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Abstract

With the advancement of energy structure transformation and the construction of new power systems, the monitoring system of
pumped storage power stations is facing multiple challenges in terms of real-time performance, reliability, and intelligence level. The
traditional architecture is difficult to meet the efficient operation requirements under complex working conditions. To enhance the
early fault identification ability and operation and maintenance decision-making efficiency, an intelligent monitoring system based
on a hierarchical distributed architecture has been established, integrating an integrated perception network of sky, air, and ground
and a digital twin model. Through the edge-cloud collaborative mechanism, it achieves efficient processing and closed-loop analysis
of multi-source data. Intelligent algorithms such as variational mode decomposition, gated recurrent units, and improved kernel
extreme learning machines are introduced to enhance feature extraction and trend prediction accuracy. Micro-isolation and mimic
defense technologies are integrated to ensure the security of the system throughout its life cycle. The results show that this framework
significantly improves the sensitivity of state perception and the speed of diagnostic response, promoting the transformation of
operation and maintenance forms from regular maintenance to predictive maintenance, and providing an expandable technical
approach for the safe and efficient operation of pumped storage systems.

Keywords
Pumped storage power station; Intelligent monitoring system; Digital twin; Fault diagnosis; Predictive maintenance

K ERBILEERFEERUARS U REEHAR
Song UE 1R
FE TR G PR A BB /A F], A - dbat 100000

m =

PR AR R S MR A B A R Gk ey ki, WK e ARG, TERSFRAKPFREN S L
B, ARRMIE AN R TIOUT 6 S ABATH R, AR E TR G A RE Yok TR, ARAELTRES EH
RRMAFRACBIER R, BRERTH—A BRI ML S BT FABRA, EHA%-Zm R FIL S IR St
WY FWIRGH; SINE S M, TR LT EAFE IR G TG RSk, R AR R BORAL B FUMAR L, JF ek
R BEMEG M ARE AR e AP AN S S, EREN, ZERIZNR T RER ) RER 5 W0 k&, B
B EH X ARG QAL R, AR KRERAALLHHETLET TT RHIEREE,

Ay BF A RSB TR g

RAERNSE LR 2.0 TIMNE L%, m4miEEi)
by et S e M TUNNialgiva S ] P ek W e A
AL e IR AR A AR [R] Pt P ) E SRR . TEAME

15|5F
7K R E b I 12 A H, RIS 5 e R o AR
BB, I ASRERRRINE | ST A N h

ACER R ERUR R 5 e Bah S B TINREI TR, BhE
WA R B A SRR, AR TR HRED .

UL S S Y B A 5 O S TR R 3 17 0BT BE g AR
NUA R IASERHIE , REEAE S SRR B S IR
FRNFIR RIS T THENER T %, 8T EIR A th
A 15 T 2R R R G A iy VS RS oKk, R RERE
RSN A2 Bl & KD-Tree 55 DBSCAN 7E B 541858 T
BARR S IR IR, OSSR AL R A

BATITIAE R .

2 HKERERMBIER IR EEREALTER
o
21 AEBERERESBRE

BT Wit A e M (R B BRI,
PR eI 5 ] S BB BT 1 R, A E s
FEENZ S, K5 R & R B
W, EREMOKTRIR TI2) T BRSSO 5

105



BASEEIRANE - $£04% - 5 031 - 2026 £ 03 A

L, FHESLFRRE TR A ST A AR L
ANHE AR TR RS AR S B H Ak
AEE, M ZelriissES A% S SuGh i EdmEtt
TR, PSS EA TR B TN T HRE A RIS
THHSIZRERER, SRR A S %L ST Rk e
BEHIGVZEE N, ARG8T TRIERNERE S ERN KK
FARE IR SR, SR EdEIL s EE 22 NI B fA S T
15 B 5RiB S A T/ERE IR .
2.2 BR L A RMIRSEE

Lo In s A i LAy, He [ 107 5 MR e
AR 22 BT IR, BB R SE iR A
FSEAE BT o] DU 25 el /D B A A 38 H (R B L oy A o 42
Ao I AR R B HE S R s A TRE D i
o, RGN ARSI SEIEGC RN Ran it TE
RE, HURAKEI TSR e TR s A . KRS A
TR M R RS S, AEBRIZIER SRS T
THIAAE BRI, B A A S R R T 14 4 s
ay EHIE PR RE (i B S E DS TR BRI A
TSRy, A RRECE T AR Z IR, (AR
BEALIB AT RV R S aa it , th B egns T HuEE
ENSNT I E S TR,
2.3 BHALEITIH = I E fE Mim I E K

