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Two-stage Fault Localization for Active Distribution Networks Based on SSA-RF Algorithm

and Cosine Similarity
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(State Grid Fujian Electric Power Research Institute , Fuzhou 350007 , Fujian , China )

Abstract: To tackle the issues of low execution efficiency and poor fault tolerance in traditional fault
localization methods for active distribution networks using swarm intelligence optimization algorithms, a two-stage
fault location method was introduced based on the SSA-RF algorithm and cosine similarity. Firstly, the fault current
state equation was used to create a fault feature database of the target distribution network by stochastically
simulating single-point and multi-point faults. Next, an enhanced random forest (RF) classification model that
integrates the sparrow search algorithm (SSA) was introduced. Through model training, a high-dimensional
mapping correlation between the fault current direction matrix and the line segment containing the fault point was
established. This trained SSA-RF classification model was utilized for the initial localization of the faulted line
segment. Subsequently, cosine similarity of fault current direction information of neighboring segmented lines
within the identified segment was computed for precise fault location. Experimental results on the modified IEEE
33-node test distribution network demonstrate that the proposed two-stage fault locatlizaion method achieves
superior accuracy and anti-interference capabilities compared to fault location methods based on swarm intelligent
optimization algorithms.
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Fig.1 Deployment diagram of two-stage fault localization strategy
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Tab.3  Simulation case of single point failure localization
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L6.123 [, 1,1,1,0,1,-1,-1,-1,-1,-1, [0,0,0,0,0,1,0,0,0,0.0,
3 [1,0,1] T -1,-1,-1,-1,-1,-1,0,0,0,0, 0,0,0.0,0,0.0,0,0,0,0, 16,123,129
1,1,1,1,1,1,1,1,0,0,0,0] 1,0,0,0,0.0,1,0,0,0.,0]
L5 119 [1,1,1,1,1,-1,-1,-1,-1,-1,-1, [0,0,0,0,1,0,0,0,0,0.0,
4 [1,1.1] T =1, =1,=1,=1,-1,1,1,1,1,-1, 0,0.0,0,0,0,0,1,0,1,0, 15,119,121
’ -1,-1,-1,-1,-1,-1,-1,0,0,0,0] 0,0,0,0,0,0,0,0,0,0,0]
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Fig.7 Gradient map of cosine similarity for faulty lines LS and 1.25
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Tab.5 Comparison analysis table of faulty circuit localization results
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PSR PSO 362 73.0 130.20
fifbs GWo 384 77.4 58.46
% WOA 372 75.0 65.74
SVM 446 89.90 0.054

MlgssE  BPNN 379 76.51 1.834
M5 1ST™™ 483 97.38 0.239
ELM 484 97.58 0.049
ARSIy 496 100 0.264

FE AR A0SR0V 5 I o 7 7 Yk e ME I R IR 4R
Wl A B8 5 SR O T R, T 9 AR 10 Jé R
TR RN 22 R T R E AL AR H bR R
B St 2 . X A AT AR 0 BE AR A AL A
T Wl I S A7 A AR AR ) SR Al P BE B P T
A, WOA FI GWO FISGHE 2L 5 LT PSO,
H Y%A £ RS, PSO B 5 B A R BB s, i
] 3 A e 4 ) o T AR ST 4 )y v A
B 5 7 B, AT 2 A B R UI R 0g 1) o3 AR A
i AR B

-74
=76 —o—PSO
S, :;g —o—GWO
ié _82 —o—WOA
E_ _34 * ATk
I -86
-88
-90f*
0 20 40 60 80 100
ARUEL

P9 2R LT e Al iy 3 T HER RERA Y
R L7 R 9 FR R 5 et 2k
Fig.9 The convergence curves of the objective function f of the
fault localization method based on swarm optimization

algorithms when fault occurs at line L7
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The impact of the abnormal signal of FTU on the accuracy

of different fault localization methods
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Tab.6  The influence of different numbers of abnormal FTU signals on the accuracy of different fault localization methods
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0 1 2 3 4 5 6
PSO [71.275.3] [38.8 64.4] [32.9 58.6] [20.6 43.8] [11.538.8] [4.8 31.6] [0.222.3]
GWO [76.0 80.1] [60.8 72.1] [50.2 64.5] [36.4 52.9] [28.3 46.8] [22.2 42.7] [13.1 40.0]
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