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Location Method of Leakage User Caused by Wiring Fault in Low-Voltage
Distribution Systems Based on Ridge Regression
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Abstract: Neutral and ground lines wiring faults on the user side of low-voltage distribution systems (LVDS) lead to common yet
highly concealed leakage current faults in practical engineering, posing significant challenges for operation and maintenance in
LVDS . Existing methods for locating leakage faults struggle to address insufficient sample sizes and multicollinearity problems
among users currents, making it difficult to rapidly and accurately identify leakage fault users in large-scale low-voltage power substa-
tion area. Firstly, the impacts and hazards of user-side wiring faults and leakage faults in the context of current graded residual current
protection (RCD) and grounding system protection configurations in LVDS are analyzed. Further, the differences in the impact of
load current on residual current in the substation area when there are faults in the neutral and ground wire connections for individual
and multiple users are investigated. To address the limitations of insufficient samples due to restricted measurement capabilities in
substation area and the multicollinearity among user load current curves , a ridge regression-based method is proposed for identifying
leakage user caused by wiring fault in LVDS. This method can accurately identify leakage fault user in small sample sizes. Further
considering the number of faults and the differences in their phases, simulation experiments of different wiring fault leakage cenarios
are carried out to verify the effectiveness of the proposed method, and comparative tests against multiple linear regression method
demonstrate its superiority.
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Al4  15.95 B7 11. 41 C6 6.44 C26 13.72
Al15  43.18 B8 6.35 (oy) 13.66 | C27 6.18
Al6 15.09 B9 6.92 C8 3.98 C28 9.63
Al7 6. 69 B10 8.24 9 10.38 | C29  10.50
Al8 8.91 BIl 16.29 | C10 13.08 | C30 8.00
A19  20.36 | B12 8.87 C11 9.34 C31 6.36
A20 21.66 | BI3 12.08 | C12 10.72 | C32 8.22
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Fig. 7 Variation curves of normalized coefficient sum
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Tab.2 Ridge coefficients of single wiring fault user

WL wws | D s 0L www | 1 wan
Al -0.046 | A21 0.013 | BI4 0.060 | CI3 0.007
A2 0.008 | A22 0.004 | BIS -0.054 | Cl4 0.021
A3 -0.024 | A23 0.033 | BI6 0.012 | CI5 0.044
A4 0.045 | A24 0.044 | BI7 0.024 | CI6 0.070
A5 -0.014 | A25 0.017 | BI8 -0.015| CI7 0.055
A6 0.088 | A26 -0.037 | BI9 0.018 | CI8 0.020
A7 0.084 | A27 -0.052| B20 0.014 | C19 0.026
A8 0.026 | BI  0.038 | B2l -0.023 | C20 0.071
A9 0.056 | B2 0.032 | CI -0.065| C21 0.041
AI0 0.026 | B3 0.007 | C2 -0.026| C22 0.068
Al -0.035 | B4 0.031 | C3 -0.071| C23 0.014
A2 -0.060 | BS -0.024| C4 ~-0.039 | C24 0.014
A3 0.022 | B6 0.039 | C5 -0.014| C25 0.011
Al4  0.040 | B7 -0.008| C6 —-0.048 | C26 0.060
a1s [JOISBIN| B8 0.069 | €7 -0.047 | C27 0.042
Al6 —-0.040 | B9 -0.019| C8 0.031 | C28 0.062
A7 -0.032 | BIO 0.056 | C9 0.075 | C29 0.013
AI8  0.020 | BII 0.051 | CI0 0.035 | C30 0.054
A19  0.087 | BI2 —0.054| CI1  0.023 | C31 0.049
A20 -0.018 | BI3 0.065 | CI2 0.010 | C32 0.013
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Fig. 8 Variation curve of normalized coefficient sums of two
users in the same phase
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Tab.3 Ridge coefficients of two users in the same phase

