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A REYVISED CONCEPTION OF VISUAL RECERTIVE FIELGS
BASED ON PSEUDORANDOM SPATIO-TEMPORAL PATTERN STIMULL

Erich Sutter

I. Introductian

The concent of the receptive field originited in Someathesls, Theso

| the receptive field of a neuron was defined as the skin afos from wilch a
| actile sfirmulis would ialluence the fleing pattérn of a aeuron. Heseacthers

in vision tosk over the concepl to denate those areas of the retira [rom which

+ & cell receives its excilatory or inhibitory ioput.

Moaost of the research in the mammalian visual system concerns teaeld
with receptive fields in ene way of another. [n the more conventional expeei-
mentd Blimuli fre projected onle & S<reen ih frant &f the immobilized eyes
of the animal preparation. while & &ingls rewran in the vidual system s mon-
jtored. Some researchers (7, 8] probe the vibual field ol the animal with a
hand projector to find out the approsimate dite of the excitatory and inhibitory
areas. Other investigators (3, 4, 14, 1L 1) arrived at a more guancitatsve
method by racording the responses to a certain basic set of stimuli, A posd
example i Spinelli"s technigue [rom aur laboratory, Here the responies to
1 small hight or darcik spot stimalus sre Fecerded in 2, 500 evenly distributed,
sequential spol positions, In a cermputer generated display those pasitions
is the vizual Feld for whick the roaponse exceeds o cartaln thresho ld are
matked with light spots [Fig. 1.

Generally a moving or fleshuing stirmulus is wied, Since most cells
feem bo respond to changes in the physical stimulus rather thas o the gea-
metry of the ftirmulud itdell. Except lor this point the time dimension has
ol entered inlo thede raceplive field studies. In other expEeiments, however,
the average delay time betwewsn stimulus and response has been mepgured
(£ 5 &, 13). Although a large amount al valuakle inlormation has been gather-
with these methods, it seems wnlikely that they will be pawerful enough Te can-
*ey an adequate understanding of the syatem at hard, This may be the time
f0 go beyond the all foo restrictive concepts of receptive fold and timae delay
ind face the gencral problem of determining the transler characteristics af
the wisual saystem as defllned by visual input and single unit response. Since
tuch systerms have a certain amount of ""memory’ and may be nonlinear, the
w80 of the Wiener rmethod [or nonbinecar systems and ldentification {1, 14}
verme indicated.

2. Input

Colar stimuli will not be discussed hare since the cat, on which the
experlments were performed, rarely shows caler vision when tested behavior-
ily. Ewerything said here ¢an, at a later tirme, be gencralized for the inves-
bgatioe of color vision in primates. Thuas the input ta the systom ks given by
L pimple Night intensity function (=, y, t] where x and y are the two dimensions
of khe visual field. The light intensity 35 a positive definite function. How-
tver, the Fosponse cocs nob Bearm to depend on the average light intensity, st
leage ax long as the stimulus remales within either the photopic or the s¢stoplc
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range. The Eero level of the light intensity can thus be redelfined ar (ke
of the average |i:ght imtensity. The set of functions ix, ¥. & can then 1. :
chosen as thoe L* space of square integrable intensities. The scalar proiu,,

I!l.tzitujfth dy Iix y. 1) L% . t) -

then allows the chetce of othonormal bases.

Lat us agsume bemporacily that the eystem we are dealing wits 5.,
negligible memory. In this case the redponse at time t (R(t] dopends orty
the intensity pattern I{x. ¥, t=¢ |} where v 15 the time delay. The aEly me s
vant temporal information concerning the systom is thus the delay tosge -
All other inforemation Ls purely spatial and consists in the spocilicatz.n o1
serength and sign {inhibltory ar excitatory] of the inputs from ciifefent rev -
palnts. i i8 described by the functlional

B = F [ LIin, vk}

If. furtherrore. the transier characteristics aro linvar, this oo
repredentod by the integral

R '..r_r 'Il:v:-d}.' syl [yl

For the detormination of f{x. ¥ it 15 suflicient to test the sysneo o
a complete orthonormal set af irtensily [unclions !ik [z ¥l k= fasara..
as given, e. g by 4 Series of 8ine wave gratings in the x and y directie: oac
the cutalf frequency al thi dyvstem, ar by 8 &amall dpok in & lAarge nunie = .

evenly spaced positions as uded in the Spinelll technique mentioned carlzer.

