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Fault detection and monitoring of solar photovoltaic panels using internet of things
technology with fuzzy logic controller

Purpose. This article proposes a new control monitoring grid connected hybrid system. The proposed system, automatic detection or
monitoring of fault occurrence in the photovoltaic application is extremely mandatory in the recent days since the system gets severely
damaged by the occurrence of different faults, which in turn results in performance degradation and malfunctioning of the system. The
novelty of the proposed work consists in presenting solar power monitoring and power control based Internet of things algorithm. In
consideration to this viewpoint, the present study proposes the Internet of Things (IoT) based automatic fault detection approach, which
is highly beneficial in preventing the system damage since it is capable enough to identify the emergence of fault on time without any
complexities to generate Dc voltage and maintain the constant voltage for grid connected hybrid system. Methods. The proposed DC-
DC Boost converter is employed in this system to maximize the photovoltaic output in an efficient manner whereas the Perturb and
Observe algorithm is implemented to accomplish the process of maximum power point tracking irrespective of the changes in the
climatic conditions and then the Arduino microcontroller is employed to analyse the faults in the system through different sensors.
Eventually, the loT based monitoring using fuzzy nonlinear autoregressive exogenous approach is implemented for classifying the faults
in an efficient manner to provide accurate solution of fault occurrence for preventing the system from failure or damage. Results. The
results obtained clearly show that the power quality issue, the proposed system to overcome through monitoring of fault solar panel and
improving of power quality. The obtained output from the hybrid system is fed to the grid through a 3¢ voltage source inverter is more
reliable and maintained power quality. The power obtained from the entire hybrid setup is measured by the sensor present in the loT
based module. The experimental validation is carried out in ATmega328P based Arduino UNO for validating the present system in an
efficient manner. Originality. The automatic Fault detection and monitoring of solar photovoltaic system and compensation of grid
stability in distribution network based IoT approach is utilized along with sensor controller. Practical value. The work concerns a
network comprising of electronic embedded devices, physical objects, network connections, and sensors enabling the sensing, analysis,
and exchange of data. It tracks and manages network statistics for safe and efficient power delivery. The study is validated by the
simulation results based on real interfacing and real time implementation. References 22, tables 2, figures 8.

Key words: photovoltaic system, automatic fault detection, DC-DC boost converter, perturb and observe algorithm, fuzzy
nonlinear autoregressive exogenous approach, renewable energy source.