Eg it R EZ it R K Eg it R K Eg it R
Al -0.018 || A21 -0.028 | B14 -0.073 | C13 0.010
A2 -0.064 | A22 0. 050 B15 0.019 Cl14 0.054
A3 0.021 A23  -0.029 | B16 0.012 C15 0.023
Ad —-0.042 | A24 -0.044 | B17 0.013 Cl6 0.046
A5 —0.045 | A25 0.024 B18 0.019 C17 0.064
A6 —0.058 | A26 0.032 B19 0.034 C18 0.015
A7 0.034 A27 0. 161 B20 -0.067 | C19 0.027
A8 0.233 Bl 0.010 B21 0.017 C20 0.005
A9 -0. 064 B2 0. 045 Cl1 —0.082 | C21 0.042
Al0 0.015 B3 0. 000 C2 0.003 C22 0.054
All 0. 044 B4 0. 054 C3 -0.023 | C23 0.039
Al12 -0.038 B5 -0.018 C4 —-0.036 | C24 0.046
Al13  -0.045 B6 =0. 060 C5 =0.071 || C25 0.086
Al4 -0.013 B7 -0. 021 C6 0. 050 C26 0.048
Al5 -0.036 B8 -0.010 Cc7 -0.031 | C27 0.030
Al6  —0.008 B9 -0. 009 C8 0. 046 C28 0.006
Al17 -0.024 | B10 -0.027 C9 0.024 Cc29 0.017
Al8 0.014 Bll 0.072 C10 -=0.013 | C30 0.041
A19  —-0.007 | B12 0. 040 Cl1 0. 009 C31 0.021
A20 0.021 B13 0. 002 C12  -=0.011 | C32 0.029
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ii?%]ﬂﬁﬁﬁ E(JJEHF Ald L?FHF' B18 jﬂ?ﬁ?ﬂ%j@rﬁ%’ Tab.4 Ridge coefficients of two users in different phases
P o FEAN[RIAH M FH P [ s e 2B 42240 S5 A Dl gk EJ: s 28 g)j s 28 glj i 28 2): s 28
1724 h LB IC %, ARG R TR R A d i d i

Bl4 0 C13  0.001
B15 -0.001 | C14  0.002
Bl16 0.001 | C15 0.004
A4 0 A24 B17 0.001 | Cl16 0

@07 PbRiR, TR A AETTHE N 0. 34, XJ I A AS  —0.001 | A2s wis [OSRN ¢ o
THE RIS ZEZE R ME 4R, hEe4H, H A6 0 | A% o |Bl9 0o |cis -000
FUAL4 U P BIS Bl R A B K F H 4 A H A7 0.001 | A27 0001 |[B20 0 |cCi9 o0

ViR P 8 BR AT R 22 i Ak 2R 8 i; ggg? ij;
I T4 S (A (2 4 P 9 7 o oot | as
F&1 O rofg I 15 25 A 25— Y B T 28 1 (o7 S LA 4T

S o o o <

Fr, HAGEER A X R4 A R, AT AS 0 | BI 0.004 | B21 ~0.001 | C20 ~0.001
LRI DU, SRR LA . A9 0 ) B2 -0.001) CL 0.002 | C2L O
A10 -0.002 | B3 0 c2 0 C22  0.001
12
All 0 B4 -0.001 | C3 0 23 0
1.04 Al2 0 B5 -0.001 | C4 —0.006 | C24 —0.001
Al3  0.002 | B6 -0.001| C5 0.005 | C25 0
= 0.8
= as [ b7 0 C6 0 |cw o
ﬁ 0.6 Al5 0 B8 -0.001 | C7 0.003 | C27 0
&
= Al16 0 B9 0 Cc8  0.001 | C28 —0.001
=04
Al17  0.001 | B10 0 c9  -0.001 || C29 0.001
0.2 Al18  0.002 | BIl 0 C10 -0.002 | C30 0.001
0 ) ) , , A19  -0.002 | BI2 0 Cl11 0 C31  0.002
0 0 04 0 0. A20 —0.003 | BI3 0 C12 0 C32  0.001
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Fig.9 Variation curve of normalized coefficient sums of two

users of different phase x5 ARVEBRSHAESRREREI LR

Tab.5 Comparation of different attribution analysis methods

4.4 3FFEESRIG
J TR Fr Ok A S, e R Z 0T

with different samples

28 14 [ 19 (mixed logistic regression, MLR) fY J5 1% FH#FZIKF%‘; premps N VLR prempe = VLR
X2 AN R AR P A i e e AT 1R, 25 Al 0,005 0,003 20,010 =9 95
RSP, BREWY, TEFEARERKWOENT, 4] A2 0.001 0. 001 -0.029 -0. 489
W96 MEA L, g 75 A MLR J7 i % 1 A14 A3 -0.001 -0.001  -0.013  -2.252
FUH P B18 YRR A, 58 FH P BUAHOC R 5L A4 0 0 0.030 1.224
W FIES R, BET 1, (A, MEEA R A5 -0.001  —00.001 0. 040 ~1.044
70N CH) T 48 A5 v ) BF U1 PRI A b 55 2R 1 S B A6 0 0 0.020 - =0.235
%5, FEMLR T, H T REA R A OO 8 /> A e

