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Abstract: Natural disasters and climatic factors are the main reasons for the unplanned outages of the novel power
system. With the high proportion of renewable energy access and the digital upgrade of power grids, the sensitivity
of novel power system to meteorological disturbances has increased. Greater attention should be paid to meteorologi-
cal disasters disaster of prevention and mitigation in power grid. In view of the correlation and patterns between me-
teorological factors and power grid faults, this study introduces a power grid fault early warning approach utilizing a
meteorological sparse autoencoder (SAE) combined with support vector machine (SVM) technology. The method
is developed by analyzing the relationship and patterns between meteorological conditions and power grid failures
through the combination of sparse autoencoder and SVM, the sensitivity and anti-interference ability of power grid
fault warning with a high proportion of power electronic devices (PED) are significantly improved. To address the
dataset imbalance in historical meteorological and grid operation data under typical scenarios of modern power sys-
tems, this study employs the synthetic minority over-sampling technique (SMOTE) for data balancing. The initial
weights of meteorological factors are optimized based on minimum information entropy principles. A stacked SAE,
fine-tuned via backpropagation, is utilized to extract critical meteorological features and predict disaster types. By

integrating SVM, an adaptive fault early warning model is developed to align with the flexible operational demands
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of contemporary power grids, enabling accurate correlation analysis between meteorological conditions and fault pat-
terns in advanced grid architectures. Case studies demonstrate the effectiveness of the proposed model in disaster
prediction and fault-type identification, offering actionable insights for enhancing the resilience of novel power sys-
tems.

Keywords: novel power system, power grid fault, feature extraction, stacked autoencoder, support vector ma-

chine, predicting and warning model
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Fig.1  Architecture of autoencoder
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JEREE (5140, Sigmoid PRECHE IR AN X SHHEIT 0)

THAARRIER 22 Z 5, 3K & 2 0 541, 1T 5
AT s

Vi (W,b) =8"" (h')" (27)

meJ(W,b) =8 (28)
AHFS(L+1) M 1+ 1 2RI (R LRG3
Z59) (R 5 120 B0 A (CFT T A5 7% 0 i
) L E

RO TR FE WA L G 65 25 2R g U8 37 5 1R
o AR 3 P HL A5 03 S 0 R W 4 B
SRAE HERL P TR X P B O, B v R B B i T
25 L U T B IOC B RRAE B A R, A X
(29) BP AT R A5 M 2% 5 280, i RIZ B2 5,
U 0 R S5 R R S REA S AR A S
By i3 )2 i I T0UZ REAE R A7 DS o, &5 s 2000 A
A2 H R Softmax 28544, S A HH 1B 2 AR 1
Wit DA S I 22 28 0] 43 R T RE , 4% M R 10 157
HRFEILA(29) .
P(}’i = l\xi) ]

) 1
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kx LR mE, p(y' ) NTERESEL 0 Fki A «f
I REA T T 20 b AR 0, R j RIS
Koyt (BGR)  4EBES «, ARIR], 0)x (i) LRI
IANALAS 3 (logit) .
3.5 AR T AFARSR B TR FREAE A

TEAN S 28 A T R R AR SR I, 255 SVM 4t
SECRREIE 5 5 SRR R R | ds dEEUIE 2 8] Y TR
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2% (R R AE SR ECRE 1 A1 SVM A 4328/ [ A AL 34, TR
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Fig. 6  Normalization of high-level cloud cover
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4.2 AFBETREMBA

BT Gl—EAE R, S50 T BRI 1Y
AIAL @t G1 LS5 6 L 54T 53 58 UK BB+
(14 2 INAS , B o B 2R A 0 T I i AU A
g5 EMACER 7 X & Te bR kAT )2 A HE Ty, SR
2 P B A S5 9, T (A 7 R A5 IR 1 2 U8
R A, 5 T 508 4 H0RE B 0 lie 4% TR F AR 8 &
Z XA £ 88 % WA 45 &, 2B L& TR 7 19
WA ARE, ML HEFIHRES ], I
£1,

