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Abstract  

A microprocessor-based. v i s u a l  evoked p o t e n t l a l  measurement system us ing  a 
standard c o l o r  t e l e v l s l o n  se t  has been deslgned and b u i l t .  Two modes o f  opera- 
t i o n  are prov ided:  (1 )  a pre-programmed ser les  o f  bas lc  c l l n l c a l  tes ts ,  such as 
v l s u a l  a c u l t y  o r  a phase t e s t  f o r  m u l t i p l e  s c l e r o s i s  can be i n i t l a t e d  w i t h  a 
START bu t ton ,  us ing  d e f a u l t  values whlch requ i re  no spec ia l i zed  knowledge on the 
p a r t  o f  the c l  l n i c l a n ,  and ( 2 )  w i t h  the a d d i t i o n  o f  a te rm ina l ,  the knowiedgea- 
b l e  c l i n l c i a n  o r  research worker can choose any des i red  parameters and sequences 
w l t h i n  the range o f  the inst rument .  Animated c o l o r  cartoons can be d isp layed 
s imul taneously  t o  e l i c i t  v l s u a l  f i x a t i o n  i n  c h i l d r e n .  The system i s  automatic 
even I n  I t s  sequencing which prov ides a f a s t e r  and there fo re  b e t t e r  and less  
expensive examinat ion. 

1 . l NTRODUCT l ON 

V i s u a l l y - e l i c i t e d  brainwaves can be used t o  h e l p  

diaqnose eye d isorders and noni t o r  normal v i s u a l  

development i n  i n f a n t s  . The bra inwave component 

known as the v i sua l  evoked p o t e n t i a l  (VEP) 

provides a c h a r a c t e r l s t  i c t race  whose amp1 i tude 

s q 8  ahase can be used o b j e c t i v e l y  t o  measure 

v i sua l  a c u i t y  and de tec t  c e r t a i n  d isorders,  such 

=IS w l t i ~ l e  s c l e r o s i s .  

The o a t i e n t  t y p i c a l l y  i s  seated i n  f r o n t  o f  a 

n r o j e c t  i on  screen and watches a changing p a t t e r n  

wh i le  wearing o r d i n a r y  e lect roencephalographic  

scalo e lec t rodes .  The p a t t e r n  I s  a l t e r e d  (e.g., 

black and wh i te  squares are exchanged i n  a 

checkerboard o r  a p a t t e r n  i s  b r i e f l y  exposed w i t h -  

ou t  changlng the averaae I I 1  uminat ion)  and the 

e l e c t r i c a l  a c t i v i t y  on the sca lp  i s  sampled (over 

a span o f  t ime)  and stored.  The evoked p o t e n t i a l  

s ipna l ,  about 5pV, i s  b u r i e d  i n  the sea o f  noise, 

pr irnari  l y  the electroencephalogram, about 50uV. 

The stored waveforms a re  then averaqed toqether  so 

t h a t  those p a r t s  o f  the brainwave whlch a re  n o t  i n  

response t o  o r  synchronized w i t h  the v i sua l  st imu- 

l u s  increase as the square r o o t  o f  the number o f  

samples o f  changes. However, the s iana l  increases 

w i t h  the number o f  samples, p r o v i d i n q  a VEP p l o t  

which r i s e s  above the noise l e v e l .  

2. THE SYSTEM 

Un l i ke  e a r l i e r  schemes us ing s l i d e  p r o j e c t o r s  w i t h  

electromechanical shu t te rs ,  o s c i l l a t i n g  l i q h t  

sources, o r  r o t a t i n g  p o l a r i z e d  f i l t e r s ,  ou r  VEP 

st imulus pa t te rns  are produced on a standard c o l o r  

TV under rea l - t ime  computer c o n t r o l  (see F igure I ) .  

Since the d i s p l a y  l o g i c  au tomat i ca l l y  re f reshes 

the screen, the microprocessor ( I n t e r s i l  IM6100) 

i s  f ree  t o  process the evoked p o t e n t i a l  s i q n a l s .  

Under normal opera t ion  the microprocessor w r i t e s  

o u t  in fo rmat ion  regard ing l i n e  widths,  check edges, 

quadrant s e l e c t i o n  (the screen can be d i v i d e d  i n t o  

fou r  independent quadrants) and con t ras t  l e v e l s  t o  

the d i s p l a y  l o g i c ,  which i n  t u r n  maps these para- 

meters onto a 256 s 256 l i n e  TV image. I n  addi -  

t i o n ,  the processor can request sect ions o f  the 



v i s u a l  f i e l d  t o  be de le ted  (e.g., t o  b lank  o u t  the 

c e n t r a l  f l e l d  and d i r e c t  the  s t imu lus  t o  the per- 

i phera l  v i s u a l  f i e l d )  and can s p e c i f y  the l o c a t i o n  

o f  b r i g h t  spots f o r  use as f l x a t l o n  p o l n t s .  

