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Abstract: In order to solve the problems of overly simple perception methods, severe information fragmentation, reliance on human
experience for fault diagnosis, and rough maintenance measures in the current operation and maintenance process of power automation
systems in steel enterprises, relevant research has been carried out in remote monitoring and intelligent management. We have built a
stable and reliable remote monitoring system that includes multi-level electrical parameter monitoring, edge node data integration, and
a hybrid cloud computing structure. Based on data cleaning, we have innovatively proposed a fault analysis technology that combines
model reasoning and technology driving, a predictive maintenance plan based on degradation theory, and an operation and
maintenance guidance system supported by expert databases. The effectiveness of the remote monitoring capability and intelligent
management algorithm developed by this system has been verified through the end-to-end cloud integrated architecture and simulation
experiments. The conclusion proves that the system can effectively achieve transparent cognition of electrical equipment and
intelligent operation and maintenance decisions, significantly reducing the risk of unexpected shutdowns and providing technical
support for the stable and reliable operation of electrical automation systems in steel plants.

Keywords: steel plant electrical automation; remote monitoring; intelligent operation and maintenance; fault diagnosis

515 b R B AR S — R R R 230 7, AR A FRS
WP T2 R S U Rl e i AL PR EER o fE T EIBER . gt A T
ML RGEHOR TR M AT SR P RE IO ER . LML, BRI RSB IIOLT , ST AL M5 B B4 o Tl
R B SRWLARR —RAEENEL, JLPHE SRR LR
RIF KB EA S, PLC #HIME LR otE, H% 1 W BSEIMARGEHIKSTIZE/EL
RIS, — HmBl RS s E s s, K
S A EDNIOEZ 7 e SEN [ DNE €. 7 Ly et ha L o T, AR R E B4k R G A A DK R

ARG DL R e A2 R 0 5 CHEAT 447 AR 55, RS I —RBHBEIA R, R A DS ARSI R
PULER X — L FZAPRESE R, MRS A B ARE, T+ R IR A it P B ) 224 b 3 O T P R M A

94 Copyright © 2026 by authors and Viser Technology Pte. Ltd.



AKHLRHE - 2026 459% 45430
Hydroelectric Science & Technology.2026, 9(4)

6* VISER

N, TR RO SRR . ERENLA LAY
MR ZIRSH, T L35I8 47 IR 0 6 4 T 4638 5
TRAZEBENETE, PLC BH RS, B AH
RE 5L AR & AT E RS MES Z 83 DA
BHEARERD, KREEEARELIM AN AL S, B4 T/~
I ZFRIEARFNF G L TILRAZ s =& 2 #7217
REENGS: VU2 S Z A 800 iR A 2 T B &% i
FI5E B FIR BEAR RANE (g4, 2R (KRR HL OGP RO AR A
JE R 3R T OB 2 50 B IR N A8 EnR, TE ik
ML, MATILRN G KER 40%7c 4 i T8 AR 1
P10 P 25 i AR e B 8 51 RS 1) R R A v T AN
AT RHENLAR R . PR 4E 5 T B Al . K5 SEATIN
2 LAH PR a2 5 e BAEE B 1B B, AUk & id FE RS
A BERNRD, AL & A S4B g &2k, Bt
Z MR B By T2 B 1 0 5 T A 75 i ] E A A I 4 12
T%.

R, AR RRis 4 75 SRt T r i it b ok T8
T 5 AR &S O AR AT LA B DU B A, 75 AR R
B WG R BTGRP B Z B B ERRWE T,
BRI AR RS, G R B R AR DL R A%
BV T ZE 35 R G 1) 4 T A6 s 2 1 458l 5 1) S 3
fENTARSE BT F B, Refe B 32347 A& I
B % AEfS WS R AL B 4 IR 555 BRI RS =t
SRS 5 5 R A AEh 4 1 R 5 R U B 1 R U S T e, e
TR A 1 3 A e R R s A 1 T AR R L
22, DN A A5 Gt 1 s S X4 3 A8 S i i L =K P = T
AbEE

2 ZRREERGEIT

2.1 BSSESURMSNGEHELE

DA BBk B A s R A 4 5 LR AT R o H
W, BN CH-TE-R-D-IREE 2 SHOHTRIN RS .
B TG AR . B DUREBCZ AN, N T
S 745 b PR D R P R R A TR Sk SR X I SR AE N
Y LRI HEAT SEA N, 7E AR e 38 AN KT B Bl A4 e i 1
Aib 22 B LT AMAFRAR BB, o fid SR T 0% SR R AR I A
TE W7 2% 35 I B A E LA DA S # Ak 28 | 22 e R 2 1 [k 25 DA SR
BUCEATMBNES 5 o FT A 1A AR 3R A ol 200 sk
WA I BADERE R L MR Re R R E T 2.

