55 43 B3 4 1] EHEZwe 5 r A Vol. 43 No. 4
2026 4 4 H Control Theory & Applications Apr. 2026

FETRFE RS A L S DR R AR VR S B

gk BLb2t, ERALY, skERSR!, ©FEL?
(1. AEETRIB K A aib2BE, dEaT 100083;
2. JEERHRR S Tl AN H Bk 206 S8 s s, kst 100083)

TR (eI AE AL IR T, RHEL Y 0 P 32 AP AR L P 3 R S i, JEC ARS8 v Al it ol 4 o ) 2R
B BUA TTE R 2 B T LB s ORI B S5 LB R 1, 0 P AN TR R AR SR U 78 23, HANRI T i 07
IEAEPT LR B0 A s8Nt ACSCER Y 1 — A EE T RFAE Rl & 9 AOE FL R L R R B T, SO E
BT AN TP B R R A A T I KR IC AZ (LSTMY) ) 28 R ] 45 AR 2% (TCN) FRFE SRR, I F LS-
TM SEBL 1 PR 8 23 R IE 0 R, 32 T ) P 4o AR TRy R L Y 0 P2 PO M A 7R L 0k, =8 8 38 A B AL A 1 4
st PR RURS () 22 R, A3 T TS 2 (1 SR LA, 5, R T4t T 075 92 20 A 0 28 80 = 32 i P ) 1) A& AL
FEJFTY 22 g8 b, P BEANER 24 W1 21507 2R i) Sk BBt S0 UE 1 7 VAR R, IUESS R, A ST 514807 140
ECTREINHS P2 52 15135.69%, HAERAEJE 100 ms T, T 55 SEH ALl 2 S P K.

RHIA): HOEAL; BT, RAERL & B SN SR 21l i

SIAMEI: 5KIL, EWAL, SRIBESE, 8. & T RFAE AR AR AL HY IR @ AR 5 i 5 I A 2 ) 298 55 2, 2026,
43(4): 853 — 864

DOI: 10.7641/CTA.2024.40252

A feature fusion-based rough rolling
exit temperature modeling method and its applications

ZHANG Kai"?f, WANG Ya-li', ZHANG Xiao-wen!, PENG Kai-xiang!?
(1. School of Automation and Electrical Engineering, University of Science and Technology Beijing, Beijing 100083, China;

2. Key Laboratory of Knowledge Automation for Industrial Processes of Ministry of Education,
University of Science and Technology Beijing, Beijing 100083, China)

Abstract: In the hot strip rolling mill (HSRM) process, the rough rolling exit temperature is affected by the heating
furnace and the rough rolling process, and accuracy of the temperature model plays the key role in improving the quality
of the steel products. Most of the existing methods are based on mechanism models or only fuse the heating furnace and
rough rolling data, which is insufficient to extract the features of the two processes, and also these models are not easy to
be deployed in real applications. To this end, a feature fusion-based method is proposed for modeling the rough rolling
exit temperature in the HSRM process. Firstly, two feature extraction methods that using long short term memory (LSTM)
and temporal convolutional network (TCN) are developed respectively by considering the characteristics of process data,
and then a separate LSTM is used to fuse the obtained features, also a fully connected module is finally constructed to
develop the prediction model. Furthermore, considering the differences between different types of steel products, an update
mechanism for the developed prediction model is proposed. In the end, the applicability of proposed model is examined
using a cloud-edge-end collaborative prototype system, where actual HSRM data from the 2150 production line of a steel
company are used. The verification results show that the proposed method improves the prediction accuracy by 35.69%
compared with traditional methods. At the sampling interval of 100 ms, the prediction and update mechanism meets the
real-time requirements.
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Fig. 1 Effect of RDT on key quality indicators in the hot strip rolling mill process
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Fig. 2 Framework for rough rolling exit temperature prediction based on feature fusion
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Table 2 Results analysis of different training batches n

n MAE| RMSE| MAPE| R2%
50 129622 18.8207 0.0123  0.1670
70 15.0223 21.8739 00141 0.1251
90 12.1717 17.7450 00115 02595
110 99523  18.3474  0.0099 0.2084

5 FELSTMIf th 4 & i A58 B4 M RE S8 bR AR S0, 17
St N RN HEAT RS AR SR 3 . 480t 2 ISR,
HirA{0.001, 0.000 5}, £54 25 R I SR FE AR H0 5 FAsE
TG ZREE, B\ BUN{16, 24, 32}, AsHUM{16, 24, 32}
BRTEA S HUA A T T4 R andk 3 Fros. AT
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Table 3 Results analysis with different Ir, A; and A3
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24
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32
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24
32

16
24
32

16
24
32
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5.9640

6.392 1
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8.9317
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Fig. 6 Comparison of continuous prediction results of multiple slabs by different methods

