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Abstract: With the advancement of digitalization and intelligence in substation protection and monitoring systems,
the volume of multi-source heterogeneous data generated by secondary systems has increased sharply, with continu-
ously rising dimensionality. This has led to issues such as frequent anomalies, increased storage and computational
costs. Therefore, cleaning monitoring data, consolidating redundant information, and establishing an efficient
framework for data quality improvement have become critical to supporting the development of modern power sys-
tems. In light of this, this paper reviews the research progress in substation monitoring data cleaning and, in combi-
nation with the development trends in large language models (LLMs) , explores the application potential of multi-
modal large language models (MLLMs) for data quality improvement. First, the fundamental characteristics of sub-
station monitoring data and the urgent need for improving data quality are analyzed. Then, it examines the prin-
ciples, advantages, disadvantages, and applicable scenarios of existing data cleaning techniques around three key
aspects: anomaly data detection, anomaly type identification, and data restoration. Further, it discusses the poten-
tial application pathways of MLLMs for these tasks. Finally, it outlines future development directions, with particu-
lar emphasis on the key issues that must be addressed in applying LLMs technologies.
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Table 1 Data monitoring scenarios of the secondary system
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Fig.2 Types of monitoring data
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Fig.1 Structure and information interaction of substation secondary system
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Fig.3 Relationship between characteristics of monitored
data and quality improvement requirements
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Table 2 Correlation analysis methods
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Table 3 Data anomaly detection methods based on statisti-
cal analysis
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Table 4 Data anomaly detection methods based on machine
learning

SR

L m R A R
. 1t SRR SCifik

FEEM, R Ki\ﬁﬁ%‘éﬁ\:f#ﬂ;iﬁﬁ;
KNN A TER M S EE, A [52-53]
K, FERHE, XFZE
o 4 R R H D i
B, BRI, XHR [54-56]
TEAREHE R ER A

B Al B,
—means
TG 75 48 72 5 1 5
DBSCAN &, 1] & L&
AR5
ML, K .
e T T

LOF  FIERS, KA o [59-61]
Sy - -

SO, 0
TS

Xof I3 AT ARFAE 52 2% 2005 TR

I AbBRgE, KM (62]
I REJT T

pp ZMEETIRE R RIRREEIEAL, Pufr T [63-64]
Pty K, YRR

\T‘T\“ **AEL", ==
KR, Al W KRS 25

LSTM ;&i;ﬁ?ﬁ |32 e [65-66]
R, &
AE ggﬁﬂ B st [67-68]
Ml b 8 245

R ER 5, 522
NN Mcli, M | OOORE, IR o )

S
KFR b

AFPEA B, s T 5w R gE

3)DBSCAN(H: T # B 25 ]R8 ) . DBSCAN
W e SOk % AR ) S M e KR A, A A
W PR RIS, T R (A O TR
Xk, HATPLU &R AR, A7 2d et
FERIH, BTN R AER S, B
XSO R R, T B . SCHk [57-58 ] Xt
DBSCAN #EATRCHE, SEBL T S50 [ 3 Wy w4,
P T SR RIIPERE

DLOF (JrydB 58 ) o [\ —7 rh &k 5
(1) 5% 5 LT 3l ) BT iy %3 AR DL, o b A i
S AR A FE AN SR . LOF Bk faj o i
N, R IRS B v, AR, (X HE R R R
PRI RS AN, B R, B IR &2 4% 3
HXT S . LOF W BIE 5% O — 2 BME R
T B2 W LA T S T HEROR ™ . ik [60-61 DKt

LOF 58345 5 oz FH 1 B 9 A PMU ([R]85 A s3]
WEREE )BT, A B0 SR UIRCR

5)TF (PRS7 AR o 38 328 388 U 4 i — SO 4K
P AT OIH], E VA2 S S
SRR R A R g S v RO E Eg  TIF
DA B ERR R (EG SR SR L A e 2 A
3 PR 221