TAS ) SEUE S S0, R R B 2 Tl M L T
A T NN 0 AP o W 1 = A R N AL0 0,00 0,001 0,078 .61
AHECZ T, W lE 73 6 F S0 P 9 R 50 BTl INT 0 0 0.012 | 04

fi%, R SEFHPRETSIF B EES, N Al2 0 0 0.058 -0. 679

T RE A% AT 5 Hb TR 1) S5 0. 002 0 ~0.022  -2.393

Al3
L SORAINIE R o
Al5 0 0

R ARUN 5 T HATAT R, BV FEREAS B B/ N 1 0.-070  -0.298
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BEA 96 48 BEA 96 48
i Vadsa=s U [ 1 MLR ISEY| MLR i Vadsa=s aEYE| MLR U [l 5 MLR
Al6 0 0 -0.048 -0.478 cl1 0 0. 001 0.015 0.112
Al7 0. 001 0. 001 0. 042 0.531 c12 0 0 -0.073 -2.406
Al8 0. 002 0. 002 -0.031 -8.136 C13 0. 001 0 0. 050 -0. 629
A19 -0. 002 -0. 002 0. 043 -1.771 Cl4 0. 002 0. 001 -0.070 0. 806
A20 -0.003 -0. 002 0. 040 ~1.224 C15 0. 004 0. 004 -0.031 1. 499
A21 0 0 -0.036 0.247 Cl6 0 0 -0.028 0. 171
A22 0 0 -0. 040 -0.721 c17 0 0 -0.038 -1.132
A23 0 0 0. 032 0. 042 ci8 -0. 001 0 0. 034 0.014
A24 0 0 -0. 034 -1.022 C19 0 0 -0.010 -1.376
A25 0 0 0. 025 -1.954 C20 -0. 001 0. 002 0. 002 -1.383
A26 0 -0. 001 -0. 066 -1.842 c21 0 0 0. 068 0. 607
A27 0. 001 0 -0. 008 -0.371 c22 0. 001 0 -0. 036 0. 804
Bl 0. 004 0. 004 -0.011 -0.33 C23 0 0 -0. 033 3.529
B2 -0. 001 0 -0.021 0. 678 C24 -0. 001 -0. 001 -0. 054 0. 456
B3 0 -0. 001 0.049 ~1.443 C25 0 0 -0. 047 2.803
B4 -0. 001 -0. 001 0.013 0. 143 26 0 0 0. 030 -0.581
B5 -0. 001 -0. 001 0.033 -1.077 c27 0 0 0.014 -0.188
B6 -0. 001 -0. 001 0. 041 0. 65 C28 -0. 001 0 -0. 048 -9.711
B7 0 0 0. 043 -3.397 C29 0. 001 0 0. 047 1.283
B8 -0. 001 0 -0.035 0. 049 C30 0. 001 0. 001 0. 066 3.786
B9 0 0 0. 007 -0.362 C31 0. 002 0. 001 0. 005 0. 023
B10 0 0 0. 033 0. 686 C32 0. 001 0. 001 0.015 -0.559
Bl1 0 0 0. 024 -0.392
812 0 0 0,030 —0.379 SR, ARH & DX R P A AR AR Y 1 2
B13 0 0.001 0.061 0. 668 ’iﬁl%&ﬁ&*ﬁfﬁﬁﬁ%?ﬂ@o Fﬁ%zﬁ[gﬁﬁ)ﬂﬁiﬂg
B14 0 0 0.008 -1.37 W, PR 2R S B AR B AR T, X]
BIS 0.0 -0.001  -0.018  0.079 RN TR H57 60, T o R e 5 1
Blo DO 00020007 WK I . HPPAl i — B0, eI P PR 9 £ X
&&&w R U ML SR P DT 2, A
" 5 P — I BRI, SRS RN 6 k.
B20 0 0. 001 0. 069 -1.004 %6 FEAPRNEBEMARE
B21 0. 001 -0.001 -0.038 L.751 Tab. 6 Positioning accuracies of different number of users
cl 0002 0002 0-015  =3.684 FH PR i 7111 /% £ TCAME /%
2 0 0 0.013 -1.481 %0 100 100
c3 0 0 0. 043 0. 881 100 9 0
c4 -0. 006 -0. 005 0.013 -4.614 150 o6 .
cs 0. 005 0. 002 -0.097 -1.38 200 04 %0
c6 0 0 0. 069 -0.372
7 0003 0001 0.065  -7.875 B2 P SR B O DR ) o e
Gt ORI skm ksl YRR IR A
1o @mz 5 _Mm 1dm AR AR . A X P 8 200 £ [A]
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