rnen t  of l o c a l  t a r g e t

sh ap e  e~I t i i r e s

1-or  l i t  r g e  r to r g et s  , w h e r e  m e  m a  I mod n i t )  i o n  i n t o  rmnat i  on was  p re  sent

in the s e — n s i e r  v i d e o , the  a d v a n t a g e  p r c i v i d e d  b y - o n t  r e s t  e n h a n c em e n t  was

d e p e n d e n t  to son-i c e x t e n t  upon the  n a t u r e  of t h e  n i u i d o l o t i o n s  t h e r i i s e l v e - s . T h u s

w h e -  re local contrasts were the result of s u n l i gh t  r e f l e c t i o n s  or  ( a s t  shad ows

w h i c h  d i d  nes t  c o n \ - e y  a d d i t i o n a l  t o  r g e t  s h ap e  i n t o r n i a t i o n , e n h a n c e m e n t

t ended  t i e  b r e a k  up ’ the t a r g e t  shape  b y en ip h a s i  , . i ng  t h i s  i r r e l e v a n t  i n f o r-

n i a t i  on.  In i t h e  r s i t e n e t i o n s  the  I e u  o l  c o n t r a s t s  re f l e e  t ed  a dual target

s t r u c t u r a l  c h a r a c t e r i s t i c s  s u c h  as t r e a d s  and w h e e l  w e l l s .  H o w e ve r , b y the

t im e  the  t a rg e t s  w er e  l a r g e  e n o u g h tha t  t he  inte r nal modula t ions  p r o v e d  hel p-

i i i  in  recognizin g the t ; e r g e t  in the  enhanced m oe-li- , t he  t a r g e t s  w e r e  a l s o

o b v i o u s  in  the  u n e n h a n c e d  mode ’  and  t h u s  t he  p o t e n t i a l  f o r  p e r f o r m a n c e

i n  p r o v e n i e n t  d u e  to en h a n c e d  i n t e r n  ii 1 mod i i  l a t i o n  a p p ear s  m i n i m a l

Prc- — B ri c- f e d Tar g ets

B r i - f i n e  info r n~a t i on may p r o v i d e  ope-rators with ~-a c - i o n s  l e v e ls of

knowl- -d ge , t h o o t  the- natu re’ and locations of the - targe - ts to be dete cte d. In

5 u i > u C~~~S c S  - r> l y th~ g e - n e - r a l  a r c - a  of the ’ t a r g e t  w i l l  he known so that  once-

an o p e r a t - e r  a r r i v e - s  in the ’ ap p r o p r i a t e -  g e o g r a p h~cal  a r e -a he - aga in

n i s t  r e - 1 ~ on tb fe a t u r e - s  of the t a r g e -t ( i t s  s h ap e - , d e n s i t y ,  m o d u l a t i o n s , e t c .

t i  a id  h e r  in  the ’  s i - a r c h  and d e t e c t i o n  task . \\ he-n , ho we v e r , the -  e x a c t t o  r g i -t

lea . otje,n is k n e ~~.. n , cont e xtual fe atures may b e - c o m e - u s e f u l  f o r  a id ing  t a s k  pe r—

f o r r one e - , ih~- p a r t i c u l a r c l a s s  of c o n t e-x t u a l  c u e - s  w h i c h  be-conic ’ o p e r a t i o n a l ly

i i i  pe rtant de pe nds , to a large- e xte nt , upon the- nature- of th e -  b r i e f i n g  r n a t c -r i a l .

l3oth reca p b r i ~ - t i n g  and  s i n i u l a  r — s e ’ n s o r  i m a g e r y  b r i e f i n g  s i t u a t i o nS  wi l l  be-

c o n s i de r 4 -d  be - low .

Le~~ o t i o n - k n e e \ e n t a r g e t  p o s i t i o n s  can be locate-d on t op o g r a p hic maps  by

t h e -  i r no i - d i n a t - s how e - v s  r , onl y t e r r a i n  and road f e - a t u r . . c o n t e x t u a l  i n fo r —

i i  ,e t i e i f l  is a a i h o h i l - - f r o m  such b r i e f i n g  n-ca te -  r i a l , To the- ex t c nt that such
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t e r r a i n  t- . e t e i r e - s  - t i - c \ - i s i l ) I c -  end i d e n t i f i a b l e -  ore t h e e  d i sp la y  t h e y  m a y  p r o v e

i s e ’ ’ e i l  i n  t i d i n g  t a r g e t  d e t e e t ~ on a n d  c e  q u i s i t i o n  b y p i np o i n t i n g  t i- i c t a r g e t

i e e e  .e )io fl eve-n w h e n  t h e  t e r g e t  i t s e - l i  i s  met v i s i b l e , Fh e  l ,A B ( ( t e ch n i qu e

apn e - e r s  l ie t i c -  v c - r v  e i s e f e i l  e e l -  b r i n g i n g  e n i t  r - o ad w a ys  ( s e t -  1 - i g u r -  ~t i  d and  e - ) ,

a.rid (
~ e - t i n t f l g  l i e- id s h ap e s  ( se e  1 - i g u t e -  >i e L (  P 5 1) e c  i~e l l y c i n d e r  c ond it i ons  of

l c u ~’: e on )  r ; t — t  ~‘h i c h  n i g h t  i ) e  c u r  h e - - s e n s e  of a t m o sp he r i c -  c o n d i t i o n s  l i k e  h a z e .

It i s  l i k e l y  t h i s  e h a c- a e t e r i s t i e  w i l l  p r o v e -  i m m e t u l  in  e n a b l i n g  t h e  d e t e c t i o n  at

n e p — b r i e ~ e e - l I e e e  . e t i e e n — k n ewn  t o  r g e - t s  a t  t e r t h e r  1-anges than would be p eu s sible

‘e  i t l i  t l p i ’ oe c ’s s e - i l v i d e o ,

Di - tajl ucl tar g et are-a info) rm -et ion can be p r o v i d e d  b y r e c o n na i s s a n c e ’

b r i  e - f i n g  ph e ) t o s  macl i ’  w i t h  the s a m e  li pt of s e n s o r  to h i -  us -d f o r  t a r g e t

a c q u i s i t i o n , c - s p e c i a l ly  when  f i c - l d — o t  — v i e w , cle ’p r c - s s i o n  ang le , and approach

a s p e c t )  ang l i -  a r e - m a t ch e d . I - o r  ta r g i - t s  l o c a t e d in u n p o p u l a t e d  r e ’g ions

ho wi - v e - r , th i -  c o n t e x t u a l  i n f o r ma t i o n  a ~- a i l a b l e -  f r o m  s imi l a r sen s o r  b r i e - f i n g

m a t e r i a l s  is l i k e ly to h~- of the- same l i n i t e d nature- as that from topog raphic

maps ; t ha t  is , p r i m a  i - i l v  t i r r a i n  a n d  r u i a d  f . . e t i e r e - s  wi l l  be -
‘ e s i b l e ’ . In this

s i tu a t i o n  1.,1\BGC p r o c - s S i n g  a g a i n  a p p e a r s  p o t e - n t i a l l y b e - n e - f i c i a l  b e - c a u s e -

w i t h  t i l t -  p r o c e S s  ~-d v ide o it is l i k e ly a n  op t -  r o t o r  cou ld  mu  re  s a s  il y ni~i tch

the t u - r ’  r a i n  fe a t u re s  on the photos  w i t h  t h o s e ’  en the  d i s p lay . F u r t h e - r  im p r o v e ’ —

ic -r c t n i g ht be-  r e ’a l i z e -c l  i f  the r i - c u ) :  na 15 sane  e - br - i f i n g  pho tos We ’re  a l so

p r oc  i - S  S ed u s i n g  the  - I , .-\ l l G (  - al go r i t h i

Fo r  t a r g e t s  locate d in industrial e s r  r u - s i d i - n t i a l  a r i - o s , l~A h l ( ; (  p r o c - s s i n g

app -a red to l) c ’ d e - t r i r n i nta l h ) u C i t i i 5 e  i t  e f l han e e ( 1  a l l  t b -  i n s - l i e  i d i a l  F o n — m a d e ’

f e a t u r u s t h e r e - b y  te n d i n g  l u >  dc - — c - t i  p 1i e s  i x  l a r g e - s h ap e  e e r  p a t t e rn  c c i -s wh i ch

mi ght aid in the - i d e -n t i f i c a t i o n  e e l  the to rg e t  a r i o , ‘I l ie e n h a n c e - e l  n o n — t a  rg  c t

i n t o r n i a t i o n  t p p e a r e - d  v e ry  d i s t r a e  t i n g  i n  t h s ~ s i t i e t e o n  s e e - I i g i r e  ~e g and  h ) _

T a r g e t  R e c o g n i t i o n  a n d  I d e - n t i f i . a t i eu i

~d en y  of th e -  imp l i c a t i o n s  of LA I~ ( (  p -  i t  i - s  s i ng  d i s c ’ i s s e - d  in r e l a t ion  to

the ’ t a r g e t  s e - a r c h  and d e - t e - e t i e m  t a sk  a r e  a l s i e  r e !  \ ant to the- r u - c o g n i t i o n  and

ide n t i f i c a t i o n  task . I-’or  e x a c i i p le , in the c a s e -  of a p r - u - — b rie-fe d target location

w i t h  a know n t a r g e ’t  t y p e - , ta rg t r e - c o g n i t i o n  and c l a s s i f i c d t i o n  a r e -  comp lete

upon d e - t e - c t i o n .  h o w  e v e r , in a p r e - — h r i e - f e - d  l o c a t i o n  onl y ,  s i t u a t i o n , r e - c o g —

n i t i e ) n  and i d e n t i f i e  a t i e e n  m a y  s t i l l  he -  nec  e s s s r y
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t ~ I - u i r  small target Si z e ’S , as p r e -v i o u s l y n o t e d , LABGC p r o c e ss i n g  b r o u g ht

ou t  u n i q u e - t a r g e t  o u t l i n e -  f i - a t u r e - s  w h i c h  p r e - s u n i a b l y would  p r o v i d e ’ a si gni f i-

c a n t  a id  in t a r g e -t r e - c o g n i t i o n  and i d e n t i f i c a t i o n  as  w e - l i  as de te ct ion . F o r

mode -  r a t e - l y l a r g e  ta r g c - t s , LA1IGC b r o u g ht o u t  in t e r n a l  n md ul a t i o n s  which

hel ped to f ee r t h e -  r d e f i n e  the- tar g et shape- but did not app -ar  l ike ly to iri -ip a c t

pe r f o r m a n c e -  b e - c a u s e  the l a r g e -  t a r g e -t s  wi r e -  hi g hl y v i s i b l e  in the- u n p r o c e s s e d

in I - t ~~~ - - S

R o o f - h o u s e  Tes t

It w a s  h y p u t l i e s i z e d  t h a t  LAI3G(’  p r o c e s s i n g  mi g ht i mp r ov e  the  v i s i b i l i t y

of l ong  r a n g e ’  t a r g e t s  sender low ont rast o n d i t i o n s  c a u s e d  b y a t ni o s p he n c

i t t  t i u  i-s s u c h  as s m og ,  fog and  h a z e . To i n v e s t i ga te  t h i s  h y p o t h e s i s  th e --

e n h a n c e m e n t  u n i t  was  i n s t a l l e d  in a roo t  - h o u s e  l a b o ra t o r y  t r i m  w h i c h

t e r r a i n  and u n I t e  r a l  t e a t u  r es  w e re  e x a m i n e d  u s i n g  a c om mn e r e  i a l  F’ .. n mn i t o r .

