IERZEFR

Chinese Journal of Engineering

2 M EFE TN B B WS SR R N SRR

KFR LB R KEE B

Overview of the application of neural networks in the motion control of unmanned vehicles
ZHANG Shou—wu, WANG Heng, CHEN Peng, ZHANG Xiao—yu, LI Qing

AL

s, EAE, PRI, KT, ZREE. PR 28 0N A B 4 iz sl ] P A R ZRR L)) TR, 2022, 44(2): 235-
243. doi: 10.13374/}.issn2095-9389.2021.04.23.001

ZHANG Shou—wu, WANG Heng, CHEN Peng, ZHANG Xiao—yu, LI Qing. Overview of the application of neural networks in the
motion control of unmanned vehicles[J]|. Chinese Journal of Engineering, 2022, 44(2): 235-243. doi: 10.13374/j.issn2095-
9389.2021.04.23.001

TEZR R View online: https://doi.org/10.13374/j.issn2095-9389.2021.04.23.001

LT RO H A R

Articles you may be interested in

TN ETHHL AL A 360 P B R R P

Trajectory—tracking hybrid controller based on ADRC and adaptive control for unmanned helicopters
TARERFE2AR. 2017, 39(11): 1743 hitps://doi.org/10.13374/j.issn2095-9389.2017.11.018

25 BT AR BRI R S R

Current status of path tracking control of unmanned driving vehicles

TAERLF2AR. 2021, 43(4): 475 hitps://doi.org/10.13374/.issn2095-9389.2020.11.12.003
FET B U2 I 2% 1) 1 4% 2 i T

Remaining useful life prediction based on an integrated neural network

TRERMF2E4R. 2020, 42(10): 1372 hitps:/doi.org/10.13374/j.issn2095-9389.2019.10.10.005
ARG A T B B

Survey of multi-model adaptive control theory and its applications

TAERlF2AR. 2020, 42(2): 135 hitps://doi.org/10.13374/j.issn2095-9389.2019.02.25.006
A AR P A AR [ A

Weighted multiple model adaptive control with self—tuning model
T AR, 2018, 40(11): 1389 https://doi.org/10.13374/.issn2095-9389.2018.11.013

HATRIS LR iy AN 4 0] B Sl L e A 3 I BRE 4 1
Adaptive tracking control for omnidirectional mobile robots with full-state constraints and input saturation

TAERMF2AR. 2019, 41(9): 1176 https:/doi.org/10.13374/j.issn2095-9389.2019.09.009


http://cje.ustb.edu.cn
http://cje.ustb.edu.cn
http://cje.ustb.edu.cn//article/doi/10.13374/j.issn2095-9389.2021.04.23.001
http://cje.ustb.edu.cn//article/doi/10.13374/j.issn2095-9389.2017.11.018
http://cje.ustb.edu.cn//article/doi/10.13374/j.issn2095-9389.2020.11.12.003
http://cje.ustb.edu.cn//article/doi/10.13374/j.issn2095-9389.2019.10.10.005
http://cje.ustb.edu.cn//article/doi/10.13374/j.issn2095-9389.2019.02.25.006
http://cje.ustb.edu.cn//article/doi/10.13374/j.issn2095-9389.2018.11.013
http://cje.ustb.edu.cn//article/doi/10.13374/j.issn2095-9389.2019.09.009

TR, 5 44 45, 5 2 1: 235-243, 2022 4F 2 /]
Chinese Journal of Engineering, Vol. 44, No. 2: 235-243, February 2022
https://doi.org/10.13374/j.issn2095-9389.2021.04.23.001; http://cje.ustb.edu.cn

22 X 25 7 JC N2 B 44 s il v O N FH 253

KERD, £ 1Y, W), KREBED, £ F0S

1) dbatBHEE K2 B 3B, dbat 100083 2) db 5T il 2 B f5 B 40, db st 100083 3) Tl B iR H 2hfb B H #E A e =, dbat
100083
XLEF/E#, E-mail: liging@ies.ustb.edu.cn

W E CABWAERA S RGBT G5 MBS HON M, X E A 6 52 2038 A R0 AL 0 X
AR R R, PR A G g il vk A A X Lo RS FORS 4 . AN 45 BT B (W2 2T RE D . A I I RE 0 R (LR R
PR RE T, R P A R SO R E P L AP Bl LA R A 1 0 o ) AR A T A AR AR, X B LAY
T, X LA [ P4 A1 2 35K 1 2 I % 1o 3800 JC N 2 s 2 3958 S 4 1 v T BRSO R 5 i JR 64T T B 4 4325, 43 A48 T i A
TEBUIFE R R E S HEAT IR, IR 5 SRS T A 28 0 28 AE T0 28 35 2240632 45 ) rh A2 A8 i 2 22 [n) 8, IR JR B2 T W] B 1N & R U7 Il
P 30 W 7 G A P [ G S W & BT VE X L Wik i i W= L X o

%S TP183

Overview of the application of neural networks in the motion control of unmanned

vehicles

ZHANG Shou-wu'?, WANG Heng'?, CHEN Peng", ZHANG Xiao-yu", LI Qing'>™

1) School of Automation and Electrical Engineering, University of Science and Technology Beijing, Beijing 100083, China
2) School of Information Science and Engineering, Beijing City University, Beijing 100083, China
3) Key Laboratory of Knowledge Automation for Industrial Processes, Ministry of Education, Beijing 100083, China

X Corresponding author, E-mail: liging@ies.ustb.edu.cn

ABSTRACT This paper aims to introduce the application of neural networks in the motion control of unmanned vehicles in recent
years. With the breakthrough of computer, robot control, and sensing technology, the development of unmanned vehicles has entered a
stage of rapid development. It can reduce driver mistakes, bring convenience to the daily travel of humans, and it is widely used in the
military and dangerous fields. However, the unmanned vehicle itself has strong nonlinearity, signal delay, and parameter uncertainty and
its control is affected by external factors such as the change of road adhesion coefficient and lateral wind. Therefore, traditional control
methods often face challenges in controlling the vehicle stably and accurately. The learning, adaptive, and approximate nonlinear
mapping abilities of neural networks provide an effective way to solve the problems of vehicle model parameter uncertainty change,
external disturbance, and vehicle adaptive control. Therefore, it is increasingly applied to the motion control of unmanned vehicles. The
self-learning and adaptive ability of neural networks enable them to calculate the direct output control quantity according to the state
deviation of the vehicle, which can be used as the controller of the unmanned vehicle. The ability of the neural networks to approach a
nonlinear mapping makes it possible to approach the unknown dynamic parts of the vehicle, such as the uncertain parameters and

external disturbances, which improves the accuracy and robustness of the controller design. The neural networks can remember previous
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information that can be used to calculate the current output. Thus, the neural networks can be used as the vehicle state observer to

estimate the vehicle state parameters. The adaptive ability of the neural networks enables them to optimize the parameters of other

control algorithms online. From these aspects, this paper summarized and classified the achievements and progress made by domestic

and foreign scholars in applying neural networks to the motion control of unmanned vehicles in recent years, introduced the application

situation, and evaluated the advantages and disadvantages. Finally, the main problems of neural networks in the motion control of

unmanned vehicles were summarized and the possible development direction was prospected.

KEY WORDS neural network; nonlinear system; adaptive control; stability; unmanned vehicle
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Fig.1 Three layer feedforward neural network driver controller schematic diagram
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