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Fig.1 Working principle of alignment control system
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Fig.2 Alignment mechanism
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Fig.3 Hydraulic system schematic diagram
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LADRC: Linear active disturbance rejection control.
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Fig.4 Control schematic diagram
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Note: x is feedback signal of linear displacement sensor; u is LADRC
controller output control value; P and A is oil inlet of electro-hydraulic
proportional directional valve; B and T is oil outlet of electro-hydraulic
proportional directional valve; M is load weight driven by hydraulic
cylinder, kg.
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Fig.5 Hydraulic system simulation model based on Amesim
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Fig.6 Controller simulation model based on Simulink
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Table 1 Design requirements for hydraulic control system

Z% Parameter {H Value
178 Load/kg 100
TAEF7 72 Working travel/mm 100
e KA I ] Maximum travel time/ms 500
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Table 2 Hydraulic model parameter
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Component name Main parameter

g3

TAEIET) 4 MPa

Pump source

L A8 5 18] ST T 40 mA , &E i 40 L-min'!,
Proportional valve 145 4% % 80 Hz, BHLJE 1L 0.8

AT TAEATHE 100 mm, 7% ZE T/ H A% 50 mm,

Hydraulic cylinder WAL 40 mm
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Linear displacement sensor
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Note: r is reference input signal; LESO is linear extended state observer;
k, is proportional coefficient; £, is differential coefficient; z, is the tracking
signal of output from hydraulic system; z, is the differential tracking signal
outputing from hydraulic system; z; is an estimator of perturbation and
uncertainty; u, is a linear combination of state errors; b, is the
compensation factor.
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Fig.7 LADRC controller structure
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Note: s is Laplace operator; W, is the bandwidth of the extend state
observer; ¢ is the error between the position observation of the hydraulic
cylinder and the actual position of the hydraulic cylinder; b is controller
gain coefficient.
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Fig.8 LADRC controller model
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Fig.10 Response curves of PID and LADRC controllers without
disturbance
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Fig.13 Anti-interference response curve of LADRC under
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Fig.14 Responseerror curves of LADRC and PID under disturbance
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Fig.15 Field test of automatic alignment weeder
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Table 5 Experimental factors and levels

A7 HEH T (] R Mol R
Iije(z\il Traveling speed Adjusting space Working depth
Al (m-s™) B/cm Clem
! 0.5 60 15
2 1.0 80 20
3 1.5 100 25
<o IETRWLER
Table 6 Results of orthogonal experiment
RS AKFE BAKF CKF TS
o BC  Seedling
Test No.  Alevel Blevel C level injury rate/%
1 ! 1 1 1 11 3.61
2 1 2 2 2 2 2 4.12
3 1 3 3 3 3 3 4.56
4 2 1 1 2 2 3 4.49
5 2 2 2 3 3 1 420
6 2 3 3 1 1 2 4.25
7 3 1 2 3 1 2 4.04
8 3 2 3 1 2 3 4.82
9 3 3 1 2 3 1 3.61
10 ! ! 3 2 302 3.60
1 ! 2 13 13 4.70
12 1 3 2 1 2 1 4.79
13 2 1 2 1 3 3 4.43
14 2 2 3 2 1 1 4.45
15 2 3 1 3 2 2 4.15
16 3 1 3 3 21 4.69
17 3 2 1 1 3 2 375
18 3 3.2 2 13 3.60
K, 4127 4160 4275
K, 4328 4465 4.190
K, 4623 4453 4613
R 0.497 0305  0.423
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Table 7 Variance analysis
Fel AE 7
Sﬁofi% ﬁ Sﬁ%izjﬁes Degree of  Mean F[i/fue Flz/fue

variation freedom  square
A 0.749 2 0.374 8.216 0.026
B 0.358 2 0.179 3.933 0.094
AB 0.023 2 0.011 0.249 0.789
AC 0.041 2 0.021 0.454 0.659
C 0.602 2 0.301 6.604 0.040
BC 0.314 2 0.157 3.448 0.115

%2 Error 0.228 5 0.046

TE: P<0.01 (B2E3); 0.01<P<0.05 (B3 ); 0.05<P<0.1 CHEM);
P>0.1 (JC5M) .