Mema. Y yiii cmammi npononyemsbcs Ho8a 2iOpUOHA cucmema Kepy8aHHs MOHIMOpUHey niokmouents 0o mepeoici. [Ipononosana cucmema
ABMOMAMUYHO20 BUABNEHHSA AO0 MOHIMOPUHZY BUHUKHEHHS HeCHpagHOCmell Y pomoaanb8aniuHoMy 00IAOHAHHT Hapasi 6Kpail HeoOXIiOHa,
OCKIIbKU CUCIEMA CepUO3HO YULKOOJICYEMbCA NPU GUHUKHEHHI PI3HUX HeCnpagHocmel, ujo, y C60I0 4epey, npu3eoo0ums 00 NO2ipuleHHs
nokasHuxie i Hekopexmuoi pobomu cucmemu. Hoeusna 3anpononosanoi pobomu nonseae y noOaHHI aneopummy MOHIMOPUHEY COHSIUHOT
eHepeemuKy ma YnpasninHa NOMYJiCHicmio HA ochosi Iumepnemy peueil. 3eadicarouu Ha Yo mMoOuKy 30py, ¥ YbOMY OOCTIONCCHHI
NPONOHYEMBCA NIOXIO ABMOMAMUYHO20 GUAGTEHHA HecnpagHocmell Ha ocHosi Inmepnemy peueti (loT), axuil Oyswce Kopuchuil Ona
3ano6ieanHs NOWKOOIICEHHIO CUCIEMU, OCKIIbKU B0HA OOCMAMHbLO 30amHA 84ACHO I0eHMUGIKY8amu GUHUKHEHHS HecnpasHocmi 6e3 0y0b-
SAKUX CKIAOHOWI6, W00 2eHepysamu nOCMItHY Hanpyey. ma niompumyeamu nOCmitiHy Hanpyay O1s 2iOpuOHOL cucmemu, niOKIOYeHoi 00
mepedici. Memoou. Ilpononosanuii nepemsopiosay NOCMIUHO20 CMpPYMY, WO RIOBUWLYE, BUKOPUCINOBYEMbCA 6 Yitl cucmemi Onis
Maxcumizayii pomoenekmpuiHoi nomysNcHoCmi egheKmusHUM YUHOM, MOOi AK ANOPUMM 36YpeHHs ma CROCMEPEedICeHHs peani3oeanuti O
BUKOHAHHS NPOYEC) GIOCMENHCEHHS TNOUKU MAKCUMATLHOT NOMYHCHOCTIT HE3ANEHCHO 60 3MIH KIIMAMUYHUX YMO8, 4 NOMIM MIKDOKOHIMpOEp
Arduino suxopucmogyemuvcsi 0151 aHANI3Y HECHPAGHOCMEN Y CUCMEME 3a OONOMO20I0 PIZHUX 0amHuuKig. 3pewmoro, MOHIMOPUHe Ha OCHOGI
IoT 3 euKOpUCMAHHAM HEYIMKO20 HENIHIIHO2O A8MOPeSPeciliHO20 eK302eHHO20 NIOX00y peamnizo8anuti Ol eeKmusHoi Kiacugikayii
HecnpagHocmell, w06 3abe3neyumu MoyHe SUPIUEHHS HeCHPAGHOCHI, WO GUHUKIA, O 3aN0OI2aHHA 8I0MO8U aDO NOUKOONCEHHIO
cucmemu. Pezynemamu. Ompumani pe3ynomamu nokazyoms, wo 3anponoHoeanda cucmema supiuiye npobiemy aKocmi enekmpoenepeii 3a
PaxyHOK MOHIMOPUH2Y HeCnPAGHOCII COHAYNOI naneni ma nokpawjents aKocmi enexmpoenepeii. Ompumana 3 2ibpuonoi cucmemu enepeis
100AEMbCsl 8 Mepexcy uepes iHeepmop oxcepena Hanpyeu 3@, wo € Oinb HAdiHUM [ nIOmMpumye sKicmo erexmpoenepeii. Ilomyochicm,
ompumana 6i0 yciei 2ibpuoHoi yCmanosKu, GUMIDIOEMbCS OAMYUKOM, RPUCYMHIM Y Mooyl Ha ocrogi 1oT. Excnepumenmansha nepesipka
npogooumuca y Arduino UNO na 6a3i ATmega328P ona egexmusnoi nepesipxu yiei cucmemu. Opuzinanvhicms. Asmomamuyte
BUSIGTICHHSL HECNPABHOCMEI MA MOHIMOPUHS COHSIYHOI homoenekmpuynoi cucmemu i Komnencayis cmabiivrhocmi mepedici y nioxooi loT na
OCHOBI PO3NOOINLYUOI Mepedci BUKOPUCOBYIOMbCS. pas3om i3 Koumponepom oamuukie. Ilpakmuuna winnicme. Poooma cmocyemvcs
Mepedicl, Wo CKIa0aemvcsi 3 80YOOBAHUX eNIeKMPOHHUX NPUCmpois, izuunux 00'ekmis, Mepesicesux NIOKIIOUeHb | 0amuuKie, wo
003601510Mb CHpUIMamu, ananizysamu i oominiogamucs oanumu. Bona eiocmesicye ma xepye mepesicegoro cmamucmukolo oisi 6e3neuHoi
ma eghexmuenoi nooaui enepeii. Jocniodcents niomeepodiceHo pe3yibmamamu MOOeIO8anH s, Wo 6a3yIomscs Ha peanbHoMy inmepgelici
ma peanizayii ¢ peanvHomy yact. bion. 22, Tadm. 2, puc. 8.

