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Representatio n o f  relativ e velocit y i n th e dista l  retin a i s invarian t  i n respec t  t o th e 
illuminatio n o f  movin g objec t 
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Maiketron ,  Inc. .  292 9 Campus D r  #40 0 Sa n Mate o C A 9440 3 

borgal@aol.co m 

The mode l 

Th e knowledg e o n cel l  physiolog y o f  th e dista l  retin a 
give s a n abilit y t o represen t  th e functionin g o f  con e -
horizonta l  cel l  -  bipola r  neura l  networ k a s a  whole .  Si x 
signa l  operation s ar e combine d i n th e model : 
1 )  phototransductio n operatio n (i.e .  signa l  transformatio n 

from  ligh t  int o electrica l  respons e i n th e 
photoreceptor) ; 

2 )  chemica l  synapti c transmissio n from  photoreceptor s t o 
secon d orde r  neurons ; 

3^  electrica l  couplin g betwee n horizonta l  cells ; 
4 )  nonlinea r  (anq)lifying )  propertie s o f  horizonta l  cel l 

non-synapti c membrane ; 
5 )  th e feedbac k from  horizonta l  cell s t o photoreceptor s i n 

tria d synapses ; 
6 )  dynamic s o f  th e bipola r  neuron . 

The curren t  stmf y develop s th e dista l  retin a mode l 
(Byzov ,  Shura-Bur a 1986) ,  allowin g th e calculatio n o f 
response s fo r  arbitrar y spatia l  stimuli .  T im e course s o f 
horizonta l  cell s (achromati c type )  membran e potential , 
obtaine d experimentall y fo r  variou s tempora l  an d simpl e 
spatia l  stimul i  fo r  frsh  an d turtl e retinas ,  wer e reproduce d 
by th e difiiision-typ e equation s wit h th e additiona l 
tempora l  constrain t  (electrica l  feedbac k i n tria d synapse) . 
Experimenta l  wor k wit h complicate d spatia l  stimul i  i s 
hard ,  s o th e computationa l  stud y wit h a  verifie d mode l  i s 
require d t o analyz e th e networ k response s t o movement . 

The coding of velocity 

The smd y i s mainl y focuse d o n th e spatia l  distribution s 
of  bipola r  potential ,  whic h i s th e bas e o f  edg e an d motio n 
detection .  Th e fac t  o f  wea k linea r  dependenc e o f  bipola r 
response s o n stimulu s velocit y i s  obtaine d a s a  basi s fo r  th e 
relativ e velocit y representatio n constanc y i n respec t  t o 
stimul i  luminosity :  dPotentiaI(Vel)ldVe l  =  const ,  thoug h 
horizonta l  cell s response s hav e exponential-lik e 
dependence . 

The syste m functionin g combine s th e tempora l 
smoothin g wit h th e spatia l  amplificatio n o f  are a edge s 
wit h illuminatio n difference .  Th e networ k estimatio n o f 
edge intensit y increase s unde r  th e movemen t  alon g th e 
edge an d drop s unde r  th e transvers e movement .  Fo r 
example ,  front  an d rea r  edge s o f  a  movin g rectangl e ar e 
smoothed ,  thoug h th e sid e edge s ar e amplifie d 
proportionall y t o th e velocity .  Th e velocit y valu e itself ; 

whic h i s represente d b y th e amplitude ,  i s smoothe d unde r 
th e shar p change . 

I n general ,  th e optima l  velocit y fo r  th e movin g object s 
detectio n i s lo w i n respec t  t o th e syste m tim e constan t  bu t 
hig h enoug h t o b e ^ e n int o consideratio n fo r  bette r 
perception . 

Consistency to noise 

Th e networ k wa s analyze d i n respec t  t o externa l  nois e 
and deviatio n o f  interna l  parameter s unde r  spatia l  filtering. 
Th e networ k i s capabl e t o calculat e th e spatia l  derivativ e 
and t o extrac t  th e illuminatio n differenc e m u c h weake r 
tha n th e variatio n o f  membran e parameter s from  on e 
photorecepto r  t o another .  Thi s featur e i s provide d b y th e 
specific s o f  potentia l  sprea d throug h th e horizonta l  cell s 
networ k an d electrica l  feedbac k mechanis m o f  th e tria d 
synapse . 

Relations to psychophysics 

S o me huma n visua l  perceptio n phenomeno n ca n b e 
explaine d i n th e bound s o f  th e dista l  retina ,  fo r  example , 
th e failur e o f  motio n imitatio n b y mean s o f  change s i n th e 
illuminatio n conditions ,  whil e "empt y field"  specific s 
(imitatio n o f  th e absenc e o f  relativ e movement )  doe s no t 
matc h th e syste m behavior . 

Hypothesis 

Give n th e spatial-tempora l  distribution ,  i t  i s  possibl e t o 
reconstruc t  th e networ k fimctionin g o f  specialize d 
detector s (movemen t  o f  th e are a edge ,  stripe ,  etc.) . 
Hypothetica l  detector s ca n correspon d t o som e classe s o f 
amacrinean d ganglio n retina l  cells . 

Ther e exist s th e fastes t  an d shortes t  dynami c link , 
whic h provide s th e hig h leve l  layer s wit h th e informatio n 
abou t  th e objec t  acceleration .  I t  is ,  probably ,  necessary ,  fo r 
th e instantaneou s followin g o f  th e movin g objec t  b y mean s 
ofth e pupi l  motion . 
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