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~normal (unstabilized) conditions. Evidence is also

- ABSTRACT

In the first part of the present research the percep-
tion of contour has been studied both from a theoretical

- and a practical stand point.

Some experiments have scen carried out by the

stabilized-image technique to investigate the dependence
- of the visibility of contrast-borders on various factors,
“in the absence of movement of the retinal imeges. It has
“been found that the time during which a subject is able

to see a stabilized contrast-bordcr d2pends on the same
factors which affect the threshold of visibility under

presented for the existonce of interactions between a

stabilized contrest-border and an unstabilized border,
.and also for the possibility of conditioning the subjective

disappearance or recappearance of a stabilizcd object upon
the intermittent presentation of a s»cand stablllzed ob;ect.

In addltion, using normal viewing conditions, subgects

- were requested to rcport whether a given transition
between two uniform fields of differcnt luminances

appears sharp or blurred. In the casc of a stecep edge, the
sensation of sharpncss ariscs when the percent contrast

exceeds 17%, in photopic vision. At mesopic and scotopic
‘levels a higher contrast is necded for reporting the

sensation of sharpncss. If the distribution of luminance
is rendercd graded the sensation of sharpness is reported
if the slope of th: graded zonc docs not exceed a limit-

ing value which is found to be thc greatcr, thc greater
the difference between the luminances of the two uniform
~ fields. Thus, onc cannot speak of “llmltlng" slope in
~an adsolutc sensec..

' In the second part the perception of brightness has

‘been investigated. By fixating a uniform field of a few

degrees diameter, in monocular vision, a cyclicel varia-
tion of brightness has been tested, involving a pericdic
blackout. Such an effect is reported after a suitable
training pcriod, and in addition some differences are
tested between the two eyes. This suggests a possible
connection with eye dominance. In binocular vision only
a faint fluctuation of brightness is tested, possibly
because of a phase shift between the fluctuations of the

two eyes.
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In the empty field the monocular fluctuations persist
for a few minuts only. In binocular vision the narrowing
of the visual field is tested, presumably because of the
partial overlapping of the two monocular fields.

Last, in the attempt of building up a structured

situation starting from a "shapcless" element, the in- .. .

duction efiscts observed when presenting a number of
thin back lines of variable thickness on a uniform
bright field have been investigated.

The third part is concerned with the effect of blue

light on retinal sensitivity. By taking as an index the
criticel flicker fraquency, en unexpected increasc in flic-
ker sensitivity is tested at about 15° - 20° of excentri-
city when using high frequency - high intensity blue
timulation. Thus, if the narrowing of the visual field
testcd when driving high spced vchieles is duc to the
fact that the fusion of intcrmittent stimuli occurs
earlier in the periphery than in the fovea, on the basis

- of our results the possibility of renorting an annular

visual ficld, for blue stimuli, is emphasized.

In addition, an electrorctinpographic éxperiment secns
to show that, when adding some red light to a blue stimu-
lus, the size of the scotopic b-wave is depressed.

The fourth part deals with somc training and long-
term adaptation effects concerning thc elecctrorctinogra-
phic response. Such effects are quite new and exciting,

~ in that the electroretinogram is usually regarded as an -

'ob jective" response, while now its behaviour seems to be
similar to that of many perceptual tasks. The fact that
the response lcvels change from day to day without any
subjective awareness may be highly relevant to.many

~monitoring tasks such as Radar observations, etc.
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1=~ INVESTIGATION OV THE VISUAu PERCEPIION OF CONTOURS
 ON_THE VISIBILITY OF STABILIZZD CONTOURS

R B Introduction.f} W”M;m“«mANMﬂ;mﬂm;%_;,W;Wbdﬁﬁ;mwmw,

' The edges of an obaect or, more generally, ahy

‘'more or less sharp transition from a homogeneous zone

in the visual field to a neighbouring zone having dif-

ferent luminance represent a critical region for the -

visual response. llutusl interactions between neighbovr-
ing units stimulated at different levels are known to
occur in the retina and also in the higher synaptical
regions, and to be responsible for the enhancement of
contrast at both sides of a contour. However, the ex-

~planation of the visual contour 2ffacts in terms of
‘mutual interactions is complicated by the fact that,

under normal viewing conditions, most retinal receptive
units are not stimulatad at a2 constant level for more

 than a small fraction of a second, because of the
.movements of the eye wnich cause the images of the
observed objects to move witk respsct to the retina.

The usually observed contour contrast c¢fTects are
therefore the results of interactions between r2sponses
to stimuli which vary 1n tims as a consequence of eye
movements, -

The effects of eye novements can be prevented by

- the stabilizéd-image tech..ique. We have used this

technique to investigate some aspects of the visual
perception of contours. The results of this kind c¢f

investigation may be considered as a first step in the

more general research on the visuzl contours effects
and provide some knowledge of the tehaviour of the
contour-response mechanisnas in the simplified, although
unrealistic, case of steady stinulation.

The technique used for the experiments reportod
in the following sections has been devised by Riggs

an coworkers (1) and separately by Ditchburn and

coworkers (2) (contact lens technique). The apparatus
has been described elsewhere(}),
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2. = Subijective blur of a stabilized test object.

: When the image of a sharp-defined object is
- stabilized on the retina, subjective blur is reported
after a few seconds: the image of the object appears
progressively diffused und finally disappears. The object
usually reappears after some time, either sharp-defined
or with diffused borders, and then disappears again and
S0 on.

_ The subjective blur of the stabilized image can be
ascribed either to involuntary fluctuations of accommo-
dation which would throw the retinal image of the object
out of focus, or to an impairment of the retinal contour-
sharpening mechanisms, due to the constraint of movement.
Involuntary fluctuations of accommodation are very like-
ly to occur, especially when no unstabilized fixation
spot is provided, but they are not the only cause res-

" ponsible for subjective blur. This has been proved by

an experiment where accommodation was paralized in the
- observing eye of the subject by instillation of a cyclo-
pegic drug. ‘

The stabilized test object was o black vertical line
(27 min arc length, 3 min arc width) on a bright cir-
cular field 1° diameter, 1 nit luminance. The observer
reported subjective dblur of the line during a large
~fraction of the time during which the stabilized line
~was visible. '

The observation time was 60 sec. The total time
during which the observer was able to perceive the line
" was 35 sec (average of threec ‘6bscrvations). The total
time during which the line was subjectively sharp was
15 sec (average of five observations).

Subjective blur was reported during stabilization
also for different test objects, nemely a bright spot
13 min diameter on a dark background, and a bipartite
photometric field, 1° diameter, with a differcnv luminan-
cc in the two parts.

P
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'3;'- Visibilitx of a 1uminance difference as a function

of the sharpnessof the edge.
~ The visibilitj ‘0f the luminance difference bet—.

~ ween the two parts of a bipartite field, 1° diameter,

whose image was ctabilized on the retina, has been

“investigated as a function of the objective sharpnessfm”mw“°”m"”

of the edge between the two parts of the fldld.

The two parts of the fleld had the follow1ng lumlnu
ances: 0.5 nits, 0.2 nits. The vertical edgc between
the two zones could be either sharp or defocussed by

‘a variable amount. The degrece of blur will be indicated

by the size of the diffusion spot in the optical image -
of the target projectecd on the viewing scrcen and whigh
was uscd as test object. The diffusion spot in the

- test object had the follow1ng sizes: O, 5, 10, 14 min
arce. : , ‘

Thc obsorver prcssed thc kcy of a record1nu dcv1se

'whenever was able to perceive a differecnce in brightncss

between the two zones of the field. Ten observatlons
have becn made for the sharp edge as well as for cach
of  the threc defocussed edge test obaects. Each obsecr-
vation lasted 60 sec. .

The total time during which the brightness differ—

-ence was perccived during the ten observations has been
-averaged and expresscd as a percentage of the total

observation time. The rcsults arc rceported in Fig. 1.

'~ The figures shows that the decrecmcnt in contrast sens-

itivity produced by an increment of objective blur of
the edge is emall as compared with the overall loss
of contrast sensitivity due to the constraint of
movement. (The brighitness differcnce was perceived

~ during the wholec obscrvation time, when movem@nt was

not constrained).

It has scemed of 1nterest to comparc these results
with thosc obtained with a tcst objecet having the same -

- 8ize and the samc brightness differcnce as the previous

onc, but wherc the smooth luminance transition betwecen
the two parts of the fiecld (thc out of focus cdge) was
absent and the two homogencous zones werce scparated by
a dark intcrval having onc of the following widths:
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5, 10, 14 min arc. The edges between cither of the ho-

mogenaous parts of the test objeet and the inncr dark
interval werc objcctivecly sharp.

The observer reported the time during wkich the
brightness dificreiice was pnerccived. The results are
rcported in Fig. 1 (dottcd linc). These results agree
- with thosc obtaincd by Clowes (4) and indicate that
the absence of a smooth lumiasnce variation betwecn
two zoncs having different luminances greatly impairs
tha maintcnance of brightness-diffcrencc scnsitivity,
during constraint of cyc movements.,

4o - Visibility of a sharp-cdzed tcst objcet as a

function of rctinal cexccntricity.