Knrouoei cnosa: ¢ororajbpaHiuHa cHCTeMa, aBTOMaTH4YHEe BHSIBJICHHS HECIPaBHOCTEIll, IePEeTBOPIOBAY IOCTIHHOIO CTPyMY,
0 MiIBHILY€E, AJrOPUTM 30ypeHHs] Ta CHOCTEPeKeHHs, HeuyiTkuii HesiHiliHMii aBTOperpeciiiHmMii ex3oreHHumil minxin,
Bi/IHOBJIIOBaHe /1KepeJio eHeprii.

Introduction. In the process of power generation,
the demand of renewable energy (RE) sources is
extremely high for compensating the power requirement
of people and overcoming the exhaustion of fossil fuels
in an efficient manner. The usage of RE sources has
gained huge attention in different industrial or domestic
applications as it aids in generating electricity with plenty
of beneficial impacts like zero CO, emission, trouble free

maintenance, easy installation and less expenditure. The
increasing cost of conventional fossil fuels in the recent
days causes the people to switch to the usage of RE
sources as these sources are easily available and cost
effective. Moreover, the usage of these sources has
widely influenced the economic growth of the nation as it
contributes enough in maximizing the uninterrupted
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generation and transmission of electricity without
requiring any expensive processes [1-4].

The solar energy is one of the significant RE sources
that is comparatively better than the other sources like
tidal, biomass, geothermal and wind energy since the
profitability of this photovoltaic (PV) source is extremely
higher than the others. The usage of PV system in the
process of electricity generation is extremely advantageous
as it is capable enough to be installed even in the rural
places without any complexities. Furthermore, the
environmental friendly features of this PV system are
highly preferable for the future projects in multiple sectors
since the government has aimed to make the green society
with pollution free applications [5, 6]. In spite of having all
these advantageous measures, the PV owns the limitation
of delivering low voltage as output and so it is highly
mandatory to maximize the PV output in an optimal
manner [7]. Therefore, the usage of DC-DC converters are
emerged in the process of maximizing the PV output
voltage to compensate the voltage requirement of load in
an optimal way and so this present study proposes the
boost converter for improving the PV output as it elevates
the voltage with less components without affecting the
efficiency or reliability of the system.

Due to the intermittent nature or non-linear features
of solar energy, the PV delivers the output with extensive
oscillations and so the process of tracking maximum
power from PV is extremely mandatory for the complete
use of PV output irrespective of the varying weather
condition. Various maximum power point tracking
(MPPT) algorithms are used for the extraction of
maximum available power from PV panel and all these
approaches have involved in finding the operating point
of PV in an efficient manner [8-11]. Hence, this present
study employs the Perturb and Observe (P&O) approach
to effectively track the maximum power from PV by
accurately identifying its operating point in an optimal
way because this approach owns the beneficial measure
of high tracking efficiency with lesser complexity.

The operating condition of PV system gets affected
by the occurrence of different faults that initiate potential
energy loss, which in turn influence the safety of the
system in a wider range and these faults affect the
efficiency of the system in delivering the desired
outcomes. It is thus extremely mandatory to monitor the
entire system to protect it from being affected by the
faults in order to maximize safety and productivity of the
system [12, 13]. The timely detection of fault occurrence
for the purpose of enhancing the system performance
with high efficiency is extremely crucial because it
assists in preventing the panel damage or output current
disruptions and hence various fault detection approaches
are employed in the past decades to obtain fault free
operation [14]. Though multiple approaches with
different conceptual variations are used in the process of
identifying the emergence of fault in PV system, the
ultimate motive of achieving fault detection on time is
not effectively accomplished as all these approaches have
only given temporary solution. Thus, the detection
capability of the conventional strategies are not sufficient
enough to prevent the system free from damages or
malfunctioning and hence the Internet of Things (IoT)

based detection approaches are introduced in the field for
identifying the fault occurrence [15, 16].

