CL PRI ST AR A SRR

EHERE

C ONTROL

DECTISTION

ZT 034 7t FIFIMIRF_WPSORIRAZE T 2 3% 5 iE N L L (AR R
RFER, AR, X8, Sk, BUOCHR, B, Skt

SIHAS:
XIZELR 2R 0 2, 2 il I SC A, R 6, Wk AE 58 . JEF il 2 U R RIMIRF_WPSO R R T. 20 250 1A 38 I SE B A AL A AT,
i 5, 2024, 39(7): 2447-2456.

TELL AL View online: https://doi.org/10.13195/j.kzyjc.2023.0497

TRAT RE RSB A HAN SCEE

Articles you may be interested in

ST BRI 2 BRI BT JRAC ) R
Robust optimization based medical resource allocation problem in cloud healthcare system

PR 5P, 2021, 36(2): 469-474  https://doi.org/10.13195/j.kzyjc.2019.0455
XSUER SR B ) SRR A S8 S AR PIDFE il £ A iy FH

Double drive fruit fly optimization algorithm and its application in PID controller

PEfhil 5Pk, 2021, 36(9): 2225-2233  https:/doi.org/10.13195/j.kzyjc.2020.0046

He T AR 22 JEAS SR fifp 04 227 BE T 5 AR SR 1%
Multi—granularity linguistic large group decision—making based on cloud model and multi-layer weight determination

PR S5 2021, 36(9): 2257-2266  hitps://doi.org/10.13195/j.kzyje.2020.0102

BT A I IEAS AR AR
Grey wolf optimization algorithm based on adaptive normal cloud model

PEfl 5P, 2021, 36(10): 2562-2568  hitps://doi.org/10.13195/j kzyjc.2020.0233

T HEES: A SR HOIEFRE HK R G T2 ol B P42 i 7 12
Predictive control method of process medium temperature in circulating cooling water system based on improved stacked auto

encoders

PR 5P 2020, 35(12): 2835-2844  https:/doi.org/10.13195/).kzyjc.2019.0694


http://kzyjc.alljournals.cn
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2023.0497
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2019.0455
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2020.0046
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2020.0102
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2020.0233
http://kzyjc.alljournals.cn/ch/reader/view_abstract.aspx?doi=10.13195/j.kzyjc.2019.0694

39% 57 W % 5 2 K Vol.39 No.7
20244 7H Control  and  Decision Jul. 2024

ET iR =t EFAMIRF WPSOHIRIET ZS#
Bi&E N SERM L iE R

X FRL BEIEL 2 AL 5 A2 MR, MIARL briEsR!
(1. BWIBE T K2 ML TR, BW 6505005 2. =i TAVE R TTEA T SoRPO, B 650231)

T8 e BEXUARR Tl A P b R R A EAR A T A K LA BN E v I S B A S A s
I e DL ARAIE F 1) R0, B2t — b 3 T332 2 b R A0 MIRE. WPSO U FE T 20 2 80 11 38 B SR A A 2, ok
TG RS 2 W IR AR LS H0m 4 2 U [F) SEH AR A 28 A ; e o, 44 g 5 T HLA S BE WL AR AR MIRF Al
& AR B R TR WPSO 1 T E 2 HE 1L 539 MIRF_WPSO, 31 MIRF_ WPSO 5725 5 & 76 10 Z i LA SZ 3
LEZHR SR, [F) I 385 7E 22 o 5028 B 5B B R S I 2 v SRR AR Y (1) 1 IR B 3T, AT T J B 01l
- SEHT- 8 FH (0 3 2= v 8 5] B B A PRIRE I 2% i s, RS AR SR I F &, SR A5 RR W, “din-i4-2 7 P A AT L
A BRI 7, RS SRt | i AR T2 S HOHAT H AR AL T, I S FR AR B0 A 1.86 % F# 21
1.25 %, Mot BE B2 0 11.4 %, NI FE Tk AR P~ i R B fh ik — 25 R R B AL 1) JEL i

XEA: WZIE; MR, LZ2S8ith; mid =44, lﬂzmn [

HPESES: TP391 XERFRERD: A

DOI: 10.13195/ kzyjc.2023.0497

SRR X, 20, X5, 25 3T 010 = B AT MIRF_WPSO [T FE 1. 2350 15 & B Se i A il 7). %
H] 5 h5, 2024, 39(7): 2447-2456.

