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Development of Stereo Vision System

Takashi Naito, Yoshikatsu Kimura
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Abstract

Most of the vision systems used for factory

and recognize complex 3D objects which conventione

automation acquire straight pieces of two-dimensionalvision systems could not cope with. This system is a

information yielded from objects. By analyzing this

binocular and feature-based vision system in

information, the vision systems achieve tasks such as consideration of both the environment to be used and

inspection, “pick and place” and assembling of the

the target objects. Especially, since it is easy to extra

objects. To carry out these tasks, many kinds of imag geometrical features such as line, circle and ellipse
processing algorithms for binary, gray and color imagefrom images of automobile parts, the vision system,
data have been proposed and applied to practical taskwhich recovers 3D geometrical features using edge

However, it has been difficult for such systems to

primitives extracted from the left and right gray

handle objects with unfixed aspects or complex three-images, has been developed.

dimensional objects. Therefore, a vision system

This paper describes the developed stereo vision

suitable for 3D objects and applicable in unconstraineisystem and shows its performance using experimentz

environment has been expected.

We have developed a stereo vision system to inspet

results.
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Table 1 Methods to recover 3D information.

Monocular image
Binocular image
Input Image Trinocular image
Multiple image, motion image

Region base

Stereo Matching
Feature base

0000000 R& OO0O00OOVoL 31 No.2 (1996.6)

odd2200000oooooooooooon
O (binocular )OO ODOOOOO"OOOOg?2
o0oooooooooooooooooooo
00000000000 i1uoooooooso
00000oo0oOoooooogo (monocular )d O
oooooo"™d Doooooooooooog
oooooooboo3noooooooos3ono
(trinocular ) DO O ODOOODODOO"™DO0OOA40
0000oooooooo (muliple )"0 0CCD
oooooooooouoooooooooooo
oooooooooooooooooos3oon
0oo0o0ooooooooodn (motion)d OO
oooooooooPmooooooooooo
ooooooooooooooooogoooo
ooood
Ooo20000(Xy)Oooooooooosg
oooooooooooooooo (zoo)o
gooobooooooobobbooooooogo
000o0o0o0ooooooboobo20000000
ooooOoooooooooo3noooooo
o0oooooooooooooooooooo
o0oooooooooooooooooooo
oooooo"™™opoooooooooooon
gooboboooooooboboooooooo
goobobooooooooboooooooo
ooooooooorm
O00ooO0pDoOo20000D000D0O0O00Od
ooooOoooUoOoooOoooos3ouoooo
o0oooooooooooooooooooo
gooooooo®r4a
gooobooooobobuooooooboo
ooooooooooooooooogooooo
o0o0o0oooooooooooooooooo
oo0oooooooooooooooooooo
oooooooooooooooooooooo
oooooooooooo (boboo )Yyoooo
0d300dooooooooooooooon
oooooooo
Oooooooogooooooooooog
oo0oooooooooo
2000000000000 0DOODOO0OO
0o0o0oooo3goooooooooooon



oboooboo4b000300b0b000oD0O0
cbooboobooooobooooosgonogog
cooboboooboobooobOooooboOoono
cobooooboocooooobooooooo

oobooooboocoooooooono

gooooooooobuooooooboooo
Oo0os3goooooooooooogoooon
Fig. 100ODO

ooooODpDOoOOo0ooUoOoOooooooooooo
Canny OO QOO 000O00O0oOoOoOO
000 (VPSEE)DODODOODOOOOOOO
O ( edge detectior)

ooooOpDOoOoOooooooooooooooo
O0o0o0ooDUOooOooOooooobDooo
O0oo0oO0oDooOoOoOooOOoOoOooooooooo
0 ( edge segmentatiofl)

gooboboooobboboooooobbooo
goooobbooooogoooboooood
O00D0O0ODOO0ODOO0ODOODOOOog (rectification )1

ooooooooOooooooooooooo
O00ooooOo20oo0o00uoooooooaoerer
(2D geometry[)!

Left image Right image

( Edge detection) ( Edge detectioé)

@Ee segmentaﬁo@ (Edge se, mentatio@

Fig. 1 Processing flow.