Unfortenately neither lincarity nor zepro memary can be assora:
the description of the single unit responde bo wvisual stimuoli. A comuio
orthonormal set is therefore by no means adeguate for tho investigation
transfer characteristics

E el = F {Wx.y.00; 7] 'EY

We have to reach for a much larger stimualus arsenzl, namely an crigedic -
wlus as given by spatio-temporal Gaussian white noise. Such a stirmuoles o
procimates all possible spatio-temparal configerations within the relevest
dyparnie range to o sulficlent degree of accuracy with a time interval of a
longth.

3. Chiljiae

The response of the system consists of 2 temporal pagtern of aviis
potentials which often ccour in bursts. The same pattern can generally o5 -
reproduced by repetition of the same visval sitmulos svquence.  Bohind 1o
fact may lie one or several aof the following reasons: first, other spcenis. -
inputs to the system; second, sponiamcous activity of the systom itsell a7
third, the probabliistic nature of the functioral properties of i campanosis
It seema therelare ReCESSary 1o obtain the probability density for action -2
ttals by repeated playing of the same noise stimules. Orce an adegquate of-r
imiation o the density |3 abtained if cam Be teeated just like a continuous =0°
Spon&se
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4. Wiener Eernels

Undog the sssumption of translational invarianse io time, the funcrional
QawEE serieh Expansion al Ri{l} seaulls in the Volterra Saried:

At =h + [dudydr blx oy, o Ty, 1)

15)
+Iﬂxdfd"rd-‘~"d!-" de' holw wot-ria'y” 0" Iy, Tilimt, y',
Kie
squsality demands that by « 0 for t<th,
The kérnels hl. can be determinod by erass earrelation [91:
hﬂ = E[R{t)1] average firing rate
hf= ¥, 7l -_FI' E[ BIthIix, v, =) ] (&

?lzil-'ll'-":":'.f'.-r'] : -p.Ij E[ Rithlis yoterd Un', y t-g'3]

whare p is the power level of the
white noise input

The encrmously high dimensionality of the higher order keroels makes
icomplete calculation of kernels of higher than firast or second order wirtally

mpossible. However, certain mateix elements which may be of particular
dgrest eould be jndividually caleulated.

If the probability density of epike responses i8 not accessible, single
jmpaks (0T Bpikes) can be interpreted as digerels responses, The respanse
-a5et can be accurately defined by the first spike in the harst while tha steengeh

{fthe response i3 given by the nember &f spikes in the burst, The sesulting
wiponse [unction is given by

i) E a, E,{:-l.l:l 17

1
stremgth of the ||l'h. rgSponse

& =
t, = tiime al the LM rasponsa

Ts expressions for the first three Wienes kernels thes becomao;

n
1

hl:l = T i.:EI g average rtedpanie strength 18]
s n &

| response Felated ue-ghted
hyfx, v, ris s EI. ~ I,y t=7) average of stimulus epachs

i=
] A&
hz ey .y e E llfx.w. bee) Ux',y' -r)
T

spatto=-temperal sovariance matrix
355



Dealing with this type of discrete responsie rather tham with "F"h'
nrababllity densitica defimitely has its drawbacks. Lt is not likaly thar H
resulis will Be pmd-mr:d. when the firing rate of the cell is pris iy 1mh ..
by the stimsles, In such instances the absence of spikes has v be inie Py nn
A3 A TEIPOREE. Absences, however, are impossible to deflme i the avrrag

firing rate is already low, as in the case of many cartical cells.
3. Pilot Stady