Adaptive real-time optimization model of process parameters based on
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Abstract: In view of the problem that it is difficult to guarantee the real-time optimization of process parameters due
to the mutual coupling between processes, the large amount of process data and high processing delay in the process
industrial production process, an adaptive real-time optimization model of process parameters based on end-edge-cloud
collaboration and MIRF_WPSO is proposed. Firstly, an end-edge-cloud collaborative real-time optimization architecture
for process parameters of multi-source heterogeneous processes is built based on edge computing technology. Then,
a process parameter optimization algorithm based on mutual information random forest and adaptive inertia weighted
particle swarm(MIRF_WPSO) is constructed, which is deployed at the edge to realize real-time optimization of process
parameters, while a self-aware update mechanism is deployed at the cloud to realize an efficient automated closed-loop
network of algorithm training-updating-recall. Finally, an experimental platform is built, and the experimental results
show that the “end-edge-cloud” collaborative mode effectively relieves the computational pressure on the cloud, and
enables real-time and efficient self-optimized regulation of process parameters. The average standard deviation of quality
index is reduced from 1.86 % to 1.25 %, and the optimization speed is increased by 11.4%, providing new ideas for the
further development of intelligent production processes in process industries.
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H =R bR Q4 BTG FEJE B [—6, 6], H B HT AL
iR F BA T FE 5
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FABLIEE] 6004.9312 16.6188 48.603 3 132689 1315662 654.7920 582264 2.0251 16.8293 57.6004 2018/01/01
W7 IEARAK S B i B i R, AR i 22 A x3 BETBEE5THRREBEGHSH
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BRI/ INB G R R JLL R, IR 2 o wa  £%  EGREE AL NE A
Fz2 MHEHIZSHREERFRAREMS Windows10
=
. EHL CPU:i7-10700  16G 1 #F=HHL
fehRRE ST Sy A % 2 '
GPU:RTX3050
x1 T/ (kg/h) 5064 < 1 < 6135 IS SUE STFN
s SN L 3= S UL SE
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x AR E BT .3 < x3 < 63. .
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= s MK / (kg/h) 99 < x5 < 182 b Il By
Te YRl Rt/ (kg/h) 222 < x¢ < 5959 4.2 1jt1{3|zé1:;qg
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K Kl 6 B N SEIG #4221 T 2 S H0sent 5 itk v
T8 K EL i / % 1.5 < wg < 2.9 = TN . —
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i

step 2: #3515 7% 3% 4% 1 2 J5 , EdgeX Foundry
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D e Bl R A7 B30 Z 8045 e Redis . 45 BT B 4B AR
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step 4: 181t EdgeX Foundry #L 0| 5| 2 T 5e¥s 7
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7~; 3R 5 18 3 EdgeX Foundry H 77 Y] APPservice 5 T
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43 LIWLERITLES R

1) Jot 2 T A A6 L.

AT AR B I #EAT 5IE. RF H1n_estimators
WE N 130, 38 BAF Bk 5 BT 45 AR SRR,
n_jobs A 1, B 25 RN Zr-F-3MEAE N SLse 25 . K 4
A 0, MIRF ) R? #% 51, MAE F MSE #5 A%, 7] LAE B
LTI P e i, HL S04 I 26 4H B, MIRF B A
A Gy il A N R FE AR B S D SR R AR T/

T4 TNEERBEXTEE
5

¥y R®> MAE MSE gﬁ ’} ‘Jﬁ TR /R

W /s WA /s
GRU 0.542 0495 0982 50519 0365 -
BPNN 0.762 0.232 0.198 52360  0.134 -
KNN 0768 0315 0796 0005  0.018 -
LSTM 0875 0.112 1330 57991 0278 -
RF 0961 0068 0.046 11824 0419 130
MIRF 0977 0.064 0033 3005  0.109 45

YNGR T Py AT DAIK 21 518 2 i 110 48 28 ) 44 AR DL ) 7
.

