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Leakage fault location method for branch lines before user
meters in low voltage distribution system
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(1. School of Electrical and Information Engineering, Changsha University of Science and Technology, Changsha 410014, China;
2. Dongguan Power Supply Bureau of Guangdong Power Grid Corporation, Dongguan 530221, China)

Abstract : To address the high concealment of pre-meter leakage locations in low-voltage distribution networks-as well as the limitations of
traditional manual inspection methods that rely heavily on maintenance personnel experience and struggle with intermittent leakages-this
paper proposes a branch-line leakage localization method targeting users on the customer side of the meter. First, leveraging electrical
prior knowledge, a physical model of pre-meter leakage is established, and the underlying mechanism of changes in users’ shortest-path
virtual impedance before and after leakage is analyzed. Multivariate linear regression equations are then constructed for users in a
distribution area to derive temporal virtual impedance matrices, which are flattened column-wise as model input. A symmetric relative
entropy model is proposed to capture both local ( adjacent) and global dependencies among users. Its output accuracy is enhanced
through a segment aggregation strategy, effectively transforming the leakage localization problem into a time-series anomaly detection
task. To improve the model’s sensitivity to subtle feature deviations, a minimax adversarial optimization mechanism is introduced into the
reconstruction loss function to amplify differences between normal and leaking users. This is further combined with a collaborative
anomaly scoring method based on symmetric relative entropy, enabling robust identification of anomalous users exceeding a predefined
threshold. Extensive simulations on the IEEE European low-voltage feeder system under various leakage scenarios are conducted to
support hyperparameter tuning and ablation studies. Experimental results demonstrate that the proposed method outperforms existing
algorithms in detection accuracy. Moreover, by addressing edge cases-such as outages, no-load users, measurement errors, and
electromagnetic interference-the model exhibits strong anti-interference capability. lis effectiveness and generalization ability are further

validated through deployment tests on real-world distribution networks.

Yk H 1.2025-05-07 Received Date: 2025-05-07



% 6 1

B S ARIR G X P R AT S v (3 15 277

Keywords :low voltage distribution networks; virtual impedance; adjacent dependency; global dependency; kullback-leibler; pre-meter

leakage

0 5

[l

Wit 2 Yl T AR R % DR F ) 5 SR AR BT K AR
JEBL HE ] (lower voltage distribution system, LVDS ) 7 35l
BRI P 80 W 35 1, Ot g 2 8% 1) Sz A7 Lo
AR | FEC AT, 25 5 | R KR B
R B fi LA T4 ) e PR 4 2 22 il Ak
SRR, 5 DX L 2 o v R s 2 B B T A R
A G mAR  EC H T E B RRc e B AR X
WM [P R0 2 AR EE N T 28 0 FIAL e A D £ T~ B, 7 32 I
P P A 1] A T A 0 o 57 B ) D T A7 Ry BR A
AR e BAF 5 e 1 1) 2 iU LR (AR

VLAF R, =5 T H 1 26 38 1% (high speed power line
communication, HPLC) e L RIEEMRE G X ) 2 H
AE BB S IR IR R RO 1 R TR SR i B
A PORT A S AL #3155 1 B MR A I 25 D Ak
SEIIRE A 1 SR AT W T H ) A 152, 2 I P A FL 1Y) i
B A I SRR T AT A L BRSO T B X
It I PP 0k A P & T S5 5 VAT AR SC A8l FH SR
%, SCHRL6 ]2 T3z Apriori BEYEIZHR £ DR A LI
ARV 8 FH P A7 s L U ) 5 DGR AR | R FH 35V Lasso 171
VAR R 455 [l R AR B R IS N Is R T P, 3
R 7 ] SR TG 5 A8 43 39 A BN 1Y) 4 455 A8 %o ST AR 43
BRI A, B P S I & XL R R
FENLHERGRE SCHR[ 8] 2T 5 DX Fel 4y v U AHUFH P 47 ey 1R
TLZ AR DGR OC 2R R SE U 2 om0 S5 P
SCHR[ 9 ] 7E 52 BN A 2 o0 Ze vk [l 5 D7 vk S 5 IX 3R
JR L MRS RN P e AL, SCHERL 10 ] 26 TREALIE
MRS M G BRI, $2 H — R B8 3K 3l 31 - == 1)
) AR S T L, O 55 A 3000 77 2 328 38 PRk | o A o7 e FL TRY
BECASIER

2T ] A AT T e ) B2 5 o 5 X SR i 2
i T L R 2 0 B IR, JE OGS T ) B O e, HEBE AL
FUANTRE P FEURFAE AT 5 e LA 4 42 Al ), A/ e T
RS H G (e B B, A SR T 4 s L il e 5 A2
TIF9R R 22 Ay MR 2 i 44 i 2 208 T A L O M T e 1
EHRMGEGHEG R ETL LB aEid HEFKX
NG T 4 3 B AT R A A (/1 L 18
Yr 32 H S SEBRIRIE, 5 I P R T7r SCER I B RS T
ARESE A A T PR, P ) fd s G S 4 2,
GEIREE TR 43 3 ST H g e [ 8L, 70 N OB 75 DA 56
WINSEAE BT T A A e R E i

H R B 2l 1) £ DX P 2 i 73 S 2k e PR ISR T 2k
TSR DX T ) AR R 3 BT T R R S
F R A KB DL UL DT AR AL B, SR T 22 0 2 sk 1k
(] DA AR A RRAIE BELATC , 2 S X AR O S A6 28 A 1E
s i 15 XA SR 5 42/ SRR Al 22 5, R Oy Be R &
VRO R 3, K TP 30 32 4 T H R o
(7 R A DAy P T o 37) S5 A 00 ) R 5 9k — 2 7 T A 4 %
PRECESIAXTHTOL AL AL , 48 i A0 Xk T s Fi A6 ik A A
INBE ST, K AR 2E 55 X ARAR X I [R] 3T 70 LA , A
RO RISC S BTS2 50 A B 52 5 X 38k T BT 4
Tk A ANz A

1 ARFBIRERESH

1.1 RETREHEH TR

WE 1 s K & X 200 T H 2 15 7E KR il
HL P ) B P R R 2 i (T LA R AR B P L R 2 ] )
TR RCRIEER | T2k fi b, | A= i P B33 2 B A % 461 55
Jir DAL 5 3550 3 ot b R At A I T B AR A 1)
TR GE o Rl e Xof —F ) a1 s L g e, R 2 300y sf L
i 452 110 60 % B SR DB 8, O S f e DR 8 g A
REREER ) S IA] B2 20 45 65| &, AT B AL 3% | Beki b
TR R B R S R A SRR R BRI T B A A i DA
HBERHFAE

i W Bk x| 1 i mF%ﬁﬁi
TORER Al fdel HERH

B BN SR B
Fig. 1 Diagram of pre-meter leakage in LVDS
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Fig.2 Simplified physical model of pre-meter leakage on
the C-phase branch line for a user in LVDS
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