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INTRODUCTION

The p r o p e r t i e s  o f  human eye movements have i n t e r e s t e d  r e s e a r c h e r s  

e x t e n s i v e l y  f o r  many y e a r s .  The most common eye movements, s a c c a d e s ,  

n a t u r a l l y  have drawn p a r t i c u l a r  a t t e n t i o n .  In  most s i t u a t i o n s  i t  i s  

n o t  p o s s i b l e  t o  r e d i r e c t  o n e 's  gaze  w ith o u t  s a c c a d ic  movements. 

S ac ca d ic  eye movements a r e  q u ic k  s t e p - l i k e  changes i n  eye p o s i t i o n  

which r a p i d l y  r e p o s i t i o n  th e  eye to  new f i x a t i o n  p o i n t s .  The eye 

movement c o n t r o l  mechanism u s e s  s a c c a d ic  movements t o  m in im ize  t h e  

t im e  r e q u i r e d  to  c a n c e l  p o s i t i o n a l  e r r o r s  o f  th e  fo vea  w ith  r e s p e c t  

t o  t a r g e t  r e t i n a l  image. As such  th e  p r o p e r t i e s  o f  s a c c a d ic  eye 

movements te n d  t o  be "preprogram m ed" by t h e  n e u ra l  c o n t r o l  c e n t e r s .  

T hat i s ,  th e  m agn itude , v e l o c i t y ,  and o th e r  p r o p e r t i e s  a r e  s e t  b e fo re  

th e  movement b e g in s .  Then a f t e r  th e  movement i s  i n i t i a t e d ,  no change 

in  th e  p r o p e r t i e s  o f  t h a t  p a r t i c u l a r  saccade  can be i l l i c i t e d .  I n 

v e s t i g a t o r s  have measured t h e  p r o p e r t i e s  o f  s a cc ad e s  in  th e  l a b o r a 

t o r y  in  an a t te m p t  to  c h a r a c t e r i z e  th e  n e u r o lo g i c a l  c o n t r o l  system  

and to  r e l a t e  changes in  s a c c a d ic  p r o p e r t i e s  to  c e r t a i n  p h y s io lo g ic a l  

d i s o r d e r s .  Some o f  th e  p r o p e r t i e s  o f  sa cc ad e s  which a r e  measured 

by t h e s e  i n v e s t i g a t o r s  a r e ,  l a t e n c y  o f  r e s p o n s e ,  m agnitude  o f  

r e s p o n s e ,  i n t e r s a c c a d i c  d u r a t i o n ,  v e l o c i t y  and a c c e l e r a t i o n  o f  th e  

eye d u r in g  t h e  s a c c a d e ,  d u r a t i o n  o f  th e  sa c c a d e ,  and eye m uscle  

f o r c e s  in v o lv e d  w ith  s a c c a d ic  movements.
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In view o f  t h e  l a r g e  number o f  i n d iv id u a l  i n v e s t i g a t o r s  and th e  

co m p lex ity  o f  th e  p h y s i o l o g ic a l  p r o c e s s e s  in v o lv e d ,  i t  i s  p e rh a p s  n o t  

s u r p r i s i n g  t h a t  many methods have been used  t o  m easure o c u la r  s a c c a d e s .  

To f a i t h f u l l y  c h a r a c t e r i z e  eye movements, th e  measurement system s 

shou ld  have wide b andw id th , f a s t  r e s p o n s e  t im e ,  low n o i s e ,  h igh  

s e n s i t i v i t y  and a c c u ra c y ,  i n s e n s i t i v i t y  t o  a r t i f a c t s  such as eye b l i n k s  

and head t r a n s l a t i o n ,  and e ase  o f  u s e .  The m easurement system s 

commonly used  by i n v e s t i g a t o r s  i l l u s t r a t e  th e  t r a d e o f f s  enco u n te red  

between th e  p r o p e r t i e s  m entioned above . Measurement system s ten d  

t o  s e g r e g a te  i n to  t h r e e  c l a s s e s  based  on t h e i r  a c c u ra c y .  T here  a r e  

th e  h ig h ly  a c c u r a t e  m ethods, m ethods o f  medium a c c u ra c y ,  and methods 

o f  low a c c u ra c y .  The h ig h ly  a c c u r a t e  measurement m ethods a r e  

c h a r a c t e r i z e d  by to u c h in g  th e  s u b j e c t ' s  eye w i th  some s o r t  o f  " c o n ta c t  

l e n s . "  However, t h e s e  methods a r e  e x tre m e ly  d i f f i c u l t  and ex p en sive  

t o  u s e .  C o n tac t  l e n s  methods a re  th u s  used o n ly  when h ig h  a c c u ra c y  

and s e n s i t i v i t y  a r e  demanded. The amount o f  d a t a  t h a t  can  be g a th e re d  

a t  any one tim e u s in g  c o n ta c t  l e n s  methods i s  l im i te d  due to  s u b j e c t  

f a t i g u e .  The m easurement methods o f  lo w est  a c c u ra c y  a r e  c h a r a c t e r i z e d  

by t h e  m easuring  o f  t h e  v o l t a g e s  changes  a s s o c i a t e d  w ith  eye r o t a t i o n  

(such  a s  th e  e le c t ro o c u lo g ra m  o r  EOG). The BOG ty p e  methods a r e  much 

e a s i e r  to  u se  and l e s s  ex pensive  th a n  any o t h e r  m ethods. However, 

th e y  have low bandw id th  and a r e  s e n s i t i v e  t o  m uscle  movements. The 

group o f  methods o f  medium a c c u ra c y  a r e  c h a r a c t e r i z e d  by th e  m easu re 

ment in  changes o f  r e f l e c t e d  l i g h t  from th e  s u r f a c e s  o f  th e  eye . T hese  

methods a r e  n o t  a s  s e n s i t i v e  o r  a c c u r a t e  a s  t h e  c o n ta c t  l e n s  methods
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and th e y  a r e  somewhat h a r d e r  and more e x p e n s iv e  t o  u s e  t h a n  t h e  EOG 

m etho ds . T hese  " r e f l e c t i o n "  m ethods a r e  t h e  most p o p u la r  among 

i n v e s t i g a t o r s  to d a y .  They have  s u f f i c i e n t  s e n s i t i v i t y  and a c c u ra c y  to  

m easu re  a l l  b u t  t h e  s m a l l e s t  o f  s a c c a d e s  ( t h e  s o - c a l l e d  m i c r o s a c c a d e s ) . 

They do n o t  r e q u i r e  c o n t a c t  w i th  t h e  s u r f a c e  o f  t h e  e y e .  However, 

some ty p e s  o f  r e f l e c t i o n  m ethods e n c o u n te r  d i f f i c u l t i e s  when m ea su r in g  

s a c c a d ic  d i r e c t i o n s  o t h e r  t h a n  h o r i z o n t a l .  A c c o rd in g ly ,  m ost o f  th e  

p u b l i s h e d  d a t a  c o n c e rn in g  s a c c a d ic  movements h a s  been  l i m i t e d  t o  

h o r i z o n t a l  d i r e c t i o n s .  Only r e c e n t l y  have  r e p o r t s  a p p ea re d  c o n c e rn in g  

eye movement p r o p e r t i e s  i n  d i r e c t i o n s  o t h e r  th a n  h o r i z o n t a l .

The d i f f i c u l t i e s  in v o lv e d  w i th  eye movement r e s e a r c h  do n o t  end 

once  t h e  method o f  m easurem ent i s  c h o s e n .  Now t h e  i n v e s t i g a t o r  must 

a n a ly z e  t h e  d a t a  t h a t  i s  c o l l e c t e d .  In  t h e  p a s t  eye movement d a t a  w ere  

re c o rd e d  on s t r i p  c h a r t s ,  m a g n e tic  t a p e s ,  o r  o t h e r  s i m i l a r  m edia  and 

th e n  a n a ly z e d  l a t e r  th ro u g h  hand c a l c u l a t i o n s .  T h is  t e d i o u s  p r o c e s s  

te n d e d  t o  l i m i t  t h e  amount o f  d a t a  g a th e r e d  and a n a ly z e d .  W ith  th e  

a d v e n t  o f  l e s s  e x p e n s iv e  co m puter  h a rd w are  t h e  c u r r e n t  t r e n d  i s  to  

u t i l i z e  com puter  s o f tw a r e  t o  a n a ly z e  eye movement d a t a .  However now 

t h e  added c o m p le x i ty  o f  com puter  i n t e r f a c i n g  and s o f tw a r e  deve lopm en t 

i s  in c lu d e d  in  t h e  l i s t  o f  p ro b lem s  e n c o u n te re d  by eye movement r e 

s e a r c h e r s -  The i n v e s t i g a t o r  m ust now become an e x p e r t  i n  com puter  

h a rd w are  and s o f tw a r e  i n  a d d i t i o n  t o  b e in g  w e l l  v e r s e d  in  eye  movement 

r e s e a r c h .  * T h is  i s  a  c o m b in a t io n  n o t  o f t e n  e n c o u n te r e d .

A l l  o f  t h e  a f o r e  m en tio n ed  d i f f i c u l t i e s  i n  m ea su r in g  and a n a l y z 

in g  eye movements ( i n  p a r t i c u l a r  s a c c a d ic  eye movements) have
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combined t o  c r e a t e  d e f i c i e n c i e s  in  th e  knowledge o f  t h e  p r o p e r t i e s  o f  

s a c c a d e s .  Not enough i s  known about th e  p r o p e r t i e s  o f  saccad es  a t  

a n g le s  o t h e r  th a n  h o r i z o n t a l .  Not much i s  known c o n c e rn in g  the  

e f f e c t s  o f  t a r g e t  c o n t r a s t  on saccad es  a t  a n g le s  o t h e r  th a n  h o r i z o n t a l .  

P u b l ish e d  d a ta  do n o t  e x i s t  c o n c e rn in g  s a c c a d ic  s e t t l i n g  t im e .

The o b j e c t i v e s  o f  th e  p r e s e n t  r e s e a r c h  a re  to  p ro v id e  d a ta  c o n 

c e rn in g  th e  r e l a t i o n s  between s a c c a d ic  l a t e n c y  and s e t t l i n g  tim e to  

t a r g e t  p o s i t i o n  and c o n t r a s t  and to  m odify  an e x i s t i n g  saccad e  a n a l y s i s  

system  to  t a k e  th e s e  d a t a .  The o r i g i n a l  saccade  a n a l y s i s  system was 

developed  by James Brown f o r  h i s  Ph.D. d i s s e r t a t i o n  a t  th e  Ohio S t a t e  

U n iv e r s i ty  (Brown, 1977). M o d if ic a t io n s  done h e re  to  Brown's system  

in c lu d e  a new and more e l a b o r a t e  t a r g e t  p r e s e n t a t i o n  system  to  p e rm it  

c o n t r o l  o f  t a r g e t  c o n t r a s t  and com puter s e l e c t i o n  o f  t a r g e t  p a r a 

m e te r s .  A d d i t io n s  and changes were a l s o  made to  th e  s o f tw a re  packages  

o f  Brown's system  to  in c lu d e  f u l l  c o n t r o l  o f  t a r g e t  p a ra m e te r s ,  and 

a d d i t i o n a l  re sp o n se  d a ta  a n a l y s i s .  As w ith  Brown's system  the  

f a c t o r s  o f  a c c u ra c y  o f  s t im u lu s  c o n t r o l ,  e a se  o f  system  u s e ,  and 

a c c u ra c y  and speed  o f  d a ta  a c q u i s i t i o n  and a n a l y s i s  were ta k e n  i n t o  

accoun t in  th e  m o d i f i c a t io n s  perform ed h e re  on Brown's system .

The c a p a b i l i t i e s  o f  th e  m o d if ied  sa cc ad e  a n a l y s i s  system  a r e  

a s  fo l lo w s :  (1) u n t r a in e d  s u b j e c t s  may be u se d ,  (2) s u b j e c t s  view

th e  t e s t  s t i m u l i  w ith  b in o c u la r  v i s i o n  and in  most c a s e s  may wear 

eye g l a s s e s  i f  r e q u i r e d ,  (3) th e  r i g h t  eye o f  th e  s u b j e c t  i s  

m on ito red  b u t  n o t  touched  by th e  m easuring  a p p a r a tu s ,  (4) th e  

m easuring  a p p a ra tu s  has a s e n s i t i v i t y  o f  2 .5  m inu tes  o f  a r c  and a
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band, w id th  o f  about 500 Hz, (5] th e  computer c o n t r o l s  the  t e s t  s t im u lu s  

p a ra m e te rs ,  r e c o r d s ,  and a n a ly ze s  the  s u b j e c t ' s  re sp o n se ,  e x t r a c t in g  

sa c c a d ic  la te n c y  and s e t t l i n g  tim e from th e  r e s p o n s e ,  (6) sa c c a d ic  

la te n c y  and s e t t l i n g  tim e a re  c a l c u l a t e d  w ith  an e r r o r  o f  5 m i l l i 

seconds (depends on th e  sample t im e ) ,  (7) any one o f  40 t a r g e t  

p o s i t i o n s  and n in e  c o n t r a s t  l e v e l s  may be a u to m a t i c a l ly  p re se n te d  

to  th e  s u b je c t ,  (8) t a r g e t  c o n t r a s t  i s  c o n t r o l le d  to  w ith in  0.5% 

a c c u ra c y ,  (9) r a p id  t e s t i n g  may be accomplished w ith  t o t a l  system 

th roug hpu t o f  about 3 m inutes p e r  saccade , y i e ld in g  l a r g e  amounts o f  

d a ta  in  a r e l a t i v e l y  s h o r t  t im e . .

The saccade  a n a ly s i s  system was used to  t e s t  th e  re sp o n se s  o f  

s u b je c t s  to  t a r g e t  p o s i t i o n  and c o n t r a s t .  One s u b je c t  was t e s t e d  in  

d e t a i l  r e s u l t i n g  in  th e  c o l l e c t i o n  o f  over 4800 re s p o n se s .  The d a ta  

from t h i s  s u b je c t  a r e  p re s e n te d  h e re .  The a n a l y s i s  i n d i c a t e s  a small 

dependence o f  saccade  p r o p e r t i e s  on t a r g e t  p o s i t i o n  f o r  t h i s  s u b j e c t .  

However, th e  saccade  p r o p e r t i e s  a r e  s t ro n g ly  a f f e c t e d  by th e  t a r g e t  

c o n t r a s t .  Saccadic  la te n c y  t r i p l e s  as  th e  t a r g e t  c o n t r a s t  d e c re a se s  

below th e  s u b j e c t ' s  fo v ea l  c o n t r a s t  th r e s h o ld .  The system was a ls o  

u t i l i z e d  w ith  a group o f  about 50 u n t r a in e d  s u b je c t s  to  dem onstra te  

i t s  e ase  o f  u s e .  The d a ta  from t h i s  group o f  s u b je c t s  w i l l  n o t  be 

p re s e n te d  h e re .



THE AUTOMATED SACCADE ANALYSIS SYSTEM

System Overview

The saccade  a n a l y s i s  system d e sc r ib e d  h e re  i s  a computer based 

system t h a t  can be used  to  m easure, r e c o r d ,  a n a ly z e ,  and o u tp u t  

s u b je c t  re sp o n se s  to  two d im ensional s t e p - l i k e  t a r g e t  d isp lac em e n ts  

and s te p  changes in  t a r g e t  c o n t r a s t .  The system can be e a s i l y  

u t i l i z e d  w ith  u n t r a in e d  s u b j e c t s .  The s u b je c t s  a re  allow ed t o  view 

th e  s t im u lu s  t a r g e t  b in o c u la r ly  w hile  th e  system  m o n ito rs  th e  s u b j e c t ' s  

r i g h t  eye . W ithin l i m i t s  s u b je c t s  may wear t h e i r  eye g l a s s e s ,  i f  

r e q u i r e d .

The system  d e sc r ib e d  h e re  i s  based on th e  saccade  a n a ly s i s  

system developed by Brown fo r  h i s  d o c to r a l  d i s s e r t a t i o n .  The r e a d e r  

w i l l  be r e f e r r e d  to  Brown's d i s s e r t a t i o n  f o r  c e r t a i n  system  d e t a i l s  

[Brown, 1977). The m o d if ic a t io n s  to  Brown's system perform ed here  

in c lu d e  a more complex t a r g e t  p r e s e n t a t i o n  system . T h is  t a r g e t  

p r e s e n t a t i o n  system p ro v id e s  th e  u s e r  w ith  s e v e ra l  ad v an tag es :  (1)

t a r g e t  l i g h t  l e v e l s  can  be c a r e f u l l y  c o n t r o l le d  so t h a t  t a r g e t  c o n t r a s t  

i s  c o n t r o l l e d ,  (2) th e  computer c o n t r o l s  th e  p o s i t io n  and c o n t r a s t  o f  

th e  t a r g e t  t e s t  s t im u lu s ,  (3) s e v e r a l  ty p es  o f  o p e ra t io n s  can be 

perform ed w ith  th e  t a r g e t  p r e s e n t a t i o n  system  in c lu d in g  fo v ea l  and 

o f f - a x i s  c o n t r a s t  th r e s h o ld  d e te rm in a t io n s .  Softw are  changes to  

Brown's system in c lu d e  th e  a d d i t io n  o f  so f tw a re  to  c o n tro l  th e  t a r g e t



p r e s e n t a t i o n  sy s te m , c h an g e s  t o  e x i s t i n g  p l o t t i n g  and a n a l y s i s  s o f t 

ware t o  accommodate t h r e e  t a r g e t  p a r a m e te r s  (two d im e n s io n a l  p o s i t i o n  

and c o n t r a s t ) *  and new a v e r a g in g  s o f tw a r e  so  t h a t  s u b j e c t  r e s p o n s e s  

c o u ld  be a v e ra g e d  a c c o r d in g  t o  t a r g e t  p a r a m e te r s .  T h is  l a s t  s o f tw a r e  

a d d i t i o n  was a c c o m p lish e d  so  t h a t  t h e  s u b j e c t ' s  s a c c a d ic  r e s p o n s e  

p r o p e r t i e s  c o u ld  be  d i s p l a y e d  a s  f u n c t i o n s  o f  t h e  s u b j e c t ' s  r e l a t i v e  

v i s i b i l i t y  l e v e l .

The d e s ig n  r e q u i r e m e n ts  f o r  t h e  m o d i f i c a t i o n s  p e rfo rm ed  h e re  

on t h e  s a c c a d e  a n a l y s i s  sys tem  o f  Brown a r e  a s  f o l lo w s :  (1) th e

t a r g e t  c o n t r a s t  m ust be a c c u r a t e l y  c o n t r o l l e d ,  (2) t h e  t a r g e t  

p o s i t i o n  must be a c c u r a t e l y  c o n t r o l l e d ,  (3) t h e  t a r g e t  p r e s e n t a t i o n  

sy s tem  m ust be f l e x i b l e  enough t o  a l lo w  f o r  c o n t r a s t  t h r e s h o l d  

m easu rem en ts  and e y e t r a c k e r  c a l i b r a t i o n ,  (4) t h e  e x p e r im e n te r  must 

n o t  b e  o v e rb u rd e n ed  w i th  t a s k s  d u r in g  t h e  a c t u a l  e x p e r im e n ta l  

s e s s i o n s .  To meet t h e s e  r e q u i r e m e n ts  a complex t a r g e t  p r e s e n t a t i o n  

sys tem  was d e v e lo p ed  and new s o f tw a r e  was added to  t h e  sa c c a d e  

a n a l y s i s  sy s tem  program  p a c k a g e s .  The t a r g e t  p r e s e n t a t i o n  sy s tem  

h as  s e v e r a l  f e a t u r e s  t o  h e lp  meet t h e  above r e q u i r e m e n t s :  (1)

p r o j e c t o r s  a r e  u se d  a s  l i g h t  s o u r c e s ,  t h i s  y i e l d s  a f l e x i b l e  system  

t o  a l lo w  f o r  t h e  v a r i o u s  t h r e s h o l d  m easurem ents  and c a l i b r a t i o n  

p r o c e d u r e s ,  (2) p h o to d io d e s  a r e  mounted on each  p r o j e c t o r  t o  m o n i to r  

t h e i r  l i g h t  o u t p u t s ,  (3) a l i n e  v o l t a g e  r e g u l a t o r  i s  u s e d ,  t h i s  

combined w i th  t h e  p h o to d io d e s  y i e l d s  a c c u r a t e  c o n t r o l  o f  t h e  

t a r g e t  c o n t r a s t ,  (4) a complex sy s tem  o f  s t e p p e r  m o to rs ,  f i l t e r s ,  

and t a r g e t  s p o t  masks i s  u se d  t o  a l lo w  f o r  com puter  c o n t r o l  o f  th e



t a r g e t  p a r a m e te r s ,  t h i s  r e d u c e s  t h e  amount o f  work t h e  e x p e r im e n te r  

h a s  t o  d o , (5) p o s i t i o n  s e n s o r s  w ere  in c lu d e d  w i th  t h e s e  s t e p p e r  

m o to rs  f o r  a c c u r a t e  c o n t r o l  o f  t a r g e t  p a r a m e t e r s ,  (6) new s o f tw a re  

(ADCOM, SSPCOM, and SACCOM) and m o d i f i c a t i o n s  t o  e x i s t i n g  s o f tw a r e  

(SPROUT) were a c c o m p lish e d  t o  a c h i e v e  f u l l  co m p u te r  c o n t r o l  o f  th e  

t a r g e t  p a r a m e te r s ,  p l o t t i n g  o f  a n a ly z e d  r e s p o n s e  d a t a ,  and a v e r a g in g  

o f  th e  a n a ly z e d  r e s p o n s e  d a t a .

The m a jo r  h a rd w are  com ponents o f  th e  s a c c a d e  a n a l y s i s  sy s tem  as 

i l l u s t r a t e d  in  F ig .  1 a r e  (1) a  complex t a r g e t  p r e s e n t a t i o n  sy s te m , 

t o  p r o v id e  v i s u a l  s t i m u l i  to  t h e  s u b j e c t ,  (2) a  PDP-ti/E co m p u te r ,  t o  

s e l e c t  t a r g e t  p a r a m e te r s  and t o  r e c o r d ,  a n a ly z e ,  and o u tp u t  s u b j e c t  

s a c c a d ic  r e s p o n s e s ,  (3) a m o d if ie d  C o rn sw ce t-C ra n e  d o u b le  P u r k in j e  

image e y e t r a c k e r ,  t o  m o n ito r  th e  two d im e n s io n a l  r o t a t i o n s  o f  th e  

s u b j e c t ' s  e y e ,  (4) a  d u a l  f l e x i b l e  d i s k  system  t o  p ro v id e  mass 

s t o r a g e  f o r  system  s o f tw a r e  and d a t a ,  (5) a d i g i t a l  p l o t t e r ,  t o  p l o t  

b o th  raw and a n a ly z e d  s u b j e c t  r e s p o n s e s ,  and (6) a t e l e t y p e  t o  p r o 

v id e  b o th  u s e r  i n t e r a c t i o n  w ith  sy s te m  s o f tw a r e  and o u tp u t  f o r  

a v e ra g e d  s u b j e c t  r e s p o n s e s .

The s o f tw a r e  p a c k a g e s  d e v e lo p e d  o f  th e  s a c c a d e  a n a l y s i s  system  

a r e  (1) ADCOM, a new program  p a ck a g e  u sed  t o  s e l e c t  t a r g e t  p a ra m e te r s  

c o n t r o l  t h e  t a r g e t  p r e s e n t a t i o n  sy s te m , manage t h e  sam p lin g  o f  th e  

e y e t r a c k e r  o u t p u t ,  and s t o r e  sam pled  d a ta  on m ass s t o r a g e ,  (2) APLOT0 

a p l o t t i n g  program  p a ck ag e  used  t o  p l o t  t h e  raw s u b j e c t  r e s p o n s e s  a s  

p ro d u ced  and s t o r e d  by ADCOM, (3) SPROUT, a m o d if ie d  a n a l y s i s  p rogram  

package  u se d  t o  a n a ly z e  l a r g e  num bers o f  ADCOM-produced s u b j e c t
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r e s p o n s e s  and s t o r e  t h e  r e s u l t s  a s  a summary d a t a  f i l e  on mass 

s t o r a g e ,  (4) SSPCOM, a new p l o t t i n g  program  p ack ag e  used  t o  p l o t  

t h e  summarized d a t a  f i l e s  a s  p roduced  by SPROUT, and (5) SACCOM, 

a new a v e ra g in g  program  p ack ag e  u se d  t o  s o r t  and a v e ra g e  l a r g e  

numbers o f  SPROUT-produced s a c c a d e  summary d a t a  f i l e s ;  a v e ra g e d  

r e s u l t s  a r e  w r i t t e n  o n to  t h e  t e l e t y p e .  The sys tem  s o f tw a r e  d a t a  

f lo w  i s  i l l u s t r a t e d  in  F ig .  2 . A l l  s o f tw a r e  p rog ram s a r e  w r i t t e n  

o n to  t h e  t e l e t y p e .  The sys tem  s o f tw a r e  d a t a  f lo w  i s  i l l u s t r a t e d  

i n  F ig .  2 . A l l  s o f tw a r e  p rog ram s a r e  w r i t t e n  i n  FORTRAN I I  h ig h  

l e v e l  la n g u a g e  w i th  some i n t e r m i x i n g  o f  SABR ( D i g i t a l  Equipment 

C o r p o ra t io n  a ssem b ly  la n g u a g e )  s t a t e m e n t s .  Saccade  a n a l y s i s  sy s te m  

s o f tw a r e  p a c k a g e s  a r e  c a l l e d  and c o n t r o l l e d  u s in g  t e l e t y p e  keyboard  

commands.

A more d e t a i l e d  d e s c r i p t i o n  o f  t h e  h a rd w are  and s o f tw a r e  component 

o p e r a t i o n  w i th  r e s p e c t  t o  t h e  e n t i r e  s a c c a d e  a n a l y s i s  system  i s  g iv e n  

i n  t h e  f o l lo w in g  s e c t i o n s .

T a r g e t  P r e s e n t a t i o n  System

The t a r g e t  p r e s e n t a t i o n  system  (TPS) i s  d e s ig n e d  to  p r o v id e  a 

v a r i e t y  o f  v i s u a l  s t i m u l i  t o  t h e  t e s t  s u b j e c t .  The TPS i s  d iv id e d  

i n t o  two s e c t i o n s ,  t h e  v i s u a l  p r e s e n t a t i o n  s e c t i o n ,  a s  i l l u s t r a t e d  in  

F ig .  3 and F ig .  4 ,  and t h e  i n t e r f a c e  e l e c t r o n i c s  s e c t i o n .  The i n t e r 

f a c e  e l e c t r o n i c s  s e c t i o n  o f  t h e  TPS p r o v id e s  t h e  i n t e r f a c i n g  o f  th e  

TPS t o  t h e  sy s tem  co m p u te r .  The i n t e r f a c e  e l e c t r o n i c s  s e c t i o n  a l s o  

i n t e r f a c e s  some s i g n a l s  o f  t h e  e y e t r a c k e r  t o  t h e  com pu ter  and p r o v id e s  

t h e  u s e r  w i th  manual c o n t r o l  o f  t h e  TPS t a r g e t  p a ra m e te r  a s s e m b l i e s .
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As i l l u s t r a t e d  i n  F i g . ' s  3 and 4 t h e  v i s u a l  s e c t i o n  o f  t h e  TPS c o n s i s t s  

o f  f i v e  p r o j e c t o r s  (u sed  a s  c o n t r o l l a b l e  l i g h t  s o u r c e s )  and  a s s o c i a t e d  

s h u t t e r s ,  f i l t e r s  (u sed  t o  s e t  t a r g e t  c o n t r a s t ) ,  a  v ie w in g  s c r e e n  and 

an  e l e c t r o n i c s  p a ck a g e  f o r  c o n t r o l l i n g  and  m o n i to r in g  t h e  l i g h t  o u t p u t s  

and s h u t t e r s  o f  t h e  p r o j e c t o r s .  The TPS v i s u a l  s e c t i o n  p r o v id e s  t a r g e t  

s p o t  l o c a t i o n s  and f i l t e r s  so t h a t  t h e  u s e r  may s e l e c t ,  u n d e r  com pu ter  

o r  manual c o n t r o l ,  any  one o f  40 p o s s i b l e  t a r g e t  s t e p  d e f l e c t i o n s  

a t  any  one o f  n in e  p o s s i b l e  c o n t r a s t  l e v e l s .  The t a r g e t  s p o t  l o c a t i o n s  

a r e  a r r a n g e d  i n  e i g h t  a z im u th a l  a n g le s  a round  a c e n t r a l  f i x a t i o n  s p o t  

from  0 t o  315 d e g r e e s  i n  45 d e g re e  in c r e m e n t s .  Z ero  d e g re e s  i s  

r e f e r e n c e d  t o  h o r i z o n t a l  and t o  t h e  v i e w e r ' s  r i g h t  o f  th e  c e n t r a l  f i x a 

t i o n  s p o t  w h i le  90 d e g r e e s  i s  v e r t i c a l  and d i r e c t l y  up from t h e  c e n t r a l  

f i x a t i o n  s p o t .  T a rg e t  s p o t  s t e p  m a g n i tu d e s  may b e  any  one o f  f i v e  

r a d i a l  d i s t a n c e s  from t h e  c e n t r a l  f i x a t i o n  sp o t  t h e  in c re m e n ts  be tw een  

r a d i i  b e in g  e q u a l .  F o r a l l  work h e r e  t h e  d i s t a n c e  be tw een  t h e  v iew in g  

s c r e e n  and t h e  s u b j e c t  i s  s e t  a t  one m e te r  so t h a t  t h e  r a d i a l  m agn i

t u d e s  o f  t a r g e t  s t e p s  a s  su b te n d ed  a t  t h e  s u b j e c t ’ s eye a r e  2 . 0 ,  2 . 5 ,  

3 . 0 ,  3 . 5 ,  and 4 .0  d e g r e e s .  T a rg e t  " d e f l e c t i o n "  i s  p ro v id e d  by  c o n 

t r o l l i n g  t h e  s h u t t e r s  a s s o c i a t e d  w i th  t h e  TPS v i s u a l  s e c t i o n  p r o j e c t o r s .  

One p r o j e c t o r  i s  u se d  t o  p r o v id e  t h e  c e n t r a l  f i x a t i o n  s p o t  on t h e  

f r o n t  s u r f a c e  o f  t h e  v ie w in g  s c r e e n ,  w h i l e  a  second  p r o j e c t o r  i s  u sed  

t o  back  i l l u m i n a t e  t h e  s p o t  g e n e r a t i o n  masks and v ie w in g  s c r e e n .  The 

s h u t t e r s  o f  t h e  two p r o j e c t o r s  can  be exchanged  w i th  one b e in g  opened  

w h i le  t h e  o t h e r  i s  c lo s e d  s im u l t a n e o u s ly .  Thus i f  u se d  p r o p e r l y  t h e  

s h u t t e r  a c t i o n s  c a u s e  t h e  c e n t r a l  f i x a t i o n  sp o t  t o  d i s a p p e a r  a t  t h e
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same t im e  t h a t  t h e  s e l e c t e d  t a r g e t  s p o t  a p p e a r s .  The s h u t t e r  a c t i o n s  

a r e  e x t r e m e ly  r a p i d  so t h a t  t h e  t im e  be tw een  t h e  d i s a p p e a r a n c e  o f  

t h e  f i x a t i o n  s p o t  and t h e  a p p e a ra n c e  o f  t h e  t a r g e t  s p o t  i s  n e g l i g i b l e .  

The a p p e a ra n c e  t o  t h e  s u b j e c t  i s  t h a t  t h e  c e n t r a l  f i x a t i o n  s p o t  has  

i n s t a n t a n e o u s l y  jumped o r  " d e f l e c t e d "  t o  a t a r g e t  l o c a t i o n .  The TPS 

v i s u a l  s e c t i o n  p ro v id e s  a  w arn ing  to n e  s i g n a l  t o  t h e  s u b j e c t  j u s t  

p r i o r  t o  t a r g e t  d e f l e c t i o n .  The w arn in g  to n e  t im e  and t a r g e t  d e f l e c t i o n  

t im e  a r e  a d j u s t a b l e  o v e r  c o n v e n ie n t  r a n g e s .

S te p  chang es  i n  t h e  t a r g e t  s p o t  c o n t r a s t  a r e  p ro v id e d  by u s in g  

th e  movable f i l t e r  a ssem b ly  o f  t h e  TPS v i s u a l  s e c t i o n  and an a s s o c i a t e d  

n e u t r a l  d e n s i t y  wedge a s  i n d i c a t e d  i n  F i g . ' s  3 and 4 .  The n e u t r a l  

d e n s i t y  wedge i s  a d j u s t e d  t o  c o r r e s p o n d  t o  t h e  s u b j e c t ' s  f o v e a l  

c o n t r a s t  t h r e s h o l d .  Then t h e  n in e  n e u t r a l  d e n s i t y  f i l t e r s  o f  th e  

m ovable a sse m b ly  p r o v id e  t a r g e t  c o n t r a s t s  o f  from f o v e a l  t h r e s h o l d  t o  

above  fo v e a l  t h r e s h o l d  i n  e i g h t  in c r e m e n t s .  The n in e  n e u t r a l  d e n s i t y  

f i l t e r s  a r e  a r r a n g e d  i n  a  d e c r e a s i n g  d e n s i t y  o r d e r  w i th  e a c h  f i l t e r  

0 .1 1 5  log  u n i t  l e s s  d en se  th a n  t h e  p r e v io u s  f i l t e r  f o r  a  t o t a l  change  

o f  0 ,9 2 0  log  u n i t  d e n s i t y  o v e r  t h e  r a n g e  o f  th e  f i l t e r s .

Computer p o s i t i o n i n g  o f  t h e  s p o t  g e n e r a t i o n  masks and m ovable 

f i l t e r  a ssem b ly  o f  t h e  TPS v i s u a l  s e c t i o n  i s  a c c o m p lish e d  by t h e  u s e  

o f  t h e  s t e p p e r  m o to rs  a t t a c h e d  t o  t h o s e  a s s e m b l i e s .  Computer s o f tw a r e  

c an  th e n  s e l e c t  t h e  p a ra m e te r s  o f  t h e  t a r g e t  r a d i u s , a n g l e ,  and c o n 

t r a s t  (o r  f i l t e r  number) and d i r e c t  t h e  TPS v i s u a l  s e c t i o n  a c c o r d i n g l y  

by  d r i v i n g  t h e  s t e p p e r  m o to rs .
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The TPS v i s u a l  s e c t i o n  a l s o  p r o v id e s  t h e  s t i m u l i  n e c e s s a r y  f o r  th e  

e v a l u a t i o n  o f  t h e  t e s t  s u b j e c t ' s  f o v e a l  [o r  o n - a x i s )  and o f f - a x i s  

c o n t r a s t  t h r e s h o l d s ,  and f o r  e y e t r a c k e r  g a in  c a l i b r a t i o n .

The TPS i n t e r f a c e  e l e c t r o n i c s  s e c t i o n s  p r o v id e s  a l l  t h e  s i g n a l s  

n e c e s s a r y  f o r  co m p u te r  c o n t r o l  o f  t h e  t a r g e t  p a r a m e te r s  and s u b j e c t  

eye movement d a t a  s a m p lin g .  The TPS i n t e r f a c e  e l e c t r o n i c s  s e c t i o n  

a c c e p t s  " b l i n k "  and " t r a c k "  s i g n a l s  from t h e  e y e t r a c k e r ,  m ovable 

a ssem b ly  p o s i t i o n  s i g n a l s  from t h e  TPS v i s u a l  s e c t i o n ,  and s h u t t e r  

c o n t r o l  s i g n a l s  from  th e  TPS v i s u a l  s e c t i o n .  The TPS i n t e r f a c e  

e l e c t r o n i c s  s e c t i o n  p ro v id e s  t h e  com puter w i th  " f a i l u r e "  d a t a ,  t r i g g e r  

s i g n a l s ,  and TPS " r e a d y "  s i g n a l s .  P o s i t i o n  s i g n a l s  from t h e  TPS 

v i s u a l  s e c t i o n  a r e  u se d  t o  g e n e r a t e  a  " r e a d y "  s i g n a l  which n o t i f i e s  

t h e  co m puter  when movements o f  t h e  TPS v i s u a l  s e c t i o n  t a r g e t  p a r a 

m e te r  a s s e m b l ie s  h av e  been  c o m p le te d .  The s h u t t e r  command s i g n a l s  

aTe u se d  by t h e  TPS i n t e r f a c e  e l e c t r o n i c s  s e c t i o n  t o  g e n e r a t e  a  

t r i g g e r  p u l s e  f o r  t h e  com puter  a t  t h e  i n s t a n t  t h a t  t a r g e t  d e f l e c t i o n  

o c c u r s .  T h is  t r i g g e r  p u l s e  i s  u se d  by t h e  com puter  t o  i n i t i a t e  th e  

sam p ling  o f  th e  e y e t r a c k e r  x - a x i s  (H4) and y - a x i s  (V4) eye r o t a t i o n  

s i g n a l s .  The s u b j e c t ' s  eye r e s p o n s e  t o  a t a r g e t  d e f l e c t i o n  i s  th u s  

m o n ito re d  and r e c o r d e d  b e g in n in g  a t  t h e  i n s t a n t  o f  t a r g e t  d e f l e c t i o n .  

The TPS i n t e r f a c e  e l e c t r o n i c s  s e c t i o n  u s e s  t h e  e y e t r a c k e r  " b l i n k "  

and " t r a c k "  s i g n a l s  t o  g e n e r a t e  a  t r i a l  " f a i l u r e "  b i t  which i s  v a l i d  

o n ly  d u r in g  a t a r g e t  d e f l e c t i o n .  I f  e i t h e r  t h e  s u b j e c t  b l i n k s  o r  t h e  

e y e t r a c k e r  l o s e s  t r a c k  lo ck  d u r i n g  t h e  t r i a l  { t a r g e t  d e f l e c t i o n  t im e )  

t h e  t r i a l  " f a i l u r e "  b i t  w i l l  be  s e t .  The ADCOM d a t a  in p u t  and  c o n t r o l
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so f tw a re  package w i l l  t e s t  t h i s  " f a i l u r e ” b i t  and i f  s e t  r e j e c t  th e  

d a t a  f o r  t h a t  t r i a l .  No c o r re s p o n d in g  o u tp u t  d a t a  f i l e  t o  th e  d i s k  

w i l l  be p ro d u ced .

For t h e  sa cc ad e  t e s t i n g  done h e r e ,  a  s i n g l e  t r i a l  sequence 

p ro c e e d s  a s  f o l lo w s :  (1) A f t e r  p r o p e r  i n i t i a l i z a t i o n  o f  th e  TPS

hardw are  u n d e r  ADCOM d i r e c t i o n ,  program  ADCOM w i l l  s e l e c t  th e  t a r g e t  

p a ra m e te r s  f o r  t h a t  t r i a l .  The TPS t a r g e t  p a ra m e te r s  a s s e m b l ie s  w i l l  

re sp o n d  by moving to  t h e i r  s p e c i f i e d  l o c a t i o n s  n o t i f y i n g  b o th  th e  

com puter and th e  e x p e r im e n te r  when t h i s  p ro c e d u re  i s  co m p le ted .

(2) The e x p e r im e n te r  can th e n  push  a "GO" p u s h b u t to n  to  i n i t i a t e  a 

t r i a l .  (3) The w arning  to n e  sounds f o r  ab o u t  1 .5  seconds a l e r t i n g  

th e  s u b j e c t  t o  f i x a t e  th e  c e n t r a l  f i x a t i o n  s p o t  on t h e  v iew ing  

s c r e e n .  (4) At th e  end o f  t h e  w arn ing  to n e  t h e  t a r g e t  d e f l e c t s  and 

th e  com puter i s  t r i g g e r e d  to  b e g in  r e c o r d in g  th e  s u b j e c t ' s  eye 

r e s p o n s e .  (5) The t a r g e t  rem a in s  d e f l e c t e d  f o r  ab o u t  3 seco n d s , 

w i th  th e  com puter sam pling  th e  s u b j e c t ' s  eye r e s p o n s e  f o r  th e  f i r s t  

2 .5  se co n d s .  (6) At th e  end o f  sam pling  th e  com puter  t e s t s  th e  

f a i l u r e  b i t ,  and i f  no f a i l u r e  o c c u r re d  p ro c e e d s  t o  o u tp u t  t h e  r a d iu s  

a n g le ,  and c o n t r a s t  ( f i l t e r  number) d a ta  o f  th e  t a r g e t ,  and th e  

s u b j e c t ' s  r e s p o n se  d a ta  to  d i s k  s t o r a g e  a s  a sa cc ad e  d a ta  f i l e .

The r e a d e r  i s  r e f e r e n c e d  to  t h e  ap p en d ix  f o r  a d e t a i l e d  d e s c r i p 

t i o n  o f  th e  TPS v i s u a l  p r e s e n t a t i o n  s e c t i o n  and i n t e r f a c e  e l e c t r o n i c s  

s e c t i o n .  In c lu d ed  a r e  o p e r a t in g  i n s t r u c t i o n s ,  e x p la n a t io n s  o f  cap a 

b i l i t i e s  and o p e r a t in g  modes, o u tp u t  s p e c i f i c a t i o n s ,  and sch em a tic  

d iagram s o f  e l e c t r o n i c s .
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Cornsweet -  Crane P u r k in je  Image E y e t ra c k e r

The P u r k in j e  image e y e t r a c k e r  was o r i g i n a l l y  deve loped  by 

T. N. Cornsweet and H. D. C ran e . C u r re n t  m odels o f  th e  m achine a r e  

p roduced  on a  custom  b a s i s  by SRI, P a lo  A l to ,  C a l i f o r n i a .  The ey e 

t r a c k e r  m easures eye r o t a t i o n  by d i r e c t i n g  a c o l l im a te d  beam o f  

i n f r a r e d  l i g h t  i n t o  th e  eye and m easu ring  th e  r e l a t i v e  p o s i t i o n s  o f  

two r e f l e c t i o n s ,  th e  f i r s t  P u r k in je  image, p roduced  by r e f l e c t i o n  

from th e  f r o n t  s u r f a c e  o f  th e  c o rn e a ,  and th e  f o u r t h  P u r k in je  image, 

p roduced  by r e f l e c t i o n  from th e  back s u r f a c e  o f  th e  l e n s .  These 

two images move in  c o n c e r t  when t h e  eye t r a n s l a t e s  b u t  s h i f t  i n  

o p p o s i t e  d i r e c t i o n s  when t h e  eye r o t a t e s .  The p o s i t i o n s  o f  th e s e  

two images a r e  o p t i c a l l y  t r a c k e d  u s in g  se rv o  d r iv e n  m i r r o r s .  The 

movement o f  th e  f i r s t  P u rk in je  image can th e n  be o p t i c a l l y  s u b t r a c t e d  

from th e  movement o f  th e  f o u r t h  P u r k in je  image t o  y i e l d  r o t a t i o n a l  

s i g n a l s  t h a t  w i th in  l i m i t s  a r e  f r e e  from t r a n s l a t i o n a l  a r t i f a c t s .

The two d im e n s io n a l  f o u r th  P u r k in je  image se rv o  s i g n a l s ,  a f t e r  s u i t a b l e  

p r o c e s s in g ,  p ro v id e  th e  e l e c t r i c a l  o u tp u ts  H4 and V4 which a r e  

d i r e c t l y  p r o p o r t i o n a l  t o  t h e  h o r i z o n t a l  and v e r t i c a l  a n g u la r  r o t a t i o n s  

o f  t h e  eye.

The e y e t r a c k e r  canno t d i s t i n g u i s h  c e r t a i n  t r a n s l a t i o n a l  a r t i f a c t s  

from eye r o t a t i o n s  t h a t  o c c u r  w h i le  t h e  s u b j e c t  i s  v iew ing  a f ix e d  

t a r g je t .  For exam ple, i f  t h e  s u b j e c t  i s  v iew ing  a  f i x a t i o n a l  t a r g e t  

and t r a n s l a t e s  h i s  head to  th e  l e f t  h i s  eyes  must r o t a t e  t o  th e  r i g h t  

t o  m a in ta in  fo v e a l  f i x a t i o n .  T h is  w i l l  be i n t e r p r e t e d  a s  eye r o t a t i o n  

by th e  e y e t r a c k e r  and shows up a s  e s s e n t i a l l y  a b a s e l i n e  s h i f t  i n  th e
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H4 and V4 o u tp u t  r e c o r d s .  To h e lp  red u c e  t h i s  s o r t  o f  a r t i f a c t ,  

s u b j e c t s  u sed  h e re  a r e  h e ld  s t a t i o n a r y  by means o f  a d e n ta l  wax 

b i t i n g  b a r .

For a l l  work done h e re  th e  e y e t r a c k e r  was a d ju s te d  f o r  each 

s u b j e c t  to  y i e l d  H4 and V4 o u tp u t s  o f  ± 0 .2  v o l t s  p e r  ± 1 d eg ree  

o f  eye r o t a t i o n  from th e  c e n t r a l  f i x a t i o n  p o s i t i o n .  Perform ance  

s p e c i f i c a t i o n s  f o r  th e  e y e t r a c k e r  a r e  l i s t e d  below . The r e a d e r  i s  

r e f e r r e d  to  Dr. James Brown's d i s s e r t a t i o n  f o r  a more d e t a i l e d  

d e s c r i p t i o n  o f  th e  e y e t r a c k e r  o p e r a t in g  p r i n c i p l e s ,  m o d i f i c a t io n s ,  

and methods used to  m easure th e  pe rfo rm an ce  s p e c i f i c a t i o n s .

RMS e q u iv a le n t  r o t a t i o n a l
n o i s e ,  H4 and V4 o u t p u t s .......................................... 2 .5  m in u te s  o f  a r c

E q u iv a le n t  r o t a t i o n a l  slew
r a t e ,  H4 and V4 o u t p u t s ...............................................60 d e g re e s /s e c o n d

Response d e la y ,  H4 and V4
o u tp u ts  ....................................................................................  2 m i l l i s e c o n d s

R o ta t i o n a l  l i n e a r i t y  w i th in
a 4 -d e g re e  r a d i u s  c i r c l e ,  e r r o r  l e s s  th an
H4 and V4 o u t p u t s .............................................................n o i s e

Computer Hardware and S oftw are

E x p erim en ta l  d a ta  i s  i n p u t ,  p ro c e s s e d ,  and o u tp u t  by th e  saccad e  

a n a l y s i s  s y s te m 's  PDP-8/E com puter under th e  c o n t r o l  o f  so f tw a re  

pack ages  ADCOM, APLOT0, SPROUT, SSPCOM, and SACCOM. These so f tw a re  

packag es  were a l l  deve loped  s p e c i f i c a l l y  f o r  th e  sa cc ad e  a n a l y s i s  

sy s tem . As m entioned  e a r l i e r  some o f  t h e s e  s o f tw a re  packages a re  

e x te n s io n s  o f  ones developed  by Dr. James Brown f o r  h i s  d o c to r a l  

d i s s e r t a t i o n .  The r e a d e r  w i l l  be r e f e r r e d  t o  h i s  d i s s e r t a t i o n  a t
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t im e s  f o r  a  more d e t a i l e d  d i s c u s s i o n .

As shown i n  F ig .  1 t h e  com puter  o u t p u t s  t a r g e t  p a ra m e te r  d a t a  

( i n  t h e  form o f  t h e  number o f  s t e p p e r  m o to r s t e p s  r e q u i r e d )  t o  th e  

t a r g e t  p r e s e n t a t i o n  sy s tem  (TPS) and a c c e p t s  in p u t  r e a d y ,  f a i l u r e ,  and 

t r i g g e r  s i g n a l s  from  t h e  TPS. A d d i t i o n a l l y  t h e  com puter  a c c e p t s  

a n a lo g  eye r o t a t i o n  s i g n a l s  from  t h e  e y e t r a c k e r .  The H4 and V4 

e y e t r a c k e r  o u tp u t  s i g n a l s  a r e  d i g i t a l l y  encoded by t h e  c o m p u te r 's  

m u l t i p l e x e r  and a n a l o g - t o - d i g i t a l  c o n v e r t e r .  Sample t im in g  i s  c o n 

t r o l l e d  by s o f tw a r e  and by t h e  c o m p u te r 's  r e a l  t im e  c lo c k .  The t r i g g e r  

s i g n a l  from th e  TPS i n t e r f a c e  e l e c t r o n i c s  s e c t i o n  i s  g e n e r a te d  a t  t h e  

b e g in n in g  o f  e a c h  t a r g e t  d e f l e c t i o n  and i s  s e n t  t o  t h e  com puter  t o  

s t a r t  t h e  r e a l  t im e  c lo c k  and  d a t a  s a m p lin g .  The TPS i n t e r f a c e  

e l e c t r o n i c s  s e c t i o n  s u p p l i e s  t h e  com puter  w i th  a t r i a l  f a i l u r e  b i t  

which i s  v a l i d  o n l y  d u r in g  t h e  t a r g e t  d e f l e c t i o n  t im e .  The t r i a l  

f a i l u r e  b i t  i s  s e t  by t h e  TPS i n t e r f a c e  e l e c t r o n i c s  s e c t i o n  i f  t h e  

s u b j e c t  b l i n k s  o r  th e  e y e t r a c k e r  l o s e s  t r a c k  lo c k  d u r in g  t h e  t a r g e t  

d e f l e c t i o n  p e r i o d .  The TPS i n t e r f a c e  e l e c t r o n i c s  s e c t i o n  a l s o  

s u p p l i e s  t h e  co m p u te r  w i th  a  r e a d y  s i g n a l  w hich  i s  s e t  a n y tim e  s t e p p e r  

m otor movements o f  t h e  v i s u a l  p r e s e n t a t i o n  s e c t i o n  a r e  c o m p le te d .

As i n d i c a t e d  in  F ig .  2 t h e  s o f tw a r e  p a ck a g e  ADCOM c o n t r o l s  th e  

o u tp u t  o f  t a r g e t  p a ra m e te r  d a t a  t o  t h e  TPS and t h e  in p u t  o f  e y e 

t r a c k e r  d a t a  from  t h e  e y e t r a c k e r  and r e a d y ,  f a i l ,  and t r i g g e r  d a t a  

from  th e  TPS. ADCOM a l lo w s  t h e  u s e r  t o  c o n t r o l  t h e  t a r g e t  p a r a m e te r s ,  

sa m p lin g  p a r a m e t e r s ,  and d a t a  s t o r a g e  f i l e  names th ro u g h  t h e  u s e  o f  

t e l e t y p e  keyb oard  commands. ADCOM p r o v id e s  two sa m p lin g  m odes, a
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s i n g l e  t r i a l  o r  " o n e - s h o t "  mode, and a  m u l t i p l e  t r i a l  o r  " r e c y c l e "  mode t o  

a u t o m a t i c a l l y  c o n t r o l  t a r g e t  p a r a m e t e r s  and i n p u t  and s t o r e  t r i a l  d a t a .  

Data  f o r  e ac h  t r i a l  i s  s t o r e d  on d i s k  FL2 a s  a d a t a  f i l e  whose name 

has  been  p r e v i o u s l y  d e c l a r e d  by t h e  u s e r .  The sam p l ing  p a r a m e t e r s  

a r e  i n i t i a l i z e d  t o  a  c o n v e n i e n t  s e t  o f  v a l u e s  when ADCOM i s  f i r s t  

c a l l e d  f o r  u s e .  In  a d d i t i o n  a t  ADCOM b e g in n i n g  t h e  u s e r  i s  r e q u i r e d  

t o  e n t e r  a  b e g in n i n g  d a t a  f i l e  name and an  i n i t i a l  " s c r a m b l in g  f a c t o r "  

f o r  t h e  t a r g e t  p o s i t i o n  a r r a y .

The o n e - s h o t  mode sequ en c e  o f  d a t a  c o n t r o l  and sa m p l in g  by ADCOM 

i s  o u t l i n e d  be low.  Timing v a l u e s  g iv e n  a r e  t h o s e  u se d  f o r  a l l  e x p e r i 

ments  p e r fo rm ed  h e r e .  (1) The s o f t w a r e  b e g in s  t h e  o n e - s h o t  mode by 

r e q u e s t i n g  t h e  u s e r  t o  i n i t i a l i z e  t h e  TPS t a r g e t  p a r a m e t e r  a s s e m b l i e s  

and t h e n  e n t e r i n g  a f l a g  w a i t  l o o p .  The s o f t w a r e  w a i t s  f o r  t h e  DEV RDY 

s i g n a l  from t h e  TPS which i n d i c a t e s  t h a t  t h e  s p o t  g e n e r a t i o n  masks 

and t h e  movable  f i l t e r  a sse m b ly  a r e  p o s i t i o n e d  i n  t h e i r  s t a r t i n g  o r  

r e f e r e n c e  p o s i t i o n s .  (2) The s o f t w a r e  t h e n  s e l e c t s  t h e  t a r g e t  p a r a 

m e te r s  i n  a pseudo  random f a s h i o n .  T h a t  i s ,  one o f  t h e  40 p o s s i b l e  

t a r g e t  p o s i t i o n s  i s  cho sen  from a s c ra m b le d ,  random ized  t a r g e t  p o s i t i o n  

a r r a y  and a  number from 0 t o  8 i s  g e n e r a t e d  a t  random t o  i n d i c a t e  

f i l t e r  number ( t a r g e t  c o n t r a s t ) . The t a r g e t  p a r a m e t e r s  a r e  s e n t  t o  

t h e  TPS i n t e r f a c e  e l e c t r o n i c s  s e c t i o n  which i n  t u r n  d i r e c t s  t h e  v i s u a l  

p r e s e n t a t i o n  s e c t i o n  s t e p p e r  m o to r s  a c c o r d i n g l y .  (3) The s o f t w a r e  

e n t e r s  a n o t h e r  f l a g  w a i t  loo p  w a i t i n g  f o r  t h e  DEV RDY f l a g  o f  t h e  TPS 

t o  i n d i c a t e  t h a t  t h e  m otor  movements a r e  c o m p le t e d .  (4)  The s o f t w a r e  

now e n t e r s  a  c l o c k  t r i g g e r  w a i t  l o o p .  (5)  The e x p e r i m e n t e r  i n i t i a t e s
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a t r i a l  ( t a r g e t  d e f l e c t i o n )  by p u s h in g  t h e  TPS "GO" p u s h b u t t o n .  The 

w arn in g  b u z z e r  sounds f o r  a b o u t  1 .5  se con d s  a f t e r  which t h e  t a r g e t  

d e f l e c t s  f o r  a b o u t  3 seconds*  (6)  At t h e  o n s e t  o f  t a r g e t  d e f l e c t i o n  

t h e  TPS i n t e r f a c e  e l e c t r o n i c s  s e c t i o n  TRIG t r i g g e r  s i g n a l  s t a r t s  t h e  

c o m p u te r ’ s r e a l  t im e  c l o c k .  (7) The c l o c k  c o n t r o l s  t h e  m u l t i p l e x e r /  

c o n v e r t e r  and t h e  s u b j e c t ' s  eye  r e s p o n s e  (H4 and V4 e y e t r a c k e r  s i g n a l s )  

a r e  sampled e v e r y  5 m i l l i s e c o n d s  f o r  2 .5  s e c o n d s .  (8) The 1000 sample 

v a l u e s  a r e  s t o r e d  t e m p o r a r i l y  i n  a  d a t a  a r r a y  i n  t h e  c o m p u t e r ' s  c o r e  

memory. (9) A f t e r  t h e  l a s t  d a t a  sample  t h e  s o f t w a r e  c h eck s  t h e  TPS 

i n t e r f a c e  e l e c t r o n i c s  s e c t i o n  FAIL b i t .  (10) I f  a  f a i l u r e  has  

o c c u r r e d  (FAIL b i t  s e t )  no f u r t h e r  a c t i o n  i s  t a k e n  on t h e  sampled 

d a t a ,  a  new s e t  o f  t a r g e t  p a r a m e t e r s  i s  ch o sen  and o u t p u t  t o  t h e  TPS, 

a f t e r  t h e  TPS s t e p p e r  m o to rs  have c o m p le te d  a l l  movements c o n t r o l  i s  

t r a n s f e r r e d  t o  t h e  c l o c k  t r i g g e r  w a i t  l o o p .  (11) I f  no f a i l u r e  

o c c u r s  (a  s u c c e s s f u l  t r i a l )  t h e  s o f t w a r e  s t o r e s  t h e  t a r g e t ’ s r a d i u s ,  

a n g l e ,  and f i l t e r  number i n f o r m a t i o n  a lo n g  w i t h  t h e  coded sam pl ing  

p a r a m e t e r s  a t  t h e  b e g in n i n g  o f  t h e  sampled d a t a  a r r a y ,  t h e n  o u t p u t s  

t h e  e n t i r e  a r r a y  t o  d i s k  FL2 a s  a  d a t a  f i l e  w i t h  t h e  u s e r  d e f i n e d  

f i l e  name. (12) S o f tw a re  c o n t r o l  i s  t r a n s f e r r e d  back  t o  ADCOM 

command mode. The u s e r  may now e n t e r  new commands.

ADCOM o p e r a t i o n  i n  t h e  r e c y c l e  s a m p l e / c o n t r o l  mode b e g i n s  a s  i n  

t h e  o n e - s h o t  mode. However, each  t im e  a d a t a  f i l e  i s  o u t p u t  t o  t h e  

FL2 d i s k  t h e  t a r g e t  p o s i t i o n  ( r a d i u s  and a n g l e )  j u s t  u se d  i s  i n h i b i t e d  

from f u r t h e r  u s e  and a l s o  t h e  f i l e  number p o r t i o n  o f  t h e  c u r r e n t  f i l e  

name i s  in c re m e n te d  by one .  The n e x t  s e q u e n t i a l  l o c a t i o n  i n  t h e
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random ized  t a r g e t  p o s i t i o n  a r r a y  i s  c h o se n  t o  y i e l d  a new t a r g e t  p o s i 

t i o n .  A new f i l t e r  number i s  c h o se n  and o u t p u t  a lo n g  w i t h  t h e  t a r g e t  

p o s i t i o n  t o  t h e  TPS i n t e r f a c e  e l e c t r o n i c s  s e c t i o n .  A f t e r  t h e  TPS 

s t e p p e r  m o to r s  have  c o m p le ted  t h e i r  movements ,  ADCOM s o f t w a r e  c o n t r o l  i s  

passed  t o  t i ie  c l o c k  t r i g g e r  w a i t  lo o p .  In  t h i s  m anner ,  up t o  40 c o n 

s e c u t i v e l y  numbered d a t a  f i l e s  may be g e n e r a t e d  and s t o r e d  on d i s k  

FL2, one f o r  each  t a r g e t  p o s i t i o n  o f  t h e  r andom ized  t a r g e t  p o s i t i o n  

a r r a y .  Each ADCOM-generated d a t a  f i l e  c o n t a i n s  a h e a d e r  w i th  t h e  

f o l l o w i n g  i n f o r m a t i o n  a b o u t  t h e  d a t a :  f i l e  name, m u l t i p l e x e r  i n p u t

c h a n n e l  numbers ,  sam p l in g  p e r i o d ,  number o f  s a m p le s ,  t a r g e t  r a d i u s  and 

a n g l e ,  and f i l t e r  number ( t a r g e t  c o n t r a s t ) .  More d e t a i l e d  i n f o r m a t i o n  

a b o u t  ADCOM, i t s  o p e r a t i o n  and a  p rogram  l i s t i n g  may be found i n  t h e  

a p p e n d ix .

Once a  d i s k  d a t a  f i l e  ( o r  a  number o f  d a t a  f i l e s )  h a s  been  

g e n e r a t e d  by ADCOM, t h e  sys tem  u s e r  may p l o t  t h i s  raw s u b j e c t  r e s p o n s e  

d a t a  by u s i n g  t h e  s o f t w a r e  pack a g e  APLOT0. Normally  s a c c a d e  d a t a  

f i l e s  a r e  n o t  p l o t t e d  i n  raw form b u t  a r e  p r o c e s s e d  by t h e  s o f t w a r e  

p ack ag e  SPROUT. However, i f  d e s i r e d ,  APLOT0 may be  u s e d  t o  p l o t  any 

sampled ch an n e l  a s  a  f u n c t i o n  o f  any o t h e r  sampled c h a n n e l  o r  a s  a 

f u n c t i o n  o f  t i m e .  F u l l  a x i s  s c a l i n g  c a p a b i l i t i e s  and  o t h e r  f e a t u r e s  

a r e  a v a i l a b l e  a s  d i s c u s s e d  i n  d e t a i l  i n  Dr. Brown's  d i s s e r t a t i o n .

To i l l u s t r a t e  a  t y p i c a l  s u b j e c t  r e s p o n s e  f o r  a t a r g e t  d e f l e c t i o n  t r i a l ,  

APLOT0 was u se d  t o  g e n e r a t e  t h e  p l o t s  shown i n  F i g .  5. Shown a r e  

X and Y a x i s  eye  r o t a t i o n s  a s  f u n c t i o n s  o f  t im e  and a p l o t  o f  Y - a x i s  

eye  r o t a t i o n  a s  a  f u n c t i o n  o f  X - a x i s  eye  r o t a t i o n .
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X - a x i s

J SEC

---------------1

-4 .0 ^ "
Y - a x i s

+ 2 . 0

SEC

- 2 . 0

- 4 .  O'

Y - a x i s

X - a x i s

*- - 4 . 0

FIG. 5 -  EXAMPLE OF APLOT0 OUTPUT. SUBJECT DEB RESPONSE TO 
TARGET STEP OF RADIUS 3 . 0 " ,  ANGLE 2 2 5 " ,  FILTER NUMBER 6.
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The s o f t w a r e  p a ck a g e  SPROUT i s  u se d  t o  p r o c e s s  ADCOM-produced d a t a  

f i l e s  o f  t h e  form shown i n  F i g .  5 .  SPROUT o p e r a t i o n  i s  c o n t r o l l e d  by 

u s i n g  t e l e t y p e  keyboard  commands. T h ese  commands a l l o w  t h e  u s e r  (1) 

t o  d e c l a r e  a  f i l e  name f o r  t h e  SPROUT o u t p u t  a r r a y ,  (2) t o  lo a d  a p r e 

v i o u s  SPROUT summary a r r a y  i n t o  SPROUT, (3) t o  i n p u t  s i n g l e  s a c c a d e  

d a t a  f i l e s  o r  g ro u p s  o f  c o n s e c u t i v e l y  numbered s a c c a d e  d a t a  f i l e s  t o  

t h e  summary a r r a y ,  [4) t o  d e l e t e  e n t r i e s  from t h e  summary a r r a y ,  (5) 

t o  p r i n t  i n d i v i d u a l  summary a r r a y  e n t r i e s ,  (6) t o  l i s t  summary a r r a y  

e n t r i e s ,  and (7)  t o  change p r o c e s s i n g  t h r e s h o l d  and s c a l i n g  f a c t o r s .

For  each  i n p u t  s a c c a d e  d a t a  f i l e  SPROUT c a l c u l a t e s  t h e  l a t e n c y  o f  

r e s p o n s e  and t h e  s e t t l i n g  t im e s  t o  w i t h i n  25,  20, 15 and 10 m in u te s  o f  

a r c  r a d i u s  a b o u t  t h e  f i n a l  eye  p o s i t i o n .  SPROUT a l s o  p e r f o r m s  c h e c k s  

on t h e  s a c c a d e  d a t a  t o  i n s u r e  t h a t  r e s u l t s  from h i g h l y  i r r e g u l a r  d a t a  

a r e  n o t  unkno w in g ly  i n c l u d e d  i n  t h e  SPROUT o u t p u t  summary f i l e .

SPROUT c a l c u l a t e s  s a c c a d i c  l a t e n c y  by s t a r t i n g  a t  t h e  b e g in n i n g  

o f  t h e  s a c c a d e  d a t a  r e c o r d  and c a l c u l a t i n g  a v e l o c i t y  f o r  each  X-Y 

sample  p a i r .  The l a t e n c y  p e r i o d  ends  a t  t h a t  sample  j u s t  p r e c e d i n g  

t h e  sample  f o r  which  t h e  v e l o c i t y  e x c e e d s  a  t h r e s h o l d  v e l o c i t y  ( 2 0  

d e g r e e s  p e r  second  f o r  a l l  work d on e  h e r e ) .  To d e t e r m i n e  t h e  s e t t l i n g  

t im e ,  SPROUT c a l c u l a t e s  t h e  " f i n a l  eye  p o s i t i o n "  by a v e r a g i n g  t h e  X 

and Y d a t a  f o r  t h e  f i n a l  1 second  o f  t h e  2 .5  second  d a t a  r e c o r d .

Then s t a r t i n g  a t  t h e  b e g in n i n g  o f  t h e  d a t a  r e c o r d ,  SPROUT c a l c u l a t e s  

t h e  d i s t a n c e  from each  X, Y sam ple  p a i r  t o  t h i s  f i n a l  eye p o s i t i o n .

The s e t t l i n g  t i m e ,  t h e n ,  i s  t h e  t im e  e l a p s i n g  from t h e  s t a r t  o f  t h e  

r e c o r d  t o  t h e  f i r s t  sample  p a i r  o f  a  p e r i o d  o f  0 .1  second o r  l o n g e r
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f o r  which th e  c a l c u l a t e d  d i s t a n c e  t o  t h e  f i n a l  eye p o s i t i o n  i s  w i t h i n  

t h e  s e t t l i n g  r a d i u s .

SPROUT o u t p u t  i s  a summary d a t a  a r r a y  which i s  s t o r e d  on d i s k  

FL2 a s  a saccade  summary d a t a  f i l e .  Each e n t r y  i n  t h e  summary d a t a  

f i l e  c o n t a i n s  t h e  fo l lo w in g  d a t a  a bou t  one sa ccad e  d a t a  f i l e :  t h e

f i l e  name o f  t h e  o r i g i n a l  sa c c a d e  d a t a  f i l e ,  t h e  sam pling  p a r a m e te r s  

used t o  o b t a i n  t h e  o r i g i n a l  d a t a ,  th e  t a r g e t  r a d i u s ,  a n g l e ,  and f i l t e r  

number used  f o r  t h a t  t r i a l ,  and t h e  c a l c u l a t e d  l a t e n c y  and s e t t l i n g  

t im e s  a s  d i s c u s s e d  above.  A d d i t i o n a l l y  t h e  v e ry  f i r s t  e n t r y  o f  a 

SPROUT-generated summary d a t a  f i l e  c o n t a i n s  t h e  summary d a t a  f i l e  

name and the  number o f  summarized sa ccad e  f i l e s  i n c lu d e d  in  t h e  summary 

d a t a  f i l e .  The p r o c e s s i n g  r e s u l t s  from up t o  63 i n d i v i d u a l  t r i a l s  may 

be s t o r e d  i n  each  SPROUT o u tp u t  summary d a t a  f i l e .  These summary 

f i l e s  a r e  compact and space  s a v in g  and t h e y  p r o v id e  r e a d i l y  a c c e s s a b l e  

d a t a  f o r  f u r t h e r  p r o c e s s i n g .  P r o c e s s i n g  c o n s i d e r a t i o n s  and a more 

d e t a i l e d  d i s c u s s i o n  o f  SPROUT s o f tw a r e  a r e  p r e s e n t e d  i n  t h e  a p p e n d ix .

A f t e r  u s i n g  SPROUT t o  p r o c e s s  and summarize sa ccad e  d a t a  f i l e s ,  

th e  summary f i l e s  may be p l o t t e d  u s in g  t h e  SSPCOM s o f tw a r e  pack ag e .

T h is  s o f tw a re  package  i s  a s p e c i a l l y  d e s ig n e d  p l o t t i n g  package used  

t o  a c c e p t  th e  i n p u t  o f  SPROUT-created summary f i l e s  and g e n e r a t e  a 

v a r i e t y  o f  p o i n t w i s e  p l o t s .  L a t e n c i e s  and s e t t l i n g  t im e s  from a 

summary f i l e  may be  p l o t t e d  as  f u n c t i o n s  o f  t a r g e t  r a d i u s ,  a n g l e ,  o r  

f i l t e r  number w i th  up to  two p a r a m e t e r s .  For  example t h e  u s e r  may 

p l o t  l a t e n c y  a s  a  f u n c t i o n  o f  f i l t e r  number w i th  a t a r g e t  r a d i u s  

a n d / o r  a  t a r g e t  a n g le  d e c l a r e d  a s  a  d a t a  p a r a m e t e r .  The u s e r  has  f u l l
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c o n t r o l  o f  a x i s  s c a l i n g  and may choose  any one o f  f i v e  symbols to  

r e p r e s e n t  t h e  d a t a  p o i n t s .  An example  o f  an SSPCOM-generated p l o t  i s  

shown i n  F ig .  6. A more d e t a i l e d  d i s c u s s i o n  o f  SSPCOM may be found 

in  t h e  a p p en d ix .

F u r t h e r  p r o c e s s i n g  o f  SPROUT-created summary d a t a  f i l e s  i s  

accom pl ished  by t h e  s o f tw a r e  package  SACCOM. SACCOM i s  s p e c i f i c a l l y  

d e s ig n e d  t o  in p u t  summary d a t a  f i l e s  and s o r t  and a v e ra g e  t h e  saccade  

p r o p e r t i e s  ( l a t e n c y  and s e t t l i n g  t im e )  a c c o rd in g  t o  t a r g e t  p a ra m e te r s  

( r a d i u s ,  a n g l e ,  and f i l t e r  number) .  SACCOM s e a r c h e s  t h e  summary d a t a  

f i l e  f o r  a l l  summarized saccade  t r i a l s  which match t h e i r  t a r g e t  r a d i u s ,  

a n g l e ,  and f i l t e r  number, and a v e r a g e s  t h e  l a t e n c y  and s e t t l i n g  t im e  

v a lu e s  f o r  t h o s e  t r i a l s .  C o n t ro l  o f  SACCOM o p e r a t i o n  i s  by t e l e t y p e  

keyboard  commands. These  commands a l l o w  th e  u s e r  t o  i n p u t  summary 

f i l e s ,  z e ro  th e  a v e ra g e  d a t a  a r r a y ,  d e c l a r e  f i l e  names, d e c l a r e  a f i l 

t e r  number, and p r i n t  t h e  av e rag e d  r e s u l t s  on t h e  t e l e t y p e .  SACCOM 

o u t p u t  i s  a p r i n t e d  t e l e t y p e  a r r a y  o f  t h e  av e rag ed  l a t e n c i e s  and s e t 

t l i n g  t im e s  (mean and s t a n d a r d  d e v i a t i o n  v a lu e s  a r e  i n c l u d e d )  a c c o r d in g  

to  t a r g e t  p o s i t i o n  ( r a d i u s  and a n g le )  and f i l t e r  number. The u s e r  must 

d e c l a r e  a f i l t e r  number b e f o r e  b e g in n in g  p r o c e s s i n g .  An example o f  

SACCOM o u tp u t  i s  shown in  F ig .  7.  F u r t h e r  d e t a i l s  o f  SACCOM o p e r a t i o n  

and p r o c e s s i n g  c o n s i d e r a t i o n s  may be found i n  t h e  a p p en d ix .