BGHARTRA BRI B =5 MR, 6= BT s
G5 BB A SN 55 5 B 1 T AT e, B2 A 2
ARM+FPGA R & M4EH), F 4 T ModbusTCP. OPC.
IEC61850 A K MQTT %5 2 Rl fp i35 N\ e /) AP U AL R

Copyright © 2026 by authors and Viser Technology Pte. Ltd.

73 LT RN AR SR (1 5 8 I T At R e 3B B e
A7 17 B PR SR B S A« D 2R BT PR T PR
G T | i Sk B RE B AR AR, AR RS S B 1 R L
TR AR R A R AEEE KM 10%~15% 7 45 .
—Ji T, RIS MIAE R TR R B R 5, R A
IEEE1588 [ 5 I S0t KA 1 e A R B 4T - [R] — 43 I 1]
B, I T ok A ] St FAD 00 ) ) B 1) 222 S5 e ) 1
N JE AT B %% B 2 1) FIe G A AT A T B e 4%

2.2 RECEMTHSARREBRESHIRES

EEXHER] X F AR5 B 2 4 DA Rz FE IR 25 K T 5
HEER, BB G RN RRE GG AE af—
FRFE T o A = EEHEA R MEE TN, f5TAH
BN FE R G0 S I 0 DA T s B DR A AN N SR LA
WURE: A 2= F A T 8] (1 R A DA S - ki 2
(] ELBURIE 70 S AR AN I SE R B WL I TAE N2, B0
I & R SR 45 B8 )oKl 345 48 AR BB - IR IE TR
T2 SR B3 J2 0 4% 10 7 RSB« I B = 2 1A
R X N B YCEF R T IR Z5 44, SR A OPCUA 3%
I IR 77 20 b AR N A, BB T XGEIE H & B )R
W7 AL AL (R D RE S 75 R AE AN R 0 46 o T AR 1 0L R A
231 U 5 O IR 0] L o 7 S b 7 R 5 g S RS Bl 2 oy
AR = 8% %24 web ikRS%, £ html5 JEal EEATEsF &
BT REE . RE+UREMAZAE R A&t
A AR S R TSRV, RGU AT 2A F] 99.9%
PAE o e B R A DARIUIR 55 1) 7 kAT BT, PTBE R BE
AR ERA R, B SREN. B, RS
ANE TR, RRIE S N 5B % SR AT R T AL 2
BT AT XIRTTT A S 53 AN [ R 4 o ok
A WP IR AZ

3 HEEIGHXERARMR

3.1 BREELZBERUERGESRFERSRIE

L) A H A R G A S B S g 4T
Fabm s AEGEF A IR & DR S5 A IR DR S AR i
TSRS, RIRZ R 22 W B B R R i,
I FH B[R] B0 5 B A B R AR AN R IE M B4 — &
— NP ZE b IR, 38 PR T RO G i g ok kAT
SH s R, B R T B A I 1) o T R S 1 A
BHE s R, ELIRE A gHB S LU ST T
BUARSE A AR, ERESE RENRNE—E R, £
Xof B A A HRER LA IR, Yeih T 2 BURHE LR & IR g BE VT 43
TR MBERRMNE, MW Emark. Agm. &
0 PR R DA R 9 R A AT 2R 43 o T B 4 S A

95



@f' VISER

KHLURHE - 2026 459% 545
Hydroelectric Science & Technology.2026, 9(4)

0~ 100 [ (1 g AR 17 DT 2% s D0 5 5 5 S Pl BB A 0
ERAENUR B U E LA S 2 18] Fa 38 38k P2 AR A Dy fek R i
B, R TR DL R S A I AR, [ ik
A LASE LAJG B2 W A PR SR (48— AL AN

