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PERCEPTICN CF CCMTOUR
II. EBffact of Rate of Change of Retinal Inmtensity Gradient

SUMMARY

The present investigation contimws ihe effort to sacertain tlis nature
of the retiral stimlus effsctive in producing ths pexception of an odge
under ceriain simple conditions of photopie foveal visiom.

- A method is briefly descrided by means of which a distal stimuius is :
caxputed vhich, under the conditions of observatice existing, will result in - g
the desired proximal or retinal stimslus. The observer can project a smmall
fitucial dot of light outo the distal stimlcs to intlcate vhere an edge,

' break, contour or discomtimuity appears. : - i

nummtmmmxuwmuyumnm

A

, It is shown that if cos were to attempt to express thisz phentmencn .
in terme of the classical concept of the Wsber-Fechner fraction,AI/I, 48 -
would result in a positive intensity gradient producing a nsgative brighttess

, It is further shown that the amount of ensrgy dacremsnt cn the retina f
S has littla effect upon the appsarance of an edge. It is tham shown that the :
B rate of changs of ensrgy with respect to retinal distance is an unimportant i
E factor in the production of edges and that the lowest derivative of energy
N nummmamcmmummmmmm !
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B
g

The separation of this doublet edge vill be mmller the greatsr the value of

Zin the fourth derivative of energy with respect to retinal distance.

fg The phencmena of contour formation, simultansous contrest, absolute
8 We%@hwl@tm,ﬁﬂoﬂﬂ#ﬁ@cwmm
ety diffevence sense, minimm wisibls or visnal scuity for g lins andl cinlaa

o resolvable or minimmm separsbls or visual acuity my all be considered
mumammmm@uhuvﬁintotmrgﬂthnw
to retinal distance.

- ' An artificial pupil, 1 mm, in diszwtar, and & scuros of light, the :
" effactinnnﬂvm-hnﬁbrnpormchnlmmtomnmséoto .
" 585 milliaiercas, are esployed to render dsfects of the Iuman eye such as ;




chremtic :.bemtic:n,l spherical abemtion,aﬂtk cozm, refractive amrss
and astizatian by cblijua incidsrce pegligible comparsd to the ovarvhelnmirg
dafect gf diffracticn and the smallar defaset attributadbls to flxaticy
tremor.”»7 The Airy disc di2fraction pattern may, for zeny practical pur-
poses, be asgumd to conslist mersly of a visually effsctive portica of the
central di3¢9:9 over the surface of which the energy is uniform. An extar-
nal stimulus ia presanted such that derivatives of energy with respsct to
space in the horizontal dimension have definits values but ia ths vertical
dimensicn are all substantially zerc., Furthermors, the veriical sxtant of
the epargy distributicn is relatively large and the resulting snsvgy distri-
buticn on the retina is approximted by computing il as the integral of thae
epergy diastribution presemted between the limits of plus and minus the radius
of the visually sffective blur disc as projected into tha plans of the
stimilus,

The procedure is firat to decids vhat scalar field of anergy on the
retina is desired. For exsmple, wve may requirs that the third dearivative of
epergy vith respect to distance in the horizontal dirension op the retioa
.pass through a maxiaca and that this mexizmam have a specific value, - We may
_ impose othar conditicne ca the energy at this point and on the rate of change
of epaxrgy vith distance or the ensrgy gradiernt at this point. The dsaired
scalay field is computed expressing energy, K, as a function of x distance
on the retirca in the borizontal dimeraica. There is then coamputed that X as
& functicn of x in exterral space which, wien vieved by the eye at a glven
distance snd through a given popil and filter, will result in the dasired
apargy distribwiicn being cbtained on ths retina. That 1s, a distal stimlus
is computed which, under the ccaditicns of observation existing, will result
in the desired proximel or retinal stimuns, The observer can project a
sanll fiducial dot of light unto the distal stimlus to indicete vherw an

.edga, break, comtour or discontimiity appears. The reading of the positico

RESUITS AXD DISCUSSICK
showvs three different retinal energy distributions plotted as
the cn of the experimentally observed breaks plotted as
e s. On the y axis is plotted units of relative retinal enargy. On the
X axis is plotited distarce on the distal stimilus in inches, each square being
«2 inches., The distance of cbssrvation vas 12 ft. and, therefore, each
sponds to a retinal distance of about 023 mm., the exact figure
depending upon the specific schewmties o reducad aye used for calculation.
A relative retinal energy of 1.0 corresponds to a brightness of 65 millilam.
berts on the distal stimulus. The results are the mean of 35 ocbservatices,
ticns by ons subject and 18 by another. The digtance between the
bars represents two standard errors of the mean, The rgtinal functions
portrayed ares rormA,yz.gss? ;1207: 1.16{ Obx* - 405.9x;
’.6

