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Real-Time AC Arc Detection Technique Based on Artificial Intelligence

with Frequency Feature Extraction
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Abstract

This paper proposes a real-time ac arc detection method that utilizes frequency-domain feature analysis and Random Forest
algorithms to extract key frequency components sensitive to arc faults. These selected components are then used as inputs to a
lightweight deep learning model. The proposed approach significantly reduces input dimensionality and computational complexity,
while achieving approximately a 50% reduction in detection time without compromising detection accuracy. The deep learning model
is designed based on 1D Convolutional layers, Inverted Residual (IR) Blocks, and Squeeze-and-Excitation (SE) structures, and
employs non-linear activation functions such as LeakyReLU and h-swish to enhance representation capability. Experimental validation
was conducted under various load conditions and circuit configurations in compliance with IEC 62606 standards, and the proposed
model maintained high detection accuracy even in complex electrical environments. This study demonstrates the feasibility of
implementing a real-time arc detection system on an embedded platform using Raspberry Pi 5.
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Fig. 1 Series arc fault experiment circuit diagram.
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Table 1 Datasets of experiment result

Normal Arc Arc
n= Tprs: d"f Without | Without N::)‘:&'Wz‘“J With
Load 2 | Load 2 Load 2
Resistor 10786 10786 - -
|3}

A
© ]_° s2AS 60355 24192 86493 10985

B
F45 | 7128 | 16578 | 52527 | 13860

=g | 16179 | 10786 | 62300 | 51690

l:if} AzeA | 86792 | 12293 | 93483 | 15422
H27] | 10786 | 10786 | 124816 | 2546
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2914 .
oo Dimmer 10786 10786 121278 5992
Fa}
e
H3l) SMPS 125372 6010 181686 5908
)
Total Normal : Arc :
Data Number 1,116,767 208,620
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Table 2 Datasets for train, validation, and test

Validation Test Total
Samples Samples | Samples

Data Training
Type Lable Samples

Normal | 0 48,678 13,908 6,954 | 69,540
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Fig. 2 Time~domain currents: normal (left) and arc (right). (a) Resistive load (b)
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Fig. 3 Frequency domain comparison of normal (red) and arc (blue) currents: (a)
Resistive load (b) Motor load (c) Switching load (d) Power converter load
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Table 3 LAC8-IR-SE Net architecture diagram

Number of
Layer Group P eters Hyperparameters
Input Layer 0 Input shape: (1024, 1)
ConvlD + . .
Kernel size: 5, Stride: 1,
Batch.ijm * 368 Activation: LeakyReLU
Activation
Inverted Residual
Block 1 704
Inver]t;d Ik{ezldual 3840
oc Expansion Factor: 6,
Inverted Residual 3360 Stride: 1,
Block 3 Use SE Block,
Inverted Residual 4160 Activation: h-swish
Block 4
Inverted Residual
Block 5 10320
ConvlD and 39840 Kernel size: 5, Stride: 1,
Depthwise Depthwise Convolution
Fully Connected 57930 Dropout Rate: 0.2, Dense: 128
Layer (FC) units, Activation: LeakyReLU
Dense: 2 units, Activation:
Output Layer 1922 Softmax

LACS-IR-SE Net 20| 53 48he Aol cheal et
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Table 4 LAC8-IR-SE Net test results

Predicted
Total
Normal Are
Normal | 99:43% 0.57% 100%
TRUE orma (6,914) (40) (6,954)
An 0.69% 99.31% 100%
¢ (A7) (6,907) (6,954)
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Normal Arc
Recall 99.43 % 99.32 %
Precision 99.33 % 9943 %
Accuracy 99.37%
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