D i g i t a l  P l o t t e r

The d i g i t a l  p l o t t e r  used  i n  t h i s  system i s  a model 130 Data 

p l o t t e r ,  m anufac tu red  by E l e c t r o n i c  A s s o c i a t e s ,  I n c . ,  West Long Beach, 

New J e r s e y .  I t  i s  an  X-Y p l o t t e r  w i th  a s i n g l e  pen .  The p e n -u p ,
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FIG. 6 -  Example o f  SSPCOH o u t p u t .  S u b j e c t  DEB r e s p o n s e s  t o  t a r g e t
d e f l e c t i o n s  2 .0 °  (X) r a d i u s  and 4 . 0 °  ( □ )  r a d i u s .  A l l  t a r g e t  
a n g l e s  i n c l u d e d .  Y - a x i s  i s  s a c c a d e  l a t e n c y  (LTCY), X - a x i s  i s  
t a r g e t  f i l t e r  number ( c o n t r a s t ) .
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!P
FILTER NUMBER: 6
TARG LTCY ST25 ST20 STI 5 ST 10 NO.
POS (SEC) CSEC > (SEC) C SEC ) (SEC ) SAMP

1 0.278 0.302 0.305 0.308 0. 535 3
STD DEV 0.047 0.033 0. 038 0.038 0. 196

2 0.275 0.365 0.368 0.378 0. 555 3
STD DEV 0.013 0. 104 0. 106 0. 102 0.218

3 0.263 0.313 0.345 0. 39 1 0. 510 13
STD DEV 0.021 0.071 0.080 0. 124 0.239

4 0.253 0.277 0.293 0.375 0.622 3
STD DEV 0.006 0. 003 0.028 0. 090 0. 144

5 0.000 0. 000 0. 000 0. 000 0. 000 0
STD DEV 0. 000 0. 000 0. 000 0. 000 0. 000

6 0.205 0.370 0.435 0.463 0.673 3
STD DEV 0.092 0. 156 0. 144 0. 17 1 0.500

7 0.291 0.362 0. 430 0. 505 0.556 7
STD DEV 0.044 0.092 0.095 0. 137 0. 109

8 0.242 0.26 1 0.275 0. 394 0.526 3
STD DEV 0.029 0.024 0.036 0. 122 0. 129

9 0.262 0.301 0.327 0.379 0.540 5
STD DEV 0.024 0.052 0. 104 0.097 0. 169

10 0.262 0.332 0.392 0.490 0.500 2
STD DEV 0.01 1 0. 046 0. 124 0.007 0.014

1 1 0.205 0.225 0.225 0. 445 0.490 1
STD DEV 0.042 0.051 0.051 0. 198 0.240

12 0.260 0.339 0.355 0.436 0.590 7
STD DEV 0.012 0.076 0.090 0. 183 0.211

13 0.269 0. 344 0.347 0.371 0. 607 5
STD DEV 0.048 0. 112 0. 1 13 0. 1 01 0.051

14 0.254 0.316 0.383 0.391 0.429 6
STD DEV 0.026 0.091 0. 1 18 0. 1 18 0. 129

15 0.245 0.360 0.401 0.413 0.526 5
STD DEV 0.011 0. 060 0.066 0. 070 0.090

16 0.285 0.47 0 0.470 0.47 5 0.475 1
• • * • 4 4 e
m * * 4 * a

« « * e *

FIG. 7 - Example of SACCOM output. Listing continues through the 
40 target positions. LTCY is saccade latency, STXX is 
saccade settling time to XX minutes of arc. First number 
is mean second number is standard deviation.

I



3 0

pen-down, +X, -X, +Y, -Y i n p u t s  o f  th e  p l o t t e r  a r e  c a b le d  t o  a computer 

p l o t t e r  i n t e r f a c e .  Under so f tw a r e  c o n t r o l ,  t h i s  i n t e r f a c e  p ro v id es  

p u l s e s  to  r a i s e  and lower th e  pen and to  s t e p  th e  pen a lo n g  th e  a x e s .  

S tep  s i z e  a long b o th  axes i s  0 .01 inch  p e r  s t e p  and t h e  maximum s t e p  

speed i s  200 s t e p s  p e r  second. The p l o t t e r  i s  a l s o  equipped with 

manual pen c o n t r o l  p u sh b u t to n s  f o r  i n i t i a l  pen p o s i t i o n i n g .



EXPERIMENTAL RESULTS

E x p e r im e n ta l  C o n d i t i o n s

D ur ing  t h e  t e s t s  done h e r e  w i th  t h e  s a c c a d e  a n a l y s i s  sys tem  t h e  s u b 

j e c t  was a sk ed  t o  v iew t h e  t a r g e t  p r e s e n t a t i o n  sys tem  (TPS) v iew in g  

s c r e e n  w i t h  b i n o c u l a r  v i s i o n .  The e y e t r a c k e r  was s e t  t o  m o n i t o r  t h e  

movements o f  t h e  s u b j e c t ’ s r i g h t  e y e .  The r i g h t  eye o f  t h e  s u b j e c t  

viewed t h e  TPS s c r e e n  t h r o u g h  a g l a s s  p l a t e  l o c a t e d  a  few c e n t i m e t e r s  in  

f r o n t  o f  t h e  e y e .  T h i s  g l a s s  p l a t e  c au sed  no d i f f i c u l t y  t o  t h e  s u b j e c t  

y e t  a t  t h e  same t im e  a l lo w e d  t h e  e y e t r a c k e r  t o  m o n i t o r  t h e  movements o f  

t h e  ey e .  The s u b j e c t  was s e a t e d  i n  a s t e n o g r a p h e r ’ s c h a i r  and h e ld  i n  a 

f i x e d  p o s i t i o n  w i th  r e s p e c t  t o  t h e  e y e t r a c k e r  by u s i n g  a d e n t a l  wax b i t e  

b a r .  The b i t e  b a r  was clamped t o  a sm a l l  t h r e e - a x i s  machine  t o o l  bed t o  

a l l o w  a l i g n m e n t  o f  t h e  s u b j e c t  w i th  r e s p e c t  t o  t h e  e y e t r a c k e r .

The t a r g e t  v iewed by t h e  s u b j e c t  was a s h a r p l y  f o c u s e d  s p o t  o f  l i g h t  

p r e s e n t e d  on t h e  TPS v ie w in g  s c r e e n .  The v ie w in g  s c r e e n  o f  t h e  TPS was 

i l l u m i n a t e d  from t h e  f r o n t  t o  p r o v i d e  a c o n s t a n t  b ackground  i l l u m i n a t i o n  

w i t h  r e s p e c t  t o  t h e  t a r g e t  s p o t s .  The c e n t r a l  f i x a t i o n  s p o t  b r i g h t n e s s  

was a d j u s t e d  t o  a c o m f o r t a b l e  v i e w in g  l e v e l .  The p e r i p h e r a l  t a r g e t  s p o t  

b r i g h t n e s s  ( t h a t  s een  d u r i n g  a t r i a l )  was c o n t r o l l e d  by t h e  c o m p u te r .

The l o c a t i o n  o f  t h e  p e r i p h e r a l  t a r g e t  sp o t  on t h e  TPS v iew in g  s c r e e n  was 

a l s o  c o n t r o l l e d  by t h e  com p u te r .  The p o s i t i o n i n g  o f  t h e  TPS and i t s  

c e n t r a l  f i x a t i o n  s p o t  was su ch  t h a t  t h e  c e n t r a l  f i x a t i o n  s p o t  was

31
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c e n t e r e d  i n  t h e  v i s u a l  f i e l d s  o f  t h e  s u b j e c t  and t h e  e y e t r a c k e r .  The 

v iew in g  s c r e e n  o f  t h e  TPS was a l s o  p o s i t i o n e d  1 m e te r  from t h e  c o rn e a  

o f  t h e  s u b j e c t ' s  r i g h t  eye so  t h a t  1 7 .5  mm o f  d i s t a n c e  on t h e  TPS 

v iew in g  s c r e e n  c o r r e s p o n d e d  t o  1 d e g r e e  o f  eye  r o t a t i o n .  The t a r g e t  

s p o t s  o f  t h e  TPS ( i n c l u d i n g  t h e  c e n t r a l  f i x a t i o n  s p o t )  a l l  su b te n d e d  

a b o u t  8 . 5  m in u te s  o f  a r c  a t  t h e  s u b j e c t ' s  e y e .  The s u r f a c e s  s u r r o u n d i n g  

t h e  TPS v iew in g  s c r e e n  were c o v e r e d  i n  b l a c k  m a t e r i a l  so a s  n o t  t o  

d i s t r a c t  t h e  s u b j e c t  d u r i n g  e x p e r i m e n t a t i o n .

T e s t s  were c o n d u c te d  i n  an a lm o s t  d a r k  room. The s u b j e c t  was 

p e r m i t t e d  a p p r o x i m a t e l y  15 m i n u t e s - t o  a d a p t  t o  t h e  am bien t  l i g h t  

c o n d i t o n s  o f  t h e  room b e f o r e  any t e s t i n g  b e g a n .  The t e s t i n g  o f  t h e  

s u b j e c t  o c c u r r e d  o v e r  a 6-week t im e  span  w i t h  no more t h a n  2 h o u r s  o f  

t e s t i n g  d u r i n g  any one d a y .  The s u b j e c t  was a l lo w e d  a t  l e a s t  10 

m in u te s  o f  r e s t  a f t e r  e v e r y  40 t r i a l s .  T h i s  a s s u r e d  t h a t  t h e  s u b j e c t  

was f u l l y  a l e r t  and w e l l  r e s t e d  d u r i n g  t h e  t e s t i n g  p e r i o d s .

The e y e t r a c k e r  was c a l i b r a t e d  and t h e  s u b j e c t ' s  f o v e a l  c o n t r a s t  

t h r e s h o l d  was d e te r m in e d  b e f o r e  e ac h  t e s t i n g  s e s s i o n  b e g a n .  The e y e 

t r a c k e r '  s g a i n s  and o f f s e t s  were a d j u s t e d  by  h a v in g  t h e  s u b j e c t  f i x a t e  

on s e l e c t e d  p o i n t s  o f  an a r r a y  o f  s p o t s  p r e s e n t e d  on t h e  TPS v iew in g  

s c r e e n  e s p e c i a l l y  f o r  t h i s  p u r p o s e .  E y e t r a c k e r  g a i n s  were  s e t  t o  0 .2  

v o l t  p e r  d e g re e  o f  eye  r o t a t i o n .  The s u b j e c t ' s  f o v e a l  c o n t r a s t  

t h r e s h o l d  was e v a l u a t e d  by u s i n g  t h e  T P S 's  PT s h u t t e r  c o n t r o l  mode and 

t h e  r e f e r e n c e  t a r g e t  s p o t  p a r a m e t e r s  o f  2 . 0  d e g r e e s  r a d i u s ,  0 d e g r e e s  

a n g l e ,  and f i l t e r  number 0 ( t h e  most d e n s e ) .  A lso  an a r r a y  o f  f i x a t i o n  

s p o t s  was a d j u s t e d  t o  s u r r o u n d  t h e  2 .0  d e g r e e  r a d i u s ,  0 d e g r e e  a n g le



t a r g e t  s p o t .  Under t h e s e  c o n d i t i o n s  t h e  t a r g e t  s p o t  l o c a t e d  i n  t h e  

m id d le  o f  t h e  f i x a t i o n  a r r a y  f l a s h e d .  The s u b j e c t  t h e n  a d j u s t e d  t h e  

TPS n e u t r a l  d e n s i t y  wedge so  t h a t  he  saw t h e  f l a s h i n g  t a r g e t  s p o t  

a b o u t  one  h a l f  o f  t h e  t im e  t h a t  i t  was on ( o r  one  t w e l f t h  o f  t h e  t o t a l  

t i m e ) .  The s u b j e c t  was r e q u e s t e d  t o  make t h i s  f o v e a l  c o n t r a s t  t h r e s h o l d  

d e t e r m i n a t i o n  s e v e r a l  t im e s  i n  s u c c e s s i o n  and t h e  a v e r a g e  o f  a l l  d e t e r 

m i n a t i o n s  was used  a s  t h e  f i n a l  m easure  o f  t h e  s u b j e c t ' s  f o v e a l  c o n t r a s t  

t h r e s h o l d .  T h is  a v e r a g e  v a l u e  was s e t  o n to  t h e  TPS n e u t r a l  d e n s i t y  

wedge t o  p r o v i d e  t h e  r a n g e  o f  t a r g e t  s p o t  c o n t r a s t s  a s  d e s c r i b e d  e a r l i e r .

T e s t s

The s u b j e c t  was i n s t r u c t e d  t o  f i x a t e  t h e  c e n t r a l  f i x a t i o n  t a r g e t  o f  

t h e  TPS v iew in g  s c r e e n  when t h e  TPS w a rn in g  b u z z e r  sounded and t h e n  

f o l l o w  a s  b e s t  a s  p o s s i b l e  t h e  " d e f l e c t i o n "  o f  t h e  c e n t r a l  t a r g e t  s p o t  

t o  t h e  p e r i p h e r a l  t a r g e t  l o c a t i o n  d u r i n g  t h e  " d e f l e c t i o n "  p e r i o d .  Each 

t a r g e t  d e f l e c t i o n  was i n i t i a t e d  by t h e  e x p e r i m e n t e r  when he pushed  t h e  

"GO" p u s h b u t t o n  o f  t h e  TPS. Each t r i a l  c o n s i s t e d  o f  a b o u t  1 .5  se c o n d s  

o f  w a rn in g  b u z z e r  t o n e  f o l lo w e d  by a b o u t  3 se c o n d s  o f  t a r g e t  d e f l e c t i o n .  

The d e f l e c t i o n  was sy n c h ro n o u s  w i t h  t h e  end o f  t h e  w a rn in g  t o n e .  A f t e r  

t h e  3 se co n ds  o f  t a r g e t  d e f l e c t i o n  t h e  t a r g e t  r e t u r n e d  t o  i t s  c e n t r a l  

p o s i t i o n .  A s h o r t  t im e  i n t e r v a l  t h e n  e l a p s e d  d u r i n g  which  t h e  d a t a  

r e c o r d  was s t o r e d  by  t h e  c om p u te r  on t h e  d i s k  and new t a r g e t  p a r a 

m e t e r s  were s e t  by t h e  TPS. T r i a l  r e p e t i t i o n  r a t e  was a b o u t  one  t r i a l  

e v e r y  30 s e c o n d s .  A l l  40 o f  t h e  t a r g e t  p o s i t i o n s  and a l l  9 o f  t h e  

t a r g e t  c o n t r a s t  f i l t e r s  were u se d  i n  t h e  t e s t s  done h e r e .  T r i a l s  were 

c o n d u c te d  i n  g ro u p s  o f  40 c o r r e s p o n d i n g  t o  t h e  4 0 p o s s i b l e  t a r g e t
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p o s i t i o n s .  F o r  each  g ro u p  o f  40 t r i a l s  t h e  co m p u te r  s o f t w a r e  g e n e r a t e d  

a  pseudo  random se q u en c e  o f  t r i a l s .  T ha t  i s ,  one t r i a l  a t  e a c h  p o s i t i o n  

was pe r fo rm ed '  b u t  t h e  p o s i t i o n s  were  p r e s e n t e d  i n  a random se q u e n c e .  

F i l t e r  s e l e c t i o n  was a lw a y s  On a random b a s i s .  The s u b j e c t  c o u ld  

n e v e r  o b t a i n  fo rek n o w le d g e  a s  t o  t h e  t a r g e t ' s  p o s i t i o n  and c o n t r a s t .

On each  t e s t i n g  d a y  no more t h a n  f o u r  g ro u p s  o f  40 t r i a l s  (160 t o t a l  

t r i a l s  were  d o n e .  T h i s  number was t h e  l i m i t  o b t a i n a b l e  b e f o r e  s u b j e c t  

f a t i g u e  and boredom s e t  i n .  A r e s t i n g  p e r i o d  o f  a t  l e a s t  10 m in u te s  

fo l lo w e d  e ac h  40 t r i a l s .

S u b j e c t

One m ale  s u b j e c t ,  DEB, was t e s t e d  in  d e p th  w i t h  t h e  sy s te m .  S u b j e c t  

DEB was i n  h i s  e a r l y  t w e n t i e s  and d i d  n o t  wear e y e g l a s s e s .

R e s u l t s

Over t h e  c o u r s e  o f  t h e  t e s t i n g  p e r i o d  o f  s i x  weeks ,  4800 s u b j e c t  r e 

sp o n s e s  were  c o l l e c t e d  and p r o c e s s e d  w i t h  t h e  s a c c a d e  a n a l y s i s  sys tem .  

P r o c e s s i n g  c h e c k s  p e r fo rm ed  by SPROUT c aused  t h e  r e j e c t i o n  o f  a p p r o x i 

m a t e l y  7% o f  t h e  s u b j e c t  r e s p o n s e s .  The SPROUT a n a ly z e d  r e s p o n s e  d a t a  

was a v e ra g e d  u s i n g  SACCOM. T a b l e s  o f  t h e  SACCOM a v e ra g e d  d a t a  a r e  

p r e s e n t e d  i n  t h e  a p p e n d ix .  Here 16 p l o t s  o f  some o f  t h e  a v e r a g e d  d a t a  

a r e  p r e s e n t e d  a s  F i g . ' s  8 th r o u g h  23. The f i r s t  e i g h t  o f  t h e s e  p l o t s  

(one f o r  each  t a r g e t  a z im u th a l  a n g l e )  i l l u s t r a t e  s a c c a d i c  l a t e n c y  (LTCY) 

v e r s u s  a q u a n t i t y  c a l l e d  r e l a t i v e  v i s i b i l i t y  l e v e l  (RVL). The l a s t  

e i g h t  p l o t s  i l l u s t r a t e  s a c c a d i c  s e t t l i n g  t im e  t o  15 m in u te s  a r c  r a d i u s  

(ST15) v e r s u s  RVL. The ST15 s e t t l i n g  t im e  d a t a  i s  f e l t  t o  b e  t h e  most 

u s e f u l  o f  t h e  f o u r  s e t t l i n g  t im e s  c a l c u l a t e d  by SPROUT. I t  r e p r e s e n t s
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an  eye  p o s i t i o n  c l o s e  t o  t h e  t a r g e t  p o s i t i o n  w h i l e  t h e  ST25 and ST20 

d a t a  r e p r e s e n t  eye p o s i t i o n s  somewhat f a r t h e r  away. The ST10 d a t a  i s  

c o n ta m in a te d  by t h e  sm a l l  r e p o s i t i o n i n g  movements o f  t h e  eye once i t  

r e a c h e s  t h e  t a r g e t .

The q u a n t i t y  r e l a t i v e  v i s i b i l i t y  l e v e l  (RVL) was d e r i v e d  from t h e  

s u b j e c t ' s  t h r e s h o l d  c o n t r a s t  d a t a  and t h e  f i l t e r  number u se d  i n  a  p a r 

t i c u l a r  s a c c a d i c  t r i a l .  S p e c i f i c a l l y  RVL i s  d e f i n e d  a s  t h e  r a t i o  o f  t h e

p h y s i c a l  c o n t r a s t  o f  t h e  t a r g e t  t o  t h e  s u b j e c t ' s  t h r e s h o l d  c o n t r a s t  o f  

t h e  t a r g e t .  These  two q u a n t i t i e s  c a n  be c a l c u l a t e d  in  t e r m s  o f  t h e  

n e u t r a l  d e n s i t y  wedge and f i l t e r  t r a n s m i s s i o n s  o f  t h e  t a r g e t  p r e s e n t a 

t i o n  sy s te m .  The p h y s i c a l  c o n t r a s t  o f  t h e  t a r g e t  can be c a l c u l a t e d  a s  

t h e  p r o d u c t  o f  t h e  n e u t r a l  d e n s i t y  wedge t r a n s m i s s i o n  f o r  t h e  s u b j e c t ' s  

o n - a x i s  f o v e a l  t h r e s h o l d  t i m e s  t h e  t r a n s m i s s i o n  o f  t h e  f i l t e r  number 

u sed  i n  t h e  p a r t i c u l a r  s a c c a d e  t r i a l .  The s u b j e c t ' s  t h r e s h o l d  c o n t r a s t  

o f  t h e  t a r g e t  can be e v a l u a t e d  by knowing t h e  t r a n s m i s s i o n  o f  t h e  TPS 

n e u t r a l  d e n s i t y  wedge f o r  t h e  s u b j e c t ' s  o f f - a x i s  t h r e s h o l d  f o r  t h e  t a r 

g e t  l o c a t i o n .  T h is  q u a n t i t y  was e v a l u a t e d  u s i n g  a s i m i l a r  p r o c e d u r e  t o  

t h a t  used  f o r  e v a l u a t i n g  t h e  s u b j e c t ' s  f o v e a l  (o r  o n - a x i s )  t h r e s h o l d .

The s u b j e c t  was r e q u e s t e d  t o  f i x a t e  t h e  c e n t r a l  f i x a t i o n  s p o t  on t h e  TPS 

v iew ing  s c r e e n .  The p a r t i c u l a r  t a r g e t  s p o t  l o c a t i o n  was " f l a s h e d "  u s i n g  

t h e  PT s h u t t e r  c o n t r o l  mode. The s u b j e c t  was t h e n  r e q u e s t e d  t o  a d j u s t  

t h e  s e t t i n g  o f  t h e  TPS’ s  n e u t r a l  d e n s i t y  wedge u n t i l  he  was a b l e  t o  s e e

t h e  f l a s h i n g  t a r g e t  s p o t  o n l y  o n e - h a l f  o f  t h e  t im e  t h a t  i t  was on { j u s t

a s  f o r  t h e  f o v e a l  t h r e s h o l d  d e t e r m i n a t i o n ) . T h i s  p r o c e d u r e  was r e p e a t e d  

s e v e r a l  t i m e s  f o r  each  t a r g e t  l o c a t i o n .  The i n d i v i d u a l  t h r e s h o l d  t r i a l s  

f o r  each  t a r g e t  l o c a t i o n  were a v e rag e d  t o g e t h e r  t o  y i e l d  an a v e r a g e
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o f f - a x i s  t h r e s h o l d  c o n t r a s t  c o r r e s p o n d i n g  t o  each  t a r g e t  l o c a t i o n .  The 

c a l c u l a t e d  v a l u e  o f  RVL p r o v i d e d  a m easure  o f  how f a r  above  o r  below 

t h r e s h o l d  c o n t r a s t  t h e  t a r g e t  c o n t r a s t  was f o r  a p a r t i c u l a r  s a c c a d e  

t r i a l .  An RVL o f  1 i m p l i e s  t h a t  t h e  t a r g e t  c o n t r a s t  o f  t h e  sa c c a d e  

t r i a l  was eq u a l  t o  t h e  s u b j e c t ' s  t h r e s h o l d  c o n t r a s t  f o r  t h a t  t a r g e t  

l o c a t i o n .  By u s i n g  RVL a s  c a l c u l a t e d  h e r e  we g a i n  t h e  f o l l o w i n g  ad v an 

t a g e s :  (1) v a r i a t i o n s  i n  t h e  s p a t i a l  i l l u m i n a t i n g  p a t t e r n s  o f  t h e  TPS

T and B1 p r o j e c t o r s  o n to  t h e  v i e w in g  s c r e e n  can be d e a l t  w i t h ,  and (2) 

t h e  a b s o l u t e  m a g n i tu d e s  o f  t h e  TPS p r o j e c t o r  l i g h t  l e v e l s  c a n  be s e t  t o  

l e v e l s  c o n v e n i e n t  f o r  e x p e r i m e n t a l  u s e .  P a r t i c u l a r  c a r e  was e x e r c i s e d  

t o  e n s u r e  t h a t  t h e  p r o j e c t o r  l i g h t  l e v e l s  were  r e s e t  t o  t h e  same v a l u e s  

a t  t h e  b e g in n in g  o f  e ac h  e x p e r i m e n t a l  s e s s i o n .  A t t e n t i o n  was a l s o  g iv e n  

t o  t h e s e  l i g h t  l e v e l s  t h r o u g h o u t  t h e  c o u r s e  o f  an e x p e r i m e n t a l  s e s s i o n  

t o  e n s u r e  t h a t  t h e  s e t t i n g s  were  s t a b i l i z e d  a t  t h e i r  p r o p e r  v a l u e s .

D i s c u s s i o n

The g rap h s  o f  F i g . ' s  8 t o  23 i l l u s t r a t e  t h e  b e h a v i o r  o f  s a c c a d i c  

l a t e n c y  (LTCY) and s e t t l i n g  t im e  t o  15 m in u te s  a r c  (ST15) v e r s u s  RVL.

I t  i s  n o te d  t h a t  b o t h  t h e  LTCY and ST15 d a t a  a s y m p to te  q u i c k l y  f o r  RVL 

v a l u e s  g r e a t e r  t h a n  a b o u t  2. The a s y m p to t i c  v a l u e s  o f  LTCY c o r r e s p o n d  

w i th  t h o s e  r e p o r t e d  by many o t h e r  e x p e r i m e n t e r s .  IVestheimer (1 9 5 4 ) ,  

Saslow (1966a,  b ) , and Carlow (1975) among o t h e r s  have  a l l  r e p o r t e d  

s a c c a d i c  l a t e n c i e s  i n  t h e  200 t o  300 m i l l i s e c o n d  r a n g e .  No c o n s i s t e n t  

d i f f e r e n c e s  in  l a t e n c i e s  v e r s u s  t h e  t a r g e t  r a d i u s  can  b e  o b se rv e d  from 

t h e  d a t a  shown h e r e .  A lso  t h e r e  d o e s  n o t  a p p e a r  t o  be any  s i g n i f i c a n t  

d i f f e r e n c e s  i n  t h e  l a t e n c i e s  v e r s u s  t h e  t a r g e t  a z i m u t h a l  a n g l e .

Dr.  James Brown in  h i s  work d i s c o v e r e d  some i n c r e a s e s  i n  l a t e n c i e s  f o r



downward a n g l e s  £225, 270 and 315 d e g r e e s ) .  However n o t  a l l  o f  

Dr. Brown's  s u b j e c t s  e x h i b i t e d  t h i s  phenomena. I t  a p p e a r s  t h a t  s u b j e c t  

DEB a l s o  d o e s  no t  e x h i b i t  t h i s  phenomena. The most  s i g n i f i c a n t  o b s e r v a 

t i o n  c o n c e r n i n g  t h e  LTCY d a t a  i s  t h e  c o n s i d e r a b l e  e f f e c t  t h a t  t h e  RVL 

(and hen ce  t a r g e t  c o n t r a s t )  h a s  on t h e  d a t a .  The LTCY i n c r e a s e s  markedly  

below an RVL o f  a b o u t  2 .  S i m i l a r  e f f e c t s  o f  t a r g e t  c o n t r a s t  on s a c c a d e  

l a t e n c y  were a l s o  r e p o r t e d  by Wheeles (1 9 6 7 ) ,  However h i s  work r e p o r t e d  

o n l y  l a t e n c y  v a l u e s  f o r  6 d e g r e e  h o r i z o n t a l  s a c c a d e s  and two c o n t r a s t  

v a l u e s .  O th e r  w o rk e rs  h a v e  r e p o r t e d  s i m i l a r  t a r g e t  c o n t r a s t  e f f e c t s  on 

smooth p u r s u i t  eye movements,  Brown (197 2 a ,  b ) ,  and H a e g e r s t r o m - P o r tn o y  

(1 9 7 9 ) ,  and on f i x a t i o n a l  eye  movements, S te inm an  (1 96 5 ) ,  and Boyce 

(1 9 6 7 ) .  H a e g e r s t r o m - P o r tn o y  (1979) m easured  t h e  t a r g e t  c o n t r a s t  e f f e c t s  

on t h e  s a c c a d e  l a t e n c y  a s s o c i a t e d  w i th  t h e  b e g in n i n g  o f  t h e  smooth 

p u r s u i t  eye movement. However,  s i n c e  s a c c a d i c  movements were n o t  

s t u d i e d  d i r e c t l y  no a t t e m p t s  were made t o  c o r r e l a t e  t h e  s a c c a d e  l a t e n c y  

f o r  d i f f e r e n t  s a c c a d e  m a g n iu td e s  and d i r e c t i o n s  w i th  t a r g e t  c o n t r a s t .

The p r e v i o u s  d a t a  m ent ioned  above and t h e  l a t e n c y  d a t a  r e p o r t e d  h e r e  

i n d i c a t e  t h e  marked e f f e c t s  o f  t a r g e t  c o n t r a s t  on eye  movements (b o th  

s a c c a d i c  and smooth p u r s u i t ) .  F u t u r e  e x p e r i m e n t e r s  sh o u ld  r e a l i z e  t h e s e  

e f f e c t s  and t a k e  them i n t o  c o n s i d e r a t i o n  when p l a n n i n g  t h e i r  e x p e r i m e n t s .

The s a c c a d e  s e t t l i n g  t im e  t o  d i s p l a c e d  t a r g e t s  i s  a  s a c c a d e  p r o p e r t y  

t h a t  h a s  n o t  been  r e p o r t e d  i n  t h e  l i t e r a t u r e  t o  d a t a .  The s e t t l i n g  t im e  

t o  15 m in u te s  a r c  (ST15) d a t a  shown h e r e  ( F i g . ' s  16 t o  23) a l s o  i n d i c a t e  

t h a t  t a r g e t  c o n t r a s t  h a s  a  marked e f f e c t  on s a c c a d i c  s e t t l i n g  t i m e .  As 

e x p e c te d  from t h e  LTCY d a t a  t h e  ST15 d a t a  shows a s y m p to t i c  b e h a v i o r  f o r  

RVL v a l u e s  h i g h e r  t h a n  a b o u t  2. The ST15 d a t a  shows more s c a t t e r  t h a n



t h e  LTCY d a t a  i n d i c a t i n g  t h e  v a r i a b i l i t y  i n  t h e  number o f  s a c c a d e s  used  

by  t h e  s u b j e c t ' s  eye t o  r e a c h  t h e  f i n a l  t a r g e t  p o s i t i o n .  The a s y m p to t i c  

( o r  h i g h  RVL) v a l u e s  o f  t h e  ST15 d a t a  t e n d  t o  i n d i c a t e  t h a t  t h e  s u b j e c t  

r e q u i r e s  two s a c c a d e s  t o  a c q u i r e  t h e  t a r g e t  much o f  t h e  t i m e .  A sym pto t ic  

v a l u e s  o f  a b o u t  400 m i l l i s e c o n d s  a r e  c o m p a t i b l e  w i th  "two s a c c a d e "  d u r a 

t i o n s  a s  r e p o r t e d  by o t h e r  e x p e r i m e n t e r s ,  f o r  example  White  and Eason 

Cl9 6 2 ) ,  and Robinson  (1 9 6 4 ) .  The ST15 d a t a  a l s o  shows a t r e n d  o f  l o n g e r  

s e t t l i n g  t im e s  f o r  more e c c e n t r i c  t a r g e t  r a d i i .  T ha t  i s ,  t h e  ST15 d a t a  

f o r  2 . 0  d e g r e e  r a d i i  t a r g e t s  t e n d s  t o  f a l l  below t h a t  f o r  4 . 0  d e g re e  

r a d i i  t a r g e t s .  The s l i g h t  i n c r e a s e  i n  ST15 d a t a  f o r  t h e  4 . 0  d e g r e e

r a d i i  t a r g e t s  i s  t o  be e x p e c te d  due  t o  t h e  l o n g e r  d i s t a n c e  t r a v e l e d  by

t h e  ey e .  The i n c r e a s e d  ST1S v a l u e s  f o r  4 . 0  d e g r e e  r a d i i  a r e  c o m p a t i b l e  

w i th  s a c c a d e  d u r a t i o n  d a t a  r e p o r t e d  by White  and Eason (1 9 6 2 ) ,

Robinson  (1964) and Tatimer (1 9 7 6 ) .  A no th e r  p o i n t  o f  i n t e r e s t  c o n c e r n 

in g  t h e  ST15 d a t a  shown h e r e  i s  t h a t  t h e  a s y m p t o t i c  (o r  h i g h  RVL) ST1S 

v a l u e s  ten d  t o  i n d i c a t e  t h e  r e l a t i v e  d i f f e r e n c e s  i n  s a c c a d e  v e l o c i t i e s  

v e r s u s  t a r g e t  a n g l e .  For  exam ple ,  n a s a l  s a c c a d e s  have  been  found t o  be 

s l o w e r  t h a n  t e m p o r a l  s a c c a d e s  by Dodge and C l i n e  (1 9 0 1 ) ,  Robinson  (1964) 

and F r i c k e r  (1 9 7 1 ) .  The d a t a  shown h e r e  i n d i c a t e  t h a t  t h e  ST15 

a s y m p to t i c  v a l u e  f o r  0 d e g r e e s  ( t e m p o r a l )  i s  p e r h a p s  10 m i l l i s e c o n d s  

h i g h e r  t h a n  t h e  v a l u e  f o r  180 d e g r e e s  ( n a s a l ) .  However t h e  s c a t t e r  o f  

t h e  180 d e g r e e  d a t a  makes i n t e r p r e t a t i o n  somewhat d i f f i c u l t .  Taumer 

(1976)  p l o t t e d  s a c c a d i c  v e l o c i t y ,  a c c e l e r a t i o n ,  and d u r a t i o n  on p o l a r  

c o o r d i n a t e s  t o  i l l u s t r a t e  t h e  chang es  i n  t h e s e  s a c c a d e  p r o p e r t i e s  

v e r s u s  d i r e c t i o n .  T au m er 's  f i n d i n g s  i n d i c a t e  t h a t  t h e  shape  o f  t h e  

p o l a r  g ra p h  was in d e p e n d e n t  o f  t a r g e t  r a d i u s  ( i . e .  t h e  s i 2 e o f  t h e
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saccade)  and a l s o  showed a g r e a t  d e a l  o f  i n t e r s u b j e c t  v a r i a b i l i t y .

The ST15 and LTCY d a t a  g iven  h e re  c o u ld  be p l o t t e d  in  t h i s  manner t o  

i n d i c a t e  d i f f e r e n c e s  in  t h e s e  p r o p e r t i e s  v e r s u s  d i r e c t i o n .  However, i t  

i s  a p p a r e n t  from F i g . ' s  8 t o  23 t h a t  t h e  d i r e c t i o n  e f f e c t s  on ST1S and 

LTCY a r e  o n ly  minor f o r  t h i s  p a r t i c u l a r  s u b j e c t .

Summary

The automated  sa ccad e  a n a l y s i s  sys tem was u t i l i z e d  t o  e v a l u a t e

t h e  e f f e c t s  o f  t a r g e t  c o n t r a s t  and tw o-d im ens io n a l  t a r g e t  p o s i t i o n  on

human s a c c a d i c  p a r a m e t e r s .  S u b je c t  s a c c a d ic  eye r e s p o n s e s  were s t u d i e d
*

f o r  o f f - a x i s  r a d i a l  d i s t a n c e s  from t h e  o c u l a r  p o s i t i o n  o f  r e s t  o f  

2 . 0 ,  2 . 5 ,  3 . 0 ,  3 . 5 ,  and 4 . 0  d e g r e e s ,  and az im u th a l  a n g le s  o f  0 , 45 ,  90, 

135, 180, 225, 270, and 315 d e g r e e s .  Nine s t e p s  i n  t a r g e t  luminance  

c o n t r a s t  r a n g in g  from t h e  s u b j e c t ' s  fo v ea l  c o n t r a s t  t h r e s h o l d  t o  

v a r i o u s  m agni tudes  above fo v ea l  c o n t r a s t  t h r e s h o l d  [ d e s i g n a t e d  RVL) 

were p ro v id ed  t o  t h e  s u b j e c t .  The r e s u l t s  o f  t h e s e  ex p e r im e n ts  i n d i c a t e  

t h a t  s a c c a d i c  l a t e n c y  and s e t t l i n g  t im e  i n c r e a s e  two t o  t h r e e  t im e s  as  

t h e  t a r g e t  c o n t r a s t  f a l l s  below an RVL o f  2. Only small  e f f e c t s  o f  

t a r g e t  p o s i t i o n  ( r a d i u s  and az im u th )  were n o ted  on t h e  s a c c a d i c  p a r a 

m e te r s .  F u r t h e r  d a t a  a n a l y s i s  c o u ld  p e rh ap s  p r o v i d e  i n s i g h t s  a s  t o  

t h e  s t a t e s  o f  t h e  e x t r a o c u l a r  m u sc le s  r e s p o n s i b l e  f o r  t h e  s a c c a d e s .



GENERAL CONCLUSIONS

M o d i f i c a t i o n s  were s u c c e s s f u l l y  p e r fo rm ed  on t h e  s a c c a d e  a n a l y s i s  

sys tem  o f  Brown t o  a l l o w  f o r  c om pu te r  c o n t r o l  o f  t a r g e t  p a r a m e t e r s  

and a c c u r a t e  c o n t r o l  o f  t a r g e t  c o n t r a s t  ( t o  w i t h i n  0 .5%).  The new 

and m o d i f i e d  s o f t w a r e  o f  t h e  s a c c a d e  a n a l y s i s  sys tem  p r o v i d e  computer  

c o n t r o l  o f  t a r g e t  p a r a m e t e r s  and a d d i t i o n a l  r e s p o n s e  d a t a  a n a l y s i s  

and p l o t t i n g .  The new s a c c a d e  a n a l y s i s  sys tem  p r o v i d e s  e f f i c i e n t ,  

a c c u r a t e ,  and r a p i d  a n a l y s i s  o f  s a c c a d i c  eye movements.  The o v e r a l l  

sy s te m  th r o u g h p u t  i s  t h r e e  m in u te s  p e r  t r i a l  (an i n c r e a s e  o f  one 

m in u t e  from Brown's  v e r s i o n  due a lm o s t  e n t i r e l y  t o  t h e  added d a t a  

a n a l y s i s  p rogram  SACCOM). The s a c c a d e  d a t a  p r e s e n t e d  h e r e  c o n c e r n i n g  

t h e  r e l a t i o n s  be tween  s a c c a d i c  l a t e n c y  and s e t t l i n g  t im e  t o  t a r g e t  

c o n t r a s t  and p o s i t i o n  a r e  a c c u r a t e  ( s t a n d a r d  e r r o r s  l e s s  t h a n  10% o f  

mean f o r  l a t e n c y  and s e t t l i n g  t im e )  and u n iq u e  ( s e t t l i n g  t im e  d a t a  

u n r e p o r t e d  in  l i t e r a t u r e  t o  d a t e ) .
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FIG. 8 -  S u b j e c t  DEB l a t e n c y  C^TCY) v e r s u s  RVL f o r  t a r g e t  a n g l e
0 d e g r e e s ,  r a d i u s  2 . 0  CO)* 2 .5  f- /Al. 3 . 0  ( + ) ,  3 . 5  (X ) ,
and 4 . 0  ( Q )  d e g r e e s .
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FIG. 9 - S u b j e c t  DEB l a t e n c y  (LTCY) v e r s u s  RVL f o r  t a r g e t  a n g l e
45 d e g r e e s ,  r a d i u s  2 .0  ( O ) , 2 .5  ( / \ ) . 3 . 0  (+},  3 . 5  (X),
and 4 . 0  ( Q )  d e g r e e s .
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FIG. 10 -  S u b j e c t  DEB l a t e n c y  (LTCY) v e r s u s  RVL f o r  t a r g e t  a n g l e
90 d e g r e e s , r a d i u s  2 .0  ( O ) *  2 .5  f / \ l . 3 . 0  ( + ) ,  3 . 5  (X ) ,
and 4 . 0  ( Q )  d e g r e e s .
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FIG. 11 -  S u b j e c t  DEB l a t e n c y  (LTCY) v e r s u s  RVL f o r  t a r g e t  a n g le
135 d e g r e e s ,  r a d i u s  2 . 0  ( 0 ) ,  2 .5  ( A ) , 3 . 0  O ) .  3 . 5  (X),
and 4 . 0  ( 0 )  d e g r e e s .
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FIG. 12 -  S u b j e c t  DEB l a t e n c y  (LTCY) v e r s u s  RVL f o r  t a r g e t  a n g l e
ISO d e g r e e s ,  r a d i u s  2 .0  ( O ) , 2 . 5  (A )» 3 . 0  (+}, 3 . 5  (X),
and 4 . 0  ( O )  d e g r e e s .
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FIG. 13 -  S u b j e c t  DEB l a t e n c y  (LTCY) v e r s u s  RVL f o r  t a r g e t  a n g le
225 d e g r e e s ,  r a d i u s  2 .0  ( © ) ,  2 . 5  ( A ) ,  3 . 0  ( + ) ,  3 . 5  (X ) ,
and 4 . 0  ( 0 )  d e g r e e s .
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FIG. 14 -  S u b j e c t  DEB l a t e n c y  (LTCY) v e r s u s  RVL f o r  t a r g e t  a n g l e
270 d egrees, radius 2 .0  ( O ) » 2 *s  ( ^ ) » 3 . 0  ( + ) ,  3 . 5  (X ) ,
and 4 . 0  ( 0 )  d egrees.
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FIG. IS -  S u b j e c t  DEB l a t e n c y  (LTCY) v e r s u s  RVL f o r  t a r g e t  a n g l e
315 d e g r e e s ,  r a d i u s  2 .0  { © ) ,  2 .5  (A), 3 . 0  ( + ) ,  3 . 5  (X),
and 4 . 0  ( 0 )  d e g r e e s .
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FIG. 16 -  S u b j e c t  DEB s e t t l i n g  t im e  (ST15) v e r s u s  RVL f o r  t a r g e t  a n g le
0 d e g r e e s ,  r a d i u s  2 . 0  ( © ) ,  2 .5  A ) , 3 . 0  ( + ) ,  3 .5  (X),
and 4 . 0  ( 0 )  d e g r e e s .
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FIG. 17 -  S u b je c t  DEB s e t t l i n g  t i n e  (ST15) v e r s u s  RVL f o r  t a r g e t  a n g le
45 d e g r e e s ,  r a d i u s  2 . 0  C O ) .  2 -5 C A ) , 3 . 0  ( + ) ,  3 .5  ( X) ,
and 4 . 0  ( 0 )  d e g r e e s .
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FIG. 18 -  S u b je c t  DEB s e t t l i n g  t im e  (ST1S) v e r s u s  RVL f o r  t a r g e t  a n g le
90 d e g r e e s ,  r a d i u s  2 . 0  ( O )  > 2 .5  ( A l . 3 . 0  ( + ) ,  3 .5  (X),
and 4 . 0  ( Q )  d e g r e e s .
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FIG. 19 -  S u b j e c t  DEB s e t t l i n g  t im e  (ST15) v e r s u s  RVL f o r  t a r g e t  a n g le
135 d e g r e e s ,  r a d i u s  2 . 0  ( 0 ) ,  2 .5  c A ) . 3 . 0  ( + ) ,  3 .5  (X),
and 4 . 0  ( 0 )  d e g r e e s .
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FIG. 20 -  S ub jec t  DEB s e t t l i n g  t im e  (ST15) v e r s u s  RVL f o r  t a r g e t  ang le
180 d e g re e s ,  r a d i u s  2 .0  ( O ) .  2 .5  (A). 3 .0  (+ ) ,  3 .5  (X),
and 4 .0  ( Q )  d e g re es .
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FIG. 21 -  S u b j e c t  DEB s e t t l i n g  t im e  (ST15) v e r s u s  RVL f o r  t a r g e t  a n g l e
225 d e g r e e s ,  r a d i u s  2 . 0  CO). 2 *S (A ) , 3 . 0  ( + ) ,  3 . 5  (X),
and 4 . 0  ( 0 )  d e g r e e s .
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FIG. 22 - S u b j e c t  DEB s e t t l i n g  t im e  (ST15) v e r s u s  RVL f o r  t a r g e t  a n g le
270 d e g r e e s ,  r a d i u s  2 .0  [ © ) ,  2 .5  ( A ) ,  3 .0  ( + ) ,  3 .5  (X),
and 4 . 0  ( O )  d e g r e e s .
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FIG. 23 -  S u b je c t  DEB s e t t l i n g  t im e  (ST15) v e r s u s  RVL f o r  t a r g e t  ang le
315 d e g r e e s ,  r a d i u s  2 .0  ( 0 ) ,  2 .5  ( & ) ,  3 . 0  (+ ) ,  3 .5  (X),
and 4 .0  ( 0 )  d e g r e e s .



APPENDIX A: TARGET PRESENTATION SYSTEM

I n t r o d u c t i o n

The t a r g e t  p r e s e n t a t i o n  sy s tem  (TPS) was d e s ig n e d  t o  p r o v id e  th e  

c o n t r o l l e d  v i s u a l  s t im u lu s  t o  s u b j e c t s  u se d  i n  t h e  s tu d y  o f  s a c c a d ic  

eye m ovem ents. The TPS i s  d i v id e d  i n t o  two s e c t i o n s ;  t h e  v i s u a l  

p r e s e n t a t i o n  s e c t i o n  (VPS), and  t h e  i n t e r f a c e  e l e c t r o n i c s  s e c t i o n  

( I E S ) , The VPS a l lo w s  t h e  u s e r  p r e c i s e  and c o m p le te  c o n t r o l  o v e r  

t h e  v i s u a l  s t im u lu s  p r e s e n t e d  t o  t h e  s u b j e c t .  The IES a l lo w s  some VPS 

f u n c t i o n s  t o  be c o n t r o l l e d  by t h e  s a c c a d e  a n a l y s i s  sy s tem  co m p u te r .

For t h e  e x p e r im e n ts  p e rfo rm ed  h e re  t h e  c o m p le te  TPS sy s te m  was 

d e s ig n e d  t o  a l lo w  f o r  com puter  s e l e c t i o n  o f  one o f  40 p o s s i b l e  t a r g e t  

s p o t  s t e p  d e f l e c t i o n s  and one o f  n in e  p o s s i b l e  t a r g e t  s p o t  c o n t r a s t  

n e u t r a l  d e n s i t y  f i l t e r s .  The t a r g e t  s p o t  d e f l e c t i o n s  a r e  d i v id e d  i n t o  

e i g h t  a z im u th a l  a n g le s  from 0 t o  315 d e g r e e s  i n  45 d e g re e  in c re m e n ts  

and f i v e  r a d i a l  m ag n itu d es  from 2 .0  t o  4 . 0  d e g r e e s  i n  0 .5  d e g re e  i n c r e 

m e n ts .  The n e u t r a l  d e n s i t y  f i l t e r s  a r e  s e t  t o  r a n g e  from th e  s u b j e c t ' s  

f o v e a l  c o n t r a s t  t h r e s h o l d  t o  above th e  s u b j e c t ' s  fo v e a l  t h r e s h o l d  i n  

in c re m e n ts  o f  0 .1 1 5  lo g  u n i t s  d e n s i t y  p e r  f i l t e r  (minimun d e n s i t y  a v a i l 

a b l e  0 .1 1 5 ,  maximum d e n s i t y  a v a i l a b l e  1 .0 3 5 ,  change  0 .9 2 0  lo g  u n i t s ) .  

S e l e c t i o n  o f  t h e  t a r g e t  p a r a m e te r s  r a d i u s ,  a n g le ,  and f i l t e r  

number i s  v i a  com puter  s o f tw a r e  when t h e  TPS i s  u sed  in  i t s  a u t o 

m a t i c  mode. T h is  s o f tw a re  a l lo w s  f o r  t h e  s e l e c t i o n  o f  a

S7
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p a r t i c u l a r  t a r g e t  p o s i t i o n  o r  a  sequence  o f  pseudo random t a r g e t  

p o s i t i o n s .  T h is  a l lo w s  th e  u s e r  t o  p r e s e n t  t o  t h e  s u b je c t  an  

u n p r e d i c ta b l e  sequence  o f  t a r g e t  d e f l e c t i o n s  f o r  r a p id  and e f f i c i e n t  

s accad e  re sp o n se  a n a l y s i s .  More d e t a i l s  o f  th e  s o f tw a re  may be 

found in  th e  fo l lo w in g  ap p en d ix .

The i n t e r f a c e  e l e c t r o n i c s  s e c t i o n  (IES) i s  d e s ig n e d  to  p ro v id e  

s i g n a l s  t o  and a c c e p t  s i g n a l s  from th e  PDP-8/E system  com pu ter ,  th e  

VPS, and th e  C o m sw ee t-C rane  P u r k in j e  image e y e t r a c k e r .  The IES 

a c c e p t s  t a r g e t  p a ra m e te r  d a ta  from th e  com puter and t r a n s l a t e s  i t  

i n t o  th e  s i g n a l s  n e c e s s a r y  to  d r i v e  t h e  s t e p p e r  m o to rs  on th e  VPS.

The IES p ro v id e s  t h e  computer w i th :  a  DEV RDY s i g n a l  t o  i n d i c a t e

when t h e  VPS a s s e m b l ie s  have been  p o s i t i o n e d  c o r r e c t l y ,  c lo c k  t r i g g e r  

p u l s e s  to  i n i t i a t e  e y e t r a c k e r  d a t a  sam pling , and a  FAIL d a t a  b i t  t o  

i n d i c a t e  e i t h e r  a s u b j e c t  e y e b l in k  o r  an e y e t r a c k e r  t r a c k  l o s s .  The 

IES a c c e p ts  s i g n a l s  from th e  VPS c o n c e rn in g  VPS s t e p p e r  m otor p o s i t i o n s  

and VPS s h u t t e r  s i g n a l s  (used  to  g e n e r a te  c lo c k  t r i g g e r  p u l s e s ) .

V isu a l  P r e s e n t a t i o n  S e c t io n

The v i s u a l  p r e s e n t a t i o n  s e c t i o n  (VPS) i s  shown s c h e m a t i c a l ly  in  

F i g . ' s  24 and 25. The VPS i s  made up o f  p r o j e c t o r s ,  s h u t t e r s ,  

f i l t e r s ,  a v iew in g  s c r e e n ,  t a r g e t  s p o t  g e n e r a t io n  m asks, a t a r g e t  

s p o t  f i l t e r  a ssem b ly ,  s t e p p e r  m o to rs ,  and a  c o n t r o l  e l e c t r o n i c s  

p a ck a g e .  The f i v e  p r o j e c t o r s  T, B l,  F I ,  B2, and F2 a r e  u se d  a s  

c o n t r o l l e d  l i g h t  s o u r c e s .  Each p r o j e c t o r  i s  equ ipped  w i th  p h o to d io d e s  

t o  m o n ito r  th e  l i g h t  o u tp u t  o f  t h e  p r o j e c t o r ' s  lamp. The c o n t r o l  

e l e c t r o n i c s  o f  th e  VPS has c o n t r o l s  and d i g i t a l  i n d i c a t o r s  t o  v a ry
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and m o n ito r  t h e  l i g h t  l e v e l s  o f  t h e  f i v e  p r o j e c t o r s  in d e p e n d e n t ly .

In  t h i s  manner t h e  u s e r  can  m a in t a in  a  h i g h ly  c o n s t a n t  l i g h t  o u tp u t  

from each  p r o j e c t o r .  T h is  f e a t u r e  i s  m ost im p o r ta n t  f o r  e v a l u a t i n g  

s u b j e c t s '  s a c c a d i c  r e s p o n s e s  t o  v a r i n g  t a r g e t  c o n t r a s t  l e v e l s .  To 

a id  in  m a i n t a i n in g  a c o n s t a n t  l i g h t  o u tp u t  from t h e  p r o j e c t o r s  t h e  

VPS c o n t r o l  e l e c t r o n i c s  may be c o n n e c te d  t o  a  l i n e  v o l t a g e  r e g u l a t o r  

( t h i s  was t h e  c a s e  f o r  a l l  e x p e r im e n ts  p e rfo rm ed  h e r e ) . By u s in g  

p r o j e c t o r s  a s  l i g h t  s o u r c e s  t h e  u s e r  g a in s  t h e  a d v a n ta g e  o f  b e in g  

a b l e  t o  i n s e r t  s l i d e s  i n t o  t h e  p r o j e c t o r s .  T h is  a l lo w s  t h e  u s e r  a 

g r e a t  f l e x i b i l i t y  in  t h e  v i s u a l  s t i m u l i  p r e s e n t e d  t o  t h e  s u b j e c t .

As i n d i c a t e d  in  F i g . ' s  24 and 25 p r o j e c t o r  T i s  u se d  to  back  

i l l u m i n a t e  t h e  t a r g e t  s p o t  g e n e r a t i o n  m asks and f i l t e r s  w h i le  th e  

o t h e r  f o u r  p r o j e c t o r s  ( F I ,  B l ,  F2, and B2) a r e  u se d  t o  f r o n t  

i l l u m i n a t e  t h e  v ie w in g  s c r e e n .  For a l l  e x p e r im e n ts  p e rfo rm e d  h e re  

VPS p r o j e c t o r  u s a g e  was a s  f o l lo w s :  (1) The T p r o j e c t o r  was u se d  to

back  i l l u m i n a t e  t h e  s p o t  g e n e r a t i o n  masks th ro u g h  t h e  m ovable  f i l t e r  

a s se m b ly .  (2) The F2 p r o j e c t o r  was u s e d  t o  p r o v id e  a c e n t r a l  f i x a 

t i o n  s p o t  c e n t e r e d  on th e  f r o n t  o f  t h e  v ie w in g  s c r e e n .  (3) The B2 

p r o j e c t o r  was u s e d  t o  p r o v id e  a  f i x a t i o n  a r r a y  o f  f o u r  s p o t s  ( a t  0 ,

90 , 180, and 270 d e g re e s  a z im u th ,  1 .0  d e g r e e s  r a d i u s )  a ro u n d  t h e  

r e f e r e n c e  p o s i t i o n  t a r g e t  s p o t  ( r a d i u s  2 .0  d e g r e e s ,  a z im u th  0 d e g r e e s ) .  

T h is  a r ra n g e m e n t  was used  d u r in g  t h e  d e t e r m i n a t i o n  o f  th e  s u b j e c t ' s  

f o v e a l  c o n t r a s t  t h r e s h o l d .  (4) The B1 p r o j e c t o r  was u se d  t o  p r o v id e  

a  c o n s t a n t  back g ro u n d  i l l u m i n a t i o n  on t h e  f r o n t  o f  t h e  v iew in g  s c r e e n .  

(5) The FI p r o j e c t o r  was u s e d  t o  p r o v id e  a f i x a t i o n  a r r a y  o f  f o u r



s p o t s  (a s  d e s c r ib e d  f o r  t h e  B2 p r o j e c t o r )  around th e  c e n t r a l  f i x a t i o n  

sp o t  produced  by th e  F2 p r o j e c t o r .  T h is  a rran g em en t was used  to  

c a l i b r a t e  th e  e y e t r a c k e r  H4 and V4 o u tp u t  s i g n a l s  a t  0 ,2  v o l t s  p e r  

d e g re e  o f  eye r o t a t i o n  f o r  a l l  e x p e r im e n ts  done h e r e .

A s s o c ia te d  w ith  each p r o j e c t o r  o f  th e  VPS i s  a s h u t t e r  which i s  

p la c e d  so a s  t o  chop t h e  o u tp u t  l i g h t  beam o f  th e  p r o j e c t o r .  The VPS 

c o n t r o l  e l e c t r o n i c s  h a s  c o n t r o l s  which a l lo w  t h e  u s e r  t o :  (1) in d e 

p e n d e n t ly  open o r  c lo s e  each  o f  th e  f i v e  s h u t t e r s ,  o r  (2) have 

c e r t a i n  s h u t t e r s  (T and F2) undergo  preprogrammed o p en ing s  and c lo s in g  

The two preprogrammed s h u t t e r  a c t i v a t i o n s  o f  th e  T and F2 s h u t t e r s  

used  in  th e  e x p e r im e n ts  perfo rm ed  h e re  were PT and SP. The PT 

s h u t t e r  c o n t r o l  mode i s  one in  which th e  T p r o j e c t o r  s h u t t e r  i s  

c o n t in u o u s ly  opened f o r  0 .2  second th e n  c lo s e d  f o r  1 .0  secon d . T h is  

a c t i o n  co u p led  w ith  th e  s p o t  g e n e r a t io n  masks p r o v id e s  th e  s u b j e c t  

w i th  a f l a s h i n g  t a r g e t  sp o t  on t h e  v iew in g  s c r e e n .  The PT mode was 

used  in  c o n ju n c t io n  w ith  th e  B2 p r o j e c t o r  f i x a t i o n  a r r a y  and t h e  

r e f e r e n c e  t a r g e t  s p o t  l o c a t i o n  to  e v a lu a t e  th e  s u b j e c t ' s  fo v e a l  

c o n t r a s t  t h r e s h o ld  f o r  t h e  e x p e r im e n ts  done h e r e .  The SP s h u t t e r  

c o n t r o l  mode i s  one which exchanges t h e  T and F2 s h u t t e r  p o s i t i o n s .  

T h at i s ,  i n  t h e  SP mode th e  F2 s h u t t e r  i s  i n i t i a l l y  open and t h e  

T s h u t t e r  i s  i n i t i a l l y  c lo s e d .  When th e  u s e r  a c t i v a t e s  t h e  VPS "GO" 

p u sh b u t to n  a w arn ing  to n e  sounds a f t e r  which th e  F2 s h u t t e r  c l o s e s  

and th e  T s h u t t e r  o p e n s .  A f t e r  a s p e c i f i e d  l e n g th  o f  t im e  th e  T 

s h u t t e r  c l o s e s  a g a in  and t h e  F2 s h u t t e r  opens a g a in .  The VPS 

c o n t r o l  e l e c t r o n i c s  has c o n t r o l s  which a l lo w  t h e  u s e r  t o  sm ooth ly
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a d j u s t  t h e  l e n g t h  o f  t im e  t h a t  t h e  w arn in g  to n e  sounds and th e  

l e n g t h  o f  t im e  t h a t  t h e  T s h u t t e r  s t a y s  o p e n . For a l l  e x p e r im e n ts  

p e r fo rm e d  h e r e  t h e  w arn in g  to n e  t im e  was a d j u s t e d  so t h a t  t h e  w arn in g  

to n e  sounded f o r  a p p r o x im a te ly  1 .5  se co n d s  and t h e  T s h u t t e r  t im e  

was a d j u s t e d  so t h a t  t h e  T s h u t t e r  s ta y e d  open f o r  a b o u t  3 s e c o n d s .

In  su b s e q u e n t  d i s c u s s i o n s  t h e  w arn in g  to n e  t im e  Cor d e la y  t im e )  i s  

g iv e n  t h e  name T1 and t h e  T s h u t t e r  t im e  C°r t a r g e t  d e f l e c t i o n  t im e )  

i s  g iv e n  t h e  name T2. The a c t i o n s  o f  t h e  SP s h u t t e r  mode c o u p le d  

w i th  th e  F2 p r o j e c t o r  c e n t r a l  f i x a t i o n  s p o t  and  t h e  t a r g e t  s p o t  

g e n e r a t i o n  masks p r o v id e s  t h e  s u b j e c t  w i th  a v i s u a l  s t im u lu s  i n  which 

t h e  c e n t r a l  f i x a t i o n  s p o t  a p p e a r s  t o  move o r  be " d e f l e c t e d "  t o  one o f  

t h e  40 p o s s i b l e  t a r g e t  sp o t  l o c a t i o n s .  T h is  a c t i o n  g e n e r a t e s  t h e  

t a r g e t  ’' d e f l e c t i o n s "  r e f e r r e d  t o  i n  s u b s e q u e n t  d i s c u s s i o n s .  T h is  

mode o f  o p e r a t i o n  was u se d  in  t h e  e x p e r im e n ts  p e rfo rm ed  h e re  to  

e v a l u a t e  t h e  s u b j e c t ’ s  s a c c a d ic  eye  r e s p o n s e  t o  s t e p - l i k e  t a r g e t  

d e f l e c t i o n s .

The 40 t a r g e t  s p o t s  v iew ed by  t h e  s u b j e c t  a r e  g e n e r a t e d  by  u s in g  

s p o t  g e n e r a t i o n  m asks. These masks c o n s i s t  o f  t h r e e  m e ta l  p l a t e s  w i th  

h o l e s  d r i l l e d  a t  s p e c i f i e d  l o c a t i o n s ,  s e e  F ig .  26. One p l a t e ,  th e  

m a s te r  mask, has  one h o le  d r i l l e d  a t  each  o f  t h e  40 p o s s i b l e  t a r g e t  

l o c a t i o n s .  The s i z e  o f  t h e s e  h o le s  i s  f i x e d  a t  2 .5  m i l l i m e t e r s  

d ia m e te r  so t h a t  when t h e  s u b j e c t  i s  p l a c e d  one m e te r  from  th e  

v ie w in g  s c r e e n  th e  s p o t  s u b te n d s  an a n g le  o f  S . 5 m in u te s  o f  a r c  a t  

t h e  s u b j e c t ' s  e y e .  The r a d i a l  l o c a t i o n s  o f  t h e  h o le s  a r e  such  t h a t  

when t h e  s u b j e c t  v iew s t h e  v iew in g  s c r e e n  from one m e te r  d i s t a n c e



M l, M3 R I I I R I N C I  POSITION 64

Ml POSITION

A (Ml) MASK

SUPCRIOR ILICTRIC MOA3-IDOA 
ST IP PIR  MOTOR (Ml)

9UPIRIOR ILICTRIC MOA3-IDOA 
S T IP P IR  MOTOR (M3)

M3 POSITION 
SINSOR

MASTIR MASK AND 
V I IW IN 9  SCRIIN

ooooo ooooo

R (M3) MASK 
DITAIL

A (Ml) MASK 
DRTAIL

FIG. 26 -  D e t a i l  o f  V is u a l  P r e s e n t a t i o n  S e c t io n  t a r g e t  s p o t  g e n e r a t i o n  
masks (Ml * MOTOR 1, M2 = MOTOR 2 ) .
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th e  t a r g e t  s p o ts  w i l l  su b ten d  r a d i a l  a n g le s  o f  2 .0 ,  2 .5 ,  3 .0 ,  3 .5 ,  

and 4 .0  d e g re e s  ( a t  th e  s u b j e c t ’ s eye) from th e  c e n t r a l  f i x a t i o n  s p o t .  

Along one s id e  o f  t h i s  m a s te r  mask i s  s t r e t c h e d  a w h i te  p l a s t i c  

m a t e r i a l  which s e rv e s  a s  t h e  v iew ing  s c re e n  a s  seen  by th e  s u b j e c t .

The o t h e r  two m e ta l  p l a t e s  a re  p re s s e d  a g a i n s t  th e  o p p o s i te  s u r f a c e  

o f  t h i s  m a s te r  mask. These o t h e r  two m eta l  masks a r e  d i s k s  which a re  

mounted on c o n c e n t r i c  s h a f t s  and con n ec ted  v i a  g e a r  and b e l t  mechanisms 

to  two s t e p p e r  m o to rs ,  one m otor f o r  each  d i s k .  These two d i s k s  a r e  

th u s  r o t a t a b l e  and each  had f i v e  h o le s  d r i l l e d  in  them a s  shown in  

F ig ,  26. These two d i s k s  can  be in d e p e n d e n t ly  r o t a t e d .  When the  two 

d i s k s  a r e  r o t a t e d  in  a  p r e s c r i b e d  r e l a t i o n  t o  one a n o th e r  th e y  w i l l  

s e l e c t i v e l y  uncover one o f  th e  40 h o le s  in  th e  m a s te r  mask. When th e  

T p r o j e c t o r  s h u t t e r  i s  opened th e  l i g h t  from th e  p r o j e c t o r  w i l l  sh in e  

th ro u g h  th e  uncovered  h o le  i n  th e  m a s te r  mask and p roduce  a t a r g e t  

sp o t  on th e  v iew ing  s c re e n  a s  viewed by th e  s u b j e c t .  When th e  s t e p p e r  

m o to rs  a r e  co n n ec te d  v i a  t h e  IES o f  t h e  TPS to  t h e  com puter, t h e  

com puter can  th e n  c o n t r o l  t h e  p o s i t i o n s  o f  th e  two s t e p p e r  m o to rs  and 

c o n s e q u e n t ly  which one o f  th e  40 p o s s i b l e  t a r g e t  s p o ts  i s  p r e s e n te d  to  

t h e  s u b j e c t .

D i s c r e t e  v a r i a t i o n s  i n  t a r g e t  s p o t  c o n t r a s t  a r e  p ro v id ed  f o r  by 

u s in g  n in e  n e u t r a l  d e n s i t y  f i l t e r s  mounted in  a s l i d i n g  assem bly  a s  

shown i n  F ig .  27. T h is  s l i d i n g  assem bly  i s  co n n ec te d  t o  a  s t e p p e r  

m otor a s  shown i n  F ig .  27. The n in e  n e u t r a l  d e n s i t y  f i l t e r s  a r e  

a r ra n g e d  so a s  t o  p ro v id e  eq ua l s te p  in c re m e n ts  o f  0 .115  log  u n i t s  

in  d e n s i t y  from t h e  l e a s t  dense  to  t h e  most d e n se .  The p o s i t i o n i n g
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(M3 = MOTOR 3 ) .
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o f  th e  e n t i r e  movable f i l t e r  assem bly i s  such t h a t  th e  T p r o j e c to r  

l i g h t  beam s h in e s  th roug h  one o f  th e  f i l t e r s  b e fo re  im pinging on th e  

r e a r  s u r f a c e  o f  th e  t a r g e t  spo t g e n e ra t io n  m asks. By c o n n ec tin g  th e  

f i l t e r  assem bly s t e p p e r  m otor to  th e  system  computer v i a  th e  IES o f  

th e  TPS th e  computer can then  c o n t ro l  which o f  th e s e  n in e  f i l t e r s  

i n t e r c e p t s  th e  T p r o j e c to r  l i g h t  beam. T h is  p ro v id e s  computer 

c o n t r o l  o f  th e  t a r g e t  sp o t  c o n t r a s t  as  seen by th e  s u b j e c t .  This 

coupled w ith  th e  computer c o n t r o l  o f  the  t a r g e t  sp o t  l o c a t i o n  as 

d e s c r ib e d  above p ro v id e s  th e  u s e r  w ith  f u l l  computer c o n t r o l  over 

th e  t e s t  s t i m u l i  p re s e n te d  to  th e  s u b je c t  d u r in g  e x p e r im e n ta t io n .

A n e u t r a l  d e n s i ty  wedge f i l t e r  i s  a l s o  p o s i t io n e d  between the  

T p r o j e c t o r  and th e  t a r g e t  movable f i l t e r  assem bly to  i n t e r c e p t  th e  

T p r o j e c t o r  l i g h t  beam; as  shown in  F ig . 24. This wedge f i l t e r  i s  

connec ted  to  a  m echanica l assem bly so t h a t  th e  s u b je c t  o r  th e  

ex p er im en te r  can a d ju s t  th e  s e t t i n g  o f  th e  wedge. The a d ju s ta b le  

wedge was used  in  th e  experim en ts  done h e re  in  c o n ju n c t io n  w ith  th e  

PT s h u t t e r  c o n t r o l  mode and th e  B2 p r o j e c t o r  as  d e sc r ib e d  e a r l i e r  

to  e v a lu a te  th e  s u b j e c t ' s  fo v ea l  c o n t r a s t  t h r e s h o ld .  In  th e  e x p e r i 

ments done he re  th e  s u b je c t  would a d ju s t  th e  wedge s e t t i n g  to  

co rrespond  to  h i s  fo v ea l  c o n t r a s t  th r e s h o ld .  This s e t t i n g  would 

rem ain  on th e  wedge th rou gho u t th e  experim en t.  T his  wedge s e t t i n g  

in  c o n ju n c tio n  w ith  th e  computer s e l e c t a b l e  f i l t e r  d e s c r ib e d  above 

p rov id ed  th e  s u b je c t  w ith  d i s c r e t e  changes in  t a r g e t  sp o t  c o n t r a s t  

t h a t  v a r i e d  from h i s  fo v e a l  t h r e s h o ld  t o  above h i s  fo v e a l  th r e s h o ld  

in  equal lo g r i th m ic  in c re m e n ts .
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C onnected  to  t h e  s p o t  g e n e r a t i o n  masks a ssem b ly  and t h e  m ovable  

f i l t e r  a s se m b ly  o f  t h e  VPS a r e  o p t o e l e c t r o n i c  d e t e c t o r s .  T hese  

d e t e c t o r s  p r o v id e  s i g n a l s  t o  t h e  IES c o n c e rn in g  t h e  p o s i t i o n s  o f  th e  

m e c h an ica l  a s s e m b l ie s  o f  t h e  VPS. At t h e  b e g in n in g  o f  any  e x p e r i 

m en ta l  s e c e s s i o n  th e  m e c h a n ic a l  t a r g e t  p a ra m e te r  a s s e m b l ie s  d e s c r i b e d  

above can  be p o s i t i o n e d  a u t o m a t i c a l l y  t o  a  r e f e r e n c e  p o s i t i o n  o f  

t a r g e t  l o c a t i o n  2 .0  d e g r e e s  r a d i u s ,  0 d e g r e e s  a z im u th ,  f i l t e r  number 

0 ( th e  m ost d e n se )  by a c t u a t i n g  t h e  "REF POS" p u s h b u t to n  on th e  

IES f r o n t  p a n e l .  The c o n t r o l / s a m p l i n g  s o f tw a r e  p a ck a g e  ADCOM u se d  

i n  e x p e r im e n ts  done h e re  s p e c i f i c a l l y  r e q u e s t e d  t h e  u s e r  t o  a c t u a t e  

t h e  REF POS p u s h b u t to n  o f  t h e  IES b e f o r e  b e g in n in g  any  t a r g e t  p a r a 

m e te r  s e l e c t i o n s .  The s o f tw a r e  th e n  c o u ld  c a l c u l a t e  t h e  VPS t a r g e t  

a s se m b ly  m o to r movements r e q u i r e d  b a sed  on t h i s  r e f e r e n c e  p o s i t i o n .

C e r t a i n  e l e c t r o n i c s  w ere  added t o  th e  VPS c o n t r o l  e l e c t r o n i c s  

to  p r o v id e  t h e  IES w i th  t h e  T1 and T2 s h u t t e r  a c t u a t i o n  s i g n a l s .  