The time during which a2 small, sharp-cdged test
object is pcrccived -nder constraint of ocular movements
depends on thc location of thie object with respcet of
the fixation point. The dependence of the time of
visibility of a black vertical bar (27 min arc length,

3 min arc width) on a bright circular fiecld, 1 nit
luminance, has bsen investigated in two conditions:

1) stcady voluntary fixation, with constraint of volun-
tary noveomcnts, 2) complcts stabilization, with const-
raint of voluntary movecmcnts and involuntary movcments.

A paper-on this subjcet, by AJdi.Ercolcs and 4. Faorcnti- -

© ni, will be pudblished in the journal Atti Fond.G.Ronchi

_Vol.XVII, No6 (1962).. )
The rotinal cxccntricity ranged from 6 to 150

min of arc (angular distance of thc tcst line frem

the fixation point) Circular brizht fjclds of threco

differcent sizes have becen used (1°‘ , 3° diamcter),

The time duringz which the test linc rag visible was

rccorded during thc obscrvations, vhich lasted 60 sce

cach. Thc durations of singlce intervals of visibility

where availaslc from the rccords.

Tha rcsults arc rcportcd in Fig. 2, scperatcly for
the two subjccts who carricd out the cxperiment. Edch
point in the figurc rcprceonts the average of at lcast
cight data rccordcd on different days.

.g.;.;;!.é-};».,.&:.ﬁ&::-m»u«-.! T

Y
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The results obtained with stecady voluntary fix-
~ ation confirm thet the involuntary movcaents alonc arc
not cffective in maintaining stcady visibility of a
doctail cven if this is imaged in the fovea, and show
that thc cffcctimacss of these movements deccreascs by
‘& considerablc emount whoen the coxcontricity of the
dectail incrcascs from 6 to 150 min of arc. Involuntary
~ fluctuations of ac*ommodatlon arc nosslbly rospon51blc
e in part for this result., . [ .

The results obtained with thc,stmpilizod image
technique arc morc significant if we tonsider the dur-
ation of thc singlc intcreals of visibility, rathecr

~ than the total timc of visibility of the test object.
The frcquency distributions of the singlc intcrvalsof
visibility of the linc for the various retinal -loca-
tions scem to bc bimodal. The mode of the short-
duration branch of the frecquency distribution curves
could indicavc the most probable duration of visibili-
ty of thc tost objeet when the stabilization is naint-
~ ained rigorously constant. The diffcrchece between ‘
- the modes of thc two branchcs of cach yarve would
‘ - indicatc the most probable increment ot the time of
j - visibility duc to a brecak-down of stapilization
(sli’o,;agu. of thc contact lcns broughtl gbout by a
1 sharp movcicnt of tho eye, or: convuls1vc change of
4 accommodation). If this intcrprctation is corrcet, our
- —-data would show that thc visibility of thc teost objeet
under complcte stabilization dccays morc rapidly at
150 min cxcentricity (average visibility interval 1
" sce) than ncar thc coenter of the fovea (average visi-
bility intecrval 2.5 scc). Horcover, a brecak-down of
stebilization is morc cffective in lengthening the ti-
me of visibility in thc fovea than in the parafovea.
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A continous rccording appsratus was uscd to record
the time during which the subjeet was able to perceive
the disc and, scparatciy, the timc during which the ring
was presented. Two subjccts took part in the experiment.
The stinulus luminance was 1 nit for subject AM.2. and
0.6 nit for subject A.F.

A session consistcd of two obscrvations of the disc

alone and of cight observations during which the ring
was presented at various rates and witn light and dark
phases of cqucl duration, while the disc was steadily
illuninated. Each obscrvation lasted 60 sec. The periods

and 10, 8, 6, 4 scc for A.ll.E. Two obscrvations for
each period werc made in 2 scssion. Six scessions were

. carricd out by A.M.E. and f£ive hy A.F. One further scs-

sion carricd out by A.F., consisted of ten obscrvations
during which the ring was not prescnted 2%t a constant
rate, but was delivercd 0.75 scec after cach subjcctive
disappearance of the disc and was rcmoved 0.75 sce
after each subjecctive rcappearance of the disc.

The results for subject A.F. arc the following.
For ring periods of 8 and 6 scconds, the fluctuaticns
of visibility of thc test stimulus arc aperiodical, the
occurrence of disappcarances and rceappcarances of the
disc being little corrclated with the prescntati ons and
reiovals of the ring. For the 4 sec period, the rccords
of the timc of visibility of the disc arc pcriodical:
7#% test stimulus rcappcarances irmcdi:tely follew the
onsct of the ring and 88% disappcarances imncdiately
follow thc removal of the ring. liost of the remainig
disappcarances and reappearancces occur sinmultancously
or immediatoly precccd the removal and the onset of the
ring, respcctivcly.

" For the period of 2 scc the situation varied during
the experiment. During the first scs=zion, the first
rccord was apecriodical, with an everage duration of the
visibility~invisibility eycles much greatcr than 2 sec,
whilec tho sccond rccord conteincd a train of six 2 sec
cycles. All records fron the following sessions were
periodical, al-ost 211 appcarances and disappcarances
of the disc being cxactly synchronized with the onscts
and rcncvels of the ring.

For tho othur subject the samc rcsults arc found
for periods respectively 2 sce longer

of the ring presentaticns were 8, 6, 4, 2 sec for A.Fe

MI




.- I;
o N

e il I L I N
AR N T B

[

-9 - )
= '_;z/

5. - In 1uence of a staoilized or non—stabiliZed contrast

borger on the visibility of another stabilized borde:

' The presence in the field of yiew of unstabilized
contrast borders can affecct the visibility of stabilized
objects. This fact was pointed out by Mc Kay (5), who

noticed that, if he introduced his finger in the field
"of view of the eye wearing the contact lens with the

';z.stab111z1ng dev1ce, the stablllzed pattern 1mmed1ate1yz~¥~um“m
- disappeared. :

.We have investlgated the effects on the v1sib111ty

- of a stabilized test cbjcct produced either by an un-

- stabilized object or by a second stabillzed -object -

. presented 1nterm1ttent1y.

In the flrst experiient the stablllzed test obaect

‘j was a bright disc, 13 min arc diameter, 1 nit luminance.

It was surrounded by a bright narrow annulus, 1° diameter
sonewhat brighter than the disc, whosc image was not

‘stabilized. The subject was instructed to look at the

~ center of the annulus during the observation and the

- projecting system of the stabilizing apparatus was

arranged to center the stablllzed dlSC w1tn respect to

~ the flxatlon p01nt.

'Ten obscrvatlons, of 60 secc each; have been made
with the annulus surrcunging the disc, and ten observa-

"tions have been made without the annulus. The tinme

. 44%/—ii‘“

. _ |
' ‘1

| .
1

v : 4 Co ‘
. | .
, [

1
|
|
l

during which the obscrver could perceive the stabilized
disc was recorded. The total time of visibility of the

~disc, cxpressed as a fraction of the toaal observation
“time, was 0455 in the obesrvations with the unstabilized
;}annulus and Oe«71 in thc observatlons w1thout the annulus.

Thls conflrms that the prcsence of an unstablllzed

- object impairs the visibility of a stab;llzed object.

In'the second experinent the tost-bbject was tﬁéwi““"mwm

 sane bright disc used in the first experiment. It was

surrounded by a bright ring (inncr diameter 26, outer
diameter 3 nin cf arc) whosc image was also stabilized.
The ring could be presented intermiittently at various
rates of 1nterm1ttcnce, during steady prescntatlon of
the disc,
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/A progressive incrcasing piriodicity of visibility
énd invisibility phascs was found in the rceofds from
the 3cssion vhere the presontctions end renovals of the
- ring wore delaycd by a constant aicunt with respect to
the subjective discppecrances and rcappearances of the
disc. In the first fow rccords thc fluctuations of vi-
sibility of the test stinaulus scen to be largely in-
dependent of the ring presentztions. In the internediate
rccords the prescntations of the ring are always close-
ly followcd by a rcappcaraznce of the disc, while the
~renovals of the ring do not always bring about & prompt
-disappecarance of thc disc. In the last records appear—

ances and disappcarances of the dise arc alnost conplete-
ly driven by the ring. -

Alltogothor the results of the prescnt cxperinent
confira the poesibility of influcncing the disappcarance

- . and rcaph2arance or a stcadily illuninatcd, stabilized

objeet by inteoralttent prosentation of 2 second stinu-
lus. For this to occur, ho.cver, the sccond stimulus
has to bo removed when the stcady stioulus is elmost
recady to disappcar svcntancously, or prescnted when

the stcady stinulus is aliost rcady to rcappcar; other-
visc the internitteont stinulus can scarcely intcrfere
witk thc stcady stinulus. (+)

6. - Discussion.

The rcsults of tho experinents rcported in the
- scctions 2, 3 and 4 can bc summarizcd as follovis.

