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Three-Dimensional Environment Modeling from Images Acquired with an
Omni-Directional Camera Mounted on a Mobile Robot by Structure from Motion

Atsushi YAMASHITA*4*5 Tomoaki HARADA and Toru KANEKO

*4 Department of Mechanical Engineering, Shizuoka University
3-5-1 Johoku, Hamamatsu-shi, Shizuoka 432-8561, Japan
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Measurement and modeling of surrounding environments are important for mobile robots
to move autonomously. This paper describes a new method for environment measurement using
an omni-directional camera on a mobile robot. Our method is based on a structure-from-motion
technique under the assumption that the environment is static. The method measures surrounding
environments at the same time as estimating the robot's motion. The validity of our method is

verified through experiments.

Key Words. structure from motion, omni-directional camera, 3-D modeling, single camera, estimation of

position and posture
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(a) Omni-directional camera. (b) Mobile robot.

Fig. 4 Experimental system.
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Fig. 5 Omni-directional camera calibration.
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(a) Line for calibration.

(b) Acquired image.

Fig. 6 Omni-directional camera calibration.
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Fig. 7 Result of camera calibration.
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(c) Result 3. (d) Result 4.

Fig. 9 Outlier and low accuracy points rejection.
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(b) 30 frame. (c) 70 frame.

Fig. 10 Influence of baseline length.

Ooooooooooooooooodoooon
dododoooooooooouooooouooooo
ogoooobboooodoooooooooooano
gdoboooouoboouobooo
oo oooooooooon
Jodoooooooooooooooooooo 9
JdooddooododooOooooi10oo0aad
gdboouooooobodoobououoouooa
10frame] O30framed O70frameJ D OO 0O0OOO 10
0000 (@DO 10framed 000 0OO0D0OOOCOODOO
gbdoobooouooobouooouooooood
gdoooodoobooooboooooooboood
doddddodoooooooooooooooo
D000 O 30framel0 0000 0C0O00O00OOOO0O
gddooboododoouoobuoobouooooboog
gbodooodooooooobooooboooood
OO(c)0 70frameld D00 DOOOCOOOODODOOOO
bbbl oooooooo
gbddobodooboooooboooobooood
gododoboooooooboboooooboooood
goooooobobobooooobooooooooo
godooooooooooboooooooooood
gbddobodooboooooboooobooood
0ddO0o 1100000000000 ooooooa
00oooooo0oooooDOo(Doooooog
O00000DoOoO0@MoOooDoDoooooooo
OO00(@DOODODDOD0D0O0OO0O0OOOODOOOODOOOO
OO0o0ooooOoooooooo(p)ooooooo
goboodoooooooooooooooooo
O00o000DoooooooooMoooooo

(a) Dead reckoning. (b) Proposed method.

Fig. 11 Dead reckoning and proposed method.

%:/'( = \L‘\\\—L

(b) Wire frame. (c) Result of 3-D modeling.
Fig. 12 Result of 3-D modeling.

000000000 2600000000000
00000000000000000000000O0
000000000000000000
000300000000000000 120000
()0 00000000000000000(MO00
00000000000000 3000000000
00000000000O0()0000000000
000000000003000000000000
000000000000000000000000
00000000000000000000000O0
0000000000000000

45 30000000 0000300000
000000000000000000000000
000000000000000400000000
00000000000000000 130000 (a)
0000 30000000000000000000
00000000000000000000(®Mb)00
000000000000000000000000
000000000000000000003000
000000000000000000000000
0ooooooo

5 O O

gobooobooooboooboooboooon
o000 skRMOOOOOODOOOODOOOOODOO



(a) 3-D measurement.

(b) 3-D modeling.

Fig. 13 Result of 3-D movement.
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