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A Neural Network Model for the Perception of Illusory Surfaces
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ABSTRACT

Human observers perceive a contour where no line or edge is given, such as the border between gratings of

thin lines offset by haif a cycle. Hlusory contours occur in a wide variety of circumstances in nature. A common

factor in alt such figures is the perception of a surface or contour occluding part of a background, i.e. illusory

contours are always accompanied by illusery surfaces. Some examples about these kinds of figures are given by

Kanizsa’s triangle or square. In this paper, we proposed a neural network model for forming(extracting) the il-

lusory surfaces, based on the mechanism of feature extraction found in a mammals’ visual pathway. It will be

shown that the model can extract the illusory surfaces from illusory contours successfully.
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(Fig. 1) Some examples of ilusory contours. The square
in {a), the distorted triangle in (b), the foot in
(c), the vertical boundary and circle in (d) are
all defined by boundaries that are not made ex-
plicit.

71E9 7H f4o] #d ATEE Ullman[7],
Heitger & Von der Heydt[8], Grossberg[9}[10], Guy &
Medioni[11] Eoll o] 7t &=te] H Ao Bat o7
7hA] A4 Bl Eo] A<tE Ak Ullman[7)S Fo]
FE BEE sl d4A(continuity), 524 (isotr-

7 BT Mg gl 2

o2 D 237

opyl, <+ 2Hiocahty), 82 # 23 (minimization of
curvature) 55 $£20 R N4 359 Fed gl
29§ 7lef ot Heitger & Von der Heydt[8]% i) &)
“‘ﬂﬂqlol THE Bt 71 §HEL Frde 2
AEE& FE8E MAUYEEL AGAT) Grossberg
[9][10]t A A &= A 258(BCD: Boundary Contour
System)ol AF ¥ Wej2RE J2le] EE(line
endings)oll +2 3 £A4 35S Ade R Fobd
HAES ﬂ]?}‘?}‘:}. AL M &FE FAEA
A F2-4AH< 3= (cooperative-competitive
feedback)s}t 7 & F33t} Guy & Medioni[ll]
T HAE A g e BF e Add 2AE
T 2dE AAFY £8 H2e ATRE, Geiger
12813 Paul 52919} Q771 AT} Geiger T} A7
< Bayesian Xl & AMgEd 7)o] AR E ¥FalE
7H EFHE EH)S A48 ok 2859 |
dre 7HE 42 48] 93 449 ARG
23 Wl o8 #itste Wy AHEsEY)
{2 Fo017 " Auo os) AAste Ay e
o 7MY} &3¢ gA4%te 232 712 Paul

Aol A= MRF(Markov Random Field)7] ]

; ?'8‘7‘5’“ e 259 A7 E AAEN 2
7HE &4 et 25 A dee A

A LpER T

ol2l & Qlzte] Au A v B3t B

237 9, "@3{5}0]‘4 el ghe] FofoA

7 AAES gtk 79 Fu A wH)

71E9 FEA Y A ] Hlg] -3 58S

AMzzglolgte Aol wE A, 7189 FuAg 3
T E77F ol Hgsia g AES o
1ot 24 ME]e] Rol} HYuel HE e

1 e ol gatan s Ay gusl
33543’- At 53], 4B Al AAA7} A E o
B7HA ZISES F43E mdSo] Ay sty
ATE ol AASHATMS, 6, 12-15].

& =EdMe 7129 AN mdSol Ackste o
7o 2, AE Az AAAE o] 85 s B
HE ANEE NAHEY vdg g} of /)4
AMEE AANEY md e A7 FR A v E
& THE Hubelzt Wieseld] ]3] #<te A2s14de
Fa3ke F & AolnHs, 6, 12-15],

o]
MU (A O )

L2 do oft ot

2 )
HU r"'J L - )
_tl':.

S L&
r1° F-R :-:.' FH

N
2

,..
{40



238 SRAERRISS =X MsH H 135098 1)

2. NZ@RoljMe] &3 F& olZtHE

Ao A7 AR dd AR, dE A2 3
of gy ol Furh zhuk obvbgr FA A,
ZAAE T3t FHretina)d] 2x19 3PFOE T
FETh Fe ol BRguhE FRE Hol low,
Behfloll = 4 A (cone)st M A (rod) 54 AlAE
{visual celDE2 Eele 448 7|(photoreceptorio] 2
& W ME2RE R/ H2 A3E HAH, 74
A E(horizontal cell), =4} E(bipolar cell), o}retE &
Al E(amacrine cel)5 & A3l G ZHA XY
2743 M X(ganglion cell2 HIGHTG AMEE %
ohae] ok 2L FHe) He] AEE dE, A
AR HMEE et FA2FHQ Foe qlojAe W
o) REF2EE AEIL Aok g F¢y Fotd)
AN U AAA Axe £9L d5e ANA 1F
(optic chiasma)& A3 7k e|&<H4(lateral genic-
ulate body: LGB)ol| =93 AlYL8 A% 95
A e AMdRet A2 AEA dH #F
o Agshs FAME SAFHS, 6, 12-15].