Two : i e - I d s  of v i e w  were  p r o v i d e d  b y e t a  ing a I - l / ~ and 6 i n c h  l e n s .  \ V h i l e

LABGC e n h a n c e m e n t  d id  p r o v i d e  s onic i mp r ov e m e n t  cinder  cond i t i o n s  of

a t m o s ph e r i c  c o n t r a s t  a t t e n u a t i o n , b y s h a r p e n i n g  ed ges  of s t r u c t u r e s and

b r i n g ing  out  r o a d w a y s , t e r r a i n  l e a t u r c - s and p o w e r  l i n e s  it was concluded

t ha t  the m a g n i t u d e  of the ’ ex p e c t e d  pe r i o r m a n c e  i mp r o v e m e n t  is l i k e l y t e >

he-  s m a l l  - It  s h ou l d  h o w e v e r  be- ne ) t e d t h a t  the conime re j a l  TV e aol  c r c  us  e d

p o s s e s s e d  r e l a t i v e l y low d y n a m i c  r a n g e . In t h e o r y  the  LAB G(’ p r s e c e - s  s i ng

s h o e is-I l i e  m o s t  e f f e c t i v e  w h e n  u sed  w i t h  a w i d e - -  d v n ; t n i i e  r a n g e  s e n s o r  s i t e  Ii

a s  1- I , T R ,  w h e r e  t h -  d i sp l ay  d~ - n ; e n c i e -  r a n g e  l i n u s  l : e -  i e ’ - e r : u l l  pc- rtor ni an ce .

C o n c l u s i o n s

Base  s-I on the ’ above-  o b s e r v a t i o n s , i t  was  hvpothe’s ize-d that l.A 1W (

p r o c s ’s s i n g  may i m p r o v e -  op e - r a t o r t ask  p e r f o r m a n c e -  in two s i t u a t i o n s . For

t a r g e ts wi th  u n i q u e -  shape- c u t - s  s u c h  as p r o t r u d i n g  g l e n s  and c r a n e - S , L A l~eLC

p r o c e s s i n g  may p e - rm i t  t a rge ’t  d e ’t - c t i o n , re - co g n i t i o n , and i d e - n t i f i c . . e t i u r n  to

o c c u r  With sn- ia l le r d isp laye d t a r g e - t  S i Z e ’ s  b e - cause ’ i t  b r i n g s  out  t h e  u n i q u e

fe a t u r es  which a re ’  d i f f i cu l t  to p e - r c e - i v e  in the - o r i g inal i m a g e - . O p e r a t i o n a l l y

th is me ans that fo r  a g t e - u - n  s e n s o r  f i e ’ l d — o f — v i e w , t a r g e t s  could be s- I t c t e ’ d

( r e u . o g n i z e - d , ide n t i f i e ’d) at fa r th er  rang ’s with LABGC proc e a s i n g .  Al t e- rn a -

ti v e - l ~ - , fo r  a g i v e - n  t a r g e - t  r ange , LABGC p r o c e s s e d  ta r ge - t s  m ay  be - v i s i b l e

wi th  a w ide r  f i e l d — o f — v i e w  ( F O V )  s e - n s o r , Fo r  t a r g e t s  locat ed in undevelop ed  

- -  - 
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a i’eas w he r e  t e r r a i n  and road t e a t c i r e s  a r e  l i k e l y to be the si g n i f i c a n t  con -

t e - - t i t a l  e i c e s , and t i n  n i ap - b r i e t e d  t a r g e t s  where  t e r r a i n  and road c i t e s  pr e-

d o m i n a t e , LA B G (  p r o c e s s i ng ,  by si gnific antl y e n h a n c i n g  s i t e  h c u e s , m a y

a l l o w ’  d e - t e c t i o n  c u t  t a r g e t s  a t  ( a n t h e r  r a n g e s .

R E C O M \ l I - N 1 ) A  F 1 ( )N ,~

The ma j o n  of t h e  eva l e c a  t i on s  c - a n d  e t c  ted us ng  I A B G (  - h a v e  b e e n  sub  -

j e e  I i  cc ,tnd little d a t - i  e-\ ist w h i e  h a l l o w  a q e t a n t i t a t i v e  a ss e  s s rn en t  of the

i n i p r i - v e i i : e n t  to  t i p  e xp e c t e d . ( c r e i s i l l y  ‘ l e s t  g r e e d  and -ond  uc ted  e x p e r i m e n t s

‘t i - c  n e e d e d  to t e s t  this - ’  h y p o t h e s  t z e d  i-es iR ~~ based on sul)je (-tive observations.

B e c a u s e -  1. -\BLe  p r o v i d e s  a m e - a n s  c u t  a s  1 e u c i c n i o d a t i n g  w i d e  d y n a m ic - r a n g e

v i d e o , a see u e n d  ret omniendation w o u t l d  ic ’  t o  e’’. a r r e ine  the p ro c  e s s i n g  r e s u l t s

w h i t - r i  t he  i n p e i t  is  F \ c o i i ip a t ib  I e F I AR
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lU-~- \1. -I i~~l i - li~l :\ u e h h  h- h A  ~ !- ~~‘ l l - ~~\ I  1 ! h ( I I N I Q I T I - ,S

-\ l~~-bl R A L I

\ l e s t  i c e c e g e ’ e n h i , i r l e e - i i e - i > t  t e u i u i i i l U e - s  - i r e ’  n e i l  s u t t t , e I c t c -  t u r  r e - e l — t i m e

ap p L e  , t t i o i i s . ‘F l i s ’ u e l l e ’ ’ : i e t g  d i s k  1 > 5 5  i - e l i  I > r s - s e - n t s t I r e - c -  e i r i t r - t s t  e ’ r e h i e n u e - n i e n t

t e c h n i q u e s t h et s ,O i  \v i e i ’I . i  u i  l \  r’ ..i I , - s \ e i t l  ) i . e - I ~- s l i i i p l e -  h i . e r ’ l v : : e r , -

l e e  - i - an i / c t  i o n s  -

A sea I .-\ re-a  I i i  s t og  ran - i  I - i 1 i i ~u 1 i - i t  t i n  I A l I E )

L : \ I l F h  is ,e un iclu e  i m a g e -  i e u v e t  r u s t  e - n l i i r i . e ’ i i i e ’ n t  t e ’ - l i e c i q i e - . I l i s t u i r i c  a l l y ,

h i s t e e g r a n i  e - q u a h i z i t i i u n  h as  h e - e n  a p 1 i l t c - i - e n l y  Be t i e  s c c l i  i e -  i t . .  t u r e -  f r a r t i e -  and

has H e - e ’n e’a l l e ’ d  f u l l  f r a n c e -  I i t s t e i g r . e e e  c - t , s I i i . - > L i ~~ e~ N’ 1 - l i L t . A p r e s c e - d u r e

is d e s c r i b e d  l i e - r e -  f o r  ap p l \ i n g  I i i s t i u g e - u i i c  i - j u o l i z u t i e i n  I ->  s i n - t i l e r  po r t e - n

o r  l u u e a l  a r c -a c i t  -t p i~~I u r e -  f r  e c i a - , I ho -  ~e d \ a i 1t . i ~~e - ~~ t h e  l . . \ I I I .  teo hn i que  is

t h a t  i t  e - h i n i i n a t e c s  Cofl t i’~ u - , t i l l  e - e i i i , e t i , i i )  i n  t e i ~~e g e ’  , e r e - o S  t b - c t  r e - p r e - s e - n t  a

s t a t i s t i c a l ly  s e-naI l  but  im p e e r t a n t  p i e r )  i o n  s - I  t h e :  g e . u y  s e e k -  h i st o g r a m ,

A ii i m ag e  h i s  to ge - i c  i~ is to ri > - (I I) I - bee  I - i t t  i e I l ie - i ii m i  her  u ci t i n - i c  s that

e a c h  i n t e n s i t y  o c cu r s  t l : r e e i t g h i e e u t  t i e -  ~~f l l . ’ L ’ , I - o r  t h e -  e - x . t r t i p t e ’  in F i g u r e  A — I a

t he  i n t e n s i t i e s  r a n g e -  ( ) \  c r  4 i 1 e i . . e n t i i -’.e ’d c c  c l s , i l i e ’  h e s t e i g r e n i  for t h e  e n t i r e

image ’  is cl ice r ac - l e :r i i . e - d  in V i g e i t ’ e .-\ - 1 1  1 I i j ~ d i s t  r i b c i t  i - s O indic ate ’ s t h a t  th e

picture is La- n e’raIl\ - l i~~l i t h u t  : - e ~~ ,e te- w a i s  is in the- r i c i d — g r ~e~ r e n ~~e- and  some

p r e d o m i na n t ly  v t - n v  s - I - i r k  O i ~e ’ , i 5 , it  s I c  ‘..- -s t b - i t ( I , - s - h i s t i ’ t i , c t t  t e e n  s t  ~c r e y  s~~- tIe

i n f o r m a t io n  l i e - s  u r i n i e r i l y  i t  e t i i c e ’ r  ~-~~d i t  t i -  h i g i t  st ark inte ns it y ~