In the preliminary study certain slmplifying assumplions werse o
maialy Lo order ta meel the limitations of the availalble eguelpment. Firat
duting & cantinuous spatig-temporal whity neise slimaivs i no bebyvial -nar.
One ohatacle is the flicker produced by ordinary TY scan and moties posess
film. & simple way to produce a contlouous ooise stimalus comsista o - -
white noisge to the x, y ard intensity inputs of the display scope. Althouse .
a stimulus does aot mect the spectral requirements of Gaussian whiti o
it proved adeguate far obtainkng a rough estimate of hi.

In this exparimont the respinees ware conide rid digerele. A 1ule-
amalyzer wak designed (o select burses and measuro their strenghh by
the number af spikes. The functioning al the analyzar b8 explained i 2o,

Fig., 3 shows the gereral arcangomeant used [or the redcarding &o=a
A single tape is run through two adjacent tape recorders. The ane e die 1
peproduces the stimulud whil= the sne on the loft recordd the single writ 1-s
sponse on a different track of the same tape. Note that tho temparal ¢
ship between stimulus and response id preferyvid.

In the subseguent data procedsing the arrangement shown in Fig. & .8
usqgel,

The stimulus is played back just as in recording fesston vxcod @ o !oe
fact that the beightress imput £ is only triggered for 2 3 ms iaterval when=s-r

the pulse anbdlyzer detects a redponsc in Ehe recorded fring gatiern oD e ..

The brightness pulde id proportional to the nurmber of fpiked in Bhe Tespon s
such that the brighmess of the display is weighted accarding to the strec

response ta which it is related. By adjusting the distance betwoen the s 50 -

recorders with the help of the microdrive, the 3 ms interval of display can
chesen to precede the response by a given time T. [t can thus Be madle 3o ..
m:,r-,u-h-qrc withia the stimuelus epoch velevant to the response (Fig. 3

A camera with an apen shutter located ln [ront of the scops Screen
the averaging by summing wp all the § ms flashes displayed.

For evecy setting «f the advanes tirme T an average picture 13 ohiaise
By wvarying T in small steps, the whole relevant atimules epoch can < svanee
Thus 8 sequence of photegraphs is abtained which illustrates the Spatie-t-ine
structues of the avecage responso rdlated stimulus wpach.

The question arises a8 to how long a recording session has 1o be
to produce adequate results. In the case of a finite sample, the eatimady 5 -
the fiest Wiener kernel hy i8 egual 1o the sample mean

1 L i
T — = = I
bl - - a tlh.:r.ll +}
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Eﬂi,: fandam variable

1
“=?'L [l:::--f,!.l-ri (1]
isce Var My« L VarX (11
w hawe
farﬁ frh = Var[ & Nx.yit-vi] {12
I n P i i ]

The variance of the stimulus input itsell can b taken as an upper

qurd for the variance lix, y. LL'T] at the fix paint (x, vl LE 2, 500 egually

ged pointd arc to be resalved on the display sereen, it can be assumed
saf perhaps o thoussnd of these are the origin of an appreciable input to the
(1. On the average, each input thas contributes sne-thoogsndth of the rotsl
pIpans L If three intensity levelds are 6 b resolved, the number n of dam-
aep in formula [12) above [or the varionce af the estimate has 9 be chosen
WEgEF than 3,000, The average redponse rile i of the arder ol one pere
scond such that the 1ime requiced faf the callestion of 3, 000 samples amounts
& about 93 minutcs.

