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Research on Intelligent Detection and Traceability Technology of SFg Gas Leakage in High
Voltage GIS Equipment Driven by Artificial Intelligence
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Abstract: Sulfur hexafluoride (SFg) is an indispensable insulation and arc extinguishing medium in high-voltage GIS equipment,
playing a key role in the stable operation of power transmission and transformation equipment. In the actual operation process of
substations, GIS equipment is easily affected by multiple factors such as equipment aging, installation processes, and environmental
disturbances, which can lead to SF¢ gas leakage problems. This not only causes a decrease in internal insulation and arc extinguishing
performance of the equipment, but also leads to power grid equipment failures, threatens the safe and stable operation of the power
system, and causes a large amount of greenhouse gas emissions, increasing the carbon emission pressure of the power industry. The
traditional SFg leakage detection methods currently used in the industry generally have problems such as low detection sensitivity,
difficulty in capturing small leaks, and high probability of missed and false alarms. Based on the above engineering pain points, this
article summarizes and deeply analyzes the defects and application shortcomings of traditional SF¢ leakage detection technology,
focusing on the research of three core key technologies: data fusion technology, deep learning intelligent recognition technology, and
CFD-AI coupling traceability. An intelligent leakage detection traceability system is built to provide technical support for real-time
monitoring, accurate warning, and rapid traceability of SF¢ leakage in GIS equipment.

Keywords: GIS equipment; SFg gas leakage; artificial intelligence; deep learning; multi source data fusion; leakage traceability; CFD

simulation

515 AN T, FREER2 RIS ARED . MR AR S
BEE B ) R G B AR, GIS WA SEME L WISEZ RN, R S AL Bt T
HHBATYERE , 7E4 A I AR A U TP A B N, S BURENRAG 7 SFe e e, ™ EEIN A 2 51 A Ak
DR L A% o R B o . SFe U2 GIS Bk it (S HSEELRNH IS, FIRHBATT & s 04Tk “X” H
PLTARI A4 5 KA, s S B CR B e T bR MG EEgE (RBRIZ4EERD . BB, A TR R
GIS BikiziT At SR Y. GIS &KL THE  REREHEERNEGRIE, H SF MR #HkEi

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



AKHLRHE - 2026 459% 571
Hydroelectric Science & Technology.2026, 9(7)

@f VISER

V5 TAESRAE T 4 B SR R P 7 1) o (ELAE 2B A%
VI AR S BRI RATIAFAE 1 22 AR R R R X, A%
o T L 5 2 SRS 00 AT ok 5 AN A2 S B A DS R 3
FAZARE 895, L) TR RS U B 1 vt
AR, e DAL TR s S EARR, 45— 141k SF it
Us ALRTIBIR A 2R, SHEUA gt b k225 U Bk HIF T80
FRES, N GIS FREAL. (RBRILIEER AR S % .

1 &% SF RN AR RIE K 1 RERGIR

ML TR GIS-SFg itk LAl 5 AT &l 70 9 DG 2K,
B RBARNE RERFIEAT A5 0 3 7

LA RARAT IR L T SFg UL AN KRR SE B
GAal, RacEhh, SRR m ML, AT KR
HEEHRE TR, (HESRR ToL, RNES 520 TE
SR T A A I A

A6 415 3 B AT (B A A I R B DI S, PT SE L
A E R HIZBE TN LB R AT A, e
G5 R 52 WGk L By BEIABIR M, A R&AEL A 5)
W 5 s oz e 1

AE RS JAEL MR DN P SEH 24h AN H] 0, SREE BT
PPERET Y, HALRENS HE TR BAMMIRE, ToikTE K
FAIR s B E AL IR o

R e AR TS N 3 3 R TR HL A 5 TR B X
W, W R IBE R ZHE, 5 SFeilkde ANAF 7 ME— XM
R, AT AR A B T B

2 AT EREIRTN SFe MmN SRz DR R

2.1 ZIRFAIEEAE = Rk S AL

2.11 FAEHERE S A P

Bl 22 G0 R AR 3 10 I DN B8 70 o 9 5 58 AN TR 10 £
kA, WEBIREEIRAEE . RERE . tHE R0 &
BARK, Bt 2 AR A B UL RO, S5 A 2 1 A e
B Horp— 852 25 WP LD A UG — 4ERUIIAI R
REAS N SRI I SFe it 2w 1S . AMERRES . KRR
MR IR A% R R T RS AEAR 25 T3 — B — AR I AR i
Fr8udi, REEIMBRAE 1~5s, FERLE SFUMAIKEE. 3
BERITEE . A GIS A=EENESH, HAH
K 52 TS 1) % P2 2B A Fry it A2,

