NAL TR-1185

NAL TR-1185

ISSN 0389-4010
UDC 681

T R R TR A

TECHNICAL REPORT OF NATIONAL AEROSPACE LABORATORY

TR-1185

b FOBRICEAR
EF A H X T OB HIBNC X 2 3o siiwE

B % & %

1992%118

WLoZE F ol BT B R PR

NATIONAL AEROSPACE LABORATORY

This document is provided by JAXA.



B 1EE G R ASE  ceveeeeeeee e 92
1.1 # B veee et 9
BB b FDER oo NP PR PP UPIO PO 3
0.1 BEDFEIE oo F PP P 4

0 1.1 TKEMRZHE  covoerrrrerrrereee e 4

0.1.2  THBEBEE  --vooooeeo e 4

0.9 ZoAS DMBEETULNEREE  coveeeeereeee e e 5

0.3 ZBIEIBIDIERER oo oveermreee e 5

9.4 AW D AMEEZE AN cocvee oot 6

F3E REHEICL TR ER

3.1 IR AITIEERTER oo 7
3.2 *ﬁﬁ%{l@uciéyﬁmlﬁgﬁ% ............................................................... 8
3.2. 1 %’&@gm& %@iﬁﬁﬁﬁ ......................................................... 8
3.2.2 _Aﬁ@g\qz% .............................................................................. 8
3.2.3 ﬁ%ﬁ@ ................................................................................. 9
3.2. 4 g E‘?;IE ................................................................................. 9
3.3 %@%@ .................................................................................... 10
Bawm X B
4.1 % ﬁ ;:% ....................................................................................... 10
4.1.1 EFA N AT ERBEI  cooeerer 11
4.1.2 @ﬁ%ﬂm ................................................................................. 11
4.1.3 Aj]@{g ............................................................................. e 11
4. 2 #1 A ﬁtiﬂi&:&ﬁﬁ)( 5%}5% ............................................................ 13
4.2.1 Ly X0l JEINRBH 13
4.2 92 T%ﬁ .................................................................................... 13
4.2.3 %gﬂﬂl&% ................................................................................. 14
4.2 4 EEﬁ AT @%ﬁg ..................................................................... 14
4.2.5 FRASFUBEEE oo 15
4.3 EBREEE o e 15
4,81 ATJEHE  covvreerreeeee e 16
(1) BRI oovereremrmmm o e oo 16
(2)  F R B T4 = R oo 16
(3) = L RLRLEELITTIRTLLILIT 16
(4) TL IR 17

This document is provided by JAXA.



4.3.53 ﬁ g} ................................................................................. 18
(1) ﬁ}iﬂﬁﬂ& ................................................................................. 18
(2) @l—iﬁ ................................................................................... 18
(3) @i@*% é ........................................................................... 19
(4) %Ej) ....................................................................................... 19
4.3 4 ZEEﬁ A 5@%%% .................................................................. 19
(1) %g}% .................................................................................... 19
(2) ﬁ,j]zﬁé .................................................................................... 20
(3) @g% ................................................................................... 20
(4) @;E% .................................................................................... 20
HoE FH %
51 @&Aj}%#@.—&{t ..................................................................... 20
5.2 @E%g ....................................................................................... 21
5. 3 @g&ﬁﬁﬁ;—u@ ................................................. e eeeeeetaraaeta e, 21
5. 4 t I., @&ﬁ&@ﬂ:& ........................................................................ 22
55 7"‘/7°|/"‘l"7"/%‘/70<‘:®tt?)‘(( ................................................... 292
5.6 5%%7 J =1 ) Z LT L 6%%&“%@%& ............................................. 23
% 6 —'-é % CI___ D SRR 23
ﬁﬁA. EE&@%‘fg .................................................................................... 24
ﬁ’ﬁ B', mgfmﬁﬁ ....................................................................................... 26
ﬁ'ﬁc. E }\@jﬁiﬁﬁﬁﬁ .............................................................................. 26
ﬁﬁD. %%%Xﬁ .......................................................................................... 27

This document is provided by JAXA.



L PORBEIZFEATL
BT A A 2T OMSEEIENC X 53 mEE

A % & ¥

An Algorithm for Stereo Correspondence Problems
on the Analogy of Human Vision

Hiromi GoM!

