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This memo describes a method of automatically focusing the new 
vidisector (TVC). The same method can be used for distance 
measuring. Included are instructions describing the use of a 
special LISP and the required LISP-functions. The use of the 
vidisectors, as well as estimates of their physical character- 
istics is also included, since a collection of such data has 
not previously been available. 
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I n t r o d u c t i o n :  T h i s  Terco d e s c r i b e s  t h e  a 2 p l i c a t i o n  o f  

a f a u r i e r  t r a n s f o r m  c e t h o d  t o  t 5 e  f o c u s i n ?  problem. It 

is assumed t h a t  t h e  r e a d e r  has sdKle familiarity w i t h  

v a r i o u s  rcocies o f  f o i x e i z r  t r a n s f o r a .  I n  " a r t i c u l a r ;  u s e  

w i l l  be r a d e  of  c e r t a i n  s i r c i l a r i t i e s  uetween t h e  t r a n s f o r 3  

of a  f u n c t i ~ n  a f  a  c ~ n t i ~ ~ ~ o u s  v a r i a s l e  and t h a t  of a  

f u n c t i o n  of  a  d i s c r e t e  v s r i 3 b l e ,  s i n c e  t h e  d i s c r e t e  

t r a n s f o r m s  u s u a l l y  have much n o r e  

express ions ,  y e t  have much t h e  same b e h a v i o u r .  It ,,ill be 

s e e n  t h a t  t h e  f u n c t i o n  2 * J L ( x ) / x  p l a y s  t h e  s a n e  r o l e  

i n  t h e  t w o - d i ~ ? n s i o n a l  t r a n s f o r a  3s s i n ( x ) / x  d o e s  i n  t h e  

one -d i rnens iana l  trans for^. It nay  Le found tsat soille of  

d e s i e n  h3s been  s p e l l e d  o u t  i n  t o o  xuch d e t a i l  - i f  s o  

f o r g i v e  t h o s e  of  u s  ivho 9ave f o r g o t t e n  t h e i r  o p t i c s  and  

would l i k e  i t  s p e l l e d  ~ u t .  The o r d e r i n g  o f  t o o i c s  may 

a l s o  b e  found t o  De u n u s u 3 l  - i t  i s  a n  a t t e m p t  t o  _ r i t e  

it s u c h  t h a t  f o r a a r d  r e f e r e n c e s  were n o t  r e q u i r e d .  T h i s  

work i s  p a r t  o f  t h e  work done t o w a r c s  3 L a s t e r s  T h e s i s  

on tie a n g l i c a t i o n  o f  f o u r i e r  t r a n s f o r m s  t o  image ~ r o c e s s i n g ,  

and comTents  nould  be a : > p r ? c i a t e d .  $ i n a l l y ,  no  g u s r a n t e e  

i s  g i v e n  on t h e  a c c u r a c y  of  t + e  v i d i s ~ c t o r  c o n s t a n t s  

r e p o r t e d  h e r e i n  - when mdre  a c c u r a t e  v a l u e s  become 

a v a i l a b l e  t h e y  w i l l  be r e p o r t e d  i n  t a e  loq -book(under  t h e  

m o n i t o r ) .  



T h i s  c a n  ba e s t e n d e d  t o  fuactiocs of nore than on2 d l x e ~ -  

s i o n ,  b y  a l l o a i i n g  t h e  t r a ~ ~ s f o r r n  t o  be  a f - ~ n c t i o n  of as 

many frequency-variables as t h e  o r i ~ i n a i  f v c c t i o n  i s  of 

s s a c e - v a r i a b l e s .  



This a g a i n  may be  s i n 2 l y  extended to rore t h j n  one ?i;:icii- 

sions. .In c e r t a i n  caEes  iS; i s  _nossib:e t o  ce1cui::te (3%- 

C r e t e  f o u r i e r  t r a n s f o r a s  (DFT's) v e r y  r e 2 i d l y  b y  ~~e z e -  

t h o d  o f  fast f o u r i e r  t r a n s f o r m s  ( F W )  d e s c r i b e d  i n  an 2;~- 

pendix .  

Kote  t h a t  t h e  DE'T n s s u c e s  R c e r t a i n  p e z - i o d i c i t : ~  i n  the 

f u n c t i o n :  

ie. both t h e  f : j n c t i o n  ane i t s  t r6nsCorm a r e  o e r i o d l c  

f ~ n c t l o n s  3f d i ~ c r e t e  vari3Sles. A n o t h e r  i n t e q r e t a t l a n  

usefi:l jn c e r t a i n  c z c e s  i s  t b o t  one o f  t h e  two r e ? r e s e z t s  

sriz ~le , . :  o f  a p e r i o d i c  f r e ~ ~ i e n c y - l i c i t e c !  f i ~ ~  c t l i j r , ,  t : , e  

o c h e r .  one t h e n  i s  discre:e  b u t  n o n z e r o  o n l y  o v e r  art 4 2 -  



T h e  c f f ' e c t  of  d e f o c u s i n g  an  i r~?s . ,c :  Consider ar, ins, e of 

a  p l a n e  ? e r ? a r . d i c u l a r  t a  t h e  o i ? t i c 2 l  ax<:, Asck ? o l n t  o" 

t h e  o b j e c t  g e n e r e t e s  a ? o i n t  on t h e  i z a g o  ~ i t h  i r t e c s l t y  

~ r o ? o r t i o n 3 1  to t k e  s o u r c e  p o i n t .  ;:'hen wa i c s e r t  a 1 l h r 2  

p e r ? e n e i c ~ l a r  t o  t h e  o 2 t i c a l  &xis b e t s e e n  t r l e  in.3<;e ?isc. 

ar,6 c h e  l e n s  we c u t  e a c h  cdne o f  l i g h t  ( co r re s ; ,ond inz  t 3  

a n  i n a g e - 2 o l n t )  i n  a c i r c l e .  The i n t e n s i t y  i n  e c c n  such  

c i r c l e  i s  a g a i n  p - o ~ o r t i o n a l  t o  t h a t  o f  t n e  c o r r = s ? ~ n 2 i c ;  

s o u r c e  p o i n t ,  u n i f o r n  a c r o s s  t h e  c i r c l e  a c d  dez r i a s i r i :  

w i t h  t h e  r 3 d i u s  of t h e  c i r c l e  s u c h  t h a t  t h s  x o t h l  l i < ; h t  

The t h e  

t h e  i n - f o c u s  i m ; e  acd  s l l s t l e  ? i l l b o x ( w n o s e  h e i s h t  i s  
4 h c  squab-< o f  

i r , v e r s l y  p r o ; ) o r t i o r i a l .  to, , i ts  r a d i u s ) .  %?is e f i ' e c t  i s  

e s s i e r  t o  d e s c r i b e  i n  t h e  f r e q u e n c y  d o m i n ,  s i n c s  csnvo-  

t h e  a u l t i p l i c a t  i o n  

i n  t h e  f r e q u e n c y  d o n a i n .  I n  o t h e r  wards  t h e  f r e ? y ~ e ~ c y  

s 2 e c t r u ~  of' t h e  d e f o c u s e d  ins ; e  1s t n a t  o f  t n e  in- foc-as  

imaze m u l t i p l i e d  by  t h e  f r e q u e n c y  s p e c t r u x  o f  t h e  >-)ill.- 

box.  T h i s  t r a n s f o r n  i s  found i n  a n  a p 2 e n d i x  t o  be  2* 

3, ~ 4 ~ )  /cap) wLere p i s  t h e  f r e l u e n c y  ( i n  r s l i a n s  

p e r  u n i t  d l s t a n c e )  i n  p o l a r  c o o r 6 i n a t e s  2nd R i s  t h e  r a -  

d i u s  of t h e  p i l l b o x .  ( 3,  i s  t i l e  B p s . - e l - f z n e t i o n  c.f 

order 1 ) .  A l s o  sho ,%n i n  t h e  ~ p p e n d i ~  i s  a c r o s s - s z c t i o n  

t h r o u L r h  tnis f u n c t i o n  (which i s  s y n n e t r i c a l  a b o ~ t  t h e  

o r i g i n ) .  