C i r c u i t  d ia g ra m s  f o r  t h i s  c i r c u i t r y  and t h e  d ia g ra m s  o f  th e  p o s i t i o n  

s e n s o r s  f o r  t h e  VPS t a r g e t  p a ra m e te r  a s s e m b l ie s  a r e  p r e s e n t e d  f o l lo w 

in g  th e  s e c t i o n s  l i s t i n g  VPS s p e c i f i c a t i o n s ,  c o n t r o l s ,  and o p e r a t i n g  

i n s t r u c t i o n s .
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S p e c i f i c a t i o n s ,  I n p u t s  and O u tp u ts

D e f l e c t i o n  r a d i i :

D e f l e c t i o n  a n g le s :

T a rg e t  s p o t  s i z e :

F iv e  r a d i a l  p o s i t i o n s  s u b te n d in g  
a n g le s  o f  2 .0 ,  2 . 5 ,  3 . 0 ,  3 .5  and 
4 . 0  d e g re e s  from  t h e  c e n t r a l  f i x a 
t i o n  s p o t  when v iew ed from one m e te r .

E ig h t  a n g l e s ,  0 t o  315 d e g r e e s  i n  
45 d e g r e e  in c r e m e n t s .  0 d e g r e e s  i s  
r e f e r e n c e d  t o  v i e w e r ' s  r i g h t ,  90 
d e g r e e s  r e f e r e n c e d  d i r e c t l y  up from 
c e n t e r  f i x a t i o n  s p o t .

Spot s i z e  i s  2 .5  m i l l i m e t e r s  d ia m e te r  
so a s  t o  s u b te n d  8 .5  m in u te s  o f  a r c  
a t  t h e  v i e w e r ' s  eye when v iew ed from 
1 m e te r .

Delay t im e  T1 b e f o r e  t a r g e t  
d e f l e c t i o n : Sm ooth ly  a d j u s t a b l e  from 0 t o  5 

s e c o n d s .

T a r g e t  d e f l e c t i o n  t im e  T2: Sm ooth ly  a d j u s t a b l e  from  0 t o  10 
s e c o n d s .

P r o j e c t o r  l i g h t  l e v e l s : Sm ooth ly  a d j u s t a b l e  o v e r  c o n v e n ie n t  
r a n g e s .

Spot g e n e r a t i o n  mask s t e p p e r  
m o to rs :

F i l t e r  a sse m b ly  s t e p p e r  m otor:

+5V:

Two 200 s t e p  p e r  r e v o l u t i o n ,  1000 
s t e p  p e r  second  s t e p p e r  m o to rs  
( S u p e r i o r  E l e c t r i c  Company ty p e  
M063-FD06) one f o r  e a c h  r o t a t a b l e  
d i s k  o f  t h e  s p o t  g e n e r a t i o n  m ask.
A mask d r i v e n  by MOTOR 1, B mask 
d r i v e n  by  MOTOR 2.

One 200 s t e p  p e r  r e v o l u t i o n  200 
s t e p  p e r  second  s t e p p e r  m oto r 
( S u p e r io r  E l e c t r i c  Company ty p e  
S S 2 5 ) . F i l t e r  a s se m b ly  m otor 
d e s i g n a t e d  MOTOR 3 .

+5 v o l t  su p p ly  v o l t a g e ,  1 ampere 
t o t a l  su p p ly  c a p a b i l i t y  s u p p l i e d  by 
IES and  a p p e a r in g  a t  p in  1 o f  J l .  
Used t o  s u p p ly  p o s i t i o n  s e n s o r s  o f  
t h e  VPS t a r g e t  m e c h a n ic a l  a sse m b lie s*



70

LG GND: Logic ground from IES, a p p e a rs  a t
p in s  12, 13 and 14 o f  J l .  T h is  i s  
th e  ground r e f e r e n c e  f o r  a l l  p o s i t i o n  
s e n s o r  s i g n a l s  a p p ea r in g  on con
n e c t o r  J l  and f o r  th e  T1 and T2 
s i g n a l s  o f  p i n s  2 and 3 on c o n n e c to r  
J l .

High l e v e l  m otor p u l s e s :  These a r e  t h e  24 v o l t ,  h ig h  c u r r e n t
p u l s e s  from t h e  IES which d r i v e  VPS 
s t e p p e r  m o to rs  MOTOR 1, MOTOR 2 
and MOTOR 3 . The J3  and J4  connec
t i o n s  a r e  a s  fo l lo w s :

J5  p in  S ig n a l  Name_________ Data

1 M1M1 MOTOR 1 winding 1
2 M1M3 MOTOR 1 w inding  3
3 M1M2 MOTOR 1 gnd. r e t .
4 M1M5 MOTOR 1 w inding 5
5 M1M4 MOTOR 1 w inding  4
6 M1M6 MOTOR 1 gnd. r e t .
/ M2M1 MOTOR 2 w inding 1
8 M2M3 MOTOR 2 w inding  3
9 M2M2 MOTOR 2 g n d . r e t .

10 M2M5 MOTOR 2 w inding 5
11 M2M4 MOTOR 2 winding 4
12 M2M6 MOTOR 2 gn d . r e t .

p in S ig n a l  Name Data

1 M3W1 MOTOR 3 w inding 1
2 M3GND MOTOR 3 g n d . r e t .
3 M31V2 MOTOR 3 winding  2

Data o u tp u ts  J l  c o n n e c to r :  J l  i s  a 14 p i n  C in ch -Jo n es  r ib b o n
c o n n e c to r  c a r r y in g  d a ta  from th e  VPS 
t o  t h e  IES. C o nnections  a r e  a s  
f o l lo w s :
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J l  p i n  S ig n a l  name____________D ata

2 T1
3 T2

4 Ml REF POS
SEN

5 M2 REF POS
SEN

6 M3 REF POS
SEN

7 M3 POS SEN

10 Ml POS SEN

11 M2 POS SEN

T1 d e la y  t im e  
T2 d e f l e c t i o n  

t im e  
MOTOR 1 r e f .  
p o s i t i o n  s e n se  
MOTOR 2 r e f .  
p o s i t i o n  s e n s e  
MOTOR 3 r e f .  
p o s i t i o n  s e n s e  
MOTOR 3 p o s i t i o n  
s e n s e
MOTOR 1 p o s i t i o n  
s e n s e
MOTOR 2 p o s i t i o n  
s e n s e

A l l  p o s i t i o n  s e n s o r  s i g n a l s  a r e  th e  
o u tp u t  o f  t h e  c o l l e c t o r  o f  th e  p h o to 
t r a n s i s t o r  l o c a t e d  i n  th e  s e n s o r .  T1 
i s  a  TTL l e v e l  o u t p u t ,  h ig h  d u r in g  
d e l a y  t im e  T 1 . T2 i s  a  TTL l e v e l  
o u t p u t ,  h ig h  d u r in g  t a r g e t  d e f l e c t i o n  
t im e  T2.
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C o n t r o l s  and I n d i c a t o r s  

LIGHT LEVEL ADJ:

T1 ADJ:

T2 ADJ:

METER SELECT: 

SHUTTER CONTROL:

PT:

SP:

F iv e  f r o n t  p a n e l  c o n t r o l s ,  one f o r  
each  VPS p r o j e c t o r ,  u se d  t o  a d j u s t  
t h e  l i g h t  o u t p u t  o f  t h e  p r o j e c t o r .  
L ab e led  T , F I ,  F2 , Bl and B2.

F ro n t  p a n e l  c o n t r o l .  When a t a r g e t  
d e f l e c t i o n  i s  i n i t i a t e d  by GO p u sh 
b u t to n  a c t u a t i o n  a  d e l a y  t o  T1 
seco n d s  o c c u r s  b e f o r e  t a r g e t  d e 
f l e c t i o n  o c c u r s .  A w arn ing  to n e  
sounds d u r i n g  t h e  T1 d e la y  t im e .  T1 
ADJ i s  u se d  t o  a l lo w  a d ju s tm e n t  o f  
T1 d e la y  from 0 t o  5 s e c o n d s .

F ro n t  p a n e l  c o n t r o l  u sed  t o  a d j u s t  
t h e  t a r g e t  d e f l e c t i o n  t im e  from 0 to  
10 s e c o n d s .  When t a r g e t  d e f l e c t i o n  
i s  i n i t i a t e d  by GO p u s h b u t to n  a c t u a 
t i o n  a d e l a y  o f  T1 se c o n d s  o c c u r s  
a f t e r  w hich  t h e  t a r g e t  d e f l e c t s  f o r  
T2 seco n d s  b e f o r e  r e t u r n i n g  t o  i t s  
o r i g i n a l  p o s i t i o n .

S ix  p o s i t i o n  f r o n t  p a n e l  r o t a r y  
s w i t c h  u se d  to  s e l e c t  w hich p r o j e c t o r  
l i g h t  l e v e l  i s  m o n ito re d  by th e  f r o n t  
p a n e l  m e te r s .

F iv e  f r o n t  p a n e l  p u s h b u t t o n s ,  one 
f o r  e a c h  p r o j e c t o r  s h u t t e r ,  u sed  t o  
open o r  c l o s e  t h e  r e s p e c t i v e  p r o 
j e c t o r  s h u t t e r .  When a p r o j e c t o r  
s h u t t e r  i s  i n  i t s  c lo s e d  p o s i t i o n  
i t  can  be  a c t i v a t e d  by one o f  t h e  
a u to m a t i c  c o n t r o l  modes.

F ro n t  p a n e l  p u s h b u t to n  u se d  t o  
s e l e c t  t h e  PT s h u t t e r  c o n t r o l  mode. 
When a c t i v a t e d  PT mode c a u s e s  t h e  T 
s h u t t e r  t o  open f o r  0 .2  second  th e n  
c l o s e  f o r  1 .0  s e c o n d .

F ro n t  p a n e l  p u s h b u t to n  u se d  to  s e l e c t  
t h e  SP s h u t t e r  c o n t r o l  mode. When 
a c t i v a t e d  SP mode c a u s e s  t h e  T and 
F2 s h u t t e r s  t o  exchange  p o s i t i o n s  
u n d e r  c o n t r o l  o f  t h e  GO p u s h b u t to n .
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When SP mode i s  a c t i v a t e d  t h e  F2 
s h u t t e r  i s  i n i t i a l l y  open  and th e  
T s h u t t e r  i s  i n i t i a l l y  c l o s e d .  When 
t h e  GO p u s h b u t to n  i s  a c t u a t e d  th e  
F2 s h u t t e r  c l o s e s  and th e  T s h u t t e r  
opens  sy n c h ro n o u s ly  a f t e r  t h e  T1 
d e la y  t im e .  The T s h u t t e r  re m a in s  
open f o r  t h e  d e f l e c t i o n  t im e  T2 
a f t e r  w hich  t h e  T s h u t t e r  c l o s e s  
sy n c h ro n o u s ly  w i th  F2 s h u t t e r  o pen 
in g .  The w a rn in g  to n e  sounds th r o u g h 
o u t  t h e  d e l a y  t im e  T l .

START: F ro n t  p a n e l  p u s h b u t to n  w hich  m ust be  
pushed  a f t e r  an  a u to m a t ic  s h u t t e r  
c o n t r o l  mode i s  s e l e c t e d  (PT o r  SP) 
to  e n a b le  t h e  mode a c t i o n s .

GO: A p u s h b u t to n  l o c a t e d  a t  t h e  end o f  
an e x te n s i o n  c a b l e .  T h is  p u s h b u t to n  
i s  u se d  t o  i n i t i a t e  a  t a r g e t  
d e f l e c t i o n  c y c l e  u n d e r  SP s h u t t e r  
mode.

METERS: Two f r o n t  p a n e l  3 - 1 / 2  d i g i t  d i g i t a l  
m e te r s  u se d  t o  d i s p l a y  t h e  o u tp u t  
s i g n a l s  o f  t h e  p r o j e c t o r  p h o to 
d i o d e s ,  one  m e te r  f o r  each  p h o to 
d io d e .  When u se d  i n  c o n ju n c t i o n  
w i th  t h e  METER SELECT and LIGHT LEVEL 
ADJ c o n t r o l s  t h e  u s e r  c an  m o n ito r  
and c o n t r o l  t h e  l i g h t  l e v e l s  o f  th e  
f i v e  VPS p r o j e c t o r s .
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O p e ra t in g  I n s t r u c t i o n s

I t  i s  assum ed t h a t  t h e  r e a d e r  has r e a d  and u n d e rs to o d  th e  p r e v io u s  

s e c t i o n s  c o n c e rn in g  t h e  VPS d e s c r i p t i o n ,  c o n t r o l s ,  i n p u t s  and o u t p u t s ,

(1) C onnect t h e  VPS power c o rd  t o  th e  o u tp u t  o f  a s t a n d a r d  AC l i n e  

v o l t a g e  r e g u l a t o r  (S o ren so n  ACR 2000 o r  e q u i v a l e n t )  and a d j u s t  th e  

r e g u l a t o r ' s  o u t p u t  t o  p r o v id e  120 VAC, 15 A t o  t h e  VPS. Connect th e  

power c o rd  o f  t h e  l i n e  v o l t a g e  r e g u l a t o r  t o  a  120 VAC, 15 A, 50-60  

Hz o u t l e t .  Make s u r e  a l l  c o n n e c t io n s  b e tw een  t h e  VPS and IES a r e  

c o r r e c t l y  made. Apply power t o  t h e  l i n e  v o l t a g e  r e g u l a t o r  th e n  t o  

t h e  VPS c o n t r o l  e l e c t r o n i c s .  Allow 5 t o  10 m in u te s  warm up b e f o r e  

b e g in n in g  a d ju s tm e n t s  o f  t h e  p r o j e c t o r  l i g h t  l e v e l s .

(2) A f t e r  t h e  i n i t i a l  warm u p ,  b e g in  a d j u s t i n g  t h e  p r o j e c t o r  l i g h t  

l e v e l s  t o  t h e i r  d e s i r e d  l e v e l s  by u s in g  t h e  f r o n t  p a n e l  c o n t r o l s

and l i g h t  l e v e l  m e te r s  o f  t h e  VPS c o n t r o l  e l e c t r o n i c s .  Allow a p e r io d  

o f  a b o u t  60 m in u te s  warm up and f i n e  a d ju s tm e n t  o f  p r o j e c t o r  l i g h t  

l e v e l s  b e f o r e  any  e x p e r im e n ta l  p r o c e d u re s  a r e  a t t e m p t e d .  At t h e  end 

o f  t h e  warm up p e r i o d  t h e  p r o j e c t o r  l i g h t  l e v e l s  a s  m o n ito re d  u s in g  

th e  VPS f r o n t  p a n e l  m e te r s  sh o u ld  need  o n ly  m inor a d ju s tm e n t s  a t  

i n f r e q u e n t  i n t e r v a l s .  The e x p e r im e n te r  sh o u ld  c o n t i n u e  t o  m o n ito r  

t h e  p r o j e c t o r  l i g h t  l e v e l s  d u r i n g  t h e  e x p e r im e n ta l  p r o c e d u r e .

(3) D uring  t h e  p e r io d  o f  warm up (ab o u t  1 h o u r)  t h e  u s e r  can  make 

a d ju s tm e n t s  t o  t h e  v iew in g  s c r e e n  p a t t e r n s  a s  p r o j e c t e d  by p r o j e c t o r s  

F I ,  B l,  F2, and B2. Make s u r e  t h a t  a l l  p a t t e r n s  a r e  p r o p e r l y  

p o s i t i o n e d  on t h e  v ie w in g  s c r e e n .  The s u b j e c t - t o - v i e w i n g  s c re e n



d i s t a n c e  shou ld  be 1 m eter  a s  measured from th e  c e n t e r  o f  the  view ing 

sc re e n  to  th e  s u b j e c t ' s  c o rn e a .  T es t th e  a c t io n s  o f  a l l  p r o j e c to r  

s h u t t e r s  u s in g  th e  VPS f r o n t  panel c o n t r o l s .

(4) A f te r  th e  VPS has warmed up th e  u s e r  may s e l e c t  any a u to m atic  

s h u t t e r  c o n t r o l  mode (PT o r  SP) o r  manual s h u t t e r  p o s i t i o n s  a s  he 

d e s i r e s .  The VPS i s  now ready  f o r  ex p e rim en ta l  u se  e i t h e r  as  a s tan d  

a lo n e  p ie c e  o f  equipment o r  under computer c o n tro l  v i a  th e  IES and 

PDP-8/E com puter.



14-pin  r ibbon  connector J 2: 14-pin r ibbon connecto r  J3: 12-p in  Cinch connector
wired fo r  VPS sen so rs  wired fo r  movable f i l t e r  wired fo r  MOTOR 1 and

assembly sensors  MOTOR 2

t
n * v i
MS « « T  
M S W i

J4 : 4 -p in  Cinch connecto r  J5:
wired fo r  MOTOR 3

,z------- \  *5v
I t ---------- *  M l H tF  Pd* s tN
5 * -----------*  M l  M i  U N
i f --------------------------t t F  M i  £ | N
y  ( -----------4  M l  M i  M N
*<------- > U* CN>

6 -p in  Cinch connector 
wired fo r  VPS t a rg e t  
spot mask senso rs

FIG. 28 - VPS connecto rs  fo r  connec tion  with IES
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I n t e r f a c e  E l e c t r o n i c s  S e c t io n

The i n t e r f a c e  e l e c t r o n i c s  s e c t i o n  (IES) o f  th e  t a r g e t  p r e s e n t a t i o n  

system  (TPS] p ro v id e s  a l l  th e  f u n c t io n s  n e c e s s a r y  t o  i n t e r c o n n e c t  t h e  

sa cc ad e  a n a l y s i s  sys tem  PDP-8/E com puter w i th  t h e  v i s u a l  p r e s e n t a t i o n  

s e c t i o n  (VPS) o f  th e  TPS. The IES g e n e r a t e s  f o u r  s i g n a l s  which a re  

s e n t  t o  th e  com pu ter:  (1) th e  TRIG s i g n a l  which i s  used  to  i n i t i a t e

d a ta  sam pling  and s to r a g e  by th e  com puter, (2) th e  DEV RDY s ig n a l  which 

i s  u sed  to  n o t i f y  th e  com puter when VPS s t e p p e r  m otor movements have 

been co m p le te d ,  (5) th e  FAIL s ig n a l  which i s  used  to  n o t i f y  th e  

com puter  o f  a s u b j e c t  e v e b l in k  a n d /o r  an e y e t r a c k e r  t r a c k  l o s s  and

(4) t h e  READ REQ s ig n a l  which i s  u sed  to  r e q u e s t  th e  com puter to  re a d  

th e  FAIL b i t .  The IES a c c e p t s  s i g n a l s  from th e  VPS which convey 

in f o r m a t io n  a b o u t :  (1) w he ther  o r  n o t  t h e  VPS t a r g e t  p a ra m e te r

m echan ica l  a s s e m b l ie s  have re a c h e d  t h e i r  r e s p e c t i v e  r e f e r e n c e  p o s i t i o n s ,  

(2) i n d i c a t i o n s  o f  th e  p o s i t i o n s  o f  t h e s e  m ech an ica l  a s s e m b l ie s  r e l a 

t i v e  to  t h e i r  r e f e r e n c e  p o s i t i o n s ,  and (3) s i g n a l s  used  to  g e n e r a te  

th e  TRIG s i g n a l .  The IES a c c e p t s  s i g n a l s  from th e  com puter:  (1) which

convey in fo r m a t io n  abou t t h e  d e s i r e d  p o s i t i o n s  o f  th e  VPS t a r g e t  

p a ra m e te r  m echan ica l  a s se m b lie s  r e l a t i v e  t o  t h e i r  r e f e r e n c e  p o s i t i o n s ,

(2) a DSA(H) s ig n a l  to  s t r o b e  t h i s  p o s i t i o n  in f o r m a t io n  i n t o  th e  IES 

r e g i s t e r s ,  (3) a  DSB(H) s ig n a l  t o  i n d i c a t e  to  t h e  IES when no move

ment i s  r e q u i r e d  f o r  MOTOR 3 and (4) a  CFA s i g n a l  t o  i n i t i a t e  VPS 

s t e p p e r  m otor movements. L a s t l y ,  t h e  IES p r o v id e s  t o  t h e  VPS s t e p p e r  

m o to rs  th e  p u l s e s  n e c e s s a r y  t o  c au se  them t o  move.
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I n c lu d e d  i n  t h e  IES a r e  v a r i o u s  c o n t r o l s  and  i n d i c a t o r s  f o r :

(1) c o n t r o l l i n g  t h e  VPS s t e p p e r  m otor s p e e d s ,  (2) a l lo w in g  t h e  u s e r  

f u l l  manual and in d e p e n d e n t  c o n t r o l  o f  e a c h  VPS s t e p p e r  m o to r ,  (3) 

f a i l u r e  i n d i c a t i o n  t o  t h e  u s e r  t o  n o t i f y  him when t h e  FAIL b i t  h a s  

been  s e t ,  (4) IES r e s e t  t o  r e s e t  a l l  i n t e r n a l  f l a g s  o f  th e  IES and th e  

DEV RDY and FAIL f l a g s ,  (5) p o s i t i o n i n g  t h e  VPS t a r g e t  p a ra m e te r  

m e c h an ica l  a s s e m b l ie s  a u t o m a t i c a l l y  t o  t h e i r  r e s p e c t i v e  r e f e r e n c e  

p o s i t i o n s ,  and (6) VPS r e a d y  i n d i c a t i o n  t o  i n d i c a t e  t o  t h e  u s e r  when 

t h e  IES DEV RDY f l a g  i s  s e t .

The s p e c i f i c a t i o n s ,  c i r c u i t  d ia g ra m s ,  and c i r c u i t  d e s c r i p t i o n s  

o f  th e  IES a r e  p r e s e n t e d  i n  t h e  f o l lo w in g  s e c t i o n s .



80

S p e c i f i c a t i o n s , 

M otor Speed:

M o to rs :

BLINK:

TRACK:

T l :

T2:

I n p u t s  and O u tp u ts

C o n t in u o u s ly  v a r i a b l e  from 0 t o  1000 
s t e p s  p e r  second  f o r  MOTOR 1 and  
MOTOR 2 . C o n t in u o u s ly  v a r i a b l e  from 
0 t o  200 s t e p s  p e r  seco n d  f o r  
MOTOR 3 .

C apab le  o f  d r i v i n g  tw o 200 s t e p  
p e r  r e v o l u t i o n ,  1000 s t e p  p e r  secon d  
s t e p p e r  m o to rs ,  S u p e r i o r  E l e c t r i c  
Company ty p e  M063-FD06 o r  e q u i v a l e n t ,  
and one 200 s t e p  p e r  r e v o l u t i o n ,
200 s t e p  p e r  secon d  s t e p p e r  m o to r ,  
S u p e r io r  E l e c t r i c  Company ty p e  
SS25 o r  e q u i v a l e n t .

A TTL l e v e l  s i g n a l  from  t h e  e y e -  
t r a c k e r  i n d i c a t i n g  a  s u b j e c t  e y e -  
b l i n k .  T h is  s i g n a l  i s  a c t i v e  h ig h  
and i f  i t  o c c u r s  d u r i n g  d e f l e c t i o n  
t im e  T2 w i l l  l i g h t  t h e  f r o n t  p a n e l  
FAIL i n d i c a t o r  and s e t  t h e  IES FAIL 
b i t .  T h is  s i g n a l  a p p e a r s  a t  BNC1 on 
th e  IES back  p a n e l .

A TTL l e v e l  s i g n a l  from t h e  e y e -  
t r a c k e r  i n d i c a t i n g  an  e y e t r a c k e r  
t r a c k  l o s s .  T h is  s i g n a l  i s  a c t i v e  
low and i f  i t  o c c u r s  d u r in g  d e f l e c 
t i o n  t im e  T2 w i l l  l i g h t  th e  f r o n t  
p a n e l  FAIL i n d i c a t o r  and s e t  t h e  IES 
FAIL b i t .  T h is  s i g n a l  a p p e a rs  a t  
BNC2 on t h e  IES b a ck  p a n e l .

A TTL l e v e l  in p u t  s i g n a l  from t h e  
VPS c o n t r o l  e l e c t r o n i c s  t h a t  i s  h ig h  
d u r in g  d e l a y  t im e  Tl t h e  t im e  b e f o r e  
VPS t a r g e t  d e f l e c t i o n .  T h is  s i g n a l  
a p p e a r s  a t  p i n  2 o f  J4  on th e  IES 
back  p a n e l .

A TTL l e v e l  in p u t  s i g n a l  from t h e  
VPS c o n t r o l  e l e c t r o n i c s  t h a t  i s  
h ig h  d u r i n g  t a r g e t  d e f l e c t i o n  t im e  
T2. T h is  s i g n a l  a p p e a r s  a t  p i n  3 
o f  J4  on t h e  IES b ack  p a n e l .
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Ml, M2, M3, REF POS SEN:

Ml, M2, M3, POS SEN:

MlMl, M1M3, M1M4, MIMS:

Ml RET:

S i g n a l s  from t h e  o p t o e l e c t r o n i c  
r e f e r e n c e  p o s i t i o n  s e n s o r s  on th e  
VPS t a r g e t  p a ra m e te r  m e c h a n ic a l  
a s s e m b l i e s  t h a t  i n d i c a t e  when and 
i f  t h e  r e s p e c t i v e  m e c h a n ic a l  
a s s e m b l i e s  a r e  i n  t h e i r  r e f e r e n c e  
p o s i t i o n s .  T hese  s i g n a l s  a r e  th e  
o u tp u t  o f  t h e  c o l l e c t o r  o f  a  p h o to 
t r a n s i s t o r  and may be anyw here i n  
th e  0 t o  +5 v o l t  r a n g e .  They a r e  
s e n se d  and c o n v e r te d  t o  TTL l e v e l  
s i g n a l s  by t h e  s e n s o r  c i r c u i t r y  o f  
t h e  IES on c i r c u i t  c a r d  4 .  Ml REF 
POS SEN a p p e a r s  a t  p i n  4 o f  J 4 ,  M2 
REF POS SEN a p p e a r s  a t  p i n  5 o f  J 4 ,  
and  M3 REF POS SEN a p p e a rs  a t  p i n  6 
o f  J4  on t h e  IES back  p a n e l .

S i g n a l s  from t h e  o p t o e l e c t r o n i c  
p o s i t i o n  s e n s o r s  on t h e  VPS t a r g e t  
p a ra m e te r  m e c h a n ic a l  a s s e b m l ie s  
i n d i c a t i n g  t h e  p o s i t i o n  o f  t h e  
r e s p e c t i v e  m e c h a n ic a l  a s s e m b l i e s  
r e l a t i v e  t o  t h e i r  r e f e r e n c e  p o s i t i o n .  
T hese  s i g n a l s  a r e  t h e  o u t p u t  o f  th e  
c o l l e c t o r  o f  a  p h o t o t r a n s i s t o r  and 
a s  su ch  s h o u ld  be  t r e a t e d  a s  an  
open c o l l e c t o r  TTL o u t p u t .  They 
a r e  se n se d  and c o n v e r te d  to  TTL 
l e v e l  s i g n a l s  by  t h e  s e n s o r  c i r c u i t r y  
o f  t h e  IES on c i r c u i t  c a r d  4 .  MI 
POS SEN a p p e a r s  a t  p in  10 o f  J 4 ,
M2 POS SEN a p p e a r s  a t  p i n  11 o f  J 4 ,  
and M3 POS SEN a p p e a r s  a t  p i n  7 o f  
J4  on t h e  IES back  p a n e l .

MOTOR 1 h ig h  l e v e l  d r i v e  p u l s e s  
(24 v o l t s ,  3 amps) u se d  t o  d r i v e  
th e  w in d in g s  o f  VPS s t e p p e r  m otor  
MOTOR 1. M1M1 a p p e a r s  a t  p i n  1 
o f  J 5 ,  M1M3 a p p e a r s  a t  p i n  2 o f  J 5 ,  
M1M4 a p p e a r s  a t  p i n  5 o f  J 5 ,  and 
M1M5 a p p e a r s  a t  p i n  4 o f  J 5  on th e  
IES b ack  p a n e l .

Two c u r r e n t  r e t u r n  l i n e s  from  VPS 
s t e p p e r  m o to r  MOTOR 1. They a p p e a r  
a t  p i n s  3 and 6 o f  J 5  on t h e  IES 
back  p a n e l .
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M2M1, M2M3, M2M4, M2M5:

M2 RET:

M3W1, M3W2:

M3 RET:

TRIG:-

+SV:

LG GND:

MOTOR 2 h ig h  l e v e l  d r i v e  p u l s e s  
(24 v o l t s ,  3 amps) u sed  t o  d r i v e  
t h e  w in d in g s  o f  VPS s t e p p e r  m o to r 
MOTOR 2. M2M1 a p p e a rs  a t  p i n  7 o f  
J 5 ,  M2M3 a p p e a r s  a t  p i n  8 o f  J 5 ,
M2M4 a p p e a r s  a t  p i n  11 o f  J 5 ,  and 
M2M5 a p p e a r s  a t  p in  10 o f  J 5  on th e  
IES back  p a n e l .

Two c u r r e n t  r e t u r n  l i n e s  from VPS 
s t e p p e r  m otor MOTOR 2 . They a p p e a r  
a t  p i n s  9 and 12 o f  J 5  on t h e  IES 
back  p a n e l .

MOTOR 3 h ig h  l e v e l  d r i v e  p u l s e s  
(± 24 v o l t s ,  0 .0 5  amps) f o r  d r i v i n g  
t h e  w in d in g s  o f  VPS s t e p p e r  m o to r  
MOTOR 3 . M3W1 a p p e a rs  a t  p i n  14 
o f  J 5  and M3W2 a p p e a rs  a t  p i n  15 
o f  J 5  on t h e  IES back  p a n e l .

A s i n g l e  c u r r e n t  r e t u r n  l i n e  from  
VPS s t e p p e r  m o to r  MOTOR 3 .  I t ;  
a p p e a r s  a t  p i n  13 o f  J 5  on  t h e  IES 
back  p a n e l .

A r e a r  p a n e l  j a c k ,  BNC3, which 
p r o v i d e s  a 2 -3  m ic ro seco n d  TTL h ig h  
l e v e l  p u l s e  a t  t h e  o n s e t  o f  VPS 
t a r g e t  d e f l e c t i o n  t im e  T2. The TTL 
f a n o u t  c a p a b i l i t y  o f  t h i s  s i g n a l  
i s  2 . T h is  p u l s e  i s  c o m p a t ib le  w i th  
and may be used  t o  s t a r t  a  D i g i t a l  
Equipm ent C o r p o r a t io n  PDP-8/E com
p u t e r  r e a l  t im e  c lo c k  f o r  s u b s e 
q u e n t  d a ta  sam p lin g  by th e  c o m p u te r 's  
A/D c o n v e r t e r .

The +5 v o l t  s u p p ly  v o l t a g e  u se d  f o r  
p o w erin g  t h e  o p t o e l e c t r o n i c  p o s i t i o n  
s e n s o r s  on t h e  VPS t a r g e t  p a ra m e te r  
m e c h a n ic a l  a s s e m b l i e s .  I t s  t o t a l  
c u r r e n t  c a p a b i l i t y  i s  1 amp. I t  
a p p e a r s  a t  p i n  1 o f  J4  on t h e  IES 
back p a n e l .

L ogic  g round  which a p p e a r s  a t  p i n s  
12, 13 and 14 o f  J 4 ,  one row o f  p i n s  
e ac h  o f  J l ,  J 2  and J3  and t h e  s h e l l s
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D ata  and c o n t r o l  s i g n a l s  on 
J l ,  J2  and J 3 :

o f  BNC1, BNC2 and BNC3 on th e  IES 
b a ck  p a n e l .  T h is  i s  t h e  ground 
r e f e r e n c e  f o r  T l , T2, Ml, M2, M3 
REF POS and POS SEN, +5V, BLINK, 
TRACK, TRIG s i g n a l s ,  and t h e  d a t a  
and  c o n t r o l  s i g n a l s  o f  c o n n e c to r s  
J l ,  J2  and  J 3 .

C o n n e c to rs  J l ,  J 2  and J 3  on t h e  IES 
b a ck  p a n e l  a r e  40 p in  3M c o n n e c to r s  
p r o v i d in g  c o n n e c t io n s  f o r  t h e  d a t a  
and  c o n t r o l  s i g n a l s  b e tw een  th e  
DEC PDP-8/E com puter  M1703 and 
Ml705 om nibus i n t e r f a c e  m odules 
and  t h e  IES. A l l  s i g n a l s  a r e  TTL 
l e v e l  h ig h  t r u e  s i g n a l s .  O u tpu t 
s i g n a l s  from t h e  IES have  a f a n o u t  
o f  2 .  In p u t  s i g n a l s  t o  t h e  IES 
have  a f a n  i n  o f  1 .  The c o n n e c t io n s  
o f  J l ,  J2  and J 3  a r e  l i s t e d  i n  th e  
t a b l e s  be low .

C o n n e c to r  J l  on th e  IES back  p a n e l  
i s  c o n n e c te d  v i a  40 c o n d u c to r  f l a t  
c a b l e  t o  t h e  com puter  M170S omnibus 
o u tp u t  i n t e r f a c e  c h a n n e l  A. I t s  
c o n n e c t io n s  a r e  a s  f o l lo w s :

J l  P in  S ig n a l  Name_________ Data

D DAI MOTOR 1 s t p  d i r
F DA2 MOTOR 1 4 5 “c t  (MSB)
J DA3 MOTOR 1 45° c t
L DA4 MOTOR 1 45° c t
N DAS MOTOR 1 4 5 ° c t  (LSB)
T DA7 MOTOR 2 s t p  d i r
V > DA8 MOTOR 2 4 5 “c t  CMSB)
X DA9 MOTOR 2 45° c t
T DAI 0 MOTOR 2 4 5 “ c t

BB DA11 MOTOR 2 4 5 ° c t  (LSB)
FF DEV RDY D evice  r e a d y  f l a g
J J DSACH) D ata  s t r o b e  A
TT CFA C o n tro l  f l a g  A

A-UU LG GND L ogic  ground
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DEV RDY i s  a h ig h  l e v e l  s i g n a l  which 
s e t s  t h e  M1705 i n t e r f a c e  c h a n n e l  A 
f l a g .  T h is  f l a g  i n d i c a t e s  t o  s o f t 
ware t h a t  a l l  VPS s t e p p e r  motor, 
movements have f i n i s h e d .  T h at i s ,  
t h e  s e l e c t e d  t a r g e t  i s  a v a i l a b l e  f o r  
s u b j e c t  v ie w in g .  The IES f r o n t  p a n e l  
i n d i c a t o r  w i l l  l i g h t  when DEV RDY i s  
s e t  h ig h .  DSA(H) i s  a  1 m ic ro se co n d  
h ig h  l e v e l  p u l s e  u se d  t o  s t r o b e  th e  
d a t a  o f  Ml70S c h a n n e l  A i n t o  t h e  
m o to r  c o u n t  l a t c h e s  o f  t h e  IES.
CFA i s  an a c t i v e  h ig h  l e v e l  s i g n a l  
from t h e  M1705 c h a n n e l  A w hich i s  
u sed  by co m p u te r  s o f tw a r e  t o  i n i t i a t e  
VPS m o to r  m ovem ents.

C o n n e c to r  J2  on th e  IES back  p a n e l  i s  
c o n n e c te d  v i a  40 c o n d u c to r  f l a t  c a b l e  
t o  t h e  co m p u te r  Ml705 om nibus o u tp u t  
i n t e r f a c e  c h a n n e l  B. I t s  c o n n e c t io n s  
a r e  a s  f o l lo w s :

J 2  p i n  S ig n a l  Name_______ D ata

T DB7 MOTOR 3 s t p  d i r
V DBS MOTOR 3 f i l  c t  (MSB)
X DB9 MOTOR 3 f i l  c t

DB10 MOTOR 3 f i l  c t
BB DB11 MOTOR 3 f i l  c t  (LSB)

J J DSB(H) D ata  s t r o b e  B
A-UU LG GND L ogic  ground

DSB(H) i s  a  1 m ic ro se c o n d  h ig h  l e v e l  
p u l s e  u se d  t o  i n d i c a t e  a  z e ro  m o to r  
movement t o  th e  IES f o r  VPS s t e p p e r  
m otor MOTOR 3.

C o n n e c to r  J3  on t h e  IES back  p a n e l  i s  
c o n n e c te d  v i a  40 c o n d u c to r  f l a t  c a b l e  
t o  t h e  M1703 omnibus in p u t  i n t e r f a c e .  
I t s  c o n n e c t io n s  a r e  a s  f o l lo w s :

J3  p in  S ig n a l  name_______ D ata_________

B FAIL F a i l u r e  i n d i e  b i t
DD READ REQ Read r e q u e s t

A-UU LG GND Logic ground
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READ REQ i s  a  2 -3  m ic ro se co n d  low 
p u l s e  a t  th e  o n s e t  o f  VPS t a r g e t  
d e f l e c t i o n  t im e  T2. T h is  s i g n a l  i s  
u se d  t o  s e t  t h e  Ml703 i n t e r f a c e  
f l a g ,  a l lo w in g  t h e  co m puter  t o  r e a d  
t h e  FAIL f a i l u r e  b i t  u n d e r  s o f tw a r e  
c o n t r o l .  The FAIL b i t  i s  n o rm a l ly  
low . I t  w i l l  b e  s e t  h ig h  by a 
s u b j e c t  e y e b l in k  o r  an e y e t r a c k e r  
t r a c k  l o s s  o c c u r r i n g  d u r in g  VPS 
t a r g e t  d e f l e c t i o n  t im e  T2. T h is  b i t  
i s  a lw ays r e s e t  a t  t h e  end o f  t im e  
T2.
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C o n t r o l s  and I n d i c a t o r s  

POWER:

RESET:

REF POS:

READY:

FAIL:

F ro n t  p a n e l  s w i t c h  u se d  t o  a p p ly  
l i n e  power t o  t h e  IES c i r c u i t r y .  The 
power l i g h t  w i l l  s h in e  when power i s  
a p p l i e d .

F r o n t  p a n e l  p u s h b u t to n  used  t o  a p p ly  
a  r e s e t  p u l s e  t o  a l l  IES r e g i s t e r s  
and  f l a g s .  When t h i s  p u s h b u t to n  i s  
a c t u a t e d  t h e  IES e l e c t r o n i c s  a r e  
i n i t i a l i z e d  t o  t h e i r  pow er-up  
c o n d i t i o n s .

F ro n t  p a n e l  p u s h b u t to n  used  to  a p p ly  
p u l s e s  t o  t h e  VPS s t e p p e r  m o to rs .
T h is  a l lo w s  t h e  s t e p p e r  m o to rs  t o  
move th e  VPS t a r g e t  p a ra m e te r  
m ec h an ica l  a s s e m b l i e s  u n t i l  t h e y  
r e a c h  t h e i r  r e s p e c t i v e  r e f e r e n c e  
p o s i t i o n s  a t  w hich  t im e  t h e  m o to rs  
w i l l  d i s c o n t i n u e  m ovements. When 
a l l  a s s e m b l ie s  have  r e a c h e d  t h e i r  
r e f e r e n c e  p o s i t i o n s  t h e  IES f r o n t  
p a n e l  READY i n d i c a t o r  w i l l  l i g h t  
and t h e  DEV RDY f l a g  w i l l  be s e t .
The m ec h an ica l  a sse m b ly  r e f e r e n c e  
p o s i t i o n s  y i e l d  a  t a r g e t  s p o t  whose 
p a ra m e te r s  a r e :  2 .0  d e g r e e s  r a d i u s ,
0 d e g r e e s  a n g le ,  f i l t e r  number 0 
f t h e  most d e n s e ) .

F ro n t  p a n e l  i n d i c a t o r  which l i g h t s  
w henever t h e  DEV RDY f l a g  i s  s e t .
T h is  i n d i c a t o r  n o t i f i e s  t h e  u s e r  
w henever a l l  VPS s t e p p e r  m o to r  move
m ents  a r e  c o m p le te d .  T h is  i n d i c a t o r  
w i l l  t h u s  come on when t h e  VPS 
m e c h a n ic a l  a s s e m b l i e s  have  re a c h e d  
t h e i r  r e f e r e n c e  p o s i t i o n s  and when
e v e r  th e y  have  f i n i s h e d  a com p u te r  
d i r e c t e d  t a r g e t  p a ra m e te r  s e l e c t i o n .

F ro n t  p a n e l  i n d i c a t o r  w hich  w i l l  
l i g h t  i f  a  f a i l u r e  o c c u r s  d u r in g  VPS 
t a r g e t  d e f l e c t i o n  t im e  T2. The 
e y e t r a c k e r  BLINK and TRACK s i g n a l s  
a r e  c o n n e c te d  t o  t h e i r  IES r e a r  
p a n e l  BNC c o n n e c to r s  so  t h a t  w henever 
a  s u b j e c t  e y e b l in k  o r  e y e t r a c k e r
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MANUAL/AUTO:

CLK/SINGLE STEP:

STEP:

MANUAL SPEED:

Ml MAN:

t r a c k  l o s s  o c c u r s  d u r in g  VPS t a r g e t  
d e f l e c t i o n  t im e  T2 th e  FAIL i n d i c a t o r  
w i l l  l i g h t  and t h e  FAIL b i t  w i l l  be 
s e t .

F r o n t  p a n e l  s w i tc h  u se d  t o  s e l e c t  th e  
MANUAL ( u s e r )  o r  AUTO (com pu ter)  
c o n t r o l  mode f o r  t h e  VPS s t e p p e r  
m o to rs .

F ro n t  p a n e l  s w i tc h  u se d  t o  a p p ly  
c o n t in u o u s  c lo c k  p u l s e s  (CLK) o r  
s i n g l e  s t e p  p u l s e s  (SINGLE STEP) to  
t h e  VPS s t e p p e r  m o to rs  when t h e  u s e r  
s e l e c t s  th e  MANUAL mode o f  s t e p p e r  
m o to r  c o n t r o l .

F ro n t  p a n e l  p u s h b u t to n  u se d  i n  co n 
j u n c t i o n  w i th  th e  CLK/SINGLE STEP 
and MANUAL/AUTO c o n t r o l s .  When th e  
u s e r  s e l e c t s  b o th  th e  MANUAL s t e p p e r  
m o to r mode and t h e  SINGLE STEP p u l s e  
mode he may c a u s e  any one o f  th e  
t h r e e  VPS s t e p p e r  m o to rs  t o  advance  
one s t e p  by a c t u a t i n g  t h e  STEP 
p u s h b u t to n .

F ro n t  p a n e l  c o n t r o l  u se d  t o  a d j u s t  
t h e  VPS s t e p p e r  m o to rs  s t e p  speed  
when t h e y  a r e  u sed  i n  th e  MANUAL 
mode o f  c o n t r o l .  T h is  c o n t r o l  a l s o  
a d j u s t s  t h e  s t e p  speed  o f  VPS m o to r 
MOTOR 3 ( t h e  f i l t e r  a s se m b ly  m oto r)  
i n  t h e  AUTO mode o f  s t e p p e r  m o to r  
c o n t r o l .  A d d i t i o n a l l y  t h i s  c o n t r o l  
c o n t r o l s  t h e  s t e p  speed  o f  a l l  t h r e e  
VPS s t e p p e r  m o to rs  d u r i n g  th e  REF 
POS r e f e r e n c e  p o s i t i o n i n g  a u to m a t ic  
c y c l e .

F ro n t  p a n e l  s w i t c h  u se d  t o  s e l e c t  
t h e  VPS s t e p p e r  m o to r  MOTOR 1 f o r  
movement when t h e  s w i tc h  i s  u se d  in  
c o n ju n c t i o n  w i th  t h e  MANUAL o p e r a 
t i o n  mode. The m otor  w i l l  move when 
t h e  s w i tc h  i s  p la c e d  i n  th e  M 
p o s i t i o n .
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M2 MAN: F ro n t  p a n e l  sw itc h  u sed  to  s e l e c t
th e  VPS s t e p p e r  m otor MOTOR 2 f o r  
movement when t h e  sw itc h  i s  used  
in  c o n ju n c t io n  w ith  th e  MANUAL 
o p e r a t io n  mode. The m otor w i l l  move 
when th e  sw itc h  i s  p la c e d  in  th e  M 
p o s i t i o n .

M3 MAN: F ro n t  p a n e l  sw itc h  used  to  s e l e c t
th e  VPS s t e p p e r  m otor MOTOR 3 f o r  
movement when th e  s w itc h  i s  u sed  
in  c o n ju n c t io n  w ith  th e  MANUAL 
o p e r a t i o n  mode. The m otor w i l l  move 
when th e  sw itc h  i s  p la c e d  in  th e  M 
p o s i t i o n .

Ml MAN DIR: F ro n t  p a n e l  sw itc h  used  t o  s e l e c t  th e
r o t a t i o n  d i r e c t i o n  o f  VPS MOTOR 1, 
c lo c k w ise  (CW) o r  c o u n te r  c lo c k w ise  
(CCW) in  th e  MANUAL m otor o p e r a t io n  
mode o f  th e  IES.

M2 MAN DIR: F ro n t  pane l  sw itc h  u se d  t o  s e l e c t
th e  r o t a t i o n  d i r e c t i o n  o f  VPS MOTOR 2 
c lo c k w ise  (CW) o r  c o u n te r  c lo c k w ise  
(CCW) , in  th e  MANUAL m otor o p e r a t io n  
mode o f  t h e  IES.

M3 MAN DIR: F ro n t  p an e l  sw itc h  used  to  s e l e c t
th e  r o t a t i o n  d i r e c t i o n  o f  th e  VPS 
MOTOR 3 , c lo c k w ise  (CW), o r  c o u n te r  
c lo c k w ise  (CCW), in  th e  MANUAL m otor 
o p e r a t i o n  mode o f  th e  IES.

AUTO SPEED: F ro n t  p a n e l  c o n t r o l  u sed  to  a d j u s t
th e  s t e p  speed o f  VPS s t e p p e r  m o to rs  
MOTOR 1 and MOTOR 2 i n  th e  AUTO 
m otor o p e r a t io n  mode o f  the  IES.
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O p e r a t in g  I n s t r u c t i o n s

The IES p ack ag e  i s  d e s ig n e d  s p e c i f i c a l l y  t o  o p e r a t e  i n  c o n ju n c t i o n  

w i th  t h e  VPS and th e  PDP-8/E co m p u te r .  I t  i s  assumed t h a t  th e  r e a d e r  

h a s  r e a d  and u n d e rs to o d  a l l  s e c t i o n s  c o n c e rn in g  t h e  VPS, and t h e  

s e c t i o n s  c o n c e rn in g  t h e  IES i n p u t s ,  o u t p u t s ,  and c o n t r o l s .

(1) B e fo re  a p p ly in g  power t o  t h e  IES, make s u r e  a l l  c a b l e s  r u n n in g  

be tw een  th e  IES, t h e  PDP-8/E, t h e  VPS, and t h e  e y e t r a c k e r  a r e  p r o p e r l y  

c o n n e c te d  t o  t h e i r  r e s p e c t i v e  in p u t  and o u tp u t  j a c k s ,

(2) Connect t h e  IES power c o rd  to  a 120 VAC, 50-60  Hz, 20 AMP o u t l e t .  

Apply power t o  t h e  IES and a l lo w  th e  IES c i r c u i t r y  t o  warm up f o r  a  

c o u p le  o f  m in u te s .

(3) The u s e r  may now ch o o se  t o  o p e r a t e  t h e  VPS s t e p p e r  m o to rs  u n d e r  

manual c o n t r o l .  I f  t h i s  i s  d e s i r e d  he s h o u ld  s e l e c t  t h e  MANUAL s w i tc h  

p o s i t i o n  o f  t h e  IES f r o n t  p a n e l  MANUAL/AUTO s w i tc h .  The u s e r  i s  now 

f r e e  t o  move t h e  VPS m o to rs  i n  e i t h e r  d i r e c t i o n  and a t  any  r a t e  o f  

from  0 t o  200 s t e p s  p e r  se co n d  u s in g  t h e  IES f r o n t  p a n e l  c o n t r o l s .

(4) I f  t h e  u s e r  c h o o se s  n o t  t o  u s e  t h e  m anual VPS m o to r  c o n t r o l  mode, 

b u t  r a t h e r  t h e  a u to m a t ic  c o n t r o l  mode, he m ust e n e r g i z e  t h e  PDP-8/E 

com puter  and c a l l  an a p p r o p r i a t e  s o f tw a r e  c o n t r o l  p a ck a g e  i n t o  com p u te r  

memory.

(5) When u s in g  t h e  a u to m a t ic  c o n t r o l  mode o f  th e  IES, i t  i s  s u g g e s te d  

t h a t  t h e  u s e r  f i r s t  s e t  up t h e  VPS f o r  o p e r a t i o n  a s  d e s c r i b e d  i n  t h e  

VPS o p e r a t i n g  i n s t r u c t i o n s .  A f t e r  t h e  VPS h as  been  a d j u s t e d  and  wanned
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up f o r  i t s  one h o u r  warm up p e r i o d  th e  u s e r  sh o u ld  th e n  e n e r g i z e  t h e  

IES and PDP-8/E c o m p u te r .  A f t e r  a few m in u te s  o f  warm up th e  u s e r  

can  c a l l  h i s  s o f tw a r e  c o n t r o l  p a c k a g e .  T h is  s o f tw a r e  p ackag e  sh o u ld  

f i r s t  r e q u e s t  th e  u s e r  t o  i n i t i a t e  an a u to m a t i c  r e f e r e n c e  p o s i t i o n  

c y c le  by a c t u a t i n g  t h e  REF POS p u s h b u t to n  on t h e  IES f r o n t  p a n e l .

Then t h e  s o f tw a r e  sh o u ld  w a i t  f o r  t h e  DEV RDY s i g n a l  from t h e  IES 

b e fo r e  p r o c e e d in g  w i th  any  VPS m oto r  c o n t r o l  c y c l e s .

(6) As an  exam ple o f  t h e  c o m p le te  u t i l i z a t i o n  o f  th e  TPS (IES and VPS 

com bined) w i th  th e  PDP-8/E co m p u te r  t h e  f o l lo w in g  s e t  up h a s  b een  

s u c c e s s f u l l y  u sed  by t h e  a u th o r :

A ll  c o n n e c t io n s  be tw een  t h e  VPS, IES, PD P-8/E, and t h e  C o rn sw ee t-  

C rane  e y e t r a c k e r  a r e  ch ecked  t o  be s u r e  t h a t  t h e y  a r e  p r o p e r l y  made.

The VPS i s  e n e r g iz e d  and a l lo w e d  t o  warm up f o r  a t  l e a s t  60 m in u te s .  

D uring  VPS warm up t h e  VPS p r o j e c t o r  l i g h t  l e v e l s  a r e  a d j u s t e d  to  

t h e i r  d e s i r e d  l e v e l s ,  t h e  p o s i t i o n i n g  o f  th e  F I ,  B l ,  F2, and B2 

p r o j e c t o r  d i s p l a y  p a t t e r n s  on t h e  v ie w in g  s c r e e n  a r e  checked  f o r  

c o r r e c t n e s s ,  t h e  o p e r a t i o n  o f  a l l  VPS p r o j e c t o r  s h u t t e r s  i s  ch ecked  

f o r  c o r r e c t n e s s ,  t h e  PDP-8/E co m puter  h a rd w are  i s  e n e r g iz e d  and a llo w e d  

to  warm u p ,  and t h e  e y e t r a c k e r  i s  e n e r g iz e d  and a llo w e d  t o  warm u p .

A f t e r  t h e  warm up p e r i o d  th e  VPS F2 and FI p r o j e c t o r  p a t t e r n s  a r e  

u se d  w i th  t h e  s u b j e c t  t o  c a l i b r a t e  t h e  e y e t r a c k e r  H4 and V4 o u tp u t  

g a in s  t o  0 .2  v o l t s  p e r  d e g re e  o f  s u b j e c t  eye r o t a t i o n .  Then th e  VPS 

a u to m a t ic  s h u t t e r  mode SP i s  c h o sen  and checked  f o r  o p e r a t i o n ,  T l 

d e la y  t im e  i s  s e t  f o r  1 .5  s e c o n d s ,  T2 t a r g e t  d e f l e c t i o n  t im e  i s  s e t  

f o r  3 s e c o n d s .  The o t h e r  VPS s h u t t e r s  a r e  s e t  a s  f o l lo w s :  FI s h u t t e r
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c l o s e d ,  B1 s h u t t e r  o pen , B2 s h u t t e r  c l o s e d .  T h is  p r o v id e s  th e  s u b j e c t  

w i th  a  v ie w in g  s c r e e n  p a t t e r n  o f  a  c e n t r a l  f i x a t i o n  t a r g e t  s p o t  and a  

c o n s t a n t  background  i l l u m i n a t i o n .

Program  package  ADCOM i s  c a l l e d  i n t o  co m p u te r  c o r e  memory and t h e  

sam p lin g  p a r a m e te r s  a r e  s e t  t o  two c h a n n e ls  s t a r t i n g  w i th  c h a n n e l  0 ,

5 m i l l i s e c o n d s  sa m p lin g  p e r i o d  and 500 sam ples  p e r  c h a n n e l .  A b e g in n in g  

f i l e  name i s  c h o se n ,  a l l  t a r g e t  p o s i t i o n s  a r e  l e f t  e n a b le d ,  and an 

i n i t i a l  t a r g e t  p o s i t i o n  s c ra m b l in g  f a c t o r  i s  c h o s e n .  The IES i s  

e n e r g iz e d  and a llo w e d  t o  warm up f o r  a  c o u p le  o f  m in u te s  and  sam p lin g  

mode AR i s  c h o sen  f o r  d a t a  sam p lin g  and c o n t r o l .

The AR sam p lin g  mode o f  ADCOM f i r s t  r e q u e s t s  t h e  u s e r  t o  push  

th e  IES REF POS p u s h b u t to n  and t h e n  w a i t s  f o r  t h e  DEV RDY f l a g  from 

th e  IES w h ich  i n d i c a t e s  t h a t  t h e  VPS t a r g e t  p a ra m e te r  m e c h an ica l  

a s s e m b l ie s  have  re a c h e d  t h e i r  r e f e r e n c e  p o s i t i o n s .  When t h e  DEV RDY 

(and t h e  IES READY i n d i c a t o r )  i n d i c a t e  t h a t  t h e  VPS i s  i n i t i a l i z e d  

t h e  AR sa m p lin g  mode s e l e c t s  t a r g e t  p a r a m e te r s  and c o n t r o l s  t h e  IES 

t o  move t h e  VPS t a r g e t  a s s e m b l ie s  t o  new p o s i t i o n s .  The DEV RDY 

f l a g  w i l l  b e  s e t  a g a in  when t h e  VPS a s s e m b l i e s  have re a c h e d  t h e i r  new 

p o s i t i o n s .  The u s e r  c a n  now i n i t i a t e  an e x p e r im e n ta l  t r i a l  by 

a c t i v a t i n g  t h e  VPS GO p u s h b u t to n .  When t h i s  i s  done t h e  VPS w arn ing  

b u z z e r  sounds f o r  th e  d e la y  t im e  T l ( 1 .5  seco n d s  h e re )  a f t e r  which t h e  

c e n t r a l  f i x a t i o n  s p o t  on  t h e  VPS t a r g e t  v ie w in g  s c r e e n  i s  " d e f l e c t e d "  

t o  t h e  t a r g e t  p o s i t i o n  a s  s e t  by t h e  VPS s p o t  g e n e r a t i o n  m asks. The 

c o n t r a s t  o f  t h e  t a r g e t  w i l l  be d e te rm in e d  by t h e  f i l t e r  s e t  by th e  

m ovable f i l t e r  a ssem b ly  o f  t h e  VPS. The t a r g e t  s p o t  re m a in s  on f o r



t h e  T2 t a r g e t  d e f l e c t i o n  t im e  a f t e r  which t h e  s p o t  " r e t u r n s "  to  t h e  

c e n t r a l  f i x a t i o n  s p o t  l o c a t i o n .  The co m p u te r  sam p les  th e  e y e t r a c k e r  

H4 and V4 eye r o t a t i o n  s i g n a l s  f o r  2 .5  se co n d s  b e g in n in g  a t  th e  s t a r t  

o f  t h e  T2 t a r g e t  d e f l e c t i o n  p e r i o d .  At t h e  end o f  s a m p lin g  th e  com puter 

c h e c k s  t h e  IES FAIL b i t .  I f  no f a i l u r e  h as  o c c u r r e d  th e  d a t a  r e c o r d  

j u s t  t a k e n  i s  s t o r e d  on d i s k  FL2 w i th  t h e  m ost c u r r e n t  f i l e  name a s  

t h e  d a t a  r e c o r d  name, a  new s e t  o f  t a r g e t  p a ra m e te r s  i s  c h o se n ,  and 

th e  VPS a s s e m b l ie s  a r e  moved t o  t h e i r  a p p r o p r i a t e  l o c a t i o n s  as  

d i c t a t e d  by t h e s e  new t a r g e t  p a r a m e te r s .  The above p r o c e s s  i s  r e p e a t e d  

u n t i l  a l l  40 t a r g e t  p o s i t i o n s  have  been t e s t e d  o nce ;  t h e  e x p e r im e n ta l  

s e s s i o n  e n d s .  I f  a  f a i l u r e  o c c u r s  d u r in g  d a t a  sam p lin g  (T2 d e f l e c t i o n  

p e r io d ]  t h e  d a t a  f o r  t h a t  r e c o r d  i s  r e j e c t e d  and n o t  s t o r e d  on d i s k ,  

new t a r g e t  p a ra m e te r s  a r e  s e t  i n t o  th e  VPS and t h e  e x p e r im e n ta l  

s e s s i o n  p r o c e e d s .
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C i r c u i t  O p e ra t io n

The c i r c u i t s  o f  t h e  IES a r e  d iv id e d  i n t o  f u n c t i o n a l  s e c t i o n s  each  

o f  w hich  i s  c o n ta in e d  on a  s i n g l e  c i r c u i t  c a r d .  C i r c u i t  c a rd  1 con

t a i n s  th e  a u to m a t ic  mode s t e p p e r  m o to rs  s t e p  c o u n te r s  and r e g i s t e r s .  

C i r c u i t  c a rd  2 c o n t a i n s  th e  s t a r t - u p  and a u to m a t i c  m o to r  movement 

c o n t r o l  l o g i c  and f l a g  r e g i s t e r s .  C i r c u i t  c a r d  3 c o n t a i n s  th e  m anua l/  

a u to  mode c o n t r o l  l o g i c  f o r  t h e  s t e p p e r  m o to r s .  C i r c u i t  c a r d  4 con

t a i n s  t h e  s e n s o r  d e t e c t i o n  c i r c u i t r y  f o r  t h e  VPS t a r g e t  p a ra m e te r  

m e c h an ica l  a s s e m b l i e s '  r e f e r e n c e  p o s i t i o n  s e n s o r s  and p o s i t i o n  s e n s o r s .  

C i r c u i t  c a r d  6 c o n t a i n s  t h e  +24 v o l t ,  -24 v o l t ,  and t h e  +5 v o l t  DC 

power s u p p l i e s '  r e g u l a t i o n  c i r c u i t r y .  C i r c u i t  c a r d s  7 ,  8 and 9 a r e  

t h e  power d r i v e r  c a r d s  f o r  t h e  t h r e e  VPS s t e p p e r  m o to rs .  Card 7 was 

c o n s t r u c t e d  by t h e  a u th o r  f o r  d r i v i n g  t h e  S u p e r io r  E l e c t r i c  ty p e  

SS25 s t e p p e r  m otor (VPS MOTOR 3 ) .  C ards  8 and 9 a r e  S u p e r io r  E l e c t r i c  

Company ty p e  STM101 t r a n s l a t o r  c a r d s  d e s ig n e d  f o r  u se  w i th  t h e  two 

S u p e r io r  E l e c t r i c  t y p e  M063-FD06 s t e p p e r  m o to rs  (VPS MOTOR 1 and 

MOTOR 2 r e s p e c t i v e l y ) .

The o p e r a t i o n  o f  IES c i r c u i t r y  can  b e s t  be u n d e rs to o d  by r e f e r r i n g  

t o  t h e  t im in g  d iag ram s  shown i n  F i g . ' s  30 , 31, 32 , 33 and 3 4 . When 

power i s  a p p l i e d  t o  t h e  IES a l l  c i r c u i t s  a r e  i n i t i a l i z e d  by t h e  SUI 

and SUI1 s i g n a l s  o f  c a rd  2 a s  shown i n  F ig .  30. When t h e  IES i s  t o  

be u se d  u n d e r  s o f tw a r e  c o n t r o l  a  r e f e r e n c e  p o s i t i o n i n g  c y c l e  a s  shown 

i n  t im in g  d iag ram  F i g .  30 must be c o m p le te d .  T h at i s ,  co m pu te r  

s o f tw a r e  sh o u ld  r e q u e s t  and w a i t  f o r  t h e  u s e r  t o  a c t u a t e  t h e  REF POS 

p u s h b u t to n  on t h e  IES f r o n t  p a n e l .  T h is  a c t i o n  a p p l i e s  c lo c k  p u l s e s
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t o  t h e  t h r e e  VPS s t e p p e r  m o to rs  and d r i v e s  them i n  t h e i r  c lo c k w is e  

d i r e c t i o n s  u n t i l  t h e  r e f e r e n c e  p o s i t i o n  s e n s o r s  i n d i c a t e  t h a t  th e  

m o to rs  have moved t h e i r  r e s p e c t i v e  VPS t a r g e t  p a r a m e te r  m e c h a n ic a l  

a s s e m b l i e s  t o  t h e i r  r e s p e c t i v e  r e f e r e n c e  p o s i t i o n s .  The t h r e e  f l a g s  

M1SUF, M2SUF, and M3SUF o f  c a r d  2 w i l l  be s e t  a s  t h e i r  r e s p e c t i v e  VPS 

a s s e m b l ie s  r e a c h  t h e i r  r e f e r e n c e  p o s i t i o n s .  F o r example when MOTOR 1 

has d r i v e n  i t s  m e c h a n ic a l  a s se m b ly  ( t h e  A t a r g e t  s p o t  mask) t o  i t s  

r e f e r e n c e  p o s i t i o n  t h e  M1SUF f l a g  w i l l  be  s e t  and c lo c k  p u l s e s  w i l l  be 

i n h i b i t e d  from t h e  MOTOR 1 d r i v e  c a r d  ( c a rd  8 ) .  A f t e r  t h e  l a s t  o f  

t h e  r e f e r e n c e  p o s i t i o n  f l a g s  (SUF’ s)  i s  s e t  t h e  SUI1 and DEV RDY f l a g s  

o f  c a rd  2 a r e  s e t .  The READY i n d i c a t o r  on t h e  IES f r o n t  p a n e l  w i l l  

l i g h t  t o  i n d i c a t e  t o  t h e  u s e r  t h a t  t h e  VPS a s s e m b l ie s  a r e  i n i t i a l i z e d .  

The IES i s  now r e a d y  t o  a c c e p t  co m p u te r  commands and t a r g e t  p a r a m e t e r s .  

At any  t im e  d u r i n g  t h e  a u to m a t ic  o p e r a t i o n  mode o f  t h e  IES t h e  u s e r  

may a c t u a t e  t h e  RESET p u s h b u t to n  on t h e  IES f r o n t  p a n e l  and p e r fo rm  a  

m anual r e s e t  o f  a l l  IES c o n t r o l  l o g i c ,  se e  F ig .  30. T h is  r e t u r n s  

a l l  IES c o n t r o l  l o g i c  t o  c o n d i t i o n s  p r e s e n t  s h o r t l y  a f t e r  t h e  pow er-on  

s e q u e n c e .  A l l  f l a g s  a r e  r e s e t  a s  i n d i c a t e d  i n  F ig .  30. The u s e r  must 

i n i t i a t e  a n o th e r  r e f e r e n c e  p o s i t i o n i n g  c y c l e  b e f o r e  t h e  s o f tw a r e  can  

c o n t in u e  i t s  a u to m a t ic  IES c o n t r o l .  I t  sh o u ld  be n o te d  h e re  t h a t  due 

t o  t h e  r e l a t i v e  p o s i t i o n i n g  n a t u r e  o f  th e  IES and com puter s o f t w a r e ,  

i f  a  r e s e t  i s  p e r fo rm e d ,  t h e  s o f tw a r e  sh o u ld  a l s o  be r e s t a r t e d  a t  i t s  

b e g in n in g .

By r e f e r r i n g  t o  F i g . ' s  31 and 32 t h e  a u to m a t ic  ( s o f tw a r e )  c o n t r o l  

mode se q u en c e  o f  t h e  IES c a n  be u n d e r s to o d .  The co m puter  s o f tw a r e  m ust



95

f i r s t  c a l c u l a t e  th e  number o f  " s t e p s '1 (45° movements by MOTOR 1 and 

MOTOR 2 and 90* movements by MOTOR 3) r e q u i r e d  f o r  each  VPS m otor and 

a l s o  i t s  d i r e c t i o n .  T h is  in fo rm a t io n  i s  th e n  p la c e d  a t  th e  o u tp u ts  

o f  th e  M1705 omnibus o u tp u t  i n t e r f a c e .  Under so f tw a re  c o n t r o l  th e  

DSA(H) s t r o b e  p u l s e  i s  i s s u e d .  T h is  lo a d s  th e  coun t r e g i s t e r s  U9,

U13 and U17 on ca rd  1 w ith  th e  M1705 d a t a .  I t  a l s o  i n i t i a t e s  th e  DS1 

s t r o b e  s ig n a l  o f  c a rd  1. The DS1 s t r o b e  s i g n a l  lo a d s  th e  s t e p  c o u n ts  

f o r  each m otor from th e  U9, U13 and U17 r e g i s t e r s  i n t o  t h e  down

c o u n te r s  U5, US and U20 r e s p e c t i v e l y  on c a rd  1. The DS1 s t r o b e  a l s o

c l e a r s  t h e  DEV RDY f l a g  r e g i s t e r  U2 on c a rd  2 . The com puter so f tw a re  

now s e t s  th e  M1705 CFA f l a g  to  i n i t i a t e  VPS s t e p p e r  m otor  movements. 

C lock p u l s e s  a r e  a p p l i e d  to  th e  m otor d r i v e r  c a rd s  7 ,  8 and 9 th ro u g h  

t h e  g a te s  U9A, U9B and U10A on c a rd  2 and th ro u g h  t h e  r o u t in g  c i r c u i t r y  

o f  c a rd  3 . When a down c o u n te r  on c a rd  1 re a c h e s  co u n t  zero  t h e  c a r r y  

o u t  s i g n a l  o f  th e  c o u n te r  w i l l  go low (CO o f  US, US o r  U20 on c a rd  1 ) .  

T h is  w i l l  i n h i b i t  c lo c k  p u l s e s  from re a c h in g  th e  p a r t i c u l a r  motor 

a s s o c i a t e d  w ith  th e  ca rd  1 c o u n te r  t h a t  h a s  reach ed  ze ro  co u n t.

Once th e  l a s t  c o u n te r  on c a rd  1 r e a c h e s  z e ro  a l l  m otor movements w i l l

s to p  and th e  DEV RDY f l a g  o f  c a rd  2 w i l l  be s e t  i n d i c a t i n g  to  th e  

com puter s o f tw a re  t h a t  th e  VPS a s s e m b l ie s  have  reach ed  t h e i r  d e s i r e d  

l o c a t i o n s .  The so f tw a re  and t h e  IES c i r c u i t r y  now w a i t  f o r  t h e  u s e r  

to  a c t u a t e  th e  VPS GO p u s h b u t to n .  T h is  a c t i o n  i n i t i a t e s  t h e  T1 d e la y  

p e r io d  a t  th e  b e g in n in g  o f  which th e  READY i n d i c a t o r  on th e  IES f r o n t  

p a n e l  i s  tu rn e d  o f f .  During th e  T1 d e la y  p e r io d  th e  VPS w arning 

b u z z e r  sounds . The TI d e la y  p e r io d  i s  fo l lo w ed  by t h e  T2 t a r g e t
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d e f l e c t i o n  p e r io d  d u r i n g  which t h e  s u b j e c t  i s  v ie w in g  t h e  o f f - a x i s  

t a r g e t  s p o t  and t h e  co m p u te r  i s  sam p lin g  t h e  e y e t r a c k e r  o u tp u t  d a t a .  

The READ REQ and COMP CLK TRIG p u l s e  s i g n a l s  a r e  g e n e r a te d  on c a r d  2 

by g a t e s  U13F, U14E, and U14F a t  t h e  b e g in n in g  o f  t h e  T2 t a r g e t  

d e f l e c t i o n  p e r i o d .

At any  t im e  d u r i n g  th e  o p e r a t i o n  o f  t h e  IES t h e  u s e r  may ch o o se  

t o  s e l e c t  t h e  m anual o p e r a t i n g  mode f o r  t h e  VPS m o to rs .  T h is  c a u s e s  

t h e  m u l t i p l e x e r s  US and U15 on c a rd  3 t o  s e l e c t  t h e i r  B i n p u t s  and 

t h u s  a l lo w  th e  u s e r  t o  c o n t r o l  t h e  VPS m o to r  movements w i th  IES f r o n t  

p a n e l  s w i tc h e s  and p u s h b u t to n s .  F ig .  33 i n d i c a t e s  t h e  m a n u a l /a u to  

o p e r a t i o n  mode s e l e c t i o n  t im i n g .  C are  sh o u ld  be  t a k e n  when t h e  manual 

mode o f  o p e r a t i o n  i s  ch o sen  d u r i n g  an a u to m a t ic  c o n t r o l  c y c l e .

P o s i t i o n  s e n s in g  o f  t h e  VPS m e c h a n ic a l  a s s e m b l ie s  i s  a lw ays r e l a t i v e .  

Thus manual a d ju s tm e n t s  o f  th e  VPS m e c h a n ic a l  a s se m b ly  p o s i t i o n s  

d u r i n g  a u to m a t ic  c o n t r o l  may d i s r u p t  th e  a u to m a t ic  p o s i t i o n i n g  o f  

th e  VPS a s s e m b l i e s .

The o p e r a t i o n  o f  t h e  f a i l u r e  d e t e c t i o n  c i r c u i t r y  and t h e  FAIL 

f l a g  can  be u n d e r s to o d  by r e f e r r i n g  t o  t h e  t im in g  d iag ram  o f  F ig .  34. 

On c a r d  2 U14D and U20C w i th  t h e i r  a s s o c i a t e d  r e s i s t o r s  and d io d e s  

s e n s e  th e  l e v e l s  o f  t h e  e y e t r a c k e r  BLINK and TRACK s i g n a l s .  I f  e i t h e r  

BLINK i s  h ig h  o r  TRACK i s  low d u r in g  t a r g e t  d e f l e c t i o n  p e r i o d  T2 th e  

f l i p - f l o p  U7B on c a rd  2 w i l l  be s e t  by t h e  c lo c k  p u l s e s  s u p p l i e d  by 

U20B on c a rd  2. Thus t h e  FAIL f l a g  on  c a r d  2 w i l l  be s e t  and t h e  FAIL 

i n d i c a t o r  on th e  IES f r o n t  p a n e l  w i l l  l i g h t .  N ote  t h a t  U7B on c a r d  2 

i s  h e ld  i n  r e s e t  u n t i l  b o th  SUI1 i s  s e t  and T2 i s  p r e s e n t .