K1 AZAFTRE

Tab.1 Relative weights of weather predictors
f8hr )2 Gl LEN(ERES HAE R
V- 1H UK/ hPa 0.032 8 0.006 0 0.007 47
T <R/ hPa 0.042 7 0.0215  0.034 51
S 2m/C 0.1325 0.0139  0.069 18
Mk it/ mm 0.1722  0.0017  0.011 31
FE L/ mm 0.003 1 0.0006  0.000 07
MERE
(tam of water equivalont) 0.0004  0.0006  0.000 01
L/ (kg/m?) 0.000 3 0.002 7 0.000 03
R/ C 0.120 4 0.010 4 0.047 21
2 R/ C 0.0002  0.073 1 0.000 53
AHXS MR/ % 0.086 0 0.047 8 0.154 98
FE %/ mm 0.017 1 0.0677  0.043 62
WEZE K i/ mm 0.002 2 0.1213 0.010 06
Zem R/ (V,m/s) 0.000 8 0.002 9 0.000 08
il K/ (U, m/s) 0.000 5 0.0073  0.000 14
TR E—
N ) 0.0004  0.0034  0.000 05
BIRFEE/m 0.0614  0.0014  0.003 33
KIZ=H/ (lee) 0.011 1 0.048 7 0.020 38
2= E/ (mee) 0.010 1 0.029 4 0.011 17
FIZ =/ (hee) 0.0072  0.1776  0.048 27
B/ (tee) 0.0155 0.2309  0.13529
IS NIEEE ) 4
(down. /) 0.0274  0.0139  0.014 30
R B RS
(et 1/m?) 0.0016  0.0146  0.000 86
BRSNS (J/m?) 0.0010  0.0077  0.000 28
LN/ (J/m?) 0.0512 0.010 2 0.019 67
3/ mm 0.004 8 0.0007  0.000 13
iR AR/ mm 0.003 7 0.000 6 0.000 08
i T AR/ mm 0.003 7 0.000 5 0.000 06
TR (TT,K) 0.000 2 0.0239 0.000 16
K #55U/K 0.1894  0.0513  0.36671
X n] AL AR/ (1/kg) 0.000 1 0.007 9 0.000 04

4.3 HFAEFRICT AL AT

WAL Matla /5 HHESE , JE T DeepLearn T HAH S
Neural Network Toolbox, 2% 4 drtoolbox T.E., 58/ T
SR TR IS B ) 7 FLPERE 73 A, 283 T
URSEB: R R AT 2 50, DTG 0 A AR i B
BRI B SRR A, SCIR A AR AR 2,

k2 BHAE
Tab.2 Optimized parameter settings

SRR RETM%
o 45 S 3
BRI 14-12-10
it S 41 0.05
S 1
I RIEARIEL 500
batchsize 32

AR L R () B SRl AN TR AR K
FY5 2z 6 HA S BRI — A (N
KB ASRRE) , B R IGRED T
NI RIE O, I LL B RR K E Z AT
AR
PR RB IR R R E NEF AR
TR I KA L5 IR -E R I, & 5
e R NS I 3,

K3 ARyFLE

Tab.3 Categorical taxonomy of weather patterns

[RREG = Vs 75 av
wHE 1 1000000
R 2 0100000
= 3 0010000
e} 4 0001000
FK 5 0000100
BEUK 6 0000010
15IA 7 0000001

Ref 2 Bl RF IF B2 B A B $00H0 25 2 B 24 L A A
SDAE 1ER H dfith a A2 14 >R FH R B M 3 R4, S5
FRIER T B 3R, W0 A0 I ot 7 2 A 512 Tt 8
s 25 Iy P 22 0 45 1) Gt B B A B B, AR S or 26 T
H. Softmax )72 HA7 T35 M | A 1A% 00 6T I 1) A
A, 5E R Softmax 35 HIE J5 , 41 SDAE 4b# iy
FHOEZM A AT BE S 32 G B AR, FRAE T S S By
AT DX P, i o5 T e 20 T o ) SR AR, A
A2 ] 43 25 1 B dod 14 5, AT AR 5 SR AE 1A 10 A
K11 g,
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FEIEL
B 10 SDAE 42 BAFAES T
Fig. 10 T-SNE projection of SDAE-encoded
features distribution

DSAE-+Softmax 2 BURFE 4377 (PCA R 4E)

TR
N

F42
Vs

ESi%il

B 11 SDAE + Softmax 42 34 4 57
Fig. 11 T-SNE visualization of SDAE-encoded
features with Softmax decision boundaries
TR AR bl i B R A AR B E
AL T IRIIA AL | Bl A 33k 28 280 ) I AL
AR i A R g 4 AT AR SR I, 7E
FRESRBOS R, 34 BRI 1 IAUE 2 BEE Y
PARYCEG i 247 sh ARV A AL, T SE B A
[ SR - H B FE 2= T, AR B
A AT R IE SR IR 45 2R 3R ], AR B AR R H
() R A AR 3 2
4.4 AT AR 7 HAEN LR
{8 B Matlab f477 ELIIRE , X5 F 5 b iy S K
T PVERIARL A AT AN DA UE A T — R
B A it o TR L o7 ) B B RUR K o 2R U A
BB B AR 1Y 80% BEALRAFENE N ZREE , I 45
R 20% Hodl i IR Be s w70 g AR
eI ERIEHE 1 2 LR K F R B
AL, 35 1T AR 236 d5 R ARG 9 T I E |, i A oy B

Bl IR WA, AR IE LR 4,

k4 NELETRLER
Tab.4 Performance metrics of training set predictions

WMEEFIRKE Pl Sl

TR B E % % /%
w 85.1
WE 93.1
= 100
e ] 93.1 97.9
TR 100
K 100
15N 100

A5 MRETAM LR

Tab.5 Prediction result of independent test set

gy AEEARIE A
T 2R % EH/ %
W 93.8
WE 94. 1
=2 100
AT 100 99. 1
LK 100
K 100
1518 100

MR 4 FIZR 5 A, IS A 100K B Gk 5
97.87% , M4 L i FUIRS B2 R 99. 1% , 15 H. 45
S5 SRS B B AR, 1% 5 vk T S BN i 4
SRAR A I G R R PR, S M R A
v