F U C , ~  th:jt; io:ver a n d  lov te r  S r e ? u c n c i e s  a r c  a f  C p c t e d  ar. w c  

dcfoc- . IS  more a c d  a o r e  ( i e .  i n c r e e > s i n ~  2). TaP.in:; t h c  

f o u r i e r  t r a n s f o r n  t h u s  g i v e s  u s  n f u n c t i o n  i n  b!vc,5.ch thc 

e f f e c t  of d e f o c u s i n g  i s  e a s y  t o  i n t e r p r e t .  V a r i o u s  func- 

t i o n s  of  t F i s  t r a n s f o r m  can  now te u s e d  a s  f u [ > c L i o s ~  t c  

be  ma>- in ised  s o  as t c  o b t a i n  t e s t  fdcus (,$.r.t  i e L . s  p o ~ i -  

t i o n ) .  A d e s c r i 2 t i o n  o l  s u c h  3 ~ e t h o d  i s  no: c o r - p l e t ?  

h a w e v e r  . ~ ~ i t h o u t  a n  a n a l y s i s  o f  n o i s e ,  s l n c t :  i t  i s  t r i v l e l  

t o  f o c u s  i n  t h e  s b s e n c e  of n o i s e  ( f o r  exaxa le  by s a x i ~ i -  

s i n 2  t h e  d i f f e r e c c e  bezween  t h e  i i g h z - i n t e n s l t g  a t  t ,,J 

a a j s c e n t  p o i n t s  on t h e  r e t i n a  c o r r e s p o n d i n s  t o  t s o  2 o i n t s  

c l o s e  t o z e t h e r  on a p a r t  of  an  o b J e c t  whicn  h a s  o 2 h e r  

t h s n  a u n i f o r r c  l i g h t  i n t e n s i t y  d i s t r i b u t i o n ) .  Noise  a?- 
i p e a r s  i n  v a r i o u s  ways i n  v i d i s e c t o r  irna:;cs, b h e  n o s t  i x -  

p o r 2 a n t  a??csring i n  a n  o b v i o u s  wsg i n  t h e  i n t s n s i t y  

v a l ~ e s  r e t t i r n e d ,  c a u s e c  cy t h e  s t a t i s t i c a l  f l u c t ~ a t i o n  X L  

t h e  number of p h o t o e l e c t r o n s  generated a t  tP,e c2ca u n d e r  

c o n s i d e r a t i o n .  The f u n c t i o n  o f  t h e  i o ~ r l e r  z r z c s f a r n  t o  

be  u s e d  h a s  ta b e  2esizned a s  a c a m p o c i s e  b e t , ~ e e L  o n e s  

r e l a t i v e l y  f r e a  f r o a  n o i s e  and ones iv i th  a n a r r o w  n a x i ~ c x  

( i n  t h e  a b s e n c e  of n o i s e  i t  i s  t r i v i a l l y  p o s s i b l e  t o  c a r -  

row t h e  w i d t h  o f  a  maxinun a s  much a s  afie l ~ l e c s e s  by r c i -  

s i n g  t h e  f u n c t i o n  t . ~  a n i g t  enough powel ) .  



) L i ~ ~ i t a t i o n s  o n  determining corrccc focus d ~ e  t,o 
a c o n b i r m t i o n  of vidiscctor resolution limits 
and noise. 

b) Error in lens ?ositioning. 

Ve have a fixed object ;)lane and L Sixed i n a z e  plane. 

The lens is moved about, csusinz t k e  true i m a r e  t o   for^ 

s o c c n h e r e  behind or ~ z f o r e  ths ir.a.;e -7larie. First iat 3s 

find the cnanse in true in:j:gc gosition due to u s n a l l  

cka~ge in lens position: ? 

:;cxt we ivould like to know i k h i 3 t  c h a n z e  in i n a g e  distant? 

t h l s  ccrrea?onds to: 
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xake some d r a s t i c  s i m ~ l i f y i n ~  a s s ~ : ~ ? t i o c s  i n  t h e  c r i t t z e -  

t i c ) .  

7 1  r o r  e a c h  s e t t i n g  o f  l e n s  g o s i t i o r i  i n v e s t i ~ a $ ? < ,  L n ; e c s i t ; ~  

v a l u e s  e r e  r e a d  for 1; 7 o i n t s  s p a c e d  u n i f o m l y  T C:G a p r l ;  

slang t h e  c i r c u x f e r e n c e  o f  a c i r c l e  (t23 r e a s o n  f o r  

c h o o s i n ;  n c i r c l e  w i l l  b e  a ~ ? s r e n t  l a t e r ) .  ':/e no,v 3ez- 
f o ~ a  a one d i x e n s i o n a ?  3'31 on t h c s e  p o i n t s  t o  o b t s i r .  K 

f r equency  com2onents  ( t h e  r e a s o n  f o r  u s i n 3  t n e  l e s s  

o - - , e r f u l  one -d imens iona l  a?proaci-  w i l l  2 l s o  be  Cisc;is:ed 

l a t e r ) .  Xext  we f o r 3  t h e  power  s ? e c t r m  by hadlris t b e  

s ( 2 u a r e  o f  t h e  i x a z i n a r y  ;lax t o  t t c  s y u n r e  o f  t h e  re31 

garr ;  ar; e a c h  f r e q u e n c y .  Or,? non sunis a l l  coix?i;neKLs 
s t a r t i n g  a t  s o x e  nini;-,u.m f r z - u e c c y  Nk" u? t o  t h e  c e n t r ;  

f r e ~ u e n c y  . 'The t o p  h s i f  o f  t ~ l e  s,!ec~i;rurr i c  n s 2  

u s e d  s i n c e  i t  i s  rce re ly  a r e f l e c t i o n  o f  t h e  l o w e r  k ~ l f  

 he t r a n s f o r m  of acy re31 f u n c t i o n  bas t h i s ' s y m e t r y  

p r o 2 e r t y ) .  