A f t e r  s e t t i n g  up the s t a r t i n g  pa t te rn ,  the  pro-  

cessor I n s t r u c t s  the  d l s p l a y  l o g l c  t o  p rov ide  a 

s t imu lus  (au tomat i ca l l y  exchanging b l a c k  and 

wh i te ) ,  and sampl l n g  begins. The number o f  stlmu- 

l i  remalnlng are displayed on a 7-segment readout 

so t h a t  t lme o f  completion can be est imated. A 

h igh-galn,  high-Impedance, d i f f e r e n t i a l  a m p l l f l e r  

p i c k s  up the  e lec t rode  p o t e n t l a l s  and presents 

them t o  a computer d l r e c t e d  analog multiplexer 

whlch, i n  turn,  passes the  s lgna l  l n t o  a 

sample/hold c l r c u l t .  The ou tpu t  o f  the  sample/ 

h o l d  i s  h e l d  constant w h l l e  the ana log- to -d ig i ta l  

conver ter  produces a 12-b i t  b i n a r y  word t h a t  I s  

proportional t o  the inpu t  s l g n a l .  

These data words a r e  s to red  by the mlcroprocessor 

consecut ive ly  I n  a b lock  o f  memory c a l l e d  the  

wave tab le .  Averaglng i s  done by adding each new 

waveform l n t o  the wave t a b l e  and then d l v i d i n g  

through by the number o f  waves measured. 

F i n a l l y ,  the processor p l o t s  the averaged wave- 

forms on an X-Y recorder  f o r  examination and a 

Dermanent record o f  the examinat ion. 

3. COLOR SUPERPOSITION 

For c h i l d r e n  we superimpose c o l o r  cartoons onto 

the s t imulus pa t te rn ,  which encourages a s p e l l -  

bound behavlor i n  some p a t l e n t s .  Color  superposl- 

t l o n  In t roduces some i n t e r e s t i n g  problems f o r  the 

hardware designer. The most se r lous  o f  these i s  

s t a b l e  synchronization w i t h  the Incoming car toon 

s i g n a l .  Since t l m l n g  e r r o r s  as small  as 50 nano- 

seconds can can cause severe " tear ing"  o f  the 

image from I l n e - t o - l l n e ,  slmple th resho ld  detec- 

t i o n  i s  too j l t t e r y  f o r  use I n  recover ing the hor- 

i z o n t a l  sync s l g n a l s  from the car toon vldeo. Some 

VEP i n v e s t i g a t o r s  have overcome t h i s  problem by 

d i s p l a y i n g  the VEP s t lmu lus  p a t t e r n  on one TV, the 

car toon on a second TV, and o p t i c a l l y  combining 

the images. However, t o  reduce the cost and avoid 

cess lng t h i s  s igna l  through a phase-locked loop 

whlch mainta ins a s t a b l e  I l n e - t o - l i n e  t lmlng,  i r r e -  

spec t i ve  o f  smal l  v a r l a t i o n s  I n  the recovered h o r i -  

zon ta l  sync. 

A f t e r  synchronlzat lon between the car toon and VEP 

d lsp lay  i o g l c  has been achieved, the two v ldeo s ig -  

n a l s  a re  algebraically added and sent t o  the TV. 

As a consequence, the ca r toon 's  l umlnance wi I 1  be 

heightened by b r i g h t  p a t t e r n  l i n e s  and lowered by 

dark ones. Since the chroma subcar r le r  i s  n o t  

a f f e c t e d ,  the  ca r toon 's  o r l g i n a l  c o l o r s  are pre-  

served. 

The on ly  drawback w i t h  the above method l l e s  i n  the 

non- l l near  na tu re  o f  p i c t u r e  br lghtness as a func- 

t l o n  o f  v ldeo s l g n a l  ampli tude. However, by us ing 

s t lmu lus  pa t te rns  o f  medium-to-low con t ras t ,  o n l y  

smal l changes w i l  l be added l n t o  the cartoon video, 

resulting i n  an i n t e n s i t y  response t h a t  i s  l i n e a r  

t o  w l t h l n  a few percent .  

4 .  CLINICAL AND RESEARCH VERSIONS 

Since most c l l n l c i a n s  des i re  slmple, pushbutton 

operat  ion, each c l  i n i c a l  program may be se lec ted  

by sense switches on the f r o n t  panel .  By pushing 

START the mlcroprocessor w i l l  pu t  the p a t i e n t  

through a pre-programmed b a t t e r y  o f  standard t e s t s  

and p l o t  the appropr ia te  VEP r e s u l t s .  

However, f o r  the research worker who needs f u l  1 

c o n t r o l  over  the d isp lay  pa t te rns  and waveform 

sampl ing, a t e l e t y p e w r i t e r  o r  s i m i l a r  terminal  can 

be added t o  permi t  s p e c i f i c a t i o n  o f  parameters 

w i thout  sof tware chanqes . 
5 .  CONCLUSION 

Al thouqh o l d e r  VEP s t  imulus-averaging systems have 

been use fu l  i n  c l i n i c a l  a p p l i c a t i o n s ,  most s u f f e r  

from low f l e x i b i l i t y  and h igh  cos t ,  and, above a l l .  

a lack  o f  automatic program sequencing. A l l  o f  

these problems are overcome by our microprocessor. 

This  method should not  on ly  reduce examination 

costs  i n  terms o f  equipment and t ime, but  a l s o  

markedly improve the q u a l i t y  o f  examinations. 

al ignment problems, we remove the j l t t e r  by pro-  
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