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1.1  

1-1

 



2 

 

constraint, Marr, 1982

Hollow face (Gregory, 1970; Hill & Bruce, 1994)

 

(Johnston, Cumming, & Parker, 1993) (Fang & 

He, 2004; Nawrot & Blake, 1989, 1991) (Bradshaw & Rogers, 

1996) (Bülthoff & Mallot, 1988)
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1-1 (A) (B)

(C)
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1.2  

1-2C

1-2A

motion parallax

 

(Ullman, 1979b, 1984; Wexler, Panerai, Lamouret, & Droulez, 2001)

 (Ono & Steinbach, 



5 

 

1990; Rogers & Graham, 1979; Wexler & van Boxtel, 2005)

Ullman (1979a) Ullman 

Cylinder

(Structure from Motion, SfM)

Ullman Cylinder

(Mitsudo & Ono, 2007; Naji & Freeman, 

2004; Nawrot, 2012)

(Ono & Ujike, 2005)   

1.3  

6 6.5 cm

1-2B  
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1-2 

(A)

(B) 1 2  
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1.3.1  

(Graham & Rogers, 1982; Ono & Ujike, 2005; Ono & Wade, 

2005; Rogers & Graham, 1982; Tyler, 1991)  



8 

 

 (Barlow, Blakemore, & Pettigrew, 1967; Ohzawa, 

DeAngelis, & Freeman, 1990)

 

1-3A

1-3B

Brenner, van den Berg, & van Damme, 1996; Jacobs, 2002; 

Landy, Maloney, Johnston, & Young, 1995; Maloney & Landy, 1989  
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1-3 (A)

(B)  
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Bradshaw and Rogers (1996)

 

1.3.2  

10

10 1000

1000

(Tyler, 1991) 10

10

10 100 100

 (Ono & Ujike, 2005; Ono 

& Wade, 2005)

40%
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60%

(Graham & Rogers, 1982)  

 

1.3.3  

(Barlow et al., 1967)

(Adelson & Bergen, 1985)

(Ohzawa et al., 1990) Barlow et al. (1967) 18 

 

(Andersen & Bladley, 1998; Maunsell & van Essen, 

1983)

(Adelson & Bergen, 1985; De Valois, Cottaris, Mahon, Elfar, & Wilson, 2000; McLean 

& Palmer, 1989; Watson & Ahumada, 1985)
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absolute disparity

relative disparity

(Cumming & Parker, 1999)

 

1.4  

 

(Regan & Beverley, 1979)



13 

 

(Brenner et al., 

1996; Jacobs, 2002; Landy et al., 1995; Maloney & Landy, 1989) Johnston et al. 

(1993)

(Curran & Johnston, 1994) Landy et al. 

(1995)  Modified weak fusion model  

(reliability)

1-4

Jacobs (2002)

Landy  Modified 

weak fusion model  

(Kersten, Mamassian, & Yuille, 2004; Kersten & Yuille, 2003)

(Ernst, Banks, & Bülthoff, 2000; Hillis, Ernst, Banks, & Landy, 2002)
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1-4 Modified weak fusion model (Landy et al., 1995 )
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1.4.1  

Bradshaw and Rogers (1996)

 

Gillam, Blackburn, and Brooks (2007)

Werner (1937, 1938)

(slant)

(van Ee & Erkelens, 1996; Gillam, Flagg, & 

Finlay, 1984; Graham & Rogers, 1982; Sato & Howard, 2001)

(Graham & Rogers, 1982)  

Gillam et al. (2007) 1-5 slant

slant

(twist)
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(hinge)

Gillam et al. (2007) Rogers and 

Graham (1982)

 

Gillam et al. (2007) Graham and Rogers (1982)

Bradshaw and Rogers (1996)

Bradshaw and Rogers (1996)

Bradshaw and Rogers (1996)

Landy et al. (1995) Modified weak fusion 

model  
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1-5  Gillam et al.(2007) (A) (twist)

(B) (hinge)

(C)
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Bradshaw and Rogers (1996)

 

1.5  

6 Hz (Norcia & Tyler, 1984)

160 ms (Tyler, 1991) Norcia and Tyler (1984) 6 Hz

160ms

80 ms

100 ms

SfM

1

(Burr & Santoro, 2001; Caudek, Domini, & Di Luca 2002; Domini, Vuong, & 

Caudek, 2002; Eby, 1992; Treue, Husain, & Andersen, 1991)
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1.6  

1.2 SfM

SfM

SfM

 

SfM

Ullman Cylinder (Ullman, 1979a)

 (Mitsudo & Ono, 2007; Naji & Freeman, 2004; Nawrot, 

2012)  

SfM

(Ono & Steinbach, 1990; Ono & Ujike, 2005)

SfM



20 

 

(Ullman, 1979b, 

1984; Hildreth, Grzywacz, Adelson, & Inada, 1990)

(Ullman, 1979a) (Tsai 

& Huang, 1984) SfM

1

(Burr & Santoro, 2001; Caudek et al, 2002; Domini et 

al., 2002; Eby, 1992; Treue et al., 1991)  

1.7  

 

 

SfM
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SfM
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Modified Weak Fusion  (Brenner et al., 1996; 

Jacobs, 2002; Landy et al., 1995; Maloney & Landy, 1989)

 

e.g. 

