;‘K o) EE’]““?’E

ACTA AUTOMATICA SINICA

B S R R %

RAME FL T3E FHHTF REHF FF

Software-defined Intelligent Control System

CHAI Tian-You, ZHENG Rui, JIA Yao, HUANG Xin-Yu, ZHENG Xiu—Ping, LI Zhi
TELR %152 View online: https://doi.org/10.16383/j.aas.c250274

T ARG A SCEE


http://www.aas.net.cn/article/doi/10.16383/j.aas.c250274

H 3t # W
ACTA AUTOMATICA SINICA

FH1E 108
2025 5 10 H

Vol. 51, No. 10
October, 2025

R E X EREITH R

RXES R HES OHEFF S XAFET FEC

B OE ExImARZ AR (PLC) ML PLC B PID s LA AL B8 2 A XE R, W A5, 351 DR AL AR B2 2 3] 53 Ak
SO MISE A, R R PID 4 AL B E Bk, K Tk = SIA Gt 5. Bk g Cgei B nl S L ) i XU i 38 15 48
¥ 5 FT 4 i PID %52 SBIkAH LS &, 3 1 = u b R SO BRI M RA. = 0T = 438 MR BedE Hl i AT P &
i N EE T T IR 45 2% 1 B RE 5 B0 B Re i M B 45 R S PLC PID. PID TRALAL B 2 s dl i FE R 2R AR DA R FE 2R H
RACEEE . B3GR YIS B R R R RS RS T &, BT TR i H R 45 [ 4 ERE PLC AN
Tk PC BT R 52 B PID 5 1 R GE 005 B S5 0 B0 LS ae . SOe 45 SRR WA A SO 5 SO Reda il &R g ml kA7 1 )
BSHE AT, AT 0T E AR 2 A PID #54H R4t

LRI RIEES], WM E ], B W RFEIB AR B, Hork R SO RESE

IR Lo R, FREL, THER, T, AR, . Bibw RS RS, A fbEk, 2025, 51(10): 1-13

DOI 10.16383/j.aas.c250274 CSTR 32138.14.j.aas.c250274
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Abstract To address the challenge of achieving optimal PID tuning in both physical programmable logic control-
ler (PLC) and virtual PLC, a model-free PID online self-optimizing tuning algorithm is proposed by integrating
modeling, control, optimization with deep learning and reinforcement learning. A cloud-edge collaborative software-
defined intelligent control system is developed by combining the industrial cloud and edge computing as well as the
proposed PID tuning algorithm and a software-defined dual-channel communication architecture based on real-time
and reliability assurance mechanisms. In this system, the cloud serves as an intelligent control software develop-
ment platform based on cloud servers, while the edge comprises intelligent control software deployed on industrial
servers. The intelligent control software includes virtual PLC PID, pre-optimization PID tuning, digital twin of the
control process, online self-optimizing tuning and an adaptive switching mechanism. Simulation and physical com-
parative experiments on the developed software-defined intelligent control system research experimental platform
are conducted between the proposed control system and model-free PID tuning control systems on advanced for-
eign PLCs and industrial PCs. The experimental results indicate that the proposed software-defined intelligent con-
trol system is capable of self-optimizing controller parameter, and its control performance significantly outperforms
that of advanced foreign model-free tuning PID control systems.
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Input and output curves of the simulated PID controlled model tuned by Siemens model-free tuning software
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Table 1  Comparison of control performance indicators of the simulated controlled model among
Siemens, Beckhoff, and this article
PERESR R
0< k<2590 2590 < k < 4 600 4600 < k < 5000
Je Je Ju Je Je Ju Je Je Ju
[N 0.026 0.041 0.000 0.112 0.067 0.013 0.132 0.135 0.018
A 0.019 0.039 0.000 0.063 0.053 0.017 3.181 0.848 0.620
VN 0.018 0.031 0.000 0.060 0.051 0.012 0.036 0.052 0.000

VIR R R 2 AL 78 1] F A A5 R SR T PID 1)
- £4) BR R R 2= 7 5 A 43 A BRAK 30.8% 1 5.3%.
k=2590 B, itk UlHebLi]. (i 11 aTRUEH, B

AL 2 PID B35 g WAt AL 3 52 PID #5114 ft.
2590 < k < 4600, EHILAL PID () 35 88 g i 7 °F
J5 FTEL G 1] 7 R A5 48 To AR L 8% 52 PID 1T 25 R i
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Fig.12 Input and output curves of the PID controlled heat exchange device tuned by

Siemens model-free tuning software
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Table 2 Comparison of control performance indicators of the heat exchange device among
Siemens, Beckhoff, and this article
PERETR bR
0< k< 290 290 < k < 600
Je Te Ju Je Je Ju
THIF 215.18 0.379 0.17 56.45 0.177 0.04
A 1 915.88 0.651 0.26 2 118.48 0.765 0.25
AR 163.21 0.207 0.00 28.13 0.064 0.00
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