


Ramachandr an



6
5
8
accommodati on
convergence
bi nocul ar paral |l ax
monocul ar movement paral |l ax
10
retinal Ssi ze
l i near perspective
texture gradient
aeri al perspective
overl apping
Il i ght and shade
13



attached shadow c &89t s hado

40

4 2

6 9



97

100

101









accommodati on



conver gence

20 m

binocul ar paral |l ax

binocular disparity

stereoscope

monocul ar movement paral |l ax



Fi

gur e

1a

r et

nal

-10 -

S

Z e



.............
...........
..........
..........
......... -
e = - - . e e =
- - - - - - -
- - - - - -
- - - - o
- - - -
> - - -

Figure 1 a D 0

c Gi bson 1950

-11 -



Fi

Fi gur e

gure 1c

i near

1b

texture

aer i al

perspect.

gr adi

ent

\Y

texture

per spect.

-12 -

\Y

e



overl apping

ght and shade

-13 -



3 m Gogel speci f

di stance tendency

Gogel

equi -di stance tendency

-14 -



adjacency principle

- 15 -



-16 -



shading

Gi bson, 1979

Ramachandr an, 1988 a, 19

200 2 ; Pal mer , 1999; Sekul

1994 Seyama & Sato 1998

Wat anabe, Mi t sue, & Ansti s 19
2
Kl ef fner & Ramachandr an 199 2)
1
2
1

-17 -



Figure 2

Kl ef fner & Ramachandr an 1992

-18 -



Ramachandr an

assumpt

Figur e

1990

-19 -

2

on

3D

of

Fi

| i ght

gur e

3

f

r

(0]

m



Figure 3 Ramachandran 1990

-20 -



Sun & Perona 1996 V.S. Ramachandr a

30° 6 0°

Symons, Cuddy, & Humphrey (2000

=21 -



Symons et al . (200

Sun & Per ona 1996

Mamassian & Goutcher (2001)

Figure 4

Benson, & Yonas, 1973 X Granrud, Yonas,

Granrud, Yonas, & Opl and 1985

-22 -



S —
-—-—-—-""'-'_hq'"'--_—l-"

e ——

w
M

e

T
P
(a) (b

(d)

)

Figure 4 Mamassian & Goutcher (2001)

a b

-23-



Shi

a

’

K|

Kan

ef fner

azawa,

=24 -

&

& Yamaguchi

Ramachandr an, 1

(2005)



Fi gure 2

Gi bson 1950

Howar d, Bergstrom

& Ohmi , 1990 ; Ramachandr an, 1992 ; Wender

KI effner & Ramachandr an 1992

Figure 2

Fi gure 5

-25 -



Figure 5 Kl ef fner & Ramachandran (1992)

-26 -



At kinson & Braddi ck, 1989 ; Saar

Nakayama &

Joseph 1998

Sun & Per ona 1997

-27 -



hol |l ow-face il l usi on Gregor

Fi gur e 6

- 28 -



Fi gure 6 Gregory 1973 h ol

i I 1l usi on

- 29 -



Fi

, & Car man,

gur e

6

Gregory

Val ent i

1992,

-30 -

Hi

n

e

1988 ;

&

1970

1973

Young,

Johnst on,

Br uce,

1993

He l



Hi | | & Br uce 19914

holl ow potato il l usi on

Mar r

1982

He s s 1950

-31 -



Her shberger 1970

He s s 1950 He s s

Hess 1950 Her shberger 1970

l mura & Tomonaga 2003

1
2
Lehky &
Sejnowski, 1988
Humphrey, Symons, Her bert , & Goodale (19

D. F.

-32 -



Humphr ey

Humphr ey,

et

al . (1996) Fi

Goodal e,

f MR

Humphrey et al

-33-

Bowen

gur e

Gat

7

Vi



&

Symons, Her bert,

Humphrey

gur e 7

F

b))

(

)

a

)

c

)

a

c

(b)

-34-



Hanazawa & Komatsu (2001)

