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Vernier acuIty tasks are known for their accuracy of 2 - It sec of arc. which cor
respOnds to 1/10 of the size of • receptor. Considering the performance of an ideal 
detector we show that the attainable accuracy. ",hi ch is 'i!lli ted by neural noise 
rather than by receptor size. Is somewhat better than the eJtpef'inoet'ltal results. In 
lIght of these results we propose that In relative I~aliz.tlon tasks the visual 
systet'! may be II10del led as a nearly-optlmalestiNtor. 

Introduction 

,The extremely high sensitivity exhibited it'l Vernier acuIty is a well known p~ 
menon of vi sua I acu I ty; for examp Ie. mi sa li gnrr>ent thru'1o 1 ds of t-o abutt i n9 '1Ine
segmenU, w,",en one of them Is shifted laterally, is about 2-Jt sec of arc (I,~] in 
comparison with a threshold of about 30 sec of arc in t-o ~ints resolution ~rl
menU. To appreciate the result one should note that such a displace~nt threost,old 
corresponds to a length of 10 - 20u seen at a distance of I IftIP!ter, ..to.ereas in te""5 
of retinal dimensions It amounts to about 1/10 of the size of a photoreceptor In the 
center of the fovea. 

Such findings have puzzled ilia,,) vision researchers because of the misconceptiell' 
and confusion of acuIty and resolution. Th;, Is the reason why 8esbie [3J, for 
exa"'ple,brousht forward the following questiol': ..... If the retinal cone h the 
smallest retinal unit in the fovea, how can one use the retinal mosaic to 6ete~ine 
dIstances that are only a fra~tion of this unit7". It is horwever true tl-at the d!
mensions of the retinal mosaic and the vIsual OPtics imoo$e li~itations on the re
solving power of the eye, and Westhein,er [jl] is "indeed right In stating that "In the 
li..,lt no eye can do better than Its optics". But in localization task.s. and we c0n

sider Vernier acuity as such, the limiting factor seems to be the neural noise 
rather than the receptor size. 

In this paper we consider the perfo~nce of an ideal detector and shc:-t that 
the upper bound on the accuracy of Vernier acuity tasks. limited by the noise. is 
not In contradiction to the experin,ental results. This SUQoests that at the J)ercep
tual decIsion level the visual systeM may be modelled as an estimator and" hypothesis 
testing system based on likelihood function {51. 

Our approach has In fact been Influenced by the successful application of such 
"a concept In audition {6.71 and color vision [BJ. 

The Model 

Our model Is" based on the following assumptIons: 

1. The temporal statistics of the siqnal at the retinal output level Is ~rest"t
able as a compound Poisson process [91. This is Inferred f~ a"alysls of awdl
tory signals {IO,II]. 

2. Fora k~ visual sl9nal, the Poisson processes corresponding to different 
receptors are Independent. 
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For· the sake of sl~llcity we do not consider here the effects ·of inhibition _"4 
adaptation therefore dealing with theone-dilftensional case of local iutiOf' of a 
straight line. However, It Is to be noted that since the visual syst~ does not have 

- an absolute reference s.ystelft, the 10~1 itation proble'll Is .o"e of relative loc.llzaUon. 

Considering assumption (3). the retina' light distribution - due to a straight 
line stimulus - can be described by: 

. I r 21 ( 0 <a-II'j ( I xlc.) • - nPI-? 2 ., . I) 
Ir.P l 21' 

where II denotes the line's position. I' is a parameter describing t'- line spread 
function of the optical system. and 10 is the '~Inance. 

It can be shown that the likelihood function Is given by I,): 

where X denotes the sample of the process receivedfroo'll the receptors, 
p({X; O<t<T}/a] Is the sample function density. T the sat'llpli"9 interval, It, 

. the I-th receptor. and NT(RI) the n\r.lber of impulses ~celved ff"Ofll t"e i-th· re
ceptor during thesamptlng Interval. it Is I~rtant to stress that ""("1) is_ 
sufficient statistics for II [3]. .. 

The Cramer-Rao lower bound on the "arlance of the est I .. tor II of the W'kftCliloln 
parameter II Is given by (12). 
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where k ·Is the firing rate given In Impulses per second per lUMinance unit. 

Taking p as equal to the size of a receptor {~l. one obtal"s: 
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Since an efficient estl~tor of a exists (at least'asymptotlcally) ... .., 
COf1sider the bo...,d with equality and obtain for the accuracy of the loc.lIzatlon task 
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'roe Chis resul tIt appears as though the performance ·of the systeJII can Improve 
by .ncreufng the sall'pl ing Jnterval so that .01' .• cal1 obtaIn any des/red _tc:curacy.How
ever. the S4mpllng Interval is. shown 'n RWny.psychophyslulexperlmenu to be 11 .. lted 
CO appro"'.nately I sec an..! therefore IncreasIng T Over I sec does not have any 
~reclable .ffect on tn. p.:rfo,...nce of the .syst_. 

Thus. for T· 0.811.0 sec l~J,. and klo/trW- ~OOf 1000 l.-pulse./sec (13),. 
... obtaIn 

L L 
-; • 30 • 10 

.r I. 1 MC of arc. 

DJscusslon 

We have shown in tnis paper thU the experllllenta' results do not contradict the 
theoretical bound on tne performance of an ideal detector •. and in fact our analysIs 
suggests th .. t ttwl system is only sUb.lptlmal. We ue aware of the fact that there Is 
not enough available data on tne statistics of the neural signal In higher levels of 
the syStem and thl nk that bet.ter bounds can be cal culued as more and new data ",III 
IN avallabl.. Expedlftents are Indeed now perforll'ed in. tne visual researdl laboratory 
0' the Technion - Israel Institute· of Tedlnology, In order to learn Ind model ~re 
accurately the statistics of the neural signal in the visual system. At thIs level 
It ,eMS to us premature to offer a possible neural model for the realIzation of a 
..xl...,. 'Ikel ihood estil!!ator al though one can think of ItIOre than one. . 

To su. up. In this short note "4 ans_red the above tnentlone.d question of 
legbl. (3] ..,d others. and off.r an alternative explanation to the "''1 In whldl 
vls~1 system .. y attain the given acc~racy in Vernier acuity tasks In spite of 
~arent Ii.itulons illlPOsed by the re-U".I And optical struc;tures. 
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