The visibility of a brightness differconce between
"two adjacent arcas is nzintaincd only for a linited tinec
during steady stinuletion. When the two arcas erc divid
cd by a sharp cdge, the scndation of sharpncss decays
norc repidly than thc scnsation of contrast. The time
during which thc brightncss diffcrcnce can be perccived

(+) This cxperinent has been doscribed and discussed in
the paper "On some factors influencing the disappear-
ance of a stabilized inage", by A.Fiorentini and
AM.Ercoles, prescnted at the 6th CIO liceting,
llunichn, August 1962.

'0"
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18 not vory sonsitive to an incrcase in the physieal
. blur of tho cdge, whercas it decrecases very rapidly
whon the soparation between the two arcas increases,

if no snooth luminance transition is present in betwecen.
The time of visibility of contrast deercases rapldly
W1th increa31ng retinal excontrlcitlcs.

All these rcsults reflect in eome way the behaviour

of the contrast threshold, mcasurc under norr 1l (un-

stabilized) viewing conditions: the liminal contrast

- required for thc sharp perception of a physically

sharp cdge is hlghcr than the lininal contrast requir-
ed to pcrccivc a brightness diffcrence (6); tho 11mina1'

N ,lumlnanee difference between two homogenous arcas
~required to peceive a brightness differcnce is smaller

if a smooth luninance transition is present between the

~ two arcas, than if the interval in between is dark (7);

the contrast threshold for a test object of constant

’3120 decroaees when 1ncrea51ng rctlnal excentrlcity (8).

Wc corld say that thc sene factors which affect

"?‘contrast scnsitivity when the eye movements arc not

~constrained, affcct the maintcnance of contrast v:\r-

\ fosibillty 1n thc abscnce of novedcnt.

Thls fact would havo two inpllCatlonS. Flrst, the
eye novements should not have a great role in enhanc-

‘ing the contrast or contour perception, but mecrely that

of nmaintaining the contrast rosponsc in time. In other

words, spatial factors, nancly changes in illumination
- .across small rctinal rcgions, would prevail with respect
" to tcmporal factors, namcly changes in illumination at

" a given rctinal point duc to cye novenents, as far as

the contrast sensitivity is concerncd. This agrcces with ™

' " what is known about the role of cyo novenents in acuity
rthrcsholds. (9) ;

Second, thc duration of v191b111ty of a brlghtness
diffcrence or of pcrception of a contour does not dcp-

 end nerely on the objective luminance differcnee, but
-rather on the subjective brightness differcnce. For
- instance, in the experiment with the bipartite ficld

(scetion 3) for the same luminance difference betwaen
the two parts of the ficld, the tinme of visibility is
longer in the precence of a smooth luminance transitio
(which énhances thc scnsitivity to luainance differen-

ces) than in the presence of a dark interval. The deca;




lf contrast sensitivity under prolonged constant stirula-
tion occurs probably not at the receptér level, but at
further stsgje in the visual path, where the response is
ealaboratc to introduce contour énhancemeénik.

L Let us consider now tho rcsults of the experiment
cported in section 5. The progensce in the field of view
f an unstabilized object depresscs- the visibility of a
tabilized object. This can bc accounted for in part by
he morz accurate fixation allowed by thc presence of the
stabilized ring: in the absense of the ring the eye
ould pcrforn uncontrolled novements which would possibly’
estroy stabilization. However thc effect could also de .
ue to an inhibition of th¢ stzady response from the sta-—
ilized object Ly the variable response from the unstabi-
-lized object. The interactions between the stabilized
isc and the stabilized intermiticnt ring scenm to be
omewha’ diffcrent, because the prescntation of the ring
acilltatcs the reappearance of the disc, and thc 1emoval
qf the ring anticipstes the disapiearance of the disc.
Both exjpcrinments however agree in showing that it is pos-
sible .to influencc the time course of the response from
d steadily stimulated arca by changlng the stimulation of
2 different area, at uome distance from the first.
§ In some previous researches (10)(11)(3) it has been
shown that a stabilized tcst object can be prevented
from fading away by flickering it on and off, and this
was considercd as a pruve that a variation in the ‘stimulus
is required to tizintain the risponsc in the absence of
movenment. Here we arc faced with the evidence that the
response can be controlled by changing the amount of
inhibltion from 2 laterally displaced stimulus. This points
‘again in favour of th¢ hypothesis that tho dacay of
sensitivity produced by the constrzint of movement is
~ a' consequence of fatigue of the coutour enhancing
méchanisms mediated by latersl inhibition, rather than
the result of a depression of the rcsponse from the
s?eadily stimulated rctinal recepiodrs.

| Possibly the retina is not the only seat of interac-

'tions between the responses %o a steady stimulus and to
"a variable stimulus. Evidence {or central interactions
can bc found in the closc analogy between the suppression
of the stzbilized disc by the unstabilized ring and the
phenomenon of binocular rivarly, as was first pointed out
by lMacKay, and also in the incrcasing efiect of the pul-
sating ring on the stzbilized disc from the first exper-
imental session to the followings.




100

TIME OF VISIBILITY

w
o

-13 -

~. _ BLURRED
. T, INTERVAL
_‘-:' | 1 5 T
QB 4015 min

L RO B 1 e 1G5 e b it

- TIME OF VISIBILITY

|

o
o

o~
o

20

SFPARATIOH lWEEN THB TWO PARTS oF =
‘ THE FIELD g

F:Lg. 1

A . AF1° field

o AF 2° field
X AF 3° field
A o

- AME 1° field
% HORMAL o

|
|
|
I
|
|

. 0n> X

~ STABILIZED

1 | 1 1 ),
30 60 90 120 150 min
. BETINLL SXCTNTRICITY ’

Fig. 2




- 14 - /

REFERENCES

(1) - L.A.Riggs et gl., The disappearance of steadily
fixated visual test objects, J.opt.Soc.inm. 43,
495 (1953)

(2) - R.W.Ditchburn and B.L.Ginsborg, Visica with a

'stabilized retinal imege, Nature, 170, 25 (1952)

(3) - A Fldrentini and A.M. Ercoles, Vision with stabi-
lized images and intermittent illumination, Atti
__ Fond.G.Ronchi, 15, 618 (1960) —
(4) - M.B.Clowes, Some factors in brightness discrimin-
ation with constraint of retinal image movement,
Optica Acta, 8, 81 (1961)

(5) - D.M.MacKay, Monocular rivarly between stabilized
: and unstabilized retinal images, Nature, 185,
834 (4960)

(6) - M.Bittini, Subjective sharpaess and contrast
threshold, Atti Pond.G.Ronchi, 17, 387 (1962)

(7) - H.W. Haka and E.Auerbach, Spatial effects in foveal
brightness discrimiration, J.opt. Soc.ﬂm. 46,
274 (1956)

(8) -+ V.S.Stiles and B.H. rawford, The iiminal bright-
ness increment for white Jight for different

conditions of the foieal and parafovecal retina,
Proa.Roy.Soc. B 116, 55 (1934)

(9) - U.Tulunay Keesey, Effect of involuntary eye
movements on visual acuity, J.opt.Soc.An.50,769
' (1960)
(10) - R.W.Ditchburn, The stabilized retinal image,
Optica Acta 2, 128 (1955)

(11) - P.N.Cornsweet, Dotermination of tae stimuli for
involuntary drifts and saccadic eye movements
J.opt.Soc.hm. 46, 987 (1956) '

B TR S

-
%
¥
kY
4
Y
5




Arapnemd EABIEAS XL

TR g T IO, st e

Eaatio st S TR SRS

B =15~
' ON THE SENSATION OF SHARPNESS

'Our cbhtribution in this arca is reported in de-

tail in five papers(1)(2)(3)(4)(5).These works aim at

determining:(a),under what conditions a physically «
stccp border appcars cither sharp or blurrcd,(b),under

" what conditions a gradcd distribution of lunlnancc ap-

- pears sharp.or not,and (c),which is thc physiological

mechanism subscrving the perccption of sharpness.Both

- the threshold of visibility at thc threshold and the
~—~thrcshold of sharpncss of physically contourcd test-
objeets have bcen determincd at various luminance le-

vels.The ratio of the luainancce at threshold of per-

- ecption,to the luminance at threshold of sharpness is

found to vary as a function of thc zdapting luminahce
as shown in fig.3.In addition,thc thrcshold of sharp-
ness has been found to vary s a function of thc cxXpo-

- surc time as shown in fig.4.

