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PID Parameter Setting of Liquid Level Control for Beer Filling Machine Based on Im-
proved Differential Evolution Algorithm
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ABSTRACT: The work aims to propose an improved neighborhood based differential evolution algorithm and apply it to
PID parameter optimization setting to solve the problems of difficulty, nonlinearity and hysteresis in beer liquid level
control system, thus improving the work efficiency of filling machine and the beer quality. The differential evolution al-
gorithm was improved to design a new mutation strategy and introduce the neighborhood search operation in the mutation
link. According to the current population distribution, real-time adaptive allocation of the number of neighborhoods was
carried out to enhance the global and local search ability of the algorithm. The proposed algorithm was compared with
2 basic differential evolution algorithms and 4 improved differential evolution algorithms and its performance was veri-
fied by 18 test functions. From the simulation results, compared with the basic differential evolution algorithm, the PID
parameter setting by the improved differential evolution algorithm could reduce the adjustment time by 0.22 s, the rise
time by 0.04 s, and the overshoot by 7.63%. Through the improved differential evolution algorithm, the PID parameter
setting of the beer filling machine’s liquid level is optimized, which significantly improves the overshoot, rise time and

steady-state error of the control system and realizes the stable control of the liquid level.
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Bk 1. NSaDE iR
1.Input:
N,: population size
D: Problem dimension
F : lower of F

F, : upper of F

Tmax: Maximum number of function evaluations
2.Randomly initialize N, individuals
3. Generate control parameter F and Cy for each in-
dividual
4. Evaluate the objective function values f(X;)and

FES =N,

5. while FEs < T, do

6. Calculate the number of neighbors  for
each individual according to Eq.(13)

7. fori=1:N, do

8. Randomly choose two mutually differ-
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ent individuals X
bors and X
al X, from the population

9. Execute the DE/neighbor-to-best/1 ac-

cording to Eq.(10) to generate a mu-

tate vector V,

X,, from N neigh-

rio

choose best individu-

nbest ?

10. Execute the crossover operation to gen-
erate a trial vector U,

11. Evaluate the objection function value
fU), FU,),-, fUpgp)

12. FEs = FEs + 1

13. if f(X;) >f(U,) then

14. X, =U,

15. else

16. update Cr and F according to Eq.(14)
and Eq.(15)

17. end if

18. end for

19. end while
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Tab.1 18 test functions

P PREL R EVLE NN
fi Sphere [-100,100] 0
f, Schwefel2.22 [-10,10] 0
fs Schwefell.2 [-100,100] 0
f4 Schwefel2.21 [-100,100] 0
fs Rosenbrock [-30,30] 0
fe Step [-1.28,1.28] 0
f; Quartic with noise [-100,100] 0
fg Schwefel2.26 [-500,500] —418.98-D
fo Rastrigin [-5.12,5.12] 0
fio Ackley [-32,32] 0
i1 Griewank [-600,600] 0
fin Penalizedl [-50,50] 0
fis Penalized2 [-50,50] 0
fia Shift Sphere Function [—100,100] —450
fis Shift Schwefels Problem 1.2 [—100,100] —450
fis Shift Rotated High Conditioned Elliptic Function [—100,100] —450
fi7 Shift Schwefels Problem 1.2 with Noise in Fitness [—100,100] —450
fis Schwefels Problem 2.6 with Global Optimum on Bounds [-100,100] =310
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Tab.2 Experimental results of comparison between NSADE and basic DE algorithm

DE/rand/1 DE/best/1 NSaDE
B {E v 22 -2 {E brifE 22 -2 {E B 22

f, 3.15x107°¢ 1.55x 1073~ 439x 1027 0+ 4.51x107'% 3.01x107'%
f, 5.54x 107" 3.49x10717- 7.48%107% 1.37 x 10786+ 1.18 x 107! 1.07x107%
fs 3.71%1072 2.58 x 1072 2.22x107% 6.83 x 10771+ 3.98x107'¢ 1.57x 107!
fy 2.84x1073 2.77 %1073~ 1.06 x 10710 6.59 x 10710 1.17x 107! 6.58x 107"
fs 3.19x1072 533x10 % 6.35x107%° 1.88 x 10 2°— 1.43x107% 3.52x107%
f 0 0= 7.61% 10" 8.53Ex 10'- 0 0