V 4
Hanazawa &
Komatsu (2001) Vi
V2 V 4
Humphrey et al (1997)
Connor (2001) Hanazawa & Komat
(2001)
(1994, 1995) Figure 8

-35 -



Fi gure 8 19914

-36 -



(2001)

9 attached shadow cast shadow
shading
attached shadow 2
attached shadow
cast shadow
cast shadow
Ker st en, Kni | | |
Mamassi an, & Bul t hof f , 1996 ; Ker st en, Ma
Fi gure 9
attached shadow
cast shadow
Kersten et a l 1997 cast shado

attached shadow

Figure 10

-37-



Figure 9 Kersten, Kni | |, Mamassi an,

-38-



Fi

gur e

a

al

10

(c)

Ker sten,

c

-39 -

"
I

Mamas s i

an

(d)

& Kni |

19



2006

10

Ramachandran(1988a)

Rei ¢chel &

Todd (1990)

-40 -



-41 -



-42 -

2005

2004



Ramachandr an 1988, 1990 Sun & Per ona 1 ¢

1 180

Sun & Per ona 1998

Sun & Per ona 1998

-43 -



24

AMI GA4000

15 CRT
Figure 11 4. 6°
0. 21cd/ m2 116cd/ mz
1 6 °

-44 -



ULEFT URIGHT

«

TOP

LEFT RIGHT

é

LLEFT BOTTOM LRIGHT

ee

Figure 11 1

ULEFT TOP( ) URI GHT

RI GHT LLEFT( ) BOTTOM(

9

-45 -

)

LEFT(

LRI GHT



2/ 3

8
1
24
8
12° 10. 2° Figure 11
3
3 0. 21cd/ m2
58. 2cd/ m2 116cd/ m2
3 CRT
57cm 3
8
24
100 - 100
1
2 4 1
2 4 4 8
2

- 46 -



11 Fi gure 12
8 x 3
F 7,70 12 p94Q1 F
2,20 0.0 9 05
F 14,140 1 p40,5
L SD
16

LSD13. 51pl . 05)
Ramachandr an 1988, 1990
Sun & Per ona

1998

-47 -



100
90
80
70
60
50
40
30
20
10

Depth rating

Bottom LLeft Left ULeft Top URight Right LRight

Direction of highlight

Fi gure 12

-48 -



1/ 3R

2/ 3R

R

15

-49 -

Fi

gur e

13

12



R 2/3R

-

1/3R CONTROL
Figure 13 2 ULEFT
TOP( ) LEFT( ) LLEFT( ) BOTT
5 R 2/ 3R
3 2 1/ 3R
3 1 CONTROL
4

-850 -



15

15

1/ 3R

16

1/ 3R

3
2/ 3R
Fi
5
16
5
16
100

-51 -

2/ 3R

gure 13

16

100



32

1/ 3R

1/ 3R

Figure 14

16
2
16p 7D.1
300 901
7.p7.01
1/ 3R

-52 -

2/ 3R

R

12



® Control
100
- 1/3 R
90 p
= 2/3 R
sob | —@
o 70p - A= R
£
Eg 60 p
< 50
o
840' x
30
20- ( *‘.“A..--.A
[ ]
°
10p ‘----""
O a a a a a

Bottom LLeft Left ULeft Top

Direction of highlight

Fi gure 14

-53-



F 2, 22 26p 6@,1F
2,22 9p6.90%F; 2, 22 3./09 05
L SD 1/ 3R
8

LSD11. 0, 05 2/ 3R

LSD10O0. 2, 05 R

LSD11. 7p5, 05

F 2,22 36p 57,
O1F 2, 22 23 p88Q1LEF 2, 22 39 p6.4Q5F
2,22 17p. 3®1F 2, 22 8 p0.70 5

