202446 A &k MLk 2= i 5555 % 4 6 1

doi:10.6041/j. issn. 1000-1298.2024. 06. 040
BBz 3t 22 25 B U HE R MLIE B = B B 32

% A& OEANE KeE RER B %

(LRI R ML TR Be, & AR 1320125 2. JE TR A5 R R 38l Bk 5 TR B, Jb st 100191)

LBl A R A s R AL S G R T — R T el AL Ik 08 s s i , RIAR A OB 4%
52 B B AL A S I R P L SR e R B R e . i O IR R ML AL R RIS B R, @ RAE HA O
5% BRESHEFWIE 2T I AT B BR R 0E T8 s R E B S HERR . SR E, DR m LRI 4
B Fase Mo B AR, 708 s A 0 SE Rl BT T — b 3k Tk i AL B B s O . IR Mk AT
D5 BB, 245 R R W], A B 0L BEAT 18 346 W] A 80 0 AT H: 22 B S8 88 1] 3k b e DR AT £ BRI 13,3, 1] i
S AR Fiy B AR 4. 3° 5 76 T R 5 35 A 19 B THT L AT 256 DR A8, L g RN A 0 5 R AREAD #7353 39 B AT 13, 8° AT 4,
PR R FE T2 B Ra s M o () I T 3 4% Rk 5 1% 00 3 A Bk HE AT X L, 5 SR SR WD, e 8 A% SR Uk A I N I )
s RGBTS0 T A% Gt s A% vk, L SR o 7 e I 45 4% Gt st A% SR 1 4 8T 63. 93% |, KIR 4 5 Tﬁ&exﬁl$ SR
KW FBE M AR, BRI, Sl BE Ak o
HESS S S219.85 XEkARIRAD: A X E4S . 1000-1298(2024)06-0392-12 OSID .

Motion Control of Attitude Adjustment Wheeled Tractor in Hilly
and Mountain Areas

JIANG Hui' TANG Xiaohu' ZHANG Xufeng' XU Guoyan’ GAO Feng’
(1. School of Mechanical Engineering, Northeast Electric Power University, Jilin 132012, China
2. School of Transportation Science and Engineering, Beihang University, Beijing 100191, China)

Abstract ; In order to improve the stability of the tractors in hilly and mountainous areas, a motion control
method was designed based on improved genetic algorithm, which can achieve real-time leveling control
according to terrain conditions. Firstly, according to the kinematic relationship of the tractor attitude
adjustment mechanism, a kinematic model representing the relationship between the wheel center position
and the body attitude parameters was established, and a numerical example was given to solve the
problem to verify the correctness and accuracy of the kinematic model. Then, with the aim of improving
the stability of tractor body, a tractor motion control method based on improved genetic algorithm was
designed while considering the kinematics model. Finally, the simulation results showed that the motion
control algorithm can effectively reduce the body attitude angle, the maximum lateral slope angle was
reduced by 13.3°, and the maximum pitch angle of the longitudinal slope was reduced by 4.3°. The
comprehensive adjustment on the road with both slopes can reduce the maximum side angle and the
maximum pitch angle by 13. 8° and 4°, respectively, which greatly improved the stability of the body. At
the same time, the improved genetic algorithm was compared with the traditional genetic algorithm. The
results showed that the improved genetic algorithm was superior to the traditional genetic algorithm both in
response time and control accuracy. The response time of the improved genetic algorithm was reduced by
63.93% compared with that of the traditional genetic algorithm, and the efficiency of the algorithm was
greatly improved.
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Fig.1 Wheel tractor with full attitude adjustment
in hilly and mountain areas
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Space coordinate system of wheel tractor with full

attitude adjustment in hilly and mountain areas
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Fig. 12 Simulation results of comprehensive adjustment
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Tab.3 Comparison of response time and adjustment error of algorithm