MIRF Il ZREE 10 & FE e e, FL A0 & BE R
GREEME 75— 5, FIXT TAL G BE N LAR AR IE, MIRF PRI
TR R AR B, RN B = TS TR PN R B

2) LESHH 1E NS BT L.

UG B I Tk 2R B2, Ae g s ok AR
(1) IR 2B R B B . a0 5 BT, N L& 56t 4h 5
I oK ) 22 25 PR i R (R 5 444 46 7 A0 5%, F 3 R
I R*. MAE. MSE R AR AL ZE 3347 %5 b, A SCF
F& W IR A D7 R 3 A T T e s, A EORS FE R
B AR, HEMAE F#MIK 1 0.014, MSE F#1IK 1 0.022,
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#=5 MUEEERILE
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BSLR R A AT 0.971 0.076 0.043 23.52

ELE RS RAEER 0.977  0.062  0.021 447

WPSO Z#iX & 2% UL L 1P, % B & Kik
RIRECN 200, KL F AR 30,01 = o = 2, KFBHE
KT wmax = 0.9, B/ MR R T wiin = 0.2, $0F3E &
Vinax = 0.2. WPSO LA H £ 58 IR I 15 2] fie A 18 B iE
B, R4k 5 IR B i TS A0 T2hE
5940 /(kg/h) I/KIR G H NI THEE 16.61 %, 2595 H
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PR 57.9 °C, K EeAp) 2.45 %. ARG AL & FF &
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T M 1.86 % [ 51 1.25 %, K5 EERTF T 32.8 %.
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B 65 KA — IEHE, — K AT R A 144 000 2% Fi i, 29
2GB. B = B F 5 5 4% S v AT FE
() AR AL B, 43 0l A SC R B I SRV D AR G 1
857 O 32 = W [R]85 7 TRk AT 1 22, B 2 i 79 A
N = 1,4 HEN A K =0,1,2,3,4,5, 45 8n%6
Fis.

*6 RHETSHATHE LZEIEREXL

i g HhRE

R 4 . EZ/GB R
WHEN WHEK #/GB
_ = Rk
gz 1 0 2.0 2.0 i
o bR
1 1 2.0 1.70
1 2 2.0 1.50 -
g e g pe = L2k
Il 7 IR 1 3 2.0 Lo )
k- il
1 4 2.0 0.80
1 5 2.0 0.50

ME 6 AL G~ R = EZR. = EHERLR
75 3, b B R BOK T 3w 34 2= B R AR
= B, DGR 75 3K, KR 7 B B TL
Ui BEAT VR, b T R, H R SR
WA L 25 RUBCE R D s>, T3 s 1 253
ITRCR, N L ESHARA S PR ER (1 ORAIE.
5 & %

AT “ -1 W R AR 2 B AE ) 22
B BE 4 1A 50 B 48 b 52 I T K L2 2 B A Hh gk
177 N HL, B DG T2 2 B0k R SR i B S
FETT 80 % LA L, 5T & 5 b 1 22 i 72 N 1.86 % B 3] 1
1.25 %, K5 FEH2T1 32.8 %, AT 35 97.7 %, 7™ i 43 6 T &
5 b B AR W HE R AT & BEAS BRI T T, AT AR
AR PR IR R SR A TR B R ). RN 1A T R
U800 U A% i B, A RO - 2= AE D, G2
25 3 98 )L, Bet S MERRHLIEAT T 2 S Hh ez
i, i Tv T2 APl AR R Re ALt — 2 A e it
TH R R, T — DR B R ) 2 AR Ak b g I
FAE s mUR I PP X 208, R 9T S B 2 o0t T B A i
Wil PRI B A I 0 i, ZE b Bl F OS2 (1) e e 3
L i = P [FIRESE.
2 T #k (References)
[1]  #&EE, MFFH, AR, B4 DS R AT IRES TN T

VIR FE B (D], 45 5 PR, 2024, 39(3): 705-718.

(Chu F, Hao L L, Wang F L, Review and prospect of

(4]

(5]

(7]

operation performance assessment methods forcomplex
industrial processes[J]. Control and Decision, 2024,
39(3): 705-718.)