ISR T R B R IR IR TR W EEERE, Fi%)S
1SR TR AL DU UERRROIR SRIRE ), RS A7I0
SERHEHEN BRI SIRE S O S B0 MER L, FL (71 1e]
H RN Shizrse WIS e 28 A2 80 O E i R TR 1T RE JJ#R HE B s
PR, ASTHETNEMT KB AR RS, &%
BRE MR RN 2 BT HFE RIS A& 2R
JESCHIEREIZIT, AG0n AEE (iR R TR SRR 2
%, FREESEIRAEER AR, BERE
s m A O B RE R R R

3 HRe M= R G2 i it
31 HESHRERGREN

53 25 A A AR N K B BE L I B BEL IR I A G
PyFRBER LR, HOAH E SR TR S KA M — (A LRI
SEIRE T AR AR, 2R RS TS DS R RE L
BT 4T R G , X — BESTINERAS ph s Tl MY
S TR AR EET L, BRI SRS THL
o S B SR L S B RE BT, AR ALK
BIATESTHE SR, RAEEE R C R HEN
R RERERA, XHERESAETH R HME T A5
i 7 SRR T 50, D2 SRS A A R FRA T R
T A H T I RRAOMESE S 3
B2 HIBERESHEITETAHR

AR R M T — 02 L SR s 25 OB Y 1

106

ARdNEL, 1ZWNES BRREREKAL, E. IRsMREAEN
F+ T BRLE T2, B SNEIEA TE R R
LA, SR AR5 S NS B 5 iR s s
M EEHRIRHE, TTAREEE b5 KBS RS N
XA, e RIS EEE ST AT PR AR Y, X —
KRR E RS 08 TUREEHBERD THPOA
SALRMEIRR, RGERCLSEIL T =R A A e g
TWEETEE T, A L EERDOIRAAS T T EiE ., (RIE
EREEERA
3.3 mimthEE=HIHLH

I AR EINLERE . TSI E S T RIRE RS
HZ, ZAAE IR AR ARSI S B S SEE AL
JEIYSER REIRYIP O, X —FS TR A%
T SR AT T RGN ORE, PR R
HGI IR R 2 s iR P, sin P bl
F S EEROK B S I DDA ST, HAuE
BV S RS RIS B NIRRT RE R,
A AERORTE LT AR (A2 a7 F VAR, RSB 1
PR AIRE ML I R e S, (IdESR VMD R
GRU HiZ2 W45 AR ST E T 7 AT AR B IRFIE
S TE, X— MR TR =R £
iP5 BHElHEERR TS B AR,

4 RBEREBARERBER

41 ETREF R EREMMNTTE
DRI A STROR ik 3 BE L SR AT HY T3

MRS AR, FUAKIE R SRED . BRE. B
U PSS, G AN RN 2 R
SR T 13 n] DUE R R 7R R R A RS SR L
Bt T 2 A BT el b 2E O K8 B 2 O 465 S A RS AR AIE
SATEREAZI S5, X — A R A S IR s L
KAl ARRARRMEANE, RSk T A
TEMBR I HERTES, BN HORGERGEREN T — D MEHES]
PRI TR RE S THESE, B DR TR AT B |
e IR TR FME.
4.2 iR R IERM S KRG

SR B BRI IS I A SR SRR S, T
AR RIBE T . BURE B S FEfE S R VMD, KD-Tree
5 DBSCAN 5 /570, WHRAN RS WM B A RS TIE Ve
N SRR, B TRIA R . R ERE A IR A
% REFR. PCA SR, MELINZEIT. BRRERIND
R (A& W) BRI ORHE, SSEERE R
KHE, RERERAMRYE GRU., BENLARM G GEEL:, X Eh
TR S AR E S TR PR 120, TERR PR B RE o
. ZIRSHEERLS 54 B SO EREZRANE 1 FTR.