To c b t a i r ,  s o n e  ir ,dz;)ccccnce of char! ;es  i n  o v a r o i l  l e v e l  

we h3ve t o  n o r c a l i s e  t h e  r e s c l t .  Div iS ' ' n2 ;  Py a s i c y l a  

v s l u e  (eg .  t h e  DC o r  z e r o - f r e q u e n c g  cor r ,~oncnAQ) csus?~ 



r t i .  ,,,e 2 rogra r .  non p r o c e e d s  t o  c a r r y  o u t  t h i s  o s z r z t i o n  f o r  
v s o m e ' r a n c e  of l e n s - s c t t i c g s ,  t h u s  formin: a  f c n c t i c n  , 

of l e n s - s e t t i n g  which h a s  a n o i s y  2eaX n e a r  o)ti~ux 20- 

C U S .  

S i ~ n n l  t o  noi?? x , 3 t i o :  The rain n o i s e  ca r : t r i%i i t io r ,  t o  

t h e  s i g n 2 1  i s  c z u ~ e d  by s t a c i s t i c a l  f l u c ~ i l a t i o n  i r  t r i e  

n ~ a b c r  of p h c t o a 2 e c t r o c s  e x i t t e d  by t h e  ~ h o ~ o c a t h o f i e .  
m I,,e i-. vicieo p r o c e s s o r  iz, s o  d e s i g c e e  t h a t  t k a  ?e&Z-sic;r.al 

t o  rms-no i se  r a t i o  i n c r e a s z  by a  f a c t o r  o f  2 f o r  e;ch i n -  

c r e a s e  i~ t h e  c o n f i d e n c e  l e v e l ,  b y  c o u n t i n s  4 t i m e s  E I S  

m n y  e l e c t r o n s .  

1: 

C o n f i d e c c e  l e v e l  Xo i sc  (RLS F h o t o e l z c t r o n s  

The v i 6 i o - 2 r o c e s s o r  i s  s o  b u i l t  t h s t  t h i s  r e l a t i v e  e r r G r  

i s  t k s  s a z e  f o r  d l l f e r e n t  l e v e l s  o f  i l l u m i n a t i o n ,  s o  t k s t  

t h e  a b s o l u t e  e r r o r  i n  a low v a l u e  w i l l  b? s m l l e r  t h s r l  

t h a t  i n  a h i g h  v a l u e .  It i s  conven ie r i t  t o  a s s w e  hoy:;ever 

t h a t  t h e  e r r o r  I n  all p o i n t s  i s  t h e  s n m ,  acd e q u a l  t o  

t h a $  i n  t h e  p o i n t  w i t h  t h e  h i :~ ; i i e s t  i n z e n s i t y .  T n l s  c,mn- 

t i s z t i o n  e r r o r  k a s  a r o ~ ; ~ k i l , y  unifor l- ,  d i s t r i b u t i o n .  k d -  

d i n s  many t e r m s ,  a s  we d o  i n  f o r m i n g  t h e  t r a r s f ~ r n ,  g i v e s  



d", 

3ach  g juw) i s  t h e  SUE of  hT indeneni ient  v e c t o r s  e a c h  .:lth 

(where p depends  on t h e  conxon f a c t o r s  of  u  236 K j .  The 

sw.s i n  each  o f  t h e s e  e i r s c t i o n s ,  have mean z e r o  ~ + c 2  e 
v a r i a z c e  of  pb. 3ecoc70s lcg  t h e s e  v a r i a t i o n s  s l o a ~  t h e  

r e a l  and imag ina ry  a x i s  we have:  

Real c o n t r i b u $ i o s s  

Imsg ina ry  c o n t r i b u t i o n  
P 

The r e s u l t a n t  v e c t o r s  t h u s  have  z e r o  Eean  and v a r i a c c e  
N . S i n c e  we d i v i d e d  by i n  fd rming  t h e  D2'I':ve 

have  t o  d i v i d e  by R t o  g e t  t h e  v a r i a n c e  i n  e ach  of  t h e  

f r e q u e n c y  c m p o n e n t s .  The  t r a c s f o r n  of  s u c k  a  n o i s e  si-:- 

nal t h u s  ha s  t h e  s3ne c h a r a c t e r i s t i c s  a s  the o r i g i n a l  

n o i s e  s i ~ c a l  ( i e .  z e r o  x e a n  and  v a r i a n c e  cr ) .  

'tie n e x t  have 50 c o n s i d e r  t h e  2ower s?ec t rum:  



fr33 hi, tij (:-I) we f i n d  t h e  ratio o f  ~ o v m  of t h e  v a l u e  

t o  i t s  n o i s e  i s :  

Kote :  1 )  The r e s u l t  i s  o n l y  approx imate  acd  mera iy  ?ze- 
s e n t e d  t o  g i v e  a c l u e  as  t o  w h a t  f a c t o r s  make f o r  a zood 

s i g n a l  t o  n o i s e  r a t i o ;  t h e  v a r i a t l o n  with I? i s  p a r t i c u -  

l a r l y  i r x p r t a n t .  

2 )  The f o r n - f a c t o r  F, depends  on t h a  iinege and i s  

a p p x x i n a t e l y  cce f o r  a n  i n a g e  hav ing  a nore  o r  l e s s  f l a t  

, s p c t r T m ,  and i s  i n v e r s e l y  p r o p o r t i o n a l  t o  fu ' , for  or,e 

h a v i n g  a h y p e r b o l i c  ( I / " )  spec t rum.  L o s t  imsges  l i e  

s o ~ e w h e r e  betwean t h e s e  two e x t r e m e s ;  cn itcaye with a l o t  

of  t e x t u r e  c o u l n g  c l o s e r  t o  t h e  f i r s t  f o m ,  one w i t h  a 

s i n g l e  edge con ing  c l o s e r  t o  t h e  seoosd .  FI d e s c r i b e s  

how Iwobblyt  \TI i s  above the n i n i n u a  f r e q u e c c y  N , u  . 
The o t h e r  f o rm- fac to r  F, d e s c r i b e s  how nuch of t h e  sis- 
1131 po;ver i s  i n  t h e  h igh- f requensy  parz (above N , w )  o f  

t h e  s n e c t r u n .  It has  a s i m i l a r  v a r i a t l o n  a s  f, , 'a-dt 

i s  n o t  a s  s e n s i t i v e  t o  sml l  changes  i n  a n  imase ,  



- 3)  ~ t ;  i s  c l e a r  t ' i a t  O I ; ~  ~ ~ ~ ~ ) u l . d  t r y  fur a t i i $ ~  :,if-- 

n a l  to n o i s c  rc7t1o i n  t h e  :.n?;e and b e s i d e s  ~ i c i r , ~  r;irb. 

v3lc2s o; the? c d n f i d o n c e  l e v e l  one c a n  k,el? t o  a c h l q v ~ z  

t h i s  by a v e r 3 z i n g  light intensities at e a c h  p o i n t  o v e r  

n o r c  t h a n  one r c a d l n g .  T h i s  was  n o t  fowd t o  be n c c e s -  

s a r y  ( u n l i k e  s u c h  l o c a l  o p e r a t i o n s  a s  hoxo!:eneity 2 e t s r -  

m i n a t l o n  whare t h i s  is n e c e s s a r y  t o  a v o i 6  nissin~ s:r.z;i 

chanses  in l e v e l  betl,veen r e c i o ~ s  differing o n l y  sllgktly 

i n  b r i g h t n e s s ) .  

