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Autonomous robots are commonly operated on rough roads. Thus, it is essential to predict their dynamic characteristics.
Even though it is possible to use real hardware to acquire a robot’s dynamic characteristics, this requires a significant
amount of time and cost. Therefore, a real-time remote driving simulator must be developed to reduce these risks. Most
real-time simulators employ physics engines, which are calculated using simple functional expressions based on particles.
However, in this case, there is a limit to reflecting the dynamic characteristics of actual robots. In this study, a multi-body
dynamic model of a robot was established. MATLAB Simulink was used to connect the vehicle model with the joystick and
calculate user input signals. The PID control system determines the driving torque of the robot to satisfy the calculated
signal. Gain value optimization is performed to enable real-time control. This study can be available to analyze the

traversability.
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FL = Front Left Wheel BEA BAo| Faslth Ao FEAS AWS EHNE 3
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Fig. 1 Unmanned robot (Scout 2.0)

Fig. 2 Joint diagram of suspension

Table 1 Spring property

Parameter Value
Spring coefficient 66.5 N/mm
Damping coefficient 0.7 N's/mm
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Fig. 3 Experimental setup for tire characteristics
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Fig. 4 Vertical force according to tire deflection
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Fig. 5 Wheel joystick (G29)
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Fig. 6 Flow chart of vehicle simulator
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Table 2 Design variable set

Case Ko K, Ko Simulation
success

1 4,021 368.4 263.2 0]
2 7,158 473.7 131.6 (0]
3 15,000 26.3 26.3 (0]
4 7,942 315.8 289.5 o
5 9,510 263.2 0 (0]
6 5,589 4473 52.6 (0]
7 4,805 289.5 394.7 (0]
8 884 131.6 105.3 (0]
9 14,216 0 500 X
10 100 184.2 342.1 (0]
11 10,295 236.8 421.1 (¢}
12 8,726.3 500 236.8 o
13 11,079 421.1 78.9 (0]
14 13,432 157.9 368.4 o
15 11,863 210.5 210.5 (0]
16 2,453 342.1 184.2 (0]
17 3,237 52.6 447.4 (0]
18 6,374 78.9 157.9 (0]
19 1,668.4 105.3 473.7 (0]
20 12,647 394.7 315.8 o
21 1,000 0 0 (0]

Table 3 Optimal design variable

Design variable Range Optimal value
Proportion gain (Kp) 100-15,000 10,295
Integral gain (K;) 0-500 236.8
Derivative gain (Kp) 0-500 421.1
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obstacle(cuboid)
Fig. 10 Driving view of rough road with obstacle
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Fig. 11 Bump running experiment
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Fig. 14 Comparison of vertical acceleration and pitch rate between
experiment and simulation under bump test
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