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EEL I RET G RO ISR Fault of power distribution networks is based on the

uncontorable factors. Rapid approache to identidtification and localization of power
network fault is ctritical to maintain system riable. While traditional approaches use
measurements from current and voltage transformers, this study proposes an
artificial intelligence-driven approach for enhanced fault detection and analysis in
power distribution networks. A custom-designed sensing prototype captured
voltage and current data under simulated fault conditions, including short-circuit
and open-circuit faults. The presented approach includes fundamental variables,
such as fault type, sensor placement topology, and line distance, were rigorously
controlled during data acquisition.

: This paper presentes two algorithms: an Artificial Neural Network (ANN)
and an Adaptive Neuro-Fuzzy Inference System (ANFIS). Both used algorithms have
many parmeters that rquire to be tune While the values of these parameters effect
on the performance, but the major target of this study is using of these algorithms.
Steps of algorithms are described in the paper. The redults of algorithms are showed
with the used data. Performance was validated under variable load conditions
across line distances of 200-800 meters.

m: Simulation results demonstrate that the ANFIS classifier achieved superior
accuracy in fault classification (99.7%) and minimal distance estimation error
(0.5%). Both ANN and ANFIS delivered high precision in fault detection, localisation,
and classification, with ANFIS exhibiting significantly faster training convergence (1
ms). Indeed ANFIS has more consistency.

The framework presents a robust, computationally efficient solution for
real-time fault management (modeling), recommending (analysis) the integration
of dedicated sensors by power distribution network utilities to enable targeted grid
interventions.
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Load station Phases Current signal for each fault class (A)
Normal condition  Single-phase fault Double phase fault  Double phase fault (line-to-line)
Ag Bg
Load station 1 A-g 59.3 204.6 56.6 55.5 54.5
B-g 58.2 60.1 206.1 58.7 60.3
AB-g 57.6 58.7 60.3 211.1 57.9
AB 58.4 56.4 61.1 51.6 212.8
Classification Code
0 1 2 3 4
Load station 2 A-g 55.92 211.31 60.09 57.77 61.32
B-g 58.23 58.88 202.1 59.21 60.41
AB-g 59.12 62.07 55.67 211.31 59.77
AB 61.04 54.33 58.24 56.11 231.44
Classification Code
0 1 2 3 4
Load station 3 A-g 61.31 203.31 59.97 62.92 55.98
B-g 56.72 62.41 227.97 58.90 62.19
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Load station Phases Current signal for each fault class (A)
Normal condition  Single-phase fault Double phase fault  Double phase fault (line-to-line)
Ag Bg
AB-g 60.11 58.81 57.75 212.31 59.50
AB 55.79 61.19 60.88 62.21 204.47
Classification Code
0 1 2 3 4
Source station  A-g 57.13 220.1164.3 56.14 59.31 55.59
B-g 51.33 232.15 65.51 60.33
AB-g 54.31 59.41 56.41 226.41 61.31
AB 61.33 58.13 61.33 62.14 0
Classification Code 0 1 2 3 4
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Load station Phases Voltage signal for each fault class (V)
Normal condition  Single-phase fault  Double phase fault  Double phase fault (line-to-line)
A-g B-g
Load station 1 A-g 218.81 434.28 214.33 224.49 226.54
B-g 219.37 22231  421.47 219.97 220.01
AB-g 220.41 218.17  220.97 424.32 223.32
AB 221.31 227.39 217.01 216.98 431.97
Classification Code
0 1 2 3 4
Load station 2 A-g 223.98 434.19 222.21 215.09 220.01
B-g 214.99 219.21  431.76 220.56 219,25
AB-g 221.81 225.65 218.73 413,43 221.38
AB 220.33 219.92  223.33 224.09 217.90
Classification Code
0 1 2 3 4
Load station 3 A-g 223.98 410.32  216.17 220.22 222.61
B-g 220.11 221,90 442.34 217.31 216.33
AB-g 218.33 219.01  221.24 443.39 228.31
AB 220.18 220.88 216.99 225.34 221.67
Classification Code
0 1 2 3 4
Source station A-G 221 421.16 216.3 217.31 221.19
B-G 217 203.44 433.10 221.33 212.65
AB-g 215 213.17 215.66 212.47 214.31
AB 417 415.22 413.45 412.37 0
Classification Code 0 1 2 3 4
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Distribution line distance Load 1 (m) Load 2 (m) Load 3 (m)
Point 1 200 180 220
Point 2 400 360 440
Point 3 600 540 660
Point 4 800 720 880
Cumulative sum (actual distance of the distribution line) 800 720 880
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Load 2

Class of single-phase fault Load 1
Distance (m) Current
(amps)
200 401.09
Ag 400 389.77
600 385.22
800 380.17
Bg 200 450.19
400 430.33
600 428.28
800 423.32
Cg 200 410.33
400 398.819
600 400.12
800 387.19

signal

Distance (m)

180
360

540
720
180
360
540
720
180

360
540

720

Load 3
Current  signal  Distance (m) Current signal
(amps) (amps)
449.15 220 390.87
440.13 440 383.93
433.32 660 381.29
431.56 880 380.97
399.61 220 420.32
397.19 440 412.19
392.17 660 441.90
420.23 880 440.17
421.37 220 398.71
403.4 440 389.43
400.31 660 387.33
420.23 880 381.41
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Fault class Fault class code ANN predicted code ANFIS predicted code
Normal condition 0 0.014 0
Single-phase fault 1 0.9923 1
Double phase fault 2 2 2
Triple phase fault 3 3.001 3
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Loads Standard ANN ANFIS
Load 1 200 155 201
400 384 400
600 647 602
800 735 803
Load 2 180 153 201
360 348 400
540 588 602
720 703 803
Load 3 220 207 220
440 422 442
660 631 658
880 888 880
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Load 1 (%) Load 3 (%)

ANN ANFIS ANN ANFIS ANN ANFIS

22.5000 0.5000 15.0000 0.5556 5.9091 0

4.0000 0 3.3333 0.5556 4.0909 0.4545

7.8333 0.3333 8.8889 0.5556 4.3939 0.3030

8.1250 0.3750 2.3611 0 0.9091 0
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