It h e u s n c e - s  a p l J ; e r e n t  t h a t  i t  th ~’ ~e I t c s s e u ) l  i f  i n f e e r c e i , e i  i i i  is r e - l a t e - d  t i  t h e

h - y e - i  o f oe:. .  l e r r e n e  cc of e ’ t ~ - h i  ~ r , e v  Se ’ , > I i - t h i e c i i  i - t i :  h i n t e - e m s i t \  h e - c  e l  en  t h e e  de s-

p l a y e d  i n i i e g e  does n e e t  u a r r - ~ t h e -  5 - e t i t e -  - s t m l i i i t i i t  u i  i n l - r r i i e t i -n . Ii the picture

i n t e n s i t i es  arc- d i s t r i b u t e d  7 in  [ i L i t I ’ e -  - \ —  I t s , i t  i i i t g h i l  ~~ - h e - t t e ’r t i  u S e  more ’

(li sp lay g r e y  ~ e i , e J c c  l e v e - I s  \\ - F i e r c ’  F e - r e  . . e r e - mi re ee - e - e t r r e - n c c ’ --’ ~ f g r e \  s c a l e

i n f o r n e a t i e ,n  in t h e e -  l i m i u g e  a n d  fc-v ;e ’i ’ I t ’ - .. e ’ l s  c- l i t - i ’ s t h e - r e  is  l e s s  i l , e t a . 1 i t s

n e i n u n i f s e r m  d i s t r i b u t ion  ‘ i f  - ‘  ra~ - - i i  I t  l e v e l s  - tee  be elete r m in e d  b~- f i n d i n g  the

to ta l  a r e- i  unde r  ( I t: h i s t o g ram - e n d  d i v i d i n g  h i s  e r e - , e i n to  \ e e r , f e ) r  examp le ,

l o  s l i c e s  h a v i n g  ‘ iu a l ; e r e c - e s  as s h e ew r i  in [‘‘L i r e .- A — ~~a ,

‘l Ic e  i n t -n s  it y I e v e -  I b u u n d i - e  r i  es t s r  e C u . h s l~ u e- t h e n  d c - f i n e  thee  r ange  e)f

e ) r i g i f l a l  i n t e n s i t y  l e v e l s  t b - c t  w i l l  be-  a s s i g ne d  .e n e w  g r c ~ - s . . a l e  l e v e - 1 f o r  t h e

dis p layed  image ’ . \\ hen  t i c  i s  is clone a h i i s t e e  L’ r a r e  e e e l  t h e -  re -s c i l t i n g  d is p l ay e d

_ i~ -
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b. h h i s t o g r a m

l - i g u r c  A — 1 . I h i s t o g r a n i  fee  r n i a t i e u n .

image  has  a f l a t  o r  equal  d i s t r i b u t i u u n  of gra y s e  i - t I e -  I e e e - I s  , is  in I- i gure  A - Z b ,

H e n c e  the name ‘5 l h i s t o g r a m  E q u a l i z a t i o n .

1- igure A — 3  shows the resu l t  of  p e r f o r mi n g  i i i s to g r ae~ i e i 1 i t , e l i z a t t o n

a c r e i s s  the en t i re  image . The  c o n t r a s t  and h e n c e  ( l i e  d e t a i l  in :he l i g ht a reas

of t h e  i m a g e , such as the grass  and thee  top of t h e  t a n k , l eave  been e n ch a n c e d ,

‘1 he dark areas  of the image , mainl y aroun d the t r ead  area , hav~’ not been

enhnaced s ince these  bri g htness  l e v e l s  do n est  show a h ig h l e v e l  of o c c u r r e n c e

in the h i s to g ram .

I iI6
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1 h i s  d i t l i c u h t y  c -a n l i e -  r e - i -o k c-cl  h\  u s i n g  I s s e ; t l  . i r c ’ i - e  F i i s t s e ~~r - i r > i  m 1 u c e h i / e t i u i n .

1 i t t i s , r a t h e r  t h i n  r e d i s t r i b u t i ng  t h e  g r : i y  s c a l e -  h ’ v e - h ~ kie ~~ed on e I i i s t e e ~~r - m

r e 1 i r c - s e - n t i t i v t I i - e n t i r e -  t e t i - i g e ’ , t i l e ’  c - ( J u a I ~~7 ; i t I i i n  can  U t -  - a r r l e ’ r ]  e s u t  on .s t - ~ ’uu -

eI i rnce is ion~i l  s l i d i e - ig ~c -j nclce..e- Ui - i s i s , 1 bu s , ( l i t ’  i n t a - n s i t  e u f  i - s n  i - u ; c r t i c u l e r  h e - i t o >

in the in a . i - -  is  a d j u s t e d  - e c e - o r d i n ~ to i - i l i i s t e e g r - e i y i  of  t i e  a n - - i c o n t a i n e d ‘- i t  i - t n

- e ~vindea cv i n e e e i c d  L i t  c l v  sur round in c  t l ie  po i i i t  i - I S  s l i - u  s V , C i  ire I i, g le re : -\ — 4 - i , In

es l a ’ r i t t e n , t h i s  cc ’ i nd e eec ’  m o l e s  a c r u u s s  t h e  i m a c e  in  L i i  d i n : e n s i n.s , he r t z n-

tall~- and v e r t i c : a l I v . ‘l o s e -  r e : i s s i c i e e d  c e n t e r  pe - t c t r e  t h e n  c u t s  ( l i e n n i a k e  ‘ i - p

( l i e -  p r e e . . c ’ s s e - d  i t i l u . c . On m i - i c e s  I L-: e the ’  ( - i n k , d e t i - s i l  is’ -g r e . u t l v  e n h e , e n c e - d  i n

r e - g i c e n s  l i k e  t he  t n i - e d  r c f l i e ’r s  as sh i e ecc - n  in I i g u r e ’  A — 4  . I- i c u r s -  .- \ — ~~~ i s

ane t h e r  e x t m c i p h ’ c ef  l o c a l  ;t~~e~a h L 7 t i u L r i - e t l :  - ‘j i i a h i z a t i o n .

F O R MA T 5 O N  E Q U A L I Z E D

i - i , I ~ i c i - e  I i - i r e - i

~ 5’.,

Li , O r i g i n a l  u. . I . i i u . ’a l a r e - - i  h i s t e s g r a n e
ei~~i t i  i . e - r i

I - i g e t r e  A — 4 , ‘ u i - i l  - e r c a  h i s t u e g r . s i m e  - u ~~it s i i i - ’ , i t i e i i i  o f  t a n k  i i-n ag e ,

1 0 K



O n i g t n i - e I Li . L e i i - i - e I - t r - a h i s t o g r a n i
e q ul e  l i z e d

F i g : i - r e -  i - -  - . i , e i e - a l  i - c r c - i i i i s t e c ran c - q u a l i z i - e t i n  i f  road i n a c - ,

h A u c i - e l  . \ n u - ., I ’ - n t g h i t e i c - s s  and  ( i - e m  L i - m i t r e - I  ( L A I ; L C )

I t o :  l A t e  i - e l  . \ n e - i  h ’e r i H t t i e - s s  and G a i n  C - - n t  r e u l  L ’\h :LC t e c h n i que u t i l i z e s

p r - n i n e - n t  v - t r i a b l e ’ s  in  a d i sp l a y  S’e s t e ’ c i : b r i g h t n e s s  and gain , T h e s e

v an - e L i  e s  c 1 )  n i - i t . .  hi t h e  i m a g e ’  v i d e o  - t i s e t  an d  d y n a m i c - r a n g e  t i e  t h e  d i s p l a y

in  su c h  a \\ - i - i~~ t a - i t  t l ~ e - e i 1 > e - r i t u u r  c a n  c - c -u n - u t t h e e  g n c i - e t c - s t  a m n - u n t  eN u s e f u l

v i s u a l  i n fo  m i i i  I - n~ I - - - . . - e - ~ e r , in a ( h i s  p l a y  s vs te rn  t h e s e  ~-a r i a b l e - s a r e  c on —

s t - t n t  e s .  c r  i - t f l  e n t i r e -  p m l i t r e -  I n - t i c- , W h i l e  l e e r  t h e e  m os t  pa rt t his is ac. - e p t a h l e ,

f l - i  s i g r i i f i  : i i : t  e - n l a e n  e n i e - c i t  c - m n  he -  au .- l i i c - v e c l  by r e a t n i p u l a t i n g  t h e s e  v a r i a b l e s ,

m e :  r e - - i  sm v i d ea  c - t i n  d u , e s  inc  r e - a se  oct rail image - t i n t  r a s t  , hut  d e t a i l  in

r Ut  r b  and l i g h t  p o r t i o n s  i i i  th e  i e r u e g e  s a t u r at e  the  sy s t e m  because:  th e  d y n a m i c

r a n g e -  e e l  t i - i - c  ( l i - s p l a y  n e - v i c e  ( u s u i - e h l v  a CR T  is l i m i t e d . W hat is needed  is a

‘ ‘ i v  i t  j n c n e - - t s taic th e  i - u u n t r i - c s t  in  s m a l l  i - C r c - i - i s  of i- -i n i n l : i g e -  c v j t h e e ’ . t t  c a u s i n g

..,.i t a r . i t i e e n  in u t l u - r a r e - i s ~ C o n t i n uou s  a dj u s t m e n t  of g a i n  and  b r i g h t n e s s  in

s e t - - e l i  a r e - i - i s t l e r o e m g l i e e u t  t h e  p i c t u r e ’  w o u l d  a c h i e - v e -  t h i s  p u r p u u s e ’ .

