20224 10 A | A R A= 553 % 4 10 1)

doi:10.6041/j. issn. 1000-1298.2022. 10. 043

ETRESZERERNET R XKIRB YIS FELIEH

N S| & V2 1 S a2 R >, 1 ISR 1
TR O O BEHE AWK BRT HKIE
(LS RFEEFH5FEE TRYR, 1 201804; 2. 8 (BUAR) ML MR8k, B 610041)

/.

FEE : RHUAT Il B R D) AS T8 N 23 5 30 A 2 S0 2R e s RS BE RRR U TR T R S 1) A 0 R RE A R T A M AR S )
R, A SO AR i 4 AR BE X F A R) R AT TR ST, BT TR R T R A e AR A5 R AR RTK BE ofE ul 5F O B K
B R ST AL MR ) ) 2 R A S RVRE Y, ST R A8 3 0 R R AR b B RS R R I A% o I LA AR KL DF1004 - 2
AU AN AL I & AT TR BE LR RN SC B0 50 . R RB AR AL I AR IR S A o — AR R R A, ST
B 2P RN S i A ] 8 R T A R A RS T AR O 22 2 T MR SR 1, e 25 AR, B
B A U AR B, S i A R A K R R E R S T R .l i R R MLIEAT R G IR, A S R ML RS 3 1) B
J1 R R )5 i FARER A 3l ) AR B i B T LQR 583k i SR Ak S it 4 il , B0 b e e 1 R TR R, FE AR H R
TE A R R AL B TR G A T R U AR I RS FE A B 0. 03 m, 3 EE A UTARIN R 0. 05 m, ok R A R AR
% RefEWE L AL B AR TAER R . S
FEE: FRERN; REHHR; RERG FAs *_;é
FESES: S24 XEkFRIZED : A XEHES: 1000-1298 (2022)10-0405-07 OSID. ;

State-space Modeling and Identification of Intelligent Agricultural
Machinery and Flexible LQR Control
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Abstract: For autonomous navigation systems, when the agricultural machinery changes speed, it usually
leads to the worsening of control precision and stability. As the Beidou satellite navigation technology and
the MEMS inertial sensor technology become increasingly mature, the research and development of
autonomous navigation system of agricultural machinery have been greatly promoted. The Dongfeng
agricultural tractor DF1004 —2 was modified to be an experimental platform, and the crucial devices such
as intelligent controller, wheel angle sensor, RTK base station were designed and developed for the
tractor’ s intelligent modification. Moreover, the state space model, including yaw rate state was
established to achieve a stable feedback controller that adapted to large speed changes. Traditionally, the
path tracking control of intelligent tractors assumed speed to be constant and designed controllers with a
kinematic model or used pursuit strategy without a model. For these controllers, the convergence speed
can be slow due to lack of yaw rate information, moreover, when speed switched, the steering magnitude
of front wheel grew, which decreased the control accuracy and stability. The state-space model with yaw
dynamics was established via system identification, and then a flexible LQR control strategy was designed
based on the state-space model, which provided a solution to the challenge. Experimental results from
agricultural fields showed that the control precision was 3 cm without speed switch, and 5 cm with speed
switch, which met the production requirements of agricultural machinery.
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Fig.1 Intelligent agricultural machinery system architecture
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Fig.2 Intelligent automatic driving system for

agricultural tractor
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Fig.3  Path following diagram of agricultural tractor
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Tab.1 Experimental result of agricultural tractor

system identification

Oema/(°)  w/(m-s™h) K, T K, T
3 1.39 1.03 0.34 -1.05 0.07
-3 1.44 1.03 0.32 -1.16 0. 04
5 1.50 1. 00 0.49 -1.21 0.08
-5 1. 46 1.01 0.28 -1.16 0.05
8 1.57 1.01 0.37 -1.18 0.08
-8 1.62 1. 00 0.24 -1.21 0.07
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Fig.4 Verification platform for lateral dynamic model
of agricultural tractor
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Fig.5 Verification of front wheel angle model of

agricultural tractor
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Fig.6 Verification of yaw angle model of agricultural

tractor
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Fig.7 Block diagram of agricultural tractor control system
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Fig.8 Dongfeng agricultural tractor test scenario
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before flexible control without speed change
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