68

FOOD & MACHINERY FAHE Y BE289H | 20255F 11 B | R4SV

DOI:10.13652/j.spjx.1003.5788.2025.60068

HETZ BHIRH AFSMCHIE mE AL LN REA
B35 4L F BR B 5 SRR R

iRkt x| kR RS OFAE
CLOETRI B B AR e, T/ SETH L 4670005 2. W FE 3 TR 2% I B A4E 454003
3. WL B WL B R 22 B WiV HUM 3100185 4. WL AR 2, WL il 311300)

WE:[BM]E—FRH LB E T & KT, R ILA L5 5 % Delta b33 AFE 5 FR BN P 2 &R AR L4 E
REGFA RARLRETEOERZAEE PR R ER IR [ARIEASFRAAETZAAG AR E BB —Fwkd
% B ARHIEARAL G B B SR AR R R A P B AE R AR T R, AR, 2L S AARGEETRRA
Fo Ak Bb ) ) AR A A TR R AT R, AR AR RS R RILE ST, B AIEMAEY
R T RAC G 09 BT AT R R IR RN BAEL R T ATHESHE, REe , BIBEERSHAET S,
RT3 Ty ik e AR AT E [ R 1 5 RS 456 7 kAR L, BT AR 7 R AR L B3 A B AT AR AL 08 > 3%, R AR Ak Bt 1]
4 42 >3% , ML SR IR R £<0.5 mm, B £ @ AR % B IR £ R AR E RS F IR TN R R AR T A AF LA R
Fe R EW (ER]BE S A RIS EMAELEHAOBRER TR T EAXBET AR ETNBEAZLSE
PR FFE Z A, KRBT BT T 4 T ARk,

KEIF A SAE T Deltabl B A; £ B ARHLIERAL ;B B & R B4 6

Trajectory optimization and tracking method for intelligent food

production robots based on multi-objective and AFSMC

YE Linlin' LIU Zhaogiang’ WU Yunmei® LI Yueqing'

(1. Pingdingshan Vocational and Technical College, Pingdingshan, Henan 467000, China; 2. Henan Polytechnic
University, Jiaozuo, Henan 454003, China; 3. Zhejiang Technical Institute of Economics, Hangzhou, Zhejiang
310018, China; 4. Zhejiang A & F University, Hangzhou, Zhejiang 311300, China)

Abstract: [Objective] To further enhance the intelligence level of food production, and address the issues of insufficient flexibility and
operation accuracy of existing Delta robots for food sorting in applications, thus improving the overall efficiency of food production lines
and product quality stability. [ Methods] Based on the intelligent food production system, a trajectory optimization and tracking method for
intelligent food production robots is proposed, which integrates multi-objective trajectory optimization and adaptive fuzzy sliding mode
control (AFSMC). Firstly, a multi-objective (energy consumption and operation time) optimization model is built. Next, the model is solved
through an improved particle swarm algorithm to generate the optimal motion trajectory that balances efficiency and energy consumption.
Then, real-time tracking control of the optimized trajectory is performed through fuzzy adaptive control to ensure the motion accuracy of the
robot in complex working conditions. Finally, the performance of the proposed method is validated by a food sorting experimental platform.

[Results] Compared with traditional trajectory control methods, the proposed method reduces the energy consumption by ~>3% and
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shortens the single operation time by ~>3%, with a trajectory tracking error <<0.5 mm. Additionally, the proposed model can maintain stable

operating accuracy and flexibility in complex scenarios, such as different food shapes and conveyor belt speed. [ Conclusion] Through the

collaborative application of multi-objective trajectory optimization and fuzzy adaptive control, the proposed method effectively addresses

the issues of low flexibility and accuracy of existing food production robots, significantly reducing energy consumption and operation time.

Keywords: food production; intelligentization; Delta robot; multi-objective trajectory optimization; adaptive fuzzy sliding mode control
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Structure of automated food production system
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in different methods
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in different algorithms
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