AR L IE SEHLIS AT IR B LU R 2%, ARSI S | 9 2
R Bl Siah . BRRER L RER R, ~id
J PG B S « A% 8 5t DLB AN AR | Al
FERBIRES S 7 PR AR A 5 % M 75 [, R
B HGERARGRAE | R RIAHELE 72h B M5
THAER, AR AR ) B B IE T A R AR R 1 2

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

61.4%, Z2A 2% DU R EO o SRR A T ILRR, k%
FEFIHME, 25 Bh 2 RSO & 508, O T n Hiod i
BE— DR PRALAL o

2.1.2 BARP-FHIER- R R R =Fr &AL

FEHHR R R AT, W LLAMEMR B R ] = g e
BT P A B3 50 PR A M 5 P {5 0 T I o A S B
IS & PR DR R AME AT B IR,
BRABLAE < PRI P oK 0 Bl 22 5 () A e el 455 — ik ) ek
77 358 1% 28 22 U5 DN Bt FE RS YR IS HE XS 55

FERFEDR AP, RG22 3R BUZL AN ER
T ARSI IR A28 SFe i E . PREE XU |
LA s 77 5 AT IR PR I P AR AR AL, 4 19 A [ 48 FE 1
RRAES BHHERL G, W H SE B S R 1) ),

FEIR SRR AT, K3 22 S B A5 FE ISR AL,
709 v B PR R SRR « AR SN e ST T 70 M S B =
AR, of WAy TR ELAS R Poy Pay Pao SIS T
B NAL R, ST S SCHBGE, MRS AR A

P= w1P1 + wZPZ + w3P3

K 0iy wor 0 NEHR L RIS TR 70320 B &M
U

ONYGIE = 2R & S BRI 3y, 0B = 20 ke,
K FH 2400 ZHIIAAREREATT TR, 56045 Rk 1 s

R1 ZREERMHEARREER

o | Bk ﬁﬁgﬁ iﬂijiﬁﬁ SRR | i
%;J;;;ES 2400 820 82.42 13.17 11.53
12?;2‘;1 2400 820 84.71 10.61 9.74
;giﬁ 2400 820 93.58 341 2.86

A2 1 HE TN, 205 = g mi A AU T B — A
B, HIMER R KIS, NI IR R E TR
2.2 E-TF st YOLOv8 By SF.itthm & AR IR B4R R

2.2.1 FERIARAY SR 5 8RR Ky 2t

A B IAVE VI 7y 2, BRSO &
AR BIZKIR S B AR ST R R B AL T I, A
I AR KRR o A% G0 1K) CNIN 5 AR 4 22 I 4 DA K Ji A
YOLOV8 #EAY, EFRFiX s /N ik 2= A RFAE§
BURE F185 2% , ARME 2L F 32085 S5 b R v 1R 1 H s H
W, TGV FE A L il T 37 T o 0 PR T 5K o 1) A
EBUIHAEIE A, L YOLOVS JERERET Sy i 0ok AT 5t
PEARAGESE . —J7 T, T DR IS B H AR I ARFAE A T

51



@f' VISER

KHLURHE - 2026 459% 7
Hydroelectric Science & Technology.2026, 9(7)

B LU R RN = FRE s 55— 07T, RN
CBAM & ML, LAY Betg [ 32 S AR M A AR,
[Fi B A 280 118 FRL 3k B2 4 T Sl R IR B 2R 80, KRR T+
RS o Gl s 2= [ DR G B A4 RE 0 A ERBE AL
SRR U SRR S B IE O 1, 456 7% H sl B SE I 5K
MEFE S CFD AR BB, i 1 a5 8060 I
AL R B B AR SRR 2 5 R o A DUZR AN ]
MIRARES, AT o A8 FLh R Tl [RIBT4%e 7
201 AL, KPTAFEARI S AR RAEEM
MAREE, FF e il gh. AR5 PERENER, fRUERE
R T S 532 Ak fg A

2.2.2 BALIZR S PEREXS LL 4 A

TR 25084 F] RTX4090 GPU, #:F PyTorch2.1
HEZE, fiH Adam fRAGES, #1464 >3 0.001, %48 200
¥, PLP. R\ mAP@O0.5. HliHEBLFER PR PERE, WE
SLAXTIRRLS, MRS Rk 2.

