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Study on Vision Aided Walking Robots

- Depth Map Estimation by Body Movement for Monocular Walking
Robot -
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Ryo Kurazume, and Shigeo Hirose
Tokyo Institute of Technology, 2-12-1, Ookayama, Meguro-ku, Tokyo

Acquisition of environmental information by visual sensors such as CCD cameras and laser range finders is
indispensable for walking robots acting autonomously and intelligently. In this paper, we propose the depth map
estimation system for the monocular walking robot using robot body movement. In this system, the specific body
movement that can be attained using intrinsic reduntant degree-of-freedom of a walking robot, is executed and
the depth map of the scene is robustly created from the amount of body movement and optical flow. In order to
estimate the body movement precisely, sensory information from internal sensors such as potentiometers and vision
sensors are fused by the kalman filter, in which state variables are the elements of the fundamental matrix used
in the structure-from-motion problem. Experiment with a quadraped robot, TITAN-VIII, mounted with a digital
camera shows that the robot can recognize the position and distance of obstacles placed in front of the robot.
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Figure 1: Circular body movement
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Figure 3: An example of image from CCD camera

O

Ooooboooooooono O
Dooooooooogog

oo

|
|

o e e e RO 1
OoOooOoOoooogoo
Oooooooo0oOodoo
OooDOo0ooooogod
A0OOooooooo
OoQaoOoooooooog
ODoPooooooooo
Oo0o0ooooooog
OpooooooDoogo
Ooboogooooog
Oob0ooooooood
Opooogoooogo
Ogooopgoooood
Op0ooopoooood
UpoooOooooooo
Opoooogoooooo
UnpooopgoooOood
Opoooopgppoooooo
Uoooopoooooo
Upoooopooooo
OoOooOpQqooooOog
OoooOooooooo
DOoo0OgQoooooQ

O
O
O
O

@&&&&ﬂ&éé
s e
AT AT, 'nuz'.' e

H&ﬁ@@ﬁ'ﬁ

FRRY:
.

Figure 4: Appearance of calculated optical flow
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Figure 5: Obtained depth map
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