433 ZRIEFWRZE 7
ARSI 6F4 7 92 AR L HE 101 35 R T &5 SR fg 1k

BEFRAR R4, HRAE T 45 S ] LA B, AR

JTVE TR 45 S L ST ELRRAE(TCN) S 6 T 5icdis

Fili A 7715 (PLS, RNN, LSTM) AP T RFAE fil & 77 15
() FH0 45 TR ELA S v (R FIORG B, B AR ) MAE,
RMSEFRIMAPE, PA J 55 5 R2. 3 3% BH 43 73l 32 B n
PP B R AE AR LA RRAE AT 515 21 T



862 oA R 5 N A

43 3

B PPN A AR A bE T R A AR L s ) T e 2 (o
7Y AN ISR AN AR FLAFAE (PLS, RNN, LS-
TM) [ AR B A B8 47 T P . REAAE Rl T
R RT3 M BEMAE, MAPEMIRMSE 5 ASi#E47454F
RilEr BB AR LGP 33 v T 37.62%, R4
0.206 8. 3X W 1 43 5% A AR ZL A A TR AE
PRI RE5 5E 4 10472 i P 5 v A 8 R I P ) A )
PWTESR R, PR AL IR O RS 2. N B i
7 18 B 2 L) PR REAE R 5 7 ¥ PR T &5 SR T4
TERLA 715, PRI T A ST E & ML 1A 2.
4.4 JFRIRGIELRIBE K

FEE TR Rl R RE L S 1 LR TR R B A o
b R R R g, TR R SR PLCTE s 1A%
B, i@ 0 AR S5 28 R B PLC IO Bds A%
Z2 SR EACHE L i R 55 s 3 I TCPIE T S S
AR DM AR 2% 2% 0 SE RS s E v, R 45 2 S
2R G S B0 B AR N AR 25 48 My SQLAR 5 J22
HA NGB R A AR EhaiEZ= FfAME, LA
SR R A TROASE SR (RS20 S 550 S0 R 55 2 AR 4 A5
RISH53 A HEAT DA R LB R ARSI, FH{E
SFE L0 53 AT A0 i AT S T B 7. T S B
(143 o 25 DA B S A %) 2R P AT S, b A T AR Y
VI 25 LA SRR SR B RS S50 3 ) 43 A

T2 R 5% 3 1 My SQLAF ik 1| 2545 31 4 70 2
FORIDFANRFAE . S0 55 120000 (1) S ) B P2 ik TCP
TREAE SRS, 0 S S B ZE S e R AR

. UM UMy SQL R I R 8545 B 7 41 (R b v 22 A1
YA, XS B g T b EE. SERSAUE, N
AR FTRE L0 53 530 %o ) — 4 5 A I A i A
FHELEAR A TRAE SR, 2 JE B R AL s 2 5L
M S EUSFIE TR G, FEEL R T E R 351
ARELZEL S 1T R i

R IR S B A 21 30 0, 320 400 5 B 1352 B A o 4
PEHEAT M. B 7 BN 7202453 526 H19:02-19:12
73 3R IR FIRDTSL B T 7 ot K B 2 2R 4 firid s (1)
HOEN. ARG5S RIS & St LN F
HEHELEE DE RO ELHS AR, 23RS S 8 R 58
G T URIZ 25 BN 1 B X6 55 R0 S T, Hieds 5 5%
Fr g By 1] £ 0.01 s ZNTRAE A 0.1 s, 3l 2 St Pt
ISP SR IR X ) 7 Sk S s A R ) B A AL
B STE YR LA AR ZEL H 1030505 S A 0 7 > A 1 )
SO, PRI T A SRR 751 S P i AT A7

] 7 w0 ) B S = A2 BT R 2 S B I 48 00
|| fis R BE . AR DG R W S o, I T3
& BAAN ] SR A RAE R R — IR R L TR S
HIONO0.1 s, 5 RFE T — 30 MBI 2R i K 2
220.8 min, 322 5 AR XA B (] 50 4.2 s
F10.015 s, T2 AN F50 00 PR R T] /N TSR A AL B, 455 & SN
PEELR. A FUAH BRI FL IS R R AR R 2 73347 1Y,
I 1] (6 B~ XA B 75 s, [ 3 7 B S AR 78 )~ g sk
T3z 328 /)N FH ATCRR R 114 ) B A 1], AT AR 52 5 38 B 3R
BT T B S BRI AR SR ASEARY (1B i) K

K 4 MR Z 6 it 4 b ER
Table 4 Comparison of statistical characteristics of prediction errors

WARES MAE | RMSE | MAPE | R? %
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Fig. 7 Real-time prediction and event triggering
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