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Map Generation of a Mobile Robot

by Integrating Omnidirectional Stereo and Laser Range Finder

Yoshiro Negishi*, Jun Miura* and Yoshiaki Shirai*

This paper describes a map generation method using an omnidirectional stereo and a laser range finder. Omni-

directional stereo has an advantage of 3D range acquisition, while it may suffer from a low reliability and accuracy

in range data. Laser range finders have advantage of reliable acquisition of data, while they usually obtain only 2D

range information. By integrating these two sensors, a reliable map can be generated. Since the two sensors may

detect different parts of an object, a separate probabilistic grid map is first generated by temporal integration of

data from each sensor. The resultant two maps are then integrated using a logical integration rule. An ego-motion

estimation method is also described, which is necessary for integration of sensor data obtained at different positions.

Experimental results on autonomous navigation in unknown environments show the feasibility of the method.

Key Words: Moble robot, Omnidirectional stereo, Laser range finder, Sensor fusion, Probabilistic model of uncer-

tainty.
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image (lower camera).

(c) panoramic disparity image obtained from (b).

Fig.2 Omnidirectional stereo generates a panoramic disparity image.
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Fig.1 Our mobile robot.
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Fig.3 An example LRF measurement. The black triangle

indicates the position and the direction of the robot.
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Table 1 The integration rule.
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Fig.7 FKEgo-motion estimation using point features.

0000000000000000000000000 LRF
00000000000000000000000

4.1 00000000000
000000000000000000000000000
0000000030000 Lul MiliosD0ODODOOODO
00000000000000000[14000000000
0000000000000000000000000000
0000 Fig. 300000 LRFOOOOO0OOO0O0OOOO0
0000000000000000000000000000
0000000000000000000000000000
0oooooooo
000000D0000000000000 5[em]0000
0000 LRFODOOOOO0OO0O00D00000 40[fem]00
000000 10em]000000000000000000
00000000000000030fem]000000000
00000 Fig. 60 LRFOODOO0OOO00O0O000O0OO0
0ooooo

0000 2000000000000000000000
0000000000000000000000000000
000000000000000000 20(em]000000
0000000000000000000000000000
0oooooooo

4.2 0000000
0000200000000000 (Az,Ay,A8)000
000000000000000000(X,Y/)00000
00000 (X,Y)0:000000000000003
1,---,NOODODODODDOOOOODOOODOODOODOOOO

( ) G)+(5)- ()

oooooooooz21060

cos Al
—sin Af

sin Aé
cos Af

X!
Y/

Ax
Ay

X;
Y;

694

ooooooOoz200000 sooooUooooooood
gooo

S:ié{fxr-QWQEA0+)7QHA9+Axﬂ2
=1

+[y;—(—xjgnae4-numsAe4-Ayﬂ2}D1D

oooooOoooooo Socoooooooooo

as
Nz

as

ANy — 7

N

020

)

0(1)0 (2)000000000000000000000

-1 NIX V=N XY = (X Y+ [V [XT]

N XX+ N VY] =[] X - [V Y]
[X:] — [X]]cos A8 — [Y/]sin A

X!

2

Y/

7

Af=tan

A =
v N
Y:] + [X]]sin A8 — [Y/] cos A8
A —
v= N

00000100 NDODODODDOODODOO

5. O g

0000000 Fig 10000000000000000
0000000000D00000 LRFOOOODO0O0O00O
0000000000000000000000000000
00000000000000000000 05[]00000
0000000000000000000000000000
0000000000000000000000000000
00000000000000

Fig. 800000000000000000000000
0000 LRFOOODDOOO0OO0ODOOOO0OOODOOOOOO
0000000000000000000000000000
000000000000 LRFOOO0O00O0O0D0O000OO
000000000000000000000000000
0000000000000000000000000000
00000000 10000000 5lem]000000 200 x
200 010[m] x 10[m]000000000000000000
01m]0000000000000000

000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000000000000000000000000
0000000 (150000000

00 (a)0 (b)00000000000000000000
0000000000000000000000000000
00000000000000000000000000000
IRFOOOOO0OO0OOO000000000000000000
0000000000000000000000 (c)0 (d)0
0000000000000000000000 LRFOOO
0000000000000000000000000000
0000000000000000000000000000
00000000000000000000000000000

20030 90



o 0 0 0 O

O chairs table

white
board
@ table
copy
machine cabinet
table
desks
| (b)
partition
I— %

Fig.8 A navigation result. Black and white triangles indicate the robot position and

orientation.

gobooooooboobooooooooboo

Fig. 80 (d)00000D0O0O0DOOO0DOODOOODO
goboobooooooboooobooboooboobooobooooo
goboobooooooboooobooboooboobooobooooo
goboobooooooboooobooboooboobooobooooo
goboobooooooboooobooboooboobooobooooo
goboobooooooboooobooboooboobooobooooo
gbooooooooboobooooboboooboobobboooon
goboobooooooboooobooboooboobooobooooo
goboobooooooboooobooboooboobooobooooo
gbobobOobOoobobOoboOo0ooooDs.3.1gogoo
gobooboooobooobooooboooobooboobooobooooo
gbobooogo

