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Abstract— An arc fault is a discharge of electrical energy 

through the air. Under normal operation two conductors are 

connected and the flow of electrons passes through the 

essentially zero resistance path. If the connection is corroded 
or impure, it will have resistance and heat is generated. Over 

time the heat will wear down the contact and result in small 

arcs between connections. These arcs begin as low current 

faults, but given enough time they have the potential to 

breakdown to another phase or ground conductor resulting 

in a dangerous high current fault. In this paper, a new 

approach using WT base spectral energy calibration for arc 

fault analysis and classification with Fuzzy Logic Controller 

in dc systems is projected. In this approach we were design 

a cassie arc model for representation of practical arc 

condition. The arc voltage was analyzed using wavelet 
analysis and that feature of wavelet then utilized for design 

fuzzy rule base data.  The method of detection associate arc 

fault involves solar PV output voltage analysis and so 

feature identification. This complete system was 

implemented and tested in MATLAB simulink 2015 

atmosphere. 
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I. INTRODUCTION 

There are several unique concerns using the development of 

dc arc-fault protection for PV systems. Much of the dc 

wiring of a PV system isn't always contained within an 

overall enclosure. The string wiring (including the house run 

conductors) is usually clipped to the bottom of the PV 

module frame and racking. Any fault inside the conductors 

isn't always physically contained and therefore poses a 

greater risk to adjoining substances that may be flammable. 

Modern grid-interactive designs hire voltages as excessive 

as 600 V inside the United States and a 1000 V in different 
countries. High-voltage dc arcs are hard to extinguish even 

as energized. The modular nature of the string design 

method that there are a big range of connectors in the wiring 

among modules. Each connector is a separate point of 

failure.  

A traditional PV module has no way to disconnect 

the energy source from the dc conductors. Even while the 

system is close down, the conductors remain energized by 

way of the solar cells. These characteristics of dc PV wiring 

provide a sturdy incentive for developing a solution with a 

view to automatically offer safety to assets and personnel in 

the occasion of an arcing fault.  
Fires started through defective wiring in rooftop 

PV arrays have happened. The consequences of a well-

documented fire in Bakersfield, California. In this instance 

the hearth branch responded speedy and was able to include 

the damage to a highly small area, however the destructive 

potential of a PV fire is clear. An arc fault in a PV array is a 

failure mechanism that can cause a fire. Detecting and 

preventing arc faults gets rid of a known threat to the safe 

operation of a rooftop PV system. Passive techniques, such 

as improved layout and creation practices, can play a 
function in getting rid of arc faults; however a solution using 

a device that actively and continuously detects and responds 

to arc faults will provide much more protection.  

Current arc flash detection schemes implement 

sensors that look for the characteristics of the arc flash. The 

properties may be detected most effective after the occasion 

has initiated, at which period the electricity stages are 

increasing dramatically.  

Since the detection does now not perceive the arc 

flash until after the initiation of the event, the protection 

scheme accepts that the event will occur. The motivation of 
this research is to begin with the boundary condition that the 

event does now not want to arise if the detection and 

interruption occur prior to the event.  

II. PROPOSED METHODOLOGY 

A. MATLAB Simulation Model 

 
Fig. 1: MATLAB simulation model of proposed approach 

In order to simulate the arcing condition, black box 

modeling is commonly used to describe the arc interaction 

with the electrical network. The black box models use 

voltage and current traces from a circuit breaker test, 

together with a select differential equation, to produce a 

mathematical model for the desired arc under study. Most 

published work using black box models is based on the 

well-known Cassie and Mayr models. 

Sr No Name of block Specification 

1 DC source voltage DC voltage = 100V 

2 AC Harmonics 1 

Peak voltage = 10 V; 

Phase = 0 Degree; 

Frequency = 2 KHz; 

Sample time = 0 

3 AC Harmonics 2 

Peak voltage = 10 V; 

Phase = 0 Degree; 

Frequency = 120 Hz; 
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Sample time = 0 

4 Cassie arc model 

tau = 1.2µsec; 

Uc = 500V; 

g(0) = 1000 Sec; 

Time constant = 1 nsec 

5 Load 

Nominal voltage Vn = 

1000V; 

Active power = 10KW 

6 Buffer 
Output buffer size = 64 

Channel 

7 
DWT (Dyadic 

analysis filter bank) 

Filter (mother wavelet) 

=Daubechies; 

Wavelet order =3; 

Number of level = 4; 

Table 1: MATLAB Simulink model parameter specification 

B. Cassie arc model 

The mathematical model is tuned to a set of measured data 

by means of a proper selection of arc parameters including 

the time constant and the cooling power, which is normally 

taken as a function of arc current and voltage. 

An example circuit with series arcing is created in 

Simulink, as shown in figure 1, which is based on the Cassie 
arc model blockset developed. The Cassie arc model is 

written as a differential equation. 
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Where,  

g conductance of the arc; 
u voltage across the arc; 

i current through the arc; 

Uc constant arc voltage; 

τ arc time constant. 

