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Abstract 

Electrical issues such as old wires and faulty connections are the most common causes of arc faults. Arc faults cause electrical 

fires by generating high temperatures and discharging molten metal. Every year, such fires cause a considerable deal of 

destruction and loss. This paper proposes a new method for detecting residential series and parallel arc faults. A simulation 

model for the arc is employed to simulate the arc faults in series and parallel circuits. The fault features are then retrieved 

using a signal processing approach called Discrete Wavelet Transform (DWT) designed in MATLAB/Simulink based on the 

fault detection algorithm. Then db2 and one level were found appropriate mother and level of wavelet transform for extracting 

arc-fault features. MATLAB Simulink was used to build and simulate the arc-fault model. 

KEYWORDS: arc fault, discrete wavelet transform (DWT), parallel arc fault model, series arc fault model.  

 

I.  INTRODUCTION 

 Electrical fires are one of the deadliest and most 

common 21st-century risks. According to Fire Safe Europe, 

a European organization dedicated to building fire safety, 

200000 fires are reported in Europe each year, with 

buildings accounting for 90% of all incidents in the EU. 

Every year, fire kills 4000 people in Europe, an average of 

11 persons per day. Every year, 7000 individuals are 

admitted to hospitals throughout Europe as a result of severe 

fire injuries. [1]. So, one of the reasons is the arc fault. Arc 

faults can be classified into two types: series and parallel. 

The first form, which is the most common, happens when a 

single power conductor fails. The parallel arc fault occurs 

between the neutral/ground and phase conductor. 

 

     There are many different techniques that are used to 

detect the arc fault, such as Arc fault circuit interrupter 

(AFCI), Short-Time Fourier Transform method, and Fast 

Fourier Transform, Arc fault circuit interrupter AFCI was 

presented in 1998. This presentation provides context for the 

AFCI's intended role of detecting arcs that may contribute 

to fire triggers. It compares the AFCI to overcurrent 

protective equipment and ground-fault circuit interrupters; 

available AFCI devices have ratings of 15 and 20 A at 120 

V. Devices for industrial and commercial uses are not yet 

available. However, as long as the computer is geared to the 

load, the technology lends itself very well to these 

requirements [2], Series Arc Fault Detection and 

Implementation Based on The Short-time Fourier 

Transform at 2010. Using the STFT, this approach 

introduces a significant sequence arc fault detection method 

based on three parameters to the 50Hz fundamental variable, 

even and odd harmonics (STFT). Experiment findings with 

a sequence of arc fault prediction tests and unintended 

tripping tests partly validate the detection algorithm's 

feasibility [3]. In addition, introduced Real Time Series AC 

Arc Fault Detection Based on Fast Fourier Transform. At 

2018 Real Time Series AC Arc Fault Detection Using the 

Fast Fourier Transform was implemented. The spectrum 

from the FFT measurement can be used to recognize current 

interference and calculate the arcing fault condition on the 

device using this tool. However, this approach is not 

applicable to power-supply current that contains 

disruptions. The picket fence effect (resolution bias error) is 

another issue with FFT, which occurs when a signal 

produces harmonics that are not an integral multiple of the 

resolution frequency [4].  

 

    This paper builds a suitable Simulink of series and 

parallel arc fault based on the MATLAB/Simulink with the 

arc gap energy-balance theory.   The wavelet transform was 

used to extract the transient information of the arc current 

signal. And then, the singularity of the fault signal is 

analyzed to determine the fault moment. The simulation 

results show that this model can reflect the characteristics of 

actual series and parallel fault effectively. 

https://doi.org/
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II.  SERIES AND PARALLEL ARC FAULT MODEL 

        Two types of arc faults exist, the series and the parallel 

arc fault. The first model type is shown in Fig. 1 (a). It is the 

most common fault type. It happens when a single power 

conductor fails. The maximum arc current is therefore 

limited by the load current owing to the connection in series, 

which is significantly less than the CB current rating and, 

thus, the arc current may or may not generate enough heat 

to start a fire, depending on the load. [5]. 

 

     Figure1 (b) shows the parallel arc fault. When the 

insulator is degraded by mechanical, temperature stress, or 

aging, it develops between the neutral/ground and phase 

conductor [6]. In this situation, the high-impedance arc 

melts and carbonizes the insulator first, followed by the low-

impedance current route. The trail forms due to extreme heat 

and, if left unattended, it might start a fire. 