Now,if a stcep cdge is rcndered gradcd thc byc.

feels a change in the aspect of thc figurc as soon as

the sizc of the penumbra attains 2 or 3 min. of arc of
visual anglc,according to Campbell's criterion(sce:

- Optica Acta,4,157,(1957)).Such a valuc is found to dg-

pcnd on contrast,in thc scnse that the lower the con-
trast,the more tolcrant the cy¢ is. -

If the graded zonc is further dcercascd,sharp llach
bands arc sccn to dollnltatwwelt ,up to valucs of the

- penumbra of about 20-24'; such a valuc is agcin depon-

ding on thc contrast valugintcrprctcd as the pcecent

" diffcronce of the lunininccs of the two uniform ficlds

cnclosing the graded zoncj;howevcr,the dependence on
contrast is now tested to be OPPOSItL w1th rosocct to

~ that rcportcd by Campbell,

If the sizec of the graded zonc is 1ncroascd from
24' on,according to Fiorcntini's rcsults(sce ycars 1955
through 1959 of the "atti dclla Fondazionc G. Ronchi),
llach bands arc sccn up to extents of thc penumbra of
4-59°,Thc bands ,now,have lost thecir sharpness and vi-
vidness,which,on thec other hand,is tcstcd for pcnum—

NOTE~-For bibllogruphlcal rcfnrcnccs scc the "Llst of
Tcchnical Notes".
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brac smallcer than 24'.The dependence on contrast of the
sc bends is found to b: complex.
In the gradecd zon: of any size,multiple lach bhnds
are scenyoften transitory and fluctuating.
An analysis of the rcsults obtaincd by verious au-
thors brings to the conclusion that the discrcepancics
as tD thc above riported dcp.ndence on contrast,in the
various cas.s,is only upparunt and illuosry,in that,if
nc cvcluate the slope H of the graded zone,av the thre-
shold of visibility of .iach bunds,wc find that such a
quantity incrcascs lincarly whcn the lutinanec difforen-
c¢c between the two uniform ficlds is increescd.If we
regerd H as the first derivative of the luninance fun-
ction f(x),rcprcscnting the photomctric profilc with re-
spcet to the spatiel coordinate x,it follows that,if al-
.80 the luaincnce L of onc of the two uniforma ficlds is
taken as & variable,iiach.bands crc scen for a2 given con
stant valuc of the sccond derivative of the said fun-
ction with respcct to both thc veriebles,x and L.
. Thus,onc cannot swcak of "limiting slope™ in -an ab-
' solute scnsc. o
Thic physiologiccl explaiaction of ths crove descri-
‘bed of?cet is ruportcd in dctcil in ref.{4).Here it will
- be briefly summorizcd 2s follows.
' By regarding cs incxistent thc old distinction bet-
weer "border contrast" and "surfacc contr.st',we will
- speak in tirms of siultancous contrast in the gencral
scnse of the word.In addition, we will dsunce that lach
phenoocnon ariscs wlso in the 8¢ casc of o« physicclly
. steep cdge.There ic a controversy on this point,howewer
microphysiologiccl .vidcnee plays in favour of our as-
- suaption.Last,according to our voint of vicw,scensation
- ~herpncss(in the ccsc of & physiczlly stcep cdge)
ci. .ach phenoacnon arc subscrved by the scac mechanism
vuich ie activatid when the diff.rence between the lumi
nznees of trio nétby ficlds is sufficicntly high.
dc think that such un activation occurs when the sti
mulus is zo intonse that a chenge in the state of ada-
ptation of the cyc is prcduccd at thc "locus" of oti-
mulation.Such a chconge would iuply & transitory cffeet,
so that we nay spcak of ®rapid loc.l zdcoptution".This
is in agrocunt with the view tnut the vividness of Mach
phenoicnon ks grzatcr just zt  the beginning of stimu-

.—_W“m
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lation that after & fow scc of stcady fixation(Riggs—

Ratliff-Kcoscy-J0S4,51,702,(1961)).

In the casc of & physically stcop cdge,the said ex-
plansation scems to be confirmed by tho following expe-
riment,reported in dctail in rof.(5).Th. cye is first

,prcscntcd with 2 bipartitce ficld,consisting of two a-
“djzcent ficlds of diffcrent luiinances,the relative con

trast‘bdinch;aftcr”a‘givcn'"adcptation'“ time "T,the cye

- is abruptly presentcd with o ficld of uniform lurd ninece,
upon vhich,if stcady fixction is muintcined,a diffcrence

imbrightncss is sccn to persist for o given tiac t.For

~ given valucs of both T and ¢,thc bchavior of +t as a fun

ction of log lwaincnec has bccn.rycordcd;t is found to
vary froa 2 few sce to0,scy,150 scc.For low valucs of ¢
the diffcrcnce in brightness appears aficr a latincy ti

e of 2 fow sce.Last,the transition between the = two

zoncs of different brightncss appenrs ns deliaitated

. by a derk band.in addition, to such a "slow" effcet,a

r.pid bright bend is scen to appear for a bricf time
after the onset of the grhdlbnt of brightness.The like-
lihhod of pcrcciving such 2 band is found to be in good,
a4t photopic luvcls,if contrast excceds say,SO%.For lower
contrast,the perccption of the band is coutcracted by
the ebove scid slow cffcet,vhich,in turn,is cheructeri-
zcd by the presecnce of a dark band,running parallel to

- the bright onc,but with diffcrent time ch.ractcristics.
If the tiamc T is suitubly roduccd,thc probability of
perceiving the bright band may be increascd cven in the
case of a low contrast,in that the cffcct duz to thc
slower process may be nininized.

All it shovis how difficult it is to intcrproete thc ,
influcnece of "time" as a fo ctor tn. 1ntbrprutatlon bedead
on lat:r:1l inhibition in 2 "steady" statc rcguires that
thce sirmltoncous contrast cffuct is roduced when the
exposur: time is dcercescs.However,reccont microphysio-
logical cxporine nts(Hurtllnc-Rhtllff-"H,rvous 1nhibit10n"
Pctgamon Press,¥ew York,(1561)) put into cvidence some '
transitory cffcet occurring whon the stitc of the roetina
is othcr than "stcadg".These cffccts affcet in a compli-
cate way the mutusl bulonce between cxeitotion and inhi-

~bition within the reecptor ficld.

In the casce of o groded distribution of luminence,the

inportunt fictor sceas to bo the drop of luninancc through
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a riecptor ficld.According to Pircnne and Dcnton's view
(Woture,170,1039,(1952)),when luainonec is inercascd,
sncller units,contzined within cach rovecptor ficld,arc
likely to rzcch their absolute thrcshold.Their existon
cec might cx»nlain both thc prcscnec of mulitinle bands in
a graded distribution of luuincnece,cnéd the inercasc in
liningl slop:s tested when the é¢iffurcnac betdiicen the
lunincnecs of the two uniform ficlds is incrcoscd.

In conclusion,th. gr.eter vividness of “Tach bonds,

~ for penumbrac smaller thon 24',night be usceribed to the

fact that both later.l inhibition(ia the ste:.dy scnse)

and ropid(trensicnt) cffcets ar ot work,so thut the
bands arc a2 coupronisc betwecn siaultoncous and succes-
give controst cffcets.For pcnumbrac largcr thon 24%,on

- the other hend,the former factor only »lays a rele.

In the cosc of a thin stripe,block on a bright back

" ground,at thc tharcshold of sharpness,rapid effcet are

1likely to b2 cgeoin at work.7hen the cngulcr sizc is les-
sc¢r than,scy,1 min. of arc,ot th: lumincnee level con-
sicdered, (0.35 nit),the strip. .cppears blurrcdjzbut,if
suck a stripe is pliccd ot a 51,11 distince with respect
to another cqucl stripe,both them cre scen charp.Analo-
gously,a gruting,at the resolution liuit,cppuras to con-
sist of 2 scrics of parcllel sharp lincs.In this conneg

- ticn,we would sugccst that such ¢ situction is cnclogous

to thot of ¢ graded digtribution of lumincinee vhich pro-
duecs shcrp .icch b.nds,in #£2 that,in both the ccses,a
r.2id loc:.1l 2d. )t.tion would occur within the r.ccptor
ficld.It follows thot th. doteraination of the resolving
powar i-iplics a cnito diffcoront procoss with respect to
th: deteriination of contrzst throshold in the Techne-
rian secnsc,which,in turn,iaplcs such o sncll inercuaent
of luninance thct the state of vdaptotion of the cye is
not troublcd 2t 2ll. Lcst,if the slope of the responsc

faaction of the eyc(wi#» & %r-3 by the aid of o grcting) -

is decteriined,we find that,whrtever the froquency,the
drep of contrast through the unit of visucl cngle is of
th:s sa1e order of ncgnitude os thet requircd for having

sharp "ioch bands.
A AAA AL LA
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too v.richl: situction,ihich,ctherwisc,would be extre-
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2-INVESTIGATION OX THE SEISATICN OF BHIGHTLILSS

——

It is knovwn that thc scnsction of brightness doces
not dcpend on the intcnsity(or luninancc) of the stimu-
lus,only,but other f.ectors play o rolec.The fundeicntal
fzctor is the state of ad.ptotion of the rotina:the ap-
parcnt brightness of ¢ stimulus sccm3s to incrcase when
passing from the light adoptation to the d.rk cdaptation
state.lu this scnse,the sonsction of brightncss is rela
tive to the adcpting luaxincncce..anoth.r foeetor is repre-
scnted by the induction-cffects oxterted by the stinuli
(if any) prosent in the visuczl -2icld.These stimuli elso
coopcratc in dotermining the stutc of adupt.tion of the
rctinc.Distinction is wuéde botwean the "gunerul state
of ad-ptation",which is riferrvd to u necn luaincnee le-
vel,cvaelu.ted by wvercging the intensitites of 2ll the
‘sources proescnt in @ not homogencous visudl ficld,and
the local adaptation which occurs zt a limited portion
of the rotine and produccs o trunsitory veriation in the
- generul cdaptation lovel, - '

) Th: so-said brighincss constzncy law may be regarded
es a conscqucnee of the feet thot the retinc providecs a
rzlctive (and not absolutc) enformction for brightncss:
the zpszet of (familiar) objcets docs not scem to very
asprecicbly,for instonec during the course of the dcy,
“in spitc of the ehonzes in lunin.nce occurring from ti-
- nc to timc,and in spit:. of the conplex and varicble in-
duction cffceets.The law of brightness constancy is ge-
nerclly regorded as 2 dofunse of indivadu.ls ogeinst a

1ely -confusing and rich of uninportunt informnation.