This §s & very rough estimate, The fact that the thousand inputs da
ol contribute equally reduces the peguired time. On the sther hard, pot sll
wspomsed Are stimulus related, simce the input-outpet refationship is can-
aminated with ather, unkpown inputs as well as spontaneous activity. This
safamination, of ceurse, requires a lengthaning of the recording time,

The pesults shown in Fig. & were obtained {rom a hal{-hour record of
kimple cell from the primary visual cortex of the cat. The pictures reprc-
sat & compuier processed version of the photographe and distingusish &, 500
aints, sach with three discrete intensity leveldi. The poor spatial resolation
#partly dug to inaccuraze reproduction of the stimulus in different replays.
e virlance 1o the position of the scope trace amounied to more than (0 per-
#nt of the horizontal dimension. With better equipment and the real spatio-
tmporal Gaussian white noise stimulus, a much higher resolution could be
zpected [rom a record of the same length.

It soermed nocessary to devise an experimental vest for the spatial and
emporel resalution af which the expesimenta] set-up {5 capable. Far this
urpose a simulatar with vepy well defined transfer characteristics was de-
epred, It's functiom is illustrated in Eig. 7.

l Two photo dicdes monitor the averags Light iatensity of twa parallel
jare in the visual fieid. [f the light inténsitied reach their redpective thresh-
twa "nourons' A and B fire with & tifhe ltelhr T. A éonnection [ram
o A ighibits & whenever I Pires. This inhikition acrived at A with & delay
0 ms amd lasts for a period of 12 mé. A, whigh is being manitered, will
reflare fire &t some arbitrary time t if and anly if the light intensity on bar |
eeds threshold at time t-T and the light intensity on bar I was below thresk-
from time t-T-10ms Lo 4-T-22 m=. The estimate for h, ebtain ed fram
W-minute recard shows that the average stimulus epoch in the exporiment
pPproaximates Lthe ;F.ru-ﬂ.cu-n:l spatiostem poral structure guite well [(Fig. 8-

E. Conclusion

The pilat study shovwed that, in splte of the large number of inputs
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which have to be resolved for adequote apatisl resolution, a w""'""‘""-‘.."P-r
analysis can be expected ko produce resulis from recording sedsions |aar..
ane¢ of two hourd. In erder to make the investigation more quantitative .
to extend it to the Second crder Wiener kernel, it will be necessary 1y 2y
a highly reproducible and well defined spatio-temparal Gaussian white 4.
stimulus. The same stimules should be presented several times 50 crgaey .
obtain & continuous spike density function for processing. If the indiviri,,.
response records are stored separately, the Wiencr methed could vves -
refined for & more detailed investigation of the respanse sEroclure, Wi,
colored naise and an adequate increase in record length, the technigue .4
readily adapted to the investigation of color vislon ie primates.
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FIGURE LEGENDS
Example of a plot obtained with the Spinelli technigue.

Actual scope traces illustrating the Function of the pulse analyzer,
If two subdeguent spikes do not fall within & given time integsval '_["
the criterion for the onset of a2 response i not met. MNo titput in
generated [top frame). U the criterlon i3 met [(bettern framel. an
integrator steps up the valtags with every spike. At time interval
T2, after the fArat spike. a 3 m3s puJu propariionil] to fhe I.'Ell.l.tl:lﬂ'
lavel s gensrated al the output,

The recording arrangement.
The proé¢edling arFangement.

The top liae symbolizes the stimulas, the battom line the correapun.
ding diserete rasponses. The stimulus epoch which is related w the
response id filled in black. A 3 s section (initiated by hatching) v
flashed onto the display acreen with an intensity proporticnal to the

strength of the corresponding response. Fhotographic summation of

all the flashes redulis in & single frame out of the average stimuluas
tpﬂﬂh.

Average stimulus epoch of a simple cell in the primary visuval cofies
af the cat. The zero point for the time indicated ta milllseconds below
#ach frame is the first apike of the response bursi.

The functlon of the test stmulator (See bext).
Average stimulas epoch cbtained with the test simulator. The comnsoe
tlme delay [See Figure 7) which only produces an overall shift in aume

has been choaen to be zero, The first feame indicetes the actual ouiliza
af the two bars.
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