L SD

L SD13. 2p4,

05£65D18. 96, 05L£ SD10. 8, 05

1/ 3R R 2/ 3R R
LSD15. 3B, 05 1/ 3R R 2/ 3R
R LSD12. 1Ap,. 05
15 t

-1/3R t (11) 3p 102

-54 -



-1/ 3R t(11) 3p2.401 -1/ 3R(11) 2p35,

05 R t(11) 2p4.905

Sun & Perona 1998

Sun & Per ona 1998

Sun & Per ona 1998

Sun & Perona

1998

Sun & Per ona 1998

- 55 -



1/ 3R

2/ 3R
R 1/ 3R
Sun &
Per ona 1998
2 Sun & Per ona 1998
1/ 3R 2/ 3R R
Ramachandr an 1988, 1990 Sun & Perona

- 56 -



2 1/ 3R 2/ 3R

1/ 3R 2/ 3R

1/ 3R

-57 -



2/ 3R

1/ 3R

Ramachandr an

Gregory, 1973

Hi | | & Br uce, 1994

, 2002

- 58 -



- 59 -



-60 -

25



1/ 3
1/ 3
114
1/6 , 2/ 6 3/ 6 4/ 6 5/ 6
AMI GA4000 15 CRT
Figure 15 4. 6°
0. 21cd/ 116cd/
1/ 6 2/ 6 3/ 6 4/ 6 5/ 6

-61 -



JIIQ00

R 5/6R 4/6R 3/6R 2/6R 1/6R
Figure 15 3 4 UL EF T
R 5/ 6 R(
6 5 ) 4/ 6 R(
6 4 ) 3/ 6R(

6 3 ) 2/ 6 R(
6 2 ) 1/ 6R( 6
1 ) C 7
4 L

S 2

-62 -



58. 2cd/

CRT
57cm
100, -100
7
1 5
35 5
5
14 Fi gure 16
3/ 6R( 1/ 2R)
1/ 2R
1
A 6 78) =7 .p255
000X SD 4/ 6

-63 -



70

as
60 |
LY
50 oL
40
30 |
20
i 1l
0 L
R 5/6R 4/6R 3/6R 2/6R 1/6R C
Figure 16
3 4 M

-64 -



3/

3/

3/

6

5/ 6
1/ 6
1/ 6

L SD19.

Figure

31

16

- 65 -

2/

3/ 6

05

45 °

10

4/

5/

2/ 6

75°



A 6

42)=3p0105

A 1
S

3/ 6R(1/ 2R)

A 6
L SD
6
05
41 6
2/

7)=0.M4D5

L

42)=3p0.3B5 ,A 6
S
3/ 6
3/ 6
, 4
21/ 6 3/ 6
3/ 6
8
47 .05

L SD2 6 .

- 66 -

1/ 2R

42)=2p8.705

, 4/ 6
2/ 6 4/ 6
2/ 6
LSD23. 04
3/
1/ 6
2/ 6 1/



1/ 2R

1/ 2R

, 1/ 3R

14

5/ 6R

1/ 3R
2/ 3R
R
, C
1/ 3R
2/ 3R
1/ 3R
1/ 2R
1/ 6R

-67 -

5/ 6R
1/ 6R
R
2/ 3R :
: 1/ 3R
1/ 2R

1/ 2R

2/ 3R



- 68 -



-69 -

2007



Ramachandr an 1990

Ramachandr an 1990

-70 -



Appl e Power MacG4 19 CR
T765
Adobe Phot oshop Figur
4 . 6°
0 100
(156¢c¢cd/ ) (0. 25cd/ )
41. 5cd/
15 30
50 70 85 5
1
CRT
57cm
100
4

3 6 9

71 -



15% 30% 500 T0% 85%

Q0000

Figure 17 5
15 ( 0
15 ) 30 50

85 5

-72 -

100

70



50

35.

Fi gure 18

15

70

70 8 5

L SD
15 70

84 4.,05)

Ramachandr an

1990

-73-

30

(A 4,
15

32)

8 5

2.

