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Design and implementation of a food pesticide residue detection

preprocessing system based on collaborative robots

ZHU Ping CHEN Hongbo ZHENG Junke

(Zhejiang Fangyuan Test Group Co., Ltd., Hangzhou, Zhejiang 310018, China)

Abstract: [ Objective] To address the technical challenges of automating the pretreatment of diverse samples in pesticide residue detection
in food. [ Methods] A visual feedback-based robotic control module was designed to control the robotic arm for grasping target objects and
to guide the movement of the mobile chassis. Hardware components were designed for each pretreatment task node based on specific
requirements, thereby constructing an automated workstation. A programmable logic controller (PLC) was adopted as the main controller to
coordinate the operations of each workstation. In accordance with the needs of diverse sample pretreatment, a pretreatment process
management module was developed to enable the configuration of pretreatment schemes and real-time process monitoring. [ Results] A
pretreatment system for pesticide residue detection in food based on collaborative robots was developed. [ Conclusion] The system is
capable of completing pretreatment tasks with a high success rate according to predefined schemes, and the recovery and precision of test
results meet the requirements of GB 5009.295—2023.
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Figure 1

Overall framework of the preprocessing system

71



A REES5EeEHE FOOD EQUIPMENT & INTELLIGENT MANUFACTURING B 286 HA | 2025 F 8 A | ARSI

®1 NB[AZTERH

Table 1 Primary hardware of the robot
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Figure 2 Detailed procedure of preprocessing tasks by the robot
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Figure 4 Overall control diagram of the preprocessing workstation
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Table 2 System function test results

E55 75 5 ) /%
PR B0 4 100
1 3 92
PI/IRTI 100
PN 100
R 87
] 100
FIIT B .O AL 100
ORI A EN - R 96
Ja shEs AL L 100
5L A Y TR 5 0 4 100

FaEM, RS MKIE GB 23200.113—2018 QuECHERS i 4t
BT, XS B R AR 2 B R (R 3R 4 AL 2 o R A
FRASE He v T35 1 AL B D 8 HEAT MBS RSO E o in A
K43 514 0.01,0.05,0.10 mg/kg, i 2% 6 kI . i 46
g5 L2 3, T BIRCRAE 83.7%~115.7% , 5 1fE IR 22 7F
0.57%~11.25% , 15 B FIRS % 2 45 & GB 5009.295—2023
R



F&M | Vol.41, No.8

K OFEETFHENFANRRRARBRNATAE REIZITELH

R®3 HRPI6MRAEIENELER

Table 3 Determination results of recovery rates for 16 pesticides in the sample

T e/ SR b g

T e e / SEYIE A o g

fes (mg-kg ") R /% 2/% e (mg-kg ") /% /%

SH 0.01 97.3 9.43 WA 0.01 95.7 4.47
0.05 97.3 4.53 0.05 106.1 0.81

0.10 88.9 9.11 0.10 93.2 0.98

e 0.01 90.3 9.84 4, 4TI T 0.01 93.3 7.13
0.05 84.1 4.24 0.05 89.1 8.77

0.10 87.6 7.45 0.10 107.0 6.09

[IE5 0.01 84.0 5.63 A L 0.01 89.3 1.16
0.05 103.8 2.52 0.05 107.9 0.90

0.10 96.9 1.80 0.10 103.3 1.68

N 0.01 83.7 11.25 16 7 44 T 0.01 84.3 1.79
0.05 88.2 5.68 0.05 100.7 0.99

0.10 93.9 6.66 0.10 99.5 1.51

alpha-7S 7575 0.01 90.7 4.11 FLHUE 0.01 106.3 3.45
0.05 112.5 0.57 0.05 115.7 1.41

0.10 102.0 1.45 0.10 110.6 1.15

5t T MK 0.01 91.0 6.02 )5 T e 0.01 90.7 3.01
0.05 95.3 4.18 0.05 96.5 1.69

0.10 87.7 6.32 0.10 99.9 1.67

JHe 2 i 0.01 92.3 3.19 EEZNY 0.01 93.0 3.94
0.05 89.0 2.78 0.05 92.7 2.19

0.10 94.5 4.29 0.10 96.7 2.89

I s s 0.01 91.0 231 SR B I 0.01 93.0 2.26
0.05 94.9 2.06 0.05 92.7 1.51

0.10 96.7 1.62 0.10 96.7 2.44
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