AR B, ey B, F . IS I 4% A R 1) SRR AN
HE[T]. 2 5 YR, 2023, 38(6): 1473-1490.

(Li A M, Hou G Y, Wang L. Theory and method for
constructing temporal networks[J]. Control and Decision,
2023, 38(6): 1473-1490.)

ZE T, BT, KO, & AR T B T AR B
FARIRS [1]. B3MLER, 2021, 47(3): 501-514.

(Li YR, Yang C J, Zhang H W, et al. Discussion on key
technologies of digital twin in process industry[J]. Acta
Automatica Sinica, 2021, 47(3): 501-514.)

WL, AR, K, AR Y B UL E AR 2 H AR
A IEAZRES [3]. FRAAUIR 4R, 2022, 53(9): 322-333
(Yu L M, Cao D L, Li J L, et al. Multi-objection
optimization orthogonal test of Y-type screen filter[J].
Transactions of the Chinese Society for Agricultural
Machinery, 2022, 53(9): 322-333.)

TR, IR, SR, S5 /N2 REAT 2 28 M J5ORHT
WL 2B H A (7], &Mk TR 22 4]k, 2020, 36(11):
248-253.

(Zhang Y, Xing Z L, Zong H, et al. Optimization of
pulping process parameters for preparing wheat straw
fiber mulch material[J]. Transactions of the Chinese
Society of Agricultural Engineering, 2020, 36(11):
248-253.)

RZEOR, R, KR, 55 5T/ 6EA 25 CPSO
DNN [ FE T2 25 H s (1], $ 5 ik
%, DOIL: 10.13195/j.kzyjc.2022.1881.

(Liuv X B, Yuan Z H, Zhang Y D, et al
A trusted
parameters optimization based on
and CPSO DNN[J]. Control and Decision,
10.13195/j.kzyjc.2022.1881.)

FWHE, T, BRILT, & 5T HILRAR-NSGAL =
PERETRBE LM APERC & LE 2 B ARG 5T [7]. A4k
S, 2022, 36(17): 111-117.

(Wu X G, Wang L, Chen H Y, et al. Multi-objective
optimization of high-performance concrete durability
mix ratio based on RF-NSGAII[J]. Materials Reports,
2022, 36(17): 111-117.)

Wi, T NAT N E BB R M G G ok F 5 A
FC[I]. AR 2R, 2020, 41(10): 156-164.

(You W, Wang X. Study on the edge computing method

self-decisioning model of process
smart contract

DOI:

for skeleton-based human action feature recognition[J].
Chinese Journal of Scientific Instrument, 2020, 41(10):
156-164.)
Aaldering L J,
laggards — Towards

Song C H. Of Ileaders and
digitalization of the
industries[J]. Technovation, 2021, 105: 102211.

process



2456

xR ¥39%

[10] XuL D, He W, Li S C. Internet of things in industries: A
survey[J]. IEEE Transactions on Industrial Informatics,
2014, 10(4): 2233-2243.

Lin Y G, Wang X M, Ma H G, et al. An efficient approach

to sharing edge knowledge in 5G-enabled industrial

[11]

Internet of Things[J]. IEEE Transactions on Industrial
Informatics, 2023, 19(1): 930-939.

RFFN, FhHK. B BEH G R G0 HE T a0 AR BN 1) 4 ] s
I A [J]. 451 5 PSR, 2020, 35(3): 523-535.

(Wu X L, Sun L. Data-based real-time scheduling in
smart manufacturing[J]. Control and Decision, 2020,
35(3): 523-535.)

[12]

[13] Yang T, Yi X L, Lu S W, et al. Intelligent manufacturing
for the process industry driven by industrial artificial
intelligence[J]. Engineering, 2021, 7(9): 1224-1230.
MEE AL, T, £, LG RS R
HI). WHEAEF S R, 2019, 56(1): 69-89.

(Shi W S, Zhang X Z, Wang Y F, et al. Edge
State-of-the-art and future directions[J].

[14]

computing:
Journal of Computer Research and Development, 2019,
56(1): 69-89.)

[15] Yu Y F. Mobile edge computing towards 5G: Vision,

recent progress, and open challenges[J]. China

Communications, 2016, 13(S2): 89-99.