50

8®5)
50

L §D



Fi

80

IC—Dome C—ICone C—JOther =@=depth |

70 +

60

50

40 -

Depth ratl

30

20

10 +

_I_l

gur e

15%

18

30% 50% 70%
Size of the highlight

-74 -

85%

4.5

4.0

35

3.0

25

2.0

15

1.0

0.5

0.0

Shape judgement



9 5 14

SOTEC CPD G2001J 19 CRT
T765
Adobe Photoshop Figur
5. 5° 0. 8°
1/ 6 2/ 6 3/ 6 4/ 6 5/ 6 5
C

11°x14.65°

CRT 2

57cm

Thur st one CaseV
Figure 20

1/ 2

-75 -



5/6R 4/6R 3/6R 2/6R 1/6R

Figure 19 6 ULEFT
R 5/ 6 R(
6 5 ) 41 6 R(
6 4 ) 3/ 6R(
6 3 ) 2/ 6R(
6 2 ) 1/ 6R( 6
1 ) C 7

-76 -



4/6R 3/6R 2/6R 1XER

Location of highlight

Fi gure 20

-77 -



-78 -

1/ 2R

50



Ramachandr an 1990

Todd & Mingoll a 198

Biuht of f 1991

-79 -



-80 -



-81 -



1994

Fi gur e 8

19914

-82 -



5 6 1
CRT E I
Wi ndows PC SOTEC
D 2
d
X 4
Adobe
Power Poi nt
12° B
cd/
1/ 2
14. 7cd/
3

1
Z O FI ex Scan T765
PC STATI ON
1 B
2
u 2
Phot oshop
Figure 21
121 cd/ D
2
60
112cd/
CRT

-83-

19

Mi cr o

12



Bd Bu Dd

Fi gure 21 7

Bd

Dd

-84 -



40

11

(A1,

10

10)

Dd

57cm

100

8 p4605)

-85 -

Dd

Du

Bd

B d

100

10

Figur e
B u

Dd

22



Fi

70

60

50

40

30

20

10

gur e

22

Bu

-86 -




Wi
CRT
( )
6

Fi gur e

11
(SOTEC G4170

T765)

(T ) (D )

Dd Dt Td Tt)

Adobe Photoshop

6 5
ndows
(
( )
2
(C )
(Cd Ct
23

12°x12°

156

41. 5

CRT

0.

-87-

AV - B)

5.0
60

25

19



Fi

gur e

23

Ct

Td

- 88 -

Ccd

Dt

Tt

Dt

Td



57cm

10

10
11

Dt

9.068 .01)

R1 10) 43p930001)SD

C

D

L SD8 . 8 3/

Dt Tt

-89 -

Fi

gur e

Td

p (. 05

24

)



100
80 |
60
40 -
20

L

e

o

-20 -

1O

-40 -

—t—

-60

Fi gure 24

-90 -




8 9
4 8 12
Fi gure 25
2 1/ 2R
10
12 Fi gure 26
D Td
2
(K2 22)

10.10p1.001)

(1 11) 30p30085).LSD

-91 -



Fi

gur e

25

Ct

Td

-92.-

Ccd

Dt

Tt

Dt

Td



120
100
80
60
40
20

-20
-40

Fi gur e

T |

I 1 :
. [
cd Ct Dd Dt Tt

26

-93 -




C T D T
(LSD8. 158 . 05)

cd Td p (. 05)

1994

2001

-94 -



-95 -



Td

-96 -

Td

cd



-97 -



Ramachandr an

e. g. Ramachandr an, 19 ¢
e. g. Sun & Per ona, 1998
e. g. Ker sten, Kni | |, Ma mas si an, & Bul t h

-98 -



2001

-99 -



2007 10

- 100 -



At ki nson, J. , & Braddick, O. J. 1989 ‘ Wh e
visual seRecbeptliSonl181-189.

Benson, C. & Yonas, A. 1973 Devel opment C
pictorial depth iAmAdroaanattiom . & Ps yic3hop hy
361- 366.

Buht of f, H. H. 1991 Shape from X : P s
computati on. I n M. S. Landy & J.S. M
Comput ati onal Model s of. VCamlavi ;PgeoccebIsT
Pr ess. Pp. 305-3360.

Connor, C. E. 2001 Vi sual percé€ptrent Su |

Bioloyy 776-778.

Gi bson, J. J. 1950 The perception of t he
Mi ff 1l in.

Gi bson, J. J. 1979 The ecol ogi cal appr oac
Boston: Mi ff 1l i n.