The implementation of IoT based approach in the
process of automatically identifying the faults in the
system is highly advantageous since it is wrapped with
plenty of beneficial measures like cost minimization,
anytime-anywhere device control and real-time data
assess, which makes is highly preferable for the
applications that require automatic detection. In addition,
it effectively involves in lessening the limitation of
distance range, which is regarded as one of the significant
features of this approach [17-19]. Various intelligent
based optimization approaches are involved in the IoT
based operation but all these methods are not capable
enough in delivering optimal outcomes and so the present
study prefers the implementation of Fuzzy system for
acquiring optimal results in the process of identifying the
system faults in an efficient manner [20-22].

In all the previously used methods for monitoring of
solar power plant was discussed in brief. First, we had
discussed on traditional approaches like Zigbee,
Bluetooth and WSN, and then moved concentration on
the PLC and SCADA system, which are most widely
used methods nowadays from last 2 decades. After the
review on traditional methods for remote monitoring and
control for solar power plant, we have turned our focus
on recent trends like IoT.

The purpose of the work is some of the drawbacks
of previous methods are reduced by the use of new
innovative techniques like Internet of Things. IoT allows
us to remote monitoring and control the energy
parameters but traditional systems can’t allow us to
remotely access energy parameters.

Proposed control system. The process of detecting
the fault occurrence in the power generation system using
IoT application is significantly introduced in this present
study, which indulges in enhancing the overall
performance of the system by preventing the output
current from being affected by different faults that occurs
in the system. As it is a sensor based system of automatic
fault identification, the real time status of the power
system is observed in an optimal manner and so the
reliability of this system is extremely higher than the
conventional fault tracking systems. The operation of this
system is remarkably illustrated through the block
representation in Fig. 1 for validating the proposed
methodology.
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As the obtained voltage of PV is low in nature, it is
not sufficient enough in compensating the voltage
requirement of load in an efficient manner and so the
boost converter is employed in this study to maximize the
output voltage of PV in a wider range. Due to the
intermittent nature of PV, the output gets fluctuated or
becomes inconstant, which hurdles the overall operation
of the system and hence the P&O algorithm is
implemented to extract the maximum power from PV by
comparing the current and voltage of PV module.

The duty cycle command of this MPPT controller is fed
to the pulse-width modulation (PWM) generator that
generates the pulses and delivers it to the converter for
delivering the constant output voltage without any oscillation.
The obtained output voltage is then given to the load and the
load requirement is thus effectively compensated.

The occurrence of any fault in this system causes
panel damage or interruption in current flow and so it is
highly mandatory to monitor the fault occurrence for the
disruption free operation of the system.

Therefore, the current, voltage and temperature of the
entire system are sensed by 3 different sensors and the
outputs of these sensors are fed to the Arduino
microcontroller that gets operated through the supply of. The
output of this controller is then given to the fuzzy nonlinear
autoregressive exogenous (NARX) system that effectively
detects the faults and the identified faults are evidently
displayed by using the IoT module (Node MCU ESP8266)
in an efficient manner. Thus, this system maximizes the
overall performance of the system by effectively detecting
the fault occurrence along with the observation of variations
in temperature, current and voltage.

System modelling. The detailed analysis and
modelling of the employed approaches are significantly
provided in the subsequent section.

1. PV system. Because of providing an ideal
balance between precision and simplicity, the present
study uses the single diode model of PV system. Its
equivalent circuit representation is significantly, which
includes a series resistance R;, a parallel resistance
indicating the leakage current R,, a diode /p and a
photocurrent /,;,. By applying Kirchhoff’s law, the current
is generated through the subsequent equation as:

I1=1,—-1Ip—1, (1)
where [, is the photocurrent; /, is the current flows
through the parallel resistor.

The I, is computed as

P
where Ip is the diode current that is equal to the
saturation current, which is expressed as:

[D = [sd (GXP(M) _1j s (3)

n-K-T
where ¢ is the electron charge; K is the Boltzmann
constant; # is the ideal factor; T is the cell temperature;
is the reverse saturation current.
Equation (1) is thus replaced as:

I=1,,-1y '(exp(q'(VJrRs 'I)j—lJ— ViR 1 , (@)

n-K-T R,

As solar irradiation and temperature influence the
photocurrent, it is expressed as:

[ph:[lsc+Ki'(T_Tr¢f)]'Gin (5)
ref
where G is the solar irradiance; K; is the temperature
coefficient; G, is the reference insolation of the cell; 7,.is
the reference temperature; I, is the short circuit current.
As the temperature is varies, the saturation current
gets fluctuated, which is expressed as:

1 1

E. . _t

T ’ "% (Tref Tj

Iy =1- Tf - €Xp| K n > (6)
rej

where E, is the semiconductor’s gap energy; /., is the PV
cell’s reverse saturation current; # is the ideal factor relies
on PV.