P ok Tl EE AR
10 20 30 40 50
B3R k4 30. 965 6 31.8157 32.4353 34.0237 34.294 3
i) J3 B8] /s 55 L 0.243 4 0. 606 5 1.1222 1.704 5 2.159 8
L 3 A B 0.236 8 0.3873 0.5032 0.6197 0.779 2
R LR ok Bk 14.695 3 7.487 8 3.0895 8. 608 7 2.0029
WEEIRIZ/(°) 5 G B Ak 1.1177 1.2169 0.0935 0.033 1 0.097 8
P AR Rk 0.079 8 0.016 8 0.0111 0.0146 0. 006 1

TEASTAPLIR JB vk 10 6 T 5 8 o, G 7 1) % 9
RERFAIRI T AT o W B, HLH
WRZEE R AN IIER T AR TR
KEIEXT A AR BEAT DL AL, A Bl LR AR I
R RAES) 22, TR ) ) I AR R S R A
RIS A2 R BEHLPE AR, e o foff FH A ADUR 537
NI T A GE 5 B0 , AR SO AR DLIR 75 X A%
GE AL Sk e U i Bk — 2B A AL, LR R LA R AR E
Pho IR 7E B — R8O B ASSE R AT, PR AR
2 AR A MR AR AL BEA T R R O 0 B A R 2 e
YEAS AR T R, A 1 A2 S A ) [0 N (1) R S
7 T B4 PG BB e — A TR

5 %Hig

(1) #ES7 T ek il i 23 25 U8 8 4 53t Fr HL Y oz

A SR T RIER O R E S S REESHL
ZA BB R T 5 B B SR i I T a2 gl e R Y
IEH -5 HERR VT 45 2 IE 00 as S R O ik — 4
iz Bl 1 il B3 HE Al

(2) PA4& i 4 47 HLAE AR 2540 4 e b o fa e
PO H AR, S T — i e T ok g A% Bk 1Y iz g
P 7 5 WO Bk R A 4 e AR Bk S R LR K
HEME A, R A 2 B A B 0 2R
18 R BE T AR TR Y R RE ) AE UL A, 7 5 B U 45
il H AR B Al bR T S0E B AR P R
HE

(3) i i 75 ADAMS Ff g 57 45 37 BIL A0 ot Ak 5% T
BERL, I/ Matlab H J#E AT 07 20, 0 51 96 90F 46 437 HL7E
A9 1) 32 N 1] 39 J3E b AE R 0 b i e AT B —
fle oI R S i R B ORI IR S5 R R, AT



402

PSS A1 M | = O 14 2024 4

Fiz 3y 2 W S0 A0 LU, B R AL AR B ) AT e e SEEE T —E A I N ) 2 S

g R R R R ARE A A 23 S AR 13, 3° A (4) 551 e 8 AL Sk FE AT 0T LU 58 U ke i 38t A5 5
4.3° ek B 1A A A T b R R IR TEBEIR T, A5 R R W ot g A A A A SR
LEE IO e R o W TR (T R N (T 02 O N /O B 2 0 S P DB S 1 o e TPV T
S5 KM A7 WA 13, 8°, de KORFAM Sy AR 4°, 8K 63.93% FELRUE TR R K Ji 510 & MR AT 42 T, K
P 7 AL LA AR 5 R AR P T B 4 B AR E YN RNV S

[2]

[3]

[6]

[7]

[9]

(10]

[11]

[14]

[15]

[16]

[17]

2 £ x #
W AR, AR B A HLAR A e B B R S A 5T [T ] AR HLBKR 27 4% ,2005,36 (9) 60 - 63.

