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A Motion Control Method Based on the Drive Mode Changing for the
Autonomous Mobility With 4-wheel-steering System
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Abstract: This study presents a practical motion control algorithm and its implementation for an autonomous four-wheel- steering
(4WS) vehicle. The proposed motion control algorithm utilized the mode-changing characteristics of a vehicle capable of independently
operating front- and rear-wheel steering. A motion control algorithm incorporating a driving mode-changing strategy was developed
based on the kinematic modeling of a 4WS vehicle for each driving mode. For 4WS vehicles, the kinematic characteristics of rotational
motion vary according to the steering mode. To address this, an error-based control system was designed to ensure accurate tracking
of target positions, and a control strategy was implemented that dynamically adjusts the steering mode based on the ratio of linear
to angular velocities, determined by both position and orientation errors. In order to verify the validity of the proposed motion control
algorithme, it was implemented on a 4WS vehicle hardware platform equipped with multiple positioning sensors and an integrated
sensor fusion system.
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Fig. 1. Kinematic model of 4WS vehicle.
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Fig. 2. Schematic of 4WS steering geometry with ICR.
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Fig. 3. Schematic of the control law
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(a) Front mode. (b) Symmetrical mode. (c) Crab mode.
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Fig. 5. Illustration of steering modes.
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Table 1. Steering-angle equations by steering mode.
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Table 2. Tracking experiment conditions for each quadrant.
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Fig. 11. Experimental results of single position & pose tracking.
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Table 3. Final estimation errors by quadrant.

Quadrants €, [m] ¢, [m] €y [rad]
1/4 0.0712 -0.0009 -0.0818
2/4 0.0930 0.0060 0.0289
3/4 -0.0977 0.0070 0.0187
4/4 0.0948 0.0056 0.0133

4 do|XRNEFF Y =7

= u 2.

Table 4. Experimental conditions for waypoint tracking.

Waypoint latitude longitude pose angle [rad]
start 36.611530 127.286217 4.813793
wpl 36.611391 127.286270 4.818682
wp2 36.611350 127.286328 0.083872
wp3 36.611412 127.286384 1.622880
wp4 36.611503 127.286451 0.273010
wp5 36.611584 127.287291 0.129876
wpo 36.611531 127.287381 4.927554
wp7 36.611252 127.287426 4.777464
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Fig. 14. Experimental results of waypoint tracking.
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Table 5. Final estimation errors by waypoint.

Waypoint €, [m] €, [m] €y [rad]
wpl 0.0326 -0.0966 -0.0459
wp2 0.0628 -0.0776 -0.0250
wp3 0.0520 0.0953 -0.0516
wp4 0.0695 0.0208 -0.1183
wp5 0.0946 -0.0231 -0.0290
wp6 0.0506 -0.0978 -0.0427
wp7 0.0448 -0.0878 0.0213
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Fig. 15. Position and pose errors for waypoint experiment.
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