I ~-\ L( ;c is an’ r fo rmcd by s l i d i n g  a s m a l l  w i n d o w  la s  in th ee ’ l~,-\ HE t e c h - i —

n i q i  i s -  I t h i  r o u g h  the  in i i  g e  i - end  a d j u s t i n c  t h e  ga i n  and b r i g h t n e s s  a f t i c ’  e ’ente r

- l e - m t i e - n t , E a r l i e r  i - t t t e ’ m m i - p t s  a t  L A I - O C  s - e in s i s t e d  e e f  f i r s t  a d j u s t i n g  t h e  b r i g ht-

ness  of the  c e n t e r  c l e n t e - n t  of ( h i t  w i n d o w  and t h e n  app l y ing  a cons t an t  gain

l i - ce  tee r , -l h i s  p r e e v i d e d  Se,n ie e n l i an -e i-nent but  pr e du ced  ~c p i c t u r e  t h a t  tended

t i  I n ’  w a s h e d  out , li - ti king thee a b s o l u t e  g r ay  s c a l e  r e n ( I i t i e e n  of the esr ig ina l

s ic - t ie- . In sit rue cases whie: n i- c h i g h u n i f o  rn gi -c i n  f a c t e r ccc  s app l i e d , t h e

r e : s u l t i n g  in -s iege h e c i - e n  ic b in i - c  r y  in n a t u r e , b e i n g  e i t l e e  r 1) 1,0 k cc r w h i t e  w i th

l i t t l e  s i i ; e d  i n g  be tween ,

I 0~ 
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-l l ee -  l a \  I - I L e n b I - e m : . . e - i c c e ’ n t  t e ’ i - l i n i q u e  c- a s  i n e p r e e v e d  by m a k i n g  b r i g h t n e s s

end  c i  in te ) t a  r \  .es - u l u t e i c  t i - u n  s e t  t h e  loca l  st a t i s t i c s  w i t h i n  (l ie  in -ia  ge , ‘F l i e ’

- g e i f l  \vas  i i i e d e  t e e  he a f u n . .  t e n  - i t  t h e s t ar t d a r c l  c I c - ; i ; t t w n  s e f  p i x e l  ( p i t a r e

I e in e ’  nt  i l  t ees  c - i t i  i i  ci t h i s ’  s h i d i n g  w i n d o w , T h e  L i r e  g ht n e  ss a d >  u s t m n e  nt was

Q i - - i H e ’ t o  he ’ ,e I t i f l i  t i e s f l  s t  ( l e t -  0 c c - t i e  p i ’-u c- I c- a lu c-  c c - i t h i n  t h e e  s l i d i n g  c v c n d i u v _ .

>-V i t l e i n  a ~ - . 
- t s I  i l i n g  cv i n d i e w  t he  m e a n  and s t a n d a r d  clec’ i at i on s  a r e  c e ti i i  —

put c i l  as

I
_

i

~ N
i 1 1mean  Nl - A l l

and

r i  - >

/ ~
) J~~F i , h )

St  a n d i - t  r n n l c - v i a t i i i n  S - 
~ ~ ~ — me an

t 
_-\

ccl ce r e -

H i , j )  i- c p i x e l  w i t h i n  s l i d i n g  winde tv ,

‘1 he- best function relating video gain and standard d e t ’ i a t i u e n  is  shown in

1 - i  gci  r e- ,-\ - ‘ . . T h e  g a i n  f u n c t i o n  i n s i d e  the  l i m i t s  is t h e n  g i v e n  by

g a i n  C A - KS

—- - h e re -  .\ is the -  up p e r  l i m i t  ee l  t he  gaia , K is the  s l e e p e  eel t h e- u m - i t t u n , and

S is t I m e  s t an d ar d  de~~iat ion  w i t h i n  t b i e  cvincieiw , ml C I , t h e n  C is s i t  to 1 .

‘I l i e ’  m u l t i p l i c a t i o n  s e f  the ’  c e n t e r window e- l em e n t  b\ the: t id e - s s O  i . k  c t e e  r

p r e u . .  i d l e s  t h e  c on t r a s t  e ’ n h e i - t n e’e i f l C f l t  we d e s ir e ’ . h l e e v . o - \  e r , in r e e , e n ’. e s~~c ’s  , t h i s

m u l t i p h i u  i - e t i e e n  t i - c e l e i r  c :a us c s  b r i g ht  and  d a r k  s a t c t r a t i e e n  t e e  O L  i c r , I l e i s  i s

o v e n t I n t ’  by ( l ie  ;epp li c -; it i e s n e e l  a b r i g h t n e s s  b ias  t - r m .

1 1 ( 1

—- --~~~ -- -  -~~~~ - - - -— — ——~ —~~~~~-_______ -a
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S T A N D A R D  D E V I A T I O N

h i g u r e  A - i , Ga in  as a f u n c t i o n  of s t a n d a r d  d e v i a t i o n
w i t h i n  s l i d i n g  window.

Fl i t -  c o m p u t a t i o n  of t h e  b-i - i g h t n e -  ss coot  rol val die i s  b a s e d  on the’ follo.c n g

l o g i c . M o s t  of t he  p ixels  in the  s l i d i n g  w i n d o w  lie w i t h i n  t h e  s t a n d a r d  devia-

t ion about the  mean, h ence , most  i n t e n s i t i e s  a r e  bounded by \~ - S and

NI S. T h i s  info rma t ion  can he used to l e a r n  w h e t h e r  the  ga in  a d j u s t ed

v i d e o  wi l l  exceed the  b l a c k  o r  w h i t e  i n t e n s i ty  bounda r i e s, Fi gure  A - 7  dep i c t s

a s i t u a t i o n  w h e r e  the  b lack  i n t e n s i ty  b e eu n d a r v  is exceeded  a f t e r  t h e  g a i n  is

app lied . T h e  v a l u e  of the  br i g h t n e s s  b ia s  e :e ) n t re ) l  f o r  t h i s  case is the  d i s t a n c e

tha t  t he  v ideo  d i s t r i b u t i c in  e x t e n d s  b ey o n d  0 or  m a x i m u m  b l a c k , T h u s , the

b r i g h t n e s s  b i a s  is CS - M . S im i l a r ly , f o r  t h i e  m a x i m u m  w i m i t e  b ou n d a r  ( u . . 3 )

the br ig h tness  bias is g i v e n  by 3 - i \ l  - C S) .

llucvc’ ver , this log ic sometinies breaks down as shown in the h is to g ram

e : - u a t i i p l e -  c O V ~~u r e  A - .~~. ~ ‘hien the g a i n  and b r i g h tne s s  bias cont ro ls  a r e

app l i e d , t h e -  r e ’ s ’ t l ’ i n g  d i s t r i b u t i o n  i s I u m a s c - d  n e o r t -  t i - i a n  n e e - t - s s a i - v to  p r e ’ - . . e n t

the  enh anced  p i x e l s  f rom exceed ing m a x i m u m  b lack  as in l - i g u r e  A — s c , T h i s

p r s u l ) l e m  is so lved  by l i m i t i ng  t i m e  v a l u e  of b r i g h t n e s s  u n d e r  suc h c on d i t t e s n s .

A be t t e r b r i g h tness  bias va lue  f o r  h - i gu re  A -8b is MG - Ni . l- ’or  the  neaxineurn

whi te  l i m i t , the bias value is

B — 3 — N I + G ( 6 3  — M ) ]  A-I )

i l l

- S_______________________________________ __ - : _ _ _ _  - ‘~~
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Li c i- i ic- u n 5’i- C-  ‘ i i  A P P L I E D

1 - i g u r e  A - 7 , S t a t i s t i c a l  -ga in  and b r i g h tness  cont ro l ,

If t he bri ghtness bias value l u  ~S c empute d  from a combination csf both the

mean and s t andard  d e v i a t i o n  log ic d i s c u s s e d  above , then  the center element

of the  s l id ing  window is enhanced  as f o l l o w s :

A1(5 , 5) 11(5 ,5) — ‘ci ( I  4- B - NI ( A S )

where Il  5 , 5)  is the enhanced center window element ,

Images p rocessed  by the LA hU G techniques u t i l i z i n g  the above log ic  for

gain and br ig htness contro l are sh e ew n  in 1 - i gure A - b

l i z
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c. B R IG H T N E S S CONTRO L A PP L I EQ

1- i g u r e  A - -~~ , I)istmibuti ons c a u s i n g  ho r de  r i n g  ( lea l e s s )  due  t e u  in i p r eap e- r
b r i g h t n e s s  cci  ret ro 1,

I I u ~ r T r a n s f o r m  l - i l t e r i n g  ( I I T C )

Much ana l ysis and experimental we rk has been done in the ge -ne-r i - el area

of spatial frequency filtering of images . ~‘hat i s discussed lie ’ re is a way eel

- t a c h i e v i n g  r e s u l t s  s i m i l a r  to t h e  l- ’o u r i e r  T r a n s f e e rrn t e c h n i - : e s e ’ s  w i t h o u t

requi r ing  an actual  F o u r i e r  T ransfo rm. The  I l a a r  t r ans f o rne is u t i l i z e d

1 1 3



,e _ (_ i n ’ g t i , s l t I _ l , c u e  ~e l  e r e t i i ) ’ i ~~~d h 1 t  i - c - --’

— h i d  ‘ ‘ c u l t  l i i i  n i l

- ( Y r i g h r i ; u l ( I .  L i u s a l  a r e a b n i g h t m i e - . s
- e n d  g i l D  C u i - i t  i i i l

1- L i r e -  .- \ —  e , I — : u n s p h c - ~ at local ar e- u b n i c I i - T r i e s~ -e n d  - g a i n
c u e >  r d  c - n h , ,  n c e m en l  -

5 i i~ e it  i s  1,0  i i  U - i ~ I ‘ i’ - i n c h  u - I S I e~’ r t - - c i i i ) )  u t  e - 
- i t  l i i i  ~ i r I e y e ’  r V i  - n e a t - , -

L i e - i s t i - u t e t h e r  l r n ~~: u e n m i t s  s in  l u - u s  I - u r c - r , I - I  l , i I i d e - i e r d  :‘~~~l~~h s i C ’

e ce nve  d e t t  t e n s .

l i - s  ? - - - r  e u a e t l s i - ) u s : - i l i - - t i  t~ ‘ u  i i -  c r i e d  Lit s c f i i e ’ r c ’ e i t i , m j - l d  e ’  i) m’ e - i k d i i s \ V fl

i t  ~~U g L e - s t s  i- I s  e t e e n  c r t s h i e t i l t i c . I l i e -  r , e I : u m i e  l h , s . e m \‘. , e v e l e s  m i l l s  c e u n t u I n

rn -m y z e z ~- - - s n e - m s  t h e - c t  re - - c I t  i n  : c - - ,v e ’r  c u e e t i p e t I u I i e e n ~~. I c c ’  I e u d t n i e i ’  t r c e n s f e i t - i i :

is - - i m p ’  - c - I e e l  h o e t b i  .s s i n e -  , e n c l  i s e s i c e e  l u m i c t  t e n , -] h e  m i e . e g n i t i n h e ’ s  e e l  t i e

I- t u n e r  \ v m \ e t t e r m i m  - u i ’ - e - ner . e ll y e- s s t b - e n  I . I I n s  nt ’ c’ c n , s m t e l e ’s c e s mp l e ’\

1 14

— -  —~~~~~~~~~~~ —- -- - - - - -- - - - - -~~~~~~~— -  
a



n i u l t i p h i u  . e t i o n  r a th e r  t i - i an  s i n - i p le a d d i t io n , T h e  b J ad an -t a rd and r a t i e s n a l  h l a a r

cc’a c e> f e c rrn s on t h e  o t h e r  hand have -  n - i a g n i t u d e s  m e l  s n l y  1 , — I and 0 , T h i s

r e s u l t s  in o n ly  a d d i t i u u n  and s u b t ra ct i o n  fe) r t h e i r  c e e n e p u t a t i e in .