Granrud, C. E. , Yonas, A. , & Opl and, E. A. 1

to the depth cue PRPdr céhmtdiionmg . & Ps y3cthophy.
415-419

Granrud, C. E. , Yonas, A. , & Petter son, L.
monocul ar and binocul ar depth perceptio
seven-month-oldJoafaat sof Experi mental
Psycho/l308 y19- 3 2.

Gregory, R. L. 1970 The intelligent eye.

- 101 -



Gregory, R. L. 1973 The confounded eye.
Gombrich (Edws)y,oon i n naturloaddnar Duckwo
Pp. 49-96.

Hanazawa, A. , & Komat su, H. 2001 I nfl uen
el ement al | umi nance gradients on the re
textured Surmmthecé&sesur nal of N2VWrdsx0  -ehdkP7 .

Her shberger, W. 1970 Attached-shadow or |
depth by chickens reared in an environme:!
Jour nal of Comparati ve and PhHhYIS3i ol ogi c a
407-411.

Hess, E. 1950 Devel opment of t he chick’' s
shade cues oWUUodiegptad. of Comparati ve and
Psychol43gyl112-122.

Hi Il , H. , & Bruce, V. 1993 l ndependent e |
orientation, and stereopsi s on t he hol |l

Percept2Z20n887-897.

Hi Il , H. , & Bruce, V. 19914 A compari son |
and “holl ow-potato”"Pandamtizdnrml.335-1337.
Howard, I . P. , Bergstrom, S. S. , & Oh mi , M. ]

i n di f ferent f Il ames PFoefr creepft@& Boendb @ &8 - 53 0 .

Humphrey, G. K., Goodal e, M. A. , Bowen, C. V. ,
Rutt, B. K., & Menon, R. S. 1997 Di fferen
from shading correlate with activity in

Current Bitp/! b 4- 147.

Humphrey, G. K., Symons, L. A. , Herbert, A. M. ,

-102 -



neur ol ogi cal di ssociation between shape
from ed®Beshavior al Bra,j he Reéséatehb.

|l mur a, T. , & Tomonaga, M. 2003 Percepti ol
in infant chi mpanzees (Amainmalk oQd p@/iyttiecn

253-258.

2007
5 23-28
2005
76 51-56
19914 I S
Sensing and Perception 3 - ¢
1995 CG I S
Sensing and Perception 56 -
Johnston, A. , Hi |1, H. , & Car man, N. 1992
Ef fects of l i ghting directi on, i nversio

revers®lercept2zZ1lon365-375.
2002
3, 95-105.
2002 3 -
,45 180-191.

Ker sten, D. , Knill , D. C. |, Mamassian, P. , & |
'l T usory moti on f Wam ysdEerad B8vl s .
Ker sten, D. , Mamassi an, P. , & Knill , D. C. 1
i nduce apparent mot Penceé pt2dée plt 7hl - 1 9 2 .

Kl effner, D. A. , & Ramachandran, V. S. 1992

- 108 -



shape from shearddeaemti on & Ps ys5c2h olp8h-y3s6i.c s
Lehky, S. R. , & Sejnowski , T. J. 1988 Net wi
shading: neur al function arises from bo
projective Wiae lyd3€8,.3 452 - 45 4.,

Mamassian, P. , & Goutcher, R. 2001 Prior
i Il Il umi nati on pCoosgint/i if a8mk.n B1 - B9 .

Marr,D. 1982 A CYoompaownaitional [ nvestigati on

Representati on and Processing HéwVYoul/

W. H. Freeman.

Nakayama, K. , & Joseph, J. S. 1998 At tent.i
and pop-out visual sear ch. IThh eR. Par asu
attentive KLraanbnm i dge, MA : MI' T press. Pp.

( ) 2000

310-320

Pal mer , S. E. 1999 Perceiving suwifaces or
sci enceCambri dge: MI' T Pr ess. Pp. 199- 253
Ramachandran, V. S. 1988 a Percei Nahgr e haj

331 163-16©6.