In spite of thc fuet thut recent uicrophgsiological
r.semgch tonds to aseribe to retingl orgunization the
uajor responsability as &f for as consicney is concer-
ncd,obviously ccntrcl foctors connot be cxcluded.Sophy-
sticcted subjcets tcnd to coutoract the conscqucnecs of
constaney law,and they note many chenges in the aspecet
of tust-ojccts(in purticuler,in their brightncss),which
appcer ‘quite irrilevent to nuavy subjects.

By now,for th. sake of siaplicity,lct us azke &~

wiinmotiuen abstrocetion from induction cffcets.ict a test .

objcet be supcrimposed upon a background of uniform lu-

NOTE:for bibliographical refercnces sce the"list of
Techniczl Noteeg".




mincnec;in eddition,lct us zssuac that when the luminan
ec od the test-objcet is varied,the luminencce of the
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“on the actucl illuninsnec lovel.Lct us consider now the
* following cxoaple:at photonic lovels,the threshold con-
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background is corr.spondingly voricd,so that the objeet
contrast relatively to the background docs not depend

trast is known to b. constantj;however,if onc wants to

know whﬁﬁ%ﬁér”thé*ﬁtnautlon of brightness,for a given
suprathrcshold  valuc,ot a given lovel,is the saue as
that cvoked by the suac contrast valuc,at a diffcrent
lcvel,he must perform a "succusSsive " coupurison,rela-
tivcly to scnsctions far apprt in tinc.In fzct,when thc

ptetion 1. vole .

‘-charactc ristics of such & dcterioration.

- in ambicnts ccnteining no visurl ‘rzfcrirce cuc ot ol1,

‘addition,wo crc fucbd with lo‘g-l sting cxpcriucnts,in

“Iuaincnee of the ‘background is chunged,somc timc must
clapse before gduptlng the retine to the new lcevel.Thus,
the "memory for brightncs8#" is involved.At ncsopie and
scotopic levils,the problum is more coaplicoted,beccouse
of the chunge in seng-t1v1ty as a functibn‘of thc cda-

If we cssune thut after thc off—sct of the stlmulus
a trces of it rcaczins,not only in the xetina(in the
form of after-incg v),out ulzo in the higher centers,which
doteriorstes with tlac,thw question ariscs as to the

‘From a przcticecl stund point the coutcrpart of this
problum acy b found in souc Dudullui 2sks rcquired to
Rader olr.rctors,ond,in cddition,in sonc pccullar situg
tions,vherc the subg ¢t is requetsed to spcnd sone time

cxeept for o uniferm illuminc 6on\uwvty figcld).
.ieny fcetors cre invelyved in the problum,and,in

-~ scntotione of 30.1c blocks of test-stiauli.

- sopic,cach lasting 60 msce),in ¢ dirk romm,are dolivercd

‘succession.Subicets wre instructed to express their jud

“order to ovoid %ihic intcraetioén botween suceussive pro-

S The expoerincnt on ucaory for brightacss perforued
by us dur ng the past yeor(6) rufers to the following
condisions:two stimuli of ciffi.r.nt luai naences(both ne

to th: ccatrlil rotina,cither cunthporhncouu;y,ar in

genent ckout the reletive dificrcnec on brightness.ln
the first part of the cxveriicnt,the luiinance of the
foracr stimlus diff.red with rcepeet to that of the lat
ter by 0.1 log dinits.In thc sccond part,of 0.2 log units.
- In the forucr casc,whurce the percunt contirast betwcen
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the two stiimli {o be coaperid wics 20%)the offccts of

- acmory arc ditficult to b: scperatcd froa the effcets
arising fron uncxpcetud chonges in scnsitivity occurring
as a function of luainancc.

In the laticr ccsc,the nuaber of wrong rcesponscs is
found to incercasc rcpidly when puswing from eiks simul
tancous acteh to the mcmory matech,cor..sponding to a ti
mc intervel of 8 sce.If such an intcrval is incrcascd,

- from 8 through 60 scc,a slow inercose in thc number of

--wrong responscs is testcod.Once ceeoepted that an edopta- -

tionzl proccess affceting th. trace left by the formex

stirmlus(of th: pair proscntzd in succcession),is at work,

tho"#fne coast nt" ofsuch o process is shown in fig.5.
Tour sudbjucts took puit in this cexperincnt.

Before invostigoting the offcets on ncaory of pro- o ol

longed cxposurc to cn vapty ficld (a work clong such a
linc is now in progr.ss),z study of thc bchavior of our
subc jets as that reported in rofercnecs(7) through (10)
has becn perforicd.
In a prclimincry expcrinent(7),z 10 deg. dluﬂ’ unfﬁQ

- foram fi¥ly:,surroundcd by durk,is steodily gozed in mo- i

noculcr vision,2nd c cyecliccl voriation of apy-ront
brightncss is reportced..s indexes of such an cffoet we
assumcd both the froquency of the fluctuation ernd the
-ratio of the timc through which the ficld is scen® as
brignt to thce time through vhich it is scen as"dark”.
Such a quuntity hcs bocn indicated by the (id of symbol
LDR.During thc "troining" pceriod for on unexpericnced
subject,the frigucrey of the fluctuation is found to
increabc(starting from zero viluc on),whilc thc LDR tends
to diercasc.lo significent diffircnces cre tested bet-
ween the LDR for the right c¢ye,and thct for the left ceye,
if the fixation point lics at the cocntur of the 10° ficld.

" But,if thc fixation is brought at onc extrceme of the ho-

rizontel di~nctcer,diffcrent ILDR orc rccorded,within one
of thc cycs,according to thc halfth(cither right or left)
of rctina stioulated.

““hen the 10 deg. diam ficld is fixoted in binocular
vision,thc cppercnt brightniss is scen to fluetuate fain
tly,cnd the tot.l blackout is ncever reported.A smcll con-
trast diff.rcnce,superinposcd upon the fixatcd toust-ficld
is p.recived only for a fraction of the time of prescnta-
tion.The anount of the variction in brightness occurring
during thc coursc of fluctuation has been tentatively eva
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Tuated by assuming thgt o ducrcuse in upparynt bright-

‘ness involvcs a dcercasc in limincl contrs t(by «nalogy

with Fechner's law concerning the varizticn of contrast

threshold ss a function of adupting luamicnce).
Th. muiual 1nflubncy of thc tuo cycs reprcsents a

fx,‘rathcr conplcx probIme Onc might sugzgcest that a slight
- phasc shift bitween the periods of the fluctuations of

the right znd of thc lcft oyc,respectively,avoids the
periodiecl black-out in binoculcr vision.However,we had

- the opportunity of notiving that the fluctuation repor-

tcd by onc of thc cycs is influ.nccd by the st.tc of a-
dzototion of th. oth.r cyc.In somc ciics we are led to
infer that o-mne cyc is periodically sujprcsscd by the o-
Jther®,and viecversa.Por instconce,if onc c¢ye is presented
“for a given time with a2 tcst-fi.ld of given chape(say,a
‘dizaond),cnd soon wfter hoving switched off such o sti-
mulus,the othcr cye is presented with 2 stiwlus of dif-
f;runt shape(say, a circle),the fading cffeet,in this
laoticr eyc,occurs cccérding to a dlnqpnd shapcd pattern, -
at lcast during thc first fow minutes.Such an cffcet has

~ been quantitatively anCStlguth(s) by viewing the test
- fi2ld in Taxwellian vicew.Under such conditions,pcrhops:

as a consequcnce of the Stles und Crawford cffict,the

fading is strogly rcduccd,so thot the inter-ocular in-
~ flucnees nmay appecr independoatly of the monocuul cffects.
- The relation botween the fluctuction of the after incge

and the ¢ ..w=:3 fluctustion of the intcrocularly induccd

- imagec has boon sought for,but so many fotors are playing

a tdle in shis problmd,that no dcfinite conclusion has
been reached. up to dcte.

" In thc cbove reported work(7) it hes been tosted
thct the ratio of thce time through vhich the contral-

1y fixzcted ficld appecrs tright to the tinc through which
it aporcars dark,as dctermined for the right cyc,is ap-

“proximatzly the sanc as thzt dotoermined for the left cye.