T he f o r w a rd  and in v e r s e  h l a a r  t r a n s f o rm e e f  I m a g e  I c a n  he sh ow n  tee  be

i - c s  fo 1 lows: IT he con-i  p h e t  e- l i e  n i c c e t i o n  is p re s  enteci  in l~ e tc h i - e m , I , s w e  and
- 1)\\ ebcr  . 1

A l  A
11 1 1 ( 1 1  = ( 1 - l i )  l i - i l l

A T  T A
I I  I- 1 111

A T A
- — i i  I ” I h l I

-

cvhc re

1 0 0 0 0 0 0 0
0 1 0 0 0 0 0 0
0 0 ..l 0 0 0 0 0

- / 0 0 0 ~ 0 0 0 0I- - 1, 8 0 0 0 0 4 0 0 0
0 0 0 0 0 4 0 0
0 0 0 0 0 0 4 0
0 0 0 0 0 0 0 4

‘1 he transpose e e l  II , hl ~ , is emp l oy e d  in the above eq ua t i sn as the ’ i n c - e r s e

I ! a a r  t r ans fo rm s i n c e ! !  is real  and orthogo na l , i , - , , l i
_ h  

11~~. in tI ’e

f o l l o w i n g  equat ions  I l ~~ cv i i i  be used in p lace -  s i t

h i a a r  Transform Cr i s p en in g

h i g h s p a t i a l  f r e q u e n c i e s  of an image that leave been at tenuated can be

res tored via t r ans fo rm f i l t e r i n g .  T h i s  is no rmall y c a l l e d  “ima ge rest o ra-

t i e s n . “ “ Image cnh anc ement ° r e s u l t s  w h e n  lu r t her  emp has i s  o r  a mp l i f ic a t i o n

is placed on se l e c t e d  spatial  frequenc ies of the image . K a r l y attempts at

ima ge ‘ c r i s p e n in g ” o r  ‘ ed ge ’ enhancement” were imp lemented by using d i f f e r-

ent ia l  operators  in the spat ia l  domain , A g e n e r a l i z e d  set of even o rde r

—~~~~~~ -~~~~~~ --~‘
~~- 
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-
~ 

r t i a  1 d c  r i c a  t i c - e s  tc - ith i s n s t a n t  i e ) e  f t i  C i en t s  can l)e used t e e  t e s  rm t h e

c r i s p e nin g  f u n c t i o n  as f e - i l  b m w - s

A -~ -1
-\ ~ y )  !~ Pt N ~ v I  - B V’ ph x , y )  C ‘‘ Pt N , y )  -

cvii  e - r - :

p i x , v l  i-i p i c t u r e ’  t h en i e nt  at  l u ,  a t i e n x , y

- A -ph , \ - t  — e n h a n c ed p i c t e t r e  e l e n i e n t  a t  x , y

n t i - i  -
V n g r a c l e e n t  o p e r i -c t, i m  r

/ e n
I ~

n n
\ :  -

‘

A , F , C , . . , a r b i t r a ry  c o n s t a n t s

T F m e  s i m p l e s t  c r isp e n i ng  ope r e t o  r is g i v e n  b y

~ ( x , v )  p h x , y t  - k V~~~ p t x , y )  A n )

w h e re  k is a c o n s t a n t ,

‘N s ne en t ionec i  h e - t e e  re , t i e  op e r a to  r I — k I )~ w h e n  app l ied  to a f u n c t i u u n

p l x )  a c t S  ~e5 a cr i S p e f l i n g  ape r e t u i r , cvhere  I )  — ~, 7 -  x We - h ave  c h e e , s e n  tee

irm ip lem ent this e)ne —din eens i o n - e l  c ’ r i sp e n in g  e lp e  rate )  r in th e e  I l a a r  doevc ain  ha r

i m a g e  e n h a n c e m e n t, 1 ice r ea son  fsu r t h i s  is  tha t  me) s t  r e s t)  h u t  i e e f l  loss  f r o n - i

a sensor  s y s t e m  is o n e - di m e n s i o n a l  in n a t u r e , In a 1 \ sy s t e m , fe) r e x a mp le ,

h o r i z e i n t a l  r e s e s i u t i e e n  r e q u i r es  the  g r - a t e s t  sy s t e m  b an d cv i c l th , A l l  t h e  h l a a r

t r a n s f o rm c r i s p e n i n g  de an e  l e e r  t h i s  s tud y has been  done in t he  h e e r i z o n t a l

ch i m e n s i s s n ,

T h e  f o l l o win g  equa t ion  d e f i n e s  the  o n e - d i m e n s i e s n a l  c r i sp e n in g  f u n c t i o n ,
C , t h a t  when  app l ied  in the  I I a c r  d o m a i n , a c h i e v e s  the  equ i v a l e n t  of the

c r i S p e n i n g  operato r . l e t  the fol ]ocvin g t-’ a r i a b l es  hold  in th is  equation ~

11 I l a a r  t ransform

I i n v e r s e  h i a a r  t r a n s l e e r n i
A
l h  - r a t i ona l i zed  I i a a r  t r a n s f o r m

A _ i
h i  inverse ra t iona l ized  h i a a r  t ransfo rm

116



I - image

C - l iaar  domain c r i s p e n i n g  operato r

A -I - enhanced image

Imp l e m e n t a t i o n  01 t h e  h l a a r  C r i s p e n i n g  o pe r a to r

The  h l a a r  t r a n s f o r m  domain  cn i s p e n i n g  ope rato r C was p r e vi o u s l y

d e - r i ve d  such - i  t ha t  an image  I is e n h a n c e d  by t ic e  f e s i l o w i n g  equation:

A - 1I I I  ; i i i  i A 7 l

A ) A
1w h e r e  ( 1 — kF’ I I I )  1-1 1- ,

N

N e e t v  b y s u b s t i t u t i o n

A -l A Z A _ 1
I 11 ( 1  — k Fh i I )  h i  F )  1- 11 ,x

A
R e d u c i n g  the  h l a a r  t r a n s f o rm to rational t r ans fo rms where  H 1 - i l , y i e l d s

A A , 1  A Z A ~~~~~lI = F I T )  ( I  — k F h T I )  I I  I- ) I - I I I

A 1  Z A  ‘ A~~~~ ~~~~
— ( I  — k h l  F- l i l )  I i  1- i i )  I ( e \ 8 )

N

L e t t i n g

zA  ) A _~~ ~A .- 111) 11 l-~~ ( A i ~)
x

we have from ( A 8 )

A A 1  A
i

i I - : ( 1  — ku A l l )  I A 10)

where A now represents  the h -{aar t r a n s f o rm domain  wei ghtin g funct ion  that

H- wh en app lied to the ra t ional ized  l l a a r  t ransfo rm of an image produces c r i s  -

pening. Note that (A 1) ) c o n t a i n s  FZ i m i a t r i e e ’ s  t i - mat a r e  conven ien t ly  powers of

two , simp lify ing hardware mechanizat ion .
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S i n c e -  t h e  fee  rcc’ , i r d  and i n v e r s e -  r a t i o n a l i i a a r  t r a n s f o rm s a re  -a sy  to
~- cue i  pu te , t u e  om~) l e x i t y  c i t  t l i e  e n t  i r e  c r is  pening P roc  c-s s ol equa t ie e  n (A 1 0 )

n e - l i e s  upon t i - i c  e e c n e p h e ~ i t t -  c u t  t In -  m a t  n i x  A , N e e t e  that  t he  n i a tr i x  A is

i n d e pen d ent  Cef  t he inpu t  ien ~c ge and  can , t i - ic  r e l i c  re , be - i u i i cp ut e d  be Ice re the

pro  c - s s i n g  c - ic - c u r s ,

I-
_

ce r t h e e  8x8 c a s e  t h e  m a t r i x  .-\ ap p r e o~ i n i a t ion  is

o o 0 0 0 0 0 0
0 - i  0 0 0 0 0 0
0 0 -8  0 0 0 0 0
0 0 0 -8 0 0 0 0A ‘~ 0 0 0 0 - 3 2  0 0 0
0 0 0 0 0 - 3 2  0 0
0 0 0 0 0 0 - 32  0
0 0 0 0 0 0 0 - 3 2

‘I i-me c r i sp e n in g  p r o c e s s  u s i n g  t i - ic  h l a a r t r a n s f o r m  can  now be t o t a l l y

i m p l e m e n t ed  by u s i n g  onl y a d d i t i o n , s ubt r a c t ion  and bina r y  s h i f t s , F i g  —

o r e ’  A — i t )  su n l n l a r i / e ’ s  tb e- h ! a a r  t r a n s  f o rm  cr  i s p e n i n g  t e - c h n i q ue .

N e -ice t b - m a t  t h e ’  d c ’ r i \ a t i o n e  i t t  t h e -  c. r u - n e - f l i n g  op e r a t o r  i s  e’omnp let - , on l y on e -

v a r i a b l e  r e m a i n s  to be i l t - t e r m i n e d ~ t i - me  va lue  of k from equation (A 1 0 ) ,  Note

t h a t  k d c - t e  rm ines  t h e -  am ount  ol c r i - s  p en ing  te , be a d de d  to the  o r i g ina l image ,

Conc lus ie)ns

‘I he ~epp i i c - i - i t i u e n  s i t  h i s t m e g r i - e m  e q u a l iz a t i o n  in l o c a l  ima ge  a r ea s  is an

c ’ f f ~- c t i c e -  i n i i - e g e ’  e - nh i - en -  e-n -e -nt t e - c h e n i qeie . -\ s im i l a r  l c e c : a l  a r ea  app l i c a t i o n  of

s im p l e ’  b r i g h t n e s s  ,t n d  v i d e -  - g a i n  t e c t e )  ns is a lso a v i a b l e  c o n t r a s t  e n h a n c e m e nt

appre ) i - c  I i , - l he I l i - e a r  t r i - s n s f e rn -i c r i sp e n in g  t e c h n i q u e  sheewed  l i t t l e  oc - e r a l l

improvement  in opera to r per lormance .