 

 

Fig. 1 (a): Series arc-fault.         (b): Parallel arc fault. 

A. Arc mathematical model 

     The arc fault is a self-sustaining electrical discharge in 

conductive ionized gas [7], with circuit operation conditions 

limiting the maximum current. Arc may simply shorten the 

life of electrical devices, or become hazardous (for example, 

an electrical wire) and result in dramatic events such as fires 

and explosions. The arc fault carries discontinuous, 

nonlinear, and no sinusoidal characteristics. 

 

      Several models was builds to describe its behavior. 

Among them, the most popular is Cassie (used for studying 

the arc at high current and high plasma temperature 

conditions) and Mayr’s arc model [8]. The latter maintains 

a constant arc diameter and power loss and represents arc 

conductance around zero current. This model is excellent for 

arc fault modeling in residential and office wiring since it 

works well for a low currents (tens of Amperes). Mayr arc 

model was based on energy balance theory, accordingly 

Mayr’s arc-fault model expression [9]: 

 

  
𝑑𝑞

𝑑𝑡
= 𝑒 × 𝑖 − 𝑃𝑙𝑜𝑠𝑠   (1) 

Where: 
𝑑𝑞

𝑑𝑡
: storing energy changes per unit arc length. 

𝑒 ×i: input power per unit arc length. 
i: arc current. 

e: electric intensity in arc column. 

P loss:  power loss per unit arc length. 

 

Because arc resistance value is very small, therefore the 

model can be expressed as the form of conductance [10]. 
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For Mayr's arc model, the differential equation given by: 

 

 𝐹(𝑞) = 𝑘 × 𝑒𝑞/𝑞0  (4) 

 
𝑑𝑔 

𝑑𝑡
= (𝑒 × 𝑖) ×

𝑘

𝑞0
× 𝑒𝑞/𝑞0   (5) 
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1
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𝑔
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Let 𝑇 =
𝑞0
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𝑢×𝑖
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Where: 

u: arc voltage, 𝑢 = 𝐿 × 𝑒 

𝑃0: Power loss in arc column, 𝑃0 = 𝐿 × 𝑃𝑙𝑜𝑠𝑠 = 𝑢𝑐
2  × 𝑔  

𝑢𝑐: arc voltage constant 

g: arc conductance 

 

 
1

𝑔
×

𝑑𝑔

𝑑𝑡
=

1

𝑇
× ((

𝑢×𝑖

𝑢𝑐
2 ×𝑔

) − 1) (12) 

𝑖 = 𝑢 × 𝑔 

 
1
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𝑑 ln 𝑔

𝑑𝑡
=

1

𝑇
× ((

𝑢2

𝑢𝑐
2) − 1) (14) 

 

B. Model parameters  

 

(1) Determination of T 

 

T: reflects the rising velocity of arc voltage in the arc volt –

ampere Characteristic curve, and can be expressed as below: 

 

  𝑇 =
𝛼×𝐼𝑝

𝐿𝑝
   (15) 

Where: 

Ip: is the peak current in the arc volt-ampere characteristic 

curvet. 𝐼𝑃 = 25𝐴 

Alpha is the empirical value [9], take   α=2.9 × 10-5  

L p: is the arc length which is approximate-constant [9]. 

𝐿𝑝 = 2𝑚𝑚              
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 (2) Determination of u c 

 

 A large number of experimental studies have shown that 

voltage drop per unit length along the main arc column is 

independent of the arc current. It is a constant, so this 

voltage constant is expressed below [9]:  

 

                         𝑢𝑐 = 25   × 𝐿𝑝 (16) 

III.  ARC FAULT SIMULATION AND ANALYSIS 

A. Series arc simulation analysis  

        In MATLAB/Simulink environment, it is established 

simulation circuit model for testing the effectiveness of the 

arc. In this case, there are the mainly arc simulation model 

parameters: power supply voltage 311v, frequency f=50Hz. 

The simulation time ranges from 0 to 0.4 seconds, after 

which an arc current is generated by using Controlled 

Current Source block and measured using the AM1 block. 