The reverse saturation current is thus expressed as:

I, - Lse . %)

rs
p[qVJ 4
Ny-n-K-T

The output of this PV system is then given to the
boost converter as the input and the converter involves in
maximizing the voltage in an optimal manner.

2. Boost converter. One of the simplest kind of
switch mode converter is known as boost converter,
which has the elements like a capacitor C, an inductor L,
a diode D, a load resistor R;, a semiconductor switch s as
involves in significantly maximizing the low output
voltage of PV in an optimal way.

By modifying the switch ON time, the converter
output voltage gets varied since it highly depends on the
duty cycle of the switch and hence the average output
voltage for duty cycle «D» is computed as:

V. 1

o
Vi (-D) o
where V, and V;, are the output and input voltages of the
converter are respectively specified.
The input and output power of converter are
proportional to each other in an ideal circuit, which is

expressed as:

Fo=Fpy=Vy 1y =Vy Iy, )

The boost converter’s inductor value is computed by:

L= Vi D, (10)
(fy-Alp)
where Al is the input current ripple; f; is the switching
frequency.

For the accurate estimation of inductor value, the
current ripple factor that is the ratio among output current
and input current ripple has to be ranges within 30 %,
which is expressed as:

Al /1,=30 %. (11)
The capacitor value of the converter is obtained by:
C:—IO”’ D, (12)
(fs 'AVO)

where AV, is the output voltage ripple that is actually
regarded as the 5 % of output voltage, which is expressed as:
AV, V,=5%. (13)
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Thus, the contribution of this converter is extremely
high in the process of maximizing the output voltage of
PV in a wider range.

For the disruption free operation of the PV system,
the maximum power has to be extracted from the PV
system and so the P&O algorithm is employed in this
present study.

3. P&O algorithm. As the necessity of tracking the
maximum power from PV is enormously high in the
process of enhancing the system operation without any
fluctuation, the P&O algorithm is employed in this study
for extracting the maximum power from PV irrespective
of the changes in the climatic conditions. Few measured
parameters and a straightforward feedback ground work
are utilized by this algorithm in the initial stage for
effectively tracking the MPP whereas the system gets
operated at the obtained MPP for acquiring optimal
efficiency along with the disruption free outputs. The
functioning measures of this algorithm are evidently
explained through the steps.

The power from the PV panel gets constantly
fluctuated by the slight perturbation initiated by this
algorithm. The direction of the perturbation remains the
same when the power gets increased by the initiated
perturbation whereas the direction is reversed when the
power gets decreased after reaching the peak point. For
lessening the power variation, the perturbation size is fixed
as small and the algorithms gets fluctuated around the peak
point when it reaches the steady state. Initially, it involves
in estimating the current and voltage of PV for measuring
the actual power and then the condition AP = 0 is tested. If
this condition is compensated, the operating point is
obtained or else the condition of AP > 0 is tested. The
operating point relies on the left part of MPP when AP > 0
is satisfied and so the condition of AV > 0 is performed
whereas the operating point relies on the left part of MPP
when AP > 0 is not compensated. This process gets
repeated until the MPP is reached.

The acquired MPP is then given to the PWM
generator for generating the required pulses of the boost
converter in an efficient manner.

