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Inconsistency between visual and somatosensory information
separates visual cues for the control of locomotion
during obstacle avoidance

Kazumichi Matsumiya*, Hiroshi ANpo**

Research Institute of Electrical Communication, Tohoku University*
Universal Communication Research Institute, National Institute of

Information and Communications Technology™*

To avoid obstacles, the brain may use optic flow for locomotor control or it may simply use the
perceived direction of an obstacle. We tested these hypotheses in an immersive virtual environ-
ment using Warren et al’s (2001) method where optic flow is displaced from the direction of
locomotion provided by somatosensory information. To steer the body around a vertical axis,
locomotor control depends on the optic flow with a focus of expansion (FOE) on the obstacle,
suggesting that the brain uses optic flow to avoid an obstacle.
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Figure 1. Three virtual environments and mean
path under the condition that the obstacle and
the goal were placed on the right side of the
virtual world. (A) Dark condition: Background
was drawn in black. (B) Floor condition: the
textured surface was presented on the ground.
(C) Room condition: The textured surfaces were
presented on the frontal, left, and right walls
and the ground. The obstacle and the goal were
presented in the virtual environments, and the
observer must avoid the obstacle to arrive at
the goal. The right column represents mean
path in the virtual world. In this experiment, a
radial pattern of optic flow is produced with a
focus of expansion (FOE) in the direction of
simulated locomotion. The FOE was displaced
by an angle of —10, 0, or +10 deg from the
actual direction of the body orientation around
the vertical axis. The solid, the dotted and the
broken lines represent the FOE displacements
of —10, 0, +10 deg, respectively. Ten subjects
participated in this experiment. Data were
averaged for the ten subjects.
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FHIUTHBFICEL TETERK T4 27 LA ICBDbN
TWEEy, BHSERsNTVE~Ny Feo v b7y
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Nz &, 7Jo-03FnHs+10deg & —10deg DEH
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(Figure 1C),
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Figure 2. Path difference from the FOE dis-
placement of 0Odeg across three virtual
worlds under the condition that the obstacle
and the goal were placed on the right side of
the virtual world. Path difference was
calculated by taking the average of the
difference in X positions for each frame from
the FOE displacement of 0 deg. The slashed
and gray bars represent the FOE dis-
placements of —10 and 10 deg, respectively.
Data were averaged for the ten subjects.
Error bars represent the SEM.
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Figure 3. Mean path under the condition that
the goal was only placed on the right side of
the virtual world without the obstacle. (A)
Dark condition; (B) Floor condition; (C) Room
condition. The details of figure 3 are the
same as Figure 1 except that data are
averaged for the eight subjects.
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Figure 4. Path difference from the FOE
displacement of 0deg across three virtual
worlds under the condition that the goal was
only placed on the right side of the virtual
world without the obstacle. The details of
Figure 4 are the same as Figure 2 except that
data are averaged for the eight subjects.
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Figure 5. Mean path under the condition that
the obstacle and the goal were placed in
front of the subjects at the beginning of
trials. (A) Dark condition; (B) Floor condition;
(C) Room condition. The details of Figure 5
are the same as Figure 1 except that data are
averaged for the eight subjects.
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