[16] Taleb T, Samdanis K, Mada B, et al. On multi-access

edge computing: A survey of the emerging 5G
network edge cloud architecture and orchestration[J].
IEEE Communications Surveys & Tutorials, 2017, 19(3):

1657-1681.
Sun Y Z, Li X G, Liu Y M, et al. Edge computing

terminal equipment planning method for real-time

[17]

online monitoring service of power grid[C]. 2019 IEEE

4th Advanced Information Technology, Electronic and

Automation Control Conference. Chengdu, 2019: 35-41.
[18] Jing T, Tian X T, Hu H, et al. Deep learning-based
cloud-edge collaboration framework for remaining useful
life prediction of machinery[J]. IEEE Transactions on
Industrial Informatics, 2022, 18(10): 7208-7218.
PRGSO M0 R 5 B it 5 o
5 [J]. R NLE RIS R4, 2019, 25(11):
2731-2742.
(Ren M L, Song Y L. Big data:

of process quality control and improvement driven by

[19]

New perspective

data[J]. Computer Integrated Manufacturing Systems,
2019, 25(11): 2731-2742.)

4, K, R, S BT RE S HLA-] T R R
JG-BP #1245 (1) 8 58 2 T )7 T 2 S BB [J].
PRSI IE R 5, 2023, 29(2): 487-502.

(Yin Y C, Zhang X, Tang J, et al. Intelligent

[20]

correlation prediction of multi-process parameters
based on AM-GRU-BPNNJJ]. Computer Integrated
Manufacturing Systems, 2023, 29(2): 487-502.)
WS, INEEE, PR, GBS T DI BE AL AR AR
P Ll RIS AT RS VRO [J]. B 34224k, 2021,
47(9): 2214-2225.

(Chang Y Q, Sun X T, Zhong L S, et al. Industrial

operation performance evaluation of industrial processes

(21]

based on modified random forest[J]. Acta Automatica
Sinica, 2021, 47(9): 2214-2225.)

RS, SR i 2 B IR R A A B A e e R
BRI B BE TR U7 9 (0], B Bk 3R, 2023, 49(5):
964-973.

(Gao S T, Chai T Y. Intelligent forecasting method

(22]

of caustic concentration in alumina production
process

Acta Automatica Sinica, 2023, 49(5): 964-973.)

based on end-edge-cloud coordination[J].

[23] Breiman L. Random forests [J]. Machine Learning, 2001,
45(1): 5-32.
Ding J L, Chai T Y, Wang H F, et al. An intelligent

factory-wide optimal operation system for continuous

[24]

production process[J]. Enterprise Information Systems,
2016, 10(3): 286-302.
Zhou X, Wang H M, Peng W,

multi-scenario cardinality constrained optimization

[25] et al. Solving
problems via multi-objective evolutionary algorithms[J].
Science China Information Sciences, 2019, 62(9):

192104.

Jamali B, Rasekh M, Jamadi F, et al. Using PSO-GA
algorithm for training artificial neural network to forecast

[26]

solar space heating system parameters[J]. Applied
Thermal Engineering, 2019, 147: 647-660.

fEZ BN

XIZEAR (1978—), 53, B2, 4, Wil 44 S IM, Wil
ST HE L B B R A 5 M SRR A BT S AL ST
4, E-mail: forcan2008@kust.edu.cn;

AR (1996—), &, Wi+4, NFLGiHHE. ET S
RALZER] 7T, E-mail: 997877530@qq.com;

XIEE (1996—), 55, B3R THRIM, b4, MBS E 5
AL 5 % 2 7T, E-mail: 1456460639@qq.com;

Gk (1974—), 5, W TREM, Wit NESMT 25
B & B9, E-mail: yxyibin@126.com;

JESC AR (1985—), 2z, PhI, 181, IR Redilis . g AL
AR 5, E-mail: 20110065@kust.edu.cn;

PR (1985—), %, #H¥%, W+, M4 50, WFH G
i . M K H i A R AR SR 7L, E-mail: 20090143 @
kust.edu.cn;

BRIES (1979—), 55, BIHEZ, L, NFHUR™ i R
1253 BT 5T, E-mail: yaotinggiang@163.com.



