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Pulp Concentration Control System Based on Differential Evolution Algorithm
under Disturbance Rejection

TAO Feng, ZHANG Wei, WANG Ya-gang

(School of Optical-Electrical and Computer Engineering, University of Shanghai for Science and Technology,
Shanghai 200093, China)

ABSTRACT: The paper aims to solve the problem that the traditional single PID control optimization algorithm only fo-
cuses on response performance, so as to meet the demand on quality and yield control in the industrial production links
such as pulp concentration control system. The algorithm calculated disturbance rejection by discretizing PID control
system, and optimized PID performance by differential evolution algorithm combined with ITAE index. Simulation results
showed that the tuning method can freely adjust the performance of PID controller by selecting the optimal preference
through the weight. Compared with PID control based on Z-N method and PID control based on PSO algorithm, the ITAE
index of PID control based on disturbance rejection differential evolution algorithm was 14.3495, and the output variance
was 31.8530, both were better than those of the other two algorithms. The differential evolution algorithm based on dis-
turbance rejection can coordinate the output variance and tracking performance of pulp concentration by user-defined
weight, and adjust the parameters of PID controller of pulp concentration control system from a more practical point of
view, so that the performance index of control system can meet the requirements of industrial production.
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Tab.1 Optimization results under different weights
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Tab.2 Performance index of different algorithms

ky ke k3 ITAE Voo

2.9668 —5.6660 2.7094 14.3495 31.8530

Z-N 1.2505 -2.2500 1.0125 69.0212 35.1434
PSO 4.1156 -8.0917 3.9826 36.8770 33.9828
SA-PSO 2.0176 -3.8053 1.7949 12.7079 34.8321
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Tab.3 Time domain performance index of different

algorithms

/% /s /s

Z-N
PSO
SA-PSO

21.7914 7.0 15.4

57.9083 6.7 33.1

12.2586 12.1 24.0

13.1090 8.0 17.3

ITAE

PSO

Z-N
2
Ven
SA-PSO 7
Z-N
PSO
PID Z-N
PID ITAE

VPID

PID

ITAE

PID
PID

SE 0k

(1]

CHAN K S, LAKSHMINARAYANAN S, RANGAIAH
G P. Tuning PID Controllers for Maximum Stochastic
Regulatory Performance: Methods and Experimental
Verification[J]. Industrial & Engineering Chemistry
Research, 2005, 44(20): 7787—7799.

, . [M].
,2016: 61—62.
SU Hong-ye, XIE Lei. Performance Evaluation of In-
dustrial Control System[M]. Beijing: Science Press,
2016: 61—62.
[J1. , 2019, 40(5): 196—201.
ZHENG Fei, TANG Bing-yong. Pulp Concentration
Control System Based on Improved Quantum Particle

Swarm Optimization Algorithm[J]. Packaging Engi-

(4]

[10]

neering, 2019, 40(5): 196—201.
[J]. , 2017, 38(7):
29—34.
TANG Wei, HU Xiang-man, SUN Xiao-le. The Control
System of Pulp Concentration Based on the Hybrid
Algorithm of Simulated Annealed Particle Swarm Op-
timization[J].
29—34.

Packaging Engineering, 2017, 38(7):

PID
1. ;

s s

2016(4): 44—48.

SHAN Wen-juan, TANG Wei, WANG Meng-xiao. Ap-
plication of Fractional Order PID Controller Based on
Neural Network to Pulp Consistency Control Sys-
tem[J]. Transactions of China Pulp and Paper, 2016(4):
44—48.

. PID [J1. ,
2007(6): 63—66.
GAO Jun. Controller by PID with BP Neural Network
for Pulp Concentration[J]. Light Industry Machinery,
2007(6): 63—66.

. [J1.

, 2017, 24(2): 372—377.
DONG Ting. Control System Design of Automatic
Weighing Packaging Machinery[J]. Control Engineer-
ing of China, 2017, 24(2): 372—377.

. PSD
[J1. , 2016(5): 46—50.
HUANG Ya-nan, ZHANG Ai-juan, HU Mu-yi. Pulp
Consistency Control Algorithm Based on Single Neu-
ron Adaptive PSD[J]. China Pulp & Paper, 2016(5):
46—50.

b} s

) ) , BP
PID [J1.

46(1): 20—24.

SU Yi-xin, MA Yan-hui, SHI Qian, et al. PID Parame-

ters Optimization on Magnetic Suspension Pump

Based on the BP Neural Network Model[J]. Fluid Ma-

chinery, 2018, 46(1): 20—24.

, 2018,

PID [J1. , 2015, 34(12): 59—62.
ZHAO Qian-mei, CHEN Shuai-shuai, HU Mu-yi, et al.
The Expert-fuzzy PID Control System of Pulp Con-

centration[J]. China Pulp & Paper, 2015, 34(12):
59—62.
, , . PID
[J1. , 2019, 38(1):
51—56.

HU Ya-nan, NING Kui-wei, ZHAO Jin-wen. Pulp
Consistency Control System Based on Variable Un-
iverse Fuzzy PID[J]. China Pulp & Paper, 2019, 38(1):
51—56.

PID

i b}



41

- 191 -

[13]

[14]

[15]

[J1. , 2011, 30(2):
56—61.
ZHOU Hai-jun, WANG Meng-xiao, ZOU Wei. The
Application of Expert PID Control Algorithm in Pulp
Consistency Control Loop[J]. Paper Science & Tech-
nology, 2011, 30(2): 56—61.
) , . - PID
[J1. , 2016, 31(3):
30—35.
HUANG Ya-nan, ZHANG Ai-juan, HU Mu-yi. Pulp
Consistency Control Based on Immune-single Neuron
Algorithm[J]. Transactions of China Pulp and Paper,
2016, 31(3): 30—35.
VISIOLI, ANTONIO. Practical PID Control[M]. Ber-
lin: Springer, 2006: 13—15.
, . [J1.

,2017(4): 431—442.
DING Qing-feng, YIN Xiao-yu. Research Survey of
Differential Evolution Algorithms[J]. CAAI Transac-
tions on Intelligent Systems, 2017(4): 431—442.

[16]

PID MATLAB

, 2004: 331—356.
LIU Jin-kun. Matlab Simulation of Advanced PID
Control[M]. Beijing: Publishing House of Electronics
Industry, 2004: 331—356.

(M].

PID
[J1. , 2006(4):

s

74—717.

PENG Rui, YUE Ji-guang. Robust Design of PID Con-

troller for Interval Plants Based on Interval Analysis[J].

Electric Machines and Control, 2006(4): 74—77.

SENDJAJA A Y, KARIWALA V. Achievable PID Per-

formance Using Sums of Squares Programming[J].

Journal of Process Control, 2009, 19(6): 1061—1065.
[M].

,2011: 4—38.

BOX G E P, JENKINS G M, GREGORY C R. Time

Series Analysis, Forecasting and Control[J]. Beijing:

China Machine Press, 2011: 4—S8.