The system bus voltage source is comprised of a 

dominant 1000 V dc component with small-amplitude ac 

components at 120 and 2000 Hz, which represent single-

phase double frequency power ripple and power electronic 

switching noise, respectively. The sustained series arc starts 

at 0.5 s. 

C. Wavelet Multi-Resolution Analysis 

 
Fig. 2: Wavelet multi-resolution analysis subsystem 

MATLAB simulink model 

 

Figure 2 shows the wavelet multi-resolution analysis 

MATLAB simulink subsystem blocks which provide the 

wavelet multi-resolution analysis of load voltage.  

D. Fuzzy Logic Controller Design 

 
Fig. 3: Fuzzy logic designer in MATLAB simulink 

Figure 3 shows the fuzzy logic controller toolbox window in 
which wavelet multi-resolution output Detail D1 coordinator 

input was designed for fuzzy logic controller input as 

triangular membership function. Similarly for Detail 

coordinator D2, D3, D4 and Approximation A4 coordinators 

input signal values are define and design. The values for 

triangular membership function are define in table II, III, IV, 

V and VI for detail D1, D2, D3, D4 and Approximation A4 

signal respectively. 

Fuzzy M.F Low Medium High 

Low 0 0.00075 0.0008 

Medium 0.2727 0.2811 0.2818 

High 19 19.5 20 

Table 2: Fuzzy partition for input detail D1 energy using 

triangular membership function (MF) 

 
Fig. 4: Fuzzy membership function for Detail D1 input 

Figure 4 shows the triangular membership function view for 

set values for detail D1 signal. Similarly figure 5, 6, and 7 

shows the triangular membership function view for detail 

D2, D3, and Approximation A4 respectively.   
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Fuzzy M.F Low Medium High 

Low 0 0.04531 0.046 

Medium 0.18 0.1838 0.19 

High 12 12.2 12.5 

Table 3: Fuzzy partition for input detail D2 energy using 

triangular membership function (MF) 

 
Fig. 5: Fuzzy membership function for Detail D2 input 

Fuzzy M.F Low Medium High 

Low 0 0.3041 0.31 

Medium 0.45 0.4696 0.48 

High 10.1 10.4 10.8 

Table 4: Fuzzy partition for input detail D3 energy using 

triangular membership function (MF) 

 
Fig. 6: Fuzzy membership function for Detail D3 input 

Fuzzy M.F Low Medium High 

Low 0 0.00125 0.0013 

Medium 0.4926 0.4952 0.5052 

High 6.2 6.63 6.7 

Table 5: Fuzzy partition for input detail D4 energy using 

triangular membership function (MF) 

 
Fig. 7: Fuzzy membership function for Approximation A4 

input 

Fuzzy M.F Low Medium High 

Low 180 185.6 190 

Medium 255 260 265 

High 362 364.5 366 

Table 6: Fuzzy partition for input approximation A4 energy 

using triangular membership function (MF) 

 
Fig. 8: Fuzzy membership function for arc flash 

classification target 

Fuzzy M.F Low Medium High 

Normal 0 0.5 1 

Zone-1 1.1 1.5 2 

Zone-2 2.1 2.5 3 

Table 7: Fuzzy partition for target (arc flash classification) 

using triangular membership function (MF) 

Figure 8 shows the fuzzy logic controller toolbox 

window in which arc flash classification target was designed 

for fuzzy logic controller target using triangular membership 

function. Table VII shows the triangular membership 

function value for arc flash classification as target.  

E. Fuzzy rule base for controller 

Figure 9 shows fuzzy rule editor in which rule base design 

for fuzzy logic controller. Based on fuzzy rule base the 
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fuzzy logic controller is work and provides decision for arc 

flash zone classification. 

 
Fig. 9: Fuzzy rule editor in MATLAB 

Figure 9 shows the all input fuzzy rule base with 

membership function and also shows the corresponding 

target membership function for corresponding input 

membership function decision.  

F. Fuzzy Controlling Action 

Figure 10 shows the fuzzy controller controlling surface 
between input Detail D1, Detail D2 and Target. It is shows 

the response of controller for corresponding input detail D1 

which is varies from 0 to 20 values while detail D2 varies 

from 0 to 10 then for corresponding range for target is 0.5 to 

1.5. For any value of D1 and D2 then corresponding target 

value is always 1.5. 

 
Fig. 10: Fuzzy controller working surface for input D1, 

input D2 and Target 
Figure 11 shows the fuzzy controller controlling 

surface between input Detail D1, Detail D3 and Target. It is 

shows the response of controller for corresponding input 

detail D1 which is varies from 0 to 20 values while detail 

D3 varies from 0 to 12 then for corresponding range for 

target is 0.5 to 1.5. For any value of D1 and D3 then 

corresponding target value is always 1.5. 

 

 
Fig. 11: Fuzzy controller working surface for input D1, 

input D3 and Target 

III. SIMULATION RESULTS 

A. Results from Fuzzy Logic Controller 

Table IX shows the actual output provided by fuzzy logic 

controller. The actual output is in the range of target 

membership function which is design in fuzzy logic 

controller toolbox.  

