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Development of Driving Simulator
Based on Washout Algorithm with Fuzzy Logic
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Abstract

In the virtual environment, reality can be enhanced by offering the motion based on a motion simulator in
harmony with visual and auditory modalities. In this research, the Stewart platform based motion simulator
has been developed. This motion simulator is driven by the electric motors, and offers the slightly wider
workspace compared to the commercial available simulators. In order to compensate for the limited range
of the motion platform, the washout filters with fixed coefficients have been usually adopted. In this paper
the new approach is proposed to tune the filter coefficients based on the fuzzy logic on the real-time basis.
It is shown that performance with the variable filter coefficients is better than that with the fixed ones.
The driving simulator based on the bicycle dynamics was developed by integrating the motion simulator
and graphic system.
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Fig. 1 Block diagram of vehicle simulator.
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Fig. 2 Photo of motion simulator KU-MS.
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Fig. 3 Configuration of KU-MS.
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Table 1 Specifications of KU-MS.

Model KU-MS Mannesman
Actuator type Electric Hydraulic
motors actuators
Payload 400kg 325kg
Frequency Response | 3Hz 2Hz
Pitch angle + 25 deg = 17 deg
Roll angle + 25 deg + 17 deg
Yaw angle + 30 deg + 26 deg
Surge displacement +0.20 m +0.175/-0.137 m
Sway displacement +0.20m +£0.141 m
Heave displacement | £0.15m +0.095/-0.090 m
Pitch angular velocity | + 140 deg/s ' | + 30 deg/s
Roll angular velocity | + 130 deg/s | + 30 deg/s
Yaw angular velocity | + 120 deg/s | + 30 deg/s
Surge velocity +0.62 m/s +0.25 m/s
Sway velocity + 0.64 m/s + 0.25 m/s
Heave velocity +0.65 m/s +0.25 m/s
Pitch angular accel. +2600deg/s” | + 200 deg/s’
Roll angular accel. + 2400deg/52 + 200 deg/s2
Yaw angular accel. +2200deg/s” | + 200 deg/s’
Surge acceleration +1.19g +0.82g
Sway acceleration +1.23g +0.82g
Heave acceleration +1.24g +1.02g

[ Acceleration J

l Roll & yaw motions_l l Pitch motion

l Coordinate transformation

¥

l Position & orientation —I

Fig. 4 Flow chart for bicycle dynamics.
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Fig. 5 Block diagram of classical washout algorithm.
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Table 2 Basic rules for fuzzy system.

Coefficient membership functions

Dyipry @ pry Dyprg Chpre

VF VS
xt F S
M M
N B
VN VB
VF A
F S
0L M M
N B
VN VB
F S B
TRL M M M
N B S )
\A M M M
Error S S B S
B A VB VS§
XL:Displacement fimit VN:Very Near to limit
OL: Angle Limit Z:Zero
TRL:Tilt rate limit VB:Very Big
Error:Error of output B:Big
VF:Very Far from limit M:Middle
F:Far from limit S:Small
N:Near to limit VS:Very Small
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Fig. 8 Results of washout filters with fuzzy-based
and fixed coefficients.
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Fig. 9 Cutoff frequencies of HPF when fuzzy-based
coefficients are used.
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Fig. 10 Amplitude ratios and phase leads of fuzzy-
based and fixed coefficients.
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Fig. 11 Control panel of motion simulator.

Fig. 12 Integrated vehicle simulator system.
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