The p o s i t i o n  s e n s o r  d e t e c t i o n  c i r c u i t r y  on c a r d  4 p r o v id e s  th e  

r e f e r e n c e  p o s i t i o n  s i g n a l s  MIS, M2S and M3S to  s t r o b e  th e  M1SUF, 

M2SUF and M3SUF f l a g  r e g i s t e r s  US and  U7A on c a r d - 2 .  The p o s i t i o n  

s e n s o r  d e t e c t i o n  c i r c u i t r y  o f  c a r d  4 a l s o  p r o v i d e s  t h e  c lo c k  p u l s e s  

MIC, M2C and M3C t o  th e  m otor s t e p  down c o u n te r s  US, U8 and U20 on 

c a r d  1.
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Notes f o r  t im in g  diagram  F ig . 30

A. Power i s  a p p l ie d  to  th e  IES by th e  u s e r .

B. Power-on r e s e t  r e l e a s e d  from U16, U5, U7A, U12 and U2 on card  2
and US on card  3.

C. REF POS p u shb u tto n  on th e  IES f r o n t  panel i s  a c tu a te d  c lo c k in g  
U5A on ca rd  3. T his  a p p l i e s  CLK p u ls e s  to  motor d r i v e r  c a rd s  7,
8 and 9 a s  i n d ic a t e d  by th e  H3B, M1CW and M2CW s ig n a l s  r e s p e c t i v e l y .  
P u lse s  c o n t in u e  u n t i l  r e f e r e n c e  p o s i t i o n  se n so rs  i n d i c a t e  t h a t  
th e  VPS a sse m b lie s  have reached  t h e i r  r e f e r e n c e  p o s i t i o n s .  SUI1 
s e l e c t s  th e  c lockw ise  r o t a t i o n  d i r e c t i o n  f o r  MOTOR 1, MOTOR 2 and 
MOTOR 3.

D. MIS i n d ic a t e s  t h a t  MOTOR 1 has moved th e  VPS A t a r g e t  sp o t  mask to
i t s  r e f e r e n c e  p o s i t i o n .  The MIS p u ls e  s e t s  th e  MISUF f l a g  o f
card  2. P u lse s  a r e  removed from M1CW and th e  MOTOR 1 d r i v e r  c a rd ,  
ca rd  8 .

E. M2S in d ic a t e s  t h a t  MOTOR 2 has moved th e  VPS B t a r g e t  spo t mask 
to  i t s  r e f e r e n c e  p o s i t i o n .  The M2S p u ls e  s e t s  the  M2SUF f l a g  o f  
ca rd  2. P u lse s  a r e  removed from M2CW and th e  MOTOR 2 d r i v e r  
c a r d ,  c a rd  9.

F. M3S i n d i c a t e s  t h a t  MOTOR 3 has moved th e  VPS movable f i l t e r
assem bly t o  i t s  r e f e r e n c e  p o s i t i o n .  The M3S p u ls e  s e t s  th e
M3SUF f l a g  o f  ca rd  2. P u lses  a r e  removed from M3B and th e  
MOTOR 3 d r i v e r  c a rd ,  c a rd  7. Note th e  o rd e r  o f  appearance  o f  
MIS, M2S and M3S i s  no t  r e s t r i c t e d  to  t h a t  shown h e re .  The th r e e  
m otors move in d e p e n d e n t ly .  The l a s t  SUF to  be s e t  c au se s  th e  SUI1 
and DEV RDY f l a g s  o f  ca rd  2 t o  be s e t .  In t h i s  i l l u s t r a t i o n  th e  
M3SUF ap p ea rs  l a s t  so t h a t  i t  s e t s  SUI1 and DEV RDY. The IES i s  
no t  a v a i l a b l e  f o r  a u to m atic  c o n t r o l  mode usage  u n t i l  SUI1 i s  s e t ,  
t h a t  i s ,  u n t i l  th e  VPS t a r g e t  p a ra m ete r  a sse m b lie s  a r e  i n i t i a l i z e d .

G. A m anual, asynchronous r e s e t  i s  perform ed by u s e r  a c t u a t i o n  o f
th e  RESET p u shb u tto n  on th e  IES f r o n t  p a n e l .  A ll  IES f l a g s  a re
r e s e t .
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N otes  f o r  t im in g  d iag ra m  F ig .  51

A. SUI1 i n d i c a t e s  t h a t  a l l  VPS m e c h a n ic a l  a s s e m b l ie s  a r e  i n i t i a l i z e d  
( r e a c h e d  t h e i r  r e f e r e n c e  p o s i t i o n s ) .  R e le a s e s  t h e  r e s e t  from  coun t 
r e g i s t e r s  o f  c a r d  1. S e t s  DEV RDY, and l i g h t s  t h e  READY IES f r o n t  
p a n e l  i n d i c a t o r .

B. DSA(H) s t r o b e  from  th e  MI705 o u tp u t  i n t e r f a c e  o f  t h e  com puter  lo a d s  
t h e  M1705 d a t a  i n t o  r e g i s t e r s  U9, U13 and U17 on c a r d  1.

C. DSA(H) t r i g g e r s  t h e  DS1 s t r o b e  w hich  lo a d s  t h e  down c o u n te r s  US,
U8 and U20 on c a r d  1 w i t h t h e  m otor s t e p  c o u n ts  o f  th e  U9, U13 and 
U17 on c a rd  1. The DS1 s t r o b e  r e s e t s  t h e  DEV RDY f l a g  o f  c a r d  2 
and t h e  U16B f l i p - f l o p  on c a rd  2,

D. Computer s o f tw a r e  s e t s  t h e  M1705 CFA f l a g  t o  i n i t i a t e  VPS m o to r  
m ovements. CFA a l s o  p ro d u c e s  t h e  AC RUN s i g n a l .  These two s i g n a l s  
a p p ly  AUTO CLK p u l s e s  t o  MOTOR 1 and MOTOR 2 d r i v e r  c a r d s  8 and 9, 
and CLK p u l s e s  t o  MOTOR 3 d r i v e r  c a r d  7 .

E. The MOTOR 1 c o u n t  r e g i s t e r  U5 on c a r d  1 h as  r e a c h e d  z e ro  c o u n t .
P u l s e s  a r e  i n h i b i t e d  from t h e  MOTOR 1 d r i v e  c a rd  8 .  MOTOR 1
movement i s  c o m p le te d .

F. The MOTOR 2 c o u n t  r e g i s t e r  US on c a rd  1 h as  r e a c h e d  z e ro  c o u n t .
P u l s e s  a r e  i n h i b i t e d  from t h e  MOTOR 2 d r i v e  c a r d  9. MOTOR 2
movement i s  c o m p le te d .

G. The MOTOR 3 c o u n t  r e g i s t e r  U20 on c a r d  1 h as  r e a c h e d  z e ro  c o u n t .  
P u l s e s  a r e  i n h i b i t e d  from t h e  MOTOR 3 d r i v e  c a rd  7 . MOTOR 3 
movement i s  c o m p le te d .  DEV RDY f l a g  i s  s e t .  N ote  th e  o r d e r  o f  
c o m p le t io n  o f  m o to r  movements i s  e n t i r e l y  f l e x i b l e .  The l a s t  
m o to r  t o  c o m p le te  i t s  movement s e t s  t h e  DEV RDY f l a g .  DEV RDY 
n o t i f i e s  co m p u te r  t h a t  a l l  movements a r e  c o m p le te d ,

H. CFA (and th u s  AC RUN) i s  r e s e t  u n d e r  s o f tw a r e  c o n t r o l  a f t e r  t h e  
com puter  s e n s e s  t h e  DEV RDY f l a g .

I .  U ser  a c t u a t e s  VPS GO p u s h b u t to n  to  i n i t i a t e  a  t a r g e t  d e f l e c t i o n  
t r i a l .  T1 d e la y  t im e  o c c u r s  w hich  t u r n s  o f f  t h e  IES READY i n d i c a 
t o r .  The VPS w arn ing  b u z z e r  sounds th ro u g h o u t  t h e  T1 d e l a y  p e r i o d .

J .  At t h e  end o f  T1 t h e  t a r g e t  d e f l e c t s  and re m a in s  d e f l e c t e d  f o r  
t a r g e t  d e f l e c t i o n  t im e  T2. COMP CLK TRIG and READ REQ a r e  
g e n e r a t e d  a t  t h e  h i g h - t o - l o w  t r a n s i t i o n  o f  T2.
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Notes f o r  t im in g  d iagram  F ig .  32

A. DSl lo a d s  coun t r e g i s t e r s  US, U8 and U20 on c a r d  1 w ith  new motor 
s t e p  c o u n ts  and r e s e t s  DEV RDY f l a g .

8. S o f tw a re  s e t s  CFA t o  i n i t i a t e  m otor movements.

C. The l a s t  m otor t o  co m p le te  movement, in  t h i s  c a s e  MOTOR 3, s e t s  
DEV RDY, and READY LED ( l i g h t s  IES READY i n d i c a t o r ) .

D. U ser a c t u a t e s  VPS GO p u sh b u t to n  to  i n i t i a t e  a t r i a l  seq u en ce .
READY LED i s  r e s e t .  VPS w arn ing  b u z z e r  sounds f o r  d u r a t i o n  o f  T1 
d e la y  p e r io d ,

E. T1 tim e  o u t  i n i t i a t e s  t a r g e t  d e f l e c t i o n  f o r  d u r a t i o n  o f  T2 p e r io d .  
T2 g e n e r a te s  COMP CLK TRIG to  i n i t i a t e  e y e t r a c k e r  d a t a  sam p lin g .

F. T a rg e t  d e f l e c t i o n  i s  co m p le ted .

G. DSl lo a d s  coun t r e g i s t e r s  U5, US and U20 on c a rd  1 w i th  new m otor 
s t e p  c o u n ts  and r e s e t s  DEV RDY f l a g .  DSB(H) s t r o b e  s i g n a l  i s  s e n t  
from th e  M170S i n t e r f a c e  by  t h e  so f tw a re  to  i n d i c a t e  a  z e ro  m otor 
movement r e q u i r e d  f o r  MOTOR 3 . DSB(H) c a u se s  DS2 to  be i s s u e d  
from c a rd  1 . DS2 c lo c k s  U16B on c a rd  2 to  em u la te  th e  CE3 s i g n a l .

H. CFA i s  s e t  by s o f tw a re  to  i n i t i a t e  m otor movements. MOTOR 3 w i l l  
no t move t h i s  t im e  b e c a u se  o f  DSB(H).

I .  L as t  m otor t o  f i n i s h  movement, MOTOR 2 h e r e ,  s e t s  DEV RDY and 
READY LED.

J .  E x p er im en te r  i n i t i a t e s  a n o th e r  e x p e r im e n ta l  t r i a l  a s  in  n o te  D 
above.

K. T2 g e n e r a te s  COMP CLK TRIG as  i n  n o te  E above.
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N otes  f o r  t im in g  d iag ra m  F ig .  33

A. The IES i s  i n  a u to m a t i c  c o n t r o l  mode.

B. S in c e  th e .  IES i s  i n  a u to m a t ic  mode, a c t u a t i n g  t h e  STEP p u s h b u t to n  
h a s  no e f f e c t  on t h e  m o to rs ,

C. S in c e  t h e  IES i s  i n  a u to m a t ic  mode, s w i tc h in g  t h e  Ml, M2 o r  M3
MAN s w i tc h e s  h a s  no e f f e c t  on t h e  m o to rs .

D. The u s e r  s w i tc h e s  from a u to m a t i c  mode t o  m anual mode. S in c e  
CLK/SS SW i s  low CLK p u l s e s  a r e  a p p l i e d  t o  any VPS m otor whose 
MAN s w i tc h  i s  i n  t h e  M p o s i t i o n .

E. One o f  th e  MAN s w i tc h e s  i s  p la c e d  i n  t h e  M p o s i t i o n .  CLK p u l s e s  
w i l l  be a p p l i e d  t o  t h a t  m o to r  c a u s in g  i t  t o  move i n  t h e  d i r e c t i o n  
s e l e c t e d  by t h e  u s e r  by t h a t  m o t o r ' s  MAN DIR s w i t c h .

F. The CLK/SINGLE STEP s w i tc h  i s  sw itc h e d  t o  t h e  SINGLE STEP p o s i t i o n  
now s i n g l e  p u l s e s  w i l l  be  a p p l i e d  t o  any m o to r  whose MAN s w itc h
i s  i n  t h e  M p o s i t i o n  each  t im e  t h e  SINGLE STEP p u s h b u t to n  i s  
a c t u a t e d  by t h e  u s e r .  A c tu a t in g  t h e  SINGLE STEP p u s h b u t to n  w i l l  
a d v an c e  a  m otor  one  s t e p  i n  t h e  s e l e c t e d  d i r e c t i o n .

G. A m o to r  i s  s e l e c t e d  by p l a c i n g  i t s  MAN s w i tc h  i n  t h e  M p o s i t i o n
now t h a t  m otor w i l l  advance  one s t e p  each  t im e  t h e  SINGLE STEP
p u s h b u t to n  i s  a c t u a t e d .  D i r e c t i o n  o f  movement i s  c o n t r o l l e d  w i th  
t h e  m o to r ' s  MAN DIR s w i t c h .
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N otes f o r  t im in g  d iag ram  F ig .  34

A. Any BLINK(H) o r  TRACK(L) s i g n a l  p u l s e  t h a t  o c c u r s  b e f o r e  VPS 
i n i t i a l i z a t i o n  has no e f f e c t  on t h e  f a i l  c i r c u i t r y .

B. SUI1 i n d i c a t e s  t h a t  th e  VPS a s s e m b l ie s  have  been  i n i t i a l i z e d .

C. A TRACK(L) s i g n a l  o c c u r s  t o  i n d i c a t e  a  t r a c k  l o s s  t h a t  o c c u r s  
j u s t  p r i o r  to  t h e  T1 d e la y  t im e  and c o n t i n u e s  i n t o  t h e  T1 d e la y  
p e r io d  b u t  en ds  b e f o r e  T2 goes low . T h is  t r a c k  l o s s  w i l l  n o t  s e t  
FAIL f l a g .

D. U ser i n i t i a t e s  a  d e f l e c t i o n  t r i a l  by  a c t u a t i n g  t h e  VPS GO p u sh 
b u t to n .

E. The T2 h ig h - to - lo w  t r a n s i t i o n  g e n e r a t e s  th e  READ REQ s i g n a l  t o  
prom pt t h e  com pu ter  to  r e a d  t h e  FAIL f l a g  a t  th e  end o f  d a t a  
sa m p lin g .

F. A BLINK(H) h as  o c c u r r e d ,  th e  FAIL f l a g  w i l l  be s e t  on t h e  f i r s t  
lo w - to - h ig h  t r a n s i t i o n  o f  CLK. BLINK g o in g  h ig h  i n d i c a t e s  a 
s u b j e c t  e y e b l in k .

G. The end o f  t h e  T2 p e r io d  r e s e t s  t h e  FAIL f l a g .  The co m p u te r  must 
r e a d  t h e  FAIL f l a g  b e f o r e  T2 t im e - o u t  t o  r e c e i v e  v a l i d  in fo rm a 
t i o n .  T h a t  i s ,  FAIL f l a g  i s  v a l i d  o n ly  d u r in g  t h e  T2 p e r i o d .

H. A n o the r  d e f l e c t i o n  t r i a l  i s  i n i t i a t e d .

I .  T2 p e r io d  b e g in s  and READ REQ i s  g e n e r a t e d .

J .  A TRACK(L) h as  o c c u r r e d  and t h e  f i r s t  l o w - to - h ig h  t r a n s i t i o n  o f
CLK s e t s  FAIL, TRACK go ing  low i n d i c a t e s  an e y e t r a c k e r  t r a c k  l o s s .

K. T2 p e r io d  ends and t h e  FAIL f l a g  i s  r e s e t .
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TABLE 1 - SIGNAL INTERCONNECTION LIST

SIGNAL NAME__________________FROM [CARD/PIN)_______________ TO (CARD/PIN)

LG GND 6 /1 2  1 / 2 , B
2 / 2 , B 
3 / 2 , B 
4 / 2 , B 
5 / 2 , B 
7 / 2 , B 
8 / k ,  L 
8 / k ,  L 

BNC1, BNC2, BNC3 
L2, L3

S2, S3, S 5 , S9, S10, S l l  
J l ,  J 2 ,  J 3 ,  J4

+5V 6 /1 2  1 /3 ,C
2 / 3 , C 
3 / 3 , C 
4 / 3 , C 
5 / 3 , C 
7 / 3 , C 

S 4 , S6 , S7 , S8 
J4

AN GND 6 / 4 , D 7 / 1 0 , N.P
8 /k ,L  
9 / k ,  L

+24V 6 / 5 , E 7/11
8 /P
9 /P

-24V 6 /1 7 ,  18 , V 7/L2

COl 1 /4  2 /19
C02 1 /E  2/W

ADIR 1 /6  3/L
BDIR 1/H 3 /1 0
CDIR 1 /7  3/M

CE1 1 / J  2 /21
CE2 1 /8  2/Y
CE3 1 /k  2 /2 0

D Sf 1 /F  2 /T
DS2 1 /S  2 /18
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(T a b le  1 C o n t 'd . )  

SIGNAL NAME

DSA(H)
DSB(H)

DB7
DBS
DB9
DB10
DB11

DAI
DA2
DA3
DA4
DA5

DA7
DA8
DA9
DA10
DA11

MIA 
M2A 
M3 A

FAIL
FAIL LED

AC RUN 
CLK

READY LED 
DEV RDY

M1SUF
M2SUF
M3SUF

COMP CLK TRIG 
READ REQ

RESET

BLINK(H)
TRACK(L)

FROM (CARD/PIN)

J l / J J
J 2 / J J

J 2 /T
J2 /V
J2 /X
J 2 /Z
J2/BB

J l / D
J l / F
J l / J
J l / L
J l / N

J l / T
J l / V
J l / X
J l / Z
J l /B B

2 / 1 0
2/L
2/H

2 /S
2/F

2/12
2/E

2/6
2 /7

2/K
2 / 8
2 / J

2/11
2/M

2/N

BNC1
BNC2

TO (CARD/PIN)

1/S
1 /1 0

1/15
1/T
1 /1 6
1/U
1/17

1/R
1/X
1 /20
1/Y
1 /21

1/P
1/V
1/18
1/W
1/19

3 / J
3 /8
3/K

J3 /B
L2

8/U
3 /9

L5
J l / F F

3 /P
3 /1 3
3/R

BNC3
J3/DD

3/1 4

2 /1 3
2 /P
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(T ab le  1 C o n t 'd . )

SIGNAL NAME__________________FROM (CARD/PIN)______________ TO (CARD/PIN)

T1 J 4 / 2 2/R
T2 J 4 / 3 2 /1 6

MMS(L) CRI 2 /S
MMS(H) CRI 2 /14

RESET PB S2 2 /15

CFA J l / T T 2/X

MIS 4/X 2/V
M2S 4/W 2/1 7
M3S 4/M 2/U

MIC 4/1 7 1/13
M2C 4 /1 8 1 /1 2
M3C 4/L 1/11

M1CW 3/D 8 /S
M1CCW 3 /4 8/R

M2CW 5/E 9 /S
M2CCW 3 /5 9/R

M3D 5 /6 7/H
M3B 3/F 7/E

REF POS PB S5 3 /S
CLK/SS SW S4 3 /1 5
STEP PB S5 3/T

Ml MAN SW S6 3/17
M2 MAN SW S7 3/U
M3 MAN SW S8 3 /1 6

M/A(H) S9 5/21
M/A(L) S9 3 /4

Ml MAN DIR SW(H) S10 3 /2 0
Ml MAN DIR SW(L) S10 3/X

M2 MAN DIR SW(H) S l l 3 /1 9
M2 MAN DIR SW(L) S l l 3/W

M3 MAN DIR SW(HJ S12 3 /1 8
M3 MAN DIR SW(L) S12 3/V
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(Table 1 C ont*d.)

SIGNAL NAME_________________ FROM (CARD/PIN]______________TO (CARD/PIN)

AMS(X) CR2 8/X
AMS(W) CR2 8/W
AMS (T) CR2 8/T

AUTO CLK 8/V 2/4

Ml REF POS SEN J4 /4 4/U
M2 REF POS SEN J4 /5 4/T
M3 REF POS SEN J 4 /6 4/H

Ml POS SEN J4 /1 0 4/14
M2 POS SEN J4 /11 4/15
M3 POS SEN J 4 /7 4 /J

M1M1 8/A, B J5 /1
Ml M3 8/C , D J 5 /2
M1M4 8/E , F J5 /S
Ml 145 S/H, J J5 /4

M2MI 9/A, B J 5 /7
M2M3 9/C, D J 5 /8
M2M4 9/E , F JS /11
M2M5 9/H, J J5 /1 0

M3W1 7/20 J5 /1 4
M3W2 7/18 J5 /1 5
M3 RET 7/10 J5 /1 3
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APPENDIX B: SYSTEM SOFTWARE

Hardware

The sa c c a d e  a n a l y s i s  sy s te m  s o f tw a r e  was d e v e lo p e d  on and 

in te n d e d  f o r  u s e  w i th  a  co m p u te r  sy s tem  c o n s i s t i n g  o f  th e  f o l lo w in g  

h a rd w are  and s o f tw a r e :

(1) A D i g i t a l  Equipm ent C o r p o r a t io n  (DEC) PDP-8/E com puter  e q u ip p ed  

w i th  t h e  f o l lo w in g  DEC i n t e r n a l  o p t i o n s :

-  KM8-E memory e x t e n s i o n  and t im e  s h a r e

-  8K t o t a l  c o r e  memory

-  DK8-EP program m able  r e a l  t im e  c lo c k

-  M865 t e l e t y p e  I/O  c o n t r o l

-  AD8-EA 10 b i t  a n a l o g - t o - d i g i t a l  c o n v e r t e r

- AM8-EA 8 c h a n n e l  a n a lo g  p r e a m p l i f i e r  and m u l t i p l e x e r

-  XY8-EA p l o t t e r  c o n t r o l

-  Ml703 om nibus in p u t  i n t e r f a c e  (two r e q u i r e d )

-  Ml705 d u a l  ch an n e l  omnibus o u tp u t  i n t e r f a c e .

(2) DEC 0 S /8 ,  v e r s i o n  3C, s o f tw a r e  o p e r a t i n g  sy s te m .

(3) T e le ty p e  C o r p o r a t io n  model ASR-33 t e l e t y p e .

(4) Sykes D a t a t r o n i c s ,  I n c .  model 7250 d u a l  b u f f e r e d  f l e x i b l e  d i s k  

sys tem  w ith  PDP-8/E h a rdw are  I/O  i n t e r f a c e  and OS/8 s o f tw a r e  h a n d le r  

p a c k a g e .

(5) E l e c t r o n i c s  A s s o c i a t e s ,  I n c .  model 130 d i g i t a l  X-Y d a t a p l o t t e r .

1 3 1
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The i n t e r c o n n e c t i o n s  o f  t h i s  com puter  sy s te m  w i th  t h e  t a r g e t  

p r e s e n t a t i o n  sy s tem  (TPS) and t h e  C o m sw e e t-C ra n e  e y e t r a c k e r  a r e  

shown in  F ig .  54 and o u t l i n e d  be low :

Cl) th e  M865 t e l e t y p e  c o n t r o l  i s  t h e  h a rd w are  i n t e r f a c e  be tw een  th e  

com puter  and  t h e  ASR-33 t e l e t y p e .

(2) The XY8-E p l o t t e r  c o n t r o l  i s  t h e  ha rd w are  i n t e r f a c e  be tw een  th e  

com puter  and model 130 d a t a  p l o t t e r .

(3) One M1703 in p u t  i n t e r f a c e  ( i n t e r n a l  d e v ic e  a d d r e s s  i s  o c t a l  14) 

i s  c a b le d  t o  t h e  p l o t t e r  and u se d  t o  t r a n s m i t  o f f s c a l e  s i g n a l s  t o  t h e  

com puter  f o r  s o f tw a r e  management o f  a p l o t t e r  o f f s c a l e  c o n d i t i o n .

(4) One M1703 in p u t  i n t e r f a c e  ( i n t e r n a l  d e v ic e  a d d r e s s  i s  o c t a l  15) 

i s  c a b le d  t o  t h e  TPS i n t e r f a c e  e l e c t r o n i c s  s e c t i o n  so  t h a t  th e  

" f a i l u r e "  b i t  can  be t r a n s m i t t e d  t o  t h e  co m p u te r .  The s o f tw a r e  c h e c k s  

t h i s  b i t  and r e j e c t s  t h e  t r i a l  d a t a  i f  th e  FAIL b i t  i s  s e t .

(5) The Ml705 o u tp u t  i n t e r f a c e  ( i n t e r n a l  d e v ic e  a d d r e s s  i s  o c t a l  16 

f o r  c h a n n e l  A and o c t a l  17 f o r  c h a n n e l  B) i s  c a b le d  t o  t h e  TPS i n t e r 

f a c e  e l e c t r o n i c s  s e c t i o n  t o  a l lo w  f o r  s o f tw a re  c o n t r o l  o f  th e  TPS 

t a r g e t  p a r a m e te r s .

(6) E y e t r a c k e r  H4 and V4 ( s u b j e c t  e y e b a l l  X and Y r o t a t i o n )  o u t p u t s  

a r e  c a b le d  t o  t h e  i n p u t  c h a n n e ls  0 and 1 r e s p e c t i v e l y  o f  t h e  AM8-EA 

a n a lo g  m u l t i p l e x e r .

(7) The TPS TRIG s i g n a l  i s  c a b le d  t o  one o f  th e  DK8-EP c lo c k  t r i g g e r  

i n p u t s  (EVENT 1) and i s  u sed  t o  t r i g g e r  t h e  c lo c k .  The c lo c k  c o n t r o l s  

t h e  A/D sam p ling  o f  t h e  e y e t r a c k e r  ey e  r o t a t i o n  s i g n a l s .

(8) The PDP-8/E c o re  memory, DK8-EP, M865, AD8-EA, AM8-EA, XY8-E,
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M l7 0 3 's ,  M1705, and d i s k  I/O  i n t e r f a c e  a l l  com m unicate  i n t e r n a l l y  by 

means o f  th e  PDP-S/E om nibus . D e ta i l e d  d e s c r i p t i o n s  o f  a l l  com puter  

ha rdw are  o p e r a t i o n  may be found  i n  t h e  m a n u f a c t u r e r ' s  p u b l i c a t i o n s  

a s  l i s t e d  in  t h e  r e f e r e n c e  s e c t i o n .

The DEC OS/8 s o f tw a r e  sys tem  and Sykes d u a l  d i s k  d r i v e  a l lo w  f o r  

c r e a t i o n ,  m a n ip u la t io n  and s t o r a g e  o f  a v a r i e t y  o f  d a t a  and program  

f i l e s .  OS/8 s u p p o r t s  s t a n d a r d  FORTRAN I I  h ig h  l e v e l  program m ing 

lan g u a g e  which may be in te r m ix e d  w i th  DEC SABR a sse m b ly  lan g u ag e  

i n s t r u c t i o n s .  T h is  g iv e s  t h e  u s e r  a  h i g h ly  v e r s a t i l e  o v e r a l l  

program m ing " la n g u a g e " .  The OS/8 sy s tem  a l s o  in c lu d e s  a  v a r i e t y  o f  

t e x t  e d i t i n g ,  f i l e  m a n ip u la t io n ,  debu gg in g  and g e n e r a l  u t i l i t y  

p rog ram s b e s t  r e f e r e n c e d  by t h e  u s e r  i n  t h e  DEC p u b l i c a t i o n s  l i s t e d  

in  t h e  r e f e r e n c e  s e c t i o n .

In  norm al u sa g e  t h e  OS/8 sy s tem  s o f tw a r e  and s a c c a d e  a n a l y s i s  

sys tem  s o f tw a r e  m ost f r e q u e n t l y  used  r e s i d e  on d i s k  d r i v e  FL1. T h is  

l e a v e s  d i s k  d r i v e  FL2 f r e e  f o r  d a t a  f i l e  s t o r a g e  and m a n ip u la t io n .
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Softw are  Overview

The so f tw a re  o f  th e  saccade  a n a ly s i s  system can be broken down 

i n to  t h r e e  fu n c t io n a l  g roups: in p u t  and c o n t r o l  so f tw a re ,  p ro c e s s in g

so f tw a re ,  and o u tp u t  so f tw a re  as  shown in  F ig .  55. Program package 

ACCOM c o n t r o l s  th e  TPS and c o n t r o l s  sam pling o f  an a lo g  d a ta  from the  

e y e t r a c k e r ,  program package SPROUT p ro c e s s e s  saccade  d a ta  f i l e s  

produced by ADCOM, and program packages APLOT0, SSPCOM, and SACCOM 

o u tp u t  raw o r  p ro ce ssed  saccade  d a ta  to  th e  p l o t t e r  o r  t e l e t y p e .

A ll  program packages a r e  s t r u c tu r e d  t o  have t e l e t y p e  command d eco d e rs  

to  a llow  the  u s e r  easy  c o n t r o l  and i n t e r a c t i o n  w ith  th e  so f tw a re .

Program package ADCOM a llo w s the  u s e r  to  c o n t r o l  th e  TPS t a r g e t  

p a ra m e te rs  a u to m a t ic a l ly  and c o n t r o l  th e  sam pling o f  th e  analog  o u tp u t  

v o l ta g e s  o f  th e  e y e t r a c k e r .  A ll d i g i t i z e d  d a ta  produced by ADCOM i s  

s to r e d  in  d a ta  f i l e s  on d is k  d r iv e  FL2. Sampling p a ram ete rs  a r e  u s e r  

a l t e r a b l e .

Program package APLOT0 i s  a  g e n e ra l  purpose  X-Y p l o t t i n g  program 

package designed  to  o p e ra te  w ith  ADCOM-produced d a ta  f i l e s  as  in p u t .  

APLOT0 a llo w s  th e  u s e r  t o  p l o t  p re v io u s ly  sampled ana log  d a ta  in  a  

v a r i e t y  o f  ways. The sampled d a ta  from any ana log  in p u t  channel may 

be p l o t t e d  as  a fu n c t io n  o f  tim e o r  as  a fu n c t io n  o f  any o th e r  

sampled c h an n e l.  S c a le  f a c t o r s  a r e  u s e r  s e l e c t a b l e  and a "slow 

m otion" p l o t t i n g  f e a t u r e  has been in c lu d ed .

Program package SPROUT p ro c e s s e s  saccade d a ta  f i l e s  c re a te d  by 

ADCOM. SPROUT a c c e p ts  d a ta  f i l e s  from d is k  d r iv e  FL2 each o f  which 

c o n s i s t  o f  two ch an n e ls  (0 and 1) o f  sampled d a ta  r e p r e s e n t in g  a
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s u b j e c t ' s  eye movement r e s p o n s e  t o  a  s t e p - l i k e  t a r g e t  d e f l e c t i o n  

l a s t i n g  ab o u t 3 s e c o n d s .  SPROUT c a l c u l a t e s  s a c c a d e  l a t e n c y  and 

s e t t l i n g  t im e s  t o  f o u r  r a d i i  a b o u t  th e  f i n a l  t a r g e t  p o s i t i o n  f o r  each  

i n p u t  s a c c a d e  d a t a  f i l e .  SPROUT w i l l  a u t o m a t i c a l l y  in p u t  and p r o c e s s  

up t o  63 s a c c a d e  d a t a  f i l e s  w i t h  no u s e r  i n t e r a c t i o n  and s t o r e  th e  

r e s u l t s  i n  a  s i n g l e  " s a c c a d e  summary f i l e "  on d i s k  d r i v e  FL2. T h is  

p r o v i d e s  an e f f i c i e n t  and e a s i l y  a c c e s s e d  m ethod o f  s t o r a g e  f o r  d a t a  

a b o u t  many s u b j e c t  s a c c a d e  r e s p o n s e s  t o  t a r g e t  s t e p - l i k e  m ovem ents.

Program  p ack ag e  SSPCOM i s  a s p e c i a l  p u rp o s e  p l o t t i n g  program  

d e s ig n e d  to  a c c e p t  SPROUT-created summary d a t a  f i l e s .  SSPCOM a l lo w s  

th e  u s e r  t o  p l o t  summary d a t a  i n  a  v a r i e t y  o f  c o n v e n ie n t  ways w i th  f u l l  

c o n t r o l  o v e r  p l o t  p a r a m e te r s .

Program  p a ck a g e  SACCOM i s  a s p e c i a l  p u rp o s e  a v e ra g in g  p rogram  

d e s ig n e d  t o  a c c e p t  SPROUT-created summary d a t a  f i l e s .  SACCOM s o r t s  

and a v e ra g e s  summary f i l e  d a t a  a c c o rd in g  to  t a r g e t  p a r a m e te r s .  R e s u l t s  

a r e  p r i n t e d  in  an a r r a y  on t h e  t e l e t y p e .  SACCOM w i l l  a u t o m a t i c a l l y  

i n p u t  and p r o c e s s  up t o  99 s a c c a d e  summary f i l e s  w i th  no u s e r  

i n t e r a c t i o n .

The d e s ig n  o f  a l l  p rog ram s d i s c u s s e d  h e re  was b a sed  on e a r l i e r  

v e r s i o n s  a s  w r i t t e n  by Dr. Jam es Brown. Program  p a ck ag e  APLOT0 i s  t h e  

o n ly  program  p a ck a g e  t h a t  h a s  been  l e f t  unchanged  by t h i s  a u t h o r .

The r e a d e r  i s  r e f e r r e d  t o  D r. B row n's d o c t o r a l  d i s s e r t a t i o n  f o r  

f u r t h e r  d e t a i l s  o f  APLOT0. The r e a d e r  w i l l  a l s o  be r e f e r r e d  t o  

Dr. B row n 's d i s s e r t a t i o n  f o r  c e r t a i n  d e t a i l s  a t  t im e s  i n  t h e  f o l lo w in g  

d i s c u s s i o n s .  Program  p a c k a g e s  ADCOM, SPROUT, SSPCOM, and SACCOM a r e
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d i s c u s s e d  in  d e t a i l  i n  t h e  f o l lo w in g  s e c t i o n s .  Program l i s t i n g s  a r e  

i n c lu d e d  w i th  e a c h  d i s c u s s i o n .
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G e n e ra l  D esig n  C o n s id e r a t io n s

A l l  p rogram  p a ck a g es  o f  t h e  s a c c a d e  a n a l y s i s  sy s tem  were d e s ig n e d  

w i th  t h e  f o l lo w in g  p r im a ry  c o n s i d e r a t i o n s  i n  mind: ( 1 ) t h a t  t h e

program s be f l e x i b l e  and a l lo w  th e  u s e r  e a s y  i n t e r a c t i o n  w ith  th e  

s o f t w a r e ,  C2 ) t h a t  t h e  p a ra m e te r s  u se d  i n  t h e  p rogram s be  u s e r  

s e l e c t a b l e  i n  a  c o n v e n ie n t  m anner, (3) t h a t  a  minimum amount o f  u s e r  

i n t e r a c t i o n  w i th  t h e  s o f tw a r e  be r e q u i r e d  d u r in g  a c t u a l  e x p e r im e n ta l  

o r  p r o c e s s in g  i n t e r v a l s .

To m eet t h e  above d e s ig n  c o n s i d e r a t i o n s  a l l  p rogram  p a ck a g es  

w ere  w r i t t e n  i n  a  s i m i l a r  f o r m a t .  T h is  fo rm a t  i s  a s  f o l lo w s :

(1) U ser i n t e r a c t i o n  w ith  t h e  s o f tw a re  i s  p ro v id e d  f o r  by i n c lu d in g  

a l i s t  o f  t e l e t y p e  k ey board  commands w i th  e ac h  p a c k a g e .  (2) A ll  

u s e r  s e l e c t a b l e  p a ra m e te r s  a r e  p ro v id e d  w i th  c o n v e n ie n t  d e f a u l t  

v a l u e s .  (33 A l l  p rogram  p a ck a g es  have an i n i t i a l  " h e a d e r ” which 

p r i n t s  t h e  a v a i l a b l e  commands and i n i t i a l i z e s  p a ra m e te r s  to  t h e i r  

d e f a u l t  v a l u e s .  (4) A ll  p rogram  p a ck a g es  e n t e r  a  command in p u t  and 

i n t e r p r e t a t i o n  mode a f t e r  t h e  " h e a d e r ” t o  a l lo w  t h e  u s e r  t o  e n t e r  

commands. (5) A u tom atic  modes o f  p rogram  o p e r a t i o n  a r e  a v a i l a b l e  t o  

m in im ize  t h e  amount o f  u s e r  i n t e r a c t i o n  w i th  t h e  s o f tw a r e  d u r in g  

e x p e r im e n ta l  o r  p r o c e s s in g  i n t e r v a l s .  T h is  a l lo w s  t h e  u s e r  t o  

c o n c e n t r a t e  a t t e n t i o n  on o t h e r  a s p e c t s  o f  e x p e r im e n ta l  p ro c e d u re s  

and th u s  r e d u c e s  t h e  amount o f  e x p e r im e n ta l  t im e  w i th  t h e  s u b j e c t .

(6 ) A l l  commands c a u s e  a  t e l e t y p e  r e q u e s t  f o r  s p e c i f i c  i n f o r m a t i o n .

A command i s  a l s o  in c lu d e d  in  some c a s e s  t o  l i s t  a l l  p e r t i n e n t  p a r a 

m e te r s  a s  t h e y  c u r r e n t l y  e x i s t  w i t h in  t h e  s o f t w a r e .  (7) E r r o r  c h e c k s



a r e  p ro v id e d  t o  p r e v e n t  t h e  u s e r  from e n t e r i n g  m e a n in g le s s  commands 

o r  p a ra m e te r  s p e c i f i c a t i o n s .

The v a r i o u s  p rogram  p a c k a g e s  a r e  a l l  d i s c u s s e d  i n  d e t a i l  i n  th e  

f o l lo w in g  s e c t i o n s .
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ADCOM: T a rg e t  P a ra m e te r  C o n t r o l ,  Analog D ata  In p u t  and S to r a g e

Program Package 

D esign  C o n s i d e r a t io n s :

Program  p a ck ag e  ADCOM i s  d e s ig n e d  t o  c o n t r o l  com puter  i n t e r a c t i o n  

w i th  th e  t a r g e t  p r e s e n t a t i o n  sy s tem  (TPS) and t h e  C o rn sw ee t-C ran e  

e y e t r a c k e r .  ADCOM s e l e c t s  t h e  t a r g e t  p a r a m e te r s  t o  be p r e s e n t e d  

by t h e  TPS and c a l c u l a t e s  t h e  number o f  movements needed  f o r  each  o f  

t h e  TPS s t e p p e r  m o to r s .  ADCOM p r o v id e s  t h i s  d a t a  and c e r t a i n  c o n t r o l  

s i g n a l s  t o  t h e  TPS i n t e r f a c e  e l e c t r o n i c s  s e c t i o n  t o  move t h e  s t e p p e r  

m o to rs  to  t h e i r  r e q u i r e d  p o s i t i o n s .  ADCOM th e n  r e v e r t s  t o  a  sam p ling  

mode t o  sam ple  and s t o r e  t h e  a n a lo g  eye r o t a t i o n  d a t a  in  d i g i t a l l y  

coded form on t h e  f l e x i b l e  d i s k  s t o r a g e  medium.

ADCOM h as  t h e  f o l lo w in g  f e a t u r e s :  (1) A l l  sam p lin g  p a r a m e t e r s - -

number o f  c h a n n e l s ,  sam p lin g  t im e ,  and number o f  sa m p le s—have  i n i t i a l  

d e f a u l t  v a lu e s  which a r e  c o n v e n ie n t  f o r  t h e  work done  h e r e .  (2) Once 

sa m p lin g  h as  been  t r i g g e r e d  i t  may be s to p p e d  a t  any  t im e  w i th  an 

im m edia te  r e t u r n  t o  command mode. (3) A sa m p lin g  r e c y c l e  mode i s  

p ro v id e d  t o  a l lo w  t h e  u s e r  t o  t r i g g e r  one sam ple  s e t  a f t e r  a n o t h e r .

D isk  f i l e  s t o r a g e  f i l e  number i n c r e m e n t a t i o n ,  and t a r g e t  p a ra m e te r  

s e l e c t i o n  o c c u r  a u t o m a t i c a l l y .  A random ized  a r r a y  o f  th e  40 p o s s i b l e  

t a r g e t  p o s i t i o n s  i s  p ro v id e d  so  t h a t  e a c h  p o s i t i o n  w i l l  be u t i l i z e d  

o n ly  once  d u r in g  a r e c y c l e  mode e x p e r im e n ta l  s e s s i o n .  T h is  means 

t h a t  a  r e s p o n s e  f o r  each  t a r g e t  p o s i t i o n  can  be  g a th e r e d  i n  a s i n g l e  

e x p e r im e n ta l  s e s s i o n  and a t  t h e  same t im e  t h e  s u b j e c t  c a n n o t  g u e ss  

t h e  t a T g e t  p o s i t i o n  t o  b e  p r e s e n t e d  i n  a p a r t i c u l a r  t r i a l .  (4) The
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sam p ling  and t a r g e t  p a r a m e te r s  o f  t h e  p a r t i c u l a r  t r i a l  a r e  s t o r e d  

a lo n g  w i th  t h e  sam pled r e s p o n s e  d a t a .  (5) At t h e  end o f  sam p lin g  

t h e  FAIL b i t  o f  th e  TPS i s  c h e c k e d .  I f  s e t ,  t h e  e n t i r e  sam ple  s e t  

i s  r e j e c t e d  and no d i s k  s t o r a g e  o f  t h a t  s e t  o c c u r s .  (6 ) ADCOM a l lo w s  

th e  u s e r  t o  d e s ig n  an e x p e r im e n t  su ch  t h a t  many t r i a l s  may be 

a c c o m p lish e d  q u i c k l y .
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S p e c i f i c a t i o n s  and f e a t u r e s :

Analog m u l t i p l e x e r  in p u t  v o l t a g e  
any c h a n n e l :

A/D c o n v e r t e r  s t e p  s i z e :  

M u l t ip l e x e r  in p u t  c h a n n e ls :  

S am pling  i n t e r v a l s  a v a i l a b l e :

Maximum t o t a l  sam ples  p e r  
sam ple  s e t  (one d i s k  d a t a  
f i l e ) :

S t a r t i n g  modes:

T a r g e t  p o s i t i o n s  a v a i l a b l e :

F i l t e r  p o s i t i o n s  a v a i l a b l e :  

C o n t ro 1 sequenc  e :

Sam pling  s e q u e n c e :

± 1 . 0  v o l t s

1 .9 5  m i l l i v o l t s  (1 /5 1 2  v o l t s )

8 (0 t o  7)

1 , 2 , 5 ^ m i l l i s e c o n d s  t im e s  1 0 ° ,  
l o l ,  1 0 2 , 1 0 3  o r  1 0 4 .

1 0 2 0  ( sa m p le s  p e r  c h a n n e l  x c h a n n e ls  
p e r  sam ple  s e t ) .

Sam p ling  i s  s t a r t e d  by any o r  a l l  o f  
t h r e e  TTL l e v e l  S c h m it t  t r i g g e r  
i n p u t s  (E ven t 1 , 2 , 3 ) .

40 p o s i t i o n s  d i v id e d  i n t o  f i v e  
p o s s i b l e  r a d i i  ( 2 . 0 ,  2 . 5 ,  3 .5  and 
4 . 0  d e g r e e s )  and e i g h t  p o s s i b l e  
a z im u th a l  a n g le s  ( 0 ,  4 5 ,  90 , 135, 
180, 225, 270 and 315 d e g r e e s ) .

9 (0 t o  8 )

Com puter s e l e c t s  n e x t  s e q u e n t i a l  
t a r g e t  p o s i t i o n  from  t a r g e t  a r r a y ,  
c a l c u l a t e s  a  random number from  0  
t o  8  f o r  f i l t e r  p o s i t i o n ,  and t h e n  
c a l c u l a t e s  t h e  TPS m oto r moves 
r e q u i r e d  from l a s t  p o s i t i o n  t o  t h i s  
new p o s i t i o n .  T h is  in f o r m a t io n  i s  
s e n t  t o  th e  TPS and m otor movements 
a r e  i n i t i a t e d  when CFA o f  Ml705 i s  
s e t .  The com puter  t h e n  w a i t s  f o r  
t h e  movements t o  f i n i s h  (DEV RDY 
f l a g  from  TPS). A f t e r  TPS s i g n a l s  
DEV RDY com puter  a d v a n c e s  t o  sam ple 
lo o p  and w a i t s  f o r  a S c h m it t  t r i g g e r  
(TRIG s i g n a l  from T P S ) .

When a S c h m it t  t r i g g e r  i s  f i r e d ,  t h e  
s p e c i f i e d  s t a r t i n g  ch an n e l  i s  
im m e d ia te ly  sam p led . The m u l t i 
p l e x e r  th e n  in c re m e n ts  t o  t h e  n e x t  
h i g h e s t  c h a n n e l  num ber, sam p le s  t h a t
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User s to p :

O utput d a ta  f i le n a m e s :

Sampling inodes: One sh o t:

Recycle mode:

Automatic d a ta  r e j e c t i o n :

Sampling p a ram ete r  d e f a u l t  
v a lu e s :

channel and so on u n t i l  th e  s p e c i f i e d  
number o f  ch an n e ls  has been sampled. 
A f te r  t h i s  th e  program w a i ts  f o r  the  
s p e c i f i e d  sample t im e ,  th e n  r e p e a t s  
th e  above sampling sequence . Samples 
a r e  s to re d  in  s e q u e n t i a l  o rd e r  in  
an a r r a y .

The sam pling  sequence may be stopped 
a t  any tim e by p r e s s in g  th e  t e l e ty p e  
"S" key.

Must be s i x  c h a r a c t e r s  lo n g ,  f i r s t  
fo u r  a lph anum eric ,  l a s t  two num eric , 
i . e . ,  DJSTOO o r  HJ4$23. Data f i l e s  
a re  o u tp u t  t o  FL2 .

One s e t  o f  samples i s  ta k e n ,  th e  d a ta  
i s  o u tp u t  to  FL2 as  a d a ta  f i l e  w ith  
th e  s p e c i f i e d  f i le n am e , th e  program 
r e tu r n s  t o  command mode.

One sample s e t  i s  t a k e n ,  th e  d a ta  i s  
o u tp u t  to  FL2 as  a d a ta  f i l e  w ith  
th e  s p e c i f i e d  f i len am e . The l a s t  
two d i g i t s  o f  th e  f i le n am e  a re  
increm en ted , th e  t a r g e t  p o s i t i o n  
j u s t  used  i s  i n h i b i t e d .  The next 
t a r g e t  p o s i t i o n  o f  th e  a r r a y  i s  
chosen and s e t  i n to  th e  TPS. The 
program w a i ts  f o r  th e  n ex t  sample 
s e t  to  be t r i g g e r e d .  Up t o  40 d a ta  
s e t s  may be tak e n  and s to re d  w ith  no 
u s e r  i n t e r a c t i o n  o th e r  th an  a 
s t a r t i n g  t r i g g e r  p u lse  f o r  each 
sample s e t .

R eg ard less  o f  sample mode, a f t e r  th e  
l a s t  sample in  th e  s e t  i s  t a k e n ,  a 
f a i l u r e  b i t  i s  checked. I f  s e t ,  
th e  e n t i r e  sample s e t  i s  r e j e c t e d  
and no d i s k  s to r a g e  o c c u rs .  No f i l e  
number increm en t and t a r g e t  p o s i t i o n  
i n h i b i t i o n  i s  done.

Number o f  c h a n n e ls :  2
S t a r t i n g  ch an n e l:  0
Number o f  samples p e r  c h a n n e l : 500
Sampling t im e :  5 m i l l i s e c o n d s
Enabled S ch m itt  ev en t:  1
A ll  t a r g e t  p o s i t i o n  enab led
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ADCOM Commands:

Commands t o  ADCOM may be e n t e r e d  on t h e  t e l e t y p e  keyboard  when

e v e r  ADCOM i s  i n  command mode. T h is  i s  i n d i c a t e d  when a  c o lo n  i s  

p r i n t e d  a t  t h e  t e l e t y p e  l e f t  m a rg in .  Commands a r e :  AC, A1, AS, AT,

AM, AE, AF, AP, AD, AO and AR. Command f u n c t i o n s  a r e  o u t l i n e d  b e low . 

AC: Command AC c a u s e s  a r e q u e s t  f o r  u s e r  e n t r y  o f  t h e  number o f

a n a lo g  c h a n n e ls  t o  be sam p led . V a l id  e n t r y  i s  an  i n t e g e r  from 

1 t o  8 . C o n t ro l  i s  r e t u r n e d  t o  command mode a f t e r  th e  co m pu te r  

r e a d s  t h e  u s e r  e n t r y .

A l:  Command A1 c a u s e s  a  r e q u e s t  f o r  u s e r  e n t r y  o f  t h e  s t a r t i n g  a n a lo g

c h a n n e l  number f o r  s a m p lin g .  V a l id  e n t r y  i s  an i n t e g e r  from  0 to  

7 . C o n t ro l  i s  r e t u r n e d  t o  command mode a f t e r  t h e  co m puter  r e a d s  

t h e  u s e r  e n t r y .

AS: Command AS c a u s e s  a r e q u e s t  f o r  u s e r  e n t r y  o f  t h e  number o f

sam p le s  p e r  c h a n n e l .  V a l id  e n t r y  i s  an  i n t e g e r  from 1 t o  1020.

The number o f  sam ples  p e r  c h a n n e l  t im e s  t h e  number o f  c h a n n e ls  

must be l e s s  th a n  o r  e q u a l  t o  1020. C o n tro l  i s  r e t u r n e d  to  

command mode a f t e r  t h e  co m p u te r  r e a d s  th e  u s e r  e n t r y .

AT: Command AT c a u s e s  a  r e q u e s t  f o r  u s e r  e n t r y  o f  t h e  sam p ling  t im e -

b a s e  1, 2 o r  5 m i l l i s e c o n d s .  V a l id  e n t r y  i s  t h e  i n t e g e r  1 ,  2 o r

5 . C o n t r o l  r e t u r n s  t o  command mode a f t e r  th e  co m p u te r  r e a d s  

t h e  u s e r  e n t r y .

AM: Command AM c a u s e s  a  r e q u e s t  f o r  u s e r  e n t r y  o f  t h e  sam p lin g  t im e -

b a s e  m u l t i p l i e r .  V a l id  e n t r y  i s  an i n t e g e r  from  0 to  4 . The 

sa m p lin g  t im e  w i l l  be ( t im e b a s e )  x ( 1 0  t o  t h e  t im e b a se  m u l t i p l i e r
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p o w e r) . C o n tro l  i s  r e t u r n e d  t o  command mode a f t e r  th e  com puter 

r e a d s  th e  u s e r  e n t r y .

AE: Command AE c a u se s  a r e q u e s t  f o r  u s e r  e n t r y  o f  "E" ( f o r  e n a b le )

o r  "DM ( f o r  d i s a b le )  f o r  each  o f  t h e  t h r e e  S ch m it t  t r i g g e r  i n p u ts  

t o  th e  sam pling  c lo c k .  These i n p u ts  a r e  u sed  t o  s t a r t  sam p lin g .  

C o n tro l  r e t u r n s  to  command mode a f t e r  th e  com puter r e a d s  th e  

u s e r  e n t r y .

AF: Command AF c a u se s  a  r e q u e s t  f o r  u s e r  e n t r y  o f  t h e  o u tp u t  d a ta

f i le n a m e .  V a l id  e n t r y  i s  AAAANN where each  A i s  any a lph anum eric  

c h a r a c t e r  and each  N i s  an i n t e g e r  number. C o n tro l  r e t u r n s  to  

command mode a f t e r  th e  com puter r e a d s  th e  u s e r  e n t r y .

AP: Command AP c a u se s  a  TTY p r i n t  o f  th e  c u r r e n t  v a lu e s  o f  a l l  ADCOM

sam pling  p a ra m e te r s  and any i n h i b i t e d  t a r g e t  p o s i t i o n s .  C o n tro l  

r e t u r n s  to  command mode a t  c o m p le t io n  o f  l i s t i n g .

AD: Command AD c a u se s  a r e q u e s t  f o r  u s e r  e n t r y  o f  a  t a r g e t  p o s i t i o n

and "EM ( f o r  e n ab le )  o r  "D" ( f o r  d i s a b l e )  to  e n a b le  o r  d i s a b l e

t h a t  t a r g e t  p o s i t i o n .  A d i s a b le d  t a r g e t  p o s i t i o n  i s  n o t  a v a i l a b l e  

f o r  d i s p l a y  t o  th e  s u b j e c t  by th e  TPS. V a l id  e n t r y  i s  a  two d i g i t  

i n t e g e r  code i n d i c a t i n g  t a r g e t  r a d iu s  and a n g le  a s  th e y  a r e  coded 

f o r  members o f  th e  ADCOM t a r g e t  a r r a y  ITARG. A l i s t  o f  th e  

a v a i l a b l e  codes  i s  g iv e n  i n  T ab le  2. C o n tro l  r e t u r n s  t o  command 

mode a f t e r  t h e  com puter r e a d s  and p r o c e s s e s  th e  u s e r  e n t r y ,

AO: Command AO c a u se s  a c h a in  to  program  AOSMP which c o n t r o l s  th e

o n e -s h o t  s a m p l in g /c o n t r o l  mode. A f t e r  th e  s p e c i f i e d  sample s e t

i s  ta k e n  AOSMP c h a in s  back  t o  th e  command mode program .



147

AR: Command AR causes a c h a in  to  program  ARSMP which c o n t r o l s  th e

r e c y c l e  s a m p l in g /c o n t ro l  mode. A f te r  a l l  e n ab led  t a r g e t  p o s i t i o n s  

in  th e  ADCOM t a r g e t  a r r a y  ITARG have been used  once f o r  a  sample 

s e t  t r i a l  program ARSMP c h a in s  back  to  th e  command mode p rogram .
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T ab le  2 -  Command AD Codes

T a rg e t  Radius T a rg e t  Angle Command AD Code (d ec im a l)

2 . 0 *

2.5*

3.0*

3.5*

4 .0 tt

0 ° 0
45° 9
90° 18

135° 27
180° 36
225° 45
270° 54
315° 63

0 ° 15
45° 16
90° 25

135° 34
180° 43
225° 52
270° 61
315° 6

0 ° 2 2
45° 31
90° 32

135° 41
180° 50
225° 59
270° 4
315° 13

0 ° 29
45 “ 38
90“ 47

135“ 48
180“ 57
225“ 2
270“ 11
315“ 2 0

0 “ 60
45“ 5
90“ 14

135“ 23
180“ 24
225“ 33
270“ 42
315“ 51
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ADCOM d a ta  a r r a y  fo rm a t:

The sampled d a t a  o f  ADCOM i s  s to r e d  in  s e q u e n t i a l l y  a sce n d in g  

l o c a t i o n s  i n  a  FORTRAN i n t e g e r  a r r a y  o f  s i z e  1024 words c a l l e d  

IDATA(K) by th e  s o f tw a r e .  The f i r s t  f o u r  words o f  t h e  a r r a y  a r e  

r e s e rv e d  f o r  coded in fo rm a t io n  abou t th e  sam pling  and t a r g e t  p a r a 

m e te r s .  The maximum number o f  sam ples (sam ples p e r  ch an n e l  t im e s  

number o f  c h a n n e ls )  t h a t  can  be  ta k e n  i s  th u s  1020. Each an a lo g  

v o l ta g e  sampled by th e  c o m p u te r 's  m u l t i p l e x e r / c o n v e r t e r  i s  coded as  

a  decim al i n t e g e r  in  t h e  ran g e  ± 512, c o r re sp o n d in g  t o  an a n a lo g  in p u t  

v o l ta g e  ra n g e  o f  ± 1 v o l t .  The a c t u a l  a n a lo g  v o l t a g e  c o r re sp o n d in g  

to  a d i g i t a l  sample may be l a t e r  r e c o v e re d  f o r  u se  in  c a l c u l a t i o n s

by d i v id i n g  th e  d i g i t i z e d  form by 512. The f i r s t  f o u r  IDATA(K)

a r r a y  words a r e  coded a s  fo l lo w s :

IDATA(l): B i t s  0-5 c o n ta in  th e  b in a r y  number o f  s e q u e n t i a l l y
sampled ana log  c h a n n e ls ,  ICHNS. B i t s  6-11 c o n ta in  
t h e  b in a r y  number o f  th e  f i r s t  a n a lo g  chann e l  u se d ,  
ICHN1.

IDATA(2): C o n ta in s  minus th e  number o f  sam ples p e r  c h a n n e l ,
ISPCT.

IDATA(3): B i t s  0-5 c o n ta in  th e  b in a r y  sam ple t im e b a se  m u l t i 
p l i e r  ITBM, B i t s  6-11 c o n ta in  t h e  b in a r y  sample 
t im e b a se ,  IMSEC. Sample p e r io d  f o r  th e  d a ta  i s  
(IMSEC)*(10+*ITBM) m i l l i s e c o n d s .

IDATA(4): B i ts  0-3 c o n ta in  th e  b in a r y  f i l t e r  number used
d u r in g  th e  t r i a l .  B i ts  4-8  c o n ta in  th e  b in a ry  
t a r g e t  d e f l e c t i o n  a n g le  code . B i t s  9-11 c o n ta in  th e  
b in a r y  t a r g e t  d e f l e c t i o n  r a d i u s  code. IDATA(4) i s  
i n t e r n a l l y  c a l c u l a t e d  by ADCOM s o f tw a r e .

Sample d a t a  s t o r a g e  i n  th e  IDATA a r r a y  b e g in s  a t  IDATA(5) and 

c o n t in u e s  s e q u e n t i a l l y ,  one g roup  o f  sam ples fo l lo w ed  by th e  n e x t ,  

i n  a sce n d in g  o r d e r .  For exam ple, i f  two c h a n n e ls  a r e  sampled
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b e g in n in g  w i th  c h a n n e l  0, and  500 sam ples p e r  c h a n n e l  a r e  ta k e n  th e  

sam ple s t o r a g e  i n  t h e  IDATA a r r a y  i s  a s  su ch :  IDATA(5) and IDATAC6 ) 

c o n t a i n  r e s p e c t i v e l y ,  th e  c h a n n e l  0  and 1 sam p le s  t a k e n  a t  th e  

b e g in n in g  o f  s a m p lin g ,  IDATA(7] and IDATA(8 ) c o n ta in  t h e  c h an n e l  0 

and 1 sam ples  ta k e n  one sa m p lin g  p e r io d  l a t e r ,  and so  f o r t h  to  th e  

l a s t  sample p a i r  c o n ta in e d  i n  IDATA(1003) and IDATA[1004).

The e n t i r e  IDATA a r r a y ,  f o rm a t te d  as  a b o v e ,  i s  s t o r e d  on d i s k  

FL2 by ADCOM u s i n g  FORTRAN 12A2 f o r m a t .  The d i s k  f i l e  t h u s  c r e a t e d  

m ust be re a d  back  i n t o  c o re  u s in g  t h i s  same fo rm a t  t o  r e c o v e r  th e  

o r i g i n a l  d a t a  a r r a y .
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ADCOM t a r g e t  a r r a y  fo rm a t :

The 40 p o s s i b l e  t a r g e t  s p o t  l o c a t i o n s  ( r a d i u s  and a n g le )  o f  t h e  

TPS a r e  s t o r e d  i n  ADCOM i n  a  FORTRAN i n t e g e r  a r r a y  c a l l e d  ITARG(K).

The r a d i u s  and a n g le  o f  th e  t a r g e t  s p o t  l o c a t i o n  a r e  coded a c c o rd in g  

t o  p o s i t i o n s  o f  t h e  TPS t a r g e t  s p o t  g e n e r a t i o n  masks r e l a t i v e  t o  t h e i r  

r e f e r e n c e  p o s i t i o n s  ( t a r g e t  s p o t  r a d i u s  2 . 0  d e g r e e s ,  a z im u th a l  a n g le  

0 d e g r e e s ) .  B i t s  6 - 8  o f  a  s i n g l e  ITARG e n t r y  c o n t a i n  t h e  b i n a r y  

number o f  t h e  TPS A mask p o s i t i o n  r e l a t i v e  t o  i t s  r e f e r e n c e  p o s i t i o n .  

B i t s  9-11 o f  a  s i n g l e  ITARG e n t r y  c o n t a i n  t h e  b i n a r y  number o f  th e  

TPS B mask p o s i t i o n  r e l a t i v e  t o  i t s  r e f e r e n c e  p o s i t i o n .  The 40 v a lu e s  

o f  t h e  ITARG a r r a y  a r e  shown i n  T a b le  3 .

When a  t a r g e t  s p o t  l o c a t i o n  from t h e  ITARG a r r a y  i s  u se d  i n  an

e x p e r im e n ta l  t r i a l  t h e  code word from ITARG i s  c o n v e r t e d  i n t o  t h e

c o d e  n e c e s s a r y  f o r  u s e  in  t h e  s u b s e q u e n t  p r o c e s s in g  program  p a ck a g es

b e f o r e  i t  i s  s t o r e d  i n  th e  d a t a  a r r a y  IDATA(4) l o c a t i o n .  T h is  

c o n v e r s io n  i s  a c c o m p lish e d  by a  s u b r o u t i n e ,  IPDCE, whose o p e r a t i o n  

i s  d i s c u s s e d  l a t e r .  A lso  shown i n  T a b le  2 a r e  t h e  c o n v e r t e d  v a lu e s  

o f  ITARG a s  th e y  a r e  s t o r e d  i n  IDATA(4).
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T a b le  3 -  ITARG(K) A r ra y  V alues

T a r g e t  R ad iu s  T a r g e t  Angle ITARG V alue  IDATA(4) V alue  
_________________________________(d e c im a l)_________(d e c im a l)

3 .0 ° 4 5 “ 31 26
3 .5 ° 270“ 1 1 147
4 .0 ° 0 “ 60 4
2 . 0 ° 4 5 “ 9 24
2 .5 ° 90 “ 25 49
2 . 0 ° 0 “ 0 0
3 .5 ° 22S“ 2 123
2 . 0 “ 270“ 54 144
4 . 0 “ 315“ 51 172
2 . 5 “ 4 5 “ 16 25
2 . 0 ° 225“ 45 1 2 0
3 .5 ° 180“ 57 99
3 . 5 “ 9 0 “ 47 51
4 . 0 “ 180“ 24 1 0 0

2 . 5 “ 315“ 6 169
2 . 5 “ 270“ 61 145
2 . 0 “ 315“ 63 168
4 . 0 “ 90 “ 14 52
2 . 5 “ 135° 34 73
2 . 5 “ 180“ 43 97
2 . 0 “ 135“ 27 72
3 . 0 “ 270“ 4 146
3 . 0 “ 0 “ 2 2 2
3 . 0 “ 315“ 13 170
3 . 5 “ 315“ 2 0 171
3 . 5 “ 135“ 48 75
to • mJ 225" 52 1 2 1
4 .0 " 270“ 42 148
2 .5 “ 0 “ 15 1
3 . 0 “ 135“ 41 74
3 . 5 “ 0 " 29 3
4 . 0 “ 225“ 33 124
3 . 5 “ 4 5 “ 38 27
4 . 0 “ 135“ 23 76
3 . 0 “ 180“ 50 98
3 . 0 “ 225“ 59 1 2 2
2 . 0 “ 180“ 36 96
3 . 0 “ 90“ 32 50
4 . 0 “ 4 5 “ 5 28
2 . 0 ° 90“ 18 48
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ADCOM program  o p e ra t io n :

ADCOM i s  a c t u a l l y  a package o f  fo u r  main programs ADCOM, ADIS2, 

AOSMP, and ARSMP, and some a s s o c i a t e d  s u b ro u t in e s  TPOS, APCHK, RANDU, 

IPDCE, and SMPL2. ADCOM i s  a FORTRAN "h ead e r"  program which p r i n t s  

a l i s t  o f  a v a i l a b l e  sam pling commands and i n i t i a l i z e s  a l l  sam pling 

and t a r g e t  p a ram ete rs  t o  co n v en ien t  v a lu e s .  ADIS2 i s  a FORTRAN/SABR 

program which i n t e r p r e t s  commands. S u b ro u tin es  TPOS and APCHK a re  

c a l l e d  by ADIS2. AOSMP and ARSMP a r e  FORTRAN/SABR programs which 

c o n t ro l  th e  t a r g e t  p a ram ete rs  and d a ta  sam pling in  o n e -sh o t  and 

r e c y c le  mode r e s p e c t iv e ly .  S u b ro u tin es  RANDU, IPDCE and SMPL2 a re  

c a l l e d  by AOSMP and ARSMP.

S e v e ra l  im portan t  m ajor v a r i a b le s  a re  "p assed "  among main 

programs and s u b ro u t in e s  v i a  FORTRAN I I  common s to ra g e  l o c a t i o n s .

These a re :

ICHNS - th e  number o f  analog  in p u t  c h an n e ls  sampled s e q u e n t i a l l y .

ICHN1 - th e  s t a r t i n g  channel f o r  sam pling .

IMSEC - th e  sample p e r io d  t im eb ase .

ITBM - th e  sample p e r io d  tim eb ase  m u l t i p l i e r .

ISAMP - th e  number o f  samples p e r  ch an n e l.

IEN1, IEN2, IEN3 - th e  ASCII codes f o r  "E" o r  "D" f o r  c lock
Schm itt even t e n a b l in g .

FNME - th e  o u tp u t  d a ta  f i lenam e  s to r e d  in  ASCII A6  fo rm a t .

ICHCT - e q u a ls  minus ICHNS.

ISPCT -  e q u a ls  minus ISAMP.

ICKEN - th e  c lo c k  enab le  word, i n s t r u c t s  programmable c lo c k .

ITMBS - th e  c lo c k  count word.
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I1V4 - IDATA(4) t a r g e t  r a d i u s  and a n g le  codew ord .

ICST -  t h e  seed  number f o r  random number g e n e r a t o r  s u b r o u t in e  
RANDIJ.

ITARG -  t h e  a r r a y  o f  t h e  40 p o s s i b l e  t a r g e t  s p o t  l o c a t i o n s  coded 
f o r  o p e r a t i o n  w i th  t h e  TPS.

IDATA -  t h e  1024 word s t o r a g e  a r r a y  f o r  sam pled  t r i a l  d a t a .

The o p e r a t i o n s  o f  a l l  ADCOM program s and s u b r o u t i n e s  a r e  o u t l i n e d  

b e low , fo l lo w e d  by a  c o m p le te  ADCOM program  l i s t i n g .

ADCOM:

ADCOM i s  th e  name o f  t h e  " h e a d e r "  p rogram  w hich a l s o  le n d s  i t s  

name t o  t h e  e n t i r e  s a m p l i n g / c o n t r o l  s o f tw a r e  p a c k a g e .  T h is  p rogram  

p e r fo rm s  t h e  i n i t i a l i z a t i o n  o f  a l l  sam p ling  p a r a m e te r s  t o  c o n v e n ie n t  

v a lu e s  a s  l i s t e d  p r e v i o u s l y .  ADCOM th e n  p r i n t s  a  l i s t  o f  commands 

a v a i l a b l e  t o  t h e  u s e r  and r e q u e s t s  t h e  u s e r  t o  e n t e r  a  b e g in n in g  

f i le n a m e  f o r  u s e  i n  sam ple  s e t  s t o r a g e .  T h is  f i le n a m e  i s  r e s t r i c t e d  

i n  fo rm a t  a s  p r e v i o u s l y  s t a t e d .  ADCOM th e n  p r i n t s  a l i s t  o f  th e  

c u r r e n t  sam p lin g  p a ra m e te r  v a lu e s  ( th e  i n i t i a l i z e d  v a lu e s )  and r e q u e s t s  

t h e  u s e r  t o  e n t e r  an i n i t i a l  t a r g e t  a r r a y  p o s i t i o n .  The p u rp o se  f o r  

t h i s  number i s  a s  an a d d i t i o n a l  " s c ra m b l in g  f a c t o r "  t o  t h e  t a r g e t  

s p o t  p o s i t i o n  a r r a y  ITARG. ADCOM s e r i a l l y  s h i f t s  t h e  ITARG a r r a y  by 

t h e  amount e n t e r e d  by t h e  u s e r  (m ust be an i n t e g e r  number betw een  

1 and 4 0 ) .  T h is  s u c c e s s f u l l y  p r e v e n t s  t h e  s u b j e c t  from g u e s s in g  th e  

s e q u e n c e  o f  t a r g e t  d e f l e c t i o n s  w h ich  he w i l l  v ie w . The s u b j e c t  i s  

p ro v id e d  w i th  a  pseudo  random se q u en ce  o f  t a r g e t  d e f l e c t i o n s .  The 

p r o c e d u r e  o f  p r e s e n t i n g  p seudo  random t a r g e t  d e f l e c t i o n  se q u e n c e s  

was found t o  be m ost e f f i c i e n t  f o r  u se  i n  t h e  t y p e s  o f  e x p e r im e n ts



155

p e rfo rm e d  h e re  by t h e  e a r l i e r  work done by Dr. Jam es Brown. A f t e r  

s h i f t i n g  ITARG, ADCOM c h a i n s  to  t h e  command mode program  ADIS2.

ADIS2:

ADIS2 i n t e r p r e t s  u s e r  e n te r e d  keyb oard  commands. E r r o r  c h e c k s  

a r e  in c lu d e d  w i th  eac h  command t o  p r e v e n t  t h e  u s e r  from e n t e r i n g  

i n v a l i d  sam p ling  p a r a m e t e r s .  A f t e r  t h e  s u c c e s s f u l  c o m p le t io n  o f  any 

command seq uence  c o n t r o l  a lw ays  r e t u r n s  t o  t h e  command e n t r y  mode.