2 Bt YOLOVS H) SFs iR B aEiR B RIMIIA A R

A B
B | KRR PI% HM%W%mN@am@$%ﬁ #
f}/ms
s
i 83.6 79.2 80.1 123
YOLOV8
/. R
Sl 85.7 863 141
YOLOV8
p—
. 94.2 915 92.7 15.6
YOLOV8

M 2 AT, ot YOLOVS ) mAP@0.5 i% 92.7%,
BIFREIIPET 12.6%, ot A FUECRSGE T, B
P 15.6ms, i A2 A% FEL il S R I 5K

2.3 ET CFD {AES Al BRI RIRE EIREE

2.3.1 GIS JMHJgF L CFD 1 L HAR 15 4 A FE )

BTG GIS WA E = 4ER a0 AR, KA
k-g i XA RIS R, BE KUE . R R RS
T IA I P A, WL SFe il HOD A2 . it %
THA35] 12000 A4 HFEARE, NNIREL RS,
IR BRI, 12 8 1 2 RIMEIEER, A Al IEM 2%
PEREA S HE

2.3.2 XUZ BP S MUEM 2 BT 5 P RE SR IE

S BP 2R X 24570 DL 3% W 0 s R AR B SFe <
IR BEHAR . HRIMIA TR SHUAE NN R, T EER
HH R R 1) AR A B 87 B D R S it R 2, AR B T
f£4t CFD AR B, SEOlRIES E0 Pod ks
HE SR il o

FERLIR 45 2R W]« 12 0 iR YR A B P 25 4t

52

WZECH 0.21m, I F PR E R 11.7%, EALK
JE 564 JE FL )45 I8 4E (1 SEBrbr e R o RIS 1%
IR T 00 TAEBCR At 5207 W T 90% L I, REWS
SEIAD G e R A, IR AR R R RE I o (H 2
H AT AELE— € JR PR, BARAE T 5 — R IR ) 3 55
PR . a7 I 2 AN IR ILAF S B, HVETE 2 R
SHURRE T B AR p SRR 2, TINS5 i 2 TR IR
U8, X R SR R FEARA AT R L B Ty 1A

2.4 A mhEIHEIE SittR - E D

2.4.1 BIRVR R S s FEE

B0 YOLOVS &5 BP il 4 2 b FE i, {EL R AR A AL 2
oK, ARSI 2 IR . B BT B SE 5E RR
PRV B, RSB 2R<1 5% 251 FaaIAs AR, &
BCiL 2kt . Fg “ID%um-A MRS 2% -0~ = 2%
P EIBER s 3 S e R R AL BE L At Ml U, BRI
AR IE ;. AN HD IR S5 AT B Rl A S R R R T
BRI MRS S 2R BE W, IR
AR T ARG AL RE

2.4.2 MHR-BRHAFBOKENZ A

DA IR 7T 2 R AR e A, D HEBCE AT A .
WRFE AL RS H sl 2, 456 SR AFRARIE R (H
GWP AL, RGNS B s
HIER, BHBHE SFe k4R, LIRS - E
PL-BRHE R — R, TS H X U 2 4 B K
SCHE SFeFEST T 5 il VA B K R VA .

3 ERERINIR RS TN AR

Al BXEN ) SFe ks U B H A E S50 == A/
TSR st N FH 3R B H €, B Rt K AR S V%
M, A THAFF 22 IO IO FH A A8 FL 3l B3 47 PR
T WEFE. WomiRZEE R TN, 2FEEERR
NZ AR KIE T B, ERR R AR, Wik, I
TR AR I R HG 0 o AE L SRS HE R, R A R R
FRIRBES, A L& AR = &, PN ERIIEIE R 5
AR AR AR RS, 5SS R . B 4 I AR
e FE AR H AT F2 52K 2 OOE B B — MR I3 5
— HLI3 B2 Atk 2 0 (15 100, TE T AR o) AT 2%
MR s B, 2 5 7 A 8 A 2 R I3 R AN RS ]
M. [, ESEH) GIS-SF, R MR Sebr R AR = /b,
BEINGR R RS 07 BB, = A R U e 10, ik —
B S BEARTEINI LR IR, @A R 525 = M
PERE.