A l l  t h r e e -  of t hese  t ech n iques  cvork d i r e c t l y in the p ixe l  domain and lend

themse lves  to har d ware  mechan iza t ions  that can operate at T\  ra tes , A

f u n c t i o n a l  h a r d w a r e  n e - s i gn fu r  t he  t h r e e  t e c h n i q u e s was done , T a b l e  A - i

shows the cor res p ondin g  rea l - t ime  mechan iza t i on  ce sm p l e x i t v ,

1 1 8
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TA h I  F lU A -I . REA L — T I M I U  I I A R I ) W A R E  M E C I I A N I Z A I IO N CO~c1 p h , F ;x l T  ‘
~
‘

01- E N h A N CE M E N T  Th - C I I N I Q U I - 5

h ardware _Com p l e x i t y

i Un h a n c em e n t  Siz e , W e i g ht , h - u w e r ,
T e c h n i que ICs I n ch e s  P eeund s  ieV a t t s

LABCC 330 b x 8 x 8, 6 5

LAHE 770 6 x 8 x 17. 4 11 . 5 154

I ITC 384 x 8 x 9, 7 5, 8 77

f APP l Y T A K E  -
‘ 

j 1 -1
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ iP L v

m : s e  i SC ’f NI  1)
c--A i

Figure A - b , B lock  dia gr am of cr is pening ope rato r ,
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‘\ pp end i ’: B

r l l l - : R \ I A h .  - \ N h )  R F L I A B I h I h - y A N A I ~ Y~— i I H

I I I E R \ I A  F A N ,-\ L Y H I H -

A n  , e n , t l v s i s  w a s  pe n f o r n n ’d  t o  i n v e s t i ga te  the  t h e r m a l  c a p a b i l i ty  of the

an t e - i st  e ’n h i - c n e  e ’n- i cn t  u n i t ,  t he  e m i t  i s  c o o l e d  b y a s in g le r e a r  m o e e n t e d

i- i’-: i a l  i - e c u . F in’ t i - t n  d 1’,,cv s a i r  t i  r o ug h t wo ~~ . 5 inc - l i  d i an-m e te r  on t i c  ~ s on bo th

s i d e - s  o t  t i l e -  i t n t t  e \ t t t n g  in t h e  r e e r  o t  t h e  u n i t .

l u i we  r d i s s i p ; e t i s ) n  t n  t he  f~~ \ e ,c r d s  t o t a l s  7~ w a t t s  w i t h  a m a x i nn e n - i

e v e ’  r a g e -  e a t  ~~4 0 / n i w  / I ) 1 l~ on t l e e  m e a n  boa rd . T h u i s  c o o l in g  of t he s e  IC s

de t e n t - m et -  t h e  t h e -  m c i - a l  p e r l u u t ’ t l i - e n e e  i - e q u i i - em e n t s  t i e r  the c en i t ,  ~~~ax i ni u mn

a l l o w a b l e -  j u n e  Con  t c - m p e r a t i i m - e  i s  ,t s sun’eed  to be 70 0( , R e s u l t s  of ti -m e

e n a l y s i s  cr c ’  sh o w n  in  F i g u r e  B - I as e c c c v i ’ s of n - i a x i n em n - i  i n l e t  a i r  t e i np e  ra -

to cc - as  cc t U n e  t i o n  ccl c i  r I l i w  o v e r  the  - ) 5’c PC boa rds  f o r  t h r e e  a l t i t u de s ,

T h i s  i s  the -  i n l e t  i - e m  e s u n d t t i o n  n e c  es s a r y  to l i n - m i t  the  m a x i m u m  IC e hi p

tenipe  r a t u r e  to  T o °( -

r c~ u i  t a n s  t e e - re s el e ted  t o r  i n ter c h a n g e a ble  use ott the g round  and in

t l e  i - e i r c  r a t t .  F l ee F o n t t  i - h r M o d e l  4~~( ) ( )  op e r a t e s  f r o m  C O  Hz l ine  power

i - end p r o v i d e - - e n  - t i r t  low t m u  the b ( boa rd s of ~ c c e b i c  f ee t  p e r  m i n u t e . The

Sc- c t e n d , a H- p~s r t a n  \ t e e d - l  I ~~~~ i ce- r a t e s  Iron - i  40tH H z  l i n e  p o w e r  ( f o r a i r —

r a t l  u p p l i e  , s t l i u f l S )  and  p r o c - i d e s  ,en a i r f l o w  01 ~ c u b i c  f ee t  pe r  n -m i n u t e .

1e m a i n t a i n  t i - c -  nec  m c  e i c e - n d e’d j e i f l e  Con  t e r n p er a t u c - e ’  (7 0 °C )  tui e i n l e t  a i r

t e i np e  r a t i e i - e t - h i e i i l d  n i u t  e \ e  e c r I  ~ { U i ( - I c i n g  t he  ~iO Hz f a n  n o r  40 °C w h e n

u s i n g  th e -  4 1) ) )  IF ’  f a n  a t  s c - a  e ve-  I . F’ or  a i r b o r n e  ope r a t i o n , u s i ng  the ’ 4 u )( )  Hz

t a n , the  i n l e t  a i r  s h o u ld  not  Cxc  -~~d ~O°C at I t ) , O O t )  I e e t  no r  ~ 0 °C at

2 1 ) , ( i t ) ) )  Ic- e t , Op e ra t i on  at a i r  i n l e t  t e n - i p e r a t u r e s  above  these  l i m i t s  v — i l l

r e s u l t  in  r e d u c e d  u n i t  r e l i a b i l i t y .

B E  FlAB I L I T Y  A N A I ~Y~~I~

the  \ I T BF  (m e a n  t i t i  :e bel t ’, c e - n  f a i l u r e )  of the  LABGC u n i t  is approxi -

m a t e l y 701) 0 h o u r s  a u ~ i n d i c a t e d  by table B - I  ~at 70°C T
1

) .  The e s t i m a t e

i s  L e a s e d  on the  use  of n - m i l i t a r y  t en -mp e r a t u r e  ( - ~~5 to 12 °C )  rang e i n t e g r a t e d

I r m - u m i t s  and c o n - m n -m e r e  i a l  (0 t o  7 i ) O ( )  t empera tu re  range s u b a s s e m n b l i e s

12 1 
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F i g u r e -  13 - I . T her m a l a n al y s i s .

‘ I )  c ( e n v e - r t e r , p o w e r  s u p p l i e s ) .  The s t e - i t c h e s  and c o n n e c t o r  r e l i a b i l i ty

is e s s u rn e d  t i  be n e g l i g i b l e  f o r  the p u r p o s e  of t h i s  e s t im ate . F a i l u r e  rates

c u t  t h e  i n d i v i d u a l  e omnp onen t s  w e r e  ob ta ined  f r om  M i !  Standard Handbook

2 1 7 B  or m a n u t a t u re  da ta .
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T A B  FE 13 - 1 .  U N I T  R E L I AB I L I T Y

F a i l u r e s  p er M i l l i o n  Hours
at 71) °C

A S  S yn c  S t r i ppe r 4. 24~

A 6  I n p e e t  P r o c e s s o r  7 . 032

A 7  Outpu t  P r o c e s s o r  7 6 8 1

A~ Mea n 6 . 279

A u  Range 6.2 7 9

A 1 -A 4  \ ‘AD C - l~~/ l 7  < 2 0 . 0

Power  Supp l y L C S - A 5- 0 \ ’  33 , 3 : -

Power  Supp l y LJS 1 1 - S - n V  33 , 3

Power  Supp l y L X D - A I 5 Z R  25 . O~

143. 119 = (-98 7 h r  \ l ’F R F
. e R e l i a b i l i t y  does  not change with temperature s ince  maximum rated cur ren t

d e c r e a s e s  with tempe rat ure .

1 2 3

______ ___________________ 
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LABGc — 400
A p p en d i x  C

A( C E I ’TANCE TEST PLA N

1. G E N E R A l ,  I N I  e } - ’MA I I ON

1.1 A S S E M B L I I - S I I ~~ TEI)

1.1. 1 T h i s  d o c u m e n t  d e - c c r  i l e ”s che  p rocedur e  fo r  t e s t  I ng the

!lughes I,A LIGC C o n t r a - c t  Enh ance ’rue n t  S y s t e m .

1.2 Purpose  of Tes t

1 . 2. 1  ‘I’hc pu rpose  of t h i s  t es t  is to v e r i f y proper o p e r a t i o n  of

the LAItC C sy s tem .

2. TEST E Q U I J  ME NT RE Q~~IRE1 ) -

2 .1  TV Camera Shibedan Model V550 or equivalent

2 . 2  TV M o n i t o r  Conrac  SNA 9 or equ iva len t .

3. POWER

3.1 The f o l l o w i ng power forms are required for system operation .

105—132 VAC ; 47—440 Hz

4. TEST PRE PARA ’I’JON

4.1 Ge neral

4.1 .1 C on n e c t o u tp u t  of TV camera to LABCC video input. Provide

75 ohm + m  , .25 w a r t termination on the LABCC video output.

4 .1,2 Connect enhanc ed output of the LABCC to the TV monitor

inp ut. The monitor requires a 75 ohm +5% , .25 watt termination.

4.1 .3 All fr ont p anel switches shall be u i  the following positions

a t the start of any test.

POWER - ON

875/525 — 525

MODE - BYPASS

INPUT BITS - 6

X POSITION - 000

Y POSITION — 100 
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5. TE ST P R O C E I ) U R E

5. 1 ~ i e e g e - / P  i x e -I  1)1 f f e renc e

e .l.l Switch the mode control t o  t h e  lil T 2 posi t ion , set INPUT BIT to

h , PROM SELECT to 2 and FUNCTL ()N SELECT to 3. In this mode a known pre—

pu ie gr i-emuin ed test pattern is I n t e r n a l l y  i n se r t ed  at t h e  i n p u t  and the range

p r - u - e as i n g  al g o r i t h m  is p e r f o r m e d .  The d i g i t a l  disp lay shall read the

t c u l l o w i n g  va lues  fo r  the X p o s i t i o n  va l ues l i s t ed  (see Table  I ) .  The pre —

prc - i ) t r ammed t e s t  p a t t e r n  is as i n d i c a t e d  in F i g u r e  1. A sample  c a l c u l a t i o n

is p r o v i d e d  i n  A p p e n d i x  C of the  f i n a l  repor t  to v e r i fy  the  r e s u l t a n t tes t

‘,‘ i l ues .