I f  an  e r r o r  i s  d e t e c t e d  in  t h e  u s e r  e n te r e d  d a t a  t h e  command w i l l  

p r i n t  an e r r o r  m essage  and make i t s  r e q u e s t  a g a i n  u n t i l  a  v a l i d  e n t r y  

i s  made. The p u rp o se  o f  commands AC, A1, AS, AT, AM and AE i s  t o  

a l lo w  t h e  u s e r  t o  s p e c i f y  t h e  d i r e c t  sam p lin g  p a r a m e t e r s .  T h a t  i s ,  

w hich  m u l t i p l e x e r  c h a n n e ls  w i l l  be sam pled , what t h e  sa m p lin g  r a t e  

w i l l  b e ,  and what t h e  number o f  sam p le s  p e r  c h a n n e l  w i l l  b e .  The 

d a t a  e n te r e d  by t h e s e  commands w i l l  be  u se d  to  c o n t r o l  t h e  m u l t i 

p l e x e r  and sam p le r  i n  s u b s e q u e n t  p ro g ra m s .  D ata  e n t e r e d  by  command 

AC i s  s t o r e d  by t h e  v a r i a b l e s  ICHNS and ICHCT. D ata  e n t e r e d  by 

command A1 i s  s t o r e d  by t h e  v a r i a b l e  ICHN1. D ata  e n t e r e d  by command 

AS i s  s t o r e d  by t h e  v a r i a b l e s  ISAMP and ISPCT. D ata  e n t e r e d  by 

command AT i s  s t o r e d  by  th e  v a r i a b l e  ITMBS. D ata  e n t e r e d  by commands 

AM and AE i s  s t o r e d  by t h e  v a r i a b l e  ICKEN, t h e  c lo c k  e n a b le  word, 

w hich  i s  u sed  l a t e r  i n  c lo c k  c o n t r o l .  D ata  e n t e r e d  by command AF i s  

s t o r e d  by t h e  v a r i a b l e  FNME. I f  t h e  u s e r  i s  u n s u re  o f  t h e  c u r r e n t  

sam p lin g  p a ra m e te r  v a lu e s  he  may r e q u e s t  a  l i s t i n g  by e n t e r i n g  command 

AP on t h e  t e l e t y p e  k e y b o a rd .  Command AD r e q u e s t s  t h e  u s e r  t o  e n t e r  

a t a r g e t  s p o t  p o s i t i o n  c o d e ,  a s  shown in  T a b le  2, and an "EM f o r
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e n a b le  o r  a  "D11 f o r  d i s a b l e .  Command AD th e n  c a l l s  s u b r o u t i n e  TPOS 

t o  e n a b le  o r  d i s a b l e  t h e  s p e c i f i e d  t a r g e t  s p o t  p o s i t i o n  i n  th e  ITARG 

a r r a y .  I f  a  TPS t a r g e t  sp o t  l o c a t i o n  i s  d i s a b l e d  i t  w i l l  n o t  be 

a v a i l a b l e  f o r  p r e s e n t a t i o n  t o  t h e  s u b j e c t  u n d e r  commands AO o r  AR. 

When t h e  u s e r  i s  r e a d y  f o r  d a t a  sa m p lin g  he may do so  i n  a  o n e - s h o t  

mode o r  a  r e c y c l e  mode by e n t e r i n g  command AO o r  AR r e s p e c t i v e l y .  

T hese  two commands o p e r a t e  s i m i l a r l y ,  s u b r o u t i n e  APCHK i s  c a l l e d  t o  

check  t h e  c o n s i s t e n c y  o f  a l l  s a m p lin g  p a r a m e t e r s .  I f  APCHK r e t u r n s  

no f a i l u r e s  t h e  t a r g e t  a r r a y  ITARG i s  s e r i a l l y  s h i f t e d  by t h r e e  

p l a c e s  so t h a t  each  t im e  command AO o r  AR i s  e n v o lk ed  a new t a r g e t  

s p o t  d e f l e c t i o n  seq u en ce  i s  p r e s e n t e d  t o  t h e  s u b j e c t .  A f t e r  t h i s  i s  

done  a  c h a in  t o  t h e  a p p r o p r i a t e  s a m p le /c o n t r o l  p ro g ram , AOSMP o r  

ARSMP, i s  p e r fo rm e d .

APCHK(K):

APCHK(K) i s  a  s u b r o u t i n e  t h a t  i s  c a l l e d  by e i t h e r  command AO 

o r  AR o f  ADIS2, APCHK c h ec k s  t h e  v a l i d i t y  and c o n s i s t e n c y  o f  t h e  

sam p ling  p a r a m e te r s  s p e c i f i e d  by p r e v io u s  ADIS2 commands. The 

f o l lo w in g  c h eck s  a r e  p e r fo rm e d :  ( 1 } t h e  number o f  a n a lo g  c h a n n e ls

ICHNS m ust be be tw een  1 and 8 , (2) th e  s t a r t i n g  c h a n n e l  number ICHN1 

m ust be be tw een  0 and 7 ,  (3) t h e  number o f  c h a n n e ls  p l u s  th e  s t a r t  

c h a n n e l  m ust be 8  o r  l e s s ,  (4) t h e  sa m p lin g  t im e b a s e  IMSEC m ust be 

1, 2 ,  o r  5 ,  (5) t h e  sam p lin g  t im e b a s e  m u l t i p l i e r  ITBM m ust be an 

i n t e g e r  be tw een  0 and 4 ,  ( 6 ) t h e  t o t a l  number o f  sam p les  (sam p les  

p e r  c h a n n e l  t im e s  number o f  c h a n n e ls )  must be  g r e a t e r  t h a n  z e ro  b u t  

l e s s  t h a n  o r  e q u a l  t o  1020, (7 )  t h e  l a s t  two c h a r a c t e r s  o f  t h e  d a t a
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sample s e t  f i le n a m e  FNME must be  i n t e g e r  numbers betw een 0 and 9 , and 

(8 ) a t  l e a s t  one t a r g e t  s p o t  p o s i t i o n  o f  th e  ITARG a r r a y  must be 

e n a b le d .  I f  any e r r o r  check f a i l s  an e r r o r  m essage i s  p r i n t e d  and 

APCHK r e t u r n s  w i th  K = 1. I f  a l l  checks p a s s  c o r r e c t l y  APCHK r e t u r n s  

w ith  K = 0.

TPOS C l ,  J > K) :

S u b ro u t in e  T P 0 S (I ,  J ,  K) i s  c a l l e d  by command AD o f  ADIS2 to  

s e a rc h  th e  t a r g e t  a r r a y  ITARG f o r  th e  t a r g e t  s p o t  p o s i t i o n  I .  Once 

I i s  found TPOS s e t s  b i t  0 o f  codeword I to  th e  v a lu e  o f  J .  J  i s  

equal to  0 f o r  e n a b l in g  codeword I ,  J  i s  equa l  t o  1 f o r  d i s a b l i n g  

codeword I .  I f  t h e  s e a rc h  o f  ITARG f a i l s  t o  f i n d  t a r g e t  s p o t  p o s i t i o n  

I .  o r  i f  J  i s  n o t  equal t o  0 o r  1, TPOS s e t s  K eq ua l t o  1 a s  a  f a i l  

f l a g .  V alues o f  I p e r m i t t e d  f o r  TPOS (and command AD) a r e  shown in  

T ab le  2. Subsequent programming checks b i t  0 o f  t h e  ITARG codewords 

t o  d e te rm in e  i f  t h e  t a r g e t  s p o t  p o s i t i o n  i s  a v a i l a b l e  f o r  u s e .

AOSMP:

Program AOSMP i s  c h a in ed  t o  by ADIS2 when t h e  u s e r  e n t e r s  

command AO. AOSMP p ro v id e s  TPS c o n t r o l  and sam p lin g  f o r  th e  o n e -s h o t  

mode, t h a t  i s ,  one sample s e t  i s  ta k e n  and o u tp u t  t o  FL2 fo l lo w e d  by 

a c h a in  back t o  ADIS2.

AOSMP b e g in s  o p e r a t io n  by p e rfo rm in g  c e r t a i n  " h o u se k e e p in g ” 

f u n c t i o n s  on th e  M1705 i n t e r f a c e  and th e  i n i t i a l i z a t i o n  o f  c e r t a i n  

i n t e r n a l  c o n s t a n t s .  Then AOSMP ty p e s  th e  m essage "INITIALIZE DRIVER" 

on th e  t e l e t y p e .  T h is  prom pts t h e  u s e r  to  s e t  t h e  TPS t a r g e t
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p a ra m e te r  m e c h a n ic a l  a s s e m b l i e s  i n  t h e i r  r e f e r e n c e  p o s i t i o n s  by h i s  

a c t u a t i n g  t h e  REF POS p u s h b u t to n  on t h e  TPS i n t e r f a c e  e l e c t r o n i c s  

s e c t i o n  f r o n t  p a n e l .  I t  sh o u ld  be  n o te d  h e r e  t h a t  a l l  TPS c i r c u i t r y  

sh o u ld  have  b e en  e n e r g iz e d  and TPS l i g h t  s o u r c e s  s e t  t o  t h e i r  o p e r a t i n g  

l e v e l s  a t  some t im e  p r i o r  t o  a command AO r e q u e s t  by t h e  u s e r .  The 

u s e r  s h o u ld  have  a l s o  s e l e c t e d  s h u t t e r  c o n t r o l  mode SP o f  t h e  TPS 

v i s u a l  p r e s e n t a t i o n  s e c t i o n .  T h is  e n s u r e s  sm ooth o p e r a t i o n  o f  AOSMP 

s o f tw a r e  w i th  t h e  TPS. AOSMP now w a i t s  f o r  t h e  M1705 c h a n n e l  A d e v ic e  

f l a g  t o  be s e t  by  t h e  TPS DEV RDY f l a g .  When t h e  TPS t a r g e t  

a s s e m b l ie s  have  re a c h e d  t h e i r  r e f e r e n c e  p o s i t i o n s  th e  DEV RDY f l a g  

w i l l  be s e t  and AOSMP r e c o g n iz e s  t h i s .  AOSMP can  t h e n  p ro c e e d  t o  

c a l c u l a t e  t h e  p a ra m e te r s  o f  t h e  t a r g e t  d e f l e c t i o n .  AOSMP c h o o se s  th e  

f i r s t  e n a b le d  t a r g e t  p o s i t i o n  codew ord from t h e  ITARG t a r g e t  p o s i t i o n  

a r r a y .  I f  AOSMP can  f i n d  no e n a b le d  p o s i t i o n  an e r r o r  m essage  i s  

p r i n t e d  and a r e t u r n  t o  command i n t e r p r e t e r  ADIS2 i s  p e r fo rm e d .

AOSMP makes s u r e  t h a t  t h e  e n a b le d  t a r g e t  p o s i t i o n  j u s t  c h o sen  i s  

d i f f e r e n t  from t h e  l a s t  ( i n  t h i s  c a s e  t h e  r e f e r e n c e  p o s i t i o n ) .

AOSMP th e n  c a l l s  s u b r o u t i n e  RANDU t o  c a l c u l a t e  a  random i n t e g e r  

number be tw een  0  and 8  t o  i n d i c a t e  t h e  f i l t e r  number to  be u se d  w i th  

t h e  t a r g e t  p o s i t i o n  j u s t  c h o s e n .  AOSMP th e n  c a l c u l a t e s  t h e  number o f  

m o to r  " s t e p s "  r e q u i r e d  from t h e  l a s t  t a r g e t  p o s i t i o n  ( i n  t h i s  c a s e  

t h e  r e f e r e n c e  p o s i t i o n )  t o  t h e  new t a r g e t  p o s i t i o n  and f i l t e r  number 

f o r  each  o f  t h e  T P S 's  t h r e e  s te p p e T  m o to r s .  Note t h a t  f o r  th e  

t a r g e t  s p o t  p o s i t i o n  masks a m o to r " s t e p "  i n  AOSMP n o t a t i o n  i s  a 

r o t a t i o n  o f  45 d e g r e e s  by t h e  TPS t a r g e t  s p o t  maks m o to rs  ( o r  25
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a c t u a l  m otor  s t e p s ) . L ik ew ise  a m o to r  " s t e p "  i n  AOSMP n o t a t i o n  f o r  

t h e  TPS f i l t e r  m o to r i s  a  r o t a t i o n  o f  90 d e g r e e s  by t h e  f i l t e r  m o to r  

(o r  50 a c t u a l  m otor s t e p s ) .  A f t e r  AOSMP h a s  c a l c u l a t e d  t h e  number o f  

" s t e p s ' '  r e q u i r e d  f o r  e a c h  TPS m o to r ,  i t  c a l c u l a t e s  t h e  r o t a t i o n  

d i r e c t i o n s  r e q u i r e d  f o r  e a c h  m otor  b a se d  on t h e  l a s t  t a r g e t  a sse m b ly  

p o s i t i o n s  r e l a t i v e  t o  t h e  new t a r g e t  a sse m b ly  p o s i t i o n s .  B e fo re  

p ro c e e d in g  f u r t h e r  AOSMP u p d a te s  t h e  l a s t  t a r g e t  p a r a m e te r s  t o  t h e  

new v a lu e s  c u r r e n t l y  b e in g  u s e d .  AOSMP now h a s  a l l  t h e  i n f o r m a t io n  

n e c e s s a r y  t o  s e t  up t h e  two M1705 c h an n e l  o u t p u t  words M05A and M05B 

a c c o rd in g  t o  t h e  fo l lo w in g  fo rm a t :  (1) b i t  1 o f  M05A i s  t h e  TPS A

s p o t  mask m otor d i r e c t i o n ,  (2) b i t s  2 -5  o f  M05A a r e  t h e  b i n a r y  number 

o f  " s t e p s "  r e q u i r e d  f o r  t h e  A s p o t  mask m o to r ,  (3) b i t  7 o f  M05A i s  

t h e  TPS B s p o t  mask m o to r  d i r e c t i o n ,  (4) b i t s  8-11 o f  M05A a r e  t h e  

b i n a r y  number o f  " s t e p s "  r e q u i r e d  f o r  t h e  B s p o t  mask m o to r ,  (5 ) b i t  

7 o f  M05B i s  t h e  TPS f i l t e r  m otor d i r e c t i o n ,  ( 6 ) b i t s  8-11 o f  M05B 

a r e  th e  b i n a r y  number o f  " s t e p s "  r e q u i r e d  f o r  t h e  f i l t e r  m o to r .

AOSMP th e n  must s e t  up t h e  s a c c a d e  d a t a  f i l e  codeword IDATA(4) 

w hich  c o n t a i n s  th e  t a r g e t  p a ra m e te r  i n f o r m a t i o n .  T h is  i s  done by 

f i r s t  c a l l i n g  s u b r o u t in e  IPDCE t o  c o n v e r t  t h e  t a r g e t  p o s i t i o n  b e in g  

p r e s e n t l y  u s e d ,  ITST, t o  a  code w h ich  can  b e  u se d  i n  f u t u r e  p r o c e s s in g  

and p l o t t i n g  p rogram s (a s  d e s c r ib e d  e a r l i e r ) .  A f t e r  IPDCE r e t u r n s  

AOSMP i n c l u d e s  t h e  f i l t e r  number IC w i th  t h e  c o n v e r te d  t a r g e t  p o s i t i o n  

ITST and s t o r e s  t h e  f i n a l  r e s u l t  a t  IW4 f o r  f u t u r e  s t o r a g e  by  SMPL2 

a t  IDATA ( 4 ) .  A f t e r  a l l  t h i s  i s  a c c o m p lish e d  AOSMP i s  r e a d y  to  

c o n t r o l  t h e  TPS and move t h e  TPS m o to rs  t o  t h e i r  r e q u i r e d  p o s i t i o n s .
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The m o to r  p o s i t i o n  words M05A and M05B a r e  lo a d e d  i n t o  t h e  TPS i n t e r 

f a c e  e l e c t r o n i c s  s e c t i o n .  The M1705A c o n t r o l  f l a g  A, CFA, i s  s e t  t o  

i n i t i a t e  m o to r  movem ents. AOSMP w a i t s  f o r  t h e  TPS DEV RDY f l a g  t o  

b e  s e t  a t  t h e  c o m p le t io n  o f  m o to r  m ovem ents. When DEV RDY o c c u r s  

AOSMP e n t e r s  t h e  sam p lin g  p h a se  o f  o p e r a t i o n  by  c a l l i n g  s u b r o u t i n e  

SMPL2. SMPL2 w a i t s  f o r  a  c lo c k  t r i g g e r  p u l s e  t o  o c c u r  and th e n  

sam ples  and s t o r e s  d a t a  i n  t h e  IDATA a r r a y  b e f o r e  r e t u r n i n g  t o  

AOSMP. I f  n e i t h e r  f l a g  KS1 n o r  KS2 h as  been  s e t  by SMPL2, AOSMP 

w i l l  s t o r e  t h e  c o m p le te  IDATA a r r a y  on d i s k  FL2 w i th  t h e  f i le n a m e  

FNME and th e n  c h a in  back  to  ADIS2. F la g  KS1 w i l l  be s e t  by SMPL2 

i f  a  u s e r  s to p  ( t e l e t y p e  k ey board  key "S"  p r e s s  J i s  i n i t i a t e d  d u r in g  

d a t a  s a m p lin g .  F la g  KS2 w i l l  be s e t  by SMPL2 when th e  TPS FAIL b i t  

i s  s e t  d u r in g  a  t a r g e t  d e f l e c t i o n  p e r io d  T2 (a  s u b j e c t  e y e b l in k  o r  

an e y e t r a c k e r  t r a c k  l o s s  o c c u r r e d  d u r in g  T 2 ) . I f  KS1 i s  s e t  by 

SMPL2 no d a t a  s t o r a g e  i s  p e rfo rm ed  by AOSMP and an im m edia te  c h a in  

back  t o  ADIS2 i s  p e r fo rm e d .  I f  KS2 i s  s e t  by SMPL2 no d a t a  s t o r a g e  

i s  p e rfo rm ed  by AOSMP and AOSMP i s  r e r u n  s t a r t i n g  w i th  new t a r g e t  

p a ra m e te r  s e l e c t i o n .

ARSMP:

Program  ARSMP i s  c h a in e d  t o  by ADIS2 when t h e  u s e r  e n t e r s  

command AR. ARSMP p r o v id e s  TPS c o n t r o l  and d a t a  sam p ling  f o r  th e  

r e c y c l e  mode, t h a t  i s ,  one sam ple  s e t  a f t e r  a n o th e r  i s  t a k e n  and 

s t o r e d .  ARSMP i s  b a s i c a l l y  a  lo o p in g  v e r s i o n  o f  AOSMP so  i t s  o p e r a 

t i o n  i s  s i m i l a r  t o  AOSMP o p e r a t i o n .  ARSMP b e g in s  a s  do es  AOSMP w i th  

h o u se k ee p in g  o p e r a t i o n s  on t h e  M170S and v a r i a b l e  i n i t i a l i z a t i o n s .
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Now however j u s t  b e fo r e  th e  TPS i n i t i a l i z a t i o n  r e q u e s t  a tem p o ra ry  

t a r g e t  p o s i t i o n  a r r a y  ITEMP i s  s e t  up whose v a lu e s  equ a l  th o s e  o f  

ITARG. T h is  tem p o ra ry  a r r a y  i s  used i n  t h e  r e s t  o f  th e  ARSMP 

programming. ARSMP o p e r a t io n  now p ro c e e d s  j u s t  a s  AOSMP o p e r a t i o n  

up t o  and in c lu d in g  d a ta  s t o r a g e  o f  IDATA on FL2. Now however a f t e r  

each  s u c c e s s f u l  t r i a l  th e  f i le n u m b e r  p a r t  o f  FNME ( th e  l a s t  two 

c h a r a c t e r s  o f  FNME) i s  in c rem en ted  by o n e . A lso th e  t a r g e t  p o s i t i o n  

j u s t  u se d ,  ITST, i s  d i s a b l e d  by s e t t i n g  b i t  0 o f  t h i s  codeword to  1. 

The c o r re sp o n d in g  ITEMP p o s i t i o n  i s  t h u s  d i s a b l e d  by s e t t i n g  

ITEMP(K) = ITST, ARSMP th e n  loo ps  back to  th e  t a r g e t  p a ra m e te r  

s e l e c t i o n  p o i n t .  T h is  lo o p in g  c o n t in u e s  u n t i l  a l l  p o s i t i o n s  o f  ITEMP 

a r e  d i s a b le d  and ARSMP can f in d  no more en ab led  t a r g e t  p o s i t i o n s .

When t h i s  happens a message i s  p r i n t e d  on t h e  t e l e t y p e  and ARSMP 

c h a in s  back to  ADIS2. The p ro c e d u re  j u s t  d e s c r ib e d  a l lo w s  th e  

e x p e r im e n te r  t o  r e c o r d  a s u b j e c t  r e s p o n s e  f o r  each o f  th e  40 p o s s ib l e  

t a r g e t  sp o t  d e f l e c t i o n s  a t  l e a s t  once d u r in g  an  e x p e r im e n ta l  s e s s io n .  

As w i th  AOSMP i f  KS1 i s  s e t  by SMPL2 ( u s e r  s to p )  an im m ediate c h a in  

back  t o  ADIS2 from ARSMP i s  i n i t i a t e d .  No s to r a g e  o f  th e  c u r r e n t  

sam ple  s e t  o c c u r s .  I f  KS2 i s  s e t  by SMPL2 no s to r a g e  o f  t h e  c u r r e n t  

sam ple s e t  o c c u r s ,  no f i l e  number in c rem en t i s  done, and th e  t a r g e t  

p o s i t i o n  c u r r e n t l y  used i s  n o t  d i s a b l e d .  ARSMP th e n  lo o p s  back t o  

th e  t a r g e t  p a ra m e te r  c h o ic e  p o i n t .

RANDU(K, M, A):

S u b ro u t in e  RANDU(K, M, A) g e n e r a te s  random numbers betw een 0 .0  

and 1 .0  by th e  power r e s i d u e  m ethod. T h is  method g e n e r a t e s  o v e rf lo w s
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in  th e  a cc u m u la to r  o f  t h e  com puter . Argument K must be an  odd i n t e g e r  

o f  4 o r  l e s s  d i g i t s  on th e  f i r s t  c a l l  o f  RANDU. For su b seq u e n t  c a l l s  

o f  RANDU K shou ld  be s e t  eq u a l  t o  t h e  p re v io u s  v a lu e  o f  M computed by 

RANDU. Argument A i s  a  random f l o a t i n g  p o i n t  number betw een 0 .0  and 

1 ,0 .  In  th e  ADCOM programming h e re  t h e  i n i t i a l  v a lu e  chosen  f o r  K 

was a d ju s te d  to  y i e l d  a  long  random i n t e g e r  sequence  w i th  a p p ro x im a te ly  

equal numbers o f  i n t e g e r s  o f  each  v a lu e .  The i n i t i a l  v a lu e  o f  K used  

was 151.

IPD CE(I):

S u b ro u t in e  IPDCECl) i s  a  code  c o n v e rs io n  s u b r o u t in e .  I t  c o n v e r t s

th e  coded t a r g e t  p o s i t i o n  I i n t o  a n o th e r  code s u i t a b l e  f o r  u se  in

su b seq u en t saccade  d a ta  p r o c e s s in g  and p l o t t i n g  s o f tw a re .  The r e s u l t  

o f  th e  c o n v e rs io n  o f  I (a o n e - fo r - o n e  com parison  o f  I w i th  th e  p o s 

s i b l e  v a lu e s  a v a i l a b l e  f o r  I)  i s  s t o r e d  in  t h e  common d a t a  v a r i a b l e  

IW4. T a rg e t  p o s i t i o n  I must be a  member o f  t h e  t a r g e t  p o s i t i o n  a r r a y  

ITARG. C o nvers ion s  o f  I a r e  shown in  T ab le  3,

SMPL2(I, J ) :

S u b ro u t in e  SMPL2(I, J )  i s  a g e n e r a l  p u rp o se  sam pling  s u b r o u t in e

c a l l e d  by AOSMP o r  ARSMP t o  pe rfo rm  an a lo g  d a t a  sa m p lin g .  SMPL2

s t o r e s  t h e  sampled d a t a ,  sam pling p a ra m e te r s ,  and t a r g e t  p a ra m e te r s  

i n  th e  common s to r a g e  a r r a y  FDATA which i s  e q u iv a le n t  t o  IDATA in  t h e  

c a l l i n g  program  AOSMP o r  ARSMP.

SMPL2 p a s s e s  two argum ents  I and J .  I i s  th e  f l a g  t h a t  i s  s e t  

equal t o  1 when a  u s e r  s to p  ( t e l e t y p e  keyboard key "S" p r e s s )  i s
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e n v o ik e d .  J  i s  t h e  f l a g  t h a t  i s  s e t  e q u a l  t o  1 when th e  TPS FAIL 

b i t  i s  s e t  ( s u b j e c t  e y e b l in k  o r  e y e t r a c k e r  t r a c k  l o s s  d u r in g  d a t a  

s a m p l in g ) .  SMPL2 b e g in s  i t s  o p e r a t i o n  by s e t t i n g  I = J  = 0. SMPL2 

th e n  c o n s t r u c t s  and i n s e r t s  t h e  f i r s t  f o u r  codew ords i n t o  th e  FDATA 

d a t a  a r r a y .  T hese  codew ords c o n t a i n  t h e  sa m p lin g  and t a r g e t  p a ra m e te r  

in f o r m a t i o n .  Note t h a t  i n f o r m a t i o n  n e c e s s a r y  to  c o n s t r u c t  t h e s e  f i r s t  

f o u r  FDATA words i s  p a s s e d  t o  SMPL2 v i a  v a r i o u s  common s t o r a g e  

v a r i a b l e s  from  t h e  c a l l i n g  p ro g ram . SMPL2 th e n  i n s t r u c t s  t h e  

program m able  r e a l  t im e  c lo c k  w i th  t h e  codew ord ICKEN. An o u t e r  

sam ple  lo o p  (sa m p le s  p e r  c h a n n e l )  i s  th e n  e n t e r e d ,  t h e  u s e r  s t o p  i s  

c h e c k e d ,  t h e  A/D c o n v e r t e r  and m u l t i p l e x e r  a r e  i n s t r u c t e d ,  and SMPL2 

th e n  i d l e s  i n  a  c lo c k  t r i g g e r  w a i t  l o o p .  Once t r i g g e r e d  (by TPS 

TRIG p u l s e ) ,  t h e  c lo c k  ru n s  c o n t i n u o u s l y  and g e n e r a t e s  an o v e r f lo w  

s i g n a l  once  each  sam ple p e r i o d  a s  p e r  i t s  i n s t r u c t i o n s .  A c lo c k  

t r i g g e r  o r  a  c lo c k  o v e r f lo w  s i g n a l  c a u s e s  SMPL2 to  e n t e r  an i n n e r  

sam ple  lo o p  (number o f  c h a n n e ls )  w h e re in  t h e  s p e c i f i e d  number o f  

m u l t i p l e x e r  c h a n n e ls  a r e  sam pled  s e q u e n t i a l l y  a s  q u i c k l y  a s  p o s s i b l e ,  

s t a r t i n g  w i th  t h e  s p e c i f i e d  s t a r t i n g  c h a n n e l .  The m u l t i p l e x e r  h a s  

p r e v i o u s l y  been  g iv e n  t h i s  in f o r m a t io n  a lo n g  w i th  an i n s t r u c t i o n  

t o  in c re m e n t  c h a n n e ls  each  t im e  t h e  A/D t a k e s  a sam p le .  When a l l  

c h a n n e ls  have  b een  sa m p led , t h e  i n n e r  lo o p  e x i t s  t o  t h e  s t a r t  o f  th e  

o u t e r  lo o p .  The u s e r  s to p  i s  c h ec k ed , t h e  A/D c o n v e r t e r  and m u l t i 

p l e x e r  i n s t r u c t i o n s  a r e  r e f r e s h e d ,  and SMPL2 t h e n  w a i t s  f o r  t h e  

c lo c k  t o  o v e r f lo w .  The c lo c k  o v e rf lo w  a f t e r  a  sam ple  p e r i o d  t im e o u t  

s t a r t s  t h e  i n n e r  lo o p  a g a i n .
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When t h e  o u t e r  sam ple  lo o p  has c y c le d  th ro u g h  th e  r e q u i r e d  

number o f  sam p les  p e r  c h a n n e l ,  SMPL2 t h e n  r e a d s  t h e  M1703 12 b i t  in p u t  

word and c h e c k s  b i t  0 f o r  a f a i l u r e .  I f  a  f a i l u r e  has o c c u r re d  

(TPS FAIL b i t  s e t )  SMPL2 s e t s  J  = 1 b e f o r e  r e t u r n i n g  t o  t h e  c a l l i n g  

p ro g ram . I f  t h e  u s e r  s to p  f e a t u r e  i s  e n v o lk e d  a t  any  t im e  d u r in g  d a t a  

sa m p lin g  SMPL2 im m e d ia te ly  r e t u r n s  t o  t h e  c a l l i n g  p rogram  w i th  1 = 1 .

A norm al SMPL2 r e t u r n  t o  t h e  c a l l i n g  program  i s  w i th  I = J  = 0 

i n d i c a t i n g  a s u c c e s s f u l  e x p e r im e n ta l  t r i a l .

T h is  c o m p le te s  t h e  d i s c u s s i o n  o f  ADCOM p ro g ra m s .  Com plete  p rogram  

l i s t i n g s  a r e  i n c lu d e d  i n  t h e  f o l lo w in g  p a g e s .



*TTY i *.*< FL2iADCOM*FT
C PROGRAM ADCOM PRINTS COMMANDS FOR ADI52
C THEN CHAINS TO ADIS2. ADCOM INITIALIZES
C SAMPLING PARAMETERS TO VALUES CONVENIENT
C FOR EYETRACKER DATA SAMPLING. INITIAL
C VALUES ARE LISTED AND A FILENAME IS
C REQUESTED BEFORE CHAINING TO ADIS2.

COMMON ICHNS*ICHNl*IMSEC*ITBM*ISAMP*IEN1 
COMMON IEN2*IEN3* FNME*ICHCT*ISPCT*ICKEN 
COMMON ITMBS*IW4*ICST*ITARG
DIMENSION ITARG(40)*ITTAR(40)

ICHN5*2 
ICHN1-0 
IMSEC* 5 
ITBM-0 
I SAMP*500 
IEN1*352 
IEN2*288 
IEN3-28S 
ICHCT*-2 
ISPCT--500 
ICKEN*-1167 
ITMBS*-500 
ICST-I51 
IW4*0
W R I T E (1*5)

5 FORMAT(*ADIS2 CMOS ARE: AC * A 1 * AS * AT * AM* AE *
C * * AF* AP* AD* AO * AR * )

READC1*6)FNME
6 FORMAT(*ENTER FILENAME: **A6>
C PRINT INITIAL VALUES

V R I T E O *  10) ICHNS* ICHNl
10 FORMAT(12** CHANNELS* STARTING WITH CHNL**I4)

v r i t e c i * i i ) i s a m p
11 FORMAT<15*' SAMPLES PER CHANNEL*)

WR I T E C 1*12)IMSEC*ITSM
12 FORMAT(* SAMPLE PERIOD: **12** MSEC (TIMES 10* 

C *♦ ♦**12* * >' )
W R I T E (1*13)IEN1* 1EN2*IEN3

13 FORMAT(*EVENT 1i '*a 2** 2:**A2** 3 i **A2>
W R I T E (1*14)

14 F O R M A T C A L L  TARGET POSITIONS ENABLED* ) 
W R l T E U * 15)FNME

15 FORMAT(* NEXT FILE: **A6)

16S
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c

20
21

22
25

30
31
35

40

45
50
55

*
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GET TARGET POSITION ARRAY AND SHIFT IT AS 
SPECIFIED
R E A D (1*21> I
FORMATC•ENTER INITIAL TARGET PO SiTION: * , I 2 ) 
IF<I>30,30,22 
IF<1-40)35,25,30 
ITARG<1)■ITTARC 40)
J- 1 
K*39
GO TO 45 
VRITE <1,31)
FORMAT<’INVALID POS*)
GO TO 20 
J * 4 l - I  
K* I -1
DO 40 L * L J
ITARG(L)*ITTAR<L+K)
CONTINUE
IF(I-1)30,55,45
DO 50 M “ 1,K
ITARG<J+M)-ITTAR(M)
CONTINUE
CALL CHA I N ( * ADIS2 * )
STOP
END
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T TY: *• *< FL2 : ADIS2.FT
C PROGRAM ADIS2 INTERPERTS ADIS2 COMMANDS
C AND ALLOWS CHANGING OF SAMPLING PARAMETERS.
C WHEN SAMPLING BEGINS ADIS2 CHAINS TO THE
C APPROPRIATE SAMPLING PROGRAM.

COMMON ICHNS.ICHN1 . IMSEC.ITBM.ISAMP.IENl 
COMMON IEN2.IEN3. FNME.ICHCT.ISPCT.ICKEN 
COMMON ITMBS. I W 4 . 1CST.ITARG
DIMENSION ITARGC40).ITEMPC40>
IAC-67 
IAt * 1 13 
IAS-63 
IAT-84 
I A M - 7 7 
IAE-69 
IAF-70 
IAP-80 
IAD—68 
I A O - 7 9  
IAR-82

5 READ C 1. 6 ) ICMD
6 FORMAT<•i*.A2)

IFCICMD-IAC>10.70. 10 
10 IF<ICMD-IA1>15,80.15
15 IFCICMD*IAS>20. 90.20
20 IF CICMD-IAT>25. 1 00. 25
25 IFCICMD-1AM >30*110s 30
30 IFCICMD-IAE 335*120.35
35 IFCICMD-IAF)40.140,40
40 IFC ICMD*IAP)45. 150*45
45 IF C ICMD-I AD ) 50.170.50
50 IFCICMD-IAO)55.200.55
55 IFCICMD-IAR>60.300.60
60 URITEC 1.65)
65 FORMATC*INVALID C M D * >

GO TO 5
C CMD AC
70 REA D C 1.71)ICHNS
71 FORMATC'ENTER NUMBER OF CHANNELS! (.I5> 

ICHCT--ICHNS
IFCICHNS)73.73.72

72 IFC8-ICHNS >73.5.5
73 VRITEC1.74)
74 FORMATC*INVALID*>

GO TO 7 0



c CMC Al 168
80 R E A D C 1,81)ICHNl
81 FORNATC*ENTER START CHANNEL* ’>15)

IFCICHNl>83,82,82
82 IFC7-ICHNl )83,5,5
83 WRlTE Cl,84)
84 FORMATC*INVALID*>

GO TO 80
C CMD AS
90 R E ADC1,91)I SAMP
91 FORMATC*ENTER SAMPLES PER CHANNEL * *,I5> 

ISPCT— ISAMP
IFC1SAMP >93,93,92

92 IFC1020-ISAMP>93,5,S
93 WRITE Cl,94)
94 FORMATC* INVALID* >

GO TO 90
C CMD AT
100 READC1#101>IMSEC
101 FORMAT C* ENTER TlMEBASE* 1, 2, OR 5 C M S E O t  *,15) 

ITMBS—  C IMSEC* 1 00 )
IFCIMSEC-1>104,5,102

102 IFCIMSEC-2)104, 5, 103
103 IFCIMSEC-5)104,5,104
104 VRJ TE C1,105 >
105 FORMATC* INVALID* >

GO TO 100
C CMD AM
110 READC 1, 1 1 15ITBM
111 FORMATC* ENTER TIMEBASE MULTIPLIER* *,15) 

I F C I T B M M  13, 1 12, 1 12
112 IF C4-ITBM)113, 115,115
113 VR1TEC 1, 1 14)
114 FORMATC*INVALID*>

GO TO 110
115 JTBM*5-ITBM
S CLA CLL
S TAD \JTBM
s  r t l ;  r t l ;  RTL
S DCA SJT8M
S TAD SICKEN
S AND C7077
S TAD SjTBM
S DCA SICKEN

GO TO 5



c CMD AE
169

120 HEAOC 1, 121 > IEMl, IEN2, IEN3
121 FORMAT C« ENTER E OR D FOR EVENT lt*,Al,* 2s*

C /Al/' 3t',Al)
IFCIEN1-352)124,123, 134

123 1 ED1» 1
GO TO 126

124 IF(IEN1-288)134,125,134
125 IED1-0
126 IFCIEN2-352)128,127,134
127 IED2-2

GO TO 130
128 IF(X EN 2-288)134, 129, 134
129 I ED2*0
130 IFCIEN3-352)132, 131, 134
131 IED3*4
S JMP CKFl
132 IFC IEN3-288M34, 133, 134
133 IED3* 0
SCKF1, CLA CLL
S TAD M C K E N
S AND < 777 0
5 TAD \ I E D 1
S TAD M E D 2
5 TAD \IED3
S DCA M C K E N

GO TO 5
134 VRl TE C 1 , 1 35 )
135 FORMATC* INVALID* >

GO TO 120
C CMD AF
140 READC 1, 141 )FNME
141 FORMAT<*ENTER FILENAME: * , A6 >

IACL-0
SC ALL 0,CLEAR 
SCALL 1,FAD 
SARG \FNME
5 CLA
S TAD ACL
S DCA \IACL

IFCIACL + 9 7 6 )143, 142, 142
142 IFC XACL + 3 9 1 )145,145, 143
143 V R I T E C 1,144)
144 FORMAT(*INVALID FILENUMBER*>

GO TO 140
145 V R I T E C 1,146)FNME
146 FORMAT<•FILES WILL START WITH* •,A 6 )

GO TO 5



c

150
151
152
153

154
155

156
S
s
s
5

157
160
161

C
170
171
172
173
174
190
191

1 7 0

CMD AP
WRITE(1,151)ICHNS,ICHNl
FORMAT(12,' CHANNELS, STARTING WITH CHNL*,I4) 
VRITEC1,I 52)I SAMP
FORMAT Cl 5,f SAMPLES PER CHANNEL* )
VRITEC1,153)IMSEC,ITBM
FORMATC»SAMPLE PERIOD* ',12,* MSECCTIMES 10*

C • ***,12,* )* >
WRITE(1,154)IEN1,1EN2,IEN3
FORMAT(* EVENT l**,A2, * 2l*,A2,* 3 * *,A 2 )
WRITE Cl,155)
FORMATC*INHIBITED TARGET POSITIONS**)
DO 160 1-1,40
IFCITARG Cl)) 156, 160, 160
ITMP-ITARGCI)
CLA CLL 
TAD \ITMP 
AND (3777 
DCA \ITMP
VRITEC1,157)ITMP 
FORMATC*POS:*,15)
CONTINUE
WRITEC1,161)FNME 
FORMAT C * NEXT FILE* *,A 6 )
GO TO 5
CMD AD
READC1,171)IPOS,IADE
FORMATC*ENTER TARGET P0St*,I2,• E OR Dt*,Al) 
IFCIADE-352)173,172,173 
CALL TPOSCIPOS,0,1FAIL)
IFCIFAIL)170,5,170 
IFCIADE-288)190,174,190 
CALL TPOSCIPOS,1,IFAIL)
IFCIFAIL)17 0,5,170 
WRITEC1,191 )
FORMATC*INVALID*)
GO TO 170



171

C
2 0 0

C
205
215

220

225

C
300

C
305
315

320

325

CMD AO
CALL APCHX CI FAIL)
IF<IFAIL>5,205,5
SHIFT ITARG BY 3 PLACES
DO 215 1-1,37
ITEMP(I>*ITARG(I+3)
CONTINUE
DO 220 J-1,3
I TEMP <37 +J >*ITARG(J )
CONTINUE
DO 225 K - 1,40
ITARG <K )-ITEMP(K)
CONTINUE
CALL CHAIN < * AOSMP*)
CMD AR
CALL APCHK(IFAIL) 
IF(IFAIL)5,305,5
SHIFT ITARG BY 3 PLACES
DO 315 1*1,37
ITEMPCI>*ITARGCl+3)
CONTINUE
DO 320 J * 1,3
I TEMP(37+J )-ITARG(J )
c o n t i n u e
DO 325 K - 1,40 
ITARG<K5-ITEMPCK) 
c o n t i n u e
CALL CHAINCARSMP* )
STOP
END

*
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TTY i *.*<FL2 * APCHK*FT 
C APCHK CHECKS SPEC•D SAMPLING PARAMETERS, IF
C OK, RETURNS IFAIL-0J IF NOT, PRINTS ERROR
C MESSAGE AND RETURNS IFAIL-1,

SUBROUTINE APCHK(IFAIL)
COMMON ICHNS,ICHNl,IMSEC,ITBM,ISAMP,IEN1 
COMMON 1EN2,IEN3,FNME,ICHCT,ISPCT,ICKEN 
COMMON ITMBS,IV4,ICST,ITARG
DIMENSION ITARG(40)

S OPDEF BSV 7 002
IFAIL-0

C NUMBER OF CHANNELS
1F< ICHNS ) 30, 30, 20 

20 IFC8 - ICHNS >30,40,40
30 V R I T E (1,31)
31 FORMATC* BAD CHANNELS* >

IFAIL-l
C START CHANNEL
40 IFCICHNl)60,50,50
50 IFC7-ICHN1>60,70,70
60 V R I T E C 1,61)
61 FORMAT C * BAD START CHANNEL*)

IFAIL-l
C CHANNELS PLUS START CHANNEL
70 IFCICHNS+ICHN1-8)100,100,90
90 V RITEC1,91)
91 FORMATC*BAD CHANNEL SUM*)

IFAIL-1
C TIMEBASE
100 IFCIMSEC-1 ) 1 10, 140, 1 10
110 IFCIMSEC-2)120,140,120
120 IFCIMSEC-5)130,140,130
130 V RITEC1,131)
131 FORMAT ('BAD TIMEBASE* )

IFAIL-i
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C TIMEBASE MULTIPLIER
140 IFCITBM)I 60, 150, 150
150 IF(4-ITBM)160*17 0,170
160 VRITEC1,161)
161 FORMAT ( * BAD TIMEBASE MULT*)

IFAIL-l
C SAMPLES CHECKS
170 IF(ISAMP)190,190,180
130 IF(ISAMP*ICHNS-1020)200,200,190
190 WRITE(1,191)
191 FORMAT(*BAD SAMPLES')

IFAIL-l
C FILENUMBER
200 KACL-0

MACL-0 
SCALL 0,CLEAR 
SC ALL 1, FAD
SARG \FNME
S CLA
S TAD ACL
S AND (0077
S DCA NKACL
S TAD ACL
S BSW
S AND (0077
S DCA \MACL

IF(KACL-48>220,210,205 
205 IF(KACL-S7)210,210,220
210 IF(MACL-48)220,300,215
215 IF(MACL-57)300,300,220
220 WRITE!1,221)
221 FORMAT(* BAD FILENUMBER')

IFAIL-l
C INHIBITED TARGET ARRAY CHECK
300 DO 305 1-1,40

IF(ITARG(I)>305,310,310
305 CONTINUE 

VRITE(1,306)
306 FORMATCALL TARGET POSITIONS INHIBITED*) 

IFAIL-l
310 RETURN 

END
*



★TTY:* . * < F L 2 : T P O S . F T
C SUBROUTINE TPOSCIPOS,IZ,IFAIL> SEARCHES
C TARGET ARRAY, ITARG, FOR SPEC’D POSITION,
C IPOS, AND SETS BIT 0 TO VALUE OF IZ (I FOR
C INHIBITED POSITION OR 0 FOR ENABLED
C POSITION). IF IPOS IS NOT FOUND IN ITARG
C OR IZ NOT- 0 OR 1 THEN TPOS RETURNS WITH
C IFAIL-l.

SUBROUTINE TPOSCIPOS,IZ,IFAIL>
COMMON ICHNS,ICHNI,IMSEC,ITBM,ISAMP,IEN1 
COMMON IEN2,IEN3,FNME,ICHCT,ISPCT,ICKEN 
COMMON ITMBS,IVA,ICST,ITARG
DIMENSION ITARG(40)
IFAIL-0
ITMP-0

C SEARCH ITARG FOR POSITION: IPOS
DO 100 1-1,40 
ITMP-ITARG<I )

S CLA CLL
S TAD \ITMP
S AND (3777 /MASK OFF INHIBIT BIT C0>
S DCA \ITMP /TEMP STORAGE

IFCIPOS-ITMP)100,50,100
C SET BIT 0 AS PER IZ C1 OR 0)
50 IFCIZ)70,51,60
51 ITMP-ITARG(I)
S CLA CLL /IZ-0
S TAD SITMP
S AND <3777 /SET BIT 0 TO ZERO
S DCA \ITMP /TEMP STORAGE

ITARG <I>-lTMP 
GO TO 200

60 IFCIZ-t>70,61,70
61 ITMP-ITARG(I )
S CLA CLL /IZ-1
S TAD \ITMP
S AND (3777 /SET BIT 0 TO ZERO
S TAD (4000 /SET BIT 0 TO ONE
S DCA M T M P  /TEMP STORAGE

174



175

70
71

100

150
200

*

ITARGCl3-ITMP 
GO TO 200
W R I T E (1*71)
FORMAT<■INVALID* 3 
IFAIL*1 
GO TO 200
CONTINUE 
IFAIL-l 
WRITE <1 * 1503
FORMAT<*BAD TARGET POSITION*3
RETURN
END
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TTYt *.*<FL2iAOSMP.FT
PROGRAM AOSMP HANDLES SAMPLING IN ONE-SHOT 
MODE. A USER STOP (KEY "S" PRESS) WILL CAUSE 
A CHAIN BACK TO ADIS2• A FAIL CHECK IS DONE 
AT END OF SAMPLING. IF FAILURE OCCURS THEN 
THE DATA IS REJECTED AND A NEW TARGET MOTION 
IS INITIATED.
COMMON ICHNS*ICHNl*IMSEC*ITBM*ISAMP*lENl 
COMMON IEN2*IEN3*FNME*ICHCT*ISPCT*ICKEN 
COMMON ITMBS*IW4*ICST,ITARG 
COMMON IDATA
DIMENSION IDATAU024J*ITARGC40)
SPECIAL COMMANDS
OPDEF MDIA 6160
OPDEF MWRA 6163
OPDEF MTDA 6164
OPDEF MSFA 6166
OPDEF MRFA 6167
SKPDF MSDA 6162

/DISABLE M1705 INT A 
/AC TO Ml 70S REG A 
/TRIG M 1 70S STROBE A 
/SET Ml 705 CTL FLG A 
/CLR MI705 CTL FLG A 
/ SKP ON Ml 705 FLG A

OPDEF MDIB 6170
OPDEF MWRB 6173
OPDEF MTDB 6174
OPDEF MRFB 6 177
OPDEF CLAF 6152
OPDEF BSW 7002

/DISABLE M 1705 INT B 
/AC TO Ml 705 REG B 
/TRIG M 1705 STROBE B 
/CLR M 17 05 CTL FLG B
/CLR M1703 FLGS 
/BYTE SWAP

MD1A 
MD1B 
CLAF 
MRFA 
MRFB 
CLA CLL
MWRA /CLR DEVICE FLGS
MVRB

/TURN OFF M1705 INT’S
/CLR M 1703 FLGS 
/CLR M1705 CTL FLGS



c i n i t i a l i z a t i o n s 177

M05A-0
M05B-0
ITST-0
IAL-0
IBL-0
ICL-0
I A - 0
IB-0
IC-0
ITSTL-0
W R I T E C 1,3)

3 FORMATC*INITIALIZE D R IVER1)
SM5F1, MSDA /VAIT FOR DRIVER FLAG
S JMP M5F1
S CLA CLL
S MWRA /CLR DEVICE FLG
C GET TARGET POSITION FROM TARGET ARRAY
5 DO 10 1-1,40

IF ( ITARG CI > ) 1 0* 6,6
6 IFCITARG<I)-ITSTL>7,10,7
7 ITST-ITARGCI>

GO TO I S
10 CONTINUE 

V R I T E C 1#t 1 )
11 FORMATC*ARRAY INHIBITED*)

GO TO 3 00
C CALCULATE FILTER MOTOR MOVEMENT
15 CALL RANDU CICST,IY,YFL)

IC«IFIXC9.0*YFL>
ICST-IY

C DECODE TARGET POSITION AND CALCULATE # OF
C STEPS REQUIRED FROM LAST POSITION
S CLA CLL
S TAD VITST /GET TARGET POSITION
S AND C0007 /MASK OFF A POSITION
S DCA M B  /PUT REMAINDER AT IB
S TAD \ITST
S AND C0070 /MASK OFF B POSITION
s r t r ; ra r
S DCA \IA /PUT REMAINDER AT IA

IAC-IABSCIAL-IA) 
18C-IA8SCIBL-IB) 
ICC-IABSCICL-IC)
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C TEST FOR ZERO MOTOR MOVEMENT OF TARGET
C MOTORS. IF 0 SET-8.

IFCIAC>25,20>25 
20 IAC*8
25 XF(ZBC)100*30#100
30 IBC*8
C CALCULATE MOTOR DIRECTIONS) C C V * U C V * 0
100 IFCIAL-IA)110«110#115
110 IMA* 1

GO TO 120 
115 IMA*0
120 IFtIBL-IB)125,125,130
125 IMS*1

GO TO 135 
130 IM8*0
135 IFCICL-IC)14 0 « 140*145
140 IMC-0

GO TO 150 
145 IMC*1
150 IAL*IA

IBL*IB 
ICL*IC 
i t s t l * i t s t

C SET UP Ml705 WORDS
S CLA CLL
S TAD \IMA /GET A DIRECTION
S RTLJRTL
S TAD M A C  /ADD # OF A STEPS
S 3SV
S DCA \M05A /M1705A CONTRL WORD
S . TAD \IMB /GET B DIRECTION
S RTLJRTL
S TAD \IBC /ADD # OF B STEPS
S TAD \M05A /ADD A CTL VRD
S DCA \M05A /COMPLETE M1705A CTL VRD
S TAD \IMC /GET FILTER DIRECTION
S RTLIRTL
S TAD M C C  /ADD # OF FXL STEPS
S DCA \M05B /COMPLETE M1705B CTL VRD



c SET UP DATA P I L E  WORD # 4 179
CALL IPDCECITST)

S CLA CLL
S TAD \IC /GET FILTER POSITION
s BSV
s RTL /MOVE TO CORRECT POSITION
s AND (7400 /MASK
s TAD \IW4 /ADD RAD AND ANG DATA
s DCA \IW4 /WORD #4 STORAGE
c CONTROL Ml 705
s CLA CLL
s TAD \M05A /GET M 1705A CTL WRD* *
s MWRA /LOAD IT
s NOP /WAIT FOR DATA TO SETTLE
s CLA CLL
s TAD \M05B /GET M1705B CTL WRD
s MUAB /LOAD IT
s NOP /WAIT FOR DATA TO SETTLE
s MTDA /LOAD DRIVER REGISTER
s CLA
s TAD \ICC /CHECK FOR ZERO FILT MOVE
s SNA /IF ZERO TRIG STROBE B
s MTD8
5 MSFA /SET M 1705A CTL FLG
SM5F2, MSDA /WAIT FOR DRIVER TO FINISH
S JMP M5F2
s MRFA /RESET M1705A CTL FLG
s CLA CLL
s MURA /CLR DEVICE FLG
c ENTER SAMPLE ROUTINE

CALL SMPL2<KS1,KS2)
XF<KS1)300,200,300 

200 IF(KS2 > 5# 205,5
C STORE DATA ON DISK
205 IWRDS*ISAMP*ICHNS+4

CAUL 00 PEN < * FL2 *»FNME >
WRITEC4,2 1 0 ) CIDATACM),M * 1*IWRDS> 

210 FORMAT(X2A2)
CALL OCLOSE 
W RITEC1,215)FNME 

215 FORMATC*FL2t*,A6,* DONE')
300 CALL CHAINC*A D I S 2 * )

STOP
END
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TTY * * • *< FL21ARSMP*FT 
C PROGRAM ARSMP HANDLES SAMPLING IN RECYCLE
C MODE* A USER STOP (KEY "S" PRESS) WILL CAUSE
C A CHAIN BACK TO ADI S 2 • A  FAIL CHECK IS DONE
C AT END OF SAMPLING. IF FAILURE OCCURS THEN
C THE DATA IS REJECTED AND A NEW TARGET MOTION
C IS INITIATED.

COMMON ICHNS*ICHN I*IMSEC*ITBM#ISAMP,IENl 
COMMON IEN2*IEN3# FNME#ICHCT*ISPCT*ICKEN 
COMMON ITMBS*1V4#ICST*ITARG 
COMMON IDATA
DIMENSION IDATA<1024)*ITARGC40)*ITEMPC40)

c SPECIAL COMMANDS
s OPDEF MDIA 6160 /DISABLE Ml 705 INT A
s OPDEF MWRA 6163 /AC TO Ml 705 REG A
s OPDEF MT DA 6164 /TRIG M 1 705 STROBE A
s OPDEF MSFA 6166 /SET M1705 CTL FLG A
s OPDEF MRFA 6167 /CLR M 1705 CTL FLG A
s SKPDF MSDA 6162 /SKP ON M 1705 FLG A
s OPDEF MDIB 6170 /DISABLE Ml 705 INT B
s OPDEF MWRB 6173 /AC TO M1705 REG B
s OPDEF MTDB 6174 /TRIG M 1705 STROBE B
s OPDEF MRFB 6177 /CLR M 1705 CTL FLG B
s OPDEF CLAF 6 1 52 /CLR Ml703 FLGS
s OPDEF 8SV 7002 /BYTE SWAP
s MDIA /TURN OFF M170S INT * S
s MDIB
s CLAF /CLR M 1703 FLGSs MRFA /CLR M 1705 CTL FLGS
s MRFB
s CLA CLL
s MVRA /CLR DEVICE FLGS
s MWRB



c I NI TI ALI ZAT ION S 181

M 0 5 A - 0
M 0 5 B - 0
I T S T - 0
I A - 0
I B - 0
I A L - 0
I B L - 0
I G L - 0
K - 0
DO 2  I — 1« 4 0  
ITEMP < I ) - ITARC < I >

2 CONTINUE  
WRITE( 1 * 3 )

3 FORMATC• I N I T I A L I Z E  D R IV E R *)
SMSF1,  MS DA /W A I T  FOR DRIVER FLG
S JMP M5F1
S CLA CLL
S MWRA / C L R  DEVICE FLG

C GET TARGET P O S IT IO N  FROM ITEMP

5 DO 1 0  J - 1 , 4 0
I F C I T E M P ( J ) ) 1 0 *  6*  6

6  I T S T - I T E M P C J )
K - J
GO TO 15

10 CONTINUE 
W R IT E ( 1 * 1  I )

11 FORMAT< 'TARGET ARRAY OVERFLOW')
GO TO 4 0 0

C CALCULATE F IL T E R  MOTOR MOVEMENT

15 CALL R A N D U C I C S T jI Y # Y F L >
I C - I F I X ( 9 • 0 * Y F L )
I C S T - I Y

C DECODE TARGET P O S IT IO N  AND CALCULATE # OF
C STEPS REQUIRED FROM LAST P O S I T I O N .

S CLA CLL
S TAD \ I T S T  /G E T  TARGET PO SITIO N
S AND C 0 0 0 7  /MASK OFF A P O SIT IO N
S DCA \ I B  / P U T  REMAINDER AT IB
S TAD \ I T S T
S AND C0 0 7 0  /MASK OFF B PO SITIO N
S RTRJ RAR
S DCA \ I A  / P U T  REMAINDER AT IA

I A C - I A B S C I A L - I A )  
XBC-1ABS C I B L - I B ) 
I C C - I A B S C I C L - I C )



C TEST FOR ZERO MOTOR MOVEMENT OF TARGET 182
C MOTORS. IF 0 SET*8•

IFCIAC)21,20,21
20 I AC *8
21 IFCIBC)25,22,25
22 IBC-8
C CALCULATE MOTOR DIRECTIONS* CCV*l,CW-0
25 IFC IAL** IA)110,110,115
110 IMA-1

GO TO 120 
115 IMA*0
120 IFCIBL-IS>125,125,130
125 I  M B s  l

GO TO 135 
130 IMB*0
135 IFCICL*IC)140,140,145
140 IMC-0

GO TO 150 
145 IMC*1
150 IAL*IA

IBL-IB 
ICL-IC

C SET UP Ml 705 VORDS
S CLA CLL
S TAD \IMA /GET A DIRECTION
S RTL S RTL
S TAD M A C  /ADD 1 OF A  STEPS
S BSV
S DCA \M05A /M17 05A CONTROL WORD
S TAD \IMB /GET B DIRECTION
S RTL t RTL
S TAD NIBC /ADD # OF B STEPS
S TAD \M05A /ADD A  CTL WORD
S DCA \M0SA /COMPLETE M1705A CTL WRD
S TAD \IMC /GET FILTER DIRECTION
S RTL I RTL
S TAD SICC /ADD # OF FILTER STEPS
5 DCA \M05B /COMPLETE M1705B CTL WRD
C SET UP DATA FILE WORD #4

CALL IPDCECITST >
S CLA CLL
S TAD \IC /GET FILTER POSITION
S BSW
S RTL /MOVE IT TO CORRECT POSITION
S AND <7400 /MASK
S TAD M W 4  /ADD RAD AND ANG DATA
S DCA \ IW4 /WORD #4 STORAGE
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C
S
s
5
S
s
s
s
s
s
s
s
s
s
SM 5F2,
s
s
s
s
c

200

C
205

210

2 1 5

CONTROL Ml 705
TAD \M05A /GET M 1 705A CTL WRD
MWRA /LOAD IT
NOP /WAIT FOR DATA TO SETTLE
CLA CLL
TAD \M05B /GET M170SB CTL VRD
MWRB /LOAD IT
NOP /WAIT FOR DATA TO SETTLE
MTDA /LOAD DRIVER REGISTER
CLA
t a d  \ i c c /CHECK FOR ZERO FILT MOVE
SNA /IF ZERO TRIG STROBE B
MTDB
MSFA /SET M1705A CTL FLG
MSDA /WAIT FOR DRIVER TO FINISH
JMP M5F2
MRFA /RESET M17 05A CTL FLG
CLA CLL
MWRA /CLR DEVICE FLG
ENTER SAMPLE ROUTINE
CALL SMPL2<KS1,KS2> 
IFCKS1)400,200, 400 
IFCKS2)5>205# 5
STORE DATA ON DISK
IVRDS-ISAMP*ICHNS+4 
CALL OOPEN(* FL2*,FNME> 
WRITE<4,210)<IDATACM),M»1,IVRDS) 
FORMATC12A2)
CALL OCLOSE
VRITEC1#215 >FNME
FORMAT C * FL21 *,A 6 , * DONE')



c CHECK FOR FILENUMBER OVERFLOW. IF NO OVERFLOW
c INCREMENT FILENUMBER.
SC ALL 0* CLEAR /PUT FILENUMBER AT IL
SC ALL 1» FAD
SARG \FNME
S CLA
S TAD ACL
s DCA \IL

IFCIL+391>300, 250s 300
250 W RITEC1 * 255)
255 FORMATC*FILENUMBER OVERFLOW*>

GO TO 400
300 ILA»0
S TAD M L /INCREMENT FNME FILENUMBER
S TAD (7 / (UNITS+7),INCR TENS IF REQ* D
s DCA M L /SAVE NEW TENS
s TAD M L
s AND <77 /UNITS+7
s SNA
s TAD (66 /FIXUP FOR ZERO
s TAD C-6 /< UNITS + 7 )-6*UNITS+ 1
s DCA M L A /SAVE NEW UNITS
s t a d  M L /PUT NEW UNITS WITH TENS
s AND (7700
s TAD M L A
s DCA M L
SC ALL 0#CLEAR /INSERT NEW NUMBER IN FNME
SC ALL 1» FAD
SARG \FNME
S TAD M L
s DCA ACL
SC ALL 1*STO
SARG \FNME
S CLA CLL
c INHIBIT TARGET POSITION JUST USED
S CLA CLL
S TAD \ITST /GET TARGET POSITION
s TAD (4000 /SET BIT 0 TO ONE
s DCA \ITST /PUT BACK

ITEMP(K)«ITST
GO TO 5

400 CALL CHAIN(*A D I S 2 *>
STOP
END

*
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T TY * * • * < FL 2 1HANDU . FT
SUBROUTINE RANDU GENERATES RANDOM NUMBERS 
BETWEEN 0.0 AND 1.0 USING THE POWER RESIDUE 
METHOD.
IX-FOR FIRST ENTRY MUST BE AN ODD INTERGER 

WITH 4 OR LESS DIGITS. SUBSEQUENT REENTRY 
XX*PREVIOUS VALUE OF IY COMPUTED BY RANDU. 

IY-RE5ULTANT INTERGER REQUIRED FOR NEXT ENTRY 
INTO SUBROUTINE.

YFL*RESULTANT RANDOM NUMBER BETWEEN 0.0 AND 1.0.
SUBROUT1NE R A NDU<IX,IY*YFL)
IY-IX*67 
IFCIY)5* 6* 6 
IY-lY+2047+1 
YFL»FLOATCIY)
YFL-YFL*0.4882812E-3 
RETURN 
END



TTY» *
C
C
C
C

C
C

5

10

15
16
17
18
1 9

20 
21

22
23

24
25
26 
27
26
29
30
35

*<FL2:1PDCE.FT 
SUBROUTINE IPDCECIPOS) CONVERTS PLATE 
POSITION DATA* IPOS, TO RADIUS AND ANGLE 
DATA SUITABLE FOR USE IN SACCADE ANALYSIS 
PROGRAMS,
SUBROUTINE IPDCECIPOS)
COMMON ICHNS ,ICHN1,IMSEC,ITBM,ISAMP,IEN1 
COMMON IEN2,IEN3,FNME,ICHCT,ISPCT,ICHEN 
COMMON ITMBS,IV4,ICSf,ITARG 
COMMON IDATA
DIMENSION IDATAC1024),ITARG(40>
TEST FOR VALUE OF IPOS AND CONVERT TO REQUIRED 
RADIUS AND ANGLE DATA* PUT VALUES AT IW4.
DO 10 1*1,8 
J- I- 1
IFCIP0S-9*J>10,5,10 
IV4*24*J 
GO TO 500 
CONTINUE
IFCIPOS-6)16,15,16
IV4-169
GO TO 500
IF<IPOS-15)18,17,18
IV4-1
GO TO 500
IF<IPOS-16)20,19,20
IW4-25
GO TO 500
IF(IP0S-25)22,21,22
IV4*49
GO TO 500
IFCIP0S-34)24,23,24
IW4-73
GO TO 500
IFCIP0S-43>26,25,26
IV4-97
GO TO 500
IFCIPOS-52>26,27,26
IV4-121
GO TO 500
IFCIP05-61>30,29,30 
IV4*145 
GO TO 500
IFCIPOS-4)36,35,36
IV4-146
GO TO 500
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36
37
38
39
m
41
42
43
44
45
46
47
48
49
50
55
56
57
56
59
60
61
62
63
64
65
66
67
68
69
70
75
76
77

IFCIP0S-13>38,37,38
I V 4 - 1 7 0
GO TO 500
IFCIPO5-22>40,39,40
IW4-2
GO TO 500
IFCXPOS-31)42,41,42
IV4-26
GO TO 500
IFCIPOS-32>44,43,44
IV4-50
GO TO 500
IFCIPOS-41>46,45,46
IV4-74
GO TO 500
IFCIPOS-50>48,47,48
IV4-98
GO TO 500
IFCIPOS-59 >50,49,50 
IV4«122 
GO TO 500
IFCIPOS-2 >56,55,56
IV4-123
GO TO 500
IFCIPOS-11>58,57,58
IW4-147
GO TO 500
IFCIPOS-20)60,59,60
IV4-171
GO TO S00
IFCIPOS-29 >62,61,62
IV4-3
GO TO 500
IFCIPOS-38)64,63,64
IV4*27
GO TO 500
IFCIPOS-47 >66,65,66
IV4-51
GO TO 500
IFCIPOS-48 >66,67,68
IV4-7S
GO TO 500
IFC iPOS-57 >70,69,70
IV4*99
GO TO 500
IFCIPOS-5>76,75,76
IW4«28
GO TO 500
IF<IP0S-14>78,77,78
IW4-52
GO TO 5 0 0
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78 IFClPOS-23>80*79*80
79 IV4-76

GO TO 500
80 IFClP0S-24>82*81*62
81 XV4-100

GO TO 500
82 IFCIP0S-33>84*83*84
83 IV4*124

GO TO 500
84 XF<IP0S-42)86*85*86
85 IW4-146

GO TO 500
86 IFCIPOS-51>88*87*88
87 IV4-172

GO TO 500
88 IFCIPOS-60>500# 89* 500
89 1V4«4
500 RETURN

END
*
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TTYi * .  * < F L 2 *  S M P L 2 .  FT
C SUBROUTINE SMPL2 CONTROLS A/D SAMPLING AND
C DATA STORAGE AS PER CLOCK AND A/D PARAMETERS
C SPEC* D BY ADIS2. EITHER A USER STOP (KEY "S"
C PRESS) OR AN EYETRACKER FAIL VILL CAUSE A
C RETURN TO CALLING PROGRAM VITH KSl-1# KS2-1
C RESPECTIVELY. SAMPLING STARTS WHEN AN ENABLED
C SCHMITT TRIGGER FIRES. TARGET DATA IS STORED
C IN WORD #4 OF DATA ARRAY.

SUBROUTINE 5MPL2 CKS1#KS2 >
COMMON ICHNS#ICHNl#IMSEC#ITBM#ISAMP*IEN1 
COMMON IEN2#IEN3# FNME#ICHCT#ISPCT#1CKEN 
COMMON ITMBS#IV4#ICST#ITARG

SFDATA# COMMN 2000 /1024 WORD DATA ARRAY
DIMENSION ITARG(40)
SPECIAL COMMANDS

s OPDEF CLZE 6130 /CLR CLK ENA REG
s OPDEF CLOE 6132 /AC TO CLK ENA REG
s OPDEF CLAB 6133 /AC TO CLK CNT REG
5 OPDEF CLSA 6135 /CLK STATUS TO AC
S SKPDF CLSK 6131 / SKP ON CLK FLG
s OPDEF ADCL 6530 /CLR A/D
3 OPDEF ADLM 6531 /AC TO A/D MUX REG
S OPDEF ADST 6532 /START A/D
s OPDEF ADRB 6533 /READ A/D
s OPDEF ADLE 6536 /AC TO A/D ENA REG
s SKPDF ADSK 6534 /SKP ON A/D DONE FLG
s OPDEF DC AI 3400
s OPDEF CDF0 6201 /CHNGE TO DATA FLD 0
s OPDEF CDF1 621 1 /CHNGE TO DATA FLD 1
s OPDEF BSV 7002 /BYTE SWAP
5 OPDEF CLAF 6152 /CLR M 1703 FLGS
S OPDEF RDDA 6154 /READ M l 703 REG
s SKPDF SDFS 6153 /SKP ON M l 703 FLG

KSI»0
K S 2 - 0
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s CLA CLL
s TAD (7410 /SKP FOR START ROUTINE
s DCA SXP1
s TAD M C K E N /SET CLK ENA WORD
s AND (0707
5 TAD (5060
s DCA M C K E N
s TAD FDAAD /SET DATA STRG PNTR
s DCA FDPNT
s TAD \ISPCT /SET SMPLS CNTR
s DCA FDCNT
s TAD \ICHNS /SET #CHNL5 CODE
s a s v *

s TAD \ICHNl /ADD START CHNL CODE
s JMS FSTH /PUT AT FDATA V R D # 1
s TAD \ISPCT /PUT -(SMPLS PER CHNL)
5 JMS FSTR /AT FDATA WRD#2
s TAD \ i t b m /SET TMBASE MULT. CODE
s BSV
s TAD M M S E C /ADD TMBASE
s JMS FSTR /PUT AT FDATA VRD#3
s TAD M U 4 /PUT TARGET DATA AT
5 JMS FSTR /FDATA VRD#4
5 CLA CLL CMA /CLR CLK
5 CLZE
S CLA
s TAD \ITMBS /SET CLK TMBASE
s CLAB
s CLA
s TAD M C K E N /INSTRUCT CLK
s CLOE
s CLSA
SSTRT1, JMS SPCHK /CHECK FOR USER STOP
s ADCL
s TAD ADENA /INSTRUCT A/D
s ADLE
s TAD NICHNl /SET FIRST A/D CHNL
s ADLM
s TAD \ICHCT /SET CHNL CNTR
s DCA CHCNT *



S S K P 1» 0 / S T A R T  ROUTINE! SKP OR NOP
5 JMP AI
3CKF1 > CLSK / W A I T  FOR SCHMITT F I R E
S JMP CKFI
s AD5T / s t a r t  a / d
s ■ TAD <7000 /CHNG SKP TO NOP
s DCA SKPI
s TAD <0007 / A C * 7
s CLZE / D I S A B L E  SCHMITT TRIGGERS
5 JMP A2
S A 1 , CLSK / W A I T  FOR CLK OVERFLOW
S JMP A1
S A 2 , CLSA / C L R  CLK OVERFLOW
SADFG 1 , ADSK / W A I T  FOR A / D  DONE FLG
S JMP ADFG1
s ADRB /R E A D  A / D
s ADST /R E S T A R T  A / D
s JMS FS TR / S T O R E  DATA WORD
s I S Z  CHCNT / A L L  CHNLS DONE?
s JMP ADFG1 /NO
s I S Z  FDCNT / Y E S .  ALL SMPLS DONE?
s JMP STRT1 / N O *  RECYCLE

S I N S K P , S D F S / W A I T  FOR M1 7 0 3  FLG
S JMP INSKP
s HDD A / R E A D  M 1 7 0 3  REG
s CLL RAL / F A I L  CHECK
s SZL
s JMP F A I L
s CLA CLL 

RETURN

S F A IL * CLA CLL
K S 2 - 1
RETURN

/E YETRACKER F A I L

5 PAGE
S F S T R , 0 /D A T A  STORAGE ROUTINE
S CDF1
s DCAI FDPNT
s C D F0
s INC FDPNT
s JMP I FSTR
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SSPCHK, 0 /USER STOP CHECK ROUTIN
S CLA CLL
s KSF /KEYBOARD FLG?
S JMP t SPCKK /NO
S KRB /YES. READ KEYBOARD
s TAD <-”S /KEY«"S"?
s SZA CLA
s JMP I SPCHK

KS1*1
RETURN

/NO

SFDPNT, 0 /DATA STORAGE PNTR
SFDCN t « 0 /SMPLS CNTR
SCHCNT* 0 / CHNL CNTR
SADENA, 0 3 0 0 /A/DtCLK INH* AUTO INCH
SFDAAD, FDATA /STORAGE START ADDRESS

END
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SPROUT: S accad e  P ro c e s s in g  Program  Package

D esign  c o n s i d e r a t i o n s :

SPROUT program s w ere d e s ig n e d  t o  in p u t  and p r o c e s s  s e t s  o f  

ADCOM-created d a t a  f i l e s ,  e a c h  d a t a  f i l e  c o n t a i n i n g  raw d a t a  f o r  a  

s i n g l e ,  tw o -d im e n s io n a l  eye movement r e s p o n s e  t o  a  s t e p - l i k e  t a r g e t  

d i s p l a c e m e n t .  SPROUT a n a l y s i s  o f  e a c h  sa c c a d e  d a t a  f i l e  y i e l d s  

s a c c a d ic  r e s p o n s e  l a t e n c y  and s e t t l i n g  t im e s  t o  f o u r  d i f f e r e n t  r a d i i  

abou t t h e  t a r g e t  f i n a l  p o s i t i o n .  The r e s u l t s  o f  up t o  63 i n d i v i d u a l  

s a c c a d ic  r e s p o n s e s  can  be p r o c e s s e d  and s t o r e d  i n  a  s a c c a d e  summary 

a r r a y .  The summary a r r a y  i t s e l f  may th e n  be s t o r e d  a s  a d a t a  f i l e  on 

d i s k  FL2. T h is  a l lo w s  f o r  e f f i c i e n t  s t o r a g e  o f  s a c c a d e  d a t a .  These 

summary d a t a  f i l e s  a r e  t h e n  r e a d i l y  a v a i l a b l e  f o r  f u t u r e  a c c e s s  by 

a d d i t i o n a l  p l o t t i n g  o r  p r o c e s s i n g  p ro g ram s .