A difference botween th: two tycs is tested if,ins’oad
‘of LDR,thc period ol the time fluctuation is tcken into

account.It has boen sugzested theot such o diffcronce might
bc put in relation with cyc dobnance(9).3 nunber of su-

- bjccts(twenty-one) hive been tested by the cid of all

thce currcnt acthods,that is,binoculcer test,Jasper's test,
vision through & monoculur microscope,cvaluction of aftcr
incges,and +» w deterainction of thh poriod of fluctuation

*of a centr.lly fix.tcd 10 deg.Dici.ficld(in monocular visi
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The result is that,in som. cuscs,z11l the tusts cre
in fuvour of the sume responsc(:ither right or left do-
mincnee),but in son. ccscas o disercp.ney betweon the va-
.rious tosts is r.portcd.The discrijcney is pertly due to
the foet th.t we crc foecd with qualitoetive res)onscs,and
conscquchtly,no linitutions for the tolcgnces cre at
our disposal.ias a previsionzl conclusion,we aignt infer
that ta- p.riod of fluctuztion is grcatcr for the domi-
nunt thet for the not —-doninant cycCe. ‘

~Let us inercese now the sigec of the centrolly fixa-
tcd stirmlus,co =s to cover all th: visuzl filcd(cupty
filed).In woncculir vision(1C),the fi.1ld is svun to flug
tuct. ccntr.lly,whil: the peripchrol pa.ts capocr stea-
dy.Agcin,the rhythi of the fluctuction of the right cye
ey differ with rosycet to thet of the lcft ¢y .However,
the fluctuction ccascs cftcr » numour of minutcs of expo
surc to th. capty f1gld(rung1ng froa 1 to 20,cccording
to thc subjoct),wnd the "finil situction" for the right
cye is found to be dlff r.nt witk roespeet to thut for
th. 18t c¢yc.

It scens(9) tnuu,uftbl cuscation of fluctuutlon,,
the doninant cyc sccs o light grey fidkd,while the not
doainacnt c¢yc sces a dark ficld.Th: situation is rather
conplicztcd,in thet the fi:1d docs not appucr uniforn,
and,in addition,sonc obscrvers porccive colored putchcs
often in aotion.

Binoculur visicrmin cn capty £ic1d(10) is chcructe-
rized by thoe ncerowing cf the visucl ficld.d foint fluce
tuction of brightnuss oppeers in the contrel portion,
which appeirs dolinitated cither by a durk ring,or by
a fluctuating(often not homogencous) oval border.In view
of thc foet {1hct the pecriodicul black-out of th: fixated
tcst-filllCi occurs in nonocular but not in binooulcr vision
it might be crgucéd that the ncrrowing ot the visucl ficld
sin the capty ficld,occurs beceuse of the partlhual o~
verlapping of thc two nionocular fl”ldS.

Otheor cffcets occurring in the onpty ficld 2re de-
scribed in dctuils in the ebove muntiOHud P&ICTS.

A theorctibal discussion on th. periodic fluctuation
is reportcd in Fiorcntini'spaper,rclative to the vision
vith stopncd in.ges(sce scetion 1).

an cxacriwcnt conecrning the ucmory for brightncss
in ‘the capty ficld is now in progr.ss,

It has becn previously ¢ pphosized thot thu porccption
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of brightncss desends clso on the induction crising
from ncighbouring cbjccts.:lost of cxperiments up to da

tc perforncd in this ficld(and covering subjects like

_simulstcncous contrast,mctancotrast,inhibition,disinhi

bition)rufer to the influcnce cxerted by bright test—

‘objccts upon ths btightncss of ncarby located bright

_ test-obBects.Quontitutive dote have boen produces by va
rious zuthors us to the infldince of factors such as 1u

- minance ,shape,nutucl dist:ncc,ond so- on.

In our yxncrincnt(11)th, cffcets occurring < “hen prc
sLntlng a serics of black dcnarcation linces on a wide
(25 by 25 dcg.) bright ficld arc invcstigutcd.Such lines .
produce -brightncss cnhoncements and depressions which

““have boen "uccisurcd" by deteriining the fusion conditions
relatively to ¢ s &1l oxploring spot.Such o ncthod,ho -

wever,is not wholly satisfcetory,in that the luainoncc

- of thc spot,at fusion,is ncecessarily so high that it ap

poars unavoidably surrounded by cn halo(due to diffusion
and diffr.ction cficcts on the pert of trunsicrent oye

- media)j;this feet represcnts o limitcotion as to the uppe-

i:nt size of the cxploring spot,ind,conscquently,the pos -

. 8ibility of eY“m1p1n~ thu dotqlls of A putt«rn is redu

ccd.
‘lany parcicters ore 1nvolv d,whvn bulldlng up uny

 pat»brn.ror the scke of sinplicity we comsidered at
- first a black(well contrastcd) line.Such 2 tust-object,

unéer soilc regpoets,ncy be rogo.rded cs "shupiless".Ap-

"psrbnuly,it docs not producce any peculicr visuwl cffeeg . -

unless its thickncss does not cxcced,szy,10 nin. of arc.

- Beyond such a linit,o sitwmltoncous contrast cffcet is

“tested(at the lu minonce 1lovel considored,0.35 nit),con-

sisting of cn cnbancoiient in the brightnczs of the neigh

~bouring zonesiwo rogardcd Such o line a8 "broad".If two
®sR "thin" porllicl lines(thicknoss 1.5 ain. of cre)

- arc present in the visu.l ficld,a brightness cnlicnecment -

is tcsted,providcd the Awmtu.1l distonec does not cxceed,
82y,30 min. of crec.By drcwing other linces,zll porallel
and lying in thc fronitoos:rzllcl pl.ne),the brightness of
tha stripe dcliaitatced by the two lincs is cltercd;if
neny porc®llcl lines ore prescnted ot ¢ smill autual
distince,the situation is extrumely coaplicited,cven
fron the descriptive stund point. :

If o thin linc scgznent is bent,so os to forn o ring,
the brlghtnbvo insidc¢ is found to the zrotore thet out-




~ trinsic org nitction of tHd r.coptor ficld.Thus
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sidc.If = ncrrow brcck is pr.scent,such thnt %ts size

cqucl the thickness '0f the line,the lunmincnec inside is
found %o bc losscr then thot cutside.For gruht;i_uizcs
of thc brcak,no diff.r.nec in brightness is +~stvd when
coupcoring inner cnd outer porticns,r.sdcctively.On the
b.sis of thcse findings,a clissification of the [various
lctters of the clphabet hes been :ittempted.Its procti-~
cal vuluc,heovicver,is restriect.d to the casc of isolated

“-letters,in that sorrcunding tcst-obcjcets acy ultcr the

inner brightncos.

Froa thc thoorcticcl point of vicw,it scciis |that tho
reportcd results might be cccounted for in torms of la-
tcral inhibition,cnclogously to whot is usullly [done in

~thc case of bright inducing tost-objcets.The 1kﬁc ral in-

hibition is cssuncd to find its ccunterport in 1h; in-
,it is
.8 if the prcscnee of the incge of a thin black!linc
through thc pcripherel cnnulus of on "on—ccntcr1 reecp-
tor ficld would hcve no relevont cffiet when tokon 2lone.
On the other hand,two c¢cusl lincs contudporanuﬁdsly pre-
sent,ucy reduce 1_u r.l inhibition uxcrted by the pori-
pherul .nnulus on th. response of the center.Thus, the
f.ct that th. brightncess cnhineciacnt in the »ncloscd
stripc is t:sted up to 30' of wtucl distoence,might
give un -idea cs to the siuc of th. rcecptor leld,ut
the lovel considercd. .

The rescarch is now pursucd by cnnoldurlng crossed
linos oxf verious hhglu~ sizes. :

;4##;{#######
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i Fl S-Pcrcbnt numbcr Jf wrong res yonscs(implying & com-

| par;jpn bcttcon the brightncsses of two stimuli proesen—

tc@ in svccuzsion),cs o function of the time t clep-
logz

sing between thoe tvo succussive prescontations.The
diffcercnece betwcon tie lumincnces o2 the two stimuli
is O.Z.Eh;-total nuaber of rogponscs is 735.The re-
spen collcectd 2t verious lv rincnces are :

Tucr curve r;ftr to o dificrent subject.

averaged.
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S+LIVESTIGATION ON RETINAL RESPONSE TO LIGHTS OF DIF-
FERENT SPECTRAL GO.:POS1TION, BY TAKING AS AN INDEX
BOTH CRIZICAL FLICKER FREGUELCY AND ELECTRORETINO-
GRAPHIC INTENSITY FULCTIOHN.

During the past fow dccedes, the spcetral composi-
tion of the radiation emittcd by light sourccs was becon-
.ing more and more rich of blue; in eddition, colorecd light
- 8ignals &nd, in particular blue signals, arc more and more
- diffusely cmployed. Howcver,sonc points conscrning the
visual cffects of such lights arc still obscurc.