Ramachandran, V. S. 1988h0b Percei ving shaj
Sci enti fic ,A2nbe9 58a 5.

Ramachandran, V. S. 1990 Perceiving shap

|l . Rock (Edhe) percept uvalNewoYd dk : W. H. Fr ee

Company. Pp.127-138.
Ramachandran, V. S. 1992 Bi ol ogi cal per s |
G. A. Carpenter & S. Grossberg(Eds. ), Neur

- 104 -



and i mage processing. Cambri dge, MA : M
Rei chel , F. D. , & Todd, L. T. 1990 Percei v
smoothly curved surfaces due Jdwmournmalygeor
Experi mental Psychology . Human ,PleG¢g cept |
653-664.

Saarinen, J. 1996 Locali zation and di scr

targetlW/i.s/i on ReSBe&ar3clh3 - 316 .

Sekuler, R. , & Bl ake, R. 199 4P e rDceeppt thi g3me d c e p
ed. New Yor k: Mc Gr aw- Hi | | l nc. Pp. 215
Seyama, J. & Sato, T. 1998 Shape from sha

refl ectanclW smaopn Re SB3éBaxr80h5 - 3815

Shirai, N., Kanazawa, S. , & Yamaguchi , M. 2
sensitivity to shading sti muliapwintehs a a di
Psychol!/ ogi cal 4He 28&r-c2/M0 1 .

Sun, J. , & Perona, P. 1996NaWhree eNe sar,bplse /£l
1, 183-184.

Sun, J. , & Perona, P. 1997 Shading and
perception of shape froPerrceilt @ @tnance.
519-529.

Symons, L. A. , Cuddy, F. , & Humphrey, K.
turning of shape fRermcaeamtfardomgoand Psychop!
6 2 557-568.

1979
Todd, J. T. & Mingol |l a, E. 1983 Perception

and di recti on of i Il uminati on from pat

- 105 -



Jour nal of Experi ment al Psychol ogy: Hu

perfor m&nc»83-595.

20014
80 29- 38
2006
88 41- 514
Wat anabe. |l ., Mi t sue, S. , & Ansti s, S. 1998

gener at e a 3-D shape on /an wd satnieg astuirvfea c

Opht hal mol/ ogy and VIS uad8s&c/i ence

Wender ot h, P. , & Hi ckey, N. 1993 Obj ect
effects on symmetry perception defined b
Percept2Z20nl121-1130.

2001
I S 8 Sensing and Perceptd.i

2001
3D

15 23-28.

- 106 -



	標題

	まえがき
	目次
	第１部 歴史的考察
	第１章 奥行き知覚
	第１節 生理的要因
	a. 調節(acocommodation)

	b. 輻輳（convergence)
 
	c. 両眼視差(binocular parallax)

	d. 単眼運動視差(monocular movement parallax)


	第２節 心理的要因
	a. 網膜像の大きさ(retinal size)

	b. 線遠近法(linear perspective)

	c. きめの勾配(texture gradient)
 
	d. 大気遠近法(aerial perspective)

	e. 重なり合い(overlapping)

	f. 陰影(light and shade)


	第３節 その他の要因
	a. 形態

	b. 色彩

	c. 特定距離傾向

	d. 等距離傾向



	第２章 陰影による奥行き知覚
	第１節 上方光源仮説～ 陰影知覚にける2 つの制約条件
	第２節 左方光源の優位性
	第３節 発達段階における「凸」への選好
	第４節 低次機能における「凹」への選好
	第５節 高次機能における「凸」への選好
	第６節 ヒト以外の陰影の知覚
	第７節 陰影知覚の脳内基盤
	第８節 背景の輝度や奥行きとのかかわり
	第９節 陰(attached)  と影(cast shadow)
	第１０節 視点との関係


	第２部 実験的研究
	第１章 ハイライトの位置と方向の効果
	実験１
	実験２
	実験３
	実験４

	第２章 ハイライトの効果
	実験５
	実験６

	第３章 背景の効果
	実験７
	実験８
	実験９

	第４章 総合考察

	謝辞
	引用文献