for curve B, y = 8797 / .2696x - w&‘ and for cuive C
73-7933/’-5031*1-1&0:3{13- « All three curves have a

wmwa%/ﬁn::o. a3y/dx3 s, of course, zerc at x = O,
dty/dx* 1s maximnl at x = 0 and its maximm velue 14 625 for curve A, 125 for
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curve B and 25 for curve C. All thre=e curves nave the charwctorisiic that
at scme tositiva value, x = £ 8, of retical distance, dy/dx, d%y/dx© anxd
43y/dx3 are all zero and y 2 .9. (¥or clarity, curves B and C bave been
loversd on the ¥ axis,) At this peint the curves are arbitrarily flattensd
out. All toree cu§v-.:= beve tha characteristic that at some valus, x = -8,
3%y/ax2 and . y/dx> are zero. The value of dy/dx at - s has been computed
and the distal stimilus has been given the required slope at this peint so
that the first threes dardvatives show no discontinmuity at eithar s or -a.
Trus, the curves depicted are plots of the functions given betwesn x S -3
anlx:/n. {Ravaida of these lipits they are arbitrarily mede straight
lines., Hot illustrated in the figure is tha fret that all three curves are
prolonged beyond x = -,5 until the y value drops to approxdmately .42, at
vhich valus of y, dy/dx is arbitrarily mede zero.

Figure 2 shws, on a reduced scale, the eptire curve B plotted as a
solid lins. AL the point indicated by ths arvow the first and all higher
Garivatives are discortinucus, Two edges appear, one cm eitber sids of thias
poizt, but only four cbsarvations are taksn ca these frivolous edges.

The dazhed line curve in Pigure 2 is qualitatively illustrative of tha
subjective apparant intensity or brightness of the retipal 2nergy distri- :
butica dapicted as Curve B, To the right of 5; the figure appears as a uni-
form bright gray. At Ej there occurs an edge which is quite sharp in
aupearunce ag is indicated by the ammll stapdard srrex of %he mean, Between
§; and By lies a strip of uniform brightuass which is definitely brighter
than ths figure to the right daspita the fact {hat the retipal energy at all
points in the reglon Eyfs is less than it is {o uhe right of By. At E; an-
other sharp adge appears and to ths laft of E, the figure }a dariker. the
immediate vicinity to the left of Ep the figure appears to be uniformly dark,
Thers then occurs a gradual brightness gradient betwsen B, and the right of
thapairottrimlmuedgu!‘&g. On locking from regicn Es t0 the nearer
region By it is subjectively apparent that a change in brightness bas occurred
but sherp odges are not foxrmed despite the fact that the rate of change of
epsrgy vith retinal distance is maximal in this region. Retwning now to a
consideration of figure 1, all three of tke curve. A, 5 and C produce a sube-
Jective appearance qualitatively similar to that just described for figure 2,
nemely, a bright atrip with gray oca eithar 31ds, and evemtually, tc the lafy,
the frivolous adges. Thn inverse relationship between brightnes and inten-
sity is most strikingly illustrated by the retinal energy distribution de-
picted by curve C. It 1s apparent that the retinal epvergy in the dright
strip batveen the two cbserved adges at £ .26 and - .20 is substantially less
than ths retinal energy to the right of £ .26, yet the strip is marked.y
brighter than its background. The relative lack of brxightness of the regim

to the right of x = 4 .26 is not attributahle +5 s deficiency in area since
curve C cantinues flat out beyond the value of # 1.00, although, to conserve
space this fact 1s not depicted on the graph. Cuive C also illustrates the

fact that no brightness variation i1a perceived vithin the region from - 20
to £ .26 although the relative retinal epergy has increacsd from .S to .89.
If one vere to attempt to express this phencmence in terms of ths classical
concept of the Weber-Fecimer frectiond I/I, it would msan that vithin the
strip, aHI/I value of .65 does not suffice to produce = percsptidls brigate
ness increxant, whereas, aQI/I of .015 has, in a certain sense, produced &
porceptibia, although negative, brightness increment at the right edge of the

. <+
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strip. Furthermore, on locking from one edge of tha sirip to ths cther, o
sublective gradisxt appears. At the distarnce of chservation employed, the
wvidih o the strip stizulates a retiral regica 13 to 55 foveal core dia.
meters vide, dapending upon vhather foveal ccaet are assimed to subtend 12
or 60 seconds of arc at the nodal point of tha eye,

In the retinal epergy distriduticn siicwm by curve A, an edge occurs at
£ «13 and the other edge cccurs at - .13 after an energy decrement of .03 has
ocowrred. In curve B, the laft adge appears after an ensrey dscrement of .08
has ocowxred. In curve C, the energy decrement from cne edge to the other is
L0, It appears that the amount of energy decrement hss little effsct upcn
the appearsace of an edge, Thus, curve A shows that an energy decrement of
«03 suffices to produce an edge and if an energy decrement of this magnitude
vere all that were required, curve ¢ vould produce tiirteen edges ina
region vhich, in fact, appears of uniform brigatness.