5 . 1 . 2  Change the FUNCTION SELECT sw i t c h  to 8. The di g i t a l  d i s p l a y  sha l l

re-ad t he  f o l l o w i n g  values for the foll owing X positi on values (see Table II).

- - - 

TABLE I.
X ( O c ta l )  

— 

Dis 1lav Reference
(Octal) (Decimal)

333 77 63

334 77 63

335 77 63

336 34 28

337 34 28

340 20 16

341 46 38

342 52 42

343 40 32
344 50 40

345 42 34

346 22 18

347 50 40

350 32 26

351 26 22

352 50 40

353 - 46 38

354 40 32

355 34 28

356 77 63

77 126 63
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TABLE II.

X OCTAL DISPLAY REFERENCE
(ocTAL) (DI- :CUIAL )

333 77 63

334 75 61

335 73 59

336 60 48

337 34 28

34 0 16 14

341 50 40

342 52 42

343 40 32

344 52 42

345 42 34

346 20 16

347 52 42

350 32 26

351 26 22

352 50 40

353 50 40

354 62 50

355 70 56

356 73 59

357 77 63
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5.2 V I t h e >  f l u m i m u - l

5 . 2 . 1  S w i t c h  t h e  mod e- c o n t r o l  to  thee  BIT 1 p u u s l t  i o n .  In  this

mc)(Ie the di gita l pr oce-’~’~ing circuitr y is bypassed . Verif y tha t

the  camer a  v i d - o  i s  d i s p l .-cv cd on the  m o n i t o r  by v i s u a l i n s pe c t i on .

5.2.2 S w i t c h  t h e  mode c o n t r o l  t o  t h e  RANGE mode .  In  t h i s  mode ,

the LABCC range pro i e~~- s i n g  is p e r f o r m e d  on t h -  TV I n p u t  -,- i deo .

V e r i f y t h a t  camera  v i d e o  i s  d i s p l a y e d  on t h e  n e o n i t o r  by v i s u a l

If l~ p i’c t  io n .

5 . 2 .3 S w i t c h  t h e  mode c o n t r o l  to  t he  BYPASS m o d e .

5.2.4 S w i t c h  t h e  mode i- i n t r o l  to  t h e ’  P I X E L  P1 F I H - E I - NCE mode .

~‘e - r l f v  by  v i - u m i - e l i n s pe c t  ion t!ea t Li ce ’ c amera  v i d e o  i s  d i s p l a y e d

on t h e e  m o n i t o r .

6. FLI(:IIT SAFETY

6 . 1 The LABGC C o n t r a s t  Enhancemen t  s y s t e m  has been f a b r i c e r e d

and inspec ted  to flight s a f e t y  s tandards  as p resc r ib ed  by t im e

program q u a l i t y  r e q u i r e m e n t s .  A c e r t i f i c a t e  ( i f  c o mp 1i a n c ~- will

— - be c o m p l e t e d  p r i o r  t o  t h e  d e l I v e r y  of t h e ’  u n i t .  (A s e r c : I u l - - u t i f i c a t e ’

i i t  t ac he- d . )
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Samp l e  LABGC C a l c u l a t i o n

A samp 10 a 1 c m i i  a t  ion  c u t  he I A B G C  a I go r i th e m w i l l  be shown to p r o v i d e -

e one p I e t c  c inde r s  t a u d i  ng a t  t I i i . p r o i e ’ s S  . The examp I c  shown w i l l  m ac t le-

i n p u t  - l e t  a u se d f o r  t he t est  p r o c e d m i r e .

l)A TA 0 0 0 28 12 3 3 3 3  C U R R E N T  V I D E O

0 0 0 28 32 3 3  33 oN I- ; L I N E  DELAYED VIDEO

~ I N1 )~~ Ci C i + i  Ci ~~1 ( i+  I
( ; I : N 1 F R  EL !2~ :N ’l

D i D i + l  Di - 4 - 2 D i +  I

\‘ i DEt) EN H = (ci+2 — M )  P + 1 + B

• S t e p  1 M EAN = + /8 = A V [R ~\Pl - . OF WINDOW

1 0 + 0 + 0 + 28 + 0 + 0 + 0 ÷ 28/8 = 7

Ii 0 + 0 + 28 + 32 + 0 + 0 + 28 + 12/8 = 15

I I I  0 + 28 + 32 + 33 + 0 + 28 + 32 + 33/8 = 23

• IV 28 + 32 + 3 3  + 33 + 28 + 32 + 33 + 33/8 = 31

S t e p 2 RANGE = Vma x - Vmin = MAXIMUM - MINIMUM VIDEO ELEMENT IN THE WINDOW

I 2 8 — 0 = 2 8

I I  32 — 0 = 32

I I I  3 3 — 0 = 3 3

I V  13 — 28 = 5

N t e p  I V — M — VALUE OF ( d N ! I d <  ~‘ l I ) E ( )  ELEMENT — MEAN

- -  ( ;  i +!  — M I - A N

0 — 7 —  —7

[I  2 8 — 1 5 — 1 1

I I I  32 — 23  — 9

IV 33 — 31 — 2

1 1  
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St ep 4 GAIN = RANGE * CONSTANT * FUNCTION

The LABGC algorithm is computed for two Gain functions.

G (2,8) = Cl

G (2 , 3) = G2

C l (;2

2 . 7 5  1

11 2.25 1

I I I  2 . 2 5  1

IV 4 . 2 5  4

The Gain func t ions  are l i s ted  as a func t ion  of the Range

value in Appendix D.

S t e p  5 (V — M)G

GI

I — 7 * 1.75 = —19

II 13 * 1.25 = 29

III 9 * 1.25 = 20

IV 2 * 3.00 — 9

G2

I

II 13 * ~ = 13

III 9 * 1 = 9

IV 2 * 4 =  8

St ep 6 (V — M ) G + M

I — 1 9 + 7 = — 1 2  — 7 + 7  ~
. 0

II 29 + 15 — 44 13 + 15 = 28

I I I  20 + 23 — 43 9 + 23 — 32

IV 9 + 3 1 — 40 8 + 3 1 = 39
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The 81 and B2 t e rms  c a l c u la t e d  be l ow , I r e -  computed  w i t h o u t  i n c l u d i n g  any

t r u n c a t io n .  The ac tua l va lues  g e - n e - r a t e d  v i a  the PROM lookup table are

l i s t e d  nex t  to the  c a l c u l a t e d  v a l u e s .

S tep  7 Bi = M I N ( S D ,M ) G — M ( f o r  8 170)

82 = 6 3 — M — M I N ( S D , 6 3 — M )  x C (o f B260)

SD = STAN ’DA R~ DEV I A T I O N  = RANGE x .402

R * . 4 U .

,‘8 * . - - .02 = 1 1. 1

II 32 * . -O = 12 .~

I I I  33  * = I

I V 5 * . •u .  — . 1)

( - I

81 = MIN (~-~D ,M o - 
— C a l c u l a t e d  T r u n c a t e d

I = ~- 1 l N  ( 1 1 .  ~~, ~~) 2 . 7 ’  — 7 = 12 12

II = M I N  ( l I . ’ , 15)  1 . 2 5  — 15 — 14 16

I I I  = M I N  (13. 1 , 1 3) 1.25 — 2 3  = 7 8

Iv = M I N  (2 , 3 1)  4 .1~ — 31 = — 2 2 ;  0 0

C l

B2 = 63—M—MIN (SD, b3 — M) x C Calcula ted  Trunca ted

I = 63 — 7 — (13.3, 63 — 7 )  2.75 = 25; 0 0

II — 63 — 15 — (12.9, 63 — 15) 2.25 19; 0 0

I I I  = 63 — 23 — ( 1 3 . 3 , 63 — 23) 2.25 = 10; 0 0

IV = 63 — 31 — (2, 63 — 31) 4.25 = 24; 0 0
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Cl

Bl = M I N  (SD , M) C — M Ca lcu la ted  Ac t ua l

I = MIN (11.3, 7) 1 — 7 = 0 0

I I  = M I N  ( 1 2 . 9 , 15) 1 — 15 = — 2 ; 0 0

III MIN (1 3.3 , 2 3 )  1 — 2 3  = —10; 0 0

IV = M I N  (2 , 31) 4 — 31 —23; 0 0

C2

B2 63 — M — M I N  (SD , 6 3  — M )C Calculated Actual

I = 63 — 7 — MIN (11.3, 63 — 7 ) 1  = 45 ;  0 0

I r  = 63 — 15 — M I N ( 12 .9 , 63 — 15)1 = 35; 0 0

I I I  = 63 — 23 — M I N  (13.3 , 63 — 2 3 ) 1  = 2 7 ;  0 0

IV = 63 — 31 — M I N  (2 , 63 — 31)4 = 24 ; 0 0

Step 8 (V — M)G + M + B

(V — M ) G + M  + B

Cl

I — 12 + 1 2 = 0  0 + 0 =  0

I I  44 + 16 = 60 28 -~ 0 = 28

I I I  43 + 8 = 52 32 + 0 = 32

IV 4 0 +  0 = 4 0  3 9 + 0 = 3 9

Comparison of Calculated to Actual outputs

(V - M ) G + M + B

ci G2
Calc ulated Actual Calculated Actual

1 0 59; —4 0 63; 0

I I  60 56 28 28

III 52 50 32 32

IV 40 40 39 38

1 34
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NOtE: The test disp lay out pu t does no t di scr imina t e be tween small nega t ive

numbers and large positive numbers. The processing carries one

additional bit of dat e for this discrimination . The caret is placed

above the negative number representation and the actual negative

number is shown , All negative numbers are forced to zero and all

numbers ab ove 63 are f o rced to 63 by th e ac tual al gori thm after the

test disp lay.
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-\ pp endi x  I )

