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Omnidirectional Leveling Control of Crawler Machine
Based on QBP — PID
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Abstract; A hydraulic omnidirectional leveling system was designed based on “three-layer frame” and a
composite Q-learning — BP neural network — PID (QBP — PID) omnidirectional leveling control algorithm
was proposed, and the crawler machine was taken as the research object. Firstly, the structural scheme
and working principle of the whole omnidirectional leveling machine were given. On this basis, a
dynamic model of the entire crawler machine, including the omnidirectional leveling system, was
established. Then aiming at the problem that PID control parameters were difficult to be adjusted, an
omnidirectional leveling compound QBP — PID controller was established. The PID control parameters
were updated in real time through the BP neural network, and the Q-learning algorithm was introduced to
update the neural network connection weights online. Results of simulation showed that the leveling time
under QBP — PID control was 2. 8 s for 20° transverse leveling and 3.2 s for 25° longitudinal leveling.
Compared with PID and BP — PID control, the leveling time was reduced, and no overshoot occurred. In
the end, the complete machine test on transverse slope road and longitudinal slope road was carried out.
Compared with the simulation results, the errors of transverse and longitudinal leveling time were 0. 6 s
and 0.4 s. And the body inclination angle on the horizontal ground was less than 1.5°, which satisfied
the leveling performance demand of hilly mountainous agricultural machinery.
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Tab.4 Comparison of simulation and experimental results

SH R 1 38 YN 1i 1 - - Hh ML B
A ] /s I E] /s i s/ (°)
15 KAl 2.8 3.2 0
I H 3.4 3.6 <1.5

D EK 0.6 s, G [ J8 - Bf [8] FL 05 LR 0.4 s, 3% 2
F 7 L R 28 W T R 9 T 9 2E AT A R 4 R 45 A
R o AN, D5 PO M TR AL A
0°, 158 T BBy 0 A R (B A A 1. 5°, 2 X O i L
Hh A S % TR O BRARRY 0°, T 4K 7 M % T
FAAE— R AR . Bk UL, BT BT 4z 1 0 R &5
RERZ1E 4 s PN 58 BAL B B/ 9\ 1) & 8 °F, °F 3 % 1w
PLEH B /N T 1.5°, il R B B i XA b L B9 3 ~F

INEFE A SET QBP — PID FY A R Al BL 4 1 A W 5 405
6 Zit

(1) 0 245 5 4 W1, %5 B B 15 90 16 {61 F g 20°
i, QBP — PID 43 il T 9 I 1) 2. 8 s 4 44 ) 1)
W5 £ J 25° W, QBP — PID 45 il F 8 . B il
3.2 s, B\ R 2 F PID #5545 15 BP - PID
Feihl 3 ELoK th 90 8 B, 909 T 7 %+ QBP — PID
B 1 e

(2) iR B2 R AE S0 F 5 M 161
YT 2.8 5 3.2 s, 5 0 B0 SRR 2 4
BN 0.6 5 F10.4 s, EMT TN . KB T,
S L B3, BL B, 2 U R,
BT EHLE U N T 150, LIRS KL TR
Sl L 4 1 8 2% 5 00 T A7 M R
S B 110X 2 B T L 7K

2 £ x W

(1] 3RE S, B/NE, e, 2. ST RO PID B 1l st 4 S LA - Pl Ry ie ik (1], MR Rk R 4 ( AR /)

2023,49(1) .121 - 126.

ZHANG Fugui, LU Xiaolian, YANG Huabing, et al. Design of leveling system for mountain tractor based on fuzzy PID[J].
Journal of Hunan Agricultural University ( Natural Sciences) , 2023, 49(1): 121 —126. (in Chinese)

[2] AHMADII. Dynamics of tractor lateral overturn on slopes under the influence of position disturbances ( model development)

[J]. Journal of Terramechanics, 2011, 48(5) : 339 - 346.

(3] RE,FEZ% FUE G EIMRY LRI RHH L EIVIRLT]. £l MLk ,2016(6) :53 - 57.
WU Yong, WANG Jianjun, SU Minghui, et al. The development history of agricultural mechanization abroad and the current
situation of tractor development[ J]. Farm Machinery, 2016(6) : 53 —57. (in Chinese)

(4] Tkl Hewd K 22, 45 S w0z B 8P AR & B R 50T ] dEathkoll R4 ,2021,43(2) 1150 - 159.
YU Yongchao, KANG Feng, ZHENG Yongjun, et al. Design and simulation of the automatic-leveling high-position platform in
orchards[ J]. Journal of Beijing Forestry University, 2021, 43(2): 150 — 159. (in Chinese)

[5]  Fhbete, M1, T 97,55, RSl H 3Pk BT R R LB 53R (1], RV HUAR ,2022,53(12) :20 - 31.
WANG Xiaoyan, DENG Bo, TAN Dingyang, et al. Design and experiment of undriven soil puddling machine with improved

auto-leveling and straw-burying design for paddy field[J].