3.2 RENMESHIEEMNNBS ARG BRI E

BT — ol L B AR B AS S DU 25 AN A BB ) 25 ol
BRI, T B0 R T B I 2R TR W 5 R O i AN
JE UL A 5 A e 35 T 3 S FU0 2 1 il A PR B 1 AL
AKX B () 7 e ST A 12 IR o 1% B [T ) 4
66 Sl LS Tk A S U BT A B A O R R, ST
T 55 250 P I B 30 A AT 45 1 (0 LB Y 3R 15 R PR A
BIR TR B N S B 2 1 5 (E MLt L A IE — e B B A
P 2 A TS PEIA AT ER RS M, TE R AL IAL . RSN I ik
Al En b T WUERARAE, AT SEBL T IR B IR (i i 2025
T R AN R i, AE VISR NN TS T SMOTE g%
P DL S A s A8 2% bR B 46 45 1) O SO AT I B PR SRS S 7
T R AR A T 5 b A7 PR R 5 T DA B b Rl 0 3
AR, SE I SRR B, VAN TR IGBT S
P WA AR ) FL AT LIS E 0.94, KK T B OK B A5
B, ar 5 % IR SR T {5 B R B N R, e
XIS 4E N GBI R

3.3 ETIRUEIRAITUN M LE I SRR

B2 — M R G218 A J i 2k R
ANIEFE, AT SE MR 2 R AT R B UL RS T R A K
B ER AR 4k F AR Le 22 SR ST L G AR, T
A o S ) A oL PEL G DA BE L BB AT R BN ()RR 5| HL
PERIBA AR &G B R G BE LA T ) JE R MR ALY . i
I SK 3 R S e A KA LA R I3 SE B s R SR RTR A T
T2, BRI DU R S50 S R 5
BB NN TR 4EAE R, £ SR G
RilA5 211 B X 1] J 22 2 B 3 () (1 980 A 77 i 43 A [ B 4 3
oAk, TE MRl b DAL [B] A 24818 2 Y B/ H A R 4
SRAFENAS T THE 2 o 24 B0 £ {8 R B2 B R AR A7 i /N T30S T
MR, 75 F — R RIGE o N AT 46402 TAE, AmifE
Ve BE % i RARRE b A8 FH P 452 L [A), Jsl/ AS b B
15 THAR .

3.4 MRS SMEBHREKSBERMKMK

A4 SR 2 B RAR D0 s DL K B R INE
5 SRR TR AR AN S 5 8] 58 T Sk o @ A5 FH iR RS R
T H AR AR G DL R VA I AR 5K L vt DA LA
I R A S A 3 77 SO R SR -k R,
BN A T RS R T B A, R ] BT 1R U P O

96

(R BE R A 10, DT FCARABAIR ) s S b 2807 2L R &A1
TE R R, W e BB EAESR, N THE
L b R SR IR R REE , B — AN TR 2 S W is 4
SR S5t AUk PR AL o F AR IR AEAE 50 15 B 3 22 4 TE i
I 10 3 e T ) R AEAZ 2 FH 4 8 M5 5, AN A 2
TE ARG ] B o X — P& RGAEARIE B SR — A
(1), fEi SRR R R i g, B iR 4t 77 & . 18
TR M B SE S8 IE B 73X Fh iR 5 51 S et i) 7 AT A
fli4EAE 3 R % 10%~20%, FH4=mH UL 75 i o

4 RGERSHERIE

4.1 wmA-mhEINERCERGER AR

LA R B TR HIB AR A i —
BB &R 2 AL A AN BE AL REE2E B, 10 %0
i 3T Docker 2 ZALHOR IR E BE . FRAE N T oA K
{61 S 12 Wi IR SR, =7 6 R RBRAEIE IR 2%
BRI S KNiR B REEE . ANIASH M. =& 2 [0 F A
CUB 78 (IR SR 28 B b S AT AR & SR B 2oy 1) 1 %
A s g R A SO s ISR i AR S RRAE
AR o A HEE BOF I S50 TR R SRS 55
A i HE 5 B LRBR B IR S5 LA AT LA oy R IE AR BT AN
GET

4.2 {HEWIERE 51Tt ietrk #2102

BT R AL A PR R B R R G B LR B
B YRR IR E A, Bt - ez 6 4,
PSP, LR R A BR R FE . Jud 2L
S50 IR SRAT AT EL A AN SERR IR T SR8 AT SR A K
e P SR Y SR EE I R B I G VR FE AR B R SR A
TEPEREP T TH : RO Th RETE AR A I T RGBT S o 15 EHERE
BT 1] [R5 B0 4 2 . SRR RE FR AR AT iR 1R )
IERZE . Rl IO 1A 0 2 4 B i Y (1 b [ B DA %
Xof BAME AR B R 4G

