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Abstract: Aiming at the problems of unstructured and complex hilly orchard environment and low
efficiency of conventional weeding methods, an orchard weeding robot chassis system was proposed.
According to the hilly terrain and landform environment of the orchard, the vehicle body control mode and
the overall structure scheme of the weeding robot chassis were determined, mainly including the hydraulic
transmission system, and electrical control system, etc. With motion control as the core, in order to
improve the control accuracy of the hydraulic system, the supporting electrical control system, remote
control receiver and CAN communication protocol of the weeding vehicle were designed, which were
composed of the main controller, remote control receiver, motor drive module and navigation module, and
the software flow was determined. The motion controller was designed based on the active disturbance
rejection control algorithm. The robot track speed was determined by the valve angle of the hydraulic
system, it can be seen that the dynamic performance of the motor directly connected to the control valve
was the motion control target. The Simulink simulation model was established by taking the motor angle of
the hydraulic valve as the object and the speed, disturbance and output as the state variables. The
simulation results showed that the ADRC reduced the adjustment time by 0. 42 s, the overshoot by 11. 5%
and the stability time by 0. 14 s compared with the PID control. Ground experiments were arranged to
verify the effectiveness of the robot system. The experiments showed that the average walking speed of the
weeding robot using active disturbance rejection control combined with navigation function was 6. 2 km/h,
the mean square deviation was 0. 037 km/h, the operation efficiency was 0.51 hm’/h, and the average
effective weeding rate was 97.46% . It can walk normally on a 25° slope, and the standard deviation of
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tracking error for the navigation path was 4. 732 ¢cm. The motion control response was timely, which can

improve the safety and accuracy of weeding operation.

Key words: hilly orchard; weeding robot chassis; active disturbance rejection control; CAN

0 3

TP 2 2w Al = b 25 8 2 AR R 28 5 K
Y R A i A AR S TR R
b v sk A R 28 A S R SR B — B A T
B, G R B R 55 Sl o R ORI
S 55 L B 7 AL AR N TR R LSRR LR
Bria sl T RRE et 2%, B E WA AL &
ViR IR R i N A - N 7 B
2T ARTERR B [ I 2550 S A LRI AR R
I it P B AT B L N TR R Ak 2 R
DA R SR, L AT T A B = T B
W By N B AL

[ A0 B 3 B B A5 BB SE T R AR, B A
ATEX A FIHF% T R — 805AB Y e A 3t &) 2 gL
HUANG %" )37 47 BR B 22 40 R s BL 2 N L 42 15 e
FE7ESE R AT M) E R B R B 3tk K P
MHAMUNKAR %" % 4 T 4 G 2 55 M S T
g T 2 B B, AR RS HOAR 2 IR R,
P I AL 2% A 25 LG R AP e, (L o M I 2 B T4
32 3 4% v AL RUBF S WLM Y 6 1 . BAO 251 F g
T B A I R B RS S B R A, SR T B
WAL RE L F LR Bl Xk 2 ) e Tl 8 A AR
TR T =R RS R B AL g A Ay 2 5 5 I
WRAE T S T R AL B A X 1
L IR i 5 5 Y R I S AL B T R T
— i FE B L A /N E B g R A, T LT
P43 307 1

R BT T T e R A BB AR K, (B
T T 1) A% 7R 25 97 1 B I L b FR b T 1N 154: 2 0L 28
NJEG A5 14 11 242 ) 60 5 A 3 R AT A 2 )
b of I AR B ok 34 4% 1 0 A K ST R L 9 ) B AR
SO — LA AR B R G, I BF R OE T 1952 Bl
97, NEE RS 42 566 s vk R A 0 S8 T, SR
F A B R L R g R R S e
PRV 5 A S B R VA T 5K, o g 1 b AR el 7
At — PR B AL BR R T %

1 RERENEARZEHET

B REAR e BR LA N (P 1) JR S 42 1 4 R
LOEBREEE B RE RS RERG A 8
PR

il 1

(b) 7 £

(a) Zitlm B
1 BRECHLAS A G54 1A
Fig.1 Structure diagrams of weeding robot
Lgfgsk 2. BoRf 3. K& 4. WStk 5. G ml
6. BB A a7 MURINE 8. WURIMAS 9. fUdy 10 HJ]

11 34548

POl R S BL 22 e AE AR 5 O, G Bt g D L )
St g o AR A A A I S P Ay S AR F S
T3 Ze A W, 4 o A 1 3T T 9K B R RS S A
AL HR G P LSS IR SRR S ST AR S L L. ¢
PR TR P 5 R AT 28 SR LA S i
Y AR R 3 T OG5 Y B R R R R T R
FLBIL ] 1 1D OF B2 o 5 AR i P8 s Lk ) SR R 1)
G b 75 R 1 A LA R R, R T L)
(F1).

B B e A 25 10 A7 B A 2 U TR Al B M
O Je s 5 Bl , 55 A B A 1T 4 S R AL 2
BRSO 5 7 e T AR O, 90T il
U i) R AT 1) 8 s R 1) g R 22 R LR K Bl
WESE . M PLEE S, 8 o AT R A 3 LB ik sh
A, 2% Sl e e | S BLRUR SR Bl

LB Bt A b R4 — IR & w4
AR R S A 5, 0 e — AR R A < R A Y 4
S, 0 LB IR S B AR i FE AT e R o T ZE A
RATRPFI R R W 2 R .

TR RS 45 b R R A AR S AR LR
1 IIME S 2 K S WiT B &, 15 1L R R A
8

2 ARG

B RGRIR MBS A% L, HEEHE
P i A G AR S LK SR N A R A A
. FEHEEE R KSTECH — C6 — A 7 32 i 35 %
RA YN A%, TAEEM 500 MHz, 4 47 32 MB 1517
WAF FI 64 MB f7 it i, 60 & 2 41 3¢ 7 A% f o )2
1 Mb/s 1) CAN 42 10 .1 #0 RS232 X410 .1 4
RTU #5203 RS232 42 11 1 7 4 50 ~ 3 000 Hz 1



50 &l #Hl

L

2022 4

(a) T EATY

(b) - £5 4 [
B2 W 2R G 47 ELA R T 45 44 4]
Fig.2 Hydraulic system simulation model and

structure diagram
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Tab.1 Basic CAN protocol content
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Fig. 16  Schematic of climbing experiment of weeding robot
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Tab.2 Measurement of driving speed

W A AR MEEE/ frRhEEEs HERIE/
F5 BE/m @fEl/s (kmeht') (kmeh7') (kmehTh)
1 10 5.84 6.3 6.2 -0.1
2 10 5.53 6.3 6.5 0.2
3 10 5.47 6.3 6.6 0.3
4 10 5.66 6.3 6.4 0.1
5 10 5.98 6.3 6.0 -0.3
6 10 5.79 6.3 6.2 -0.1
7 10 5.92 6.3 6.1 -0.2
8 10 5.86 6.3 6.1 -0.2
9 10 5.96 6.3 6.0 -0.3
10 10 5.91 6.3 6.1 -0.2
Safich 10 5.79 6.3 6.2 -0.1
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Fig. 18 Effect drawings before and after weeding
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Fig. 19  Climbing ability test
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