ABSTRACT

An approach to stereo correspondence problems imitating human vision is
proposed and verified by directing two cameras to the same point in experiments. The
algorithm is based on the fact that the illuminance difference between images on left
and right human retinal foveae is minimised when both eyes look at the same point
because the difference between the images is smaller than the resolution. The
algorithm is robust against camera discrepancies and has an operating range similar to
that of human vision. The algorithm is an area-based method using 256 X 256 picture
elements much more than ordinary template matchings and is not affected by the
relative illuminance of the lens because of convergence control of the cameras.

Keywords: stereo, correspondence problem. human vision, convergence control,
active vision, image processing .
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a. Camera arrangement in ordinary methods.
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b. Human binocular vision.

Fig.1. Search algorithms in stereo correspondence problems.
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Table 1. Visual cues of depth perception (Shimojo 1986).

Monocular

Binocular

Physiological Accommodation

Convergence
Binocular parallax

Retinal image

Apparent size, Static
Light and shade,

Occlusion, Perspective,

Clearness, Texture

Motion parallax Dynamic
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Fig.2. A model of the primate primary visual
cortex (Livingstone & Hubel 1984).
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Object

Video cameras
Zoom lenses

Pulse motor drivers

8-bit ADC

Personal computer

Work station

Fig.3. Experimental arrangement.
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éImage 2 : Landscape

Image 3 : Cube

Fig.4. Input image data.
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Fig.5. Autocorrelation coefficients of
input 1mages.
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Fig.6. Correspondence areas on CCD.
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Fig.7. Relative illuminaces of image

planes due to lenses.
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Table 2. Linealisation of video camera outputs (E).

Right camera

Left camera

E range I1Tuminance E range I1luminance
(ADU) on CCD (ADU) on CCD
13- 69 | 0.54E - 7 13- 77 | 0.47E - 6
69 - 107 | 0.1063 €!/0-75 77 - 117 | o0.06107 £}/0-70
107 - 170 | 0.02262 g!/0-60 17 - 178 | 0.009555 g170-95
170 - 244 | 0.00876 £1/0-%% 178 - 244 | 0.001923 £1/0-47
244 - 255 | 0.001145 £V/9-%% | 244 - 255 | 0.001145 £!/0-%
150 4
+ right camera
N 1]
@ left camera c ol ! i
<8( 9 \. S . —4
+ “t ¢‘f‘ l
Ea g lgt b L Lepratier]
3 = ' Fj'lé"' 200
9 Distance from centre picture element
é 50 + -2
2 /.+ Fig.10. Distortions of lenses.
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00 % ]® ]% ﬁféotoEﬁmf—Avyxwéﬁﬁﬁmﬁ
Il1iuminance on CCD image plane (arbitrary) BRLT, v xOhiLd 5 M0BEROMETD

Fig.9. Linearities of video cameras.
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Table 3. Experimental parameters.

Input image

Grid, Test chart, Landscape, Cube

ITTuminance 1:2

Field of view/

Focal length: 88mm, 11mm
Number of picture elements: 256x256, 32x32, 4x4

Resolution Size of picture elements: 1x1, 5x5, 20x20, 60x60, 240x240
Visual acuity: 1.2, 0.4, 0.1
Difference Magnification: 0%, 5%, 10%

between left

Visual accuity: right: 1.2, Left: 1.2, 0.4, 0.1

and right Roll angle: 0°, 2°, 8°
cameras Sensitivity: 0%, 30%, 50%
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(Fig.11.) (& ),
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£ R,

d = -
1 =1 M

L.. nxn
mean Ul /

"N~ 3

J

0
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Fig.11. An expected result.
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Fig.12. A variation of dmean (grid).
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Fig.13. A variation of dmean (test chart).
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Fig.14. A contour map of dmean (landscape).
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Fig.16. A variation of dmean (c‘ube).
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Fig.19. Effect of focal length.
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Fig.20. Effect of picture element number.
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Fig.21. Effect of picture element size.
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Fig.22. Effect of visual acuity.
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Fig.23. Effect of magnification difference.
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Fig.25. Effect of roll angle difference.
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Fig.26. Effect of sensitivity difference.
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Table 4. Comparison between the present algorithm and human vision.

Difference between left
and right cameras/eyes

Operating range
of the algorithm

Human stereopsis
(Hatada 1988)

Magnification 10%
Visual accuity 1.2/0.1
Roll angle 8°
Sensitivity 30%

a few percentage
(possible up to 15%)

10% (vagueness)
60
30% (unstable more than 70 %)
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Fig.Al. Cartesian coordinate systems
for images.
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Fig.A3. Difference between left and
right images (700mm).
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