P2 HUDSHS|X| M 413 X 6= pp. 473-480

roh

June 2024 /473

J. Korean Soc. Precis. Eng., Vol. 41, No. 6, pp. 473-480

CHEHIS S|t AAIZH HZF

[ b

http://doi.org/10.7736/JKSPE.024.029
ISSN 1225-9071 (Print) / 2287-8769 (Online)

AlEHI0[E] JHE

Development of Real-time Remote Driving Simulator based on

Multi-body Dynamics

AS]! AXx{5{2.# S 3
A, ATEH, A

Suhyun Park’, Jeonghyun Sohn?* and Xiangqian Zhu®

tt (Department of Mechanical Design Engineering, Graduate School, Pukyong National University)
2 BA Sk 7|AIESHE (School of Mechanical Engineering, Pukyong National University)

3 A CHEhm 7| AHIZSHE (School of Mechanical Engineering, Shandong University)
# Corresponding Author / E-mail: jhsohn@pknu.ac.kr, TEL: +82-51-629-6166
ORCID: 0000-0002-1072-6564

KEYWORDS: Real-time (AA|Z), Simulator (A[Z2{|0|E1), Joystick (ZO|AE!), Autonomous robot (RKFEFSHZ ),
Multi-body dynamics (Ct=X| =<St), PID control (PID X|01)

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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1. M2
NOMENCLATURE
. 22 9l 3ol et 7o) WIgo] Wt Thoket vl
Kp = Proportion Gain
, et FG sl A7 S7RET Ak Rel = Uu ww
K = Integral Gain _ . o e o .
g of Zo] FAstE] Gl BRE FYSH: A9E AN T2
Ko = Derivative Gain Aol QIR Sqsy] ojele WA 2 BHNN AAF
WapL = Desired Wheel Speed of a Front Left Wheel o} Aezoz ogur) o|adt X9t o] FUsdt A
wp, = Current Wheel Speed of a Front Left Wheel oA ZHRL Dojoz =FPA|7|7] YA ZHo A
FL = Front Left Wheel BB EHo] asith Age] FEAL AWS FAAE &
FR = Front Right Wheel RB7} 7bsshATE AA stEQolE FHAE He T2 HE
RL = Rear Left Wheel 9 o] eutEm A wf= Aol &4E 4 Aok a9 E
oF A4 BEAS MY 2ie] FI3 BUS Tystel AA)
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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

Rocker Suspension)®] G125 7}A|al Qith. AA#lde B
A7 AR A, BA] @47 mulE & A9 Axzie g 34
FYsh= Zlo] o). IER F AFoME daa o

QlES Apgale] ol 2RAe] /| ToH mUHLHS
7k A2g1AS] 2OlE mels) 3RS Fig 20] Lehplc
Fig. 204 S& 9 Z<2IE(Spherical Joint), R&= 3|AHZXIE
(Revolute Joint), U= YA =9l
A ZQ1E (Translational Joint)E oJw|dtc}, AAHAHALS 22§ =
= 7P7<l Qom, o= HHE FEAIE & e sl digt
Ag ot ol uhake] ool et el $4o 4 w9
Fi= 7 o] A fmolnh ol 2R U WA 144
fwg A,

2 Ao ARRE 2l 2RxjEke] HAEHL A Ho| 73|
= 54 2 AsE 2017] SRl *ﬁ’“ﬂ/ﬁ of A3
Raplo] glrk. A2l ALGE 2 2
ofsto] 32| CAD Aue} A7 BAZ

P

E4S Hoelrt. 1Y AZY Y U 4E 35S W

T lo i e F
= m 1

O] E (Universal Joint), T+= 1

_\E:Lo



June 2024 /475

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. 14 Comparison of vertical acceleration and pitch rate between
experiment and simulation under bump test
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