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This paper proposes a novel method for evaluating the performance of control modalities related to driving a wheel loader,
according to the framework of Fitts’ law and the steering law. Fitts’ law is an empirical model for the evaluation of human
performance. This model is widely used in human factors studies. The steering law is an extension of Fitts’ law, and this
law is used especially for evaluating driving performance. To evaluate a driver’s performance, we carried out driving
simulations of V-Shaped driving tasks based on ISO 5010 steering requirements. The simulation model of the Doosan
DL400 class wheel loader was developed using an Open Dynamics Engine (ODE), and the steering performance of the
model was tested with a human subject by using a driving simulator. The steering performance was analyzed with three
different parameters: the maximum velocity, the steering ratio, and the friction coefficient. The simulation results show that
the steering performance was consistent with both Fitts’ law and the steering law. The completion time was corrected
linearly with an index of difficulty, with r’ being between 0.95 and 0.99. These results suggest that the proposed method is
feasible for providing a quantitative tool that can be used to design the control modalities of wheel loaders.
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Fig. 1 Human-Machine Interaction application in wheel loader
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Fig. 2 General task about Fitts’ Law
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Fig. 3 Integrating along a curve in steering law
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‘ Steering ratio : 4.2x360 : 80 =189 : 1 ‘

(b) Steering angle & steering ratio of DL400 wheel loader
Fig. 8 The property of DL400 wheel loader
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(a) Front view & Rear view

(b) Top view
Fig. 10 ISO5010 simulation
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Table 1 Experimental variables for performance comparison

Steering ratio Maximum velocity  Friction coefficient

4.5 8 0.01
13.5 12 0.1
18.9 16 0.5
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Fig. 11 IP of V-Shape experimental result in steering ratio variables
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Fig. 12 IP of ISO5010 experimental result in steering ratio variables
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Fig. 13 V-Shape experimental result of IP in maximum velocity
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Fig. 14 ISO5010 experimental result of IP in maximum velocity
variables
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Fig. 16 ISO5010 experimental result of IP in friction coefficient
variables
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