In  a d d i t i o n  t o  t h e  g e n e r a l  d e s ig n  f e a t u r e s  i n d i c a t e d  e a r l i e r  

SPROUT programming i n c l u d e s  v a r i o u s  c h eck s  p e rfo rm ed  on t h e  sa c c a d e  

d a t a  d u r in g  p r o c e s s in g  t o  a v o id  un know ing ly  i n c l u d i n g  i r r e g u l a r  d a t a  

in  t h e  summary d a t a  f i l e s .

The SPROUT program  package  d e s c r i b e d  h e re  i s  e s s e n t i a l l y  t h e  same 

a s  t h a t  d e v e lo p e d  by Dr. Jam es Brown. Only a few m o d i f i c a t i o n s  have 

been  made so a s  t o  i n c o r p o r a t e  t h e  ch an ge  i n  t a r g e t  p a r a m e te r s  from 

two (a s  u se d  by Dr. Brown) to  t h e  t h r e e  u se d  h e r e  ( r a d i u s ,  a n g le  

and f i l t e r  n u m b er) .  S in c e  no ch an g e s  have been  made i n  t h e  m ethods 

o f  c a l c u l a t i n g  s a c c a d ic  l a t e n c y  and  s e t t l i n g  t im e  t h e  r e a d e r  i s  

d i r e c t e d  t o  D r. Brown*s d i s s e r t a t i o n  f o r  a  d e t a i l e d  d i s c u s s i o n  o f  

t h e s e  d e s i g n  c o n s i d e r a t i o n s .
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R e g u l a r i t y  c h e c k s :

The r e g u l a r i t y  c h e c k s  p e rfo rm ed  by SPROUT h e r e  a r e  th e  same a s  

t h o s e  p e rfo rm ed  by Dr. B row n 's  v e r s i o n .  However, a  s l i g h t  i n c r e a s e  

i n  t h e  a l l o w a b le  s t a n d a r d  d e v i a t i o n s  o f  t h e  i n i t i a l  0 .1  second and 

f i n a l  1 .0  seco nd  p o r t i o n s  o f  th e  2 .5  second  r e s p o n s e  r e c o r d  was made. 

T h is  was found n e c e s s a r y  due t o  t h e  h i g h e r  e y e t r a c k e r  g a in  s e t t i n g s  

used  i n  t h e  e x p e r im e n ts  p e rfo rm ed  h e r e .  The g a in  i n c r e a s e  o f  t h e  

e y e t r a c k e r  c au se d  a  c o r r e s p o n d in g  i n c r e a s e  i n  t h e  l e v e l  o f  " s u b j e c t  

n o i s e "  d u r i n g  p e r i o d s  o f  f i x a t i o n .  T h is  i n c r e a s e d  n o i s e  l e v e l  was 

com pensa ted  f o r  by i n c r e a s i n g  th e  s t a n d a r d  d e v i a t i o n  t h r e s h o l d  o f  th e  

r e g u l a r i t y  check  s e c t i o n  from t h e  6 m in u te s  o f  a r c  l e v e l  u sed  by 

Dr. Brown t o  9 m in u te s  o f  a r c  a s  u se d  h e r e .
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SPROUT commands:

Commands t o  SPROUT may be e n t e r e d  on t h e  t e l e t y p e  keyb oard  

w henever SPROUT i s  i n  command mode. T h is  c o n d i t i o n  i s  i n d i c a t e d  by 

t h e  p r i n t i n g  o f  a  " ! "  a t  t h e  t e l e t y p e  l e f t  m a rg in .  V a l id  SPROUT 

commands a r e :  F, G, L, P , I ,  D, A, E, S and V. No ch an ges  i n  SPROUT

commands were made t o  t h o s e  o f  Dr. B row n 's  v e r s i o n  e x c e p t  f o r  command 

P. The command f u n c t i o n s  a r e  o u t l i n e d  below f o r  c o n v e n ie n c e .  The

r e a d e r  i s  r e f e r r e d  t o  D r. B row n 's  d i s s e r t a t i o n  f o r  d e t a i l e d  command 

e x p l a n a t i o n s .

F: Command F c a u s e s  a r e q u e s t  f o r  u s e r  e n t r y  o f  a  s a c c a d e  summary

f i l e n a m e .  T h is  f i le n a m e  may be any  s i x  c h a r a c t e r  a lp h a n u m e r ic

s t r i n g .  F i len am es  e n t e r e d  by command F w i l l  be a s s ig n e d  t o  th e

summary a r r a y  when i t  i s  o u t p u t  t o  d i s k  FL2.

G: Command G c a u s e s  a r e q u e s t  f o r  u s e r  e n t r y  o f  t h e  sa c c a d e  summary

f i le n a m e  f o r  a  s a c c a d e  summary f i l e  t h a t  c u r r e n t l y  e x i s t s  on FL2. 

The summary a r r a y  w i l l  t h e n  be  r e a d  from  FL2 i n t o  c o r e  memory. 

N ote  t h a t  command G u p d a te s  any f i l e n a m e  p r e v i o u s l y  e n te r e d  w i th  

command F to  t h e  f i le n a m e  o f  th e  G -o b ta in e d  f i l e .

L: Command L c a u s e s  a t e l e t y p e  l i s t i n g  o f  a l l  t h e  o r i g i n a l  f i l e n a m e s

o f  s a c c a d e  d a t a  f i l e s  sum m arized i n  t h e  c u r r e n t  s a c c a d e  summary

f i l e .

P: Command P c a u s e s  a  r e q u e s t  f o r  u s e r  e n t r y  o f  t h e  f i le n a m e  o f  an

o r i g i n a l  s a c c a d e  d a ta  f i l e  t h a t  i s  summarized i n  t h e  c u r r e n t
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s a c c a d e  summary f i l e .  I f  t h e  o r i g i n a l  s a c c a d e  f i l e  i s  found  th e  

p r o c e s s e d  r e s u l t s  a lo n g  w i t h  t h e  sam p lin g  and t a r g e t  p a r a m e te r  

i n f o r m a t io n  a r e  l i s t e d  on t h e  t e l e t y p e .  I f  t h e  o r i g i n a l  s a c c a d e  

f i l e  i s  n o t  found an  e r r o r  m essage  i s  p r i n t e d .

I :  Command I c a u s e s  a  r e q u e s t  f o r  u s e r  e n t r y  o f  th e  f i le n a m e  f o r  a

s i n g l e  sa c c a d e  d a t a  f i l e  t o  b e  p r o c e s s e d  and i n s e r t e d  i n t o  th e  

c u r r e n t  summary a r r a y .  Command I r e a d s  th e  f i l e n a m e  and i n p u t s  

t h e  f i l e .  The f i l e  i s  p r o c e s s e d  and i n s e r t e d  i n t o  th e  c u r r e n t  

summary a r r a y .  C o n t r o l  th e n  r e t u r n s  back t o  command mode. Note 

t h a t  i f  t h e  f i l e  named by command F do es  n o t  e x i s t  on FL2 a 

r e t u r n - t o - O S / 8- m o n i to r  e r r o r  w i l l  o c c u r  w i th  t h e  su b s e q u e n t  l o s s  

o f  any  c o r e  d a t a .

D: Command D c a u se s  a r e q u e s t  f o r  u s e r  e n t r y  o f  t h e  f i le n a m e  o f  an

o r i g i n a l  s a c c a d e  d a t a  f i l e  t h a t  i s  sum m arized i n  t h e  c u r r e n t

summary a r r a y .  I f  t h e  o r i g i n a l  s a c c a d e  f i l e  i s  fo u n d ,  i t s  e n t r y  

w i l l  be d e l e t e d  from  t h e  c u r r e n t  summary a r r a y .  I f  t h e  o r i g i n a l  

s a c c a d e  f i l e  i s  n o t  fo u n d , an e r r o r  m essage  w i l l  be p r i n t e d .

A: Command A c a u se s  a  r e q u e s t  f o r  u s e r  e n t r y  o f  t h e  f i le n a m e s  o f  a

group o f  sa cc ad e  d a t a  f i l e s  to  be p r o c e s s e d  and  i n s e r t e d  i n t o  t h e  

c u r r e n t  summary a r r a y .  The b e g in n in g  and e n d in g  f i le n a m e s  o f  th e  

g ro u p  a r e  r e q u e s t e d .  Thus t h e s e  two f i l e n a m e s  m ust have  i d e n t i c a l  

f i r s t  f o u r  c h a r a c t e r s .  The l a s t  two c h a r a c t e r s  (w hich a r e  

num bers) o f  th e  b e g in n in g  f i le n a m e  must r e p r e s e n t  a lo w er  f i l e -  

number t h a n  th e  l a s t  two c h a r a c t e r s  ( f i le n u m b e r )  o f  t h e  e n d in g
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f i l e n a m e .  A l l  f i l e s  s e q u e n t i a l l y  ( i n  f i le n u m b e r )  be tw een  and 

i n c l u d i n g  t h e  b e g in n in g  and en d in g  f i l e s  m ust e x i s t  on FL2. The 

s p e c i f i e d  s a c c a d e  f i l e s  a r e  a u t o m a t i c a l l y  i n p u t ,  p r o c e s s e d ,  and 

i n s e r t e d  i n t o  t h e  c u r r e n t  summary a r r a y  w i th  no f u r t h e r  u s e r  

i n t e r a c t i o n .  A f t e r  a l l  f i l e s  have  been  p r o c e s s e d  c o n t r o l  r e t u r n s  

t o  command mode.

E: Command E c a u s e s  a  summary f i l e  o u t p u t  t o  FL2 to  o c c u r  in  th e

f o l lo w in g  se q u e n c e :  (1) a l l  s p a c e s  d u e  t o  d e l e t i o n s  a r e  e l i m in a t e d

from  t h e  summary a r r a y ,  (2) t h a t  p a r t  o f  t h e  a r r a y  w i th  d a t a  i s  

o u t p u t  t o  FL2 w i th  th e  e x i s t i n g  summary f i l e n a m e ,  (3) th e  summary 

a r r a y  i s  z e ro ed  f o r  f u r t h e r  u sa g e  and c o n t r o l  r e t u r n s  t o  command 

mode.

S: Command S c a u s e s  a  r e q u e s t  f o r  u s e r  e n t r y  o f  t h e  s c a l e  f a c t o r ,

i n  v o l t s / d e g r e e ,  to  be  u se d  i n  s a c c a d e  d a t a  f i l e  p r o c e s s i n g .

T h is  s c a l e  f a c t o r  i s  n o rm a l ly  i n i t i a l i z e d  t o  0 .2  v o l t s / d e g r e e ,

t h e  s c a l e  u se d  f o r  a l l  work done h e r e .

V: Command V c a u s e s  a r e q u e s t  f o r  u s e r  e n t r y  o f  t h e  v e l o c i t y

t h r e s h o l d ,  i n  d e g r e e s / s e c o n d ,  t o  be u se d  i n  th e  l a t e n c y  d e te r m in a 

t i o n .  T h is  t h r e s h o l d  i s  n o rm a l ly  i n i t i a l i z e d  t o  20 d e g r e e s / s e c o n d ,  

t h e  v a lu e  u se d  f o r  a l l  work done h e r e .
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SPROUT sa c c a d e  summary a r r a y  fo rm a t:

S accade  summary d a t a  i s  s t o r e d  s e q u e n t i a l l y  in  a s c e n d in g  l o c a t i o n s  

i n  a  FORTRAN i n t e g e r  a r r a y  o f  s i z e  1024 words c a l l e d  IDATACK). SPROUT 

s o f tw a r e  in c lu d e s  t h e  f o l lo w in g  in f o r m a t io n  in  a  s i n g l e  summary a r r a y  

" e n t r y " :  (1) th e  o r i g i n a l  s a c c a d e  d a t a  f i le n a m e  coded i n  A6 fo rm a t

and s p l i t  i n t o  two c h a r a c t e r s  p e r  summary a r r a y  w ord , (2) t h e  sam p ling  

p a r a m e te r s  u sed  t o  c o l l e c t  t h e  o r i g i n a l  s a c c a d e  d a t a ,  (3) th e  t a r g e t  

p a r a m e te r s  u sed  f o r  th e  s a c c a d e  t r i a l ,  (4) t h e  s a c c a d e  l a t e n c y  coded  

i n  u n i t s  o f  sam ple  p e r i o d s ,  and (5) t h e  f o u r  s e t t l i n g  t im e s  a l s o  

coded i n  u n i t s  o f  sam ple  p e r i o d s .  No ch anges  t o  th e  s a c c a d e  summary 

a r r a y  fo rm a t  a s  u se d  by Dr. Brown i n  h i s  SPROUT v e r s i o n  were made 

h e r e  w i th  t h e  e x c e p t io n  o f  t h e  t a r g e t  p a ra m e te r  codeword o f  a  s i n g l e  

summary a r r a y  " e n t r y " .  The t a r g e t  p a ra m e te r  in f o r m a t io n  i s  s t o r e d  in  

t h e  s i x t h  word o f  a  s a c c a d e  summary " e n t r y " .  The fo rm a t  f o r  t h i s  

s i x t h  word a s  u sed  h e r e  i s  a s  f o l lo w s :  (1) b i t s  0-3 c o n t a i n  t h e

b i n a r y  number o f  t h e  f i l t e r  number u s e d ,  (2 ) b i t s  4 -S  c o n t a i n  th e  

b i n a r y  code  f o r  t h e  t a r g e t  a n g le  u s e d ,  and (3) b i t s  9 -11  c o n t a i n  th e  

b i n a r y  code  f o r  th e  t a r g e t  r a d i u s  u s e d .  The a c t u a l  t a r g e t  a n g le  can  

be  c a l c u l a t e d  by m u l t i p ly i n g  t h e  b i n a r y  t a r g e t  a n g le  code by 15.

The a c t u a l  t a r g e t  r a d i u s  u se d  can  be c a l c u l a t e d  a s  a  f r a c t i o n  o f  th e  

f u l l  s c a l e  r a d i u s  by  m u l t i p ly i n g  t h e  b i n a r y  r a d i u s  code by 0 .1 2 5  and 

a d d in g  0 .5  t o  t h e  r e s u l t .  The r e s u l t a n t  r a d i a l  f r a c t i o n  i s  b a se d  upon 

t h e  l a r g e s t  t a r g e t  r a d i u s  b e in g  n o rm a l iz e d  t o  1 . 0 .  The r e a d e r  i s  

r e f e r r e d  t o  D r. Brownf s  d i s s e r t a t i o n  f o r  f u r t h e r  d e t a i l s  o f  th e  

s a c c a d e  summary a r r a y  fo rm a t .
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SPROUT program  o p e r a t io n :

SPROUT i s  a c t u a l l y  a p ack ag e  o f  t h r e e  m ain p rogram s SPROUT, 

SACUSR, and SACPRO w i th  some a s s o c i a t e d  s u b r o u t i n e s  SDCDE, FCOMP, and 

FNCHK. SPROUT i s  a  FORTRAN ' 'h e a d e r ’* program  w hich  p r i n t s  SPROUT 

commands and i n i t i a l i z e s  p a ra m e te r s  t o  c o n v e n ie n t  v a l u e s .  SACUSR i s  

a  FORTRAN/SABR program  w hich  i n t e r p r e t s  SPROUT commands. S u b r o u t in e s  

SDCDE, FCOMP, and FNCHK a r e  c a l l e d  by SACUSR. Program  SACPRO i s  a 

FORTRAN/SABR program  which i n p u t s  and p r o c e s s e s  s a c c a d e  d a t a  f i l e s  and 

append s  th e  r e s u l t s  t o  th e  summary a r r a y .  The u s e r  b e g in s  by c a l l i n g  

SPROUT which d o e s  i t s  h o u se k e e p in g  f u n c t i o n s  and  c h a i n s  t o  SACUSR.

When t h e  u s e r  g iv e s  commands A o r  I ,  SACUSR c h a i n s  t o  SACPRO f o r  

a c t u a l  p r o c e s s i n g .  When SACPRO i s  f i n i s h e d  i t  c h a i n s  back  t o  SACUSR.

M ajo r v a r i a b l e s  a r e  " p a s s e d "  among s u b r o u t i n e s  and c h a in e d  

prog ram s by u s in g  FORTRAN common s t o r a g e  l o c a t i o n s .  T h ese  v a r i a b l e s  

a r e :

ICHNS -  t h e  number o f  sam pled c h a n n e ls  o f  t h e  s a c c a d e  d a t a  f i l e  
c u r r e n t l y  b e in g  p r o c e s s e d .

ICHN1 -  th e  number o f  t h e  s t a r t i n g  c h a n n e l .

IMSEC - t h e  sam ple p e r i o d  t im e b a s e .

ITBM -  t h e  sam ple  p e r i o d  t im e b a s e  m u l t i p l i e r .

ISAMP -  t h e  number o f  sam ples  p e r  c h a n n e l .

IRAD -  t h e  decoded  r a d i u s  number f o r  a t a r g e t  d e f l e c t i o n .  An 
i n t e g e r  from  0 t o  4 .

IANG -  t h e  decoded  a n g le  f o r  a  t a r g e t  d e f l e c t i o n .  IANG v a lu e s  
a r e  0 , 4 5 ,  9 0 , 135, 180, 225, 270 o r  315 d e g r e e s .

ICMD -  i n t e g e r  e q u i v a l e n t  o f  an ASCII k e y b o a rd  command.
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IFILT -  th e  decoded f i l t e r  number f o r  th e  t a r g e t  d e f l e c t i o n .  An 
i n t e g e r  from 0 t o  8 .

SIFLO -  th e  s t a r t i n g  saccad e  d a t a  f i le n a m e .

5IFHI -  t h e  end ing  saccad e  d a ta  f i le n a m e .

SOFLE -  th e  summary a r r a y  f i le n a m e .

TSFN -  th e  tem po rary  f i le n a m e  s t o r a g e  v a r i a b l e .

STIME -  t h e  sample p e r io d  i n  se c o n d s .

SLTCY - t h e  c a l c u l a t e d  sa cc ad e  l a t e n c y .

ST25, ST20, ST15, ST10 -  th e  c a l c u l a t e d  s e t t l i n g  t im e s  to  25,
20, 15 and 10 m inu tes  o f  a r c .

VDEG - t h e  s c a l e  f a c t o r  in  v o l t s / d e g r e e .

SVEL - th e  v e l o c i t y  th r e s h o ld  i n  d e g re e s / s e c o n d .

The r e a d e r  i s  d i r e c t e d  t o  Dr. Brown's d i s s e r t a t i o n  f o r  f u r t h e r  

d e t a i l s  c o n c e rn in g  th e  common s to r a g e  v a r i a b l e s .

The o p e r a t io n s  o f  t h e  program s SPROUT, SACUSR, and SACPRO, and 

th e  s u b r o u t in e s  SDCDE, FCOMP, and FNCHK a r e  e s s e n t i a l l y  th e  same as  

Dr. Brown's v e r s i o n s .  C o n seq u en tly  o n ly  t h e  changes made by t h i s  

a u th o r  w i l l  be d i s c u s s e d  h e r e .  The r e a d e r  i s  d i r e c t e d  to  Dr. Brown's 

d i s s e r t a t i o n  f o r  f u r t h e r  d e t a i l s  o f  program  o p e r a t i o n .  Complete

program  l i s t i n g s  o f  a l l  SPROUT program s a r e  g iven  fo l lo w in g  th e

d i s c u s s i o n .

SPROUT:

SPROUT i s  a  " h e a d e r1' program  which a l s o  le n d s  i t s  name to  th e  

e n t i r e  sa cc ad e  a n a l y s i s  so f tw a re  p ack ag e .  T his  program  p e rfo rm s th e  

i n i t i a l i z a t i o n  o f  th e  p a ra m e te r s  t o  c o n v e n ie n t  v a lu e s  a s  u sed  h e re  

(0 .2  v o l t s / d e g r e e  s c a l e  f a c t o r  and 20 d e g re e s /s e c o n d  th r e s h o ld
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v e l o c i t y ) . SPROUT p r i n t s  a  l i s t  o f  a v a i l a b l e  commands th e n  r e q u e s t s  

t h e  u s e r  t o  e n t e r  a  f i le n a m e  f o r  t h e  s a c c a d e  summary f i l e .  SPROUT 

th e n  c h a i n s  t o  SACUSR f o r  command i n t e r p r e t a t i o n  and e x e c u t i o n .

SACUSR:

The o n ly  change  made t o  Dr. B row n 's  v e r s i o n  o f  SACUSR i s  i n  t h e  

command P s e c t i o n .  T h is  s e c t i o n  now p r i n t s  o u t  a l l  t h r e e  t a r g e t  

p a ra m e te r s :  r a d i u s ,  a n g le  and F i l t e r  number.

SDCDE(K):

S u b r o u t in e  SDCDE(K) was m o d if ie d  from Dr. B row n 's  v e r s i o n  to  

h a n d le  t h e  d i f f e r e n c e  i n  t h e  t a r g e t  p a r a m e te r s .  The t a r g e t  p a ra m e te r s  

a r e  unpacked  and decoded  w i th  t h e  change  p r e v i o u s l y  n o te d  t o  IRAD and

t h e  i n c l u s i o n  o f  IFILT.

FNCHK(I):

S u b r o u t in e  FNCHK(I) a s  w r i t t e n  by Dr. Brown was found t o  be 

f a u l t y  u n d e r  c e r t a i n  c o n d i t i o n s .  T h a t  i s ,  i f  t h e  f i le n a m e  TSFN i s  

o f  t h e  form  AAAAAN w here A i s  any a lp h a n u m e r ic  and N i s  an  i n t e g e r ,  

FNCHK w i l l  r e t u r n  w i th  1 = 0  when i t  sh o u ld  r e t u r n  w i th  1 = 1 .

Changes w ere  made i n  t h e  e x a m in a t io n  o f  t h e  l a s t  two c h a r a c t e r s  o f  

TSFN t o  i n s u r e  t h a t  t h e y  a r e  in d ee d  b o th  i n t e g e r s .  FNCHK o p e r a t e s  by

u n p a ck in g  TSFN, t h e  ASCII A6 e q u iv a l e n t  o f  a  s i x  c h a r a c t e r  f i le n a m e ,  

t h e  l a s t  two c h a r a c t e r s  o f  w hich a r e  e q u a te d  t o  t h e  v a r i a b l e s  ITNS 

and IONS r e s p e c t i v e l y .  Then ITNS and IONS a r e  i n d i v i d u a l l y  checked  

t o  be s u r e  t h a t  t h e y  a r e  t h e  ASCII e q u i v a l e n t  o f  an i n t e g e r  number 

from  0 t o  9 .  FNCHK r e t u r n s  w i th  I = 0 t o  i n d i c a t e  t h a t  TSFN has
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p a s s e d  t h e  t e s t .  I f  TSFN f a i l s  t o  m eet th e  fo rm a t  r e q u i r e m e n t  FNCHK 

r e t u r n s  w i th  1 = 1 .

SACPRO:

Program  SACPRO h as  o n ly  m inor m o d i f i c a t i o n s  from  t h a t  v e r s i o n  

w r i t t e n  by Dr. Brown. Some r e a r r a n g i n g  o f  t h e  m a th e m a tic s  f o r  c a l c u 

l a t i n g  t h e  s t a n d a r d  d e v i a t i o n s  o f  t h e  r e c o r d f s  f i r s t  0 .1  second  and 

f i n a l  1 .0  se co n d  red u c ed  o v e r a l l  c o m p u ta t io n a l  t im e  s l i g h t l y .  The 

maximum a l lo w a b le  s t a n d a r d  d e v i a t i o n s  o f  t h e s e  s e c t i o n s  o f  th e  d a t a  

r e c o r d  was i n c r e a s e d  t o  a l lo w  f o r  t h e  i n c r e a s e d  g a in  s e t t i n g  o f  th e  

e y e t r a c k e r .

T h is  c o m p le te s  t h e  d i s c u s s i o n  o f  SPROUT program  ch an g es  and 

o p e r a t i o n s .  C om plete  p rogram  l i s t i n g s  f o l lo w .
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TTYI*•*<FL21 SPROUT. FT 
C SPROUT ZEROES IDATAC1024>* PRINTS OPENING
C MESSAGE* REQUESTS SUMMARY FILENAME* CHAINS
C TO SACUSR.

COMMON ICHNS*ICHNl*IMSEC*ITBM*ISAMP*IRAD 
COMMON IANG*ICMO*IFILT
COMMON SIFLO* SIFHI* SOFLE*TSFN* STIME* SLTCY 
COMMON ST25* ST20* ST 15* S T 10* VDEG* SVEL 
COMMON IDATA
DIMENSION IDATAC1024)
VDEG-0.2 
SVEL-20.0 
DO 10 X > 1 * 1024 

10 IDATA<K)■0
W R I T E (1*21>

21 FORMAT(* SPROUT CMDS* F*G*L*P*I*D * A * E * S * V V )
R E A D C 1*31JSOFLE 

31 FORMAT<*SUMMARY FILENAME FL2t *A6)
CALL CHAINC*SACUSR*}
STOP
END
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TTY**. *<FL2l SACUSR. FT 
C SACUSR PROCESSES INPUT COMMANDS FOR SACCADE
C SUMMARY FILE MANIPULATION AND SACCADE FILE
C PROCESSING. WHEN CMD I OR A IS GIVEN*
C SACUSR CHAINS TO SACPRO FOR SACCADE FILE
C DATA PROCESSING AND INSERTION OF RESULTS
C IN THE SUMMARY FILE. I D A T A O 0 2 4 )  CONTAINS
C THE SACCADE SUMMARY FILE.

COMMON ICHNS*ICHN1*IMSEC*ITBM*ISAMP*IRAD 
COMMON IANG * ICMD*IF X LT
COMMON SIFLO* SIFHI* SOFLE* TSFN* STIME* SLTCY 
COMMON ST25*ST20* S T 1S* S T 10* VDEG* SVEL 
COMMON IDATA

S OPDEF BSV 7 002
DIMENSION IDATAC1024)

C COMMAND VALUES.
ICF-416
ICG-480
ICL-800
ICP— 1056
IC1-608
ICD-288
1CA-96
ICE-352
ICS-1248
ICV-1440

20 READ( 1*21) I CMD
21 FORMAT C M  **A1 >

IFCICMD-ICF551,100*51
51 IFCICMD-ICGJ52*150*52
52 IF(ICMD-ICL153*200*53
53 1FC1CMD-ICP)54*250* 54
54 IFC1CMD-ICI>55*300*55
55 1FCICMD-1CD)56* 350* 56
56 IFCICMD-1CA)57* 400* 57
57 IFCICMD-ICE>58*450* 58
58 IFCICMD*ICS)59*550*59
59 IFCICMD-ICV>70*575*70
70 V R 1 T E C 1 * 71>
71 FORMATC*BAD CMD*/)

GO TO 20



c CMD F t  DECLARE NEW SUMMARY FILENAME. 205

100 READ Cl,101)50 FL E
101 FORMAT(*SUMMARY FILENAME FL2t*A6>

GO TO 20
C CMD Gl GET AN EXISTING SUMMARY FILE FROM FL2.
150 R E A D C 1*151) SOFLE
151 FORMAT C * GET SUMMARY FILE FL2t *A6)

CALL IOPEN C * FL2* , SOFLE)
READC4, 161)IH, IM, IL, ISNUM 

161 FORMATC12A2)
C CHECK FOR FILENAME AT START OF FILE.
S CLA
SCALL 0. CLEAR /CLEAR F.P.AC.
S TAD M H
S DCA ACH /F.P.AC HIGH WORD.
S TAD M M
S DCA ACM /F.P.AC MIDDLE WORD.
S TAD M L
S DCA ACL /F.P.AC LOW WORD.
SCALL 1,ST0 /F.P.AC TO TSFN.
SARG \TSFN

CALL FCOMPCTSFNjSOFLE,IANS)
IF{IANS)170,175,170

170 W R lTEC1,171)
171 FORMATC’BAD SUMMARY FILE*/ i 

GO TO 20
175 LW*CISNUM+1>#16

CALL I0PENC*FL2*,SOFLE)
READC4,161)CIDATACK>,K-1,LV>
GO TO 20

C CMD Lt LIST ALL SACCADE FILENAMES IN
C SUMMARY ARRAY "SOFLE**.
200 WRITEC1,201)SOFLE,IDATAC4)
201 FORMATC•SUMMARY FILENAME F L 2 1 * A6,15 

C * SACCADES*/)
DO 230 K - 17,1009,16 
IFCIDATACK)>205,230,205 

205 CALL SDCDECK)
WRITEC1,211)TSFN 

211 FORMATCA6>
230 CONTINUE

GO TO 20



c
c
250
251

260

261

270

C
c
300
301

310
C
c
350
351

CMD Pt PRINT SUMMARIZED DATA FOR THE
SPECIFIED "ORIGINAL SACCADE FILE".

READC1 , 251)SSFN 
FORMAT C * 0 SF t•,A6>
DO 270 K - 1 7 , 1009,16 
CALL SDCDECK)
CALL FCOMP(TSFN*SSFN#IANS)
IFCIANS)270,260,270
ISTME-IMSEC*10**1TBM
RAD*FLOAT(IRAD)*0.125*0.500
W R I T E C 1,261)TSFN,ISAMP,ISTME,RAD#IANG,IFILT, 
SLTCY,ST25,ST20,ST15, S T 10
FORMATC *O S F i * A 6 , 16* S/CH'IS' MSEC RAD*• 
F5.3* ANG»*I4* DEG */* FILTER #-*,12,//
* LTCY-* F7* 3 * SEC*/*ST25-*F7.3* SEC*/*ST20-*, 
F7.3* SEC*/*ST15«*F7.3* SEC */*ST10**F 7 .3,
* SEC*//)
GO TO 20 
CONTINUE 
GO TO 380
CMD It PROCESS THE SPEC'D SACCADE FILE 

AND INCLUDE IN SUMMARY FILE.
R E A D C 1,301)S1FLO 
FORMATC*FL2t•A 6 )
SIFHI-SIFLO 
TSFN-SIFLO 
CALL FNCHKCIBAD)
IFCIBAD)20,310,20 
CALL CHAINC* SACPRO *)
CMD Dt DELETE THE SPEC *D SACCADE FROM 

THE SUMMARY FILE.
REA D C 1,351)SSFN 
FORMATC*OSFt *A6>
DO 375 K - 17,1009,16 
CALL SDCDECK)
CALL FCOMP(TSFN,SSFN,IANS)
IFCIANS)375,360,375

206

360
365

K 15-K+15 
DO 365 J-K,K15 
IDATA(U)«0



WRITE<1*371JTSFN 
371 FORMATCA6* * SACCADE SUMMARY DELETED'/)

IDATAC4)*IDATAC4>-1 
GO TO 20 

375 CONTINUE
380 WRITEC1*381>SSFN
301 FORMATCA6*• SUMMARY NOT FOUND'/)

GO TO 20
C CMD AS PROCESS ALL SACCADE FILES FROM
C "SIFLO" TO "SIFHI" INCLUSIVE AND
C INSERT DATA INTO SUMMARY FILE.
400 READC1* 401)SlFLO
401 FORMAT < * START FL21 * A6 )

TSFN-SIFLO
CALL FNCHKCI8AD)
IFCIBAD)20*405* 20

405 READC1*406>SIFHI
406 FORMATC' END F L2 i 'A6)

TSFN*SiFHI
CALL FNCHKCIBAD)
IFCIBAD>20* 415* 20 

415 CALL CHAINC'SACPRO*)
C CMD El COMPRESS SUMMARY DATA* INSERT
C FILENAME "SOFLE"* OUTPUT FILE TO
C DISK AND ZERO SUMMARY ARRAY.
450 DO 480 K * 17*1009*16

IFCIDATACK))480*455*480 
455 DO 470 L«K*1009*16

IFCIDATACL)>460* 47 0* 460 
460 DO 465 M*0*15

IDATACK+M)*IDATACL+M)
IDATACL+M)*0 

465 CONTINUE
GO TO 480 

470 CONTINUE
480 CONTINUE
S CLA
SCALL 0*CLEAR 
SCALL 1*FAD 
SARG \ SOFLE
S TAD ACK
S DCA \1H
S TAD ACM
S DCA \IM
S TAD ACL
S DCA \IL

IDATAC1 )*1H 
IDATAC2>*IM 
IDATAC3 >*IL

/CLEAR F.P.AC.
/SOFLE TO F.P.AC.
/SOFLE TO FIRST 3 F1LEVORDS*

207
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401

496

498

C
c

550
551

C
575
576

LV*CIDATAC4>+1>*16 
CALL 00PENC * FL2* * SOFLE)
VRX TEC4* 49 1 ) C1DATACK)*K » 1*LW >
FORMATC12A2>
CALL OCLOSE
VR2TEC 1*496)SOFLE*IDATAC4)
FORMAT(* SACCADE SUMMARY FILE FL2 1 * A6 * * * 
15* ENTRIES*FILED.*//>
DO 498 K « 1*1024 
IDATACX>*0 
GO TO 20
CMD S: ENTER VOLTS/DEG TO BE USED FOR 

SETTLING TIME COMPUTATIONS.
R E A D C 1*551)VDEG
FORMATC*ENTER VOLTS/DEG: *F6.4>
GO TO 20
CMD Vl ENTER DEG/SEC CUTOFF FOR LATENCY. 
READC1*576>SVEL
FORMATC*ENTER DEG/SEC LTCY CUTOFF: *F4.1) 
GO TO 20

*

STOP
END
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TTYt * • * < F L 2 iF N C H K .F T
C
C
C
C
C
c

SUBROUTINE FNCHKCIBAD) CHECKS ENTERED 
FILENAMES TO INSURE THAT THE LAST TWO 
CHARACTERS ARE NUMBERS. RETURNS IBAD*0 
IF SO* IBAD*1 IF NOT. CALLED BY SACUSR 
AND PERFORMS THIS CHECK ON TSFN IN 
COMMON.
SUBROUTINE FNCHKCIBAD)
COMMON ICHNS,ICHN1*IMSEC,ITBM,ISAMP*IRAD 
COMMON IANG*ICMD*IFILT
COMMON SIFLO* SIFHI* SOFLE, TSFN * STIME,SLTCY 
COMMON ST25,ST20,ST 15,S T 10,VDEG,SVEL 
COMMON IDATA
OPDEF BSV 7002
IBAD*0

SCALL 0,CLEAR /CLEAR F.P.AC.
SCALL 1 , FAD
SARG \TSFN
S CLA
S TAD ACL
s AND < 0077 /MASK OFF ONES
s DCA M O N S /PUT AT IONS
s TAD ACL
s BSW
s AND C 0077 /MASK OFF TENS
s DCA \ITNS /PUT AT ITNS

IFCIONS-48) 20, 10, 5
5 IFCIONS-57 >10, 10,20
10 IFCITNS-AS)20, 25, 15
IS IFCITNS-57}25, 25,20
20 WRITEC 1,21)
21 FORMAT C * BAD FILENUMBER* 5 

IBAD*1
25 RETURN

DIGIT

DIGIT

*
END



TTYt * . * < F L 2 *  FCOMP.FT
C SUBROUTINE FCOMPCFNM1* FNM2*IANS) DOES AN
C EFFECTIVE BIT BY BIT COMPARISON OF FNMl
C AND FNM2. IF THEY ARE THE SAME* FCOMP
C RETURNS IANS*0J IF DIFFERENT* FCOMP
C RETURNS IANS-I. THIS ALLOVS COMPARISONS
C EXCEEDING THE ACCURACY OF A NORMAL FLOATING
C POINT SUBTRACTION.

SUBROUTINE FCOMPCFNM1 *FNM2*IANS)
FI-FNMl
F2-FNM2
IANS-0
IH-0
I M - 0
IL-0

SCALL 0*CLEAR
SCALL 1 * FAD
SARG \ FI
S TAD ACH
s DCA M H
s TAD ACM
s DCA \IM
s TAD ACL
s DCA \IL

/CLEAR F.P.AC, 
/SPLIT UP FNMl

SCALL 0* CLEAR
SCALL I* FAD
SARG \F2
s TAD ACH
S CIA
S TAD \IH
s SZA
s JMP RET1
s TAD ACM
s CIA
s TAD \IM
s SZA
s JMP RET1
s t a d ACL
s CIA
s TAD M L
s SZA
s JMP RET 1

RETURN
S RET I* NOP
s CLA CLL

IANS*I
RETURN
END

/CLEAR F.P.AC.
/SPLIT UP FNM2*SUBTRACT 
/VORD BY VORD FROM FNMl 
/WORDS.
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T T Y : * . * < F L 2 i S D C D E * F T  
C SUBROUTINE SDCDE UNPACKS DATA FOR ONE
C SACCADE IN THE SUMMARY ARRAY. CALL SDCDECK)
C WHERE K I S  AN I DATA ARRAY LOCATION ASSUMED
C TO BE THE F I R S T  LOCATION OF A 1 6  WORD SACCADE
C DATA BLOCK. SDCDE PUTS THE UNPACKED DATA
C IN COMMON STORAGE L O C A T IO N S .

SUBROUTINE SDCDECK)
COMMON ICHNS, ICKNl* IMSEC* ITBM*ISAMP* I RAD 
COMMON IANG*ICMD*XFILT
COMMON S I F L O *  S I F H 1 * S O F L E * T S F N * S T I M E * S L T C Y  
COMMON S T 2 5 *  S T 2 0 *  ST 1 5 *  ST 10*  VDEG* SVEL  
COMMON IDATA

S OPDEF BSV 7 0 0 2

DIMENSION I D A T A C 1 0 2 4 )

IH * ID A T A  CK)
I M - I D A T A C K + 1 )
X L * ID A T A C K + 2 )
IS A M P * - IDATA C K + 3 )
I T B M * 1 D A T A C K + 4 )
IM SEC *IT SM  
I A N G - ID A T A C K + 5 )
IRAD*IANG  
I F I L T * I A N G

S CLA / P U T  FILENAME AT T S F N .
SCALL 0 * CLEAR / C L E A R  F . P . A C .
S TAD \ I H
S DCA ACH / F . P . A C  HIGH WORD.
S TAD VIM
S DCA ACM / F . P . A C  MIDDLE WORD.
S TAD M L
S DCA ACL / F . P . A C  LOW WORD.
SCALL 1* STO / F . P . A C  TO T S F N .
SARG \ T S F N



CLA /G E T  TIMEBASE.
TAD \IM SEC
AND C77
DCA \IM S E C
TAD \I T B M , /G E T  TIMEBASE M ULTIPLIER.
BSV
AND C77
DCA \  ITBM
TAD \  I RAD /G E T  RADIUS NUMBER.
AND ( 0 0 0 7 /MASK OFF ALL BUT IRAD
DCA \  I RAD /  I R A D * 0 .  1 . 2 .  3 . OR 4
TAD \IA N G /G E T  ANGLE.
r t r ;RAR
AND C0037 /MASK OFF ALL BUT IANG
DCA \IA N G
TAD M F I L T /G E T  FILTER NUMBER
BSV
RTR
AND ( 0 0 1 7 /MASK OFF ALL BUT I F I L T
DCA M F I L T / I F I L T * 0 . 1 . 2 # . . . . 9
IANG*15*1ANG
STIME*(FLOAT(XMSEC>*10.**IT8M>*.001 
SLTCY*STXME*FLOAT(IDATACK+6 > > 
ST25*STlME*FL0AT(IDATA(K+7> > 
ST20*STlME*FLOAT(XDATA(K+8> >
ST15*STXME*FL0AT(IDATACK+9> > 
ST10*STIME*FLOAT(IDATA<K+10))
RETURN
END
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TTYt * • * < F L 2 iS A C P R O . FT 
C SACPRO XS CHAINED TO BY SACUSR. SACPRO
C PROCESSES INDIVIDUAL SACCADE DATA F IL E S  AND
C INSERTS THE DATA IN THE SUMMARY F I L E .
C VARIOUS ERROR CHECKS PERFORMED ALONG THE
C WAY! DATA I S  PRINTED I F  CHECKS FAIL
C AND PROCESSING CONTINUES.  SACPRO CHAINS
C BACK TO SACUSR WHEN F I N I S H E D .

COMMON IC H N S #IC H N l#IM SE C #IT B M #ISA M P#IR A D  
COMMON IA N G #IC M D #IF IL T
COMMON SIFLO# S I F H I #  SOFLE#TSFN# STIME# SLTCY 
COMMON ST 2S #  S T 2 0 #  ST 15# ST 1 0 # VDEG# SVEL 
COMMON IDATA

S OPDEF BSV 7 0 0 2

DIMENSION IDATAC1 0 2 4 )
DIMENSION XTEMPC1024)

C GET FILENUMBERS FROM FILENAMES.

I L H - 0  
I L - 0  
I M - 0  
I H « 0  

SCALL 0 # CLEAR 
SCALL 1 # FAD 
SARG \ S I F L O
S TAD ACH
S DCA \ I H
S TAD ACM
S DCA \ I M
S TAD ACL
S DCA M L

SCALL 0 # CLEAR 
SCALL 1 #FAD  
SARG \ S 1 F H I
S TAD ACL
S DCA M L H



214GET SACCADE FILE AND CODEWORDS.
4 0  CALL X O P E N C * F L 2 * > S I F L O )

READ< 4 * 5 1 ) ITEMP  
SI FORMAT( 1 2 A 2 )

I C H N S - I T E M P C 1>
I C H N l - I C H N S  
I S A M P * - ITEMP < 2 )
ITBM* I T E M P O )
IMSEC*ITBM

s CLA /DECODE SACCADE F I L E  CODEWORDS.s TAD \ I C H N S / #  CHANNELS.s BSVs AND (77s DCA VICHNSs TAD N IC H N l / S T A R T  CHANNEL.s AND (77s DCA M C H N ls TAD \  ITBM /T I M E B A S E  M U L T IP L IE R .s BSWs AND (77s DCA \  ITBMs TAD \ I M S E C / T I M E B A S E .s AND (77s DCA \ I M S E C

C SACCADE DATA CALCULATIONS.

N M S E C * IM S E C * 1 0 * * ITBM 
STIME*FLOAT(NM SEC > * . 0 0 1  
N S S * 1 0 0 / N M S E C  
N F S * 1 0 0 0 /N M S E C  
S D I V *  FLOAT ( N S S + - 1 >
F D I V * F L O A T ( N F S * 1 )

C X , Y  AVERAGES AND STANDARD D E V IA T IO N S
C FOR F I R S T  0 . 1  SEC AND F IN A L  1 . 0  S E C .

Ml*6
M 2 * 2 * N S S + 6  
D I V - S D I V  

S JMS CALC
XSAVG»XAVG
YSAVG«YAVG
XSDEV*XDEV
Y SD E V -Y D EV
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M 2 * l S A M P * 2 + 4  
M l * M 2 - 2 * N F S  
D I V * F D I V  

S JMS CALC
XFAVG-XAVG  
YFAVG*YAVG 
XFDEV*XDEV  
YFDEV*YDEV  
GO TO 1 8 0

S CALC, 0

X A V G - 0 .
Y A V G - 0 .
X D E V * 0 .
Y D E V - 0 .

DO 1 4 0  KY*M1 , M 2 , 2  
K X * K Y - 1
XAVG*XAVG+FL0AT<ITEMP(KX33 »
YAVG*YAVG+FLOAT<ITEMP CKY 33 
XDEV*XDEV+ <F L OAT(1TEMP<KX)> 3 **2 

140 YDEV-YDEV+CFLOAT(ITEMPCKY))3**2
XAVG*XAVG/DIV 
YAVG-YAVG/DIV
X D EV *S O R T < ( X D E V / D 1 V  3 - X A V G * * 2  > 
Y D £ V * S G R T C < Y D E V / D I V ) - Y A V G * * 2 >

S JMP I CALC

C LATENCY CALCULATION.

C COUNTS/SAMPLE C U T O F F*D E G /S E C  CUTOFF *
C VOLTS/DEG *  COUNTS/VOLT *  S E C S /S A M P L E l
180  C S C 0 * S V E L * V D E G * 5 1 2 . * £ T I M E

I L T C Y * 0

DO 2 0 0  K Y 2 * 8 , M 2 , 2  
K Y 1 - K Y 2 - 2  
K X 2 * K Y 2 - 1 
K X 1 - K X 2 - 2
T C N T * S Q R T <(FLOATC I T E M P < K X 2 ) - I T E M P ( K X 1 ) 3  3 * * 2  + 

C C F L 0A T < IT E M P < K Y 2> -IT E M P < K Y 1 3 3 3 * * 2 )
IF C C SC O -T C N T  > 2 2 0 , 2 2 0 , 2 0 0  

2 0 0  ILT C Y * CXX1 * 3  3 / 2
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C

220

C
C

2 6 2

2 6 4
2 6 6

2 7 0
2 7 2

2 7 4
2 7 6

2 8 0
2 8 2

2 8 4
2 8 6

2 9 0
2 9 2

2 9 4
2 9 6

250

SETTLING TIMES CALCULATIONS.

CMIN■VDEG* 5 1 2 . / 6 0 .
D 1 0 M " I 0 . * C M 1 N  
□ 1 5 M - 1 S . * C M I N  
D 2 0 M » 2 0 . * C M I N  
D 2 5 M - 2 5 . * C M I N

NUMBER OF SAMPLES FOR 0 . 1  SEC SET T LIN G  
TIME C R I T E R I A !
I T - 1 0 0 / N M S E C

I T ! 0 - 0  
I T 1 5 * 0  
I T 2 0 - 0  
I T 2 5 - 0

DO 2 5 0  K Y - 6 , M 2 , 2  
K X - K Y - 1
T D * S Q R T ( (FLO AT < ITEMPCKX) J - X F A V G ) * * 2 +  
( F L O A T ( I T E M P C K Y ) > - Y F A V G > * * 2 >
I F ( T D - D 2 5 M  > 2 6 4 ,  2 6 4 ,  2 6 2  
I T 2 5 - C K Y - 4 ) / 2  
GO TO 2 7 0
I F C C K Y - 4 ) / 2 - l T 2 5 - l T > 2 7 0 , 2 6 6 , 2 6 6  
D 2 5 M - 1 0 0 0 0 .

I F < T D - D 2 0 M ) 2 7 4 ,  2 7 4 ,  2 7 2  
I T 2 0 - ( K Y - 4 ) / 2  
GO TO 2 8 0
IFC ( K Y - 4 ) / 2 - I T 2 0 - I T ) 2 8 0 , 3 7 6 , 2 7 6  
D 2 0 M * 1 0 0 0 0 .

I F ( T D - D 1 5 M ) 2 8 4 , 2 8 4 , 2 8 2  
I T I  5 * ( K Y - 4 ) / 2  
GO TO 2 9 0
I F C ( K Y - 4 ) / 2 - I T l 5 - I T ) 2 9 0 #  2 8 6 #  2 8 6  
D ! 5 M * 1 0 0 0 0 .

I F ( T D - D 1 0 M  > 2 9 4 , 2 9 4 , 2 9 2
I T l 0 - ( K Y - 4 ) / 2
GO TO 2 5 0
I F C ( K Y - 4 ) / 2 - I T l 0 - I T > 2 5 0 ,  2 9 6 , 2 9 6  
D 1 0 M - 1 0 0 0 0 .

CONTINUE
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C
C
c

301
302
303
304 
310

C
C

31 1
C

c
c
320
325

340

DONE WITH C A LC U L A T IO N S ,  CHECK FOR SMALL 
STANDARD D E V ' S ,  L T C Y < 0 . 1 S E C .

MAX ALLOWED SD-MAX S D < V O L T S ) *C O U N T/VO LT .  
S D M A X - . 0 3 0 * 5 1 2 .

I F C I L T C Y - N S S ) 3 1 0 , 3 0 1 , 3 0 1  
IF C X S D E V -S D M A X > 3 0 2 , 3 1 0 , 3 1 0  
I F < Y S D E V - S D M A X > 3 0 3 , 3 1 0 , 3 1 0  
I F  CXFDEV-SDMAX) 3 0 4 , 3 1 0 , 3 1 0  
I F ( Y F D E V - S D M A X ) 3 2 0 , 3 1 0 , 3 1 0
W R IT E ( 1 , 3 1 1 ) S I F L O , S T I M E , X S A V G , Y S A V G , X S D E V ,  
Y S D E V , X F A V G , Y F A V G , X F D E V , Y F D E V , I L T C Y , I T 2 5 ,  
I T 2 0 , I T  1 5 , I T 1 0
FORMAT< * F I L E  F L 2 * * A6,F 7 . 3 '  S E C ' /
2  C * < * F 7  • 2  • ,  ' F 7  • 2  * > * • F 7 .  2* ,  • F 7 .  2* » ' /  ) 5 C I 5 / > )

INSERT DATA IN FIRST EMPTY BLOCK OF 
SUMMARY ARRAY.
DO 340 K * 17,1009,16 
IF(IDATA(K))340,325,340 
IDATACK >*IH 
1DATACK+1)-IM 
IDATACK+2)-IL 
IDATACK+3J-ITEMPC2)
IDATACK+4)*ITEMPC 3)
IDATACK+5)•ITEMP C 4)
IDATACK+6)*ILTCY 
IDATACK+7)•IT25 
IDATACK+S)■IT20 
IDATA(K+9>*I T 15 
IDATA<K+I0)*IT10 
I DATA <4 J - I DATA < 4 ) + 1 
GO TO 350 
CONTINUE
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C DONE WITH F I L E S  OR F IL E N U M B E R « 9 9 ?

3 5 0  I F ( 1 L - I L H > 3 S U  5 0 0 , 3 5 1
351 X F C I L + 3 9 1 ) 3 6 0 ,  5 0 0 . .  3 6 0
3 6 0  I L A - 0
S TAD M L  / I N C H  S i  FLO F I L E N  UMBER.
S TAD ( 7  / ( U N I T S + 7 ) , I N C R  TENS I F  REQ’ D .
S DCA \ I L  / S A V E  NEV T E N S .
S TAD \  IL
S AND ( 7 7  / U N I T S + 7  *
S SNA
S TAD C66 / F I X U P  FOR ZERO.
S TAD t - 6  / C U N I T S + 7 ) - 6 » U N I T S  + 1 .
S DCA V I L A  / S A V E  NEV U N I T S .
S TAD M L  / P U T  NEW U N IT S  WITH T E N S .
S AND ( 7 7  0 0
S TAD \ I L A
S DCA \ I L

SC ALL 0#  CLEAR 
SC ALL 1 ,  FAD  
SARG \ S I F L O  
S TAD \ I L
S DCA ACL
SC ALL 1 ,  STO 
SARG \ S I F L O

GO TO 4 0

5 0 0  CALL C H A IN ( ' S A C U S R * )
STOP
END

*
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SSPCOM: Saccade Summary P lo t t in g  Program  Package

Design c o n s i d e r a t i o n s :

SSPCOM i s  a p l o t t i n g  program  package d e s ig n e d  t o  g e n e r a te  p o i n t -  

w ise  p l o t s  o f  sa cc ad e  d a ta  a s  summarized in  SPROUT-created sa cc ad e  

summary f i l e s .  In  a d d i t i o n  t o  t h e  g e n e ra l  d e s ig n  c o n s i d e r a t i o n s  

m entioned  e a r l i e r ,  SSPCOM was d e s ig n e d  to  a l lo w  th e  u s e r  f l e x i b i l i t y  

in  p l o t t i n g .  F l e x i b i l i t y  i s  a c h ie v e d  by a l lo w in g  th e  u s e r  t o  s e l e c t  

any one o f  th e  t a r g e t  p a ra m e te rs  r a d i u s ,  a n g le ,  o r  f i l t e r  number as  

th e  x - a x i s  v a r i a b l e .  The u s e r  may th e n  s e l e c t  one o r  bo th  o f  th e  o th e r  

two t a r g e t  p a ra m e te rs  ( th e  ones n o t  used a s  x - a x i s  v a r i a b l e )  a s  

p a ra m e te r s  o f  th e  p l o t t e d  d a ta .  The y - a x i s  i s  a lw ays t im e  and th e  

u s e r  may s e l e c t  any one o f  th e  f i v e  saccade  d a t a  ( l a t e n c y  o r  one o f  

fo u r  s e t t l i n g  t im e s )  a s  th e  y - a x i s  v a r i a b l e .  The u s e r  may s e l e c t  any 

one o f  f i v e  p l o t t i n g  symbols to  r e p r e s e n t  th e  p l o t t e d  d a t a .  T h is  

a l lo w s  p l o t t i n g  d i f f e r e n t  d a ta  on th e  same a x es  f o r  c o m p ar iso n s .

The programming d i s c u s s e d  h e re  i s  based  on program  SSPLOT 

developed  by Dr. Brown f o r  a s i m i l a r  p u rp o se .  The r e a d e r  i s  

d i r e c t e d  to  h i s  d i s s e r t a t i o n  f o r  SSPLOT d e t a i l s .
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Commands and f e a t u r e s :

Commands to  SSPCOM may be e n te re d  on th e  t e l e t y p e  keyboard when

e v e r  SSPCOM i s  in  command mode. T h is  c o n d i t i o n  i s  i n d i c a t e d  by th e  

p r i n t i n g  o f  a  a t  th e  t e l e t y p e  l e f t  m arg in . V a l id  SSPCOM commands 

a r e :  FN, XS, YS, DA, PA, SY, PP and GO. These commands a re  d e t a i l e d

below:

FN: Command FN c a u se s  a  r e q u e s t  f o r  u s e r  e n t r y  o f  t h e  f i le n a m e  o f  a

saccad e  summary d a ta  f i l e .  T h is  f i l e  must be a  SPRQUT-generated 

summary f i l e  and must c u r r e n t l y  e x i s t  on d i s k  FL2. SSPCOM th e n  

in p u ts  th e  f i l e  s p e c i f i e d  and in fo rm s  th e  u s e r  t h a t  i t  has  done 

so by p r i n t i n g  on th e  t e l e t y p e  th e  f i le n a m e  s t o r e d  a t  th e  

b e g in n in g  o f  th e  f i l e .  SSPCOM a l s o  p r i n t s  th e  number o f  saccad e  

summaries c o n ta in e d  i n  t h e  summary f i l e .

XS: Command XS c a u se s  a r e q u e s t  f o r  u s e r  e n t r y  o f  th e  x - a x i s  v a r i a b l e

and an a p p r o p r i a t e  s c a l e  f a c t o r .  Command XS f i r s t  r e q u e s t s  an 

x - a x i s  v a r i a b l e :  t a r g e t  d e f l e c t i o n  r a d i u s ,  a n g le ,  o r  f i l t e r

number. Then based  on t h e  x - a x i s  v a r i a b l e  s e l e c t e d  command XS 

n e x t  r e q u e s t s  an x - a x i s  s c a l e  f a c t o r .  I f  th e  x - a x i s  i s  t o  be 

r a d i u s  th e n  XS r e q u e s t s  t h e  s c a l e  f a c t o r  i n  " f u l l  s c a l e  in c h e s  

f o r  R = 1 .0 0 "  ( th e  l a r g e s t  t a r g e t  d e f l e c t i o n  i s  no rm alized  t o  

1 .0 ,  which f o r  e x p e r im e n ts  done h e re  c o r re sp o n d s  to  4 . 0 ° ) .  A lso 

command XS s e t s  a p a r a m e t e r i z a t io n  v a r i a b l e  so  t h a t  on ly  a n g le  

a n d /o r  f i l t e r  number may be s e l e c te d  a s  d a ta  p a ra m e te r s .  I f  th e  

x - a x i s  i s  to  be a n g le  command XS r e q u e s t s  th e  x s c a l e  f a c t o r  i n
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d e g re e s  p e r  in c h .  XS a l s o  s e t s  t h e  p a r a m e t e r i z a t i o n  v a r i a b l e  

so t h a t  o n ly  r a d i u s  a n d /o r  f i l t e r  number may be s e l e c t e d  a s  d a t a  

p a r a m e t e r s .  I f  t h e  x - a x i s  i s  t o  be  f i l t e r  number th e n  command 

XS r e q u e s t s  t h e  X s c a l e  f a c t o r  i n  " f u l l  s c a l e  in c h e s  f o r  F = 8 , "  

and s e t s  t h e  p a r a m e t e r i z a t i o n  v a r i a b l e  so t h a t  r a d i u s  a n d /o r  a n g le  

may be ch osen  a s  d a t a  p a r a m e te r s .

YS: Command YS c a u s e s  a  r e q u e s t  f o r  u s e r  e n t r y  o f  t h e  y - a x i s  s c a l e

f a c t o r  in  m i l l i s e c o n d s  p e r  i n c h .

DA: Command DA c a u s e s  a r e q u e s t  f o r  u s e r  e n t r y  o f  th e  y - a x i s  d a t a  t o

b e  p l o t t e d .  The a v a i l a b l e  c h o ic e s  a r e  l a t e n c y  (LTCY) o r  s e t t l i n g  

t im e  t o  25 , 20, 15 o r  10 m in u te s  o f  a r c  (ST25, ST20, ST15, ST 10).

PA: Command PA c a u s e s  a r e q u e s t  f o r  u s e r  e n t r y  o f  t h e  d a t a  p a r a m e te r s .

The u s e r  may cho ose  e i t h e r  one o r  b o th  o f  th e  two t a r g e t  p a r a 

m e te r s  n o t  u se d  a s  t h e  x - a x i s  v a r i a b l e .  F o r  example i f  t h e  x - a x i s  

i s  f i l t e r  number t h e n  t h e  u s e r  may s e l e c t  t h e  t a r g e t  r a d i u s  a n d /o r  

a n g le  a s  d a t a  p a r a m e te r s .  When a c t u a l  p l o t t i n g  i s  done  o n ly  

th o s e  e n t r i e s  i n  t h e  summary f i l e  w i th  m a tch in g  p a r a m e te r s  w i l l  

be p l o t t e d .  T h is  f e a t u r e  i s  d i s a b l e d  by e n t e r i n g  a  n e g a t i v e  

number f o r  t h e  p a r a m e te r .

SY: Command SY c a u s e s  a  r e q u e s t  f o r  u s e r  e n t r y  o f  t h e  p l o t t i n g  symbol

t o  be u se d  f o r  t h e  d a t a  p o i n t s .  A v a i l a b le  symbol c h o ic e s  a r e

s q u a r e s  ( S ) ,  c r o s s e s  (C ) , d iam onds (D ) , X 's  (X ), o r  t r i a n g l e s  

( T ) . A l l  sym bols have  maximum d im e n s io n s  o f  0 .0 6  in c h e s .
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PP: Command PP c a u s e s  a l l  c u r r e n t  p l o t t i n g  s p e c i f i c a t i o n s  to  be

p r i n t e d  on t h e  t e l e t y p e .  The l i s t i n g  i n c l u d e s :  summary f i l e n a m e ,  

x - a x i s  v a r i a b l e  and s c a l e ,  d a t a  p a r a m e t e r s ,  y - a x i s  v a r i a b l e  and 

s c a l e ,  and p l o t t e r  symbol c o d e .

GO: Command GO c a u s e s  t h e  p l o t t e r  t o  g e n e r a t e  a  p l o t  a c c o rd in g  to

t h e  p r e v i o u s l y  s p e c i f i e d  p a r a m e t e r s .  When t h e  p l o t t e r  has  

f i n i s h e d  p l o t t i n g  t h e  i n d i v i d u a l  d a t a  p o i n t s ,  a x e s  a r e  draw n to  

e x te n d  j u s t  p a s t  t h e  maximum d a t a  p o i n t s .  When c o m p le te ly  f i n i s h e d  

th e  p l o t t e r  pen  r e t u r n s  t o  t h e  p l o t  o r i g i n  and SSPCOM r e t u r n s  t o  

command mode.
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SSPCOM program  o p e ra t io n :

SSPCOM i s  a c t u a l l y  a package o f  two main FORTRAN/SABR programs 

SSPCOM and SPL0T1 w ith  an a s s o c i a t e d  su b ro u t in e  PLTLN. SSPCOM i s  a 

"h ea d e r"  program which i n i t i a t e s  a l l  p l o t  s p e c i f i c a t i o n s  t o  c o n v en ien t  

v a lu e s  and s e t s  up th e  symbol a r r a y  ISYMB. SSPCOM th en  p r i n t s  th e  

l i s t  o f  a v a i l a b l e  commands and c h a in s  t o  SPL0T1. SSPCOM i s  c a l l e d  and 

used  on ly  a t  t h e  b eg in n ing  o f  p l o t  program u t i l i z a t i o n .  The i n i t i a l  

p l o t  s p e c i f i c a t i o n s  a re  as fo l lo w s :  (1) x - a x i s  v a r i a b l e  i s  f i l t e r

number w ith  a s c a l e  o f  4 .0  in ch e s  f o r  f i l t e r  number = 8 ,  (2) y - a x i s  

v a r i a b l e  i s  l a t e n c y  w ith  a s c a l e  o f  200 m il l i s e c o n d s  p e r  in ch ,  (3) no 

p a ram ete rs  a r e  d e c la r e d ,  (4) p l o t t e r  symbol i s  th e  s q u a re .  Program 

SPL0T1 perfo rm s a l l  command i n t e r p r e t a t i o n  and p l o t t i n g  o f  d a ta .

Major v a r i a b l e s  a r e  "p assed "  between SSPCOM and SPL0T1 v ia  

FORTRAN common s to ra g e  l o c a t i o n s .  These v a r i a b l e s  a r e :

IXV - p a ra m e te r iz a t io n  v a r i a b l e  used to  i n d i c a t e  th e  x - a x i s
v a r i a b l e .  I f  IXV = -1 th e  x - a x i s  v a r i a b l e  i s  t a r g e t
r a d i u s ,  i f  IXV = 0 th e  x - a x i s  v a r i a b l e  i s  t a r g e t  a n g le ,  
i f  IXV * 1 th e  x - a x i s  v a r i a b l e  i s  f i l t e r  number. IXV i s  
i n i t i a l i z e d  t o  1.

XSFAC - th e  x - a x i s  s c a le  f a c t o r  i n  u n i t s  o f  p l o t t e r  s te p s  p e r
x - a x i s  v a r i a b l e .  XSFAC i s  i n i t i a l i z e d  so t h a t  th e  x - a x i s
s c a le  i s  4 .0  inches  co rre sp o n d in g  to  f i l t e r  number 8,

YSFAC - th e  y - a x i s  s c a le  f a c t o r  in  u n i t s  o f  p l o t t e r  s te p s  p e r  
m i l l i s e c o n d .  YSFAC i s  i n i t i a l i z e d  so t h a t  th e  y - a x i s  
s c a l e  i s  200 m i l l i s e c o n d s  p e r  in c h .

ID1 - th e  ASCII e q u iv a le n t  o f  f i r s t  two c h a r a c t e r s  o f  y -a x is
v a r i a b l e  s p e c i f i c a t i o n .  ID1 i s  i n i t i a l i z e d  to  th e  v a lu e  
o f  th e  l e t t e r  com bina tion  LT.

ID2 - th e  ASCII e q u iv a le n t  o f  th e  l a s t  two c h a r a c t e r s  o f  th e
y - a x i s  v a r i a b l e  s p e c i f i c a t i o n .  ID2 i s  i n i t i a l i z e d  to  th e  
v a lu e  o f  th e  l e t t e r  com bination  CY. The com bina tion  o f  
ID1 and ID2 i n d i c a t e s  t h a t  i n i t i a l  y - a x i s  v a r i a b l e  i s  
LTCY o r  la te n c y .
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IDEX - t h e  sa c c a d e  summary word in d ex  number u se d  t o  s e l e c t  
which d a t a  to  p l o t  on t h e  y - a x i s .  IDEX i s  i n t i a l i z e d  
t o  6 so t h a t  l a t e n c y  w i l l  be c h o sen  f o r  p l o t t i n g .

IPAR - t h e  r a d i u s  p a ra m e te r  v a r i a b l e  u se d  t o  i n d i c a t e  which 
t a r g e t  r a d i u s  i s  chosen  a s  a  d a t a  p a r a m e te r .  IPAR i s  
i n i t i a l i z e d  t o  a  v a lu e  o f  -1 t o  d i s a b l e  t h i s  f e a t u r e .

IPAA -  t h e  a n g le  p a ra m e te r  v a r i a b l e  u se d  t o  i n d i c a t e  which 
t a r g e t  a n g le  i s  c h o se n  a s  a d a t a  p a r a m e te r .  IPAA i s  
i n i t i a l i z e d  t o  a v a lu e  o f  -1 t o  d i s a b l e  t h i s  f e a t u r e .

INSYM -  ASCII e q u i v a l e n t  o f  t h e  p l o t t e r  symbol c o d e .  INSYM i s
i n i t i a l i z e d  t o  t h e  v a lu e  o f  t h e  l e t t e r  S t o  i n d i c a t e  t h a t  
s q u a r e s  a r e  t h e  p l o t t i n g  sym bol.

ISY -  th e  ISYMB a r r a y  o f f s e t  in d e x  used  t o  s e l e c t  v a lu e s  o f  th e  
ISYMB a r r a y  c o r re s p o n d in g  to  t h e  symbol i n d i c a t e d  by 
INSYM. ISY i s  i n i t i a l i z e d  t o  a v a lu e  o f  1 so t h a t  
s q u a re  v a lu e s  a r e  c h o sen  from ISYMB.

ISYMB -  th e  40  word p l o t t e r  symbol pen movement a r r a y .

The o p e r a t i o n  o f  p rogram s SSPCOM, SPL0T1, and s u b r o u t i n e  PLTLN 

a r e  o u t l i n e d  on t h e  f o l lo w in g  p a g e s .  Com plete  p rogram  l i s t i n g s  fo l lo w  

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

SSPCOM:

SSPCOM i s  a " h e a d e r "  p rogram  u se d  o n ly  once a t  t h e  b e g in n in g  o f  

SSPCOM o p e r a t i o n .  SSPCOM i n i t i a l i z e s  t h e  p l o t t e r  symbol a r r a y  ISYMB 

and t h e  p l o t t i n g  s p e c i f i c a t i o n s  t o  c o n v e n ie n t  v a l u e s .  A f t e r  p r i n t i n g  

a  l i s t  o f  a v a i l a b l e  p l o t t i n g  commands, SSPCOM c h a in s  t o  SPL0T1 f o r  

command i n t e r p r e t a t i o n  and p l o t t i n g .

SPL0T1:

Program  SPL0T1 p e r fo rm s  a l l  t h e  f u n c t i o n s  o f  command i n t e r p r e t a 

t i o n  and  d a ta  p l o t t i n g .  SPL0T1 b e g in s  o p e r a t i o n  by d o in g  some h o u se 

k e e p in g  and th e n  p r i n t s  a  " ! "  a t  t h e  t e l e t y p e  l e f t  m arg in  t o  i n d i c a t e
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t h a t  i t  i s  r e a d y  t o  a c c e p t  commands. When th e  u s e r  e n t e r s  a command 

SPL0T1 d e c o d e s  t h e  command and b ra n c h e s  to  t h e  a p p r o p r i a t e  p o r t i o n  o f  

i t s  program m ing . I n v a l i d  commands c a u s e  an e r r o r  m essage and a r e t u r n  

t o  command in p u t  mode.

Command FN r e q u e s t s  a f i le n a m e  t o  be e n t e r e d  i n  FORTRAN A6 

fo rm a t .  The e n t e r e d  f i le n a m e  i s  s t o r e d  as  t h e  v a r i a b l e  SSFN. The 

f i l e  r e q u e s t e d  i s  i n p u t  from d i s k  FL2. The s a c c a d e  summary f i l e  i s  

s t o r e d  i n  t h e  c o re  a r r a y  IDATA(K]. I f  SSFN d o e s  n o t  e x i s t  on FL2 

a r e t u r n - t o - O S / 8 -m o n i to r  e r r o r  w i l l  o c c u r .  The u s e r  must r e c a l l  

SSPCOM program m ing.

Command XS r e q u e s t s  t h e  e n t r y  o f  an  x - a x i s  v a r i a b l e  fo l lo w e d  by 

an a s s o c i a t e d  r e q u e s t  f o r  t h e  x - a x i s  s c a l e  f a c t o r .  The x - a x i s  v a r i a b l e  

w i l l  s e t  t h e  v a lu e  o f  IXV w hich i s  u se d  to  i n d i c a t e  t o  su b s e q u e n t  

program m ing what t h e  x - a x i s  v a r i a b l e  i s .  The x - a x i s  s c a l e  i s  computed 

in  te rm s  o f  p l o t t e r  s t e p s  and s t o r e d  a s  XSFAC.

Command YS r e q u e s t s  t h e  e n t r y  o f  a  y - a x i s  s c a l e  f a c t o r .  The 

y - a x i s  i s  a lw ay s  t im e  so t h a t  an  e n t r y  w i l l  be i n  m i l l i s e c o n d s  p e r  

in c h .  The y - a x i s  s c a l e  i s  com puted i n  p l o t t e r  s t e p s  and s t o r e d  a s  

YSFAC.

Command DA w i l l  s e t  t h e  v a r i a b l e  IDEX t o  i n d i c a t e  t o  th e  s o f tw a r e  

which sa c c a d e  d a t a  i s  t o  be p l o t t e d .  IDEX i s  u s e d  a s  a  s u b s c r i p t  

in d ex  t o  t h e  IDATA a r r a y  so t h a t  t h e  p r o p e r  IDATA v a lu e  i s  c h o se n  

c o r r e s p o n d in g  t o  t h e  command DA e n t r y .

Command PA a l lo w s  t h e  u s e r  t o  ch o o se  up t o  two t a r g e t  p a r a m e te r s  

a s  d a t a  p a r a m e t e r s .  The c h o ic e  o f  p a r a m e te r s  a l lo w e d  i s  b a s e d  upon
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w hich t a r g e t  p a ra m e te r  was p r e v i o u s l y  s p e c i f i e d  a s  t h e  x - a x i s  v a r i a b l e  

and h en ce  upon t h e  c u r r e n t  v a lu e  o f  IXV. O nly t h o s e  summary f i l e  

e n t r i e s  w i th  m a tch in g  t a r g e t  p a r a m e te r s  t o  t h o s e  s p e c i f i e d  w i th  command 

PA a r e  p l o t t e d  when command GO i s  i s s u e d .  To d i s a b l e  any p a ra m e te r  

s p e c i f i c a t i o n  t h e  u s e r  sh o u ld  e n t e r  a v a lu e  o f  - 1 .

