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Design and Experiment of Intelligent Monitor System for
Carrot Combine Harvester

WANG Qi  GAO Pengxiang WANG Jinwu NA Mingjun TANG Han ZHOU Wenqi
(College of Engineering, Northeast Agricultural University, Harbin 150030, China)

Abstract; In order to solve the problems of low intelligence and inability to monitor the operation of the
machine in the process of carrot combine harvest in China, an intelligent monitor system which can be
mounted on the carrot combine harvest machine was developed. The intelligent monitor system mainly
included the carrot combine harvest adaptive speed regulation module, the carrot jam monitor module,
the carrot fruit counting module, the man-machine interaction module and the position information
module. The monitor system was mainly controlled by STM32F103 single chip microcomputer,
information was transmitted by CAN bus, and a variety of sensor fusion technologies were applied to
realize information collection and regulation of carrot joint harvest operation. Carrot harvest adaptive tape
speed regulating module based on the fuzzy PID control algorithm collected machine operating speed,
clamping angle conveyor belt speed and gripping delivery mechanism through the sensors, by using pulse
width modulation control solenoid valve opening clamping conveyor belt speed adjustment to realize the
carrot harvest machines adaptive adjusting job status. The experimental results showed that the model had
good robustness and low overshoot. Field experiments showed that the monitor accuracy of each module
was not less than 96% , the error value of the adaptive belt speed regulation module was not more than
0.1 m/s, the belt speed response time was no more than 0.8 s, and the adjustment time was no more
than 1.6 s. The intelligent monitor system can meet the requirements of field operation and realize the
real-time monitor of carrot combine harvest and automatic control of clamping conveyor belt speed, which
was beneficial to the development of carrot intelligent combine harvest.

Key words:; carrot; combine harvester; monitor system; fuzzy PID control algorithm
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Fig.1 Working diagram of carrot combine holding device
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Fuzzy control rules of conveyor belt speed
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Fig. 10  Comparative test of belt speed control model
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Belt speed control model of carrot clamping conveyor belt
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Tab.4 Monitoring test results of carrot combine harvaster’s forward speed and conveyor belt speed and

inclination angle of clamping conveyor

HUEE  HLEEE PLEEEE W Wl R Rk Je 5% Je 5%k E

b= 2/ FBRE MR, DI FBRE MIR2E/ WAWE Wil BRI

(km+h™'")  (km-h~") % (m-s™") (m-s™") % fE/(°) fE/(°) wRE/ %
1 0.8 0.8 0 0.1 0.1 0 21.2 21.1 0.4
2 1.3 1.2 8.3 0.2 0.2 0 23.5 23.2 1.2
3 1.8 1.7 5.8 0.3 0.3 0 24.2 24.2 0
4 1.9 1.9 0 0.2 0.2 0 24.8 24.7 0.4
5 2.0 2.0 0 0.4 0.4 0 25.8 25.8 0
6 2.4 2.4 0 0.5 0.5 0 27.0 27.0 0
7 2.8 2.8 0 0.4 0.4 0 28.1 28.1 0
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Fig. 13 Change curves of adaptive comparison test

clamping conveyor belt speed
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Tab.5 Performance test results of adaptive module

with speed adjustment

PLEBTE kel il RS Rl
Fe fElEE/ iRiiEy (i VAN Y U8 S -

(km+h™")  (m-s™") (m+s™") (m+s™")

1 1.6 0.5 0.5 0

2 2.2 0.7 0.6 0.1

3 2.9 0.9 0.9 0

4 3.5 1.1 11 0

5 4.2 1.3 1.2

6 4.8 1.5 1.4

7 5.5 1.7 1.7

8 6.1 1.9 1.9

1504 B R2 0, 75 S BRAE L Hy TR 8l T, e 4 gl
A — R IR ZE AT AR, O i i i e Bt
SRS AR 1 2 S EORZE M R

B 3287445 07 S Sl A W 7 2o R R W R ] B
I A I [ 329 52 i 0 5 2R G R RE DR I s i R
T A AT A SR R 0 SR LR AT AR L
R JBE 728 Al IR i 228 1 2 3 9 R 7 P ) K 3 B ]
L 7 A AR IR 6, MHAAT RV, BEE
B BT HE AR b o 2 AN W7 8 R e i i A il e AN

W DA A S o 07 N ] /N T A T 0. 8 s, 9 8 I JE] /)N
TAET 1.6 s, MEWZA g 2 H VR 755K .
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Tab.6 Automatic control response test results

of conveyor belt speed

o [N 34 e Hf fiy 1% i 37 UGS
LI (km-h™")  #@E/(m-s™')  BHEl/s i [ /s
1 [0,0.9] [0,0.3] 0.7 L5
2 [0.9,1.9] [0.3,0.6] 0.7 1.4
3 [1.9,2.9] [0.6,0.9] 0.6 1.6
4 [2.9,3.9] [0.9,1.2] 0.8 1.3
5 [3.9,4.9] [1.2,1.5] 0.8 1.6
6 [4.9,5.9] [1.5,1.8] 0.7 1.6
7 [5.9,6.8] [1.8,2.1] 0.7 1.5

(5) RSB0 LA I 1 55
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ARG X6 5 XA 3 G DM 3, o X W 3 IX
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TR AT ARG B N AL AR, IS R S
DERIGHE I s B B BOSUE, N T GE Ok Im SE i) 2
NASBCE R B SR FE B SR LR T
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Tab.7 Precision test results of fruit measured production module

FEATHE BEAS I

AT BEAS I

AT BE A M

o
TR SRR R/ %  BATER A SRR R/ % SRR SR R/ %
1 103 104 99. 04 107 108 99.07 220 220 100

2 102 102 100 110 111 99. 09 216 220 98. 18

3 108 109 99. 08 115 115 100 226 228 99. 12

4 106 107 98.13 107 107 100 205 208 98.55

5 98 98 100 103 105 98. 09 212 213 99.53

6 103 104 99.03 103 104 99.03 217 218 99. 54

7 107 107 100 110 110 100 203 203 100

Hi 2% 7 ), a0 P 8 R R B2 e o R
99.32% .99.32% #1 99. 27% , & (& ¥ ) K5 B
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R 7 MR OB 2 D R I 98 92 400k N L 342 1, A
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Tab.8 Results of carrot blockage monitoring test

WA RBOK HEEER SN BRI
A oo Bk vk Buk /%

2 20 3 3 3 100

3 20 9 9 9 100

4 20 18 17 17 94.4

5 20 20 20 20 100
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