YANG Minli, BAT Renpu. Study on regional unbalance of agricultural mechanization development in China[ J]. Transactions of
the Chinese Society for Agricultural Machinery,2005,36(9) :60 —63. (in Chinese)
ETHTE BB B L XA AU AL A J IR Be xR [T ] Ak A2 ,2016,6(5) : 1 - 4.
WANG Shengsheng, GENG Lingxin. Current situation and countermeasures of agricultural mechanization in hilly and mountainous
areal J]. Agicultural Engineering,2016,6(5) :1 —4. (in Chinese)
R, R, BB R ROV E R LG AR L IR SR [T]. A ML 4R ,2018,49(8) :1 - 17,
XIE Bin, WU Zhongbin, MAO Enrong. Development and prospect of key technologies on agricultural tractor[ J]. Transactions of
the Chinese Society for Agricultural Machinery,2018,49(8) :1 —17. (in Chinese)
SR ERKE I RS P ERE L2 5P SRR A P [T]. A AR BT IR % 4] ,2001,16(4) :313 -319.
FU Zeqiang, CAI Yunlong, YANG Youxiao, et al. Research on the relationship of cultivated land change and food security in
China[ J]. Journal of Natural Resources,2001,16(4) :313 =319. (in Chinese)
INEM XGRS R, 55 il L b R AR 4 5 B AR L SR AR B S 5R [T ] RO WL A 4 , 2023 ,54(5) ;1 — 18.
SUN Jingbin, LIU Zhijie, YANG Fuzeng,et al. Research review of agricultural equipment and slope operation key technologies in
hilly and mountains region [ J ]. Transactions of the Chinese Society for Agricultural Machinery,2023,54 (5).:1 - 18. (in
Chinese)
WA A AR, IV S5 /AL L M 3 i HLIE B8R PR BE 23 AT S8R [T ] AR HUA A= 41 ,2020,51(9) :374 - 383.
PAN Guanting, YANG Fuzeng,SUN Jingbin,et al. Analysis and test of obstacle negotiation performance of small hillside crawler
tractor during climbing process[ J]. Transactions of the Chinese Society for Agricultural Machinery,2020,51(9) ;374 —383. (in
Chinese)
TRIFRE, K, A BOT A 530U Lt i h MU S TR R BB 56 [T . AR U4 ,2022,53(6) 1425 -433.
ZHANG Kaixing,ZHANG Lan, LI Zhengping, et al. Design and test of twisting and swinging attitude adjustment device of wheel
hilly tractor[ J]. Transactions of the Chinese Society for Agricultural Machinery,2022,53(6) :425 —433. (in Chinese)
YU J H,PARK J K,CHEON S H, et al. Development of a rolling angle estimation algorithm to improve the performance of
implement leveling-control systems for agricultural tractors[ J]. Advances in Mechanical Engineering,2022,14(11) :1 - 16.
LIM T C,CHEOK K C,GANESAN S. Tractor automated ground leveling ( AGL) simulation using artificial neural network[ C] //
2021 IEEE International Conference on Electro Information Technology (EIT).IEEE,2021.202 —208.
TSR B S B SR PL A B R S BRI [ 1] 4ol TR A% IR 201834 (14)
36 - 44.
PENG He,MA Wenxing,ZHAO Enpeng,et al. Design and physical model experiment of body leveling system for roller tractor in
hilly and mountainous region[ J ]. Transactions of the CSAE,2018,34(14) :36 —44. (in Chinese)
SR, TSR, E R B A6 B B R T O B AT S [T ] AR R (AR ,2019,49 (1) ¢
157 - 165.
PENG He ,MA Wenxing, WANG Zhongshan, et al. Control system of self-leveling in hilly tractor body through simulation and
experiment[ J]. Journal of Jilin University ( Engineering and Technology Edition) ,2019,49(1) :157 — 165. (in Chinese)
FEOCH A Z ], Ry g, 55, b LRSS TS R it 593 [T ] R4 ,2019,50(7) :381 - 388.
QI Wenchao, Ll Yanming, TAO Jianfeng,et al. Design and experiment of active attitude adjustment system for hilly area tractors
[J]. Transactions of the Chinese Society for Agricultural Machinery,2019,50(7) :381 —388. (in Chinese)
FESCH 2 B RN, 55 B LD M ¥ L4 B 98 7 S0P BRASEH PID 48 O vk [T ] RO AL % 4 ,2019,50 (10) -
17 -23.
QI Wenchao, LI Yanming,ZHANG Jinhui,et al. Double closed loop fuzzy PID control method of tractor body leveling on hilly
and mountainous areas [ J ]. Transactions of the Chinese Society for Agricultural Machinery, 2019,50 (10):17 - 23. (in
Chinese)
JIANG H,XU G,ZENG W et al. Design and lateral stability analysis of an attitude adjustment tractor for moving on side slopes
[J]. Applied Sciences,2024 ,14(5) :2220.
MICHALEWICZ Z ,JANIKOW C Z,KRAWCZYK J B. A modified genetic algorithm for optimal control problems[ J]. Computers
& Mathematics with Applications,1992,23(12) .83 —94.
KWOK D P,SHENG F. Genetic algorithm and simulated annealing for optimal robot arm PID control[ C] // Proceedings of the
First IEEE Conference on Evolutionary Computation. IEEE ;1994 .707 —713.
R AR UET 2RO, L B L RS R R U R AL i SO B [T ] R BB 5T ,2021,43 (1) ;247 - 251.