L)  The l a s r ;  t e r m  i n  t h e  p r o d u c t  is In f a c t  5; s l c c e  

t h e  sun  of s;uares i n  t h e  t ~ a n s f o r a  i s  e q u a l  t o  the sun 

of sGuares  in the original f u n c t i o n  and s i n c e  the t racs-  

form is s ; G t r i c .  



f : i s c t ~ a n  x l t h  R t h e  r n d i u s  o f  t h e  c i r c l e s  c o r r a s ~ ~ n d L n [ ;  

t o  e a c h  i n - f o c u s  i ~ a g e  2 o i n t .  'iie have  t o  f i n d  tivo valu~s 

- S i n c e  i t s  s u c h  a  n a l n  t o  d o  a : - i thr .e t ic  on t h e  ir,c r i . ~ s t : ~ r , l e  

3 i x e  S h 2 r i n g  S g s t e x  (ITS) s a d  s i n c e  x e  o n l y  need  a??roxi-  

. m a t i o m ,  we on ly  have  e s t i m a t e s  l o r  R: 

t-4 3.832  i, + ,,3 + , 3  '2 n ; r?e rbo l i c  s p e c z ~ ~ r .  - .  
% L4 

tw 3 . 5 3 1  L r l . 2 1  (T) F o r  N, l a r s e  ( k . h e a r  z )  : R 1 -x  N 

I n  p r a c t i c e  h o n e v e r  we k e o a  S ,s imli  s o  3 s  t o  z i v e  ~5 k i - h  

f o r m - f a c t o r s  i n   ha s i p s 1  t o  n o i s e  e x ? r e s s i o r ,  and x e  Jo 
-7 w not hove 'flatt s p e c t r a .  ~ , , , ? e r i c a l l y  it i s  focnc? ti?,>: 

one c a n  a c h i e v e  a w i 2 t h  1 t o  2 t i a e s  t h e  abovc  i d e a l  c a s e .  

Zt i s  c l e a r  that t:?e c h o i c e  o f  :<,is one p l a c e  ( ; ? e r e  aze  

c a n  z r a 6 e  o f f  slgnal t o  n o i s e  r a t i o  versus ;:i-lCth of t s e  

maxixua. C l c z r l y  a l s o  t h e  v,i.dth d e , > e L ~ d s  on t h s  r F ? a t i v e  

n i z h - f r e q ~ e c c y  c o n t e a t  of t h e  i n t e n s i t y  f u n c t i c n :  it IS 

e e s i e r  t o  f o c u s  on a l;ne ( t w o  e d g e s )  than on s s in5 ; e  



o5s;rve nature exactly - w h a t e v a ~  t h a t  m a n s ) .  S o r e  cf 

t h e  distortions a r e  clobal in character ( s ~ c h  5>:- pin - 



h a p e ,  ie.: 

transf orn ing  we get : 



S ? r v o  ic3ccurscy: The m i n  obst2cle p ~ ~ e v e n t i n z  one f y ~ x  

achi?vin~ such h i 2 h  accu racy  i s  t h e  servo cantrollin, the 

lens position. Tnis servo o2erates i n  units 02 abc.;t 

0.005 cms. The error in positionins is m b e  c2 of t h r e e  

components: 

a )  Systematic error c a u s i n s  t h e  s e r v o  t o  s e t t l e  4 
u n i t s  h i g h e r  thsn r e q u e s t e d .  

b) Backlssh of a b o u t  2 u n i t s .  

c) Un?rsdictable varistion of about 4 u n i t s  is ~ s t k  
Circctions, ' 2 i . i ~  i s  &ctually a t l x e  v a r i n t l ~ n ;  



IL a?dl%ion t n e  l e n s  h c l d l ? r  c3n  nove  t h e  e ( ; u i v a l c n t  o f  2 

unl t s  w.r. t .  t h e  s e r v o  2ositioning mechnn i sn  by tilt i n y .  

drro:-s a) and b) can be a c c o c n t e d  for, 1e::v ' i r :~ b o  ~ l t n  8 

t o t a l  error of a b o u t  .Oj cm in e i t h e r  d i r e c t i : ~ ~ ,  ( :n>ri 

s e n s i t i v i t y  terns: 

2 xZ-- \ \ 

.-- L X = - -  \ * 

The servo e r r o r  t h u s  is dominact  u n l e s s  t h e  v - ~ n e r i c a l  22-  

2 e r t u r e  i s  c o r e  t h a n  a b o u t  6. ( t h e  cross-over p o i n t  of 

v;hich of the two errors i s  xsre inportant de2ends  v c r y  

much on t h e  a d j c s t a e n t  of  t h e  two s y s t e m ) .  



e f .  e c c s :  

a > S0:p.c pair-ts of t h e  i x a s e  may r a v e  o~tside 
t n e  useful i r ~ a ~ y e  a r d a  of t h e  v i d i s e c t o r  ss 

t h e  l e n s  i s  :coved furthzr aikay. 

Th-; seger.c;t iorL 1, of p o i r , t s  a t  a h i c h  t r L e  i~z;e 

Intensity i s  r n z a ~ u r e L ,  i n c r e a s e s  as c t e  l e n s  

rnovss forward. T h i s  causes  a d e c r c z s c  <z, 

s e n s i t i v i t y  - u n i e s s  Y is choser& s ~ a l ,  e n 3 ~ . ~ ! :  

s o  t h a t  bccuracy w i l i  b 1 i u i - t ~ ~  UY fo r i i t ? 1 3 ?  

t h s n  l / T .  



~ ~ ' h t .  cnan5;e i n  acc-;racy i s  Gile t o  t h ~  -fact t ~ a t  tb;: Ic I ' oc~ ;F ,~c ; ' ,  

c i r c l e s  a r e  s i c a l l e r  f o r  s m a l i e r  n ~ z ~ r i c a l  a , ? d ~ ' t u r d s .  o . , t  

o f  t h e  above e f f e c t s  a r e  of no  c o n c + r r ~  u h e a  one k ~ s  a ~ o u y ; ~  

i d e a  of where  t h e  l e n s  s h a ~ l d  b e ,  ecc a r e  sot i : r p ~ z t a c t  