Note: P<0.01(extremely significance); 0.01<P<0.05(high significance);
0.05<P<0.1(mild effect); P>0.1(no effect).
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Table 8 Seedling injury rate with or without automatic alignment

system %
POEEERA
Alignment 1 2 3 4 5 6 7 8
system
J& No 17.6 19.7 157 275 167 169 153 19.2

A Yes 363 475 336 468 335 358 434 387

12 8 I, AT ] R GE B s 1 R A Y
Bttt , P 3R 3.9%; 1B X TEEH REE M
SR AN 18.6% I H BT KRS HLAR BR #7049 15 14 7
B, JORAT ) AR G0 05 W A T LA = 7 i R
(— BN 5%),  F2 B A T Y i S AR BEAR A 2t
A o A TR R G005 R R, i
AL, A AT R ST O R A A AR AR IX
B, R AR SOR T H RURE ] i 3R R A, 00 fk
T ARASC A, [ i B RS SN, B it A ST AR R AR
TEARERE i 2, o SE X BRE iR asfute, A2t
— LR

5 & #

1) Bt 17— MRS LR ER S AT f i R 4, R

LR PP S 0T o R A A ol o A8 A T S B ARG
1E, ST BRESRE R T

2) XFERME F BTG B R PID Bkt AT T R A
Wit KOFE A, PF A SRR EMARIER T,
LRk A P ) 2R 40 1k ) 30 B8 B4 X A7 )8 st [ EL PID U
01s, Hyt Pt T rID#EHA Y, B —EneE
etk

3) HEREEE R LI, FEma i R A F IR E H
KEVMK I AT IR | MR R . ATl e ifE
e SHUH A AT EE 0.5 m/s, JETTEIFE 60 cm, FEMVIREE
120 cm, BEBFGIH R 3.6%; HLER IR T . A XAT
Pl RGO 05E RH 3.9%, %A X AT B G845 i F
Bt %h 18.6%.
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Design and experiment of control system for weeding alignment in rice
field based on linear active disturbance rejection control

Chen Xueshen', Fang Guijin', Ma Xu'*, Jiang Yu?, Qi Long', Huang Zhujian*
(1. College of Engineering, South China Agricultural University, Guangzhou 510642, China;,
2. Modern Educational Technology Center, South China Agricultural University, Guangzhou 510642, China)

Abstract: Rice is one of the major food crops in the world, weeds are one of the main reasons for the decrease of rice yield
and quality. In traditional agriculture, the main weeding method is to use herbicides, which would not only cause environment
pollution, but also cause weed resistance. At present, mechanical weeding, as a green weeding method, is a new technology,
because of the possibility of seedlings injury, it is still in the development stage. In order to avoid seedlings, there is a lag
between the adjustment of weeding components and the movement of fuselage. During the rectification period, the weeding
components will inevitably cause damage to rice seedlings. Therefore, it is necessary and urgent to realize intelligent seedling
avoidance control technology by perceiving the curvature degree of rice rows, differentiating the operation path of weeding
components. To reduce the seeding injury rate of mechanical weeding, on the basis of obtaining the information of rice
seedling belt, a control system for weeding alignment in rice field based on linear active disturbance rejection control is
designed in this paper. Row alignment technique is a method to control the deviation of weeding component on the operation
path. By using the structure of inner and outer sliding beams, the weeding component can avoid seedling and control weeding
in the working path through the row alignment mechanism. A hydraulic control system is proposed and simulation is carried
out by combining Amesim with Matlab. The simulation platform of hydraulic control system is constructed, and the controller
is designed. The simulation comparison between the linear active disturbance rejection control (LADRC) algorithm and PID
algorithm is carried out. The results of simulation show that the line alignment time of LADRC system is 0.1s less than that of
PID system, and in the case of disturbance, the anti-interference of LADRC is better than PID control algorithm and has
certain robustness. To verify the actual performance of the LADRC, field experiments are carried out. The results show that
the traveling speed and working depth have a significant impact on the seeding injury rate, and the adjusting space has a mild
impact. The optimal working parameters combination is that the traveling speed is 0.5 m/s, the adjustment space is 60 mm, the
working depth is 20 mm,, and the seeding injury rate is 3.6%. As the performance comparison experiment shown, the average
seeding injury rate with alignment control system is 3.9%, while the average seeding injury rate without alignment control
system is 18.6%. The system can meet the requirements of mechanical weeding control, and can provide references for the
precise control problems in paddy field environment.

Keywords: agricultural machinery; automation; rice; mechanical weeding; row alignment control; linear active disturbance
rejection control