Barlow et al., 1967 100 ms

 (Norcia & Tyler, 1984; Tyler, 1991)
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SfM

SfM

SfM

(Burr & Santoro, 2001; Caudek et al., 

2002; Eby, 1992; Treue et al., 1991)

SfM

SfM

SfM
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SfM

(Cavanagh & Mather, 1989)

(Ichikawa, Nishida, & Ono, 2004) SfM

(Ono & Steinbach, 

1990; Ono & Ujike, 2005) SfM

SfM

(Hildreth et al., 1990; Ullman, 1979b, 1984) SfM

100 300 ms

1 (Burr & Santoro, 

2001; Caudek et al. 2002; Eby, 1992; Treue et al., 1991)  

SfM
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3.1 2A 

3.1.1  

 

4

1 3

2  

 

Power Macintosh G3, Apple

CRT FlexScanE76D, NANAO; 1024 768 ; 

256 ; 75 Hz 2

CRT

CRT 76 cm

CRT

20 cm  

A/D

DAQ Card1200, National Instruments 1000 /

DM31, SEIKO 1
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20 cm 0.5 Hz 1

20 cm/sec Ujike and Ono (2001) Ono and Ujike(2005)

13.0 cm/sec

1

3  

 

3-1A

 5.0 deg  3.5 deg

0.09 deg  0.04 deg

1

(Mitsudo & Ono, 2007) 20 %  

0.4 c/d

3 1 cm 0.14 cm

0.20 cm 0.27 cm 40 60

80
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7 deg  

 

PSE

PSE

PSE

PSE

0.025%

0.0125%

 

1.67 cm, 3.33 cm, 5.00 cm, 6.67 cm, 8.33 cm

1/6 2/6 3/6 4/6 5/6
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3-1B

 

40 60 80

1

 

3 5 2

30 1 1

4 4

8
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3-1 (A)

(B)

; concomitant interval  
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3.1.2  

PSE

3-2 PSE

2

(F (2, 39) = 197.50, p 

<.01) (F (4, 78) = 322.37, p <.01)

(F (8, 312) = 12.19, p <.01)  

1

1

 

(Freeman & Fowler, 2000; Mitsudo & Ono, 2007; 

Naji & Freeman, 2004; Nawrot, 2003; Nawrot & Joyce, 2006)

1 deg

0.5 deg

80

3
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3-3 PSE

 

1

(transient)
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3-2 2A (N=4)

PSE
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3-3 (N=3)

3-2  
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3.2 2B 

 

3.2.1  

 

4

1 3

2A  

 

2A

60  

-100% -80%

-60% -40% -20% +20% +40% +60% +80% +100% 10

11

2 4 6 2.25 4.25 6.25

6 2 4 6
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+ ¼

10

 

11 6

1 4

6

2 1 48

 

3.2.2  

3-4

3-5

10  

2

 (F (9, 27) = 17.59, p <.01)

(F (1, 3) = 0.33, n.s.) (F (9, 27) = 

0.52, n.s.)
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2 (Overall & Spiegel, 1969; Overall, Spiegel, & 

Cohen, 1975) (F (9, 558) = 10.16, p 

<.01) (F (1, 558) = 11.12, p<.01)

(F (9, 558) = 0.83, n.s.)  

20%

 

100% 20%

20%

 

1

200 300 ms

700 800 ms (Dzhafarov, Sekuler, & Allik, 1993; Mateeff, Dimitrov & 

Hohnsbein, 1995)
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1A

1

1

1  

1

2A
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3-4 2B (N=4)

95%
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3-5 2B (N=4)
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3.3  

SfM

 

2A

1

2B

1

700 800 ms

1

100 ms (Norcia 

& Tyler, 1984; Tyler, 1991)  
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SfM

(Domini et al., 2002; Eby, 1992; Treue et al., 1991)

SfM

SfM

SfM
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4.1  

4.1.1  

 

4.1.2  

SfM

1

200 300 ms Dzhafarov et al., 1993; Mateeff, 

et al., 1995 100 ms 

(Norcia & Tyler, 1984; Tyler, 1991) SfM

 (Domini et al., 2002; Eby, 1992; Treue et al., 1991)
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SfM

 

4.2  
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4.3  

6.5 cm

Rogers & Graham, 1979

 

10

1

20 60 1

1/6 1/2 160 500 ms

500

800 ms
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100 ms (Norcia & 

Tyler, 1984; Tyler, 1991)

500 800 ms

20 60

 

2A

 

SfM

1 (Domini et al., 2002; Eby, 1992; Treue et al., 1991)

SfM

SfM
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(Ono & Ujike, 2005)

 (Ichikawa et al., 2004)

 

short- and long-range motion

(Braddick, 1974; Sato, 1998)

absolute disparity relative 

disparity (Cumming & Parker, 

1999)

SfM

 

 

 

4.4  
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1

100 ms (Norcia & Tyler, 1984; Tyler, 1991)

SfM

(Ullman, 1979a, b, 1984; Hildreth et al., 1990)

1 Treue et 

al. (1991) SfM 700 ms

1000 ms

SfM 1

SfM

500 1000 ms 

 (Eby, 1992) SfM

1

(Domini et al., 2002)  

Domini SfM 150 ms

1

2

(Caudek et al., 2002) 2 Burr and Santoro (2001)

200 300 ms 3000 ms

 

1
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32 ms (Nawrot & Stroyan, 

2012) SfM 2

Nawrot and Stroyan (2012)

2

SfM

SfM

SfM
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