;?roblarrs  n o r a a l l y  . 
A n o t h e r  ? r a o l e n ,  o o s s i t l y  xo2e of h i s t c r l c  i n t ~ l e s t )  lvf%s 

c a u s e d  by o c c a s i o r . a l  ban pints. ilt; t i m e s  a n  is:ensi7,:j 

wo;lid be r e t u r r i a ~  by t h e  systs.;.;, lr .  a g a r ~ o l ~ a  f o r c  - - czs  

p r o b l e x  was h i ~ ; h i y  i r r e y u i n r  and most p r e v e l a c t  a t  ;:L;h 

i n t e n s i t i e s .  An i ~ 6 i v i d u a l  ba2 p o i n t  a c t s  iik:e a p l s e  

an2  t h u s  adcs very t ; l r ~ ~  vaSGes to t h e  t r d ? - s l o r c ,  ~ ~ z a ; i ; t i r , ;  

i n  coe~ietly u s e l e s s  r e s u l t s  for t n a t  2ar:icul;tr ~ e t ; i : - ~ t  

of  t h e  f o c u s  s e r v o .  Fr ;ad t r l i  r,;-, t h e  r e s s l t i n z  SOCLS f i ; ~ c t l ~ : i  
3' was f o ~ r , ~  to be q u ~ t e  u s e l e s s  acd  t k e  dis",ur.Lance r c - , ~ . < z e L  

a n o n - l i n e z r  method f o r  r e r ~ a v a l .  I t  was f ' xnd  t i l a t  x ~ r , i ;  of  

t h e  ba3  s p o t s  i n  2 c o c i d  be  located by c o ~ . > ? r i c <  ? o i r t a  LS 
,r;n t r ~ e  v z l u e  the sun of t h e i r  i n , c e a i a t e  n e i z n b o u r s  - if hi 

a t  t n a t  ? o l n t  was r e ? l a c e G  b y  t n c  a v e r a z c  o f  lts r A e i - h s s c r s .  

S i c c e  t h e  y r o k l e x  i s  no1,+ w e l l  hiciaen r t  was n e v t ? r  d e t e r z ~ r i c : :  
w e t h e r  it  was c a u s e a  c y  t h e  v i d e o - p r o c e s s e z  o r  t n e  t i s e -  

s h a r m g  s y s t e n ( o r  we4hcv -,$ si\\i t xc i i t s ) .  



c 3 ~ ? o n e n t s )  a t  t n e  jucction ~ e t ! : ~ e ~ n  cwo c y c l c s .  



The s e t  o f  v a l u e s  F, s o  o ~ t a i n e d  i s  then ' c l i p g c i i '  t o  

r e n o v e  n o i s e ,  ~ n o * j t ! l e d  ;,nd r i ~ r : : ! & l i s e d  to h;iv? a ? : i r - + v . q . , -  , I ,  . L A .  

of :ccro snC a zaxirnuc of o n e .  (The c z w  rar?,..e ir, ,-.hick t k z  



.- -. I I is writ Le:i ili ; , : . L ~ J A ~  an6 ..as Loaced to,;ethzr .~#itn 3 

r e l o c a t s ~ l e  L I S 2 ,  usin: SYI'!?:. This ~ i j d l Y i e d  version of 
- -.-. LJ.+? ;;as t h e 2  du-?ed, s n t o  ta?, RSL as  a f i l e  n i ~ e d  
~ ? ~ ~ ~ , s  31 N '>he r equc i r ea  :,IS?-fur!ctior:s 8r.e on t? .e  s a r : ~  

t e ? e  -.as FOC3E T G T .  ,?he caliin: s e ? c e n c e  is: 



 here R 1  2nd R2 a r c  t h e  l i n i t s  o f  t h e  rP~nL:e TO t , ;  

i n v e s t i g a t e d  ( i n  s e r v o  units). '2he naximun r anyes  sre: 

for the l 5 l n ~ .  lei-is 503.. t o  2 K O .  
f o r  t h e  2j%mx l e n s  300. to 1700. 

(LGX X30'1 X W  YLO:: YU?) 

;7nare (XLC1;,yLO?) is 1.22 1o;rar l e f t - h a c i  corzer, (XC?,lT?) 

t h e  u~ ~ e r  r i g h t - h s c ?  co rze2  of t h e  recta~~le of 

i n t e r e s t .  'The intensizy values 2is ;1 layzc  a r e  y - , ~ l t i 7 1 i e d  r;;r 

a s c a l e - f a c t o r  LSCL, ;vhich c a c  b e  z a b i f i e d  t o  b r i n z  t h e  

nuribers i r i t o  3 c~nvenient x8nn;e. Y h e  coardinates are for 
-7 7 -  

 LA = 20002. Osce s h e  c s ~ r d i n n t e s  of a n  a r z c  31 i n t e z a s t  

Lave oeen d e t e r x i z e d ,  one c m  2 ~ 3 1 ~  t! ler;: t o  t n e  

r e f e r e n c e  plane b y  executint:: 

( s c x x )  (ss.4 X ( X ~  x ) )  (~3112 Y ( Y ~  s ) )  

w h e r e  x-anci  y a r e  t h o  c e n t r e  o f  zne a r ? s  o n s  a o u l d  l l s e  

t o  focus on .  





as cistortions of v , y r l o z =  kinds. 





APPZNDIX 1: V i d i s e c t o r s :  

Old f u n c t i o n s :  ( f o r  t h e  o ld  v i d i s e c t o r  o n l y )  

The two arguments  t o  t h e s e  f u n c t i o n s  s p e c i f y  t h e  
l o c a t i o n  of t h e  p o i n t  whose i n t e n s i t y  i s  t o  be r e a d ;  
t h e y  r a n g e  f r o n  O t o  177i8. 

(VIDI X Y) r e t u r n s  v a l u e  from 0 t o  4008, ~ r o ~ o r t i o n a l  
t o  i n v e r s e  of  i n t e n s i t y .  

(VIDLIE X Y) r e t u r n s  v a l u e  f rom 0 t o  4008, g r o ? o r t i u n a l  
t o  i n t e n s i t y .  

(VIDLOG X Y) r e t u r n s  v a l u e  f r o n  O t o  4008, p r o p o r t i o n a l  
t o  l o g  of  i n t e n s i t y .  

N e w  f u n c t i o n s :  ( t h e s e  u s e  t h e  v i d e o - p r o c e s s o r  and a p 2 l y  
t o  b o t h  t h e  o l d  v i d i s e c t o r ( T V B )  and t h e  new v i d i -  

B e f o r e  u s i n g  t h e  new f u n c t i o n s  one h a s  t o  i n i t i a l i s e  
t h e  s y s t e m  b y  c a l l i n g  NVS3T. NVSST c a n  be c a l l e d  
a g a i n  i f  r e q u i r e d  t o  change p a r a m e t e r s .  

(NVSET FIL CONF RES D I M  XYZ) 

where :FIL 0-7 F i l t e r  s e l e c t i o n ,  any combina t ion  
of t h e  t h r e e  f i l t e r s  can  be  s e l e c t -  
by t h e  a p p r o 2 r i a t e  b i t  combinat-  
i o n s . ( n o t  o p e r a t i v e  a s  y e t ) .  

CONF 0-3 S i g n a l  t o  n o i s e  r a t i o ;  3 g i v e s  
h i g h e s t  r a t i o ,  b u t  t a k e s  l o n g e s t  
p e r  p o i n t .  

RSS t o  400008 number o f  l i n e s  i n  r a s t e r  
( u s u a l l y  10008 t o  40008) 

D I M  0-7 Dim-cut-off;  0 58 most p a t i e n t  i e .  
d a r k e s t  c u t - o f f .  

XYZ 0 i n d i c a t e s  new v i d i s e c t o r .  
1,2,3 i n d i c a t e s  o l d  v i d i s e c t o r .  