6. 0 O 0O O

gobooboooooobooobooooobooobbooobooo
gbooooboboboooobooooozo0obooboOoOooon
gobooooobboooobo 2000001000000
gbooboooooboooobooooboobooboooboooo
gbooboooooboooobooooboobooboooboooo

lob00oooooboooobobooooobooobooobooo

gboooboooooboooobooooobooboooboooo

JRSJ Vol. 21 No. 6

gbooooooboboobooobooooboobooooboogoon
0000000000000 0B00D0O000000oDOn
gobooooooobooooooooboo

g o o o

[1]0D0DD00D0D0D000D000D “PCOODDOODOOOOOOOODOOOO
0o0o0o000ooO0o0O0O0DO00000O00O00O0’ODO000O0DOODOOO
Vol. 18, No. 6, pp. 896-901, 2000.

[2] D. Murray and J. Little: “Using Real-Time Stereo Vision for
Mobile Robot Navigation,” Autonomous Robots, Vol. 8, No. 2,
pp. 161-171, 2000.

[3] H. Koyasu, J. Miura, and Y. Shirai, “Recognizing Moving Ob-
stacles for Robot Navigation Using Real-time Omnidirectional
Stereo Vision,” J. of Robotics and Mechatronics, Vol. 14, No.
2, pp. 147-156, 2002.

[4] M. Lindstrom and J.-O. Eklundh: “Detecting and Tracking

Moving Objects from a Mobile Platform using a Laser Range

Scanner,” Proc. of IEEE Int. Conf. on Intelligent Robots and

Systems, pp. 1364-1369, 2001.

E. Prassler and J. Scholz: “Tracking Multiple Moving Objects

for Real-Time Navigation” Autonomous Robots, Vol. 8, No. 2,

pp. 105-116, 2000.

[6] A. Elfes: “Sonar-Based Real-World Mapping and Navigation,”
Int. J. of Robotics and Automat, Vol. 3, No. 3, pp. 249-265,
1987.

[7]000000 “000000000000000O0OODOOOOOOOOO
000000000”0000000000, Vol. 31, No. 12, pp. 1743-
1754, 1990.

[5

Sept., 2003



goo0o000O00000O00000000000O0O00O0O0C0O00O0O0O0O0O0

[8] N. Ayache and O.D. Faugeras. “Maintaining Representations of

the Environment of a Mobile Robot,” IEEE Trans. on Robotics
and Automat, Vol. RA-5, No. 6, pp. 804-819, 1989.

[9]T. Yata, A. Ohya, and S. Yuta. “Fusion of Omni-directional

[12]

[13]

Sonar and Omni-directional Vision for Environment Recogni-
tion of Mobile Robots” Proc. of the 2001 IEEE/RSJ Int. Conf.
on Intelligent Robots and Sysetms, pp. 3926-3931, 2001.

J. Gluckman, S.K. Nayar, K.J. Thoresz: “Real-Time Omnidi-
rectional and Panoramic Stereo,” In Proc. Image Understanding
Workshop, Vol. 1, pp. 299-303, 1998.

S. Thrun: ‘Learning Occupancy Grids with Forward Models,”
Proc. of 2001 IEEE/RSJ Int. Conf. on Intelligent Robots and
Systems, pp. 1676-1681, 2001.

Y. Sawano, J. Miura, and Y. Shirai: “Man Chasing Robot by
an Environment Recognition Using Stereo Vision,” Proc. of the
2000 Int. Conf. on Machine Automation, pp. 389-394, 2000.
I1.J. Cox: “Blanche: Position Estimation for an Autonomous
Robot Vehicle,” Proc. of IEEE/RSJ Int. Workshop on Intelli-
gent Robots and Systems, pp. 432-439, 1989.

F. Lu and E.E. Milios: “Robot Pose Estimation in Unknown
Environments by Matching 2D Range Scans,” Proc. of IEEE
Conf. on Computer Vision and Pattern Recognition, 1994.
000000000 ““00boo00bDoOoOO00D00ODDOODDODOO
00”’0000000000300000000000D0ODODDODO
No. 2, ppl15-116, 2002.

00 OO0 (Yoshiro Negishi)

200200000000000000000DOD0ODOO
goobooooboobooooooooooooooo
goooooobooooooobooboboooooo
gooooooooooo
gooooooooooooo

00 O (Jun Miura)

19840 000000000000 000 19800
gooo0o0oo0oo0oobooooobooooooao
goo0oo0oooooboooobo0oooooooao
god0o0o0ob0oooo0oo0oboooooooooooao
000000000 o0o0o000oo0o0onD 199400

19950 CMUDODD0OD 199700000000

gooooboooooooobooooboooobooooobooobooooooon

00 IEEED AAATOOOD

goooooobooooooon

00 OO0 (Yoshiaki Shirai)

19640 0000000000000000 19690
goooooobooobooooboboooooooo
goooooooboooboooooboboooooo
00000oo0oooooo 197100 197200 MIT
Al0D0OO0O0D0OO0OD 19880000000 ODODO

goooooooboobooooooooboboooooo

goooooooooooooooo goooooooooooo

oooooooooz21060

20030 90



