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PID Liquid Level Control for Beer Filling Based on Improved Grey Wolf Algorithm

BU Tong-jie, WANG Ya—gang*
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University of Shanghai for Science and Technology, Shanghai 200093, China)

ABSTRACT: The work aims to propose a PID parameter setting method based on improved grey wolf algorithm to solve
the problems of variable load, multi-mode and difficult PID parameter setting in liquid level control for beer filling, so as
to improve the working efficiency of beer production. The grey wolf algorithm was improved, and the convergence factor
was adjusted dynamically by the Euclidian distance change rate to balance the global search ability of the algorithm. The
dynamic adaptive weight factor was introduced to improve the optimization speed and accuracy of the algorithm. The
improved algorithm was compared with the basic grey wolf algorithm and its performance was verified by test function.
The simulation results indicated that the improved grey wolf algorithm enhanced the convergence speed and accuracy
significantly. For the PID parameters set by improved grey wolf algorithm, the rise time was 1.9 seconds, the adjustment
time was 5.12 seconds, and the overshoot was 3.78%. Compared with the basic grey wolf algorithm, the improved grey
wolf algorithm is used to set the PID parameters of beer filling level. The adjustment time is fast and the overshoot is
small, which can better meet the control requirements of beer production.
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Tab.1 Average value
PRI GWO WOA MGWO NGWO IGWO 1 IGWO 2 IGWO 3
F1 1.174 810727 9.2313x107* 3.2727x1073  4.3929x10757 8.982 1x107* 0 0
F2 931331077 8.9899x107°!  6.6402x1072°  6.672 8x107F  3.1725x107%  2.969 6x1071*  4.148 7x107'2
F3 1.987 9x107% 46 285.0608 7.5563x107"7 3.172 8x107'!  6.092 4x107% 0 0
F4 8.187 5x1077 41.234 4 1.991 6x107°%  1.9958x107"*  4.066e—11 4.606 7x1071% 5732 7x107163
F5 26.985 1 279115 26.867 2 25.145 5 27.190 7 28.960 7 28.9648
F6 0.002 214 2 0.002 227 6 0.001 976 8 0.001 690 7 0.0015171  7.7639x107%  4.785 6x107*°
F7 2.884 2 1.136 9x107 1 1.263 3 42972 1.744 8 0 0
F8 1.025x1071  3.375 1107 3.7955x107*  1.0599x10™"* 1.983 6x1071* 8.881 8x107'®  8.316 2x107'¢
F9 0.004 235 1 0.011 792 0.002 408 3 0.004 308 4 0.004 828 9 0 0
F10 5.2323 3.549 8 4.454 1 3.610 1 4.1412 12.272 12.333 8
F11 0.003 062 0.000 71453  0.005 1652 0.004 522 8 0.005 079 3 0.006 268 6 0.008 395 4
F12 -1.0316 -1.0316 -1.0316 -1.0316 -1.0316 -0.906 26 —-0.885 18
F13 0.397 89 0.3979 0.397 89 0.390 1 0.398 84 2.200 3 2.634 7
Fl14 3 3.000 1 3 3 3 42.896 1 94.06
F15 -3.861 7 -3.856 8 -3.862 1 -3.8612 —-3.860 7 -3.149 4 -3.1359
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Tab.2 Standard deviation

PRI GWO WOA MGWO NGWO IGWO 1 IGWO 2 IGWO 3
F1 1.579x107% 3.957x107°  6.4903x107>%  1.883 4x107° 1.177x107% 0 0

F2  6.3682x107Y7 4446 4x107°  6.194 7x1072% 9548 8x107  2.5629x1072°  3.135x107'%?  2.228x107!%2
F3  9.5043x107% 14068.6966  2.236 8x107°  1.106 9x107'°  2.666 4x107"" 0 0

F4 1.1504x107% 30.317 7 1.715 7107 3.700 2x107"  5.291 3x107"! 0 0

F5 0.858 15 0.348 55 0.578 29 0.864 32 0.693 1 0.015 114 0.016 268
F6 0.001 121 3 0.001 956 8 0.001 0814 0.001 101 7 0.000 802 73  4.486 1x107%  7.818 8x107%
F7 4.557 4 3.131 3x1071 2.443 7 9.374 7 2.280 4 0 0

F8  1.4974x107*  2.8222x107%  4.0328x107%  3.085x107" 4787 7x107%  6.332 7x107'¢  6.518 2x107'¢
F9 0.007 467 7 0.044 941 0.008 038 8 0.007 832 9 0.009 057 7 0 0

F10 4,775 3 3.531 4.426 9 3.904 1 3.476 5 1.844 4 1.373
Fl1l1 0.006 904 3 0.000 479 05 0.008 5326 0.006 062 9 0.008 577 8 0.021 507 0.014 37
F12  2.141 1x107%®  1.289x10™”  6.0255x107%®  3.6412x107°  9.914 8x107"’ 0.096 986 0.122 27
F13 3.7351x107% 2.428 8x107% 7.42¢-06 0.000 656 86 0.000 155 22 1.142 7 2.480 1
F14 2.2816x107%  0.000102 8 2.804¢-05 2.4357x107%  2.108 1x107% 46.251 5 124.528 1
FI15  0.002314 1 0.008 017 9 0.002 873 6 0.002 289 0.002 153 7 0.404 99 0.409 44
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Tab.3 Performance parameter

Fik ETEkESs  WASEESs B /%
Z-N 0.825 18.5 63.8
YRS 0.869 7.31 36.3
GWO 1.32 7.26 22.1
IGWO 1.9 5.12 3.78
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