% 6 1)

e E . kel A A R e S R A Las B 403

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

ZHONG Kun, LI Honggian, LI Zhengping,et al. Design and simulation of wheel tractor with full attitude adjustment in hilly and
mountain areas[ J]. Journal of Agricultural Mechanization Research,2021,43(1) :247 —251. (in Chinese)

JATE e, EHAK, BB, S 45 OSBRI 4 A () e A AR S OR AR [ ], b 1 2058 K % % 4, 2013,47(7) 1093 -
1098.

ZHOU Kaibo, WANG Xuyong, LUO Xiaotao, et al. Spatial attitude model of six-wheeled rocker rover and its mathematical
solution[ J]. Journal of Shanghai Jiaotong University,2013,47(7) :1093 — 1098. (in Chinese)

JIANG H,XU G,ZENG W, et al. Design and kinematic modeling of a passively-actively transformable mobile robot[J].
Mechanism and Machine Theory,2019,142.103591.

NG E T AT A5, B 4w P L R AL B S Re e [ T . ARV U4z ,2021,52(5) 1358 - 369.

SUN Jingbin, CHU Guoping, PAN Guanting, et al. Design and performance test of remote control omnidirectional leveling
hillside crawler tractor [ J]. Transactions of the Chinese Society for Agricultural Machinery, 2021,52 (5) :358 - 369. (in
Chinese)

B ARERL B KM, SR A, A R SRR R SRR [T ] S AL B SY ,2008,25(10) 2911 - 2916.

GE Jike,QIU Yuhui, WU Chunming, et al. Summary of genetic algorithms research [ J]. Application Research of Computers,
2008,25(10) ;2911 —2916. (in Chinese)

MRBH R, T JE T 2l B 3845 50 16 0 — R AL &8 N5 Z 22K g [ T]. LA T A2 4440 ,2017,53(3) : 1 -8.

LIN Yang,ZHAO Huan,DING Han. Solution of inverse kinematics for general robot manipulators based on multiple population
genetic algorithm[ J]. Journal of Mechanical Engineering,2017,53(3) :1 —8. (in Chinese)

R R T A 3 A R I U R AR AR T RS S [ D] P 2 P 2 BT R4 ,2018.

YI Xiaozhan. Research and application of logistics vehicle route planning based on improved genetic algorithm[ D ]. Xi’an; Xi’an
University of Technology 2018. (in Chinese)

ST ML AR, SR, AR R T AL SR R AL AR N300 B Aok O vk [T ] db st A L K K A I, 2021,
48(10) ;1925 - 1932.

