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Abstract

With the rapid modernization of power systems, the state monitoring and fault diagnosis technolo-
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gies for electrical equipment have become particularly crucial. This article systematically reviews
traditional monitoring technologies for electrical equipment and analyzes the application pro-
spects of smart sensors and wireless transmission technologies in power engineering. In the section
on fault diagnosis technologies, it delves into the classification of technologies, the latest research
achievements, and future development trends. Furthermore, the article emphasizes the innovative
applications of real-time data analysis methods in the power industry, including the value of data
mining, cloud computing, big data, and machine learning in state monitoring. Through case studies
and experimental validation, this research clarifies the experimental design of real-time monitor-
ing systems and the practicality of fault diagnosis technologies. By synthesizing the above research,
this article provides new insights into the development trends and applications of state monitoring
and fault diagnosis technologies for electrical equipment in the field of power engineering.
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Figure 1. Core technologies for fault diagnosis of power equipment
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Table 1. Recent research results statistics

= 1 IR R ERR SR

WRAR  RANR  BWBH EmR KA wn IR e
R
N A Sk e RERE, T R
et s R ST s ke WRRSKE 202
PRI it ‘ 3 3
S R AL
DT e GERE URERS RN WS, dowmek o
MR o ehm.m B MORRE debukAR s
; E
GIS # &4k . W SF6 e ST RS, HARE R o
s OO0 um, e T ommay e, me TR a0
R5% ) ’ B Tl
24 7T pery BREIEMEC EEEUE
e LI il T VNI TR I A )
RS HAA T
\ \ i s 7o e |
B , e TR, ESAEE
wirtir  owmmOEE S AEEE g mrere TLORE a0
Zi Ui ’ waRRA o=TH
l G B . REAMT WAEMEE oo
i mems mra o T e o e IO g0

#ARZS HkEE It

3.3. B MRARBIRIEES

FEHL ) TAREUE, X F 7 U A RS 1A M U T 30 122 T4 R () 2 3R 6 iff £ 2R G e PR mT S PR 2200
2o MER RN EEACERERIPR, SRS W EOR ARG R R o AR ST EE T 4 i A U AR PR A

BUAR #5127 A AE BT I VR EEKs 2 B I B8 Ab B 5 1 S AR B8 1A ) 4% I P Bep s, b,
R PRV B Rl R 3 A S92 O A2 R (DRSNS PR BRI T AT RE[9]. X el ) W 4% B 4 AR (3R 3R
BE, WHEATER 73T IREES SRR, 5] ansR) F 45 U 42 9 2% (Convolutional Neural Networks, CNN)
G IR 22 2% (Recurrent Neural Networks, RNN)SRF2EUFT R 51 HE 7715 44 18 47 I FE v 1) S AR o, J it
RURERE 7 5008 2 1 E 25 SIS Wik, B3R s 1 R 0 W (e v ff 2

A FR RS . ZUR AR, RIS R - RHIE R4 SRS, a1 s 40 HT(PCA) . 75 B 7 i
(SVD)FIEHE R 2 2] 5, A RERBOCRHE, FRAR T BdE AL B & RS Wi R ) T S A . [FJ B,
WA DU e B, WAL R A P(FIE) = P(EIF)P(F)/P(E)BE ) 2 ML T M2 W R4, s Widh fmal
SEPESRAL T HEIS ST

WAL, SR TR DB A IR () R AP RE T, B AR AR AR LR T 2 AL
i, B, SIN TR, WEENL AR (Random Forest) 1A 4 7+t 5 44 (Gradient Boosting De-
cision Tree, GBDT)%%, i Z SR bR TAE, $Em 1 b 0 7 R e A P R i ik o T S 7
FEE AL A AT B IR S, O SR AT N 7S R R F T AL B B, B i TS PR A T

DOI: 10.12677/jsta.2025.134060 621 AR IR HAR 5 R H


https://doi.org/10.12677/jsta.2025.134060

Fom &

PRpE

FEDT B AR R AT I AR AR, AR N TR B BRI FRF SR D0 3 — 20 IF da T 12 Wi
(3BT % AR [10] - 1 B N T8 6, JUH R MLAS 2% SRR FE S T 1 &, W isr i A B =) PR T Il e A =X DL A
M2 BE % SEIL B A S FUE L, PR30 TR 2 IR R IR A R BOIR S AR . TR S B e B ) B AR Y
S¥HR RS G, TR (SR 00 AR BRI 2 T Re ), RER G T2 RGNS
0 R T HE A B

