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Line Loss Rate Calculation Method of Two-Stage Distribution Network

WANG Xuejun, WANG Bin, WEI Lianbin, XU Xiaomeng

(Development and Planning Department, State Grid Tianjin Electric Power Company, Tianjin 300010, China)

Abstract; A novel method integrating multi-feature weighted clustering and intelligent optimized neural network
is proposed to address the issues of subjective feature weighting and insufficient nonlinear mapping accuracy in
low-voltage distribution network line loss analysis. First, an improved k-means clustering algorithm ( MFW-
IKCA ; Multi-Feature Weighted Improved k-Means Clustering Algorithm) is established by introducing dynamic
weight matrices and reference weights, combining entropy weighting and mutual information methods for adaptive
feature weighting, and optimizing the objective function via the ADMM ( Alternating Direction Method of
Multipliers). Subsequently, an IGA (Improved Genetic Algorithm) is employed to optimize the parameters of the
LMBP-NNM ( Levenberg-Marquardt Backpropagation Neural Network ), enhancing convergence speed and
prediction accuracy through simulated binary crossover, polynomial mutation, and adaptive damping factors.
Finally, decision tree classifiers are utilized to extract clustering rules, while kernel density estimation enabled
anomaly detection. Experimental results on 710 transformer district datasets have demonstrated a 14. 5%
improvement in clustering purity, a 29. 3% reduction in MSE ( Msemean Squared Error), and a 0. 892
coefficient of determination (R”). This study provides a new perspective for refined line loss analysis and offers

significant engineering value for improving scientific decision-making in loss reduction of distribution network.
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Fig.1 Flow chart of line loss feature recognition algorithm in substation area based on MFW-IKCA
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A1 HaER
Tab.1 Ablation experiment

[N (CRIG SN MSE MAE R’ Wkt al/s

ST ALY MFW-IKCA+IGA-LMBP-NNM 0.0152 0.098 0.892 192
F5 1 BRI E 0.018 7 0.114 0.865 189
SEHG 2 B — A R 0.017 3 0.108 0.834 195
SEI 3 BUTH T SR AR R U] 2 Hi 0.016 1 0.102 0.871 188
Ji5 4 bR GA 14k 0.0158 0.101 0. 884 287
SLE 5 FRUE LMBP % %% 0.016 5 0.105 0.857 201

SCE R, ShASAERRE | BCE RS A K IGA DLALHL IR XIS AP RE 4 T A4 STRRE 73000 4 18. 4% |
12.6% F19.3% , S8 1 R P R 2Rk Sh A 73 Bie 5 BER VR E SRR LI T F% 12.3% , MAE f84RH8 N2
0.114; SE5 2 AR AE RIS S5, R® FEbRBCe BN TR 5. 8% (JALE) M1 7.5% (HAFRE) ;
UG 4 ARPREBRAE GA 114 )5 B dme U XU, e D03 0 BE (B I S Bl K 2 +3. 2%, MLAh, S8R5 AR ATE
02 25 T BURCHR L1 TR0 15 22 450 52 RN 23. 6% , $RAE T PSAF 15 ADF % F 28 M WS 5 ) i $2 7+
YEHL,

3.4 LS5 EAAENHL

UG UE PR 7 AR G AR 5 B T FAT S5 PR RE L 3, LS Bk 4 2830 ik kT
XL, SEHRHAAE Y 710 A XEHREE, Fra BRI 285 30 Y a7 5 53 S0 U (B AR i 2
AR, SCHEFRARXT L A5 R AN 2 I,

A2 XREEFARTILER

Tab.2  Comparison results of key indicators

N7 S RALE/ % MSE MAE R WS ia) /s BRAEYE T
K-means 68.2 0.023 1 0.132 0.784 121 12
GA-BP — 0.021 5 0.128 0. 801 298 12
SVR — 0.019 7 0.119 0.827 87 12
RFR — 0.018 4 0.112 0.843 45 8
MFW-IKCA+IGA-LMBP-NNM 82.7 0.0152 0.098 0.892 192 12

EREHHES T, MEW-IKCA #4558 K-means BIL R ISAEIET 14.5% , HEEEE F B
HRRRERT R R 255 | A BOR GO IE SR ALVE . K-means BRUR % BFFIELEFE 22 1, S AHA
S S 55 A G ARAE S P R . MFW-IKCA Sl AR 5 BAR B kIRl & R ms, i D) % P A S i A
FAFMEROA T RBUR T, 8 K-means Y] AE 43 Bo AL 0% 42.9% .,

TELPITEATL S F, IGA-LMBP-NNM % GA-BP Y MSE #845F4% 29. 3% , HIHH T IGA #) {1 5
BRI P 28 SEOE R BRI T 37.2% , AHET SVR B9 RBF % K%, LMBP-NNM i#i i SELU i
PRELS LMA SvE e AR AR MBI A RE 1, Femfom To0 T, LT R 2558 SVR F#1IL 18.6% . RFR A
T I R R O R A AN 12 ZERE 2 8 Ak, H PRUAR ARS8 50 3% R AU AR AR 43 F 0 R FRA, L MAE
FEPRTIAL AR 5 14.3% o SCHRERWT, P07 e PR RFRRAE 2 B e B e R IR, 3 3 8 A 43 Bl 5
P28 X 4540 S B TR B 5 5505 1) A

4 % i

SEHF R IC L R LU A A AR, SR T — R RS ZRHE IR 5 B RO e sk 22 2%
MZAR T Tk . 5, FEXHEGER IS A i SRR AT T A AN AL, R T 2 T Sl A AN AR MO
S E AR MEW-IKCA 535, Sl A 5 A5 B ARl SR S BURHIE 4E B2 (9 1 3 BA, A7
R T AL GE K-means FERRFAEAUEE 730 UL PE 58 A TR, LUK, SR AT IGA fIifk LMBP-NNM % 28 244,
A R A S I S K T B N AR R SR, R BT T 2 e AR 2 PR R A
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SHE S Th A SGE B S TS B 5 feJm, FIHDRSRER 23 28 X RS ZE R AT RN B I, 285 6 P s o 0
S AT R AL, KGR T BRI BT B RT R S e SCIR SRR, Pt Ik TE
RRUE | PR L E RS bR LY F K-means, GA-BP, SVR J RFR %5 R iR, EH
FIANHT SRS .

1) $&h 7T Sl AR A MR 5 28 7 10 e vk M o SRS, A5 A A-ELAE Bl A R e, SEat
T L) ZAERFIERY A IS N IR, BRI T ARG R AL EE 3 FCAIL i 2 B R

2) EEGIASBOF I EOE RS FIE N B IR, R4 T LMBP M N ARG R T, 455
OGS A R R R, MR Tl TR 2 N S R B A

3) HE T RS- TR AR A AT RESR , LE PR UESE NS B A [ B 8 e R SR A R D B A
WA TIIRAE, PR T T B R A AT R

KRG R i —DARR Z I AR Rl G ALH] , Il s A % A G SR T SE R R
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