4.3 ERREEZOEENR S 2

TEREAT BRI R, S ) AR — IR R R %
) LTI, 75 2 W I S B 2500 B 7 AR E SRR G, Seae
1 e B R R I O R LA 5 R HE DL S BURAA 2 3 o DT
HIR A B R 2 (R B RN (R B — B <<1.2s, 45 e
TR, PISEAE R A AL 5, 104 RS 2% AR
Fe 03 R D Re ORI T R AR R B N g, 7 ERNE R
ZJE 3s 2 WEE RS B B4R, fRIE T R iR
100%, 2 AW AR DRIE A e s [T g sty 2408 ) WA DA % iz g
SR E SRR R BT 7 R ESR, TR AR
GLEESPE . ATEEMEAESEE A TREMNE.

oo g

Copyright © 2026 by authors and Viser Technology Pte. Ltd.



AKHLRHE - 2026 459% 45430
Hydroelectric Science & Technology.2026, 9(4)

6* VISER

4.4 BEemHEAMREXT L 515 AT

BT EIRBRAE B 20 Ff ol 28 MO RE A SR 3o} By
FEE ST P R AR ARG 00 90 L T 2 4 7 R LA B s i
HOE UK B E B AL 45— AR A 58 A B 7 bl Asen R 3k
1 fs:

F1 TEMFFSETGEERERTEE

WERRR | H = T YIHE AT
ik % | o TP wm

4li CNN-LSTM #5532 | 89.5 | 87.2 |0.88 —
Al ) () 0 78.3 | 821 |0.80 —
AG DU S BRI Eh ik | 947 | 93.9 |0.94 —
BT R PO | — 8.2

MK 1 ATELE H, SR LB el sl T VA AR e R

1R LUK FL Ry T #8 W S e SR Al ) USG9 B L &

SRR AR 3, R ATTYIR) /I i d Re 5 TIE o

B IRAG AR TN AS A2 T DASR T 8.2 /NI A HE AR AT
T AT A] LU HER T MR R AR B [ AR B
Uf s UEHT T HLN A T I A A S A R . T ELAE B
KR BTG VL FCAR S 0] T 300 91%, AR —5KIBEE
B EN TG S 10— B T B I 1R 4 ek 2 1 LR
B2, HERAE TIRKI R .

5 HRIE

R RPN R L AR G A R M LB R e AL s
BATIRZR, ATHDTRE TGS WERCE . BdEa .
R AR I PUE B A AR GRS — R B %O BOR T,

Copyright © 2026 by authors and Viser Technology Pte. Ltd.

P 3iig-120- 25— AR RS IA 55 v 58 iR A o AT 98 BUR A
BT — AN MRE 405 B0 B = B v SR B RE I — R LB
AR FR  JD G SR T KB e B R A I Tt
I 8] 0 A8, VR 2 ARIE T 15 B 2 A IRl X RA R 47 A
ARRE ST, HET IR BB ARG A T B s T R ke
AR E N, SRAARAY S RN S ) SRR SEIL T MK SRR B0 A8
S P IR 5] SCRe 0 75 AT 4B R - RGuM LS
ORI FUE, R ThRE DU IR B A K
KRR BT AR E N 20 BB 5t N IR & S
YE4 A SAEARA A h B 27 2] e AT HE— DRI .
[&3E&3Ci#k]
[L]4F P FL. A 6 4 BY e 9% 2 G0 42 4R Bk 4 b T2 B AE o 1 B2 )
[J]. 4L &, 4% A ,2023(6):45-48.
217 T EA R B EH A RH A SR %
A& BB 57l ,2023,40(12):38-41.
BIZAFRABKIBREEHIME R E—MKTL
WEBRIEERFT G LB 62 1% %,2023,12(2):12-17.
AR RZEGEAEENKNRETRITERAAER
B 5 [3].87 & Tk 1,2023,13(12):56-62.
[51#% W, 48 5 . 5n A2 T b 40 iR B3 5 52 10 2 5 B B9 % A
1B e K [J) 0T AL B Ak R E R 4E,2024,30(15):156-166.
EHEEA: BHE (1991—), BV FAMNME TV EE
FlRE AR AT Y, R T RIARKERAFRFTEL
AEEMAT A NE, BABEIRIF,

97