TEAK, BB TR0k (Particle Swarm Optimization, PSO). i# 1% 5% (Genetic Algorithm, GA)Z5 %
REARA SR A e LA, 456 THERE DI I4R T, WOseR i BoAR A B s 4 1 sk, b N T,
TR S A AN R b 1), OREE L R m AR R 1B AT . B, SRR IR R AR K R R — A%
SRS . FREAMNOLEE RIS, COR TR HL) TR A R ORN A R AL A HE 7 T R P AR A [11].
P ( E|F ) P ( F )

P(F|E)= 5 )

4. SEREURST A&
4.1. BURISRIRAR R

TEHL ) R G SERT IS P FRURi2 T b, B8 H2 98 1R 10 B FH A2 B T 2 G v i R SR R DG . ARt
FREEIF AT Tl RN R BT8R, IR A, M T B R R ARSI S
PR TR AR Y o AR o Sl ik s AR B O AR ) STEP 1 %8 STEP 4, nf&] 2, SEIIXT R G650 f7E
o PREALRIL b B, (RAE R N B B R = g —

python
def preprocess_data(data):
# STEP 1: #EVERE
# SRR BRI RS NS | X EEiRdataB Bl A EE

# STEP 2: JHiREUR , BIRRHE

data = remove_outliers(data)

9 # STEP 2: frrEfLEUE

b BRSNS ) N L O

10 data = standardize_data(data)

11

12 # STEP 4: BiiRidh | (FlanPCAfELE
13 data = pca_transform(data)

14

15 # STEP 5: #&H AR R 08R
16 return data

17

18 | def remove_outliers(data):

19 | #XEEBBRFEENOASD  BERIRIERSBIRTETLE

20 retumn cleaned_data

22 | def standardize_data(data):
23 # B R YR AERAOED | — k(S Mz scoredfrEf,

24 retumn standardized_data

26 | def pca_transform(data):

27 | #XEREPCAIRMAMI . RKKIURIRA EBURS

28 retumn transformed_data

Figure 2. Pseudo code for data preprocessing
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BT IR SRS AN ERG SCRF . XA AR L BHESIAS RO AARESE, S LA ATk
L, ASCHIAE R 20 8 e PR I AU A e 7 A IR 2

Table 2. Pseudo code for cloud resource management
2. DRIFREBRHNG

ik nBRE AR

N SR EGE, RIETRR, WIEBME
Wil BHREECOT &

1. WG = BRI

2. WEATEFE RN RS

3. while R4LiZ1T do
BRI IR S HE

5. if B IEE VG then

6.  fRREIEREF

7. ST REREAL TR K
8
9

&

B BRI T SR
. BN E R BR
10. R H = BIRHRES
11. else
12 fFEEN
13. endif
14, KA BT R
15, if BIREHIHGLME then
16.  PRETY AT, BT
17. endif
18. end while
19. R AIRALFE B > BE T 5

4.3. HlFF RSN P EI N A

2 FL ) TRE A D B RS I 5 S B2 e s, HLER 22 ST BRI B A B2 B E 5T T B 1IsT
AEEME S YRR . AT BT TR DT A SER . Rk PR A BENRE IR S 2 RS, @
VAT (LA 22 212 WiAe) » AT, BN S5 2 Wt R S Bea oS IT 0k, 8 B AL 22
FAESR I S HRIB Ve OB Y . I DR e 8. UIER. BuE B A0, ORI RS2 W iEm 1t S
Wi 73k ) B 2 00 BR[13] o

FERHIESE I B, Sedt OB &85 >) A RE NS B Sl U M B 2R B RBER 3R . i, AR
HCAZ I8 (LSTM) Y, [ i as B ) SRS e 258l o 10 ARG AL, 36 & P R e PR A I o (1 P 2 Kb
M. RREIREUS, EFEERINLES S SRR SO — OB SR . ALk AR, A AR A S
FFFENLSVM). BEHLARMR(RF) LR LS ST 2%, A A R 246 (CNIN) A5 . (L &2 ST BT 1 g B
) ABTFEN AR T 5 LR 2 S TR RO R XS b, A rh AT LA TR B0t v g 15 ) 5 B 12
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Figure 3. Machine learning diagnosis process
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Table 3. Performance comparison of machine learning models
= 3. MSRFE IR EREL R

