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Design of Precise Control System for Defective Seed Removal Mechanism
of Dual Channel Sugarcane Seed Intelligent Screening Machine

LI Shangping'? HUANG Weibin'® LU Heshun'’ LI Kaihua'® QIN Yonghua'”
(1. School of Physics and Electronic Information, Guangxi Minzu University, Nanning 530006, China
2. Guangxi Provincial and Ministerial Collaborative Innovation Center for Sugarcane Industry, Nanning 530006, China
3. Key Laboratory of Intelligent Unmanned Systems and Intelligent Equipment, Nanning 530006, China)

Abstract: In response to the demand for dual-channel intelligent screening of sugarcane seeds in the
intelligent sugarcane seed preparation production line, an industrial-grade precise sugarcane screening
control system was designed. It adopted a parallel architecture to simultaneously achieve real-time visual
quality inspection and rejection control of dual-channel sugarcane seeds. Each channel formed feedback
by real-time detection of the conveyor belt speed, and the PID algorithm was used to control the stepping
motor to achieve closed-loop speed regulation, ensuring the stability of the conveyor belt speed. A delay
circuit was constructed by using dual NE555 chips to ensure that the rejection action was precisely
synchronized with the position of the inferior species. The system used a 16-channel RS — 485 transistor
pulse driver as signal driver for 16-channel delay circuit, efficiently connecting the intelligent quality
inspection system for sugarcane seeds, the 16-channel delay circuit and rejection actuator. By configuring
the station number of 16-channel RS — 485 transistor pulse driver, independent addressing can be
achieved, featuring good modularization, scalability and engineering applicability. The test results
showed that the dual-channel system had high recognition and screening accuracy at different speeds, and
its operating efficiency was increased with the increase of speed, verifying its good stability and

practicability. In the performance test of the single-channel system, when the conveyor belt speed was
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0.20 m/s, the interval between sugarcane seeds was 10 cm, and the proportion of inferior species was

40% , the system screening accuracy rate reached 98% , and filtering took 30 s, which was equivalent to

a single-channel screening efficiency of approximately 6,000 segments per hour, with an efficiency

increase of 100. 5% . The multi-factor orthogonal experiments showed that the average screening accuracy

model was extremely significant. Both the conveyor belt speed and the sugarcane seed interval had

extremely significant effects on the average screening accuracy, and the proportion of inferior seeds

showed a significant influence. After optimizing the experimental parameters, when the conveyor belt

speed was 0.20 m/s, the spacing between sugarcane seeds was 11. 69 ¢m, and the proportion of inferior

seeds was 24. 60% , the screening accuracy rate can reach 98. 89% , which can meet the requirements of

actual production.

Key words: dual-channel intelligent screening of sugarcane seeds; elimination of inferior species;

precise control; PID control; NE555 delay circuit
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Fig. 1 Intelligent seed preparation production line and

structural diagram of intelligent rapid sugarcane seed selector
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Fig.2 Sugarcane variety characteristics
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Fig.6 Hardware architecture of stepper motor speed

regulation
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Tab.1 Experimental results on influence of conveyor

belt speed on accuracy of inferior seed screening

T/ T - 4 it 2k

F /s
(mes™") R/ % T E
0.20 100 100 30
0. 30 99.33 98. 00 20
0. 40 67.33 65.33 15

MFE 1 A0 FEEE 0.20 ~0.30 m/s N, R4
FPU G R A R e, U T S A A R RN T
98% , H 3 WH L5 45 R P sh AL/, Ul W% BE
N R GLiafriasE il EE . SR, 2 @y 0. 40 m/s
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e 4 1 A G XE LI DR Fp B A 2R G O e vE A R o JRIA
I Y AL R A F 0. 4 m/s I, B BE T K
NS R e SIS 3 S e TRV N =)
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Tab.2 Experimental results on influence of sugarcane

seed spacing on accuracy of inferior seed screening

i 1) A 3 B2 R R e iR [
em /% /%
5 96. 00 78 15
10 97.33 96 30
15 98. 67 98 45
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I Tl Al A8 [0 A% B e 2 410 G b AR <08 £ 45 A% TRE o 30 B
T 5 W O 3 o A %6 . AT S D BR 10 em R LA LA,
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Tab.3 The impact of inferior variety proportion on

screening accuracy in inferior variety trials

—— S H U0 -4 i 32 v i /s
%/ % %/ %
20 97.33 96. 00 30
30 98. 00 97.33 30
40 98. 00 98. 00 30
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Tab.4 Factors and coding of orthogonal experiment

T —
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Tab.5 Orthogonal test results

s SES FERB PR R/
FE5 A B c W R/ % R % s
1 -1 -1 0 96 78 15.0
2 1 -1 0 64 64 8.6
3 -1 1 0 98 98 60.0
4 1 1 0 70 70 34.3
5 -1 0 -1 97 96 30.0
6 1 0 -1 66 66 17.1
7 -1 0 1 98 98 30.0
8 1 0 1 78 76 17.1
9 0 -1 -1 94 72 10.9
10 0 1 -1 98 96 43.6
11 0 -1 1 96 80 10.9
12 0 1 1 98 96 43.6
13 0 0 0 94 94 21.8
14 0 0 0 94 92 21.8
15 0 0 0 92 90 21.8
16 0 0 0 92 92 21.8
17 0 0 0 92 90 21.8
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Tab.6 Variance analysis for average screening accuracy

JrERW FHR HME BT F P
[ 2230.27 9 247.81  34.55  <0.0001*
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BC 16. 00 1 16.00  2.23 0.178 9
A2 272. 85 1 272.85  38.05  0.0005 "
B? 154. 12 1 154.12  21.49  0.0024*
c? 0.85 1 0.85 0.12 0.740 4
B 2% 50.20 7 7.17
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Tab.7 Test results of dual-channel screening

akdl GBI B2 1 MIE A2 EiE ey
M/ RG] EIPU SFI TR F
(mes™") WEWHR/% WHF/% HETIR/ % HETIR/ %
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