In this corncetion,two expcriments have bucn perform-
ed (sce Tef.(12) and (13)). ,
=~ In the foruer work a pcculiar cffcet concerning the
fusion conditions rclatively to a high frequenecy - high
luninance colorcd signal are investigated,by taking as a
variable the retinel locetion.The size of the stimuiating
spot is cbout 1 dcg.dian. and it is scen surrounded by
dark. Two traincd subjeects took part in this cxperiment.
.The color tcuperature of the lanp used as source is 2800°K.
The colcred stiiwmli arc obtaircd oy inserting in the sti=~
inulating bean one of thc following filtcrs: N.47 for blue,
F.25 for rcd, N.61 for grecen. ,

Classical findings comccrning red,white and green

'~ lights are once morce confirucd by us,in the sense that

at any frequency the scnsitivity to flicker is greater

-for the fcvece then for the periphery.The differcnce 33

less marked at low frequencics than at high frequencies.
On the othcer hand,whern using blue light,pcculiar

effects are tested,zs follows:

8) - When the frcqueney of interruption ranges from,say,

15 to 18 cps, the grcatest sensitivity to flicker is ro-

corded at excontrieitics ranging from 15 t0-20-degs
b) - When the frequency varics from,sey, 20 to 30 cps,

- foveal scnaitivity is greater than peripheral scensitivity.
¢) — At highest frequencies, the naxinum scensitivity is
rccorded at about 15°-20° of excentricity,analogously to
what heppened at lowest frequcncics.,

We did not rccord any response at frequencies greater -

than 46 cps. In fact,the threshold of flicker is reached
at such an high intcnsity,that the light scettered by
transparent cye nedia plays & relevont role:thus,an annu-
lus surrosunding the foenl area is scen to flicker,while
the center does notjbeing ocur focol arca so suell (1°),-
the deternination of fusion conditions in peripheral vi-
sion becones rather anbiguous.

NOTE: for bibliographical refercences sce the "List of

Tcchnical Notes",.

.
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‘;made to the narrowing of the visual field occurring when
~driving a high speed vchicle. In part at lcast,such an

with respect o the fovea. On the basis of the above re-
. 'ported findings,it scems that,when bluec light is used
7 (say,for intconse light signils,at night) thsrc is the

. Atti Pond.G.Ronchi, 16,262, (1951)) both froa elzc troreting

by the aid of varisnle rclative amounts of bluc snd red
ligists (tho radiation othtbted by a 2800° K hss been £il-
'tbrcd threngh Siralten filtors W47 and K°25,respectively).
~Jhcen eithor bL&’ cr rcd light alonz are used,the lincar
~branch o2 the in%:rsity function avee 2rs quite sho0o0th.

- cenditions where the red stiwlus would cease to be efifc

- lights,taken separately.Thc implicit timex of the db-waves

~of the density cf the neutrcl filter controlling the in--

~aad the red respenses are not "additive",even far from the

-29..

" From the physiological stend point this effcct might
be oxpleined in terms of the activity of blue cones. :
From the pratical stand point, reference might be

effcet might be ascribed to the fact that fusion condit
tions in the peripher, are attainced at lower frequencies

- posgsivility of rupor+1n°,undcr sult ble conditions,an
aiular visu.l ficld. SRR SRR
" The additivn of red light to & biuc stinulus has been
Previously testcd to produca eCcullgr depressicn €ffccts
(L.Rorchi-At+ti Fond.C.Ronchi,i5,272,(1960)-A.iT.Ercoles,
grephic ani paychoohysicel stand points.Such a. 1nf1ucnce
hes been ezain fesied in an cleeiror:tinogrephic oxveri-
aent{13) whers the dirk-adapied retin: has heen stinmumlate

Jhen a rca plus viuveg stinr lus i3 usod the smootiness is
ﬂupbrsbded‘by a "nunp‘ whien sceis to corressond 4o the

ctive wnen bakon 2lene.In addition,lcet thwe intcnsitics of
e tvo utluzfi red ‘and biuenraspectively,be such that the
cvoke rospons ol approxinistely the sac sizejnow,the
rcd plus'blué stiulus is found to cvoke a slightly higher
regponsce,with respect to thosc evoked by tiae consonents

clicited by red,blue 2nd red plus blue stimuli,rcspecti-
vely,are of the scae order of magnitude,for & ziven valuc

vensity of the stinulating bdean.In a few words,the blue

saturation of the slectroretincgrudhic intensity function.
:iany sets were devoted to this experiacnt.In eachs

set three intonsity funections werc recordcd.Beth size and

iipiicit tizme were wmeasurcd.is an cxanple,see fig.6.
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o The electroretlnowr=n(-nG) is uSually reg@ﬂded as an
‘objective response,and most of invsstigators have been
“concerned with its "physiologicel" aspect.Since 1955 cn,

- however,wc kud the opyortunity of noticing .that sorle unu-

R e

collecied during the past fevi years,in order tc put such

R - effeets in their proper frame.(L.Ronchi-.i.Bittini-atti Pond

o . G.Ronch1,13,417,(1958)-L.Ronchi~F. lori~Atti TFond.G.Ronchi,

0 o 123503 (1960)-L.Ronchi~i. Ercoles-atti Fond.G.Ronchi,16,

' - 518, (1961)—L Ronchi-A. l.Ercoles-aAerospace -edlclne,lan.
(1962) {see also recf.14).Nowadays we believe that one may
speak of training anf‘long-tcrm adaptation,and even of con-
‘ditioning in the Pavlovien sense.The rcesearch iws being pur
sued,and the stetistical significance of wmany effccts is
sought for.3eing origir~1lly Physicists,we appreciate the
co-oparation of a Psychologist in this area,and we are ve-
Ty indebted to Ir.S. J.rraed'dn(Tufus University,iiass.) for
~his help. : ' _

-7 ‘During the ~ast year,analorous rcxperiﬂcnts havc bccn-’
performed boti by Preed ian and ourselves,with dificrent
sraratus and 2if7 rent suo;orus,ani thn results are in a
good mtnal agreesaent. 7 :
From a oenurgl po;Jt of visw we are a31¢“g a2t under-
’stanalng the trve mesning of L3 fron the bio~physical-
ncuronhjglologlcal wnd pgycholosnical noins of view.
7 Let us record tae UUG in response to a given light sti-
aulus. Aluhougn the raznsc of veriszbility for the response
of the normsl eve has not yet been standardized,vec may
exsect a given size vqlue for instancc on the basis of an

R , +~ averuage intcnsity function rccorded on a nuaber of subject:

e . by tne aid of our &n.. m-tus.ﬂow,lf the cize difiers with

’ respect to that oxoected ther: are the following possibi~
litices: ' :
a)-The eye is other than noraal.
b)-The eye is normal,but: I ,

b, )sone irstrunental artifacts occurred.
b,)the subjcct was not as stable as due(because ¢
biinking,eye and head moveaeats,lack of siab:
ty of the active electrode,etc.)

b3)£he subject is suffcring froa scue peculiar §;

gcases of zeneral origin

FOTE: for rceferonces see'List of Technical otes'.

coeemmees emm o gnal factors may wffect the ERG Llany records heve been
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b4)prcvious rctinal stinmlaticrn uwoldified tue state of re
tinel adaptatica
bﬁ)neculiur fictors of "psybholosz.col" nature were play-
, ing a role.
2cint a) aay b2 excluded a oricri,in thet we are not
directly inteiested in cliniccl problens.
Let us consider now pcint b).The results reported
below mere racorded from subjects sreecialized in qatter of
psychopiiysical rsscarech,in ths ficld cof 2hysiclozical
Coties.Twc of thein,L.R. and A.F.,arz working since 1948.
A..l.E. since 1952.0ther subjects were working for 6,2,and
4 .vear,respectively. _
Pcint b, way be rezarded as uninportant.Cur apparatus
consists of l double-beanr Cossor oscilloccope,of = nodified
Gratz pre-asiplitier(overall tiae constant 0.7 czec),and the

‘active elccvrvde iz fitted n the ecraccl bulge of & con-

tact lens,whils the indufirrent electrede is applicd cn the
fur:—hcad.ouch an apnraratus is noriedies Lly rcvised by &
teennician,and anodic dottories,filaent heating end cur-
rand fedccing the lizht sonres erc E]”O”“Au'y siabilized.In
adu:tlon it should be noted that is rnnoizl ZRG resporises
are rceorded in & given set,frech « glvcn snbrzect,quite nor-
1@l recponses lay s recorded {ron wacth:r subject in a
just precaeding or in a just following set.iIt slizuld not

b2 Fforgotten,honever,ihct vilicn,0idnt w-ars sgo,ue wera st-
ting up our el:arotus,vie nc"1¢¢;d iv redically a nunber of
titzs(three),in thot we adholibsd the wrniol rosponses to

& low perforaance of %he wppuer wus itsclf.?h. thdri one

was {inally reg.rded as uviilable,but nou we recognize that

it hepgzned ducauze the incividozls gerving as subjoets were

uiedainzg, et thet tine ,s suificiently nigh derrce of trai-

‘Linzetoniz comnlicaticns zrese,again,vica anothir subjcet

sartici-atcd in ths experiiicat,but now we ascrihed the trou
ble to unusual factorsralative to the ":lo t*orntanpraphic"
serfer.acnce of the subject,ir that,wanen replacing the new
skbgeCt with & treincd cne,also tiw gdezree of &v2ilability
of the systea as a vwhele was good.