PSS RERE MRS EREW RIEE |
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RN BITSERE 00 osg o SORFUL W R, S XOOREER
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RS \ UGG, B ISR R R
NNy VISR 800 R 987 40 il Bl v
- N \ e e HERIE, BT AW, W
REROT) (ZENRIEE 708 935 5 25 b4 2K g N
KEIES ey e ORI 55T X R A,
(KNN) RHIEZA X A& 91.2 20 NI W D ST TR
WENE \ SO, O RIS
ey R S0B s 8 L FHRRE M HER
B T \ REE AR BEAEENE o
AdaBoost (FSS) 160 5 94.3 12 o P X S AU
BERIR ST RN o o USRS, L DIgRRE,
(GBT) T - ' PRAR EEpAL:] FETYNA S
KR . . FASR AT . SRR T A,
fz(LsTv) OWIGAE 4008 08l 50 A B4 A
s \ BRFHUR RN SR A SRR R B
(Bagging) BTN INEFAE 180 B 95.4 15 Ftva——“— R 3 SRR

5. R4S SEWIE
5.1. #BE R ZHIERE

FE L TREAUR,  H 778026 FRPIR S -5 0B 2 W 2 1 O o IR T 5

—

BT

M EEZA . AT

HHTEM A H 2%, WS R AR WTEE SRS R MR 1 AT, HFIRIE T BOH I IR R 52 Wik, AR
JE AT A8 B AT EE S SR Sk RSO B 3 1 FH R (GC-MS) EAT Wi AR T AR P 0 b, DA
Jl i LA R AR (FTIR)JE— 20 % il b ™= i (1 7 7 254, T8 (R ) R B BE A T A% e il i %
10 FELAE, S TR R DO AR B A S B Re ], SR TCRE SRR o Bk W i R LB 1
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Bk, WIS HINUBERE S S BUREAE S 40, @ U750 5 se it SIS RS S ik, BT
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Figure 4. Experimental process of real-time monitoring system
Bl 4. RIS ARG LRI

DOI: 10.12677/jsta.2025.134060 627 e IR A 5 8 FH


https://doi.org/10.12677/jsta.2025.134060

Eig 55

T DL EAE RS B R S e, B PEHERR 2 A 2 Accuracy = (TP + TN)/(TP + TN + FP + FN)Xt & 4t
(0 W REREAT VPAl . o, TPL TN FP ORI FN 20 BIMRR EIER] . BB, EIEGI AR Bl 80 . 1
AR T W R SR s W A I, SR8 I 5 TS 1 B R AT

HbFEIRE, SEES BRI ICSRAE (SRR R AR 1, Wik 4, FRAEFEGIFIHE TR B 88 KL
FRZSE, WS JTEARR BRI 555, LRI, TR EFS W R D) 2R 5 S 25 B
ot oA O L MR AR H 2P 48 25 A RS W I e B vl 98% 12 T L D3, IX — i 2 ik T
30 IKSEIGAFEIN), PR ZEIEHITEL0.5% 2 N

254 DA B SRIG R T FIEE b, AT LU HE A SCHE SEI I R G5 Tt AR A 3 H B A s
P JE GNP ARANAR . B FE I R R 5 B P SR AR T FL A AR 72 35 3 — P IR E A I, 3k K
HBET LD TR USRS W 5 M2 Wb R B R B o T e MR R RN AT, AR SR S TR A
fift, HNHE RG] SRR AL T A IME B S

Accuracy = TP+TN
Y TP TN+FP+FN

Table 4. Statistical table of experimental results
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VB N B =
s tgﬁgﬁﬁzgﬂq%ME LsCl G i A 20 +12%  92%
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Pl SN A Eﬁﬁ{ﬁ% R ﬁfjw TDC-100 95 {8 i 40 +0.9% 89%
GIS il SF6 TUR. il AN g 50 58 oo il 35 +0.3%  97%
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Figure 5. Verification process of fault diagnosis technology
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