Command SY s e t s  t h e  v a l u e  o f  ISY a c c o r d in g  to  t h e  u s e r ' s  symbol 

d e s i g n a t i o n .  ISY i s  u sed  i n  s u b s e q u e n t  program m ing a s  a  s u b s c r i p t  

in d ex  to  t h e  ISYMB p l o t t e r  symbol pen  movement a r r a y  so t h a t  v a lu e s  o f

ISYMB a r e  c h o se n  c o r r e s p o n d in g  t o  t h e  s p e c i f i e d  sym bol.

I f  t h e  u s e r  i s  a t  any t im e  u n s u re  o f  t h e  p l o t t i n g  s p e c i f i c a t i o n s  

he can  r e q u e s t  a l i s t i n g  o f  a l l  c u r r e n t  v a lu e s  o f  p l o t t i n g  s p e c i f i c a 

t i o n s  by e n t e r i n g  command PP.

The GO command c a u s e s  t h e  SPL0T1 program m ing t o  e x e c u te  t h e  p l o t  

as  s p e c i f i e d  by p r e v io u s  commands. The command GO program m ing f i r s t  

i n i t i a l i z e s  t h e  p l o t t e r  ( c a l l  PLTLN( - 1 ,  0 , 0 ) )  and z e r o s  th e  v a r i a b l e s  

IXMAX and IYMAX. T hese  two v a r i a b l e s  a r e  u se d  t o  s t o r e  t h e  maximum

p l o t t e r  e x c u r s io n s  f o r  su b s e q u e n t  u s e  i n  a x e s  d ra w in g .  The programm

in g  th e n  e n t e r s  a summary a r r a y  (IDATA) s e a r c h / p l o t  lo o p ,  w h e re in  

eac h  summary a r r a y  e n t r y  i s  exam ined , i n  s e q u e n c e ,  a s  f o l lo w s :

(1) t h e  sam p ling  p a ra m e te r  i n f o r m a t i o n ,  t a r g e t  d e f l e c t i o n  r a d i u s  and 

a n g le ,  and f i l t e r  number a r e  e x t r a c t e d  from t h e  e n t r y  codew ords ,

(2) t h e  X c o o r d i n a t e  i s  c a l c u l a t e d  b a sed  upon t h e  x - a x i s  v a r i a b l e  IXV,

(3) i f  any  p a ra m e te r s  a r e  s p e c i f i e d  t h e  e n t r y  i s  ch ecked  t o  s e e  i f  

i t s  t a r g e t  p a ra m e te r s  c o r r e s p o n d  t o  t h o s e  s p e c i f i e d  by  t h e  p a r a m e te r 

i z a t i o n  command PA, (4) t h e  Y c o o r d i n a t e  i s  c a l c u l a t e d  b a sed  upon t h e
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y - a x i s  s c a l e  f a c t o r ,  YSFAC, and t h e  r e q u e s t e d  d a t a ,  IDATA(K + IDEX),

C5) t h e  maximum X and Y c o o r d i n a t e s  a r e  r e t a i n e d ,  and [6) t h e  p l o t t e r  

pen i s  moved t o  t h e  c a l c u l a t e d  c o o r d i n a t e s ,  IXNUM and IYNUM, and th e  

s p e c i f i e d  p l o t t e r  symbol i s  draw n u s in g  an  e i g h t - p a s s  DO lo o p  w i th  

t h e  ISY and ISYMB symbol a r r a y  c o d in g .

The s e a r c h / p l o t  lo o p  r e c y c l e s  u n t i l  a l l  summary a r r a y  e n t r i e s  

have been  exam ined . These a r r a y  e n t r i e s  w hich  do n o t  m atch th e  

p a ra m e te r  r e q u i r e m e n ts  ( i f  any e x i s t )  a r e  sk ip p e d  and t h e  s e a r c h  

c o n t i n u e s  t o  t h e  n e x t  summary a r r a y  e n t r y .  A l l  p l o t t e r  sym bols a r e  

draw n a s  an e i g h t - s t e p  sequence  o f  s h o r t  pen movements b a sed  upon 

t h e  c o d es  o f  t h e  ISYMB a r r a y .  The e n t r i e s  o f  t h i s  a r r a y  c o n t a i n  th e  

n e c e s s a r y  X and Y c o o r d i n a t e  moves and pen i n s t r u c t i o n s  t o  p ro d u c e  

t h e  p l o t t e r  sym bo ls .

PLTLN(KP, KX, KY):

T h is  s u b r o u t i n e  i s  a  m o d if ie d  v e r s i o n  o f  a DEC SABR program  

" D i g i t a l  8 -12-U " c o p y r ig h te d  1971. Changes were made i n  th e  DEC 

p rog ram  by D r. Brown t o  a l lo w  PLTLN t o  be  u se d  d i r e c t l y  a s  a FORTRAN I I  

s u b r o u t i n e  and t o  m o n ito r  t h e  M1703 i n p u t  i n t e r f a c e  c a b le d  to  th e  

p l o t t e r  f o r  d e t e c t i o n  and c o m p e n sa t io n  o f  o f f s c a l e  p l o t t e r  m ovements. 

The p u rp o s e  o f  PLTLN i s  t o  d r i v e  a d i g i t a l  x-Y p l o t t e r  i n  such  a  

m anner t h a t  t h e  b e s t  f i t  s t r a i g h t  l i n e  i s  p l o t t e d  be tw een  c o o r d i n a t e s  

p r e v i o u s l y  and c u r r e n t l y  p a s s e d  i n t o  t h e  s u b r o u t i n e .

Argum ents KX and KY a r e  t h e  i n t e g e r  X and Y c o o r d i n a t e s  a s  

m easured  i n  p l o t t e r  s t e p s  (100 s t e p s  p e r  in c h  f o r  t h e  EAI model 130 

u se d  h e r e ) .  Each number m ust be i n  t h e  r a n g e  o f  -2047 t o  +2047.
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Argument KP i s  u sed  to  c o n t r o l  o r i g i n  i n i t i a l i z a t i o n  and pen up o r  

down. I f  KP = - 1 ,  KX and KY a r e  ig n o red  and PLTLN i s  i n i t i a l i z e d .

T h is  r a i s e s  th e  p l o t t e r  pen and z e ro s  any o ld  KX and KY v a lu e s  h e ld  

i n s i d e  th e  s u b ro u t in e  s o f tw a r e .  I f  KP = 0, t h e  p l o t t e r  pen i s  lowered 

and PLTLN exam ines th e  v a lu e s  o f  KX and KY c u r r e n t l y  p a sse d  and p l o t s  

th e  b e s t  f i t  s t r a i g h t  l i n e  from th e  o ld  KX and KY c o o r d i n a t e s ,  s t o r e d  

from th e  l a s t  PLTLN c a l l ,  to  th e  new KX and KY c o o r d i n a t e s .  I f  

KP = 1 , PLTLN o p e r a t e s  a s  j u s t  d e s c r ib e d  w i th  th e  p l o t t e r  pen r a i s e d .

T h is  co m p le te s  th e  d i s c u s s i o n  o f  SSPCOM program m ing. Program 

l i s t i n g s  fo l lo w .
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TTY* *.*<FL2t SSPCOM.FT
PROGRAM SSPCOM INITIALIZES SYMBOL ARRAY AND 
PRINTS SSPCOM COMMANDS. THEN SSPCOM CHAINS 
TO SPLOTt FOR ACTUAL PLOTING OF SACCADE 
SUMMARY DATA.
COMMON IXV,XSFAC#YSFAC*ID1*ID2*IDEX 
COMMON IPAR#IPAA*INSYM#ISY 
COMMON ISYMB
DIMENSION ISYMB <40)

I INITIALIZE ISYMB ARRAY.
ISYMB <I) 
ISYMB(2) 
ISYMB C 3) 
I SYMB < 4) 
ISYMB < 5) 
ISYMB C 6) 
ISYMBC7) 
ISYMBCS) 
ISYMB<9> 
ISYMB <10 
ISYMB <11 
ISYMB <12 
ISYMB C13 
ISYMB fI 4 
ISYMB <15 
ISYMB <I 6 
ISYMB <I 7 
ISYMB<18 
ISYMB C I 9 
ISYMB<20 
ISYMB<21 
ISYMB<22 
ISYMB<23 
ISYMB<24 
ISYMB <25 
1SYMB <26 
ISYMB<27 
ISYMB<28 
ISYMB<29 
ISYMB <30 
ISYMB <31 
ISYMB<32 
ISYMB<33 
ISYMB<34 
ISYMB<35 
ISYMB<36 
ISYMB<37 
ISYMB<38 
ISYMB<39 
ISYM8<40

— 1 594 
390 
39 1 
455 
454
-(2047+I>
0
0
*2042
*7
*-1600
-384
*-<2047+1) 
*0 
*0 
-0
*-2042
-384
- 7
-448
-6
—  <2047+1 ) 
-0
-0
—  1594 
-391
—  1658 
■ 455
—  <2047+1 ) 
- 0
- 0
-0
--2044
- 5 1 7
- 5 8 1
-4
--<2047+1) 
-0  
-0  
-0
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CONVENIENT SSPCOM I N I T I A L I Z A T I O N S .

IXV* I
XSFAC-50.0 
YSFAC-0.5 
ID1-788 
ID2-217 
IDEX-6 
IPAR*-1 
IPAA*— 1 
INSYM-1248 
I SY* 1
PRINT SSPCOM COMMANDS AND CHAIN TO SPLOT1. 
W RITE*1,18)
FORMAT*■SSPCOM CMDS ARE* FN* XS# YS* DA#PA*SY* 
* PP*GO * >
CALL CHAIN*1SPLOTl•>
STOP
END
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TTY* *•*«FL2 t SPL0T1•FT
PROGRAM SPL0T1 INTERPERTS SSPCOM COMMANDS 
AND PLOTS DATA FROM SACCADE SUMMARY FILES 
ACCORDINGLY* COMMAND ABILITIES INCLUDE 
AXIS SCALING; DATA SELECTION; PARAMETERIZA
TION; AND SYMBOL SELECTION*
OPDEF BSV 7002 /BYTE SWAP
COMMON IXV;XSFAC;YSFAC;IDI;ID2;IDEX 
COMMON IPAR;IPAA;IN SYM;ISY 
COMMON ISYMB
DIMENSION ISYMB(40);IDATAC1024)
COMMAND VALUES.
ICFN-398 
ICXS-1555 
ICYS*1619 
ICDA*257 
ICPA*102S 
ICSY*1241 
ICPP-1040 
ICG0*463
R E A D (1;15)ICMD 
F O RMAT<«!*;A2)
IF<ICMD-ICFN)20;100,20 
IF<ICMD-ICXS)25;200;25 
1F(ICMD-1CYS>30,300, 30 
IF<ICMD-1CDA)35;400; 35 
IFCICMD-1CPA)40;500; 40 
1F(ICMD-ICSY)45;600; 45 
IF<ICMD-ICPP)50;700;50 
IFCICMD-ICGO >55;800, 55 
V R I T E C 1,60)
F ORMAT(* BAD C M D * )
GO TO 10
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C
C
100
105

110

U S

C
C
200
201

C
215
216

220

C
225
226

230
C
235
236

240
241

CMO FN* DECLARE SUMMARY FILENAME* GET F I L E
FROM F L 2 .

READ Cl*105)SSFN
FORMAT(’ENTER SACCADE SUMMARY FILENAME*•*A6) 
CALL IOPEN<'FL2* * SSFN)
READ(4*110)<IDATACK)*K*1*4>
FORMATC12A2)
LW*(IDATA(4)+1>*16 
VRITEC1*115)SSFN*IDATAC4)
FORMATC*SACCADE SUM FILE*•*A6*15** SACCADES'*/) 
CALL IOPENC * FL2* * SSFN>
READ(4*110)CIDATA<K>*K«1*LV)
GO TO 10
CMD XS* DECLARE X-AXIS SCALE IN RADIUS NUMBER* 

DEG/INCH* OR FILTER NUMBER.
READC1*201)IXD
FORMAT < * WILL X-AXIS BE RAD* ANG OR FIL?i**Al) 
IFCIXD-1184)220*215*220
X-AXIS UILL BE RADIUS NUMBER.
READC1*216)XSFAC
FORMAT<*FULL SCALE (R*1.00> INCHES***F6.2) 
XSFAC-25.0*X5FAC 
IXV— 1 
GO TO 10
IF(IXD-96)230* 225* 230
X-AXIS WILL BE ANGLE.
READC1*226)XSFAC 
FORMAT(•DEG/INCH * * * F6.2)
XSFAC*100.0/XSAFC
IXV-0
GO TO 10
I F< IXD-416>240* 235* 240 
X-AXIS VILL BE FILTER NUMBER.
READC1*236)XSFAC
FORMATC*FULL SCALE CF*8> INCHES *'*F6.2)
XSFAC*12•5*XSFAC 
IXV*1 
GO TO 10 
VRITEC1*241)
FORMATC’NOT VALID')
GO TO 200



c
300
301

C
4 0 0
405
410
415
400
425
430
435
440
445
450
455
460
465

C
C
C
c
500
505
506

510
515
516
520
525
526

CMD YSI DECLARE Y -A X IS  SCALE IN MSEC/INCH
2 3 3

REA D C 1*301)YSFAC
FORMAT C* MSEC/INCH* *,F7.2)
Y S F A C * 100.0/YSFAC 
GO TO 10
CMD DA* DECLARE Y-AXIS DATA TO BE PLOTTED. 
REA D C 1,405)IDl,ID2
FORMATC*LTCY,ST25,ST20,ST15,OR S T 10?* *,2CA2)) 
1FCID1-783)415,410,41S 
IDEX-6 
GO TO 10
IFCIDl-1236)460,420,460 
IFCID2+S43 >430,425,430 
IDEX-7 
GO TO 10
IFCID2+848 >440,435,440 
IDEX-8 
GO TO 10
IF CID2+907>450,445,450
IDEX-9
GO TO 10
IFCID2+912>460,455,460 
IDEX-10 
GO TO 10 
V R I T E C 1,465)
F O R M A T C D A T A  NOT AVAILABLE*)
GO TO 400
CMD PA* DECLARE PARAMETERS FOR DATA. RADIUS 

NUMBER, ANGLE, OR FILTER NUMBER AS 
PER CMD XS. ENTER NEGATIVE NUMBER TO 
DISABLE.

IFCIXV)510,505,505 
READC1,506)PIPAR
F O R M A T C  WHICH RADIUS? 1.00,0.875,0.75,0.625,* 
'0.501 *,F5.3 >
IPAR-IFIX C CPIPAR-0.5)*8.0)
IFCIXV)51S,520,515
RE A D C 1,516)IPAA
FORMATC*WHICH ANGLE?*',14)
IFCIXV)525,525,10 
READCI,526)IPAF
FORMATC * VHICH FILTER C0 TO 8)?**,12)
GO TO 10
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C

600
605
610
615
620
625
630
635
640
645
650
655
660

C

700
701
705
706
707
708 
710
715
716
720
721
722
723
725
726
727

CMD SYt DECLARE PLOTTER SYMBOL*

R E A D C 1*605)INSYM
FORMATC * S* C* D*X*OR T?*'*Al>
IFCINSYM*1248 >615*610* 615 
ISY* I 
60 TO 10
IFCINSYM*224>625* 620* 625 
ISY* 9 
GO TO 10
IFCINSYM*288 > 635*630*635 
ISY*17 
GO TO 10
IFCINSYM-1568>645* 640* 645
ISY-25
GO TO 10
IFCINSYM-1312>655*650*655 
I SY * 3 3 
GO TO 10 
V R I T E C 1*660)
FORMAT C * NOT V ALID*>
GO TO 600
CMD PPl PRINT EXISTING PLOT SPECIFICATIONS*
V R I T E C 1*701)SSFN 
FORMATC/*'FILENAME* '*A6>
IFCIXV>705* 720* 735 
VRITECl*706>XSFAC/25.0
FORMATC*XSCALE* **F6.2,• INCHES FOR R*1.00*> 
IFCIPAA>710*707*707 
V RITEC1*708)IPAA
FORMAT(*ANGLE PARAMETER* '*15*' DEG'>
IF CIPAF >750*715*715 
V RITEC1*716)IPAF
FORMATC*FILTER PARAMETER* **I3>
GO TO 750
V R I T E C 1*721>100* 0/XSFAC
FORMATC'XSCALEI **F6*2*( DEG/INCH * >
IFCIPAR>725* 722* 722 
V R I T E C 1*723>PIPAR
FORMATC'RADIUS PARAMETER* **F5.3>
IFCIPAF >750* 726* 726 
V R I T E C 1*727>IPAF
F O R M A T C  FILTER PARAMETER* '*I3>
GO TO 750
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735 VRITE(1 / 736 >XSFAC/12*5
736 FORMATC*XSCALEI */F6.2/' INCHES FOR F-8*>

IFCIPAR)740/ 737*737
737 VRITEC 1/ 738>PIPAR
738 FORMATC * RADIUS PARAMETER! */F5.3)
740 IFCIPAA)750/74I/741
741 VRITEC1/742)IPAA
742 FORMATC* ANGLE PARAMETER! */I5/* DEG*)
750 VRITEC1#751)100*0/YSFAC/ID1/ ID2,INSYM
751 FORMATC *YSCALEi */F7.2/* MSEC/INCH*///*YDATAi*

1 >2X* 2 CA2) / * SYMBI *#A1)
GO TO 10

C CMD GO! PLOT DATA AS SPECIFIED*
800 CALL PLTLNC-t#0/0)

IXMAX-0
IYMAX-0
DO 900 K - 17/LV#16 

C GET SAMPLE INFO/ TARGET DATA# DECODE*
IMSEC-IDATACK+4) 
IIBM-IMSEC 
IANG-IDATACK+5)
IRAD-IANG 
IFILT-IANG

S CLA CLL
S TAD \IMSEC
S AND C0077
S DCA \IMSEC
S TAD \ITBM
S BSV
S AND C 0077
S DCA \ITBM
S TAD \IRAD
S AND C0007
S DCA \IRAD
S TAD M A N G
S RTR;r a r
S AND C0037
S DCA M A N G
S t a d  \ i f i l t
S BSV
S RTR
S AND C0017
S DCA \IFILT

IANG-15*1ANG

/GET TIMEBASE 

/GET TIMEBASE MULT

/GET RAD1U5 NUMBER 

/GET ANGLE/15

/GET FILTER NUMBER



2 3 6

C

810
811
815
816 
820
821
825
826 
830
831
835
836 
850

C

861
865
866

C

870

PARAMETER CHECK* PLOTTER STEP CALCULATIONS.

IF<IXV)810*820*830
IXNUM-IFIXCFLOAT(IRAD+1)*XSFAC>
IF CIPAA >615*811*811
I F C IANG-IPAA)900*815*900
IF CIPAF >850* 816* 816
IFCIFILT-IPAF >900* 850* 900
IXNUM— IFIX(FLOAT CIANG>*XSFAC>
IFCIPAR>825*821*821
IF C1RAO-IPAR >900*825*900
IFCIPAF>850*826*826
IFCIFILT-IPAF>900*850*900
IXNUM-IFIX(FLOAT(IFILT+1>♦XSFAC >
IFCIPAR>835*831*831 
IFCIRAD-IPAR>900* 835* 900 
IFCIPAA>650* 836* 836 
IFCIANG-IPAA)900*850*900
IYNUM-IFIX C YS FAC*FLOAT(IMSEC>*10.0**1TBM 
*FLOATCIDATACK+IDEX)>>
KEEP MAX EXCURSIONS.
IFCIXNUM-IXMAX>865* 865* 861 
IXMAX— IXNUM
IFCIYNUM-IYMAX >870* 870* 866 
IYMAX-IYNUM
MOVE PEN* DRAW SYMBOL.
CALL P LTLNC1*IXNUM*IYNUM)
DO 890 JS-0* 7 
IPEN-ISYMB CISY+JS>
IXSYM— IPEN 
IYSYM-IPEN



2 3 7

S CLA CLL
S TAD \IPEN
S RAL
S CLA
S RAL
S DCA \ IPQJ
S TAD \ IYSYM
S AND (0037
S RAR
S SZL
S CIA
S DCA \IYSYM
S CLL
S TAD \IXSYM
S BSV
S CLL
S AND <0037
S RAR
S SZL
S CIA
S DCA \IXSYM

IXSYM*IXSYM+IXNUM 
I YS YM * I YS YM+1YN UM 
CALL PLTLN(IPEN* IXSYM#IYSYM>

890 CONTINUE
900 CONTINUE
C DRAW AXES AND RETURN TO ORIGIN.

CALL PLTLN (1*0*0)
DO 950 L*0«IXMAX*100 
I*L+100
CALL PLTLN(0#1* 0) 
CALL P L TLN(0#I#10> 
CALL PLTLNC0,I j 0>

950 CONTINUE
CALL PLTLNCl*0*0>
DO 960 L*0«IYMAX,100 
I*L+100
CALL P L T L N (0*0*I) 
CALL P L T L N <0*10,I ) 
CALL P L T L N ( 0* 0* I )

960 CONTINUE
CALL PLTLN(1« 0# 0)
GO TO 10
STOP
END

*
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TTY * *.*<FL2IPLTLNc p l t l n  p l o t s  t h e  b e s t  s t r a i g h t  l i n e  b e t w e e n
C THE OLD AND NEV CO-ORDINATES. X CO-ORDINATE
C CORRESPONDS TO "KX"# Y TO "KY". THESE ARE
C STANDARD FORTRAN INTEGER VARIABLES AND MUST
C BE >-2047 AND <+2047. "KFG” CONTROLS
C PLOTTING AS SUCHt K F G * - 1#INITlALIZEJ
C KFG*I#PLOT WITH PEN UP* KFG*0# PLOT WITH
C PEN DOWN.

SUBROUTINE PLTLN(KFG# KX* K Y )
S OPDEF PLCF 6502 /CLEAR PLTR FLG FF.
S OPDEF PLPU 6503 /PEN UP.
S OPDEF PLLR 6504 /LOAD DIR REG# CLR
S /DIR REG# SET FLG.
S OPDEF PLPD 6505 /PEN DOWN.
S SKPDF PLSF 6501 /SKP ON PLTR FLG.
S OPDEF CLAF 6142 /CLEAR Ml 703 FLAGS.
S SKPDF SDFS 6143 /SKP ON Ml 703 FLAG.

JFG*KFG
JX*KX
JY-KY

s CLA CLLs TAD (4000s TAD \JXs DCA \JXs TAD (4000s TAD \JYs DCA \JYs CLA CLLs TAD \JFGs SPA /MOVE PEN?s JMP PLOTA /NO * INITIALIZE#s TAD PLOTPN /ADD PEN STATUS.s CLL RTRs SPA CLA /ANY CHANGE?s JMP PLOT1 /NOi CONTINUE.s SNL CLAs JMP Al /GO LOVER THE PENs DCA PLOTPN /RAISE THE PEN.s PLPUs JMP A2s Al# IS2 PLOTPN /LOVER THE PEN.s PLPD
S A2# JMS PLOTWT /FLAGVAIT.s JMP P L O T 1 /CONTINUE.



s PLOTA,CLAs PLPU /RAISE PEN.s DCA PLOTPN /INITIALIZATIONS.s TAD <4000 / » z »  TO X COORD.s DCA PLOTNXs TAD (4000 /..0« T0 Y COORD.
s DCA PLOTNYs JMS PLOTVT 

RETURN
s PLOT 1»TAD PLOTNX /GET PREVIOUS X COORD.s CIA CLL
5 TAD \JX /FORM NX-NPX.s SNL /L-0* NPX<NX.s CIAs DCA PLOTDX /ABS VAL OF DIFFERENCE.s RALs DCA PLOTMV /SAVE SIGN BIT.s TAD \JX /UPDATE OLD X TO NEW X.s DCA PLOTNX
3 TAD PLOTNY /GET PREVIOUS Y COORD.s CIA CLLs TAD \JY /FORM NY-NPY.s SNL /L*0t NPY<NY.s CIAs DCA PLOTDY /ABS VAL OF DIFFERENCE.
5 TAD PLOTMV /SAVE SIGN BIT.
S RAL /BIT 10*1i DRUM DOWN*♦X.
S DCA PLOTMV /BIT 1 1 * 1 t PEN LEFT* +Y.s TAD \JY /UPDATE OLD Y TO NEW Y.
5 DCA PLOTNY
S TAD PLOTDX
3 CIA CLL
S TAD PLOTDYs SNL CLA /L«0I d e l t a  x <DELTA y .
3 JMP PL0T2
S TAD PLOTDX /REVERSE NUMBERS.
s DCA PLOTNA
s TAD PLOTDY
s DCA PLOTDX
s TAD PLOTNA
5 DCA PLOTDY
S I AC /SET MAJOR MOTION INSTR'N.
s AND PLOTMV
s TAD PLOTTls JMP A3
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2 4 0

S PLOTS, TAD PLOTMV
S CLL RAR
s t a d PL0TT2
S A3, DCA PLOTNA
S TAD I PLOTNA
s DCA PLOT4A
S TAD PLOTMV
S TAD PL0TT3
s DCA PLOTMV
s TAD 1 PLOTMV
5 DCA PLTD8A
s TAD PLOTDX
s CLL RAR
s DCA PLOTNA
s TAD PLOTDX
s CMA
s DCA PLOTMV
s PLOTS, ISZ PLOTMV
s JMP A4
C ALL DONE WITH

RETURN
s A4, TAD PLOTNA
S TAD PLOTDY
s DCA PLOTNA
5 TAD PLOTNA
S CMA CLL
s TAD PLOTDX
s SZL CLA
s JMP PLOT4
SPLOTDB, TAD PLTDBA
S JMS OFFSCA
s TAD PLOTDX
s CIA
s TAD PLOTNA
s DCA PLOTNA
s AS, JMP PL0T3
S PLOT4, TAD PL0T4A
s JMS OFFSCA
s JMP AS

/SET COMBINED MOTION.

/SINGLE MOTION.
/COMBINED MOTION. 
/OFFSCALE CHECK.

/OFFSCALE CHECK.



SPLOTT1 * A6
S A6* 0040 /PEN RIGHT<-Y)
S 0020 /PEN LEFT<+Y>.
SPL0TT2*AT
5 A7* 0004 /DRUM UPt-X).
S 0010 /DRUM DOWN<+X)
SPL0TT3* A8
5 A8* 0044 /UP-RIGHT.
S 0024 /UP-LEFT.
S 0050 /DOWN-RIGHT.
5 0030 /DOWN-LEFT.

S /CHECK FOR OFFSCALE AND EXECUTE MOVEMENT
SOFFSCA* 0
S DCA CMND
s CLAF
s TAD CMND
s AND <0060
s SDFS
s SKP
s JMP Bl
s DCA BITBUF
s DCA COUNT
s JMP EXEC
S Bl* SNA
s JMP EXEC
s AND BITBUF
s SNA CLA
s JMP B2
s ISZ COUNT
s JMP EXEC
S B2* TAD COUNT
s SNA CLA
s JMP EXEC
s CMA
s TAD COUNT
s DCA COUNT
s TAD <0060
s CMA
s AND CMND
s DCA CMND
S EXEC * TAD CMND
5 PLCF
s PLLR
s JMS p l o t v t
s JMP I OFFSCA

/SAVE COMMAND.
/CLR "OFFSCALE" FLG. 
/GET DIRECTION BIT.
/FLAG?

/NO*STORE BIT.

/FLAG*RELEVANT MOVE? 
/NO.

/YES* UPCOUNT.

/ALLOW ONSCALE MOVE?
/NO* DOWNCOUNT.

/DELETE ONSCALE MOVEMENT

/GET ALLOWED CMD A DO IT
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SPLOTWT* 0 /PLOTTER FLAGWAIT.
S C 1 <  PLSF 
S JMF C 1
S PLCF
S CLA CLL
S JMP I PLOTWT

SPLOTPN* 0 
SPLOTNX, 0 
SPLOTNY, 0 
SPLOTDX,0
s p l o t d y , 0
SFLOTNA, 0
splotmv , 0
SPLTDBA,0 
SPLOT4A, 0
S CMND.,0 
SBITBUF* 0 
S COUNT * 0

END
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SACCOM: Saccade Summary A veraging Program Package

Design c o n s id e r a t io n s :

In  o rd e r  to  s t a t i s t i c a l l y  e v a lu a te  th e  saccade  d a ta  g a th e re d  

h e re  w i th  r e s p e c t  to  t a r g e t  p a ra m e te r s ,  i t  became n e c e s sa ry  to  av erag e  

th e  p ro ce ssed  r e s u l t s  o f  many re sp o n se s  to  th e  same t a r g e t  s t im u lu s .  

SACCOM programming was developed  to  accom plish  t h i s  g o a l .  SACCOM 

programming was s p e c i f i c a l l y  d es ig n ed  to  a c c e p t  SPROUT-generated 

saccade  summary f i l e s  s to re d  on d is k  FL2. SACCOM programming s o r t s  

th e  summary f i l e  and a v e rag e s  saccade  l a te n c y  and s e t t l i n g  tim e d a ta  

a c c o rd in g  t o  m atching t a r g e t  p a ra m e te rs .  SACCOM produces  th e  means 

and s ta n d a rd  d e v ia t i o n s  f o r  th e  averaged  l a te n c y  and s e t t l i n g  tim e 

d a t a .  Core memory s i z e  l i m i t a t i o n s  n e c e s s i t a t e d  compromises in  

SACCOM c a p a b i l i t i e s .  SACCOM can on ly  s e a rc h  f o r  one f i l t e r  number 

a t  a tim e and f i n a l  r e s u l t s  a r e  p r i n t e d  on th e  t e l e t y p e  in  t a b u l a r  form.

A ll  o f  th e  g e n e ra l  d e s ig n  c o n s id e r a t io n s  m entioned e a r l i e r  were 

fo llow ed in  SACCOM developm ent. SACCOM programming i n t e r a c t s  w ith  

th e  u s e r  by t e l e t y p e  keyboard commands. Some commands g e n e ra te  

r e q u e s t s  f o r  s p e c i f i c  u s e r  r e s p o n s e s .  An a u to m a tic  s o r t / a v e r a g e  mode 

i s  used so as  to  m inimize u s e r  e f f o r t  d u r in g  p r o c e s s in g .
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SACCOM commands:

Commands t o  SACCOM may be e n te r e d  on th e  t e l e t y p e  keyboard  

w henever SACCOM i s  i n  command mode. T h is  c o n d i t i o n  i s  s i g n a l e d  by 

th e  p r i n t i n g  o f  a  " J "  a t  t h e  t e l e t y p e  l e f t  m a rg in .  V a l id  SACCOM 

commands a r e :  A, C, F, P and Z. Command f u n c t i o n s  a r e  o u t l i n e d  below :

C: Command C c a u s e s  a r e q u e s t  f o r  u s e r  e n t r y  o f  t h e  f i l t e r  number to

b e  s e a rc h e d  f o r .  SACCOM program m ing can  o n ly  s e a r c h  f o r  one 

f i l t e r  number a t  a  t im e  w h i le  s e a r c h in g  a l l  t a r g e t  d e f l e c t i o n  

r a d i i  and a n g l e s .  T h is  i s  d u e  t o  c o re  memory s i z e  l i m i t a t i o n s .

F: Command F c a u s e s  a  r e q u e s t  f o r  u s e r  e n t r y  o f  s t a r t i n g  and e n d in g  

s a c c a d e  summary f i le n a m e s  f o r  t h e  a u to m a t ic  s o r t / a v e r a g e  

program m ing. Both s t a r t i n g  and end ing  f i l e n a m e s  must be o f  t h e  

form  AAAANN w here  A i s  any  a lp h a n u m e r ic  c h a r a c t e r  and N i s  an  

i n t e g e r .  The end ing  f i l e n a m e  number m ust be h i g h e r  th a n  th e  

b e g in n in g  f i l e n a m e  number. A l l  f i l e s  be tw een  and i n c l u d i n g  th e  

s t a r t i n g  and e n d in g  f i l e s  m ust e x i s t  on d i s k  FL2. I f  any f i l e  

d o e s  n o t  e x i s t ,  an OS/8 m o n i to r  r e t u r n  e r r o r  w i l l  o c c u r  when 

SACCOM t r i e s  t o  re a d  th e  n o n e x i s t e n t  f i l e .  T h is  w i l l  c a u s e  an  

im m edia te  r e t u r n - t o - O S / 8 - m o n i t o r  w i th  t h e  s u b s e q u e n t  l o s s  o f  any 

c o r e  d a t a .  I f  t h e  u s e r  w an ts  t o  p r o c e s s  o n ly  one  f i l e  he sh o u ld  

e n t e r  th e  same f i le n a m e  f o r  t h e  s t a r t i n g  and e n d in g  f i l e s .

P: Command P w i l l  compute t h e  f i n a l  a v e ra g e  and s t a n d a r d  d e v i a t i o n

v a lu e s  f o r  t h e  sa c c a d e  d a t a  p r e s e n t l y  i n  t h e  SACCOM d a t a  a r r a y  

DATA(I, J ) , The r e s u l t s  a r e  th e n  p r i n t e d  on t h e  t e l e t y p e  i n  a
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t a b u l a r  fo rm at. Upon com pletion  o f  th e  p r i n t i n g ,  the  a r r a y  DATA 

i s  zeroed (see  command Z) f o r  subsequen t u sag e .

Z: Command Z w i l l  zero  th e  so r te d /a v e ra g e d  d a ta  a r r a y  DATA(I, J ) .

Command Z i s  a u to m a t ic a l ly  execu ted  a f t e r  command P has com pleted 

th e  p r i n t .

A: Command A i n s t r u c t s  SACC0F1 programming to  b e g in  se a rc h in g  and

s o r t i n g  saccade  summary f i l e s  s p e c i f i e d  by command F f o r  th e  f i l t e r  

number s p e c i f i e d  by command C and a l l  t a r g e t  p o s i t i o n s .  The u s e r  

may ex ecu te  command A s e v e ra l  t im es b e fo re  p r i n t i n g  th e  f i n a l  

r e s u l t s  w ith  command P. However, each tim e command A i s  g iv en ,  

new f i l e s  shou ld  be u se d ,  but th e  f i l t e r  number should  be th e  same.
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SACCOM d a ta  a r r a y  fo rm a ts

SACCOM program m ing c o n ta in s  t h r e e  d a t a  a r r a y s :  DATA(40, 1 1 ) ,

ITARGC40), and IDATA(1024). SPROUT-created s a c c a d e  summary f i l e s  a r e  

in p u t  i n t o  t h e  d a t a  a r r a y  IDATA(K) f o r  s o r t i n g .  The fo rm a t  o f  IDATA 

i s  t h e r e f o r e  t h e  same a s  t h a t  d i s c u s s e d  in  t h e  SPROUT program m ing 

s e c t i o n .  S o r te d  and p a r t i a l l y  p r o c e s s e d  s a c c a d e  summary d a t a  a r e  

s t o r e d  in  t h e  two d im e n s io n a l  a r r a y  DATAfl, J ) . The 40 rows o f  

DATA c o r r e s p o n d  to  t h e  40 p o s s i b l e  t a r g e t  p o s i t i o n s  o f  t h e  t a r g e t  

p r e s e n t a t i o n  sy s te m . The f i r s t  f i v e  columns o f  DATA c o n ta in  th e  sums 

o f  l a t e n c y  and s e t t l i n g  t im e s  t o  25 , 20, 15 and 10 m in u te s  a r c ,  

r e s p e c t i v e l y .  The s i x t h  column o f  DATA c o n t a i n s  a  c o u n te r  i n d i c a t i n g  

th e  number o f  e n t r i e s  made i n  e ac h  row o f  DATA. The s e v e n th  th ro u g h  

e l e v e n t h  column o f  DATA c o n ta in  t h e  sums o f  s q u a re s  o f  l a t e n c y  and

s e t t l i n g  t im e s  t o  25 , 20, 15 and 10 m in u te s  a r c ,  r e s p e c t i v e l y .

F ig .  56 i l l u s t r a t e s  DATA a r r a y  f o r m a t t i n g  f u r t h e r .  The 40 v a lu e s  o f  

t h e  t a r g e t  s p o t  p o s i t i o n  r a d i u s  and a n g le  a r e  c o n ta in e d  i n  th e  

a r r a y  ITARG i n  a coded form  w hich m a tch es  t h a t  a s  o r i g i n a l l y  s t o r e d  

by ADC0M w i th  e ac h  sa c c a d e  r e s p o n s e .  The t a r g e t  a r r a y  ITARG i s  u se d  

t o  compare w i th  a s a c c a d e  summary e n t r y * s  t a r g e t  codeword u n t i l  a 

m atch  i s  fo u n d . The p o s i t i o n  o f  t h e  m atch i n  ITARG c o r r e s p o n d s  t o  th e

same row p o s i t i o n  in  DATA.
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SACCOM program  o p e ra t io n :

SACCOM i s  a c t u a l l y  t h r e e  main FORTRAN/SABR program s, SACCOM, SACCAV 

and SEARCH and one s u b r o u t in e  SFNCHK. SACCOM i s  a "h e a d e r"  program  

which i n i t i a l i z e s  th e  t a r g e t  a r r a y  ITARG, z e ro s  th e  d a t a  a r r a y  DATA, 

p r i n t s  a l i s t  o f  commands, and th e n  c h a in s  to  SACCAV. SACCOM i s  

c a l l e d  and ex ec u te d  o n ly  once a t  th e  b e g in n in g  o f  a v e ra g in g  s o f tw a re  

u sa g e .  Program SACCAV i n t e r p r e t s  a l l  commands. S u b ro u t in e  SFNCHK i s  

c a l l e d  by SACCAV. Program SEARCH p e rfo rm s th e  a c t u a l  s o r t i n g  o f  

s accad e  summary d a ta  i n t o  th e  DATA a r r a y .

Major v a r i a b l e s  a re  " p a s se d "  among main program s by u s in g  FORTRAN 

common s to r a g e  l o c a t i o n s .  These v a r i a b l e s  a r e :

DATA -  th e  two d im e n s io n a l  a r r a y  c o n ta in in g  sums and sums o f
sq u a re s  o f  s o r t e d  saccad e  summary d a t a .

ITARG -  t h e  one d im e n s io n a l  a r r a y  c o n ta in in g  th e  codewords o f  the
40 p o s s i b l e  t a r g e t  p r e s e n t a t i o n  system  t a r g e t  p o s i t i o n s .

SUFLI - th e  ASCII A6 form at e q u iv a le n t  o f  t h e  b e g in n in g  sa cc ad e
summary f i le n a m e  to  be p ro c e s s e d .

SUFLF - t h e  ASCII A6 fo rm at e q u iv a le n t  o f  th e  f i n a l  saccad e
summary f i le n a m e  t o  be p ro c e s s e d .

IFILT -  t h e  f i l t e r  p o s i t i o n  b e in g  se a rc h ed  f o r .  An i n t e g e r
number from 0 to  8 .

SACCOM program o p e r a t io n s  a r e  o u t l i n e d  below fo l lo w ed  by com ple te  

program  l i s t i n g s .

SACCOM:

SACCOM i s  a  FORTRAN " h e a d e r"  program  which a l s o  le n d s  i t s  name to  

th e  e n t i r e  package  o f  s o r t i n g / a v e r a g i n g  p rog ram s. SACCOM i s  c a l l e d  to  

s t a r t  th e  o p e r a t io n  o f  th e  a v e ra g in g  so f tw a re  p ack ag e .  SACCOM
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i n i t i a l i s e s  t h e  t a r g e t  a r r a y  ITARG, z e r o s  t h e  DATA a r r a y ,  p r i n t s  a 

l i s t  o f  commands a v a i l a b l e  t o  t h e  u s e r ,  and c h a in s  t o  SACCAV.

SACCAV:

Program  SACCAV i s  t h e  command i n t e r p r e t e r  p ro g ram . I t  b e g in s  

o p e r a t i o n  w i th  a  l i t t l e  h o u se k e e p in g  and th e n  p r i n t s  a  " ! "  a t  t h e  

t e l e t y p e  l e f t  m arg in  t o  i n d i c a t e  t h a t  i t  i s  r e a d y  t o  a c c e p t  u s e r  

commands. When a command i s  e n t e r e d  by th e  u s e r  SACCAV d e co d e s  th e  

command and b ra n c h e s  t o  t h e  a p p r o p r i a t e  p o r t i o n  o f  i t s  program m ing 

f o r  command e x e c u t i o n .  I f  an i n c o r r e c t  command i s  e n te r e d  by th e  

u s e r ,  SACCAV p r i n t s  an e r r o r  m essage  and r e t u r n s  t o  command in p u t  mode.

Command C r e q u e s t s  t h e  in p u t  o f  a  f i l t e r  number. The r e s u l t  i s  

s t o r e d  i n  t h e  v a r i a b l e  IFILT , IFILT i s  checked  t o  be s u r e  t h a t  i t  i s  

an  i n t e g e r  from 0 t o  8 .  I f  IFILT d o es  n o t  p a s s  t h i s  t e s t  an e r r o r  

m essage  i s  p r i n t e d  and command C r e p e a t s  i t s  r e q u e s t .  The program m ing 

r e t u r n s  t o  command in p u t  mode a f t e r  a  s u c c e s s f u l  i n p u t  o f  f i l t e r  

num ber.

Command F r e q u e s t s  th e  e n t r y  o f  an  i n i t i a l  summary f i l e n a m e .  The 

e n te r e d  r e s u l t  i s  s t o r e d  i n  t h e  v a r i a b l e  SUFLI. S u b ro u t in e  SFNCHK i s  

c a l l e d  t o  be s u r e  t h a t  SUFLI i s  o f  t h e  p r o p e r  f o rm a t .  T ha t i s ,

AAAANN where A i s  any  a lp h a n u m e r ic  and N i s  any i n t e g e r  num ber. The 

program m ing th e n  r e q u e s t s  t h e  e n t r y  o f  a f i n a l  summary f i l e n a m e ,  

s t o r e d  a s  t h e  v a r i a b l e  SUFLF. SFNCHK i s  a g a in  c a l l e d  t o  check  th e  f o r 

mat o f  SUFLF. A f u r t h e r  check  i s  made on SUFLI and SUFLF to  be s u r e  

t h a t  t h e  f i le n u m b e r  p a r t  o f  SUFLF i s  a  h i g h e r  number th a n  th e  f i l e -  

number paT t o f  SUFLI. Any e r r o r  r e t u r n e d  from  SFNCHK o r  f i le n u m b e r
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c h eck  w i l l  p r i n t  an e r r o r  m essage and p ro d u c e  a r e p e a t  o f  command F 

r e q u e s t s .

Command P program m ing f i r s t  c a l c u l a t e s  t h e  means and s t a n d a r d  

d e v i a t i o n s  o f  t h e  l a t e n c y  and s e t t l i n g  t im e  d a t a  s t o r e d  i n  th e  DATA 

a r r a y .  T h is  i s  a c c o m p lish e d  by p a s s i n g  t h e  DATA a r r a y  th ro u g h  a DO 

lo o p  which o p e r a t e s  a  r o w - a t - a - t i m e  on DATA a s  f o l lo w s :  (1) column

6 i s  checked  t o  be s u r e  t h a t  two o r  more e n t r i e s  have  been  made t o  

t h e  row, (2) i f  l e s s  t h a n  two e n t r i e s  a r e  made no f u r t h e r  a c t i o n  i s  

t a k e n  on t h a t  row and t h e  loop  a d v a n c e s  to  th e  n e x t  row, (3] i f  two 

o r  more e n t r i e s  have  been  made t o  t h e  row t h e  mean and s t a n d a r d  

d e v i a t i o n s  o f  t h e  summary d a t a  a r e  c a l c u l a t e d  w i th  colum ns 1 t o  5 o f  

DATA c o n t a i n i n g  t h e  means and co lum ns 7 t o  11 c o n t a i n i n g  t h e  s t a n d a r d  

d e v i a t i o n s  o f  t h e  l a t e n c y  and s e t t l i n g  t im e s  t o  25, 20, 15 and 10 

m in u te s  a r c ,  r e s p e c t i v e l y .  A f t e r  t h e  means and s t a n d a r d  d e v i a t i o n s  

a r e  c a l c u l a t e d ,  t h e  r e s u l t s  a r e  p r i n t e d  on t h e  t e l e t y p e  i n  t a b u l a r  

form a lo n g  w i th  h e a d in g s .  A f t e r  p r i n t i n g  i s  c o m p le te d ,  command 

Z i s  a u t o m a t i c a l l y  e x e c u te d  and t h e  DATA a r r a y  i s  z e ro ed  f o r  

su b s e q u e n t  u s e .

Command A c a u s e s  an im m ed ia te  c h a in  t o  p rogram  SEARCH f o r  s o r t i n g

o f  t h e  summary f i l e s  s p e c i f i e d  by command F.

SFNCHK(IF, AF):

S u b r o u t in e  SFNCHK i s  c a l l e d  t o  check th e  fo rm a t  o f  f i l e n a m e  AF.

AF must be o f  t h e  fo rm a t  AAAANN w here A i s  any  a lp h a n u m e r ic  and N i s

an  i n t e g e r  number. SFNCHK c h e c k s  t h e  l a s t  two c h a r a c t e r s  o f  AF t o  be

s u r e  t h a t  t h e y  a r e  i n t e g e r s .  I f  t h e  l a s t  two c h a r a c t e r s  o f  AF a r e
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i n t e g e r s  SFNCHK r e t u r n s  w i th  IF = 1 o th e r w is e  SFNCHK w i l l  r e t u r n  w i th  

IF = 0 i n d i c a t i n g  an e r r o r .

SEARCH:

Program  SEARCH s e q u e n t i a l l y  s o r t s  a l l  s a c c a d e  summary f i l e s  

s t a r t i n g  w i th  f i le n a m e  SUFLI and en d ing  w i th  f i le n a m e  SUFLF i n t o  th e  

DATA a r r a y .  SEARCH b e g in s  by e x t r a c t i n g  t h e  b e g in n in g  and e n d in g  

f i l e  numbers from SUFLI and SUFLF and s t o r i n g  them in  t h e  v a r i a b l e s  

ILL and ILH, r e s p e c t i v e l y .  SEARCH th en  i n p u t s  t h e  SUFLI sa c c a d e  

summary f i l e  from FL2 i n t o  t h e  IDATA a r r a y .  SEARCH th e n  e n t e r s  a 

s o r t / c a l c u l a t i o n  lo o p  w h e re in  e ac h  summary e n t r y  o f  IDATA i s  exam ined , 

i n  s e q u e n c e ,  a s  f o l lo w s :  (1) t h e  sa m p lin g  p a ra m e te r  in f o r m a t io n  and

t a r g e t  p a ra m e te r  in f o r m a t io n  a r e  e x t r a c t e d  and d e co d ed , (2) t h e  f i l t e r  

number s e t t i n g  o f  t h e  p a r t i c u l a r  e n t r y  i s  compared t o  IFILT , i f  no 

m atch  o c c u r s ,  t h e  s o r t / c a l c u l a t i o n  loop  p ro c e e d s  t o  t h e  n e x t  IDATA 

e n t r y ,  (3) i f  t h e  f i l t e r  number o f  t h e  e n t r y  m atches  IFILT th e  t a r g e t  

p o s i t i o n  o f  t h e  e n t r y  i s  compared t o  t h e  ITARG a r r a y  u n t i l  a  m atch  i s  

fo u n d , t h e  in d ex  o f  th e  m atch  b e in g  s t o r e d  by t h e  v a r i a b l e  LL,

C4) t h e  s a c c a d e  d a t a  o f  t h e  e n t r y  i s  in c lu d e d  w i th  t h e  d a t a  a l r e a d y  

e x i s t i n g  in  row LL o f  th e  DATA a r r a y  a s  f o l lo w s :  (a )  colum ns 1 t o  5

o f  row LL a r e  t h e  ru n n in g  sums o f  l a t e n c y  and s e t t l i n g  t im e s  to  25 ,

20 , 15 and 10 m in u te s  a r c  r e s p e c t i v e l y ,  (b) colum ns 7 t o  11 a r e  t h e  

ru n n in g  sums o f  s q u a r e s  o f  l a t e n c y  and s e t t l i n g  t im e s  t o  25 , 20 , 15 

and 10 m in u te s  a r c  r e s p e c t i v e l y ,  (5) t h e  column 6 r u n n in g  e n t r y  c o u n te r  

o f  row LL i s  in c re m e n te d  by  o n e ,  (6 ) t h e  s o r t / c a l c u l a t i o n  lo o p  p ro c e e d s  

t o  t h e  n e x t  e n t r y  o f  IDATA. When t h e  IDATA a r r a y  h as  b e en  c o m p le te ly
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s o r t e d ,  SEARCH checks to  see  i f  ILL = ILH. I f  t h i s  i s  so th e  program 

i s  com plete  and a  ch a in  back to  SACCAV i s  done. I f  ILL £ ILH th e  ILL 

f i l e  number i s  increm ented by one and SUFLI i s  updated  to  t h i s  new 

f i le n a m e . SEARCH th en  loops back to  th e  summary a r r a y  d a ta  in p u t  from 

FL2 p o in t .

T h is  com pletes th e  d i s c u s s io n  o f  SACCOM and i t s  component 

programming, program l i s t i n g s  fo l lo w .
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TTY» *• *<FL2:SACCOM.FT 
C PROGRAM SACCOM IS AM INTRODUCTORY PROGRAM
C THAT INITIALIZES TARGET POSITIONS AND ZEROES
C THE DATA ARRAY. SACCOM THEN CHAINS TO SACCAV
C TO CONTINUE THE SACCADE DATA ANALYSIS.

COMMON DATA*ITARG.SUFLI.SUFLF#IFILT
DIMENSION DATA<40.11).ITARGC40)
DO 5 1*1.8 
DO 5 J* 1.5
ITARG<U*6-I+1)*J+191-<1*24)

5 CONTINUE
DO 10 K-1.40 
DO 10 J-l.I 1 
DATACK.J)*0.0 

10 CONTINUE
V R I TEC1.15)

15 FORMAT<•SACCAV COMMANDS ARE: A.C.F.P.Zf./>
CALL C H AIN<*SACCAV*)
STOP
END

*

v
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TTYI+.*< FL2 *SACCAV.FT 
C PROGRAM SACCAV INTERPRETS COMMANDS AND
C COMPUTES MEANS AND STANDARD DEVIATIONS OF
C SACCADE SUMMARIES CREATED BY SPROUT. SACCAV
C CHAINS TO SEARCH FOR SORTING OF SACCADE
C SUMMARY ARRAYS. FINAL VALUES ARE PRINTED
C ON TTY.

COMMON DATA,ITARG,SUFLI,SUFLF,IFILT
DIMENSION D A T A <40,11),ITARG(40)

C COMMAND VALUES
ICA-96 
ICC-224 
ICF-416 
ICP-1056 
ICZ* 1696

10 R E A D C 1,15) ICMD
IS FORMAT<•I*,A1)

IFCICMD-ICA)20,500, 20 
20 IF(ICMD*ICC >25,100,25
25 IF<ICMD-1CF)30,200,30
30 IF ( ICMD-1 CP >35, 300, 35
35 IF(ICMD-ICZ>40,400,40
40 WRITEC 1,45 >
45 FORMAT<•BAD COMMAND*,/)

GO TO 10
C CMD Ct DECLARE FILTER POSITION FOR SEARCH.
C CHECK FOR VALIDITY.
100 READC1,105) IFILT
105 FORMAT! * SELECT FILTER VALUE <0 TO 8 > i * , I D

DO 110 J«l,9 
K*J-1
IFCIFILT-K)110,10,110 

110 CONTINUE
WRITE!1,115)

115 FORMATC*INVALID*,/)
GO TO 100



c
c
c
200
205

220
225

230
S
SC ALL 
SC ALL 
SARG 
S 
S
SC ALL 
SCALL 
SARG 
S
s
250
255

C
c
300
305

350

CMD Ft DECLARE INITIAL AND FINAL SACCADE
SUMMARY FILENAMES FOR SEARCH. CHECK 
FOR VALIDITY.

R E ADC1s 205) SUFLI
FORMATC*INITIAL SUMMARY FILENAME! *,A6)
CALL SFNCHKCICHK, SUFLI)
IFCICHK)250#250*220 
READCi,225 > SUFLF
FORMATC*FINAL SUMMARY FILENAME! * ,A6>
CALL SFNCHK CICHK* SUFLF >
IFCICHK3250, 250# 230
ILI-0
ILF-0
CLA CLL

a, CLEAR /CLEAR F.P.A.C.
I, FAD /GET LOV FILENUMBER
\SUFLI 
TAD ACL 
DCA \ILI

i s  CLEAR /CLEAR F.P.A.C.
I, FAD /GET HIGH FILENUMBER
\SUFLF 
TAD ACL 
DCA \ILF
IFCILl-ILF)10 s 10# 250 
VRITEC1,255)
FORMATC*BAD FILENAMES* , / )
GO TO 200
CMD Pt COMPUTE MEANS AND STANDARD DEVIATIONS 

AND PRINT RESULTS ON TTY.
DO 350 K— 1,40
IFCDATACK, 6)-1.0)350,350,305 
DO 350 J«l,5
DATACK,J)-DATACK,J >/DATACK,6)
DUMY-DATA C K, J + 6 )-DATA C K , 6)* CDATA CK,J)**2) 
STUP-DUMY/CDATACK,6)-1.0)
DATACK,J+6)-STUP**0.5 
CONTINUE
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355

360

365

370
375
380
C
C
C
400

410

C
c
500

U R I T E C 1*355)IFILT
FORMAT<•FILTER N U M B E R t * * I 2)
WRITEC1,360)
FORMATC*TARG* ,5X,•LTCY* * 5 X * '5725** 5X,*ST20*,5X, 
* ST 15*# 5X* * ST 10**3X* *NO.* >
URITEC 1*365)
FORMAT C * PO S * * 4 X** C S E C )'# 4 X*•C S E C )•*4 X , •C SEC)'* 
4 X*•C S EC)* >4Xj•< SEC > * * 2X** SAMP* )
DO 380 X * 1* 40
UR I TEC 1*370)K* CDATACK* J )*<J» 1 * 5), I FIX C DATACK, 6 > > 
FORMAT C2X*12,5F9.3,I6>
URITEC 1*375)CDATACK*J)>J“7 # 11>
FORMATC*STD DEV* * F6* 3*4 F9• 3 )
CONTINUE

CMD Z t  ZERO MEAN-STANDARD DEVIATION DATA 
ARRAY* AUTOMATICALLY DONE AFTER 
CMD P*

DO 410 K * 1* 40 
DO 410 J * l * 11 
DATACK*J)*0.0 
CONTINUE 
GO TO 10
CMD At APPEND FILES SPECIFIED BY CMD F TO 

MEAN-STD DEV DATA ARRAY*
CALL CHAIN C * SEARCH' >
STOP
END

*
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TTY:*.*<FL2:SFNCHK.FT
C SUBROUTINE SFNCHKCICHK*SUFF) CHECKS THE INPUT
C FILENAMES TO BE SURE THE LAST TWO
C CHARACTERS ARE NUMBERS. RETURNS ICHK*1 IF
C SO*ICHK*0 IF NOT. CALLED BY SACCAV* PERFORMS
C CHECK ON SUFF.

SUBROUTINE SFNCHK(ICHK*SUFF)
S OPDEF BSW 7002

TEMP*SUFF 
ICHK*1 

0* CLEAR 
1 * FAD 

\TEMP 
CLA
TAD ACL 
AND C 0077 
DCA \IONE 
TAD ACL BSW
AND (0077 
DCA \ITEN
IFCIONE-48 >25*IS*10

10 IFCI0NE-57J15*15*25
15 IF(ITEN-48 >25*30*20
20 IFCITEN-5 7 )30*30*25
25 ICHK*0
30 RETURN

SC ALL 
SC ALL 
SARG 
S
s
s
s
s
s5
s

END



T T Y :*
C
C
C
C
c
5

C

s
SC ALL 
SCALL 
SARG 
S 
5
SCALL 
SCALL 1 
SARG 
S
s 
c 
10 

15

20

C
C

*<FL2:SEARCH.FT 
PROGRAM SEARCH SORTS SACCADE SUMMARY FILES 
BY TARGET POSITION AND FILTER VALUE. SUMS 
AND SUMS OF SQUARES OF SACCADE DATA ARE 
COMPUTED SO THAT MEANS AND STANDARD DEVIATIONS 
CAN BE COMPUTED BY SACCAV.
OPDEF BSW 7 002 /BYTE SWAP
COMMON DATA#ITARG#SUFLI#SUFLF#IFILT
DIMENSION IDATAC1024)# D A T A (40# 11>#ITARG(40)
GET FILENUMBERS FROM FILENAMES
ILH»0 
ILL=0 
CLA CLL

# CLEAR
# FAD 
\SUFLI 
TAD ACL 
DCA \ILL

#CLEAR
# FAD 
\SUFLF 
TAD ACL 
DCA \ILH
READ FROM FL2: SACCADE SUMMARY SUFLI
CALL IOPEN(*FL2*#SUFLI)
READC4#15)IH#IM#IL#ISNUM 
FORMAT(12 A 2 )
LV-CISNUM+1>*16 
CALL 10 P EN(* FL2 * # SUFL1>
R E A D (4# 20)(IDATA(K>#K*1#LW)
F ORMAT(12A2)
SORT SACCADE SUMMARY ARRAY ACCORDING TO 
TARGET POSITION AND FILTER SETTING.
DO 100 K-l#ISNUM 
I SAMP—  I DATACK* 1 6+4 )
ITBM*IDATACK*16+5 >
IMSEC*ITSM 
IARF-IDATA CK*16+6)
IFILM*IARF

/CLEAR F.P.A.C.
/GET LOW FILENUMBER

/CLEAR F.P.A.C.
/GET HIGH FILENUMBER
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C DECODE SACCADE PARAMETERS

s CLA CLL
s TAD \IMSEC /GET TIMEBASE
s AND C 0077 /MASK
s DCA \IMSEC
s TAD M T B M /GET TIMEBASE MULTIPLIER
s BSW
5 AND C 0077 /MASK
S DCA M T B M
s TAD \IARF /GET TARGET POSITION
s AND C0377 /MASK
s DCA \IARF
s TAD \IFILM /GET FILTER POSITION
s AND C7400 /MASK
s BSW
s RTR
s DCA M F I L M
C DOES FILTER POSITION CORRESPOND TO THAT
C SET BY SACCAV?

IFCIFILM*IFILT) 100* 25*100 
25 LL* 0
C YES! FIND TARGET POSITION SLOT IN
C ITARG ARRAY.

DO 35 J-l*40
IFCIARF-ITARGCJ))35*30,35 

30 LL-J
GO TO 40 

35 CONTINUE
40 STIME* CFLOATCIMSEC)*I0.0**1TBM>*0.001
C COMPUTE SUMS AND SUMS OF SQUARES OF SACCADE
C DATA.

DO 45 M * 1j 5
DUMY*CFLOATClDATACK*16+M+6> >)*STIME 
DATACLL* M >*DATACLL* M> +DUMY 
STUPE*DUMY**2
DATACLL> M + 6 )*DATACLL.M+6)+STUPE 

45 CONTINUE
DATA C LL# 6 > - DATA CLL # 6 ) ♦ 1. 0 

100 CONTINUE
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C DONE WITH SUMMARY FILES?
IFCILL-ILH>150*200#150

150 ILA*0
S TAD \ ILL /INCH SUFLI FILENUMBER
S TAD C0007 / CUNITS+7)# INCH TENS IF
s DCA \ILL /SAVE NEW TENS
s t a d  \ i l l
s AND C 0077 /UNITS+7
s SNA
s TAD (0066 /FIXUP FOR ZERO
s TAD C-6 / CUNITS+7>-6«UNITS*1
s DCA VILA /SAVE NEW UNITS
s TAD m l l /PUT NEW UNITS WITH TENS
s AND (7700
s TAD VILA
s DCA M L L
SCALL 0* CLEAR /CLEAR F.P.A.C.
SCALL 1* FAD /INSERT NEW FILENUMBER
SARG \SUFLI /INTO SUFLI
S TAD M L L
S DCA ACL
SCALL 1# STO
SARG \SUFLI

GO TO 10
C YES! GO BACK TO SACCAV FOR FINAL RESULTS
200 CALL CHAINC*SACCAV*>

STOP
END

*



APPENDIX C: RAW DATA

The d a t a  p r e s e n t e d  i n  t h e  t a b l e s  g i v e n  h e r e  i s  t h e  a v e r a g e  o f  

4342 s a c c a d e  r e s p o n s e s  o f  s u b j e c t  DEB. The p l o t s  o f  F i g . ' s  8 t o  23 

were g e n e r a t e d  u s i n g  t h e  RVL, LTCY, and ST15 d a t a  o f  t h e s e  t a b l e s .  

Each t a b l e  r e p r e s e n t s  t h e  a v e r a g e d  r e s p o n s e s  f o r  a  s i n g l e  t a r g e t  

p o s i t i o n  ( r a d i u s  antj a n g l e ) .  The r e s p o n s e s  f o r  a t a r g e t  p o s i t i o n  

were a v e ra g e d  a c c o r d i n g  t o  t h e  f i l t e r  number u se d  f o r  t h a t  t r i a l .

The c o n v e n t io n s  f o r  e a c h  t a b l e  a r e  a s  f o l l o w s :  (1)  F r e p r e s e n t s

t h e  f i l t e r  number,  (2) LTCY i s  s a c c a d e  l a t e n c y ,  [3) ST25, ST20, ST15 

and ST10 a r e  t h e  s e t t l i n g  t i m e s  t o  25,  20,  15 and 10 m in u te s  a r c  

r e s p e c t i v e l y ,  (4) RVL i s  t h e  c a l c u l a t e d  v a l u e  o f  r e l a t i v e  v i s i b i l i t y  

l e v e l  c o r r e s p o n d i n g  t o  t h a t  t a r g e t  p o s i t i o n  and f i l t e r  number,

(5) N i s  t h e  number o f  r e s p o n s e s  a v e ra g e d  f o r  each  f i l t e r  number,

(6) X i s  t h e  mean o f  t h e  r e s p o n s e s ,  (7) S i s  t h e  s t a n d a r d  d e v i a t i o n  

o f  t h e  r e s p o n s e s .