The VM1 block calculates the voltage across the arc, and 

𝑅𝑙𝑜𝑎𝑑 = 5𝛺 represents load resistance (constants resistive 

load is assumed). 

 The differential equation editor (DEE) block is used to 

described Mayr arc model as shown in Fig.2.this block is 

also calculating the arc current 𝑖𝑜𝑢𝑡 [9]: 

 𝑖𝑜𝑢𝑡  = 𝑒𝑥 × 𝑢 (17) 

 𝑥0 = log 𝑔0 (18) 

𝑔0 = 1𝑒4𝑠𝑚   

 

Where:  𝑔0 is the initial condition (initial arc conductivity). 

The user defined function is used to build the arc fault, so 

when the voltage source reach to a certain value the arc 

initiated, the MATLAB/Simulink model are shown in from 

Fig.3.  

 

 
Fig. 2: DEE of Mayr arc model in MATLAB. 

 

 

 

 
 

Fig. 3: Series arc fault simulation model. 

 



Saeed, Abdulhassan & Khudair |  97  
  

B. Parallel arc simulation analysis 

      In the parallel arc model, the simulation analysis is the 

same as the series arc fault analysis with the same model 

parameters, however the difference the arc is controlled by 

using unit step function, and arc start time is 0.03 s, the load 

is short circuit for parallel arc fault [11], the Simulation 

model are shown in Fig. 4. 

 

 
 

Fig. 4: Parallel arc fault simulation model. 

 

      The simulation models of the series and the parallel arc 

fault are shown in Fig. 3. and Fig. 4 respectively. With 

model parameters, the simulation of arc current waveforms 

is shown in Fig. 5 and Fig. 6. 

 

     Figure 5 shows the series arc fault, and it can be observed 

from this figure that when the voltage reaches a certain value 

(220v), then the arc is initiated. 

 

     Figure 6 shows the parallel arc current simulation result 

with high current due to a short circuit of load. 

 

 
 

Fig. 5: Series arc current waveform. 

 

 
  

Fig. 6: Parallel arc current waveform. 

  

 These figures of series and parallel arc fault show the arc 

current waveform similar to a sine wave. Still, it changes 

slowly in zero-current area, which is characterized 'zero rest 

and it is also called (flat shoulders) signed with circle in 

Fig.5. The value of current is very close to zero in the period 

presented above. It declines before the current of over-zero 

but changes slowly in the points over-zero. 

IV. WAVELET DETECTION  

      The series and parallel arc voltage and current 

waveforms have a significant mutation and have a great 

singularity in the fault time when a single-phase ground 

fault occurs. It can extract the fault information from the rich 

transient waveforms and then determine the fault moment.  

  

 Fourier transform is a basic tool for studying the 

singularity of the function. However, due to the lack of 

spatial locality, it can only determine the overall nature of 

the singularity, and it is difficult to determine the 

distribution of their singular points in space [12],[13]. To 

overcome these drawbacks of Fourier transform, the 

wavelet analysis is effectively used to localized the arc 

moment. 

 

 Since the CWT will provide quite a redundancy of data 

due to taking into account every possible scale and shift 

steps, it turns out that if these steps are chosen based on a 

dyadic basis, then the analysis will be more efficient and 

space-saving [14],15]. This idea has been applied within the 

discrete wavelet transform (DWT), which is a powerful 

practical filtering technique by which fast wavelet 

transformation can be performed. 

  

 Signal analysis applications, as seen in a previous 

subsection, may require the low-frequency constituents of 

the signal. Other applications may require high-frequency 

ones. It is for that reason, the conventions of approximations 

and details are usually common to the DWT. 
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Approximations represent the low-frequency large-scale 

constituents of the signal, whereas details represent the 

high-frequency small-scale signal constituents [14]. 

 

 The DWT produces the approximations and details of 

signals utilizing a respective set of low and high pass filters. 

The existence of such a set of filters is dependent on two 

types of functions which are the scaling function and the 

wavelet function that are specific to certain types of mother 

wavelets [14],[15]. 

 

 The iterative process of analyzing the signal within the 

set of DWT filters is called the Multi-Resolution Analysis 

(MRA). At the first decomposition stage, the signal enters 

the low pass filter (LPF) specific to a certain mother wavelet 

scaling function. The approximation coefficients (CA) will 

be obtained after the convolution of signal samples with the 

transfer function coefficients of such a filter and 

downsampling by 2 [14],16].  