Let us ccasider now point b .1n our azraratus
Tiemrellian vicow ies employed,in that t0. 1li:ht eresters the
nu»il ihroush & narroving(2 m éia.-, ) of the stirmla*ingc beam.
Th: foesl arca,at +l: retinayis about 5 dege dian.The su-
hjcet koeps his hined in position by the aid of ¢ chin-rest
giné fixatesc a dingly iliundinated 7ixotion erea,clso vicued
i axweliian view..ho tooth-bite ic not ourloyed,in pare:
cccause ¢ trezincd aubjcect cecs 0ot need it, in part because
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in long-lasting axp erinmcatel Lets « trouble arises frem

By apslying a snall mirror on the contact lehs,znd
by recording the aoveiaent ¢f the reileeted ‘bz2a,%ic no-
ticed that ocur subcjets arc so stcady,vilien they gre re-
guested to kecp their eye in a given -positicn,that the

“amplitude of the :otion of their eyes docsnot expeed the

limits of the involuntiary eye moveuent auplitudelin addi

. tion, our subgects arc so trained to keep the eye in po-

~on the amount of stimwleiing encrgy.let us consi

"sition,thet they can easily see the fedinag-out(even in
foveal viegion) of a fixated test-obcjet.The nercent ratic

- o¢ mislcading responses to tie total nuvser of responses

~recoxrded in a given set,under given conditions of stinu-~

lation,for an "available" subjcct is found to be|about 6

~ while tub proaaollity trat]an artifict,uhitever its natu
;;rdxight ozcur just et the gie point of the tine| axis

where also a true responsel to lisat oecurs,is abput 2%
(see L.Ronchi-G.Bottai-Atti Pond.C.Ronchi,16,532,(1961)).
Hoic thot our sibjects are fitting ezch one hig’proper
contact lcns,aend they wear it,for various pur905¢s,even
onc hour = ver day. o
'Peint b, includes som: peculic -konaltlnn,,.hlch in
ral,\eré carefully aveided.Thag,for nstancc,we no-

'tlced a éecrease in the size of ZIRG rcunonse,t;rough a
vveek or. more,afugr Yicol dOdSthu(h.AO o"zo—xtti'Fond.

G.Rorchi, 16,51, (1961))L Roiywghi~G.4ibbozz o—x.Torrlrl

gnelva .edica,in press).slsc the use of anaesthctic(m.

vtini-atti Fond.G.Ronchi,13,44,(1958) and of analgaesi
drugs(unpuaxlahed data) 1ay elter the size of the respon
se in a signiiicant way.

The troubles relative ko 301nt b, were carcfully a-.

. N |
voided.ln general,the eye of our subjects is adabted to

- darkwA stioulus,in order to cvoke & sizable ERG,aust be .
~intense enough as to alter the orlwlnal state of‘adapta

tion,and a lccsl adantation occurs conconota ntly with

- ERG respeonge.lov,if the tine intervel betwecn two. suc-

cessive gtlnulatlcns is suitibly chcosen,any resnonse na

e regarded as independent of the res 1ﬂuals of prLV1ous

gstiwmlation.The above eld tiae intcervel dcycndsg,obv1ou
er a

so intonse stiaclus,thut e °1Lpht sub12xinal res nanec is

‘recorded.in gcnerax,;n our “RG sxporinents, 1nvolv1n~ du~

rations of a fuw hunulfth cf a sce,the 1ntcrva1 betvwicen
successive sii.mlat.uns vas abont nalf-a-nin.Rceently

wie used aorsz frcquent st¢4u1at¢cns(onc gtirmlue in ten
of in five sec).@he result is thet if no unusual factors
ere at werk,socn ~{5er the indizicl »eriod of +4raining,
the size of such {roguent vecyonsc does not cliange appre
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bly,even if the set is 9rclonzed for,say,half-an-hour.

(In text-books we find that,in gencrel,the time interval

between succcszive stinmulations should not be lesser than
1gsec).hus,it is cnce uwore confiried that the IRG provi

des an index ol retin.l adesietion uhich diffcrs with re

sacct to that obtuined from psychophycicel rcsoonses.

Flnally,let us coazider point d .apart fren experi-

ment3 or eonditicning,not taken intd acccunt here,the u-

“nusual e2’.cts ocecurring under repeated stirmlation by

tie wid of a given light stiwlns ney be subdivided as
£51lows: :
I)-Ver,otion of both size @il shaps of the recpoase du-
ring the first fev preliwminnry scts.Such & "training®

“afleet concerns aainly those subjccets whb,before,did ne--— -

vor parvicivate in -G exver: acnts.in genorel,ene initial
res:aoase @piursd guite acpluive,thon,the regativity tonds
tC fecreasc,sid,last,it disesscurs.Tho size of the posi
tive respornse inereaces at first,.nd citer the first
tvo or %hres doys,iv aticini its Liexi i vzlue,tollowed
By a slow d»C;inc, until,finclly, 2 ste=ady lzvel is ;tta
inecd.
II)-Viriation of
2tation.Such an o
witi a niw conGis
T0 £

i)
<
eso

th. rocononse iaplring a lonz-torm eda-
{tect concerns tralhvd aubjects presented
on ol oti mlaticn.ict the tine inter-
val betveen ecerzave floshes be 10 sce,end let be
100 +the nuabcr of racpondges e»li.<indé ia ezch s«t.The be
havior cf the aveicie 3ize of those res sponses,plotied as
a fuiction of the ordcer nwiber of 4ha set,is that showm

in figures 7 threugh 9.Fote the treaondous caenge in size
while both latency and inplicit tive roenain pr ctlcally
unct:iaged(epart froa slizght chiiges, not reproducible in
all thz situations). '

u (&
4] (D

)

i:at gbove redertsd rofers to ta: average velues of 0

the sizes recdrded srhoun~hout each seseion.However,pecu-
liar zdantaticuzl chonges are t st 2 cven during the cour
se of & given sat.ln soie ceces,tic size of tha resronse
ie rigorcusly <tle samb,uurlng“ vhe various presentaticns.
In cther cascr,an initial risc is fellowed by s drop.last,
in sonz cauws a negaiively acncle LLde 1unc.tmn is re-
a2crted. ‘

c+

One night surmrest that whiox Z06 respinses are re-~
covded over o goriod of montas,u scascuul voriation of
e vivity is ilikcly Uo oceur,in ddA_tlonq%o the udapta
tional ol lsets,unt the cuecticn wriscs s 10 the pousi-
bility of a nutuel nasking.

it is our ppinion that the scesonal variation is
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~such a slow cfif:zct coapar.d to the abrupt changes due to
long-tera adepta tion,that its effect plays a secondary
~role.Such an opinion is based on exyeriiental cvidence
~eollcected by Freednan,in cur laboratory,who recorded
. for a wveriod of two wuecks,every day,et the sanc time,
- fron the same subject,both the raospouse to a sequence
ol stimmuli of given intensity,and,suitably intervalled,
‘a nunber(three) of intcasity Tiacticas.Thuse latters
. . . . @did not a>r:car to chanqe'apnrecieblyﬁinfa first appro-
T o ximetione ad lcast), hile the Yoar-tcr aduytztion was
' ~occurring.The conelngion iv that sneh ch.onges in the re-
'sgonse level are closely rclated o the cxposure situa-
tion,or,ia other words, the ~rsdic. s of geasr:ilization
o o 18 exircowely steepe EIET R
T T In addimtton  to the abovs riported rosulits,we were
- rocording othcr cfivcis.To deronsiiate their statisti-
cal significancce is the pursose of our fuature work.
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Captions to thc figurcs 7 ,7 bis,8 ond 9.

Uppexr portion:the size of the scotopic b-wave is plotted
cguinst the order uunmber of the sct.Ecch point refers to
the avercge of cbout 100 res»onsces,collieted in a given

Loicr portion:the tine w¢nplitude of the b-vwave,thut is
the diffcerince between inliecit +iw wné lateney tine,
&8 & function of thc order nunder of the sct.

Lubels I,II cte. refur to diff.ment pericds of the year
through wvhiech c¢xperiiicnts were perforncd,as follows:

Fig.7T-Obscrver L.R.-

: (I)-fren 31 Oct. to 1 Dce. 1961,
(I1)-fron 4 to 12 Tcc.1961
(I111)-fron 20 Jcn. to 14 Turch 1662,

Fig.T7 bis-from 25 icy to 2 Junc 1952.

Fig.8-(%E3- @swewr Obscrver ...i.E. :
(11)-fron 23. Jun. %o 1 FPcb. 1962,
(111)-fren 28 ity to 5 Junc 1962.

Fig.Q-ObSCI'VOr A.F. .
(3)-25 Scpt.r6 Outs 19€1
(I1)-25 May~2 Junc.1962.

Curves lcbcld IV(fig.7 bis),III(fig.8) cnd (I1{fig.9)
wierc recorded by the aid of ¢ repeuted stinulction of
4,2 L, in intcnsityt.The others rofurr to slightly hi-
gher vzlucs.
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