AZrA O Aol X shtel ME 9HEE T M X £
AUe o 98 AldEE B, B2 48 AL
& Wot o Aelg d¢ F, 288 v vE A
X E oAggin ole} o] Eihe] ME whgeof FF
& FE 29 998 8% (receptive field)o]
2} B2} wete] AAE A Ee QA 2714
TFEFdgel EAgt F, Foe] F4 sHlovea) 7
o e AEe FE F899E 714, FHUE
A4S +8999 A7 AR F8994 A7)
o met v E gelAu, Z1EA AR A
FEYE L on-FAHY HES of ZHY ME7L &
Asie o, F43% FHo] ¥E AT gk P
o slojAle] F¥ Al 7 =lintensity) ¥3lE A&
e Aojuis, 6, 12-13].

kel NAA AEL] 2HE AR S T E
445 A3 Alzbe Alvisual area)dl] AZHC}, A
7} & e gtre] I fixet vk =g
TEAdge] FHEEE Fe dYoly S A
ARAAESE 2, Uy fAd 8 AANEE it
] el 4d-g 7t 4 Ye] AT AP
Aol 5T 712718 7F Fdol &3l v

St MXE VRS o8 FFHY A wrgst
e M EA g gelA s, 6.

Hubel?} Wiesel& Foolu} 950l A7t 49
(Vigdst vV2gd9) NRAEY 899 YA
ZAeHgTh 283 o] B A XL £E9Y A 2
A&t T A EGimple cell), 273 A E(complex
cell), =833 M X(hypercomplex cel) 525 73}
3,018 AX A3tde 4t AAR AE &
A —~Ey AT -EBRY AE-2EILY A
g st AZA 27t EA30e AEEL A
g u}s, 6, 12-15].

2o &= Hubels} Wieseld] 7] 47 AAZ
ste} & otolrjolm @ol ¥ ul4, 17-22]. 4 &
E7, Hubel-Wieselel AF 714 o33, 8339 A
TE Uy AEINET 48 WE 222 Ho
UAT, dAZRS Ty AXRT o, d58
e AXEREE A FEAY AYS 24¥ES 22
Aoke Aol WEATHIT21] E e E AT B
FE AX=R AgL, T 2ol old g4
AR Joie v 22

E =50 AleE A3 2% 2d& Hubeld
Wieselo] A ¢tst AlF 7Hd S FAx2 3o 4G A
o 2, Hubel®t Wiesele] A% 714 F 2843 A=X
g A st getelA S3Y AE2NAY Z42E 2
48 sl Algsta, e ZEH FUE 2Losido
Hubels} Wiesele] A% 7Hd & w33t &84 14
ey AXE JAgAT e JEE AES 4T
Ao}

3.7 28

H #8g d4giteE A& A7 AFA A
dojute AR A B2E T8 $Ase UA
#4Z shtelth 7ME &¥%e] dEAY FHe
Kanizsa 2tzbal¢ldl o]&l ejg] sgo A vehle
ke = AR(FEADEY o8 FHE M &
# 2YHEE 2P v = T AEE ¥
o o e RAY Bt o9 7MY &% 2EE
S W7o 9 geych o 7irte] EA s AXNY
Bl ojg} 7o) fEdte 840HY FH AH)
ol fx¥ YUY &% 2¥)EY FHEHeE



W el St AXd Boly, fhw sk &
2ge] AdiHoR wiAY FHARRT} srfe] &
Aete AANY Rele A E AP E Loshe
7P 3ol gt ol oA HE X gt H4
% 2SS A fol 2 FEE s U S
o] 3 UAE ZLoBE B 4 Jorg olE 4 ¥
Hillusory surface)e] 2t % o}

é Original Image "

Us : Binary image

Ut Contrast Extraction by the retina
gaaglion cell's receptive field

Uz : Response exdraction between the induced
stimuli by the simple cell's receptive field

Uz : Response Restoration by the complex
cell's receptive field

U« image Operation

OR Logical Operaticn to the Extracied
Responses of the Orientations

If the teration is First, Then OR logical
Operation with Us Image
Else. OR logical Operation with Temporary Image

Temporary Image

Is there gap
n the induced stimuli2

Us . Image Restoration by the Gaussian Filter

/ Output Image i

(08 2) RE AF225E 7t HH F5 A~
(Fig. 2) The system for extracting the illusory surface from
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{d) spatial profile of simple cell filter
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(Fig. 10} Experimental result images of the perception of
iltusory surface (contour). (a) the perception of
a square. {b) the perception of a distorted tri-
angle. (c) the perception of the vertical bound-
ary and circle. (i) original image, (ii) image by
DOG mask, (iii) each response by the simple
cell, (iv) each response by the complex cell, v)
temporary image by the OR logical operation
(first iteration), (vi) each response by the
simple cell, (vii) each response by the complex
cell, (viii) temporary image by the OR logical
operation (second iteration), (ix) each re-
sponse by the simple cell, (x) each response by
the complex cell, (xi) temporary image by the
OR logical operation (third iteration), (xii) tem-
porary image by the OR logical operation (fourth
fteration ), {xiii) output image.
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