T2 0 45 AR S5 B AR5 B 1 R AT ik BB
53, FEL 0 26 18 L) SRR 1 2 BT 1) AR 11K ) &
K HH SVM SZRgm] s HLEEARE, SR AT SVM g7 R4 I
T L Xl e 1 B 2 AR TR S R ) A 5 R
PR TN T AT T B AR R 2 B A T Ak B
2R R )E IR SVM BRALRE S B 284051,
JRAEAR SRR 253 575 5K, 0 A 58 2R FH = XU 7
5 ORFH = A S R 1) ML A D BN 432 T
S TRUEAS R (R E B AR ARA T DL 12,

Bk A
FEA B S
W

B 12 SVM FREHEA
Fig. 12 Support vector machine-based

i st 0 s 10 4

early warning model
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SCEE R EER X A AR E 51k B SR )
YR TT A o ARG S M DX AL 28 A R LAY i
Frod , BAR SE B b A7 AR 5 b TR |
KO T AT RS A B o ) A A A e
PR AH TR AR K E RN S AR K E
PR BRAFAEA 25 57, IR IR I A SCE BT
W, MR R RS () B LI AN R
S Z A BAT ST A A5 28 HL I B AN A A i
(BN M L B I B A 2 [ I B 5 TR 5% ) | e e
ZIRIAFAESSEE

TIPS A Z 0 F 9 A 3 7 g Wi 2 T B 21
Fa LS5 N 4 DA FE B, 4% 1 SIS T L 1Y
(NEIEYSE-IE I8

k6 UBEAYTHE
Tab. 6 Scenario classification for

power grid failure modes

[{R7755 Y hnss YAt
Wik 1 1000

FEE 5] 55 2 0100
b 3 0010
[N 2% 4 0001

SR HHTIAL B 58 B AR 25 2 0K R 7 BCHe VR S
AP 2 2R A BEAT IR R 425 40, BE 1T 42 4 2
SRR P R P P R BB R DRI A R R Y
B AE e HE AR | 2 90 e 2% 5 T WL TR0l I %) 4 51 45
R TR AU 9 7 A ) R I IR N 45 R f
AT I 7,

k7 LM LR
Tab.7 Performance evaluation for

contingency prediction

(e 2 B T 15 A % % e i S T 1 A %/ %
L[5 95.7
FFEE 5135 96.7
93.02
Sl fi 87.7
NS 100

L PO il s 0000 1) I 6 P A 93. 02% , 15 L 45 SR
5B SHERFA) A, Ak R i A AR AR
S, 738 Matlab {5 B ZE . R FHIZ AL I HB X
4 BN R 22 5], T AE R L 1 I I S AR ) L
GBI, FRE e R A S i LR 8 ~
F A1, nlUL TR S S O R

k8 BAEFHTAMER(FMHIL)
Tab.8 Typical event forecasting result (Event 1)

T R REMR % B, PR
Wik 1000 83.65

FFEEE] 35 0100 2.73 sk BRGIEA
bl 0010 12.07 ST
TN 4% 0001 1.54

29 BAFHFAMER(FMH2)

Tab.9 Typical event forecasting result (Event 2)

YRl MR REMER % BN SR
WrZk 1000 1.99 i
|45 04
ﬁi§ﬁﬂiﬁ 0100 93.32 N *Jﬁ‘ﬂl JXL
s 0010 404 FFEE AR 35 2R
l ' FRHEEELI
IN %% 0001 1.65

(10 #AFEFFANLER(FEHF3)
Tab. 10

Typical event forecastingresult (Event 3)

YR RS REMR % BUINASR ShRFE
Wik 1000 2.38

FEES 55 0100 8.47 B mELLEm
Sl B 0010 87.71 i A A B
NES 0001 1.45

A 11 BAFHTMER(FH4)

Tab. 11  Typical event forecasting RESULT (Event 4)
ViRl BB KEMR/ % TGS SprgF
WLk 1000 2.75
FrEEEI15 0100 3.54 ik 15N B R
sk 0010 5.45 ] Y 2% TN
DAES 0001 88.27
5 it

PN — TP B A g 8% 455 S 1] LAY
WIR B TUE J7 %, s AR B 2 5 48 0F L5 R
FRAEAT RS2 4, R BP MM BT R
GE T R SVM FARHE ST BUK A - A R
S TN SRS POMNEIEE & =
PO B B TN , A L 0 HHE DT -

1) A fif RFEA 3 AT AN BB, SR ] SMOTE i
RAEBAR U E B A PR B , LA 38 o i e
E B ATHENE 5

2) PR /M SR I B R T R0 4
FUEE, ] A B MR A W S8 %

3) A 1 2 B 4 AT R AR S A 2K
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