BASEEIRANE - $£04% - 5 031 - 2026 £ 03 A

*® 1 ZERMBIER S KIS R L HEIESR

AT R E s KRR TT FEIIREH R SRR P
HOEEES IRENES . SCADA IR, | ek VMD £l | KD-Tree 5 | BdlaTrEseT ) S ERN . | AKAENAEIRAE B ST
o IR A DBSCAN ZE2750k e SERSH szt
RS HIREIT 28, ereRARE | W2 BRI, nsy | SRIERFIESREY . Z2IRFHIER | S5O R EURIL & s T
fE. A5/ HIEER SXHT (PCA). 2S5 HT (GIS) SR IREIR
SRR O RREAERHERE ., [T | THSIEARIT (GRU), BENL | MOEFUEAE WS, | KR IRa R s
o LR AP PR R IR RSP ST SEREIDHr
R FIIE ECPERAR. Pistz(Til | RZXEIE. £453] . B | SARMERIE . BALER | T SRR A AR A
S S BRI A Al AGEAERRISE RS
P R em . BOURES | ARECEEEE . RS | SR TGS . SIAR | HERE R
i AOHES . NRERE RITEEHERL. SRRy AE)

5 RGMRALREE 5 X HERIE
51 I ESATEEN TR K

WS AR A G R SRR TSR A R — ) R S R A T B
PEREFEPR, HIRMIRTFES | AR S R
757, —Fb{kIE KD-Tree 55 DBSCAN H¥EE e /7 1 7] L
RGBSR AR A, HAIRBIIER AR KO AL EE
WIS, IXABEEONA T T e Fm SRR, FNmES
I8 22 RO I Sl icA S ER A A AN SR 2 STHL A1 2 W 75
2, LA RIREN S SR O A TR AR, AR5 B
PR K AR R R R R B E S1oWri e, ZHREH,
W AR IR RS TR — 2 A £ 5048 1 T s B SR
BHE, BOMERIARFIERRE . HEkr s i, Ak
A7 — A RARGE BB TR B R s,

5.2 Mg L& SEEEFABGIPHLE]

WA A B R T A SR RN B, TR A
SRR NESIME P RES & ™ E G R, RS A PLC Wi
7 SO S F AT SR I A H S B E RS TR, AT
FFE SR 2.0 PRAEEIEDTENAR A AT B OB, S RR0E
IR 45 B S BR AV S B A AR AT DL R i e R R i K
TGRS AETFRE ), BAERAADI R M85, /K
RS F AT A EE R B 42 A A B AR R Tl 2 1) s A )
ST T EBERFR AR BB, (AR ]
(EHOREE N B SRR S %S, BE %0 E
SIS AR AT, RIDUMEHE =4 . (EREIfEiE
(&t RIS AR 22 0548, R Ui R ZDR IR IR
B
53 IZEmEE RELEN

BRI EREOR G A5 A HIRAIR H ¥
SR, B ASHRES B TRIE O S E s 4 F ik
7, XFOERAFRERAH T EANYE 5L 750, &
ISR ERE R — (R U BIFR, BT AR AR AT

PURIA R PR, AT DO S S s TR SEA TS5,
BRISEREE DT, dhifnsepli s PR s 2Hr, %
FORRL FARIEEE T sns e n] SEltE, AR ean( T4
H T IRSCORRR, (RABEAEIE TR B sh bt R AR A UEK
B TIsAE RSB RIETE, SAS R T A T400
HIEIRGETE A ISR A JRSh A T 43T 3

6 4iE

TR & B LS R P A SRR RE AT S EE A T R4
EITERIEEZE, BiEmaEls, SsmEmn . Wes
L a9 S U A BN ST 2 A ROR T R SERY,
(A5 KD-Tree iR DBSCAN HU¥IE/E )7 1% B& IR A (5
SIEMVREL, W2 R AR S ARSI &
LH =ML R S RIEEEr, [ ICRAE 7
TSR S AR TIRE) . IS PSR
FHIERSEINRE ), MR P& BB BT SR R S 52
PR ARSI RN SRR R, PR A
PR BEAAEN L R SRR . B, %,
(E R St dr A2 b, St AR R AN R
MR I AE R DR SRS, TR PR RS RE D
RAERMERDAFA RIS IR, AGUREAR TR . IR HE
SHIERSKCHRIN 2 TR S,

S 30k
(1] 5/, 28R, ShR0E, & vk EReduk i 2 g EJ -~ eius

S R ER AR, 2022(6): 182-187.

[2] ZEH5], TR BT, & 5T 56 HARM ARG A
N2 ). /KD % Fe AR, 2024, 43(9): 70-81.

31 FESE, wRlSF, WA, 5. MK ERHE LI e XS REE
PRAGUATHI]. EHIRRE TR, 2024, 14(1): 30-39.

[4] SRRk, 2T, B3, S5 ZEEEAMIA Tk EaE s A
FF I ——DUT B K E RS A B[], bR R(H
SREFEIR), 2024, 60(5): 917-926.

107