4. Algorithm:

Step-1: Input (number of strings, IoT granularity level,
number of PV panel in one string)

Step-2: Test each string input for possible fault

Step-3: If faults identified then

Step-4: Issue command to IoT cloud to eliminate half of
the existing nodes

Step-5: Do the step:2 again

Step-6: If (there is no further possible node elimination)
Step-7: Return the current node as the faulty node.
Step-8: No fault Exist

Step-9: Add a leaf node from the eliminated part
Step-10: Do the step:2 again

Step-11: Fault Exist

Step-12: Return the last added leaf node as faulty node
Step-13: output (the PV panel of group of PV panel
causing the fault)

5. Fault analysis. The emergence of any fault in
this system causes severe negative impacts like panel
damage or interruption in current flow, which in turn
lessens the cumulative performance of the system in a

wider range and so in is extremely mandatory to identify
these faults for preventing the system from being
damaged. Therefore, the present study proposes the IoT
based detection approach using fuzzy NARX algorithm,
which contributes enough in monitoring the system and
identifying the faults in an efficient manner. The working
principles of this approach are evidently explained in the
subsequent section with proper analysis and the flow
chart of this fault detection approach is significantly
illustrated in Fig. 2.

Schedule fault source
\dentification process

Fig. 2. Flow chart of detection algorithm

6. IoT based power monitoring. In general, the
output power degradation in the power generation system
occurs due to the occurrence of faults which in turn
affects the overall current flow and this necessitates the
continuous monitoring of various parameters. The
voltage, current and the temperature obtained from the
power generation system are monitored continuously by
the IoT based power monitoring system. It comprises of a
Node MCU ESP8266 controller along with INA219
sensor for voltage and current monitoring, DH11sensor
for temperature. The obtained values of voltage, current
and temperature are applied to the controller and from
these values the presence and absence of faults are
detected. In this work, the detection of faults is carried
out by fuzzy NARX based fault detection approach as
denoted in Fig. 3.

The expressions of power ratio PR and voltage ratio
VR are given by:

VR="Vp/ Vs (15)

PR=Pp/ Pg; (16)
where Vp is the maximum output voltage; Pp is the
maximum output power obtained theoretically; Vs is the
measured output voltage; Ps is the measured output
power obtained practically.

The obtained values of VR and PR indicate the
presence and absence of faults in the power generation
system. The data thus monitored is stored in the IoT
webpage through Node MCU.

Thus a wide analysis is performed with the usage of
sensors and NARX model for fault detection in the power
generation system. Depending on the obtained values of
voltage, current and temperature, the effective functioning of
the system is concluded which further indicates the presence
and absence of faults. The NARX model -effectively
identifies and classifies faults generating improved fault
detection outputs.
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Fig. 3. Flow chart of fault detection

Results and discussions. The process of detecting the
emergence faults that affect the output current of PV system
is effectively performed in this study through the
implementation of 10T based fault detection approach using
fuzzy NARX algorithm. The experimental validation of the
entire work is carried out using ATmega328P based
Arduino UNO for authenticating the performance capability
of this approach in the detection of fault current with optimal
outcomes. After identifying the input variables VR and PR
regions, the fuzzy sets and the membership functions for the
three Sugeno fuzzy models are shown in Fig. 4. The
waveform representing the output voltage of PV is
significantly highlighted in Fig. 5, which illustrates that the
output voltage gets varied from 180 V to 200 V but this
obtained low DC output with oscillations is not sufficient
enough to compensate the voltage requirement of load and
so this obtained voltage of PV is fed to the boost converter
as input for maximizing the voltage in a wider range.

After identifying the input variables VR and PR
regions, the fuzzy sets and the membership functions for
the three Sugeno fuzzy models are shown in Fig. 4.

The obtained PV voltage is significantly improved
by the boost converter as represented in Fig. 5,a-d, which
validates that the converter delivers the constant output
voltage of 220 V without any fluctuations. Irrespective of
the oscillations in the PV output, the converter delivers
disruptions free output and hence the efficiency of this
converter in the process of maximizing the low DC
output of PV is remarkably high.