2022, 53(12): 20 =31. (in Chinese)

Transactions of the Chinese Society for Agricultural Machinery,

(6] ENFE,Z%E, £, 5. mHBUEZHLBT B 2T RGOS T]. AP AU ,2022,53(2) :98 - 105,15.
YIN Xiang, AN Jiahao, WANG Xian, et al. Design and test of automatic beam leveling system for high-learance sprayer[ J].
Transactions of the Chinese Society for Agricultural Machinery, 2022, 53(2): 98 — 105, 15. (in Chinese)

(7] JEGHe, JRERAN  BRoPSL, 5. WA 08 55 LI 32 207 XU A Sh 4l R Or 5 [T]. R AL 4 ,2022,53 (12) ¢

70 -179.

ZHOU Zhiyan, ZHOU Mingjie, CHEN Yuli, et al. Automatic leveling control system of rotors hovering spray boom sprayer[ J].
Transactions of the Chinese Society for Agricultural Machinery, 2022, 53(12): 70 =79. (in Chinese)

[8] WMk, MR, B H I, 5. AHLR BSRTPER RGO SHEI]. &k THR¥%4MR,2015,31(8) :15 - 20.

HU Lian, LIN Chaoxing, LUO Xiwen, et al. Design and experiment on auto leveling control system of agricultural implements
[J]. Transactions of the CSAE, 2015, 31(8): 15 -20. (in Chinese)

(9] 24 By, ik 2,5, RULE A3 B0R B8 ir[T]. i EAR YL R ,2019,40(4) :48 - 53.

LI Zhao, FAN Guiju, ZHANG Hao, et al. Analysis on the present situation and tendency of automatic leveling in agricultural
machinery[ J]. Journal of Chinese Agricultural Mechanization, 2019, 40(4) . 48 —=53. (in Chinese)

[10]  RmL, %3, 8 S3ca, 5. BRI HLR A IE PR R Mg [T]. W ROk % 541 ,2020,54(3) :439 - 445.
WU Fan,JIANG Pin,HU Wenwu, et al. Research on the automatic leveling control system of the tractor[ J]. Journal of Henan
Agricultural University, 2020, 54(3): 439 —445. (in Chinese)

[10] ZMobk , XE T8 R TR, 55 RO ML A 3 ROR K R BUIR S a3 (1], BRI 2 4% ,2021,42(5) :2 - 7,35.

LI Linlin, DENG Ganran, LIN Weiguo, et al. Development status and trend of agricultural machinery automatic leveling
technology[ J]. Modern Agricultural Equipment, 2021, 42(5): 2 -7, 35. (in Chinese)

[12]  E¥H,BEE, EuA. Wb hsl 4 & A 3R REn et (1] RPUEHTSE ,2014,36(7) :232 - 235,44,

WANG Tao, YANG Fuzeng, WANG Yuanjie. Design of body automatic leveling control system of hillside tractor[ J]. Journal
of Agricultural Mechanization Research,2014, 36(7) : 232 —235, 44. (in Chinese)



406

PSS A1 M | = O 14 2023 4

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[24]

[25]

[26]

[27]

[28]

[29]

FOCE A E U] RN, 5. B L b R AL S B S SO BRI PID 4 ik [T]. Al LR 2 4k ,2019,50(10) :
17 —23,34.

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, 34. (in Chinese)
SRERE R W], SR OCH, 5. BT M A M PID 1y e b s LB AR D ER R (T]. R HLAK 4, 2020,
51(12) :356 - 366.

ZHANG Jinhui, LI Yanming, QI Wenchao, et al. Synchronous control system of tractor attitude in hills and mountains based on
neural network PID[J]. Transactions of the Chinese Society for Agricultural Machinery, 2020, 51(12) : 356 —366. (in Chinese)
S K RS SRR B IS R S R SR SR [ D] TP R A=A ), 2022 ,44(3) 1714 - 724,
JIN Sheng, JIANG Pin, YANG Junlang, et al. Design and testing of adaptive levelling orchard working platform for cargo box
[J]. Acta Agriculturae Universitatis Jiangxiensis, 2022, 44(3) . 714 —=724. (in Chinese)

K ZE RN REAE . RS R OB R R G T]. R4 ,2020,51 (35 1) :517 - 524.
FAN Yongkui, ZHAI Zhiqiang, ZHU Zhongxiang, et al. Electro-hydraulic hitch terrain-adaptive control system for hillside
tractors[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2020, 51 (Supp.1): 517 —=524. (in Chinese)
WYL, SR, % BNl =0 B AL B AR MU BB SR 1], e Al R R (A AR iR ) L2015,
41(6) :676 - 679.