The two arguments  t o  t h e  f o l l o w i n g  f u n c t i o n s  a g a i n  
i n d i c a t e  t h e  l o c a t i o n  o f  t h e  poknt  whose i n t e n s i t y  
is  t o  be r e a d ;  t h e y  r a n g e  f r o n  0  t o  RES- I .  



(NVFIX X Y )  r e t u r n s  3 v a l u e  p r o p o r t i o n a l  t o  t h e  l o g  of 
of i n t e n s i t y ;  t h e  v a l u e s  rqnge  f rom x t0n1777~, 

77 0  
where x i s  277 when CONF i s  1 

477  2 
677 3 

( N V I D  X Y )  r e t u r n s  a  v a l u e  p r o p o r t i o n a l  t o  t h e  i n v e r s e  
of i n t e n s i t y ;  t h e  v a l u e s  r a n g e  from Z 1 . 0  t o  y ,  

~ 1 6 0 0 0 . 0  0 
where y i s  s 4000.0  when CONF i s  1 

z 1000.0  2 
~ 2 5 0 . 0  3 

Note:  1. NVID i s  t h e  o n l y  f u n c t i o n  t h a t  r e t u r n s  f l o a t i n g  - 
p o i n t  v a l u e s .  

2. F o r  p o i n t s  t h a t  a r e  n o t  c u t  o f f  by dim-cut-off  
t h e  v a l u e s  r e t u r n e d  a r e  i n d e p e n d e n t  o f  CONF. 

S W I T C H B :  Old v i d i s e c t o r :  

1. S m a l l  s w i t c h  on t h e  back of  t h e  camera s e l e c t s  s i g n a l  
t o  n o i s e  a a t i o ;  u s u a l l y  s e t  i n  u p ( h i g h  S/N) p o s i t i o n .  

2. Second s m a l l  s w i t c h  on t h e  back of  t h e  camera ,  below 
1. s e l e c t s  o l d  o r  new i n t e r f a c e (  s e t  a c c o r d i n g  t o  
whether one i s  using the old or the new functions. 

3.  On t h e  t r o l l e y  on which t h e  o l d  v i d i s e c t o r  i s  mounted, 
i s  a l a r g e  b l a c k  p m e r  s w i t c h  t h a t  c o n t r o l s  power t o  
t h e  r e c e p t a c l e s  i n t o  which t h e  two sunguns  a r e  u s u a l l g  
p lugyed .  

4. Above i t  i s  a  s m a l l e r  power s w i t c h  f o r  t h e  camera 
i t s e l f .  

5. On t h e  o t h e r  s i d e  o f  t h e  t r o l l e y  i s  a s w i t c h  s e l e c t i n s  
t h e  o r i g i n  of t h e  d e f l e c t i o n  s i g n a l s ,  e i t h e r  t h e  
340 d i s p l a y  o r  t h e  Video-processor  ( s e t  a c c o r d i n g  t o  
whether one i s  using the old. or the new f'unctions. 

Note: To s e t  up t h e  o l d  v i d i s e c t o r  it i s  c o n v e n i e n t  t o  - 
s e t  s w i t c h e s  2. R 5. a s  though  one was u s i n g  t h e  new 
f u n c t i o n s  ( e v e n  i f  one i s  g o i n g  t o  u s e  t h e  o l d  o n e s ) ,  
s o  a s  t o  c o n n e c t  i t  t o  t h e  v i d e o - p r o c e s s o r  and a l l o w  
d i s p l a y  on the monitor. They then 
have t o  be r e s e t  t o  t h e i r  c o r r e c t  p o s i t i o n s  b e f o r e  
commencing r e a d - i n .  



N e w  v i d i s e c t o r :  

1, On t h e  r i g h t  of  t h e  main p a n e l  o f  t h e  v i d e o - p r o c e s s o r  
i s  t h e  power s w i t c h .  

2. To t h e  l e f t  i s  t h e  LIN/LOG s w i t c h  s e t  a c c o r d i n g  t o  
whether one is using NVID or NWIX (although only low 
o r d e r  b i t s  a r e  a f l e c t e d  i f  i t  i s  s o t  i n c o r r e c t l y )  

3. T h e  l e f t - m o s t  of  t h e  raw of  s m a l l  s w i t c h p s  c o n t r o l s  
t h e  c h o i c e  o f  v i d i s e c t o r  c o n n e c t e d  t o  t h e  p r o c e s s o r ;  
u p  f o r  t h e  new camera ,  down f o r  t h e  o l d .  

4. Not f a r  t o  t h e  r i g i t  a r e  t h r e e  s m a l l  s w i t c h e s  which 
s e l e c t  w e t 9 e r  t h e  m a n i t o r  d i s p l a y  i s  c o n t r o l l e d  by 
t h r e e  p o t s  mounted a p 2 r o x i m a t l y  below thern(swi tches  
i n  up  p o s i t i o n )  o r  by t h r e e  r e m a t e  h e l i p o t s  ( p r e s e n t l y  
mounted lower  down on t h e  p r o c e s s o r ) ,  

5. Between 2. % 3. i s  a n o t h e r  s m a l l  s w i t c h  which c o n t r o l s  
t h e  d e f l e d t i ~ n  of  t h e  m b n i t o r ;  i n  t h e  up p o s i t i o n  t h e  
m o n i t o r  behaves  normal ,  i e .  when t h e  m a g n i f i c a t i o n  p o t  
i s  t u r n e d  l e f t  s o  a s  t o  d i s p l a y  a  s m a l l  a r e a ,  t h e  
d e f l e c t i o n  i s  i n c r e a s e d  s o  a s  t o  a lways  f i l l  t h e  
m o n i t o r  s c r e e n .  ?7hen i n  t h e  down p o s i t i o n ,  t h e  w o n i t o r  
i s  d e f l e c t e d  i n  s t e p  w i t h  t h e  v i d i s e c t o r .  

6. S m a l l  s w i t c h  on ex t reme  r i g h t  h a s  t o  be  s e t  i n  o u t  
p o s i t i o n  o r  you l o o s e .  

P o t e n t i o m e t e r s :  - -  

1. Mentioned i n  4. above a r e  t h r e e  p o t s  j u s t  t o  t h e  
r i g h t  o f  t h e  m e t e r s  on t h e  main p a n e l ,  which c o n t r o l  
t h e  p o s i f i o n  of t h e  a r e a  which t h e  m o n i t o r  i s  d i s p l a y -  
i n g  and its size. 

2 .  Near t h e  power s w i t c h  (1, above)  i s  t h e  o o n t r a s t  
c o n t r o l  f o r  t h e  moni tor (marked v ideo-ga in )  , u s m l l y  
t u r n e d  a l l  t h e  way r i g h t .  

3.  Uounted low down i s  t h e  h e l i p o t  c o n t r o l l i n g  m o n i t o r  
f o c u s  - d o  n o t  a d j u s t  u n l e s s  n e c e s s a r y  - recommended 
s e t t i n g  i s  marked down n e a r  i t .  