I I  S I  I R (  ) \1  D A l A  SI’; I I - ;C TI (  ) \

I he Input  1 r e  c ’ S  H e r  b e a r d  has two s i g f l et i c s  8 S  1 3 1 5 1 x 4 Drom S

~vhm I i  e e n t a  in t e a t  p a t t e r n  d a t a . These 1’ r oms crc labele d T PR RA and
T I  RR I ~. 1 1  ‘RR A c o n t a i n s  t h e  4 \1513 ’ S and ‘I I~RR  R c o n t a i n s  t h e  I SP ,  s
t !  t i a ’  ( l a t t~ ~ p e -~ - i f i e - a l l v  t he  ‘Test P r o ms  c e n t e i n  f ou r  c 4  wo rd ( c — b i t )  gr o up s
e e l  r u n d o u c  n u m b e r s . T h e  f o u r  gr o~~p~ 1 r a n dom  n u mb e r s  we re g e n e r a t e d

i = i n , ~ t o -  l~.:\ S l R~< l )  f u n c t i o n . 1 he -  ‘ a n d ’ of t In’ t o u r  d r o mps  i s  d e f i n ~~ 1
a s  t o l l - w a :

I t )  — I N i  ( 1 0  R \ I )  ( 0 ) )

- -27  - INT  ( 1 0  R N D  ( 0 ) )

I l l  — 53 - I N I  (1’) R N I )  ( 0 ) )

I - l ~ j~ J , — IN’1 ( u 4 - - I ~~- J ) )

f h c  R N I )  f u n c t i o n  -2 e - n e r a t e s  a n i m n b e ’ i -  b e t w e e n  (3 a n d  I ;  h e n c e  t h e  r a n d e -
of ‘~ m e  h g r - c i p  i s :

LO — 0 t u e  4

M I- ;!) — ~27  t - 3 t

i l l  — 5 3  to e~~!

1- ’U L L  - 0 to c 3

A c l i p s w i t c h  has  been p rov i d e d  on t h e  I n p u t  P r e c c s so r  b e e a r d  at le e c a t i o n
1 1 5  to — e l e c t  t he  d e s i r e d  r~~nge of random nu m bers . In a d d i t i o n to t h e  r an c~e
s e l e c t  it is poss ib le  to s e l ec t  1 of 4 g rou p s  of I c  n u mb e r s  w i t h i n  e a ch  c - 4
numbe r ran ge . ‘I he f i r s t  four s w i t c h e s  in th e d i p  s w i t c h  are  not w i red  at
t h i s  tifli e~ S w i tch e s  S and s e l e c t  the group e e f  I c  numbe rs  wi th in  a s p e c i f i c
range . Switche s 7 and 8 select the  range . 1 a b i e  1) -  1 l i s t s  the  p o s s i b l e
switch pos i t i ons and the  rand om numbers obta ined for  each p osit ion .

}RhCh~D1M~ p4.Jj -~ RL QA~.~~~o~~ 
~~iI~;D

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

~~~~~

-

~~~~~~~~~~
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S w i t  - Ii
N u m b e r  —

U r e e u p  R a n g e

5 c 7 5 ( ; r o u p  Range  R a n d o m  N u m b e r s

( )  C) 0 1 )  0 1k)  2 e 7 3 1 3 ~ 4 3 8 4 e u 1 5

0 0 0 1 0 \ l 1 -W  28 32 33 33 20 3 )  32 27 31 33 32 35 34 27 20

0 0 1 I )  0 III S e ,  5 4  e , e l  54 54 53 ~~ c -2 5 - 4  53 U) 58 53 c i  55

O (1 1 1 0 I ’ l l .  -- ( 1 31 10 57 13 8 e, 1 1 8 4 4  38 42 7 3 4  1- 27

0 1 0 ( 1  1 I A )  3 4 e 4 5  m 4  8 c 7 7 7 ~~~~~~ 7 , 2

O 1 0 1 1 M I - i  H 3 35 33 34 32 34 27 3 3 e  2~ 31 2 -~ 28 35 35 34

O 1 1 0 1 111 53 S e  54 5 4  5o 54 55 58 S e  P2  53 55 5 4  53 55

O 1 1 1 1 1- 0. 1~ 4 c ,  4 3c 40 7 20 1 28 15 37 3 45 2 1 5 3 m

1 0 0 0 2 1k) 4 o e 8 4 1 4 4 5 0 2 e, ‘~ 5 4

1 0 0 1 -2 \ l I - ; D 32 27 30 28 35 32 35 35 28 32 28 31 28 27 28 33

1 0 1 0 2 III 57 & 2 e l 5 S 58 S7 ul u1 53 5c 5c 54 S~)58 60 5 4

1 0 1 1 2 Fl ’ I . 24 47 28 i i  t 53 2 4  33 c3 21 27 42 53 14 37 5

1 1 0 0  3 IL) 0 3 3 7 4  c O  3 u c 4  3 5 1  c b

1 1 0 1 3 MED 35 3 -~ 3 3~- 33 2 -e 27 35 4 ~2 K  35 2-~ 2 4 33 2 m  30

1 1 1 0 3 I I I  57 54 55 U) 1) e U  S e ,  e p2 54 55 50 58 e 2  c O  54

1 1 1 1 3 E U l .  21 32 ~ 1 1 11 3 II 25 0 4-c 58 4 2t 31 24 4
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0 - Sw i t c h  On;  1 - S w it c h  O f f

‘ U s c - c l  for A c c e p t a n c e  ‘lest

t ) sed for \V avefo rm 1) iagn o s t i c s

1 38

-g
— - . ‘—  - — - - - - 

- - _e



Distribution List

Chief of Naval Research Off ice of the Secretary of Defense
De partmen t of the Nav y De put y D i rector , Tactical Warfare Program
Arl i n g ton , Virgi nia 22217 Washington , 0. C . 20360
ATTN: Codes 221 4 ATTN : Dr. Robert Fisher

437 1
455 1 Headquarters

Department of the Navy
Defense Documentation Center Naval Material Command
Cameron Sta tion Wash i ng ton , D. C. 20360
,-dexan dria , V irginia 22314 12 ATTN : MAT 03 1

D i rec tor Commande r
Naval Research Laboratory Naval Air Systems Command

~4ashington , 0. C. 20375 Washington , 0. C . 20360
ATTN : Tech Info Division 1 ATTN: AIR 5337 1

Library , Code 2620 1 5313 1
3400 1

u i rector , ONR Branch Office 340F 1
536 S. Clark Street 360F 1
Chic ago , Illinois 60505 1 03P 1

41043 1
Direc tor 310B
Office of Naval Research

Branch Office Commander Naval Sea Systems Command
lD 3u East Green Street Code 034
Pasa dena , Califor nia 91106 1 Washington , D. C. 20360 1

— D i rec tor Comman der
Off ice of Naval Research Naval Electronic Systems Command

Branch Off i ce Washi ng ton , 0. C. 20360
495 Summer Street ATTh: ELEX 310 1
Boston , Massachusetts 02210 1 320 1

Office of Naval Research Officer in Charge
Branch Office Naval Aerospace Med ical Research Laboratory

New York Area Off ice  Pensacola , FL 32512
7l-~ Broadway (5th Floor) ATTN CDR J . Goodson

~~ew York , New York 10003
Comman d ing Off icer

Office of the Chief of Naval U.S. Naval Air Development Center
Operations Warminster , PA 13974

Department of the Navy ATTN : Code 402 1
• Washington , D.C . 20350 505

ATTN : OP—098T 1
OP-506 1 InstItute for Defense Analysis

400 Army-Navy Drive
Ar lington , Virginia 22204
ATTN: L. Biberman 1

139

_ _ _ _ _  - - - _ _- _ _ __ _ _ _ _ _ _ _ _ _- 
a



Comman der Director Human Engineering Labs
~ava1 Electronics Laboratory Center Aberdeen Proving Groun d , MD
2/1 Catalina Boulevard ATTN : AMXR D-HEL
San Jiego , California 92152

Aero Medical Research Laboratory
Commander Air Force Systeimis Command
Naval Miss ile Center Wright -Patterson AFB , Oh io 45433
Pt. Mu~~, California 93051
AT T’ e :  T. Perry 1 Head quarters AFSC -XRLA

An d rews AFB
co~~and ~ r Washington , 0. C. 20334
Naval Weapons Center
China Lake , CA 9355~ Air Force Av ionics Laboratory
ATTN : Code 4011 1 Air Force Systems Command

Wr ight-Patterson AFB , Oh i o 45433
Commander ATT N: AFAL/AA (Mr. Steve Young ) 30
~av al  Av i on i cs Fac i l it y
Indianapolis , Ind iana 46216 Headquarters Rome Air Deve l opment
ATT N : i~. katz 1 Center

Air Force Systems Command
Dean of Research Adm inistration Griffiss Air Force Base , N .Y . 13441
m aval Po~tgi’aduate Schoo l ATTm-l : RBRAC
Mon terey , California 93940 4

Federal Av iation Agency
Loici tan dant , U.S. Mar ine Corps NAFEC Bldg . 10
Hea dq uar ters , U.S. Mar ine Corps A tlantic City , N .J. 03405
W a s h i n gton , D.C. 20380
ATTa : RD- I 1 Air Force Office of Scientific Research

1430 Wilson Boulevard
Cornician darit Arlington , V irginia 22209
U.S. Coast Gua rd Heaiquarters
400 7th Street , N W H one ywell , Inc .
Washiiigton , u. C. 20591 1 Systems and Research Division

2700 Ridgeway Parkway
Direc tor , U.S. A rmy Research Minne apolis , M i nnesota 55413

Inst itute ATTN : Dr. L. Williams
1300 W i lson 1~ou leva r d
Ar lin yton , Virginia 22239 1 kCA Laboratories

Dav id Sarnoff Research Center
Comandiny General Princeton , N. J. 08540
U.S. Army Material Command ATTN : Dr. Cohen
viashington , 0. C. 20315
ATTN : AI4CRO-HA 1 Defense Advanced Research Projects

Agency
Command ing Genera l 1400 Wilson Blvd .
U .S. Army Electronics Command Arlington , Virg inia 22209
Fort Monmouth , New Jersey ATTN : K . Kresa
ATTN: AMSEL-VL -E 1 K. Perko

AMSEL-TL-B0 I
AMS [L-VL- 1 1

140

- - ,—