PENG Kai, JIANG Pin, HU Wenwu, et al. Design and test on the leveling mechanism of three point linkage for rotary tiller
[J]. Journal of Hunan Agricultural University ( Natural Sciences) , 2015, 41(6) : 676 —679. (in Chinese)

HORLE BRI, I, 45, /N LI b 4 B LB B P RE 20 AT 5386 [T 1. AR HU 4R ,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)

STt RE P B AL, 5. SR 2 T LR A R LR T SRR [ T]. Al AL ,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 Am e, A i, P S S R A AL S R RS R ER R a5 1] R AL ,2022,53 (1) :
414 -422.

YANG Fuzeng, NIU Hanlin, SUN Jingbin, et al. Design and experiment of attitude cooperative control system of mountain crawler
tractor and farm tools[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2022, 53(1); 414 —=422. (in Chinese)
J "2 AR UG TRV ARZ BTG IO AT S AR PID AR L)), HFEALA TR 2 4 ,2018,36(5) 1454 - 460.
JING Xuedong, PAN Xiang, WANG Zetao. Attitude control of pesticide spraying quadrotor aircraft based on fuzzy PID[J].
Journal of Drainage and Irrigation Machinery Engineering, 2018, 36(5) : 454 —460. (in Chinese)

WL E DL A%, ST SOA KUK HLIAE R 48 PID 2844k [ T]. HEFEMLAR T #2241 ,2021,39(6) 583 - 588.

GU Zhi, ZENG Yun, LI Min, et al. Optimization of PID parameters of hydraulic turbine governing system based on SOA[J].
Journal of Drainage and Irrigation Machinery Engineering, 2021, 39(6) : 583 —588. (in Chinese)

PNSCUE XV A, A W, A5 Bk TR 2 R 45 R E Y PID R B2 R 5B [T, RL AL A i, 2020,
51(12):55 - 64,94.

SUN Wenfeng, LIU Haiyang, WANG Runtao, et al. Design and experiment of PID control variable application system based on
neural network tuning[ J]. Transactions of the Chinese Society for Agricultural Machinery, 2020, 51(12): 55 - 64, 94. (in Chinese)
TRoRPY, AL A 5F. R T Simulink 7 I AN ALBORI R 22 M 2% PID #1677 0k (1. rJ74RAL,2023,54(7) 17 -20,3.
ZHANG Rongdan, LIANG Chunying, LI Pu, et al. PID control method of fuzzy neural network of fertilizer spreader based on
Simulink[ J]. China Southern Agricultural Machinery, 2023, 54(7): 17 =20, 3. (in Chinese)

Btz P HE AR, . JET BP — PID (1% 0O b L H R B a5 B [T MR A3 5 % H,2022,42(9) ¢
14 -18,3.

MU Hongyun, LUO Yanlei, DU Wei, et al. Simulation research on synchronous control of double hydraulic cylinder based on
BP—PID[J]. Hydraulics Pneumatics & Seals, 2022, 42(9): 14 - 18, 3. (in Chinese)

SHUPRAJHAA T, SUJIT S K, SRINIVASAN K. Reinforcement learning based adaptive PID controller design for control of
linear/nonlinear unstable processes[ J]. Applied Soft Computing, 2022, 128 109450.

Frid, o, R85 JET Q-2 X MR AL TN DL [ S N PID SRR [ T]. R LR 5k R ,2022,32(5) 1117 - 122.
QIAO Tong, ZHOU Zhou, CHENG Xin, et al. Adaptive PID control model of chassis dynamometer based on Q-learning[ J].
Computer Technology and Development, 2022, 32(5) : 117 = 122. (in Chinese)

BEEESS , EORHR IR NE 55 RETHRET- & A shilE PR f Rac ot 5iIe[T]. Rl TR ,2017,33(11) :38 - 46.
FAN Guiju, WANG Yongzhen, ZHANG Xiaohui, et al. Design and experiment of automatic leveling control system for
orchards lifting platform[ J]. Transactions of the CSAE, 2017, 33(11): 38 —46. (in Chinese)

FRE, B KA BT Q 2= LAk BP # & M 4% 11 BLDCM 453 PID #2145 [J]. MK (T2 ,
2021,51(6) :2280 —2286.

WANG Hongzhi, WANG Tingting, HU Huangshui, et al. PID control based on BP neural network optimized by Q-learning for speed
control of BLDCM[J]. Journal of Jilin University ( Engineering and Technology Edition), 2021, 51(6) ; 2280 —2286. (in Chinese)