4. Gain  c o n t r o l s  on t h e  t w r c h a n n e l s  of  t h e  m o n i t o r  have 
s t a n d a r d  p o s i t i o n s ,  t h e  l e f t  o n e ( y - d e f l e c t i o n )  s h o u l d  
be t u r n e d  r i g h t  when u s i n g  t h e  m o n i t o r  a s  a  f o c u s i n ?  
a i d ( b y  s w i t c h i n g  a marked s w i t c h  b e h i n d  it i n t o  t h e  
f o c u s  p o s i t i o n > . N h e n  used i n  t h i s  way t h e  v e r t i c a l  
d e f l e c t i o n  i s  p r o p o r t i o n a l  t o  i n t e n s i t y  and u s i n g  
t h e  t h r e e  p o t s  i n  1. t o  s e l e c t  a s m a l l  a r e a  of t h e  
scene,  o n  c a n  a d j u s t  t h d  f o c u s  SO a s  t o  g i v e  a s  s h a r p  
a s  p o s s i b l e  a  r i s e  on some edge.  



5. The two r a s t e r - r a t e  p o t e n t i o m e t e r s  may be s e t  t o  
g i v e  a  f l i c k e r  f r e e  and l i n e  f r e e  display, but do - 
n o t  a f f e c t  t h e  o p e r a t i o n  i n  any o t h e r  way. 

6 .  The two h e l i 3 o t s  marked 'Manual r e f e r e n c e '  and 
' R e f e r e n c e  g a i n '  c o n t r o l  two hardware  p a r a m e t e r s  
n o r m a l l y  o f  l i t t l e  i n t e r e s t  t o  t h e  u s e r  and a r e  
u s u a l l y  l e f t  i n  a  more o r  l e s s  o p t i m a l  s e t t i n s .  
I f  somebody h a s  a d j u s t e d  them and one h a s  no 
r e a s o n  t o  s e t  them t o  some s p e c i f i c  v a l u e ,  s e t t i n g s  
o f  600 f o r  b o t h  seem t o  b e  r e a s o n a b l e .  

P u s h b u t t o n s  and Mete r s :  

3 m e t e r s  display various v a l u e s  which v a r y  w i t h  t h e  
i l l u m i n a t i o n .  The v i d e o  p r o c e s s o r  t r i p s  o u t  t h e  camera 
i f  a n y  o f  them reach'a 100 d e f l e c t i o n .  The r i g h t -  
most one i s  u s u a l l y  o b s e r v e d  when s e t t i n g  t h e  i r is .  
S t a r t i n g  w i t h  t h e  i r i s  c l o s e d ,  i t  i s  opened s l o w l y  
u n t i l  t h i s  m e t e r  shows between 10 & 50. Above 50 
s m a l l  changes  a r e  l i k e l y  t o  t r i p  o u t  t h e  camera ,  below 
1 0  one h a s  t o  s t a r t  w o r r y i n g  a b o u t  d a r k - c u t - o f f ' s .  

2. ahen  t h e  camera has  t r i p p e d  o u t ,  t h e  Anode-warn push- 
b n t t o n  l i g h t s  u p .  A f t e r  r e d u c i n g  t h e  l i g h t  ( o r  c l o s i n g  
t h e  i r i s )  i t  c a n  be r e s e t  b,y p r e s s i n g  i t .  

3 .  The Hiqh-vo l t age  may be o f f  u n d e r  o t h e r  c o n d i t i o n s  
than s u c h  a  t r i p ,  and it may t h e n  be r e s e t  by 
p r e s s i n g  t h e  ? i g h - v o l t a g e  b u t t o n .  

4. The R a s t e r  p u s h b u t t o n  s e l e c t s r n a n u a l  c o n t r o l  of t h e  
r a $ t e r ( w h i t e  l i g h t )  - a l l o w i n g  t h e  u s e  o f  t h e  
p o t e n t i o m e t e r s  mentioned i n  1. Bbove. I n  t h e  r e d  
s t a t e  t h e  p r o c e s s o r  i s  r e a d y  f o r  t h e  PDP-6 t o  r e q u e s t  
i n p u t ;  w h i l e  busy t h e  p u s h b u t b ~ n  i s  n o t  l i ~ h t e d  and 
t h e  m o n i t o r  d i s p l a y s  t h e  p o s i t i o n  and i n t e n s i t y  of 
t h e  p o i n t  r e q u e s t e d  b y  t h e  CPU. qhen  n o t  busy  f o r  
more t h a n  a b o u t  a s e c o n d ,  t h e  v i d e o  p r o c e s s o r  Foes 
i n t o  a n  a u t o m a t i z  r a s t e r  s t a t e .  

Note:  F o r  more d e t a i l s ,  c u r - e n t  oroblems and c u r e s ,  c o n ~ u l t  - 
t h e  log-book u n d e r  t h e  n o ~ i t o r - s c o p e .  

Opt i c s  : 

Old V i d i s e c t o r :  5 5 m m  f 1 . 2  l e n s ,  r a s t e r  i s  .001 i n c h .  
Reso lu - t ion  i s  a p p r o x i r n a t l y  .DO2 i n c h .  
D i s t a n c e  s e t r . i n g s  on t h e  l e n s  a r e  n ~ t  
ti, te t r u s t e d , - r a t h e r  u s e  t h e  m o ~ i t o r  
a s  a n  a i d  i n  f o c u s i n g .  



New V i d i s e c t o r :  164nm f3 .2  l e n s ,  r a s t e r  i s  ,003 i n c h  
% h e n  RXS i s  20008. F e s o l u t i o n  i s  
a p s r o x i m a t  lg . O C ~  i n c h .  Some drum 
d i s t o r t i o n  i s  e v i d e n t  and n o t  a l l  o f  
t h e  s u r f a c ;  i s  a v a i l a b l e  ( i e .  soTe is  
blocked o f f ) .  The  a r e a  o f  t h e  image i~ 
a c i r c l e  p l a c e d  n o t  ? v i t e  c e n t r a l l y  
with a r a d i u s  0 f s 5 0 0 ~  a h e n  RdS i s  23008. 

also : 254m f 5  lens.  



APPEhTOIX 2: Analog Iiiult i : ~ l e x o r :  

The 3 n a l o q  m u l t i p l e ~ o r  a l l o s k s  one t o  r e a d  s e t t i n g s  of 
p o t e n t i o m e t e r s  and t o  cause  s e r v o - c a n t r o l l e d  moto r s  t o  
o p e r a t e ,  I n  LISP o n  i i r s t  h a s  t o  o3en t h e  m u l t i p l e x o r  oy 
e r e  c u t  in%: 

( LPX T ) 
Idore t h a n  one p e r s o n  car! h a v e  the  m i l  t i p l e x o r  open  a t  t i l e  
ssne t i m e .  It c a n  b e  c l o s e d  by e x e c u t i n g :  

(MPL NIL) 
To r e a d  a v a l u e  f r o a  c h a n n e l  E: 

( IhPX n )  
To Cause the servo controlled motor n t o  assme posit ion x :  

(OMFX n x) 
n  r a n q c s  f rom 0 t o  255; x and t h e  v a l u e s  r e t u r n e d  by  T R P X  
a r e  u s u a l l y  some s u b r a n g e  o f  0 t o  7777 . 2 e  s u r e  t o  
t h e  l i m i t s  o f  t h e  s e r v o  y o u  a r e  c o n t r o  9 linil, .  

