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Research on Intelligent Control System of Belt Conveyor Based on Multiverse Optimizer Algorithm
ZHANG Runhua » MENG Qiaorong s XIN Jialong, ZHANG Chen s MA Zhikun
(College of Mining Engineering, Taiyuan University of Technology. Taiyuan, Shanxi 030024, China)

Abstract: In order to achieve the goals of balanced coal flow control, energy saving, and efficiency improvement for the belt
conveyor in the mining area of the 4205 working face at Longquan Coal Mine, a mathematical model of the belt conveyor was
established. The Multiverse Optimizer (MVO) algorithm was employed to optimize the fuzzy PID controller. Simulations were
conducted based on MATLLAB, and the results were compared and validated against actual field data. The results are as follows.
Firstly, compared with the traditional PID control, the fuzzy PID control optimized by MVO algorithm reduces the adjustment time
and overshoot by 46.4 % and 34.49 percentage points respectively, and the fitness value converges from 1 022 of the initial iteration to
901.8, indicating that the response speed, stability and anti-interference ability of the system are significantly improved. Secondly, by
comparing and analyzing the actual belt speed of the belt conveyor and the regulated belt speed of MVO-Fuzzy-PID within 300 s of five
time periods on the belt conveyor, it is verified that the regulated belt speed can be closer to the set value more accurately. Thirdly,
from the power point of view, the total power of the motor after MVO-Fuzzy-PID control is significantly reduced. Therefore, the
MVO algorithm optimizes the belt speed to achieve energy-saving control and fast matching of coal flow.

Key words: Belt conveyor, Intelligent control, Multiverse optimizer algorithm, Belt speed
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Fig.1 Schematic of conveyor drive
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Fig.2 Permanent magnet motor control

frame of belt conveyor
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Table 1 Permanent magnet synchronous motor parameters
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Table 2 Fuzzy control rules
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Ko/Ki/KRRE 1(NB) 2(NM) 3(NS) 4(2) 5(PS) 6 (PM) 7(PB)
1(NB) 7/1/5 7/1/5 6/1/4 6/2/4 5/1/4 5/4/7 4/4/7

2(NM) 7/1/3 7/1/3 6/2/3 6/2/3 5/4/4 4/4/3 4/4/6

3(NS) 6/2/1 6/2/1 6/3/2 5/3/3 4/5/4 3/5/5 2/5/6

T i 22 A AL e 42 6/2/1 5/3/2 5/3/2 4/4/3 3/5/4 2/5/5 2/6/6
5(PS) 5/3/1 5/3/2 4/4/3 3/5/3 3/2/4 2/6/5 2/6/5

6 (PM) 4/4/2 4/4/3 3/5/3 2/6/3 2/6/4 2/7/5 1/7/5

7(PB) 4/4/5 3/4/4 3/5/4 5/6/4 2/6/4 1/7/7 1/7/7
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Table 3 Response performance indexes
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Table 4 The respective fluctuation range of belt speed under actual belt speed and regulated belt speed

AT ET 2% A BB X ]/ (m/s)

A

7 1m/s 2 m/s 3m/s 4 m/s 5 m/s
S R AT T 0.960~1.047 1.950~2.052 2.942~3.055 3.935~4.048 4.917~5.076
R 4 A 0.981~1.028 1.977~2.022 2.979~3.022 3.974~4.016 4,973~5.026
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Table S Comparison of the area of the velocity curve

under the fixed coal flow rate at different stages
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12.6 3 4 192 188
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