The waveform indicating the output current without
fault is evidently illustrated in Fig. 6, which validates that
the output current shows no oscillations during the no fault
condition and the constant output current is obtained. In
this fault free condition, the constant output current of 3 A
is significantly obtained, which in turn improves the
overall system performance in a wider range.
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The waveform representing the output voltage of PV is
significantly highlighted in Fig. 5, which illustrates that the
output voltage gets varied from 180 V to 200 V but this
obtained low DC output with oscillations is not sufficient
enough to compensate the voltage requirement of load and
so this obtained voltage of PV is fed to the boost converter
as input for maximizing the voltage in a wider range.
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severely affects the performance efficiency of the system
or initiates the panel damage. To prevent these issues, the
occurrence of fault is remarkably monitored through the
IoT fault detection approach.
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Fig. 7. Output current with fault
The hardware outcomes of the fuzzy fault

classification along with the execution time and accuracy of
proposed fuzzy NARX system are evidently listed out in
Table 1 and Table 2, which proves that the accuracy of this
proposed approach in the process of detecting the fault
occurrence in the PV system is remarkably high. In addition,
it consumes less time for the execution of fault analysis,
which in turn makes the system free from unwanted delays.

Table 1

Test cases of fuzzy classification

caloo  osoe 100 120 1aleo  1eloo  1sos 2000 No Power|Voltage| Fault |Fuzzy classification|{Diagnosis
Fig. 5. a — fault current; b — fault cleared current; ‘| ratio | ratio mode region time, ms
¢ — fault irradiation; d — fault cleared irradiation 1 1.8 2.0 Minor 4 4.02
When the fault is emerged in the system the output 214 11 | Minor 9 4.03
current gets extremely deviated as depicted in Fig. 7, 3153 | 27 [Moderate 18 1.93
which illustrates the fault current waveform in an 4] 24 | 10 |Moderate 7 3.04
efficient manner. The obtained waveform proves that the 5| 116 ] 45 | Major 23 1.82
current is highly disrupted and varied up to 10.5 A, which 6]1806] 3.0 | Major 22 2.01
Table 2
Accuracy and execution time using NARX
No.| Solar irradiation, W/m? Input temperature, °C | Open-circuit voltage, V | Short-circuit current, A Fiardwi;e gizki?lf
1 200 10 36.88 8.27 1.36/31.28| 7.85
2 500 20 36.88 8.27 3.68(3041| 7.74
3 350 15 36.88 8.27 2.54130.95 7.86
4 600 25 30 8.37 4.49(23.64| 7.89
5 400 20 30 8.37 2.85|124.11| 7.58
6 800 30 30 8.37 6.23]22.69| 8.02
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The hardware outcomes of the IoT based system
monitoring are evidently illustrated in Fig. 8,a,b, which
proves that fault current outcomes exhibits much variations.

The temperature, current and voltage values of the
system are sensed through three various sensors to
monitor the fault occurrence in an efficient manner. The
sensed output is to the Arduino controller, which
simultaneously fed the output to the Fuzzy NARX system

to classify the faults in an optimal manner. The classified
outputs are evidently displayed in the IoT webpage as
represented in the subsequent figures.

Hence, the acquired outcomes have proved that the
performance capability of the proposed methodology in
the automatic monitoring and detection of fault
occurrence in PV system is extremely high.

Fig. 8. a — output of fault; » — no fault conditions

Conclusions. The present study describes the detailed
analysis of implementing the Internet of Things based
automatic fault identification in the photovoltaic application,
which assists in rectifying the issues like panel damage,
malfunctioning and system failure in an optimal manner. The
low photovoltaic output voltage is effectively maximized
through the implementation of boost converter and the
maximum power from photovoltaic is remarkably extracted
by the implementation of Perturb and Observe algorithm,
which in turn efficiently compensated the load requirement
without any disruptions. As the emergence of fault in the
system affects the current flow in a wider range, the entire
system is monitored through three different sensors whereas
the sensed output is fed to the fuzzy nonlinear autoregressive
exogenous system, which efficiently classifies the faults in
the system and displays the occurred faults in the Internet of
Things webpage through Node MCU. Thus, the proposed
approach performs well in identifying whether the system
has any faults or not and in effectively monitoring the
changes in system parameters like voltage, current or
temperature. The entire work is experimentally validated
using ATmega328P based Arduino UNO and the obtained
outcomes have proved that this approach is capable enough
in automatically identifying the fault occurrence in an
efficient manner without any complexities.
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