ZHANG Libo, LI Yupeng, ZHU Deming, et al. Inverse kinematic solution of nursing robot based on genetic algorithm [ J].
Journal of Beijing University of Aeronautics and Astronautics,2021,48(10) :1925 - 1932. (in Chinese)

KR AE TR AT AR, X AE AT T8 A% SR 10 28 R WL 32 S AR I R R A I [T ] 25 ) A 4% 42 4 ,2000,20(2) ;185 - 191.
GE Xinsheng, ZHANG Qizhi, LIU Yanzhu. An optimized method to control the motion planning of space manipulators base
genetic algorithm[ J]. Chinese Journal of Space Science,2000,20(2) :185 - 191. (in Chinese)

AT AN | JR 5. 3O 5 B 09 65 20 BB 2 302 3 )] K W E2%41,2022,43 (7) ¢ 180 — 185,

LI Cuiming, REN Kezhou, GONG Jun. Inverse kinematic solution of cleaning mobile manipulator based on improved genetic
algorithm[ J]. Acta Energiae Solaris Sinica,2022,43(7) :180 - 185. (in Chinese)

PENCHEVA T,ATANASSOV K,SHANNON A. Modelling of a stochastic universal sampling selection operator in genetic algorithms
using generalized nets[ C] //Proceedings of the Tenth International Workshop on Generalized Nets,Sofia,2009:1 —7.

WANG K,LI X,GAO L,et al. A genetic simulated annealing algorithm for parallel partial disassembly line balancing problem
[J]. Applied Soft Computing,2021,107 :107404.

SAVSANI V,RAO R V,VAKHARIA D P. Optimal weight design of a gear train using particle swarm optimization and simulated
annealing algorithms[ J]. Mechanism and Machine Theory,2010,45(3) :531 - 541.

XA Y e e, 22 10 45 P RE R SR S LA NS B [ 7] U RO 28 M K K %241, 2018 ,44(2) « 391 - 398.
LIU Benyong,GAO Feng, JIANG Hui, et al. Attitude control algorithm of balancing-arm mobile robot[ J]. Journal of Beijing
University of Aeronautics and Astronautics,2018,44(2) :391 —398. (in Chinese)

(L#EE 391 I)

[26]

[27]

[28]

[29]
[30]

[31]

NAGANO K, FUJIMOTO Y. A control method of low speed wheeled locomotion for a wheel-legged mobile robot[ C] /2014
IEEE 13th International Workshop on Advanced Motion Control (AMC) , 2014.332 -337.

W A RS T — R B R AL AR NI S A (1] b E LA TR ,2013,24(22) 13018 - 3023.

LUO Yang, LI Qimin, WEN Haoyu. Design and analysis of a new type of wheeled legged robot[ J]. China Mechanical
Engineering, 2013,24(22) : 3018 —=3023. (in Chinese)

o BUEOG. AR ML N S G A [T]. th AL L2 ,2016,27 (4) 427 - 432.

XU Yan, DUAN Xingguang. Attitude coupling optimization control of wheeled legged robots [ J]. China Mechanical
Engineering, 2016,27(4) :427 —432. (in Chinese)

BOB Y. A wheeled car, quadruped and humanoid robot: Swiss-Mile robot from ETH Zurich[ N]. Tech Xplore,2021 — 12 — 08.
FWR, EWE AN, . B L P B R AT E AL Bt 5 Ee [ )] ARPLAL ST, 2023 ,45(9) 217 - 225.

WANG Jun, WANG Hui, FU Jie, et al. Design and experiment of a two stage crawler walking mechanism in hilly and
mountainous areas[ J]. Journal of Agricultural Mechanization Research, 2023,45(9) :217 —225. (in Chinese)

MA Z ,WANG J,ZHAO Y, et al. Research on multi-objective optimization model of foundation pit dewatering based on NSGA — I
algorithm|[ J]. Applied Sciences,2023,13(19) :10865.