6)RFE (BEHLARAK) . RF 240 s 40,
BRI, B2 R i T A R 4
Ao BN ELAT HAT 3z A RE T FE g, {H AT i
B 22, SRk 63 1A AR BRIk RE A7 L
Fif DA ST H B s O R A A e, A Y B e
TRUN] g 2 S R A R . STk 64 1R F ek
R RE BRI T S m R, fide TR 2% . Yl
SRS ] K g I A
3.14 REEIERBMNKE

TG ML 2F BRI LR 2 E5 ) AL S BN
FROE, Bt asess . Rtk my e, (|
AL P i 2 R B T R SR R . X AR
KAMEBRE )AL, FROE TR Tt
T X T R R AN

TR B2 S BERUAE A A SRR IR SR I . 2B EL
PRl A . AEZe M RS dE R A BRRE ) ST
BRIRAN TGS F T AR, REFEITE
TEIE AR, (R HA R A R R ATk 5

DLSTM (K Hi042) M 4% . LSTM %1 4b
M AELMER PRI LA, (HEIRAZ
SHGEMER, BRI BT, HELA A B,
HAFIESEECRE /1 TR, SCHRL65 151 ATER I HLHI
fifpe B[R] AT, 235 5 B 4R TH LS I S i
SCik[66 1) F G W B XU LSTM k) st e 54k 1
DUAETRY | 38 A X6 b T L A 52 o 1 P 15 2 ) S
HE

2)AE(H gt g ) . AE 32 B A SR Rk s
ik, JfEAah bR AT ge A A . il AE &
o 1 2 A D e AR BSd , DATTT DX 0 S d s o Sk
[67 'F KNN 5 AEZ5 4, FE Mo i 4R850 4 21 7]
LR R PR B T RS A AR O FR . SCRk[ 68 148
W—Fh S H iRy, R TR IR = 4
B A ARSI VTR

3)GNN(EEFIMLL) . GNNJE—FhREAS AL ]



F5M

KM, S AR I B R R TR SR 7

PRI 235 A B (VR 3 2 S AR o RS 4R
$ol A5 K T Y S A RRAE R . SCRik[ 69 1A FH A
VR B el 4R IRI S5 R, It GNN 24
BARERAE , AR T SR E R B A RS
SCHRL 70 PREERAT S8 A 76 5 GNN 254, 24
— PP —HEZE, 2] T GNN ZE S5 K I AT 4 %%
JEW T
32 RBREXBPHN

S B R T B P IR R G R 1
AT R B T e 2 g . TSN E
SO R E RO . N S AT X Y, B
PO BRSO F 8, e 5

15 50 54 JERUPER J7 1k SR B T W R b 1Y
RASPERR AR 55 S T . BB IR R 1B T
RAET, W 7 sefa s (/R M s, 4
RSO, MR ) S B R AR A
UNAR FE AR 5 | 2 AT v i R & R 0 3
i 2 S i I AT A = R W . A2
S W ) e 31 A AR T B B B A S (g
W RIRBGEREAR ), R A R R B
I — PP 20 S R Ry B 8t R T
WFFE 7R, i P 18 % A o W 0 80 /K O
AP AR fE, HAR 22 PP 41 25 H B0 25 Bk
AR SRR [ 72 ]38 Ak W I RS 1) S B A AT R T
W22 PPAT , IR e 1Y) S 8 2

G HHR I B TS I R RCR, (EA)
FEAEWI DT T R B s He—, & OB ] B i A W
TR A ARG, SEGRAIRE; H o, R
WX 52 9 S RO A e 22 5%, S R
TR Ll N BB 56 T, 2 T A shik Ak B
B, B, R E KRB G R R
AIHER g AT REE
33 HEEEAE

B 5 5 1 AT 550 SR (EAE IE AR (E
AN, SRR IEAE I 5 R R B -5 bR — AR
AR BRSSO AL YL G, T
SRR LM BR o AR 9B F S PR TR O B 1
W7, RIS s,
331 ETFHiramAE

DGt SR k. Geitori kAl A
BB ARITE . AL, WA AN . AR

x5 BIRMEERE

Table 5 Data restoration methods
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