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Practical Obstacle Avoidance for a Nonholonmic Vehicle Considering Its Shape
—Application of Potential Field to Rectangular Body—

Hiroaki SEKI, Satoshi SHIBAYAMA, Yoshitsugu KAMIYA and Masatoshi HIKIZU

A fast obstacle avoidance algorithm based on sensor data is required for an autonomous vehicle to move at high speed.
When a vehicle is nonholonomic and it has polygonal body, the method using configuration space is usually applied to
such a vehicle. But, it is complex and it needs much computing power. On the other hand, artificial potential field is often
used for real-time obstacle avoidance, however, most of them consider a vehicle as an omnidirectional movable point.

Therefore, we propose a new method of practical obstacle avoidance for a nonholonomic vehicle with rectangular body.
Application points of repulsive forces from obstacles are located in both the front and rear of vehicle’s body. Their forces
are generated according to the distances between obstacle and vehicle’s body. Rear forces are transferred to the front
by inverting and the resultant force moves the vehicle. This idea is very simple and its effectiveness has been shown by

simulation.
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Fig. 1 Autonomous wheelchair moving through a narrow space
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Fig. 2 Approximation of vehicle’s shape by a circle for path planning
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Detection area of
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Fig. 3 Model of nonholonimic vehicle with laser range sensor
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Obstacle points p; are detected by laser range
sensor at the present position

| Generate front and rear repulsive forces F'g;, Fy.; I

!

| Generate attractive force Fy, from goal Rg |

!

Determine vehicle’s velocity (v, w) from resul-
tant force F’

Mve for the time A¢ (Update vehicle’s position)
|

Fig. 4 Flowchart of proposed algorithm for obstacle avoidance
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Fig. 5 Generation of repulsive forces from obstacle points
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Fig. 6 Generation of attractive force and determination of velocity for
obstacle avoidance
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Fig. 7 Adjusting coefficient rate between front and rear forces in order
to move straight along wall
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Table 1 Standard parameters for simulation

Range of laser range sensor 0O~1m
Directional resolution of lager range sensor | 1 deg.

Sampling time for control: At 0.1s
Coefficient of repulsive force: K 0.004
Coefficient of velocity: C 0.2
Maximum angular velocity: Wmaaz 0.2 rad/s
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Fig. 8 Body shape of vehicles for simulation
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Fig. 9 Adjustment of force rate for a vehicle to move straight along a
wall (Ex. Shape (a))
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Fig. 10 Simulation result of the vehicle with shape (a)
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Fig. 14 Escape from local minimum by decreasing coefficient of repul-
sive force (When the vehicle stopped at Fig.13, coefficient of
repulsive force K was temporarily decreased from 0.01 to 0.001
in 1 second.)
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