Connider next the effect of dy/dx, the rate cf change of epergy with
Tespect to retinmal distance., Om cwrva A, cne edge occurs vhere dy/dx is
zero vhilst the other edge occurs viaore dy/dx is .24, The right edge of the
strip of curve A, demcnstrates that = sharp discontinuity in drightoess may
be seen in a region yhere ths retinal enerzy is not changing with distance.
In other wvords, an edge may appear vhere the retinal intensity gradientll ig
zero, In curve B, the laft odge of the strip does not appear umbil 2y/dx
achisves a value of .51. Whils in curve C, tha laft edgs does not appear
until dy/éx has reachod .96, & value four times as high as that at which the
laft edye occurs in curve A. The figures demonstrsts that the valus of dy/dx
has little to 4> with the production of an edge,

Consider mext the significance of 3%/dx®, All three curves of figure 1
are 1llustrative of the phencmencm vhich has been dsscrided in a previous
o bymmm,mmn,mtmumm.amm&:n of
dg/dxathonwmedge. Thus, esch maximm value of d<y/dx® is asso-
diatec with a doublat odge and the separation of the doublat dstermines the
thickness of the dright or dark line perceived., It is spparent that the two
odges are substant symmetrically distributed to the right and left of
the point vhers d%y/dx* 1s maximal. _

InmlAmactngml,th.odauoecnrinragimuhomd%/dxz
is practically zero but that this is not s necessary comditiom for the appear-
ance of an is ghown by curve C on vhich the right edge occurs in s
region wvhere d%/ax< = - 1,24 vhile the lsft edge ocours in & region vhere
a%y/ax® = - 1.55. -

It 1s, however, nocessary far the formtion of edges that ths walua of
&% /&x* at its maximm be some minimm absolute value. Thus, if dly/dxd® at
xzouhgdd:zﬁs,mmummmmmmmnm
value of d<y/dx® 1s from 2.0 to 1.2 the edges disappear. This does
not mesn that d2y/dx< at x = 0 must, uzder tions, schisve a magni-
tude of 1.2, Thus, if the maximm value of d'y/dx* be reduced to 25, %hen
d%/dx" at x 2 O may be -.8 and cleer edges will appear as is illustrated by
curve B of figure 3. ,




Tha feregeirz chservaticrs and digcussicn indicats that the lowest dari-
tive qot gubstantial significance Zor zumtour formaticn 18 the second.

dSy/dx* must achisve a certain maximum value vhether positive or negative in
order to produce a doublat edge., The separaticn of the daublet adge and
Lance, thgﬁdthafthnbrisht or dark strip dacreasis as tie maximm valua
of d%y/dx* is incressed as is showm by curves A, B ard C. A cerparison of
curves C and B akows that in this geperal type of curve the zero, first and
zecond darivatives may be alterc. suhatﬂntia,uy without ssricus change in
doublet widih if the maximm value of d%y/dx™ ia held cosstant.

The relstive unimportancs of the valua of dy/dx has been memtionad. If
the ccefficient of x be sat squal to zerov in the equaticos for curves A, B,
C and E these curves will beccme symmetrical about the y axis and a parrow
or wide, black, gray or vhite line appears oc a uniform background, The
doublet edge is now agsociated with a test of (1) the abaniute photopic
threshold or light sence, (2) the differential photopic threshold or light
diffarerce sanse or (3) the mintam vis hwyiamﬂ.wﬁtytoralimda-
pendiag the meguitudes of y, 4%y /ax® ard d%y/ax* which are employed.
Tws, ﬁ“g@/dz is greatly increased the line mey be made toc "smmll® to be
seen; if dzy/ka is greatly decreased the line will have too little "con-
trast” to be seen vhile if y i3 greatly reduced, all derivatives will ds-
crease, and the line will becams too "din" to be seen,

If functions are employed vhich produce mor? than cpe doublet edge,
adjacent adges from different doublets may fuss and the values of the various
derivatives nowv affect the minimm resolvabls as will be desceribed in a sub-

® sequant report.
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