f; 7.53 %107 1.47x 107~ 4.12x107 4.68 x 10— 2.47x107 8.07x10°¢
fg 3.82x107" 6.02x 107*- 1.18 x 107 6.23E x 10°- 3.82x107* 0

f 1.40x 1077 2.34%x1077- 9.95x 10" 1.83 x 10°- 0 0

f1o 515x10°" 4.47x 107" 2.22 % 10° 1.37 x 10°- 3.55x10°" 0

it 0 0=~ 7.40%107° 4,98 x 1072 0 0

fi 1.64x 1072 5.16x 107+ 3.70x 10712 2.84x 10 12— 2.35x 107 9.36x107*
i 1.84x 1072 457%10 %= 1.45% 10° 1.85E x 10°— 1.58x 107 5.47x10%
f1a 0 0~ 5.63x 10713 3.62x 10713~ 0 0

fis 3.17x107° 7.87x 107 118 x 107" 7.26x 10712 1.56x 107" 8.19x10°"
f1e 5.23x10° 1.86 x 10°— 1.29x 10° 1.08 x 10°~ 1.56 x 10° 1.01 x 10°

fi7 2.92x107? 2.54x 1072 2.05 x 107 3.15E x 10°- 4.11x10™* 6.38x107*
fis 5.85% 10" 6.45% 10"+ 2.13 x 10! 7.24 % 10"+ 1.22 x 10? 1.22 x 10?
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Tab.3 Experimental results of comparison between NSADE and 4 improved algorithm
ODE DEGL SaDE EPSDE NSaDE
PE bR FEE brifizs FEME brifizs FEE brifizs FEE bz

f, 894x107% 3.18x 10~ 6.01 x 10 2.10x 107'%-2.14 x 10 547 x 10"+ 8.02 x 1077 0+

451x107% 301 x107'%

f, 523x10"™ 459%x 10"~ 1.63x10™® 1.53x10%- 3.56x107° 2.59x 107+ 5.65% 107 324 x 105+ 1.18 x10™" 1.07x107*

fi 316x107° 325%x10°- 335x102 682X 102+ 1.93x10° 128%x10°% 438x107° 2.84%x 10+ 398x 10" 1.57x 107"
fy, 175%10° 127x107 518x10% 9.15x 102+ 321x107 549%x10° 265x10° 1.83x 10— 1.17x10" 658x 10"
fs  244x10" 821x10'— 6.64x10" 149x10°- 224x10' 1.89x10'= 3.99x107" 120x10- 143x10% 352%x107%
fs 0 0~ 0 0~ 0 0~ 0 0~ 0 0

f; 9.10x10™* 3.12x10°*% 120x10° 3.52x10™*+ 286x10° 1.89x10°— 887x10™* 327x107'~ 247x10° 807x10*
f;  684x10° 575x10%— 730x10° 2.94x 10—~ 3.83x10° 0~ 3.82x107 0~ 3.82x107 0

fy  326x10"  135x10" 1.01x107 512x10'- 356x10° 498x10'— 0 0= 0 0

fip 3.51x107" 0~ 367x105 638x10 "% 932x102 256x 10"~ 486x107° 1.71x10"°- 355x 10 0

fii 729%x107* 135%10°— 361x10° 546x10°— 356x10° 6.02x10°— 740x 10 222x10°— 0 0

fi, 135%x10 ¥ x4.57x 102 1.57x 102 547x 10~ 281x10? 522x102= 1.57x107 2.13x 10 2.35x 10 9.36x 10>
fi; 156x1072 7.85x107%- 3.66x10™* 197x10°= 125x10° 852x10°- 3.66x10™* 1.97x107°- 1.58x10* 547x 107
fiq 0 0= 379x105 142x10™ 0 0= 568x1075 1.71x 10"~ 0 0

fis 332x10* 524x107% 474x105 2.12x10 5 845x10° 527x10°- 1.74x 1072 460x 10"~ 1.56x 10" 8.19x10™
fie 597x10° 465x10- 580x10° 344x10*~ 523x10° 5.12x10°- 1.84x10° 473x10~ 1.56x10° 1.01x10*
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Tab.4 Comparison of main performance indexes of 3 methods
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DE 593 047  1.089 0.164 2.19 1.16 11.58
NSaDE 2257 0.861 0.712 0.042 1.97 1.12 3.95
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Fig.5 Comparison of setting results between Z-N and
DE and NsaDE
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