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Study on Vision Aided Walking Robots

- Teleoperation experiment of walking robots
using high-speed image stabilization system -
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Ryo Kurazume, Atsuo Haishi, and Shigeo Hirose
Tokyo Institute of Technology, 2-12-1, Ookayama, Meguro-ku, Tokyo

For the effective remote operation of a walking machine, the utilization of image information from a camera
mounted on the walking machine is indispensable. However, unlike wheeled vehicles, the camera mounted on the
walking machine oscillates because of the impact by the walking, and the obtained unstable images cause inferior
operation performance. In this paper, we introduce an image stabilization system for teleoperation of walking
robots using a high speed CCD camera and gyrosensors. The image stabilization is executed in two phases, that is,
the estimation of the amount of oscillation by the combination of the template matching method and gyrosensors,
and change of the display region. Pentium MMX instruction is used for template matching calculation, and the
estimated amount of oscillation is given in every 12 (msec.). Furthermore, developed image stabilization mechanism
can be used an external attitude sensor from the visual information, and the damping control of the robot body

while walking is also possible.

Experimental results showed stabilized images that eliminates the oscillation component are taken even when
the robot moves dynamically or in long distance, and verified that the performance of attitude control using the
developed image stabilization system is almost same as the case using an attitude sensor.

Keywords: Walking robot, Image stabilization, Remote operation, Optical flow, Gyro sensor, Attitude sensing

1 0000
gbobooboobooooooboooooboobobobooaon
goooOo ccboooooooOooooooooon
oboooobooboboooooooooboooooon
gbooogoobooboobobooboobobooboDboon
obooooboooboobooboooobooobooon
gbbooboooobobobobooooooboboboo
gboboobooobooooobooooooooo
gbooooobooboboboobobobbbooon
gooobooooooobboooboobobooo
OO000ooo0oooooOooooooooo ceb
oooooboooooooooobooooboobooboon
gboooboooobooboobooboboooboon
gbobobOoooooooobobooobooboooaobo
2ms000000DO0O00O0DODOOOOO0OO0O0C0

obobobooobooboboobooboobobooboobooo
gooooooooobooboooooooooooo
ooboobobobooobobooooobooboooooo
gobOooooboooooobooooobooobooon
gooooooboobobooobooooooobooon
gboooooooboooooooooobooooooon
obooooboooobO MMXOOOODOOOODOOOb0
O000000000000000000000 12[msec.]
obooOoboooooooboooooooooooooo
gbooooboboooooooboobooooobogoooon
gbooobooboobooooooboooobobaoo
goboooobooboooboobbooooboobooo
oboooooooooooobooooooboooo
goooo

2 Joooboooboooobd

2,1 JO0Uooboooooooo
Fig.1O0OO 40000000 TITAN-VIIIOOO CCD

000 (ES310,Kodak O)OPentium 200MHz0 00O (PCI-
586HV,JDS 0 )0 AD/DA O 00 O Ethernet 0 00 0O
000003000000 (MAXCUBE,OOOO
ybooouooo (oooooo,0o0oon)
goodoooobuoboboooooobooo

oo
oo
oo
ao 00 10[msec.] 0D O0O0DODOOOOOOOO

O
O
O
g

O
O

O
O

goobooboooobooboooooooooooooo
000000 oDO0o0o00ooooooooooog TCr/IP
gooooooboooog

OO0O00O0 CCDOOODODe48x484 0000 OO
gooobooooooobospoboboooooboobooon

0000 12[msec.] 000000000 (MAXPCI, DAT-
ACUBE)D00O00000O000000 (Pentium III,
600 MHz) 0 0000000000 O0OMMXOOO0O00O
0000000000

22 000000ODOO

oooobooooboboooobobobobooooooon
OoO0O0O0000000D0OOd Fig200O0O0OOO0O0OOO



AN

/
/

Initial position is set by gyro sensors

Search of the template image

/

4

of image

Output image

\
u

\

v Display region

~ Input image \\

Figure 2: Image stabilization system
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Figure 3: Results of image stabilization
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Figure 6: Step climbing experiment
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Figure 9: Change of yaw angle