261
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TABLE 4

RADIUS: 2 .0 °  ANGLE: 0°

F RVL LTCY
(SEC)

ST 25 
CSEC)

ST20
CSEC)

ST15
(SEC)

ST10
CSEC)

N

0 0 .71 7 X
s

0.457
0 .1 36

0 .725
0 .352

0 .772
0 .394

0 .835
0 .387

0 .99 9
0 .399 11

1 0 .93 2 X
s

0.513
0 .186

0 .688
0.254

0.817
0 .272

0 .864
0 .232

1.116
0 .502 9

2 1 .219 X
s

0 .387
0 .122

0 .7 3 6
0.277

0.791
0 .296

0 .931
0.298

1 .113  
0 .323 17

3 1.S84 X
s

0.381
0 .074

0 .4 7 5
0 .117

0 .546
0 .163

0 .559
0 .155

0 .9 3 6
0.331 7

4 2 .06 5 X
s

0.277
0 .039

0 .3 5 0
0 .1 0 0

0.378
0 .08 0

0 .470
0 .1 54

0 .714
0 .507 11

5 2.694 X
s

0.261
0.041

0 .314
0.068

0 .35 0
0 .116

0.374
0 .118

0 .495
0 .2 5 6 10

6 3 .5 0 9 X
s

0 .253
0 .036

0 .287
0 .036

0 .293
0.037

0 .338
0 .098

0 .5 1 0
0 .268 10

7 4 .5 7 2 X
s

0 .255
0 .0 2 0

0.281
0 .024

0 .324
0.074

0 .352
0 .082

0 .461
0 .2 4 2 12

3 5 .5 9 5 X
s

0 .246
0 .01 9

0 .283
0.031

0 .308
0 .068

0.354
0 .099

0 .4 8 6
0 .242 14
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TABLE 5

RADIUS: 2 .0 °  ANGLE: 45°

F RVL LTCY
(SEC)

ST25
(SEC)

ST20
(SEC)

ST1S
(SEC)

ST10
(SEC)

N

0 0 .888 X
S

0.406
0 .118

0 .5 5 5
0 .174

0 .622
0 .172

0 .724
0 .2 7 5

0 .99 4
0 .408

17

1 1.154 X
s

0 .338
0.109

0 .506
0 .1 0 0

0.575
0.171

0 .699
0 .237

0 .8 9 5
0 .24 7

14

2 1 .510 X
s

0 .344
0.074

0 .488
0 .1 9 6

0.543
0 .225

0 .618
0 .195

0 .8 0 3
0 .2 7 0

16

3 1.962 X
s

0 .29 2
0 .0 65

0 .3 8 0
0.071

0 .424
0 .066

0 .503
0 .142

0 .552
0 .1 4 5

12

4 2 .559 X
s

0 .26 6
0 .043

0 .36 4
0 .10 7

0.413
0 .112

0 .557
0 .1 8 0

0 .745
0 .3 9 9

11

S 3.338 X
s

0 .246
0.037

0.301
0 .0 7 3

0.354
0.084

0 .434
0 .114

0 .5 8 0
0 .1 9 6

11

6 4 .3 4 8 X
s

0 .260
0 .03 6

0 .335
0 .0 6 6

0 .377
0 .089

0 .402
0 .0 93

0 .514
0 .12 4

12

7 5 .666 X
s

0 .238
0.021

0.284
0 .045

0 .317
0 .075

0 .3 3 2
0 .079

0 .5 5 6
0 .204

15

8 7.378 X
s

0 .2 4 9
0.031

0 .3 2 9
0.0S7

0 .377
0 .090

0 .4 3 0
0 .07 2

0 .5 5 5
0.208

10
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TABLE 6

RADIUS: 2 .0 °  ANGLE: 90°

F RVL LTCY
(SEC)

ST 25 
(SEC)

ST20
(SEC)

ST15
(SEC)

ST10
(SEC)

N

0 0 . 9 4 6 X
S

0 .4 7 1
0 . 1 1 0

0 . 6 8 5
0 .2 3 1

0 .7 0 9
0 .2 3 5

0 . 7 4 4
0 .2 1 2

0 .9 4 4
0 .3 4 3 13

1 1 . 2 3 0 X
s

0 .4 0 5
0 . 1 3 0

0 . 6 3 9
0 .1 6 6

0 .6 7 4
0 .1 4 5

0 .7 4 5
0 . 1 8 0

0 .9 1 4
0 .2 8 5 13

2 1 . 6 1 0 X
s

0 .3 9 2
0 .1 2 2

0 . 6 0 3
0 .2 1 5

0 .6 3 9
0 .1 9 5

0 .6 9 5
0 .1 8 8

0 . 9 6 0
0 .3 3 2 13

3 2 .0 9 1 X
s

0 .2 8 5
0 .0 6 0

0 .3 2 5
0 . 0 8 6

0 .3 4 9
0 .091

0 .3 8 1
0 . 0 9 2

0 . 4 8 7
0 . 2 1 2 13

4 2 .7 2 7 X
s

0 .2 5 2
0 . 0 3 0

0 .2 9 7
0 .0 6 4

0 .3 3 9
0 .0 7 5

0 .4 0 9
0 .0 8 4

0 .5 5 1
0 .2 1 5 10

5 3 . 5 5 7 J
s

0 .2 3 5
0 .0 3 3

0 .2 9 4
0 .0 7 4

0 .3 3 9
0 .1 2 6

0 .4 2 1
0 . 2 7 9

0 .5 5 3
0 . 3 6 0 11

6 4 . 6 3 4 X
s

0 .2 4 7
0 .0 3 8

0 .3 0 4
0 .0 8 4

0 .3 4 3
0 .0 9 2

0 .3 9 4
0 .1 1 3

0 .4 8 4
0 .2 0 4 19

7 6 . 0 3 8 X
s

0 . 2 3 2
0 . 0 2 6

0 .2 5 1
0 .0 2 3

0 .2 6 8
0 .0 1 8

0 .3 0 3
0 .0 5 2

0 .4 1 3
0 .1 7 0 10

8 7 . 8 6 3 X
s

0 .2 2 5
0 .0 3 7

0 . 2 8 5
0 .0 9 8

0 .3 1 5
0 .1 1 3

0 .3 8 2
0 . 1 2 8

0 . 5 5 9
0 .2 2 7 10
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TABLE 7

RADIUS: 2 .0°  ANGLE: 135°

F RVL LTCY
(SEC)

ST25
(SEC)

ST20
(SEC)

ST1S
(SEC)

ST10
(SEC) N

0 0.886 X
s

0.457
0.146

0.603
0.216

0.654
0.251

0.712
0.260

0.883
0.369 18

1 1.151 X
s

0.414
0.122

0.458
0.100

0.559
0.087

0.628
0.100

0.854
0.311 9

2 1.506 X
s

0.411
0.186

0.488
0.178

0.494
0.178

0.605
0.262

0.767
0.386 11

3 1.957 X
s

0.281
0.093

0.346
0.126

0.391
0.109

0.465
0.167

0.733
0.250 5

4 2.552 X
s

0.259
0.029

0.309
0.056

0.331
0.062

0.377
0.112

0.479
0.214 15

5 3.330 X
s

0.257
0.041

0.332
0.087

0.386
0.112

0.440
0.122

0.611
0.261 13

6 4.337 X*
s

0.235
0.018

0.259
0.020

0.276
0.053

0.296
0.072

0.481
0.259 18

7 5.652 X
s

0.264
0.051

0.296
0.077

0.326
0.107

0.373
0.113

0.509
0.196 17

8 7.359 X
s

0.247
0.020

0.293
0.067

0.304
0.079

0.363
0.096

0.506
0.284 11
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TABLE 8

RADIUS: 2.0° ANGLE: 180°

F RVL LTCY
(SEC)

ST2S
(SEC]

ST20
(SEC)

ST15
(SEC)

ST10
(SEC) N

0 0 .964 X
s

0 .3 8 7
0 .1 6 2

0 .S27
0 .229

0 .5 7 6
0 .2 2 9

0 .6 5 0
0.241

0 .8 1 7
0 .313

15

1 1,253 X
s

0 .4 0 3
0 .1 3 8

0 .4 5 0
0 .1 3 0

0 .492
0 .1 7 9

0 ,6 2 2
0 .214

0 .9 4 3
0 .3 7 0

12

2 1 .640 X
s

0 .3 5 9
0 .0 9 5

0 .4 3 2
0 .0 9 3

0 .475
0 .133

0 .6 3 0
0 .294

0 .7 1 4
0 .3 2 9 13

3 2 .1 3 0 X
s

0 .257
0 .0 4 5

0 .408
0 .2 7 7

0 .423
0 .2 9 9

0 .4 7 3
0 .327

0 .6 2 6
0 .39S

10

4 2 .778 X
s

0 .255
0 .0 7 0

0 .3 2 5
0 .0 9 6

0 .342
0 .107

0 .365
0.121

0 .4 5 1
0 .1 5 8 11

5 3 .624 X
s

0 .2 5 4
0 .0 3 0

0 .2 9 5
0.065

0 .3 5 0
0 .1 0 7

0 .378
0 .1 2 0

0 .4 2 5
0 .1 8 5 13

6 4 .7 2 0 X
s

0 .231
0 ,0 0 9

0 .2 5 6
0 .0 1 0

0 .264
0 .011

0 .3 2 5
0 .1 4 4

0 .361
0 .1 9 6

7

7 6.151 X
s

0 .2 4 4
0.021

0 .291
0 .0 5 8

0 .2 9 4
0 .0S8

0 .3 1 5
0 .0 7 5

0 .4 4 7
0 .1 7 6 11

8 8 .0 1 0 X
s

0 .2 4 0
0 .028

0 .2 8 3
0 .053

0 .298
0 .0 6 6

0 .3 5 6
0 .1 4 8

0 .5 4 5
0 .2 0 6 13
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TABLE 9

RADIUS: 2 .0 °  ANGLE: 225°

F RVL LTCY
(SEC)

ST25
CSEC)

ST20
(SEC)

ST15
[SEC)

ST10
CSEC) N

0 0-602 X
S

0.479
0.114

0.827
0.230

0.954
0.281

1.023
0.195

1.083
0.159

6

1 0.782 X
s

0.506
0.078

0.682
0.275

0.796
0.308

0,967
0.257

1.077
0.146

6

2 1.023 X
s

0.455
0.156

0.712
0.294

0.781
0.340

0.951
0.381

1.136
0.519

8

3 1.330 X
s

0.381
0.127

0.519
0.157

0.602
0.203

0.646
0.279

0.767
0.297

13

4 1.754 X
s

0.240
0.069

0.425
0.181

0.480
0.177

0.511
0.205

0.683
0.256

10

5 2.262 X
s

0.298
0.061

0.394
0.130

0.415
0.130

0.491
0.092

0.753
0.336

10

6 2.946 X
s

0.232
0.055

0.331
0.108

0.390
0.114

0.436
0.119

0.639
0.327

8

7 3.839 X
s

0.2S2
0.018

0.294
0.059

0.311
0.084

0.372
0 .102

0.587
0.313

24

8 4.999 X
s

0.237
0.037

0.297
0.057

0.334
0.113

0.401
0.161

0.595
0.198

16
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TABLE 10

RADIUS: 2 .0 °  ANGLE: 270°

F RVL LTCY
CSEC)

ST25
(SEC)

ST20
(SEC)

ST15
(SEC)

ST10
(SEC) N

0 0 .4 3 9 X
s

0 .5 0 2
0 .1 0 5

1 .0 3 2
0 .1 8 8

1 .1 4 2  
0 . 2 0 0

1 .2 7 8
0 . 2 7 2

1 .4 3 8
0 . 3 3 0

6

1 0 .5 7 1 X
s

0 .5 6 5
0 .1 4 9

0 .9 0 4
0 . 0 9 2

0 . 9 0 6
0 .0 9 0

0 .9 0 9
0 . 0 9 2

0 . 9 5 6
0 . 1 0 6

4

2 0 .7 4 7 X
s

0 .2 4 5 0 . 5 6 5 0 . 7 8 0 0 . 7 8 5 0 . 7 9 5 1

3 0 . 9 7 0 X
s

0 . 5 0 6
0 .0 9 1

0 .8 4 8
0 .2 3 5

0 . 8 5 8
0 .2 3 3

0 .8 9 7
0 .2 5 2

1 .1 4 6
0 .3 7 5

9

4 1 .2 6 5 X
s

0 .3 7 4
0 .0 8 3

0 .5 3 9
0 .1 7 4

0 .5 5 8
0 .1 5 8

0 .7 2 2
0 .2 2 9

0 . 9 8 6
0 .2 2 5

9

S 1 .6 5 1 X
s

0 .3 9 5
0 .1 3 2

0 . 5 2 0
0 . 2 8 3

0 .5 5 7
0 .2 7 5

0 . 6 3 5
0 .2 8 8

0 . 8 1 7
0 . 3 3 5

12

6 2 . 1 5 0 X
s

0 .2 8 7
0 ,0 4 0

0 .3 9 8
0 .1 0 1

0 .4 3 8
0 . 1 0 0

0 .4 8 5
0 . 1 1 7

0 .6 4 7
0 . 2 7 0

19

7 2 .8 0 2 X
s

0 .2 5 4
0 .0 4 0

0 . 3 7 6
0 .0 9 8

0 .4 1 7
0 . 1 0 9

0 . 4 6 6
0 . 1 0 0

0 . 6 1 3
0 .2 4 6

23

8 3 .6 4 9 X
s

0 .2 4 7
0 .0 3 2

0 .3 2 3
0 .0 8 7

0 .3 5 7
0 .0 8 5

0 . 3 9 6
0 .0 8 7

0 . 5 3 3
0 . 2 1 6

14
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TABLE 11

RADIUS: 2 .0 °  ANGLE: 315°

F RVL LTCY
(SEC)

ST 25 
CSEC)

ST20
CSEC)

ST15
CSEC)

ST10
CSEC)

N

0 0 .45 6 X
s

0 .564
0 .098

1.079
0 .447

1 .193
0 .394

1 .3 4 0
0.481

1 .679
0 .70 8

5

1 0 .592 X
s

0 .526
0 .085

0 .738
0 .343

0 .7 5 0
0 .353

0 .829
0 .382

1 .0 0 0
0 .522

5

2 0 .775 X
s

0 .484
0 .099

0 .8 24
0 .44 9

0 .848
0 .434

0 .91 8
0 .442

1.211
0 .507

11

3 1.007 X
s

0 .392
0 .104

0.574
0 .242

0 .6 98
0 .21 6

0 .798
0 .2 1 6

0 .9 4 7
0 .2 4 8

10

4 1.313 X
s

0 .377
0 .08 8

0.471
0 .185

0 .561
0 .2 95

0 .649
0 .2 8 2

0 .8 5 9
0 .40 9

S

5 1.713 X
s

0.283
0 .0 5 6

0.391
0 .139

0 .461
0.11S

0 .5 2 9
0 .16 4

0 .6 6 9
0 .3 1 9

7

6 2.231 X
s

0 .2S5
0.042

0 .28 6
0.061

0.311
0 .068

0 .4 3 6
0 .178

0 .531
0.181

18

7 2.907 X
s

0 .2 3 6
0 .037

0 .293
0 .086

0 .3 3 2
0 .104

0 .3 5 0
0 .1 0 5

0 .4 5 7
0 .1 4 9

15

8 3 .7 8 6 X
s

0 .222
0 .03 9

0 .2 7 0
0 .066

0 .3 0 2
0 .09 3

0 .393
0 .0 90

0 .5 3 3
0 .16 9

13
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TABLE 12

RADIUS: 2 .5 °  ANGLE: 0°

F RVL LTCY
(SEC)

ST 25 
(SEC)

ST20
(SEC)

ST1S
CSEC)

ST10
CSEC)

N

0 0.888 X
s

0.412
0.152

0.527
0.157

0.529
0.158

0.621
0.229

0.731
0.248

IS

1 1.154 X
s

0.401
0.131

0.508
0.168

0.S27
0.184

0.697
0.278

0.845 
0.356

15

2 1.510 X
s

0.376
0.099

0.469
0.098

0.527
0.145

0.603
0.144

0.644
0.162

15

3 1.962 X
s

0.262
0.044

0.306
0.070

0.317
0.068

0.417
0.200

0.S60
0.165

9

4 2.559 X
s

0.254
0.033

0.285
0.037

0.338
0.088

0.361
0.088

0.519
0.153

8

5 3.338 X
s

0.256
0.031

0.289
0.030

0.302
0.044

0.343
0.081

0.567
0.233

11

6 4.358 X
s

0.244
0.027

0.795
0.065

0.314
0.081

0.415
0.123

0.539
0.143

17

7 5.666 X
s

0.242
0.023

0.272
0.019

0.274
0.019

0.346
0.118

0.523
0.373

10

S 7.379 X
s

0.242
0.024

0.279
0.011

0.322
0.079

0.350
0.101

0.433
0.139

16
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TABLE 13

RADIUS: 2 .5 °  ANGLE: 45°

F RVL LTCY
(SEC)

ST25
(SEC]

ST20
(SEC)

ST15
(SEC)

ST 10 
(SEC)

N

0 1 . 1 4 5 X
s

0 . 3 2 6
0 . 0 8 0

0 . 4 0 0
0 . 1 0 7

0 . 4 8 2
0 . 1 5 2

0 . 5 7 5
0 . 1 6 3

0 . 7 61
0 . 3 6 7 18

1 1 . 4 8 9 X
s

0 . 3 3 7
0 . 0 7 5

0 . 5 41
0 . 1 7 6

0 . 5 8 7
0 . 1 8 2

0 . 6 0 7
0 . 1 8 2

0 . 7 6 0
0 . 2 2 3 17

2 1 . 9 4 8 X
s

0 . 2 78
0 . 0 4 9

0 . 4 0 4
0 . 1 5 4

0 . 4 4 3
0 . 1 5 3

0 . 5 0 4
0 . 1 7 5

0 . 5 8 9
0 . 2 1 4 16

3 2 . 5 3 1 X
s

0 . 2 5 2
0 . 03 4

0 . 3 6 7
0 . 1 3 6

0 . 4 3 0
0 . 1 5 6

0 . 4 5 1
0 . 1 4 5

0 . 5 0 5
0 . 1 7 7 12

4 3 . 3 0 0 X
s

0 . 2 3 8
0 . 0 2 4

0 . 3 6 6
0 . 0 7 8

0 . 4 0 7
0 . 1 0 8

0 . 4 3 1
0 . 1 0 5

0 . 4 9 4
0 . 1 0 8 10

5 4 . 3 0 5 X
s

0 . 2 4 5
0 . 0 2 3

0 . 2 9 7
0 . 0 4 8

0 . 3 2 5
0 . 0 6 3

0 . 3 9 6
0 . 1 1 9

0 . 5 2 3
0 .1 7 1 15

6 5 . 6 1 9 X
s

0 . 2 3 8
0 . 0 2 4

0 . 3 1 8
0 . 1 0 4

0 . 3 6 6
0 . 1 4 1

0 . 5 2 3
0 . 2 4 8

0 . 5 8 0
0 . 3 0 5 14

7 7 . 3 0 7 X
s

0 . 2 3 0
0 . 0 4 0

0 . 2 8 7
0 . 0 5 7

0 . 3 1 5
0 . 0 4 5

0 . 3 9 8
0.101

0 . 4 7 7
0 . 1 3 7 8

S 9 . 5 1 5 X
s

0 . 2 0 5
0 . 0 2 7

0 . 3 1 0
0 . 0 8 6

0 . 3 5 4
0 .1 1 0

0 . 4 5 2
0 . 0 4 4

0 . 6 5 6  
0 . 2 6 7 6
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TABLE 14

RADIUS: 2 .5 °  ANGLE: 9 0 Q

F RVL LTCY
CSEC)

ST25
(SEC)

ST20
(SEC)

ST15
(SEC)

ST10
(SEC)

N

0 1.09S X
s

0 .286
0 .049

0 .433
0 .112

0 .484
0 .102

0 .519
0 .128

0.575
0 .1 2 6 14

1 1.423 X
s

0 .283
0 .055

0 .4 1 0
0 .1 0 9

0 .447
0 .1 1 9

0 .541
0 .1 4 2

0 .63 8
0 .252 12

2 1.862 X
s

0 .260
0.071

0 .374
0 .1 1 2

0 .39 2
0 .1 2 8

0 .4 6 0
0 .1 5 5

0 .597
0 .212 15

3 2 .419 X
s

0.237
0 .033

0 .328
0 .108

0 .3 6 9
0 .116

0.401
0 .1 2 0

0 .544
0 .234 16

4 3.154 X
s

0 .230
0 .042

0 .2 8 2
0 .052

0 .314
0 .084

0 .395  
0 .1 5 3

0 .50 7
0 .324 14

S 4 .1 1 5 X
s

0 .2 39
0 .03 4

0 .309
0 .075

0 .356  
0. 085

0.401
0,111

0 .587
0 .3 4 6 9

6 5 .37 2 X
s

0.214
0 .029

0 .254
0 .05 4

0 .2 8 0
0 .0 5 6

0.381
0 .077

0 .53 5
0 .206 12

7 6 .985 X
s

0 .239
0 .035

0 .2 85
0 .0 5 0

0 .3 4 9
0 .0 8 0

0.384
0 .097

0 .442
0 .113

14

8 9 .096 X
s

0.227
0 ,028

0 .3 0 2
0 .0 8 9

0 .337
0 .113

0 .377
0 .109

0 .468
0 .1 0 6 12
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TABLE 15

RADIUS: 2 .5 °  ANGLE: 135°

F RVL LTCY
(SEC)

ST2S
(SEC)

ST20
(SEC)

ST15
(SEC)

ST10
(SEC) N

0 1 . 1 4 5 X
S

0 . 3 5 9
0 . 0 6 5

0 . 4 3 1
0 . 1 0 8

0 . 4 6 5
0 . 1 2 6

0 . 5 1 9
0 . 1 7 8

0 . 7 3 1
0 . 2 1 3

18

1 1 . 4 8 9 X
s

0 . 2 8 4
0 . 0 6 5

0 . 3 9 7
0 . 0 7 5

0 . 4 2 0
0 . 0 8 0

0 . 4 3 8
0 . 0 7 0

0 . 6 3 4
0 . 2 3 1

14

2 1 . 9 4 8 X
s

0 . 2 6 8
0 . 0 4 5

0 . 4 0 2
0 . 1 5 5

0 . 4 47
0 . 1 4 9

0 . 5 0 3
0 . 1 8 6

0 . 6 5 4
0 . 3 0 4

12

3 2 . 5 31 X
s

0 . 2 4 3
0 . 0 2 5

0 . 3 3 5
0 . 0 7 9

0 . 3 9 7
0 . 0 9 2

0 . 4 1 5
0 . 0 8 6

0 . 5 2 0
0 . 1 6 1 11

4 3 . 3 0 0 X
s

0 . 2 7 0
0 . 0 7 6

0 . 3 6 5  
0 . 1 0 7

0 . 42 5
0 . 0 9 9

0 . 4 6 5
0 . 1 0 4

0 . 5 1 7
0 . 1 5 8

10

5 4 . 3 0 5 X
s

0 . 2 1 7
0 . 0 5 3

0 . 2 7 8
0 . 0 6 1

0 . 3 4 7
0 . 0 8 4

0 . 4 1 7
0 . 0 8 4

0 . 4 5 5
0 . 0 8 0 11

6 5 . 6 1 9 X
s

0 . 2 3 8
0 . 0 3 2

0 . 3 1 1
0 . 0 8 7

0 . 3 5 0
0 , 1 0 8

0 . 4 1 5
0 . 1 6 9

0 . 6 0 8
0 . 2 3 7

22

7 7 . 3 0 7 X
s

0 . 2 5 5  
0 . 0 5 1

0 . 2 9 5
0 , 0 8 7

0 . 3 4 0
0 . 0 9 7

0 . 4 2 7
0 . 1 6 6

0 . 5 9 2
0 . 3 3 7

11

8 9 . 5 1 5 X
s

0 . 2 4 3
0 . 0 2 4

0 . 2 9 9
0 . 0 4 8

0 . 3 4 7
0 . 0 9 5

0 . 3 9 2
0 . 0 9 7

0 . 5 2 8
0 . 2 0 9

12
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TABLE 16

RADIUS: 2 .5 °  ANGLE: 180°

F RVL LTCY
CSEC)

ST25
(SEC)

ST20
(SEC)

ST15
(SEC)

ST10
(SEC) N

0 1.080 X
s

0.397
0.140

0.568
0.272

0.627
0.273

0.668
0.275

0.935
0.339

13

1 1.404 X
s

0.311
0.092

0.430
0.134

0.465
0.133

0.492
0.133

0.663
0.263

19

2 1.837 X
s

0.272
0.065

0.353
0.133

0 .373
0.143

0.407
0 .155

0.550
0.251

16

3 2.387 X
s

0.244
0.055

0.378
0 .085

0.384
0 .086

0.514
0 .223

0.592
0.289

8

4 3.113 X
s

0.244
0.027

0.292
0.035

0.314
0.078

0.326
0.077

0.535 
0 .268

8

5 4.061 X
s

0.298
0.102

0.355
0.121

0.395
0.176

0.450
0.255

0.692
0.360

11

6 5.301 X
s

0.237
0.036

0.288
0.074

0.328
0.120

0.372
0.144

0.519
0.200

17

7 6.893 X
s

0.232
0.021

0.296
0 .080

0.322
0.120

0.428
0.219

0.566
0.264

18

8 8.976 X
s

0.230
0.027

0.271
0.036

0.274
0.037

0.300
0.068

0.477
0.192

8
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TABLE 17

RADIUS: 2 .5 °  ANGLE: 225°

F RVL LTCY
(SEC)

ST25
(SEC)

ST20
CSEC)

ST15
CSEC)

ST10
CSEC) N

0 0.680 X
s

0.535
0.115

0.772
0.320

0.795
0.324

0.940
0.347

1.038
0.301 10

1 0.884 X
s

0.439
0.074

0.980
0.419

1.100
0.436

1.127
0.42S

1.315
0.343 6

2 1.156 1
5

0.453
0.110

0.742
0.404

0.863
0.385

0.944
0.340

1.101
0.539 11

3 1.502 X
s

0.320
0.058

0.441
0.105

0.502
0.134

0.554
0.147

0.610
0.163 14

4 1.959 X
s

0.344
0.111

0.471
0.146

0.542
0.156

0.593
0.170

0.731
0.190 8

5 2.555 X
s

0.246
0.016

0.324
0.067

0.338
0.071

0.465
0.196

0.602
0.300 11

6 3.335 X
s

0.245
0.023

0.331
0.078

0.378
0.093

0.398
0.093

0.470
0.160 13

7 4.337 X
s

0.252
0.020

0.303
0.063

0.366
0.111

0.428
0.133

0.582
0.242 20

8 5.647 X
s

0.234
0.027

0.293
0.043

0.324
0.083

0.410
0.127

0.593
0.217 17
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TABLE 18

RADIUS: 2 .5 °  ANGLE: 270°

F RVL LTCY
(SEC)

ST25
(SEC)

ST20
(SEC)

ST15
(SEC)

ST10
(SEC) N

0 0.434 X
s

0.482
0.151

1.081 
0.299

1.137
0.294

1.165
0.278

1.318
0.191

12

1 0.565 X
s

0.562
0.118

1.136
0.374

1.137
0.374

1.145
0.371

1.435
0.335

8

2 0.739 X
s

0.526
0.152

1.087
0.293

1.091
0.293

1.104
0.289

1.237
0.291 14

3 0.960 X
s

0.453
0.095

0.757
0.333

0.777
0.326

0.819
0.329

0.957
0.246 8

4 1.2S2 X
s

0.284
0.031

0.428
0.105

0.461
0.091

0.528
0.112

0.577
0.115 10

5 1.633 X
s

0.267
0.040

0.394
0.106

0.433
0.095

0.468
0.092

0.590
0.270

13

6 2.132 X
s

0.249
0.024

0.354
0.086

0.391
0.078

0.484
0.154

0.676
0.386

19

7 2.772 X
s

0.242 
0.022 f.

0.331
0.077

0.404
0.084

0.427
0.080

0.634
0.241

13

8 3.610 X
s

0.244
0.024

0.295
0.058

0.335
0.091

0.360
0.101

0.530
0.271

17
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TABLE 19

RADIUS: 2 .5 °  ANGLE: 315°

F RVL LTCY
(SEC)

ST25
(SEC)

ST20
(SEC)

ST15
(SEC)

ST10
(SEC)

N

0 0.501 X
s

0.505
0.134

0.878
0.270

0.982
0.295

1.077
0.352

1.173
0.298

15

1 0.652 X
s

0.488
0.159

1.006
0.334

1.013
0.328

1.113
0.339

1,237
0.341 9

2 0 .853 X
s

0.447
0.100

0.695
0.231

0.701
0.228

0.743
0.190

0 .800
0.192

11

3 1.108 X
s

0.319
0.062

0.443
0.124

0.467
0.124

0.530
0.172

0 .819
0.501 10

4 ,1 . 4 4 4 X
s

0.290
0 .039

0.402
0.110

0.432
0.101

0.453
0.097

0 .622
0 .330

12

S 1.884 X
s

0.270
0.044

0.366
0.103

0.396
0 .090

0 .420
0.087

0.621
0 .326

18

6 2.460 X
s

0.244
0 .039

0.303
0.082

0.343
0.100

0.462
0.105

0.615
0.243

10

7 3 .198 X
s

0.239
0.032

0 .282
0.053

0.321
0.077

0.411
0.125

0.614
0 .366

8

8 4 .165 X
s

0.240
0.033

0.287
0.047

0.334
0 .085

0 .429
0 .160

0.589
0.198

20
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TABLE 20

RADIUS: 3 .0 °  ANGLE: 0°

RVL LTCY ST 25 ST20 ST15 ST10 NF (SEC) (SEC) (SEC) (SEC) (SEC)

n 1.027 X 0 .3 9 4 0 .4 8 6 0 .5 2 6 0 .5 9 9 0 .7 9 0 14U
s 0 .091 0 .1 4 0 0 .1 4 3 0 .2 0 9 0 .3 3 9

1 1 .3 3 5 X
s

0 .4 0 0
0 .124

0 .6 3 5
0 .364

0 . 6 4 6
0 .3 6 2

0 .7 3 7
0 .3 5 6

0 .9 0 2
0 .3 4 9

12

1 .747 X 0 .3 5 4 0 ,4 3 0 0 .4 7 7 0 .6 2 2 0 .7S6 112 s 0 .1 1 7 0 .1 6 0 0 .1 5 5 0 .2 3 8 0 .3 0 4

2 .2 7 0 X 0 .2 4 2 0 .2 9 8 0 .341 0 .3 7 5 0 .4 2 3 63 s 0 .0 2 0 0 .0 4 9 0 .0 7 7 0 .084 0 .1 2 7

2 .9 6 0 X 0 .2 4 6 0 .3 2 6 0 .3 9 7 0 .4 5 6 0 .5 6 6 104
s 0 .0 3 0 0 .071 0 .0 7 0 0 .0 6 7 0 .1 7 9

3 .8 6 2 X 0.241 0 .3 1 0 0 .3 5 8 0 .382 0 .5 3 3 205 s 0 .0 3 2 0 .0 7 9 0 .1 0 4 0.117 0 .264

5 .0 3 0 X 0 .2 2 6 0 .311 0 .3 5 5 0 .384 0 .4 8 6 256 s 0 .051 0 .0 7 8 0 .0 9 3 0 .122 0 .1 6 2

t 6 .5 5 5 X
s

0 .2 3 4
0 .018

0 .2 8 2
0 .0 5 2

0 .3 0 9
0 .0 8 3

0 .3 2 9
0 .083

0 .4 5 7
0 .1 9 5

9

8 8 .5 3 6 X 0 .241 0 .2 8 0 0 .2 8 8 0 .331 0.481 14
s 0 .0 1 9 0 .0 2 5 0.031 0.081 0 .188
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TABLE 21

RADIUS: 3 .0 °  ANGLE: 45°

F RVL LTCY
(SEC)

ST25
(SEC)

ST20
(SEC)

ST15
(SEC)

ST10
(SEC)

N

0 1 .2 4 3 X
s

0 . 2 7 3
0 . 0 4 3

0 . 4 5 0
0 . 0 6 6

0 . 4 8 0
0 .0 8 4

0 .5 4 3
0 .1 1 2

0 .6 4 0
0 .1 8 9 20

1 1 . 6 1 6 X
s

0 . 3 0 7
0 .0 5 1

0 . 4 2 6
0 . 0 9 9

0 .4 4 4
0 .1 0 7

0 .5 5 4
0 .1 6 7

0 .6 3 9
0 .2 3 3 12

2 2 .1 1 4 X
s

0 . 2 7 9
0 .0 9 1

0 .4 2 8
0 . 1 5 0

0 . 4 4 9
0 . 1 4 3

0 .5 1 2
0 . 1 2 9

0 .5 5 7
0 . 1 6 0 11

3 2 .7 4 7 X
s

0 . 2 3 9
0 .0 1 6

0 . 2 8 2
0 .0 1 5

0 .3 1 7
0 .0 6 9

0 .4 1 5
0 . 0 9 2

0 . 5 0 6
0 .0 7 9

6

4 3 .5 8 2 X
s

0 .2 3 5
0 .0 2 5

0 . 3 6 0
0 .0 9 1

0 .4 3 5
0 .0 6 8

0 . 4 5 5
0 .0 4 2

0 .5 1 4
0 . 0 7 9 11

5 4 . 6 7 3 X
s

0 . 3 4 6
0 .1 7 2

0 . 5 7 6
0 .3 7 2

0 .6 3 6
0 .3 7 0

0 .7 0 6
0 .3 9 5

0 . 8 0 0
0 . 4 1 0 7

6 6 .0 8 7 X
s

0 .2 2 5
0 .0 2 9

0 .3 4 3
0 .0 8 3

0 .3 8 7
0 .1 1 7

0 .4 4 2
0 .0 9 3

0 .5 7 3  
0 .2 2 3 13

7 7 .9 3 1 X
s

0 . 2 3 5
0 . 0 2 5

0 . 3 3 2
0 .0 8 2

0 .3 8 5
0 .0 7 9

0 .4 2 2
0 .0 6 3

0 .6 0 8
0 .3 1 4 15

8 10 .3 2 8 X
s

0 . 2 4 2
0 . 0 2 7

0 . 3 1 5
0 .0 5 8

0 .3 4 7
0 .0 7 8

0 .4 1 9
0 . 0 8 0

0 .4 9 1
0 .1 7 4

IS
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TABLE 22

RADIUS: 3 .0 °  ANGLE: 90°

F RVL LTCY
CSEC)

ST2S
(SEC)

ST20
CSEC)

ST15
CSEC)

ST10
(SEC)

N

0 1.430 X
S

0.251
0.054

0.340
0.080

0.368
0.092

0.402
0.112

0,447
0.126 16

1 1.859 X
s

0.243
0.047

0.375
0.093

0.411
0.096

0.445
0.083

0.565
0.177 20

2 2.433 X
s

0.240
0.039

0.382
0.093

0.401
0.092

0.415
0.092

0.567
0.282 21

3 3.161 X
s

0.239
0.034

0.394
0.300

0.440
0.309

0.447
0.311

0.577
0.395 8

4 4.122 X
s

0.234
0.042

0.292
0.050

0.335
0.061

0.426
0.086

0.507
0.089 8

5 S . 377 X
s

0.221
0.028

0.281
0.088

0.321
0.103

0.368
0.110

0.511
0.204 7

6 7.004 X
s

0.230
0.024

0.271
0.040

0.371
0.105

0.387
0.186

0.685
0.415 10

7 9.127 X
s

0.229
0.026

0.347
0.099

0.377
0.087

0.422
0.077

0.487
0.095 11

3 11.885 X
s

0.221
0.037

0.323
0.089

0.333
0.083

0.383
0.121

0.531
0.347 15
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TABLE 23

RADIUS: 3 . 0 °  ANGLE: 135 0

F RVL LTCY
(SEC)

ST 25 
(SEC)

ST20
(SEC)

ST15
(SEC)

ST10
(SEC)

N

0 1 . 4 04 X
s

0 . 2 7 8
0 . 0 5 6

0 . 3 5 2
0 . 0 6 6

0 . 3 8 3
0 . 0 8 6

0 . 4 1 8
0 . 1 1 3

0 . 5 1 2
0 . 1 4 9

13

1 1 . 8 2 5 X
s

0 . 2 5 5
0 . 0 6 9

0 . 3 6 3
0 . 0 8 5

0 . 3 9 5
0 . 1 0 3

0 .4 0 4
0 . 0 9 7

0 . 5 8 0
0 . 2 4 8

12

2 2 . 3 8 8 X
s

0 . 2 5 2
0 . 0 5 9

0 . 3 9 4
0 . 1 2 3

0 . 4 4 7
0 . 1 3 2

0 . 52 1
0 . 2 2 0

0 . 5 6 7
0 . 2 1 5

13

3 3 . 1 0 3 X
s

0 . 2 5 1
0 .0 5 1

0 . 3 3 7
0 . 1 1 4

0 .3 6 1
0 . 1 1 4

0 . 4 1 8
0 . 1 2 9

0 . 4 9 5
0 . 1 3 9

11

4 4 . 0 4 6 X
s

0 . 2 2 0
0 . 0 3 8

0 . 3 0 8
0 . 0 8 7

0 . 3 5 7
0 . 1 1 3

0 . 4 3 5
0 . 1 0 5

0 . 4 7 0
0 . 0 9 8

11

5 5 . 2 7 8 X
s

0 . 2 2 7
0 .0 3 1

0 . 3 6 3
0 . 0 8 8

0 .3 9 1
0 . 1 0 8

0 . 4 8 6
0 . 2 0 6

0 . 7 4 1
0 . 4 5 7

9

6 6 . 8 7 5 X
s

0 .2 2 1
0 . 0 1 8

0 . 3 1 2
0 . 0 8 6

0 . 3 8 8
0 . 0 9 4

0 . 4 4 8
0 . 1 4 4

0 . 5 8 4
0 . 3 4 2

13

7 8 . 9 5 9 X
s

0 . 2 3 2
0 . 0 2 2

0 . 3 3 0
0 . 1 3 2

0 . 3 6 0
0 . 1 3 3

0 . 42 1
0 . 1 5 7

0 . 5 3 5
0 . 2 1 0

15

8 1 1 . 6 6 7 X
s

0 . 2 2 3
0 . 0 2 8

0 . 3 4 7
0 . 0 8 9

0 . 3 6 9
0 . 0 9 2

0 . 4 2 1
0 . 0 9 3

0 . 4 7 5
0 . 1 6 6

10
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TABLE 24

RADIUS: 3 .0 °  ANGLE: 180°

F RVL LTCY
(SEC)

ST25
(SEC)

ST20
(SEC)

ST15
(SEC)

ST10
(SEC)

N

0 1 .266 X
s

0.288
0.062

0 .438
0.068

0 .471
0.084

0 .5 2 0
0 .124

0 .683
0 .246

20

1 1 .646 X
s

0 .262
0.067

0.363
0 .113

0 .3 9 0
0.118

0 .425
0 .103

0 .479
0 .128

9

2 2.154 X
s

0.251
0 .049

0.312
0 .110

0 .382
0 .1 1 3

0 .599
0 .276

0 .798  
0 .355

9

3 2 .798 X
s

0.271
0.081

0.374
0 .1 2 8

0.421
0 .128

0 .4 2 5
0.128

0.471
0.128

15

4 3 .6 4 9 X
s

0 .268
0 .083

0 .4 2 9
0.251

0 .4 5 0
0 .257

0.563
0 .297

0 .572
0.300

14

S 4 .7 6 0 X
s

0.231
0 .037

0 .313
0 .0 9 0

0 .319
0 .092

0.441
0 .139

0 .502
0.193

8

6 6.201 X
s

0 .226
0 .0 3 0

0 .287
0 .052

0 .342
0.101

0 .400
0 .122

0.502
0 .210

16

7 8 .0 8 0 X
s

0.231
0 .035

0 .2 7 0
0 .043

0 .273
0 .0 4 3

0 .329
0 .1 5 0

0 .445
0 .205

6

8 10.522 X
s

0.277
0 .085

0 .4 0 6
0 .145

0 .4 0 9
0 .145

0 .411
0 .1 4 6

0.573
0.202

8



283

TABLE 25

RADIUS: 3 .0 °  ANGLE: 225°

F RVL LTCY
(SEC)

ST25
(SEC)

ST20
(SEC)

ST15
(SEC)

ST10
(SEC) N

0 0.784 X
S

0.430
0.078

0.565 
0.137

0.590
0.131

0.684
0.109

0.862
0.267

14

1 1.019 X
s

0.408
0.092

0.594
0.165

0.596
0.164

0.655 
0.172

0.754
0.230

14

2 1.334 X
s

0.388
0.090

0.479
0.149

0.521
0.152

0.635
0.213

0.766
0.338

10

3 1.733 X
s

0.255
0.042

0.361
0.120

0.381
0.136

0.408
0.131

0.547
0.266

12

4 2.260 X
s

0.259
0.038

0.344
0.082

0.398
0.101

0.502
0.134

0.701
0.297

14

5 2.948 X
s

0.236
0.028

0.351
0.067

0.398
0.062

0.477
0.122

0.588
0.286

13

6 3.840 X
s

0.224
0.022

0.280
0.057

0.350
0.084

0.553
0.321

0.697
0.370

13

7 5.004 X
s

0.229
0.037

0.363
0.080

0.390
0.064

0.423
0.072

0.470
0.075

13

8 6.516 X
s

0.234
0.023

0.312
0.073

0.331
0.088

0.386
0.109

0.479
0.168

12
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TABLE 26

RADIUS: 3 .0 °  ANGLE: 270°

F RVL LTCY
(SEC)

ST25
CSEC)

ST20
(SEC)

ST15
(SEC)

ST10
(SEC)

N

0 0 .5 9 8 X
s

0 . 4 1 8
0 . 1 5 4

0 . 8 7 6
0 .3 2 1

0 .9 3 4
0 .3 2 0

0 . 9 9 3
0 . 3 0 9

1 .1 4 4
0 .2 1 7

13

1 0 .7 7 8 X
s

0 . 4 9 0
0 . 1 2 8

0 .8 1 1
0 .2 7 8

0 .8 5 1
0 .2 5 9

0 . 9 1 6
0 . 3 1 9

1 .0 6 5
0 . 3 8 4

17

2 1 .0 1 8 X
s

0 . 4 6 6
0 .1 3 1

0 . 7 3 2
0 . 2 7 3

0 .7 7 9
0 .2 7 1

0 .8 6 2
0 .2 8 2

0 . 9 2 0
0 . 3 0 5

16

3 1 .3 2 3 X
s

0 .3 7 1
0 . 1 3 4

0 . 6 3 8
0 . 3 7 5

0 . 6 6 6
0 .4 1 2

0 . 7 3 0
0 .4 0 7

0 . 9 0 2
0 . 3 8 8

12

4 1 .7 2 5 X
s

0 . 3 1 2
0 . 1 0 0

0 . 4 9 0
0 . 2 9 0

0 .5 3 4
0 .3 2 7

0 .6 6 4
0 . 3 8 5

0 .9 3 3
0 . 3 2 2

9

5 2 . 2 5 0 X
s

0 . 2 7 6
0 .0 3 6

0 . 3 9 6
0 .0 9 8

0 .4 2 4
0 .1 0 4

0 .4 3 S  
0 .1 0 3

0 . 5 6 9
0 .2 7 9

7

6 2 .9 3 1 X
s

0 . 2 3 4
0 .0 2 8

0 . 3 0 9
0 .0 7 8

0 .3 5 2
0 .0 8 5

0 .3 7 4
0 .0 9 6

0*555
0 .2 3 5

12

7 3 . 8 1 9 X
s

0 .2 2 8
0 .0 2 1

0 .3 3 8
0 .0 8 3

0 .3 7 6
0 .0 8 6

0 .4 2 7
0 .1 3 3

0 . 5 5 8
0 . 2 3 5

16

8 4 . 9 7 3 X
s

0 .2 3 1
0 .0 2 1

0 . 3 0 8
0 . 0 6 3

0 .3 2 7
0 .0 6 8

0 .3 6 7
0 .1 0 7

0 .4 9 1
0 . 2 5 9

13
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TABLE 27

RADIUS: 3 .0 °  ANGLE: 315°

RVL LTCY ST 25 ST20 ST1S ST10 Nr (SEC) (SEC) (SEC) (SEC) (SEC)

0 .5 9 7 X 0 .4 3 8 0 .8 2 6 0 .8 7 0 0 .9 6 2 1 .1 3 6 230
s 0 .1 0 5 0 .2 5 9 0 .2 6 9 0 .3 5 4 0 .3 7 4

i 0 .7 7 6 X 0.461 0 .8 6 3 0 .8 6 7 0 .9 2 2 1 .0 1 9 18
s 0 .1 4 5 0 .3 1 8 0 .3 1 5 0 .2 8 1 0 .2 7 2

2 1 .015 X 0 .3 2 9 0 .5 5 0 0 .5 5 6 0 .581 0 .7 0 2 9
s 0 .0 8 3 0 .1 9 7 0 .1 9 7 0 .231 0 .2 2 3

1 .3 1 9 X 0 .3 4 2 0 .5 1 2 0 .5 6 5 0 .6 1 0 0 .931 123
s 0 .1 3 1 0 .2 9 2 0 .2 9 1 0 .2 7 1 0 .5 2 0

1 7 2 0 X 0 .268 0 .3 9 0 0 .4 4 2 0 .4 7 5 0 .6 9 2 134 lll> faU
s 0 .0 4 3 0 .0 9 4 0 .1 4 6 0 .1 3 6 0 .3 1 6

2 .244 X 0.231 0 .3 2 6 0 .3 6 6 0 .404 0 .4 7 0 95 s 0 .037 0 .1 1 8 0.121 0 .1 6 4 0 .1 6 5

6 2 .9 2 3 X
s

0 .2 3 2
0 .0 2 7

0 .3 1 1
0 .0 7 3

0 .3 7 9
0 .1 8 4

0 .4 4 7
0 .2 7 8

0 .5 8 4
0 .3 0 8

16

7 3 .8 0 9 X
s

0 .2 2 7
0 .0 2 6

0 .2 6 6
0 .0 2 3

0 .3 3 4
0 .111

0 .381
0 .1 1 9

0 .4 8 6
0 .153

8

8 4 .9 6 0 X
s

0 .2 4 0
0 .0 2 6

0 .3 4 3
0 .081

0 .3 6 5
0 .0 8 2

0.431
0 .1 2 8

0 .5 4 5
0 .1 6 2

12
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TABLE 28

RADIUS: 3 .5 °  ANGLE: 0 ‘

F RVL LTCY
(SEC)

ST25
(SEC)

ST20
CSEC)

STI5
CSEC)

ST10
CSEC)

N

0 1 .1 7 6 X
S

0 .3 6 0
0 .1 1 7

0 .5 5 8
0 .2 0 4

0 . 5 8 3
0 . 1 9 6

0 .6 6 7
0 . 2 2 0

0 .8 4 3
0 .2 8 9

18

1 1 .5 2 9 X
s

0 .2 9 5
0 .0 5 8

0 . 3 8 6
0 .0 9 4

0 .4 7 2
0 .1 1 4

0 . 5 4 0
0 .2 0 9

0 .7 2 8
0 .3 7 3

11

2 2 .0 0 0 X
s

0 .2 9 9
0 .0 9 0

0 .4 3 3
0 .1 1 2

0 .4 6 1
0 . 1 1 4

0 . 4 8 8
0 .1 4 8

0 .6 0 5
0 .2 4 3

13

3 2 .5 9 9 X
s

0 .2 4 5
0 .0 4 0

0 . 3 5 2
0 .0 6 8

0 .3 S 3
0 .0 6 7

0 . 4 2 6
0 . 0 7 6

0 . 5 7 0
0 . 1 5 6

5

4 3 .3 8 8 X
s

0 .2 2 9
0 .0 2 3

0 . 3 3 2
0 .0 7 8

0 .3 3 4
0 .0 7 7

0 .4 0 3
0 .1 3 3

0 .6 3 2
0 . 3 4 0

10

5 4 . 4 2 0 X
s

0 .2 3 0
0 .0 3 4

0 . 3 1 6
0 .0 6 7

0 .3 4 4
0 .0 8 4

0 .3 8 6
0 . 1 0 5

0 .5 1 0
0 . 1 6 9

14

6 5 .7 5 8 X
s

0 .2 6 3
0 .0 3 2

0 . 3 8 5
0 . 0 8 5

0 .4 1 4
0 . 0 8 7

0 .4 5 0
0 .0 7 9

0 .4 9 8
0 .1 1 8

11

7 7 .S 0 3 X
s

0 .2 3 9
0 .0 2 7

0 . 3 3 4
0 . 0 8 9

0 . 3 5 6
0 .1 0 1

0 . 4 3 9
0 .1 3 4

0 . 5 0 2
0 .1 6 2

17

8 9 . 7 7 0 X
s

0 .2 4 1
0 .0 2 2

0 . 3 0 7
0 . 0 5 5

0 . 3 2 2
0 . 0 6 6

0 . 3 6 6
0 .1 1 4

0 .5 6 1
0 .2 4 5

14



287

TABLE 29

RADIUS: 3 .5 °  ANGLE: 45°

F RVL LTCY
(SEC)

ST25
(SEC)

ST20
(SEC)

ST15
(SEC)

ST10
(SEC)

N

0 1.342 X
s

0.268
0.033

0 .425
0 .072

0 .495
0 .105

0.592
0 .167

0 .645
0.183

11

1 1 .745 X
s

0.262
0 .066

0 .425
0 .086

0.487
0 .078

0 .5 5 9
0.163

0 .606
0 .177

8

2 2 .283 X
s

0.254
0 .029

0.402
0 . 07 6

0 .444
0 .072

0.471
0 .0 7 5

0 .5 1 0
0 .075

14

3 2 .9 6 6 X
s

0.280
0.131

0.411
0 .1 8 9

0 .4 6 4
0.184

0 .509
0.171

0 .6 8 7
0 .325

11

4 3 .8 6 8 X
s

0.238
0.031

0.351
0 .0 9 3

0 .392
0.091

0 .4 3 0
0.094

0 .495
0 .106

17

5 5 .0 4 6 X
s

0 .226
0.027

0.357
0 .080

0 .3 8 5
0 .0 8 0

0.455
0 .067

0.528
0 .129

14

6 6 .573 X
s

0.251
0 .050

0 .3 8 6
0 .109

0 .432
0 .0 8 9

0 .450
0 .083

0 .499
0.094

16

7 8 .5 6 5 X
s

0.233
0.023

0 .365
0 .093

0 .3 9 9
0.104

0.443
0 .090

0 .505
0.108

12

8 11.153 X
s

0.235
0.029

0 .347
0.085

0 .379
0.100

0 .385
0.094

0.453
0.103

12
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TABLE 30

RADIUS: 3 -5 °  ANGLE: 90°

F RVL LTCY
(SEC)

ST 25 
(SEC)

ST20
(SEC)

ST15
(SEC)

ST10
(SEC)

N

0 1 .5 9 0 X
s

0 .2 5 2
0 .0 4 6

0 . 3 9 5
0 .0 7 8

0 . 4 2 9
0 . 0 8 5

0 .4 6 4
0 .1 3 7

0 . 6 0 0
0 .2 5 4

12

1 2 .0 6 7 X
s

0 .2 9 1
0 .0 8 6

0 .4 5 1
0 . 1 4 0

0 .4 6 5
0 .1 3 7

0 .5 3 6
0 .1 5 3

0 .6 4 8
0 . 2 4 6

15

2 2 .7 0 4 X
s

0 .271
0 .0 4 0

0 .3 8 5
0 . 1 0 9

0 . 4 1 4
0 .1 0 1

0 .4 2 9
0 .0 8 8

0 .4 9 2
0 .1 9 2

5

3 3 .5 1 4 X
s

0 .2 2 0
0 .0 1 6

0 .3 4 8
0 .1 0 1

0 .3 6 8
0 . 0 9 4

0 .4 8 7
0 .0 0 8

0 . 5 5 9
0 .1 7 7

6

4 4 .5 8 2 X
s

0 . 2 3 6
0 .0 2 9

0 .3 1 1
0 . 0 8 6

0 . 3 4 6
0 . 1 0 0

0 . 3 6 9
0 .1 1 7

0 .4 7 4
0 .1 6 1

9

5 5 .9 7 7 X
s

0 .2 2 6
0 . 0 4 0

0 .3 5 3
0 .1 0 7

0 .3 8 3
0 .1 2 3

0 . 4 3 2
0 . 1 1 6

0 .5 8 2
0 .2 5 9

13

6 7 .7 8 6 X
s

0 .2 2 6
0 .0 3 8

0 .3 5 8
0 .0 8 2

0 .3 8 4
0 . 0 8 3

0 .4 3 5
0 .1 0 3

0 . 5 3 0
0 . 2 1 5

20

7 1 0 .1 4 6 X
s

0 . 2 2 9
0 .0 3 1

0 . 3 3 6
0 . 0 8 6

0 .3 7 2
0 .0 9 1

0 . 4 0 0
0 .0 8 7

0 . 4 5 5
0 .1 0 S

17

8 1 3 .2 1 2 X
s

0 .2 2 9
0 .0 2 3

0 .3 3 3
0 .0 8 8

0 . 3 9 2
0 .0 9 2

0 .4 4 2
0 .1 4 1

0 .5 1 7
0 . 1 7 3

13
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TABLE 31

RADIUS: 3 .5 °  ANGLE: 135°

F RVL LTCY
(SEC)

ST25
(SEC)

ST20
(SEC)

ST1S
(SEC)

ST10
(SEC)

N

0 1 . 3 7 5 X
s

0 . 2 5 1
0 . 0 5 3

0 . 3 5 2
0 . 1 0 3

0 . 4 0 4
0 . 1 2 3

0 . 4 4 4
0 . 1 1 5

0 . 5 7 3
0 . 1 7 3 21

1 1 . 7 8 7 X
s

0 . 2 4 6
0 . 0 3 9

0 . 3 5 5
0 . 0 9 4

0 . 3 7 4
0 . 0 9 5

0 . 4 0 2
0 . 0 8 3

0 . 4 5 7
0 . 0 8 5 10

2 2 . 3 3 8 X
s

0 . 23 1
0 . 0 2 2

0 . 3 6 2
0 . 1 0 0

0 . 3 8 2
0 . 0 9 5

0 . 4 1 4
0 . 1 1 8

0 . 5 3 2
0 . 1 4 9 14

3 3 . 0 3 8 X
s

0 . 2 3 2
0 . 0 2 8

0 . 3 0 8
0 . 0 7 4

0 .3 7 1
0 . 0 8 4

0 . 4 2 8
0 . 0 7 5

0 . 6 2 2
0 . 3 9 5 9

4 3 . 9 6 1 X
s

0 . 2 2 2
0 . 0 5 7

0 . 3 4 0
0 . 0 8 7

0 . 3 7 7
0 . 0 9 5

0 . 3 9 9
0 . 0 9 2

0 . 6 0 7
0 . 2 5 0 13

5 5 . 1 6 8 X
s

0 . 2 3 4
0 . 0 1 2

0 . 3 2 4
0 . 1 0 2

0 . 3 5 2
0 . 1 0 6

0 . 3 6 0
0 . 1 0 7

0 . 4 2 1
0 . 1 0 3 7

6 6 . 7 31 X
s

0 , 2 3 5
0 .0 4 1

0 . 3 2 5
0 . 0 9 9

0 . 3 7 6
0 . 1 0 5

0 . 3 9 6
0 . 1 1 3

0 . 5 4 4
0 . 1 5 5 16

7 8 . 7 7 1 X
s

0 . 2 1 3
0 .0 1 7

0 . 2 9 7
0 . 0 7 4

0 . 3 3 2
0 . 0 8 6

0 . 3 6 6
0 . 0 9 5

0 . 4 5 1
0 . 1 4 7 16

8 1 1 . 4 2 2 X
s

0 . 2 2 9
0 . 0 2 5

0 . 3 2 7
0 . 0 7 3

0 . 3 5 5
0 . 0 8 9

0 . 40 8
0 . 0 7 0

0 . 6 4 8
0 . 3 4 4 10
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TABLE 32

RADIUS: 3 .5 °  ANGLE: 180°

F RVL LTCY
(SEC)

ST2S
(SEC)

ST20
(SEC)

ST15
CSEC)

ST10
(SEC)

N

0 0.872 X
s

0.382
0 .2 6 2

0 .5 8 2
0 .2 5 5

0 .639
0 .225

0.704
0.233

0 .9 6 6
0 .3 6 6

13

1 1 .133 X
s

0 .288
0 .164

0 .577
0 .2 0 6

0.591
0.200

0 .6 3 6
0.207

0 .734
0 .2 9 0

8

2 1.483 X
s

0 .3 1 4
0 .1 1 6

0 .588
0 .2 4 9

0 .6 3 4
0 .229

0 .693
0 .242

0 .8 6 6
0 .2 7 0

9

3 1.927 X
s

0 .2 6 9
0 .0 9 9

0 .5 0 8
0 .1 9 9

0 .5 2 0
0 .2 0 9

0.524
0.208

0 .6 2 0
0 .272

10

4 2 .512 X
s

0 .2 3 7
0 .0 5 9

0 .3 5 6
0 .1 5 2

0.461
0 .176

0.523
0 .199

0.653
0 .271

9

5 3 .277 X
s

0 .281
0 .103

0 .4 0 6
0 .1 7 6

0 .409
0 .174

0 .4 5 9
0.151

0 .711
0 .4 1 0

4

6 4 .2 6 9 X
s

0.251
0 .064

0 .454
0.2S7

0 .477
0 .249

0 .5 7 0
0.271

0.671
0 .263

13

7 5.563 X
s

0 .228
0 .0 3 9

0 .3 6 9
0 .163

0.427
0 .142

0.434
0.142

0 .441
0.141

9

8 7 .244 X
s

0 .2 3 6
0 .0 3 6

0 .4 0 2
0 .2 6 4

0 .412
0 .258

0 .479
0 .240

0.721
0 .404

10
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TABLE 33

RADIUS: 3 .5 °  ANGLE: 225°

F RVL LTCY
(SBC)

ST25
(SEC)

ST20
(SEC)

ST1S
(SEC)

ST10
(SEC)

N

0 0 . 6 7 6 X
s

0 .4 6 8
0 .1 4 4

0 . 6 3 2
0 .1 8 7

0 . 6 6 2
0 . 1 9 0

0 .7 6 4
0 .2 0 7

0 .9 1 9
0 .3 4 8

14

1 0 . 8 7 9 X
s

0 . 3 5 0
0 .0 7 1

0 . 4 8 0
0 .0 9 1

0 .5 3 3  
0 .1 0 9

0 .5 7 7
0 .1 1 6

0 .8 7 4
0 .5 1 5

10

2 1.15Q X
s

0 .3 2 2
0 .0 7 7

0 . 5 1 5
0 . 1 9 0

0 . 5 2 7
0 .1 8 8

0 .591
0 .2 2 7

0 .7 3 9
0 . 2 3 5

12

3 1 .4 9 4 X
s

0 . 2 9 6
0 . 1 1 0

0 . 3 8 7
0 . 0 9 5

0 . 4 1 2
0 . 1 4 9

0 .4 7 7
0 .2 3 8

0 . 5 3 0
0 . 2 5 3

7

4 1 . 9 4 8 X
s

0 .2 4 1
0 .0 3 7

0 . 3 7 6
0 .0 9 4

0 . 4 2 0
0 . 0 9 0

0 . 4 8 6
0 .141

0 . 7 6 6
0 .4 0 4

11

5 2 .5 4 1 X
s

0 .2 6 2
0 . 0 8 6

0 .4 1 3
0 . 1 8 0

0 . 4 4 7
0 .1 8 7

0 .4 5 1
0 .1 8 6

0 . 5 3 0
0 . 2 4 0

12

6 3 . 3 1 0 "x
s

0 .2 5 6
0 .0 5 7

0 . 3 4 1
0 . 0 7 5

0 . 3 8 2
0 .1 0 8

0 .501
0 .1 4 8

0 . 5 5 6
0 .1 4 1

6

7 4 . 3 1 4 X
s

0 .2 4 2
0 .0 3 9

0 . 2 9 6
0 .0 4 1

0 .3 3 7
0 . 0 6 9

0 .4 2 7
0 .1 4 0

0 . 5 8 0
0 . 2 6 1

14

8 5 .6 1 8 X
s

0 . 2 3 0
0 .0 5 7

0 .3 6 1
0 .1 1 4

0 .4 1 1
0 . 1 8 9

0 .4 5 7
0 .2 3 7

0 .5 2 7
0 .2 6 4

24
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TABLE 34

RADIUS: 3 .5 °  ANGLE: 270°

F RVL LTCY
(SEC)

ST25
(SEC)

ST20
(SEC)

ST15
(SEC)

ST10
(SEC)

N

0 0.528 X
s

0 .484
0 .120

0.848
0 .303

0 .888
0 .275

0 .988
0 .273

1 .192
0.311

13

1 0 .687 X
s

0 .512
0 .103

0.955
0 .222

1.041
0 .278

1.103
0 . 37 0

1 .195
0 .290

15

2 0 .899 X
s

0 .467
0 .140

0 .712
0 .232

0 .766
0 .291

0 .833
0.317

0.971
0 .298

9

3 1.168 X
s

0 .338
0 .072

0 .593
0 .326

0 .603
0 .326

0 .656
0 .302

0 .790
0 . 33 9

10

4 1 .523 X
s

0 .283
0.047

0 .382
0 .116

0 .452
0 .078

0 .524
0.151

0 .592
0.191 12

S 1.987 X
s

0 .268
0 .066

0 .397
0.131

0 .413
0 .146

0 .460
0.184

0 .595
0 .238

12

6 2 .588 X
s

0 .250
0 .035

0 .359
0 .093

0 .435
0 .060

0 .447
0.061

0 .553
0 .129

10

7 3 .372 X
s

0 .238
0 .019

0 .327
0 .081

0 .407
0.151

0 .525
0.224

0 .617
0 .276

14

S 4.391 X
s

0 .243
0 .036

0 .339
0 .087

0 .407
0 .134

0 .418
0 .132

0 .488
0 .148 11
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TABLE 35

RADIUS: 3 .5 °  ANGLE: 315°

F RVL LTCY
(SEC)

ST25
(SEC)

ST20
(SEC)

ST1S
(SEC)

ST10
(SEC)

N

0 0 . 5 1 7 X
s

0 . 4 9 2
0 . 1 1 9

0 . 9 0 5
0 . 3 5 4

0 . 9 7 9
0 . 3 7 0

1 . 0 4 6
0 . 3 6 5

1 . 2 4 9
0 . 2 8 7

13

1 0 . 6 7 3 X
s

0 . 5 0 7
0 . 07 1

0 . 9 0 9  
0 . 1 2 2

0 . 9 3 2
0 . 1 5 9

1 . 1 22
0 . 3 4 8

1 . 2 2 7
0 . 3 7 1

5

2 0 . 8 8 0 X
s

0 . 3 3 6
0 . 0 5 7

0 . 4 8 9
0 . 1 0 2

0 . 5 0 1
0 . 1 0 2

0 . 6 1 8
0 . 14 1

0 . 7 8 6  
0 . 3 5 5

8

3 1 . 1 4 3 X
s

0 . 3 0 2
0 . 0 6 0

0 . 4 4 2
0 . 1 5 0

0 . 4 8 0
0 . 1 4 4

0 . 5 8 1
0 . 2 3 3

0 . 7 3 3
0 . 3 5 6

20

4 1 . 49 1 X
s

0 . 3 2 3
0 . 1 5 3

0 . 4 5 8
0 . 2 0 9

0 . 4 8 9
0 . 2 0 4

0 . 5 2 5
0 . 1 9 9

0 . 7 7 7
0 . 3 2 3 13

5 1 . 94 5 X
s

0 . 2 4 6
0 . 0 4 5

0 . 3 9 0
0 . 0 7 5

0 . 4 3 2
0 . 0 8 0

0 . 4 9 3
0 . 1 2 7

0 . 75 1
0 . 3 3 9

11

6 2 . 5 3 3 X
s

0 . 2 3 7
0 . 0 2 8

0 . 3 5 9
0 . 0 7 8

0 . 3 8 5
0 . 0 7 3

0 . 4 8 3
0 .1 3 1

0 . 7 3 3
0 . 3 9 8

15

7 3 . 30 1 X
s

0 . 2 3 5
0 . 0 5 6

0 . 3 6 7
0 . 1 5 8

0 . 4 1 7
0 . 2 2 4

0 . 5 4 5
0 . 2 6 7

0 . 6 9 3
0 . 3 1 4

13

8 4 . 2 9 9 X
s

0 . 2 1 9
0 . 0 3 2

0 . 3 1 7
0 . 0 8 9

0 . 3 5 6
0 . 0 9 3

0 . 3 9 0
0 . 0 8 0

0 . 5 1 3
0 . 1 6 2

15
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TABLE 36

RADIUS: 4 .0 °  ANGLE: 0°

F RVL LTCY
(SEC)

ST 25 
(SEC)

ST20
(SEC)

ST15
(SEC)

ST10
(SEC)

N

0 0 .8 6 9 X
s

0 .437
0 .13 9

0 .6 2 0
0 .281

0 .645
0 .2 7 2

0 .696
0 .376

0 .805
0 .448

11

1 1 .1 3 0 X
s

0 .403
0 .114

0.561
0.174

0 .6 2 9
0 .176

0.724
0 .238

0 .882
0.341

9

2 1 .4 7 9 X
s

0 .363
0 .114

0 .761
0 .319

0.804
0 .314

0.841
0 .332

0 .907
0 .353

9

3 1.921 X
s .

0 .278
0 .043

0 .403
0 .108

0.407
0 .109

0 .435
0 .097

0 .562
0 .181

6

4 2 .50 5 X
s

0 .277
0.078

0 .4 0 6
0 .147

0 .448
0 .147

0 .5 69
0.144

0 .6 7 9
0 .199

16

5 3 .268 X
s

0 .2 1 3
0.064

0 .37 6
0 .067

0 .43 6
0 .098

0.441
0.098

0 .5 7 5
0 .148

10

6 4 .2 5 7 X
s

0 .2 44
0 .0 57

0 .358
0 .063

0 .4 4 4
0 .095

0 .4 70
0.091

0 .5 6 6
0 .0 9 9

10

7 5.548 X
s

0 .2 5 8
0 .057

0 .34 7
0 .095

0 .3 6 0
0 .108

0.384
0 .106

0 .6 1 0
0.274 14

8 7 .2 2 4 X
s

0 .246
0 .0 3 9

0 .341
0 .07 4

0 .3 7 6
0 .12 5

0 .4 2 6
0 .11 6

0 .483
0 .1 4 3

18
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TABLE 37

RADIUS: 4 .0 °  ANGLE: 45*

F RVL LTCY
(SEC)

ST25
(SEC)

ST20
(SEC)

ST15
(SEC)

ST10
(SEC)

N

0 1.290 X
s

0.311
0.100

0.455
0.117

0.481
0.115

0.529
0.136

0.764
0.396

14

1 1.677 X
s

0.279
0.070

0.456
0.240

0.468
0.235

0.558
0.231

0.684
0.293

17

2 2.194 X
s

0.268
0.051

0.374
0,113

0.418
0.123

0.517
0.172

0.567
0.181

9

3 2.851 X
s

0.2S8
0.075

0.369
0.138

0.373
0.138

0.449
0.139

0.496
0.103

8

4 3.717 X
s

0.245
0.024

0.382
0.081

0.425
0.098

0.451
0.097

0.624
0.294

11

5 4.849 X
s

0.223
0.078

0.390
0.105

0.397
0.108

0.440
0.102

0.S76
0.177

5

6 6.317 X
s

0.245
0.040

0.375
0.094

0.422
0.106

0.498
0.106

0.622
0.288

10

7 8.231 X
s

0.230
0.029

0.316
0.070

0.343
0.075

0.39S
0.099

0.554
0.237

13

8 10.719 X
s

0.243
0.081

0.338
0.151

0.375
0.148

0.450
0.113

0.523
0.170

10
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TABLE 38

RADIUS: 4 .0 °  ANGLE: 90°

F RVL LTCY
(SEC)

ST25
(SEC)

ST20
(SEC)

ST15
(SEC)

ST10
(SEC)

N

0 1 .263 X
s

0.272
0 .0 6 0

0.481
0 .076

0 .495
0 .082

0 .535  
0 .0 9 0

0 .6 2 0
0 .150

18

I 1.642 X
s

0 .294
0.082

0 .479
0 .068

0 .516
0 .1 2 3

0 .5 8 9
0 .157

0.724
0 .2 7 6

10

2 2 .148 X
s

0 .259
0.077

0 .444
0 .103

0 .496
0.111

0 .5 7 6
0 .152

0.791
0 .3 6 9

15

3 2.791 X
s

0.228
0.021

0 .425
0 .055

0 .4 3 2
0 .0 5 9

0 .484
0 .072

0 .579
0 .247

9

4 3 .6 3 9 X
s

0.222
0 .038

0 .426
0.084

0.457
0 .118

0 .4 9 6
0 .1 5 6

0.611
0 .155

8

5 4 .7 4 8 X
s

0.216
0.034

0 .362
0 .0 7 6

0 .3 9 0
0 .088

0 .455
0.116

0.553  
0 .106

7

6 6 .1 8 4 X
s

0 .216
0.088

0.4  03 
0.158

0 .4 2 7
0 .152

0 .4 9 0
0.196

0 .6 1 0
0.244

21

7 8 .0 5 9 X
s

0.242
0.044

0 .419
0 .076

0 .467
0 .1 4 3

0 .4 9 0
0.168

0.721
0 .376

12

8 10 .494 X
s

0 .2 2 0
0.030

0 .395  
0.188

0 .412
0.218

0 .487
0.263

0 .596
0 .373

13
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TABLE 39

RADIUS: 4 .0 °  ANGLE: 135°

F RVL LTCY
(SEC)

ST25
(SEC)

ST20
(SEC)

ST1S
(SEC)

ST10
(SEC)

N

0 1.469 X
s

0.282
0 .075

0.436
0.095

0.457
0 .096

0.509
0 .085

0 .5 4 2
0 .0 8 2 23

1 1 .909 X
s

0 .250
0 .046

0.445
0.065

0.473
0 .102

0.492
0.096

0 .5 5 6
0 .142 IS

2 2 .498 X
s

0.273
0.113

0.455
0.149

0.487
0.153

0.497
0,148

0 .605
0 .215 15

3 3 .246 X
s

0.242
0.016

0 .374
0 .073

0.404
0.067

0.460
0.087

0 .6 2 5
0 .243 11

4 4 .2 3 2 X
s

0 .214
0 ,029

0 .3 1 9
0 .088

0 .373
0.091

0.443
0.055

0 .6 5 5
0 .349 14

5 5.521 X
s

0 .222
0 .029

0 .3 7 6
0 .1 0 0

0 .413
0,135

0.461
0.148

0.631
0 .245 9

6 7 .192 X
s

0 .212
0 .022

0 .3 4 6
0 .075

0 .362
0.067

0 .469
0 .1 4 0

0 .5 6 9
0 .2 6 6 14

7 9 .3 7 2 X
s

0,216
0 .027

0 .363
0 .103

0 .385
0.094

0 .397
0.092

0 .481
0 .0 5 0 6

8 12 .204 X
s

0 .230
0 .0 5 0

0 .327
0 .103

0 .3 8 2
0.093

0 .417
0.085

0 .421
0.085 6
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TABLE 40

RADIUS: 4 .0 °  ANGLE: 180°

F RVL LTCY
(SEC)

ST25
(SEC)

ST20
(SEC)

ST15
(SEC)

ST10
(SEC)

N

0 0 .711 X
s

0.387
0.121

0.804
0 .357

0 .832
0.371

0.844
0.380

0 .969
0 .3 9 6 7

1 0 .924 X
s

0 .427
0 .162

0.791
0 .1 4 2

0.794
0.139

0.837
0.169

0 .9 9 6
0 .302 8

2 1.209 X
s

0 .402
0 .1 9 0

0.721
0 .3 0 2

0 .726
0.300

0.733
0.295

0 .739
0 .293 6

3 1.571 X
s

0 .2 7 0
0.091

0.491
0 .1 6 8

0.513
0 .149

0.520
0 .146

0.695
0 .2 9 6 11

4 2 .049 X
s

0.329
0.177

0 .628
0 .2 5 0

0 .665
0 .265

0.681
0.271

0.685
0 .272 5

5 2 .6 7 3 X
s

0 .224
0.032

0 .5 7 2
0.271

0 .574
0.271

0.707
0.320

0 .8 5 9
0 .265 6

6 3.481 X
s

0 .298
0.106

0 .5 5 6
0 ,3 2 6

0.558
0.328

0.594
0.362

0.603
0 .355 8

7 4 .5 3 6 X
s

0 .265
0 .166

0 .3 6 4
0 .2 5 9

0.391
0.251

0 .452
0.267

0 .6 4 6
0.424 7

8 5 .9 0 7 X
s

0 .249
0 .0 5 0

0 .5 7 5
0 .3 2 2

0.611
0 .295

0.686
0 .309

0 .8 7 5
0 .4 8 3 11
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TABLE 41

RADIUS: 4 .0 °  ANGLE: 225°

F RVL LTCY
(SEC)

ST25
(SEC)

ST20
(SEC)

ST1S
(SEC)

ST10
(SEC)

N

0 0 .5 4 7 X
s

0 .4 9 3
0 .1 8 5

0 .9 5 7
0 .2 8 6

0 . 9 6 0
0 .2 8 6

0 .9 7 5
0 .2 7 8

1 .0 3 6
0 .2 7 1 11

1 0 .7 1 1 X
s

0 .4 6 1
0 .1 2 3

0 .6 6 7
0 .2 0 7

0 .7 2 1
0 .1 7 7

0 .8 5 5
0 .2 4 1

0 .9 7 2
0 . 2 9 0 10

2 0 . 9 3 0 X
s

0 .3 4 5
0 .0 9 6

0 .5 0 0
0 .1 3 8

0 .5 4 1
0 .1 2 4

0 .6 0 4
0 .1 8 4

0 .7 2 5
0 .2 7 2 15

3 1 . 2 0 9 X
s

0 . 2 8 5
0 .0 7 4

0 .4 7 2
0 .0 5 4

0 .5 0 0
0 .0 9 8

0 .531
0 .1 0 4

0 .6 1 6
0 .1 7 9 9

4 1 .5 7 6 X
s

0 . 2 5 2
0 .0 3 3

0 .3 8 9
0 .0 7 3

0 . 3 9 9
0 .0 7 0

0 .4 8 2
0 .1 2 1

0 .6 3 7
0 .2 6 7 16

5 2 . 0 5 6 X
s

0 .2 2 7
0 .0 2 1

0 .3 8 3
0 .0 5 9

0 .3 8 9
0 . 0 6 0

0 .4 0 1
0 .0 5 6

0 .4 7 9
0 .1 8 6 9

6 2 .6 7 9 X
s

0 .2 5 2
0 .0 8 8

0 .3 7 7
0 .1 2 7

0 . 4 3 5
0 . 1 3 7

0 .5 1 9
0 . 1 5 2

0 .5 5 0
0 .1 7 2 15

7 3 . 4 9 0 X
s

0 .2 2 5  
0 .0 2 6

0 .3 6 7
0 .0 7 4

0 . 3 8 9
0 . 1 1 2

0 .4 2 8
0 .1 5 3

0 .5 4 6
0 .2 2 2 9

3 4 . 5 4 5 X
s

0 . 2 4 2
0 .0 4 2

0 .3 5 4
0 .0 6 1

0 .4 0 4
0 .0 5 7

0 . 4 4 6
0 .0 7 8

0 .6 4 1
0 . 1 8 9 8
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TABLE 42

RADIUS: 4 .0 °  ANGLE: 270°

F RVL LTCY
(SEC)

ST 25 
(SEC)

ST20
(SEC]

ST15
(SEC)

ST10
(SEC)

N

0 0 .412 X
s

0 .489
0 .10 7

0 .8 8 0
0.271

0 ,982
0 ,225

1 .034
0 .2 68

1 .207
0 .27 0 10

1 0 .53 6 X
s

0 .57 0
0 .1 2 0

1.233
0 .281

1 .276
0 .33 4

1 .285  
0 .3 2 6

1 .423  
0 .347

11

2 0.701 X
s

0 .465
0.101

0 .846
0 .303

0 .905
0 .324

0 .988
0 .3 5 8

1 .110
0 .334

14

3 0.911 X
s

0 .422
0 .118

0 .757
0 .278

0 .79 5
0 .30 5

0 .902
0 .294

1 .007
0 .30 2

14

4 1.187 X
s

0.368
0 .079

0.631
0 .279

0 .658
0 .282

0 .7 2 9
0 .2 5 7

0 .825
0.298 13

5 1 .549 X
s

0 .2 7 0
0.062

0 .464
0 .086

0 .552
0 .1 0 9

0 .57 5
0 .094

0 .752
0 .135

6

6 2.018 X
s

0 .265
0 .086

0 .416
0.148

0 .433
0 .1 4 0

0 .455
0 .1 4 0

0 .588
0 .286

15

7 2 .629 X
s

0.285
0 .17 5

0.451
0 .342

0 .5 1 6
0 .335

0 .538
0 .3 3 6

0 .685
0 .377

12

8 3.424 X
s

0 .268
0 .076

0 .430
0 .119

0 .435
0 .1 2 0

0 .497
0 .1 0 8

0 .716
0 .2 6 6

10
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TABLE 43

RADIUS: 4 .0 °  ANGLE: 315°

F RVL LTCY
(SEC)

ST25
(SEC)

ST20
(SEC)

ST15
(SEC)

ST10
(SEC) N

0 0 .41 4 X
S

0 .516
0 .112

1 .035
0 .305

1.073
0 .267

1.191
0.394

1 .266
0 .452

9

1 0 .538 X
s

0 .527
0 .11 9

1 .097  
0 .2 73

1 .145  
0 .2 9 6

1.199
0 .276

1.311
0 .3 1 9

14

2 0 .704 X
s

0 .442
0 .059

0 .6 7 5
0 .1 5 2

0 ,677
0 .152

0.751
0 .127

0 .874
0 .341

4

3 0 .9 1 5 X
s

0.391
0 .16 5

0 .56 1
0 .1 6 9

0 .584
0 .153

0 .607
0 .158

0 .74 1
0 .3 0 0

6

4 1 .194 X
s

0 .3 3 7
0 .07 6

0 .531
0 .2 1 0

0 .575
0 .194

0 .633
0 .182

0 .686
0 .2 1 5 11

5 1.557 X
s

0.377
0.111

0 .6 1 9
0 .197

0 .664
0 .179

0 .718
0 .150

0 .847
0 .197 8

6 2 .028 X
s

0 .263
0 .0 7 0

0 .442
0 .1 5 0

0 .455
0 .142

0 .540
0 .205

0 .7 0 0
0 .221

19

7 2 .6 4 3 X
s

0 .260
0 .043

0 .428
0 .1 9 3

0 .47 4
0 .18 7

0.508
0 .186

0 .6 9 6
0 .2 4 7

13

8 3 .442 X
s

0 .230
0 .024

0 .3 5 2
0 .068

0 .398
0 .0 7 6

0.461
0 .125

0 .7 3 4
0 .3 2 7

10
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