41

goooooooobooooooobooooa
oOo00d2000000oooooogoooooo
oooooooooognorereei(stereo matching)

odo0oooooooooooooooooo
0200000000000030000000
0000 (3D geometryl)

000000 0o00o0ooOooooosooon
oooooooooooooooooooooo
ooooooPerees model matching O O 0O 3
00000000000 DO00R"?(positioning )

000000oooooooOoooooano rectification
Opositioningl 0000000 O0OOODOOOOO
gooooooooooooooboooooa
00000O0ooooP??(calibration )J

oobooooooboobooooog

ooooooo3awooooooooooooo
0000000000000 0Fg. 100000
goodobooooobuoobooboooooog
oooooooooooooooooooooo
Oo0o0oooooooooooooo

o000oooooooooDoOg (33WUo)
000000oooooooooooOoUovVvPSEE
( Videorate Pipeline Subpixel Edge Extractar )1 [
JdddoooooooocanmmyoooononO
ooooogoooooooor ™

Fig. 20 VPSEED D OO OOOOOOOOOO
OoOdoGP-BOVMEODOOOODOOOOOOO
Oodooooooooooooooooooon
gooooad

ccoOoonooonooonod Transmittef O O
000000000 Timing Converted O 00O O
Oooooooooooooooooooooo
000 00Timing Generatarl 0 O 0 10MHzO O
Oodooooooooooooooooooon
gooooooooooooboooboooooa
agoo

2D CONVOLVERO O OO 20 0 LUT ( Look Up
Table )OO 40 O DSP ( Digital Signal Processof)
ooo40D0DSPOO00020000000000
20000000000DOD00DDODO00ODOOOOO
goooooooooooooboboooooa

0000000 R& OO0O00OOVoIL 31 No.2 (1996.6)



42

gooooboobooobouoooooilgobood
oooooooooooooooooooooo
ooooogooo

Peak Extractdr Peak Interpolatal 0 000 00O O
Oo0oooTTLO0DOO0O0O0U0DDOOOoOOooOOOn
gooobooooooooobboboooooo
gooobooooooboboooboboobooogo
ooooooooooooooo

Peak Interpolatar O 0 000 O0D0O0OODOO0O
Oo0doooooooOoooooooooooo
oooooooopooowTooooooooo
goooboooooooooobboboooooo
goooooooo

O0O00OO0OOVPSEEDIS12x 512000000
033000oouopooooooooouooooo
oooooooooooooooooooooo
ooooood
000000000000 OdFrame Grabber O
00000000000 OdFrame Grabbét O 00O
Oo0oooooooooooooooooo

gos3gpoooooooogoon

OOo0oD20000000

oooOoOoopbooOoobooboooooboooo
goooooobOoOooOoOooOooboOooooo
00oDoO0oo0oooDooOoooooooooooo

Oo0oooooooooog

Fig. 3@ 000000000000 0O00O0O0O
oo0o0{x=(xOy)}loooooooooooo
gobooooLooooon

L (x, y):sin(e)x+cos(9)y—d=0 oooo@)

Oo0e0D00LO0OO0OdOODOLOOOoOn
000D0o000o0ooDoooog((xOy,)ooogL
oobo(0oobboOo)bebbOOooD

E:z =Y :z \sin(e)xi +cos(9)yi—d\ ~ min

00000000000@)
000000000O0OOoOoOo(ed)00O0OnOO
e0000000D0DDDODOOOOOOODDOD
gdoboooooooooobooboooooo

l SPARC Stationﬂ
GP-IB t
1486 GPAB | | Vl‘l’lg Timing
CPU VME Ioca ¢ Y8|| Generator
Interface nterface
‘ 3 Timing bus

DX T
e

Local bus

VME bus

De

E interlace Extractor
A/D Timing 2D
Transmitter Converter Convolver Peak
N P Interporator
D <= Interlace P
0 0o

Peak

Image bus

Fig. 2 Configuration of VPSEE.
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Fig. 16 Example of the object recognition.

Table 2 Results of recognition.

Group No. of success Percent %
(Sample No.)
Omni-direction views 15 88
(17)
Front vieus 19 100
(19)
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