Sr No Fault type 
Range of 

fuzzy decision 

Actual decision by 

fuzzy controller 

1 
Normal 

Condition 
0 to 1 0.52 

2 Zone 1 arc 1.1 to 2 1.5 

3 Zone 2 arc 2.1 to 3 2.5 

Table 8: Fuzzy logic controller results for different arc flash 

zone 

B. Results from Wavelet Multiresolution Analysis 

 
Fig. 12: Wavelet multi-resolution analysis of load voltage 

during normal condition 

Figure 12 shows the wavelet multi-resolution analysis 

window which shows the detail and approximate 

coordinator data during normal operation of dc cable. In this 
case arc is not strict or not consider for operation. So that in 

this case detail coordinator data that is D1, D2, D3, D4 and 

Approximation A4 is constant data throughout the 

operation. Haar mother wavelet is used for multi-resolution 

analysis of wavelet transform.  
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Fig. 13: Wavelet spectral energy of load voltage during 

normal condition 

Figure 13 shows the wavelet spectral energy of 
detail signals D1, D2, D3, D4 and Approximate signal A4 at 

level 4 of multi-resolution analysis. In this window it is 

observed that spectral energy of signals is constant 

throughout the operation during normal condition.  

Figure 14 shows the wavelet multi-resolution 

analysis window which shows the detail and approximate 

coordinator data during arc flash occurs in zone 1 operation 

of dc cable. In this case arc is initiated in zone 1of DC cable. 

So that in this case detail coordinator data that is D1, D2, 

D3, D4 and Approximation A4 is constant before arc 

initiated while arc is initiated at time 0.4 sec time then 

coordinator data changes. Haar mother wavelet is used for 
multi-resolution analysis of wavelet transform.  

 
Fig. 14: Wavelet multi-resolution analysis of load voltage 

during arc fault occurs in zone 1 at 0.4 second simulation 

time 

Figure 15 shows the wavelet spectral energy of 

detail signals D1, D2, D3, D4 and Approximate signal A4 at 

level 4 of multi-resolution analysis. In this window it is 

observed that spectral energy of signals is changes from 0.4 
sec time duration and which is increased in case of normal 

condition energy. 

 
Fig. 15: Wavelet spectral energy of load voltage during arc 

fault occurs in zone 1 at 0.4 second simulation time 

 
Fig. 16: Wavelet multi-resolution analysis of load voltage 
during arc fault occurs in zone 2 at 0.5 second simulation 

time 

Figure 16 shows the wavelet multi-resolution 

analysis window which shows the detail and approximate 

coordinator data during arc flash occurs in zone 2 operation 

of dc cable. In this case arc is initiated in zone 1of DC cable. 

So that in this case detail coordinator data that is D1, D2, 

D3, D4 and Approximation A4 is constant before arc 

initiated while arc is initiated at time 0.4 sec time then 

coordinator data changes. Haar mother wavelet is used for 

multi-resolution analysis of wavelet transform.  

 
Fig. 17: Wavelet spectral energy of load voltage during arc 

fault occurs in zone 2 at 0.5 second simulation time 
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Figure 17 shows the wavelet spectral energy of 

detail signals D1, D2, D3, D4 and Approximate signal A4 at 

level 4 of multi-resolution analysis. In this window it is 
observed that spectral energy of signals is changes from 0.8 

sec time duration and which is increased in case of normal 

condition energy and also more than zone-1 condition. 

IV. CONCLUSION 

This paper has proposed a new method for arc evaluation in 

dc microgrid systems based on WT. The essential feasibility 

of applying WT has been presented. A contrast between the 

Fourier transform technique and the proposed WT method 
has been studied with each simulation analysis and 

experimental results.  

The presence of switching harmonics and ambient 

electrical noise can mask the arc signal, making detection of 

an arc difficult. Fourier analysis is normally now not 

capable to discover temporary signals and abrupt changes 

like sudden arc faults and arc flashes. If the period of the arc 

flash lasts for a totally brief period of time in contrast with 

the sampling window of FFT, it's miles in all likelihood that 

the arc flashes will no longer be observable. However, WT 

is extraordinarily powerful with detecting the precise 
immediate the sign adjustments. The results examine that 

the WT technique isn't always simply successful of 

analyzing arc fault in dc systems but that it also provides a 

more effectively detectable sign and higher performance 

than the FFT technique.  

In next work, we have in addition studied arc fault 

alerts within the presence of inverter noise by the use of 

waveforms synthesized from real-world PV system voltages 

and currents  

These waveforms are constituted of superimposed 

arcing and inverter electrical noise at a user-particular arc-

signal-to-noise ratio. The test results the use of the 
synthesized take a look at alerts coincide with foregoing 

theoretical analysis.  

In addition with wavelet transform, this technique 

extends and calibrates wavelet spectral energy of wavelet 

multi-resolution signal like detailed and approximate signal. 

That signal data is then useful foe arc zone classification 

using fuzzy logic controller. Fuzzy logic controller is design 

in MATLAB fuzzy logic toolbox and membership function 

also design in MATLAB fuzzy toolbox. Then controller data 

is fed in MATLAB simulink model for dc arc zone 

classification. 
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