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



AKHLRHE - 2026 459% 571
Hydroelectric Science & Technology.2026, 9(7)

6* VISER

4 FARMAE TIEFE Ut SRR

BEXS 4T HL ) TRE SR PR A AR AE BT, LA
WL RGN B REAL . REAIMLIZ 4E %0 T 5K, DU
RURAL AR IE T FEIEAR. Bl R B0 A% D
g —~E 2 E RGN T R, RIERNED T

AT R 07 U 3 A7 A 0 A 5 A2 i L7
S PR B i 22K S8 S A R Mk DL ad e R A% B T 1)
FO, AP g 1 s e B P P, WM R BRI
TR ISR o BT X2 L ST B TG IERS 2 S BOR,
TR RIS I SRR R RF AL 55, B0 3 P A FL
Bk 2R NIIZIEAT st 47 /M BRI 5 L
RSB THAR I ZE S - RN SR B A AL,
FRERWCEE L [l 4% 2% A2 H ki ) H IS AT SEIN 8l . % 28R
THREAR, S IEE R S A, IR RS )
Bl S T OURFAE - 8 2 AL, FT R B 2 R
BUKEM IR I T R IR IR, e iert
B RIS AERRAE AN [RI AT 00 A [F) A2 L vl o AR RC A
J15 R

WL BLa g, AR RS 2 52 R T AR
PERCM, AFAERURERRS « IR R N TRELES T AR
RS, HARSE 4 A vy sUSCAS I =, DU
REHET o X, J7 R — R Tk B R4
BE AR A B HL A5 R P DA A B Ok, mTHIR AR A Lt 3R %
ML IRIERE T MBS AR 2k A RHERLER, T
5 N LA GEARAURRAE S X, R RE A ME e U H5cHis 14 v
ZEVRZE » MREAT R PR H o N s g sieA AN A [
S5 WL T SRR R L R RRFAE , R i fE R
RALEATRR AL RS AR AT e, A H B i
ATV, FEORBE VA IR A AT INRE BE AN < B B R Ay i
T, GEEHEFRARAE, ERERE eIz e
FRIRRARRAL RV Rl 3t I FH 75 5K

FEH BT W LRSS R, 2 X
ZIRE BN T AT, A Ge AR LU HEX 73T

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

P8, EAEINVEAL B R ZE R MR SR SR HE S i R,
R R ROB YT R . RGO, AT R
XS 2 IR IR s T AR AR, R R R E AN L.

5 &g

P = 2 R AR A A RE S, TR VR0 R R A
93.58%; T Xt YOLOVS SEHUMitIRFFAEFE AL, 454
CFD-AIl U5 52 56 s PP g o 38 i B AL 4 8 1 i
3301 25 T ) St L T, [ ) e S - A S S Lo
[ 56 R € A 5 SFe BT IR AL VT A o 1B AR I HE
JATH TG B AN 2 St A i o 55 ] o i 24 B
SR 22 YRR IR AR o 5 1R A A A IR AR AT
N GIS W& RRIS 4E TR b ARSI

[&% 3CH]

MNEFERNEFETAIEGEANT EREELR
AR A 77 B [I] A AL, 2026,16(1):111-113.
[IxI8L, S £ T ALEEHNEEREHIEI 5 HE
T 77 % [J]. B A B £X,2025(9):105-108.
BlAY X% ExrF S mEEH 20 REEN+ A LS
gemy AN A R EZEN & A E R K ,202551(8):
4248-4262.
[4]FRPEFE. A T4 a6 76 & [ o 2 8 M 42 o 09 R AL [J]. 5K
LA T 6,2025(8):98-100.
BIZEA kEEF ETAIZRNEERARE BN
BRI W 7 D] B AR 5 4 97, 2025(8):375-377.
[6] EE. AT % & & & JE & 44T b 8 i Al [J). B A B
,2025(4):28-32.
[MEATERBREETAIZEGNEEBARELELHT
5W &S %t 5L AP EAE KRS Z 5,2024(12):
115-117.
EEA: ZRM (1993—), FdLA, Wik, &xF, &
BI, RBPTHERLNEEHERLAE, NE XKHE
THERAGARAHEIEEE, REGEHENE LS. K
. EEIEATHE I,

53