 

 In order to obtain the detail coefficients (CD) of the 

signal at the decomposition first stage, it must be entered 

into a high pass FIR filter (HPF) specific to the wavelet 

function and having its samples convolved with the filter 

transfer function coefficients then downsampled by 2. 

 

 At the second decomposition stage, the approximation 

coefficients obtained at the first stage will be treated in the 

same way as having the input signal treated to obtain the 

second stage approximation and detail coefficients. The 

MRA is shown in Fig.7, in which a signal of 1000 samples 

is entered, and out of which the coefficients have emerged. 

[14]. The mother wavelet db2 and the associated FIR filters 

are shown in Fig. 8. There are several families of wavelets 

shown in Fig. 9. 

 

 
Fig. 7:  MRA analysis. 

 

 
Fig. 8: Scaling and wavelet functions of Db2 mother 

wavelet and the associated FIR filters. 

 

 
 

Fig. 9: Several families of wavelet transform. 
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V. SIMULATION RESULT  

 This section presents simulation results for series and 

parallel arc fault with arc fault detection. 

 

 The following cases will show the Db2 three-stage 

approximation and detail coefficients as resultants from the 

series current and parallel related DWT analysis where cA1 

and cD1 denote the approximation and detail coefficients 

obtained at the first stage of DWT decompositions. So here 

adopts the db2 wavelet, analyzes arc voltage and current 

waveforms in one-dimensional multi-scale. It is 

decomposed into two dimensions; fault occurs at 0.03s. 

Because the arc is a pure nonlinear resistance, the arc 

voltage, and current cross the zero at the same time.  

 

 Through the above descriptions, MATLAB/Simulink 

wavelet transform and simulation results of arc current 

waveforms can effectively determine the arc fault that 

occurred.  In this paper, Daubechies' family of wavelets is 

the preferred family because of their high number of 

vanishing moments, making them capable of representing 

complex high degree polynomials and has the least number 

of average errors. Therefore, this thesis adopts the db2 

wavelet, analyzes arc voltage and current waveforms in a 

one-dimensional multi-scale. It is decomposed into two 

dimensions; fault occurs at 0.03 s. Because the arc is a pure 

nonlinear resistance, the arc voltage, and current cross the 

zero at the same time. Through the above descriptions, 

MATLAB/Simulink wavelet transform and simulation 

results of arc current waveforms can effectively determine 

the arc fault that occurred. 

 

 The simulation result with wavelet detection model of 

series and parallel arc fault with MATLAB/Simulink and 

use dyadic filter bank block to build the wavelet detection. 

This model is an online simulation by using buffer block 

from the DSP system toolbox shown in Figs.10 and 11.  the 

simulation results of series and parallel arc fault with 

wavelet detection are shown in Figs. 12 and 13. 

 

 The simulation result with wavelet detection model of 

series and parallel arc fault with MATLAB/Simulink and 

use dyadic filter bank block to build the wavelet detection. 

This model is online simulation by using buffer block from 

DSP system toolbox   shown in Figs. 9 and 10.  the 

simulation results of series and parallel arc fault with 

wavelet detection are shown in Figs. 11 and 12. 

 

 
Fig. 10: Series arc fault with wavelet detection simulation model. 

 

 
Fig. 11: Parallel arc fault with wavelet detection simulation model. 

 



 100  | Saeed, Abdulhassan & Khudair  

 
 

 

 
 

Fig. 12: Series arc fault feature extraction using DWT and 

db2. 

 

 
 

Fig. 13: Parallel arc fault feature extraction using DWT and 

db2. 

VI.  CONCLUSION  

 This paper focused on series and parallel arc faults 

detection. A new MATLAB-based method for identifying 

residential series and parallel arc faults was provided, as 

well as a quick and reliable arc simulation model. The 

results reveal that this model is capable of accurately 

reflecting the characteristics of real-world series and parallel 

arc faults. This study shows the current and voltage 

waveforms of arc failures in circuits with completely 

resistive loads. By using wavelet transform analysis arc 

current waveform, it can effectively determine the arc fault 

moment.  
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