S w i t c h e s :  t h e s e  a r e  on t h e  m u l t i p l e x o r  and t h e  p o s i t i o n s  
f o r  c o r ~ u t e r  o p e r q t  i o n  a r c  u n d e r l i n e d .  

1. Computer o u t p u t / t e s t  .- 

2. Computer i rn?ut /clock 

When n o t  i n  u s e , t h e o e  s w i t c h e s  shdu1.d b e  i n  t h e  un-under- 
l i n e d  p o s i t i o n .  C e r t a i n  s e r v o s  e r e  s l z v e d  t o  c e r t a i n  p o t s  
i n  t h i s  p o s i t i o n .  T h i s  f o r  exam2le a l l o w s  f i n e  s e t ~ i n g  
o f  t h e  f o c u s  s e r v o .  Channe l s  o f  i n t e r e s t  t o  t h e  v i d i s e c t o r  
u s e r :  

Iris 

Focus  

Thus i n  t h e  t e s t  - c l o c k  p p s i t i o n  one may a d j u s t  f o c u s  
b y  u s i n s  p o t e n t i o m e t e r  l3Z8. I n  t h e  compute r  i n p u t  - 
compute r  o u t p u t  i j o s i t i o n  one c a n  c a u s e  t h e  s e r v o  t o  
go  t o  a c e r t a i n  p o s i t i o n  by e x e c u t i n g :  

C o n t r o l  i s  r e t u r n d d  imlr tediat ly  t o  t h e  u s e r  program and i t  
i s  h i s  r e s p o r s i b i l i t y  t o  check  on t h e  s e r v o ' s  p o s i t i o n  by 
exe cu.t i n q :  ( I M P X  34) 
R a t h e r  t h a n  l o o p  on t h i s  test it i s  f a i r  t o  o t h e r  u s e r s  t o  
u s e  t h e  f u n c t i o n :  

(SLXP n )  



which  r e t u r n s  c o n t r o l  t o  t h e  program ~ f t e r  11/50. s e c o n d s .  

n. s h o u l d  be a b o u t  10. p l u s ( u n i t s  t o  t r a v e l  / 25. ) 

Both Iris and f o c u ~  m o t o r s  c a n  be o p e r a t e d  m a n u a l l y  
and t h e  s w i t c h e s  which s e l e c t  n a n u a l  o r  s e r v o e d ( i e .  corn2uter 
o u t p u t  o r  s l a v e d )  a r e  i n  a s m a l l  box n e a r  t h e  v i d i s e c t o r .  
These  s w i t c h e s  have a t h i r d  p o s i t i o n  ( s t r a i g h t  o u t )  
wh ich  i s  t h e  one t h e y  s h o u l d  b e  l e f t  i n  when n o t  b e i n 3  
u s e d .  Above t h e s e  a r e  t h e  two s w i t c h e s  f o r  m a n u a l i y  
o p e r a t i n g  t h e  m o t o r s .  

V a r i o u s  u s e f u l  ( I : )  c o n s t a n t s :  

D i s t a n c e  f rom f r o n t  o f  main body o f  v i d i s e c t o r  t o  s u r f a c e  
o f  v i d i s e c t o r :  9Pnm 
E i s t a n c e  o f  e q u i v a l e n t  l e n s  o f  1 6 4 m m  f o c a l  l e n s  f rom 
v i d i s e c t o r :  

306. - 0.0459 * CH34 inmmls 
330. - 0.0459 * CH34 ( fo r  the 254 mm lens)  

D i a m e t e r  o f -  i r is:  

where C H 3 4  R C H 3 3  a r e  t h e  v a l u e s  r e t u r n e d  by a n a l o g  
c h a n n e l s  348 % 338 r e s p e c t i v l y .  

The l imits on t h e  s e r v o s  a r e :  

Focus :  240. ( a l l  t h e  way o u t )  t o  2860. 

I r is  : 1500. ('closed') t o  2300. 
The s e r v o s  c a n  b e  e x p e c t e d  t o  s e t t l e  w i t h i n  10. ( b e t t e r  
n e a r  c e n t r e  o f  r a n g e  - more l i k e  5.) o f  t h e  v a l u e  r e q u e s t e d .  

Problems:  1, Iris s e r v o  i n o p e r a t i v e .  

2. F o r  some unknown r e a s o n  s e r v o s  may sue - e n l y  
d e p a r t  f rom the i r  , > o s i t i o n ,  h u n t  a round  f o r  

I a second o r  two and r e t u r n  t o  t h e i r - p o s i t i o n .  



AP.)ENDIX 5: R e f e r e n c e s  

F o u r i e r  t r a n s f o r m s :  JS.\Viener: ";EKERALIZG3 HARMONIC AEALYSIS 

AXE TAURdRIAN TH&OFEAlS". 

F a s t  F o u r i e r  t r a n s :  Rader  Gold :  "LVHAT I S  T J 3  FAST FOUFIZR 

TRANSFORh Z It June 6 7 ,  P r o c e e d i n g s  of  t h e  

I E E S .  

A p 2 l i c a t i o n  o f  P.R . G u f f i e u x :  "L'INTSGRAL D l i  FOUFILR ST 

f o u r i e r  t e c h n i q u e s  SES APPLICATIONS A L'OPTI.JUE" 45 ,Eesancon  

t o  o p t i c s :  

F .D .Smi th :  "OFTICAL I L 4 3 3  i3VALTTATIOX 

AND T 3 3  TRAXSFdR FUNCTION" April 6 3 ,  
A2;)lied O 2 t i c s  

A p w l i c a t i o n  t o  J .D .AFXITAJZ A .  X .Lohmann: "CHARACTAR 

P a t t e r n  Recog. : KdC01231TION BY INCFd:G3NT SPATIAL FIiTSPIi\!G" 

A : ? r i l  65, Appl i ed  O p t i c s .  

Also  i n t e r e s t  i n ? :  L .  J . C u t r o n a :  "OPTICAL A I i D  SLZCTRO- 

OPTICAL II~FC'PT3TIC)hr PIiOCGSINI;" 65, 
M.1.T P r e s s .  

T .  G .St ockham Jr . : ''HIGH SPZ.:D COIJVOLUTIOW 

A N D  CORR8LATION" 1963, S g r i n q  J o i n t  C. 

R. N3 t h a n :  "DIGITAL VIDZO-DATA H A N D L I ? L ~ ~  

NASA T e c h n i c a l  R e p o r t  32-877,JPL, J a n  66 

A l s o  NASA CR-71399, N 6  2 -2166 .  



A.V.Oppenheim, F.#.Schafer, T,G.Stockhan Jr., 

I f  T jr: NOl\ L I N X A R  E'ILTdRING OF LVLTIPLI~~I;  

AWL CO2JVOLVZD SIGNALS" ( t o  be published) 

IEdS Procz e d i n g s  68. 
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