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Abstract— Solar energy is that the foremost thick, 

inexhaustible and cleans of all renewable energy resources. 

Interest in electrical solar PV power generation has 

accumulated in recent years thanks to its advantages. This 

wide distribution of power phenomenon panel production 

wasn't followed by observance, fault detection and 

designation functions to verify higher gain. Faults in any parts 

(modules, affiliation lines, converters, inverters, etc.) of 

electrical phenomenon systems (stand-alone, grid-connected 

or hybrid PV systems) will seriously have an effect on the 

potency, energy yield likewise because the security and 

reliableness of the whole PV plant, if not detected and 

corrected quickly. Additionally, if some faults persist (e.g. arc 

fault, ground fault and line-to-line fault) they will cause risk 

of fireside. Fault detection and diagnosing strategies are 

indispensable for the system reliableness, operation at high 

potency, and safety of the PV plant. During this paper, the 

categories and causes of PV systems failures are given, then 

totally different strategies planned in literature for Fault 

detection and diagnosing of PV systems are reviewed and 

discussed; notably faults occurring in PV arrays. Special 

attention is paid to strategies that may accurately discover, 

localize and classify doable faults occurring during a PV 

arrays. The benefits and limits of Fault detection and 

diagnosing strategies in terms of practicable, complexity, 

cost-effectiveness and generalization capability for large-

scale integration are highlighted. 
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I. INTRODUCTION 

There has been an exaggerated attention to the photovoltaic 

(PV) energy systems throughout the last decade attributable 

to the various blessings that these systems have such as: it's a 

worldwide on the market energy supply, it's pollution free, it's 

quiet operation, it's standard and straightforward to put in, it's 

a reliable technique of energy conversion, and it's ready to be 

put in and/or integrated within the buildings. As a result, the 

amount and size of PV systems (PVS) have exaggerated 

quickly everywhere the word. The PV market grew by 75GW 

within the year 2016, whereas the entire capability has 

reached 303GW round the globe. With relevancy bird genus 

(International Renewable Energy Agency) [2] the worth of 

electrical phenomenon modules born by eightieth between 

2009 and 2015, and therefore the actual value is a smaller 

amount than one USD/Wp. PV systems area unit subject to 

completely different sort of failures which will involve all PV 

system parts (modules, cabling, protections, converters and 

inverters), primarily thanks to the external operational 

conditions. Faults in PV system area unit caused by: shading 

effects, module change of state, electrical converter failure, 

and pair due to variation in producing or aging of PV modules 

(PVM). The most ruinous failures in PV arrays are: the line-

to-line (LLF), ground (GF) and arc (AF) faults. An analysis 

of some vital failure modes associated to PV modules (PVM), 

Balance of System (BOS) and photovoltaic array. Faults in 

PV system could cause an enormous quantity of energy loss 

further as risk of fires. As an example, Figure 1 shows the 

amount of incidents associated with fires of varied 

magnitudes that concerned PV system installations in 

European country. The Italian knowledge analysis showed 

that the amount of fires peaked in 2012 following the primary 

wave of installations. Some recommendations for preventing 

the hearth hazards in PVS. Pointers for the mitigation of 

electrical faults that will lead to a fireplace. To ensure reliable 

and safe operation of PV installations, observation and fault 

diagnosing systems ought to accompany these installations to 

timely observe and solve issues. Addressing these problems, 

varied observation and fault diagnosing ways are studied in 

literature, that vary in pace, quality and sensors needs, and 

therefore the capability for the identification of an outsized 

variety of faults. 

 Fault detection and identification for grid-connected 

electrical phenomenon plants, may be a elementary task to 

shield the elements of PV system (modules, batteries and 

inverters), significantly PV module, from harm and to 

eliminate potential hearth risks. the most task of fault 

detection, in PV system, consists of examination the 

distinction between the measured and calculated parameters 

with reference values, so as to verify the incidence of any 

fault, whereas the fault identification (Fault diagnosis) 

methodology aims to spot the sort of faults and localize the 

faults supported a priori data or search techniques. Fault 

localization stays an enormous challenge, significantly in 

massive scale PV plants. The effectiveness of the observance 

and detection systems is additionally strictly associated with 

the design of the PV panel significantly for little scale PV 

plants with distributed most wall plug trailing. A review on 

the applying of non-electrical ways (e.g. infrared, thermal 

imagining) for Fault diagnosis of PV system. 

 
Fig. 1: Fires related to PVS installations, courtesy of Italian 

National Fire Corp, Statistical Service (INFCS) 
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II. DIFFERENT TECHNOLOGY FOR SOLAR PV FAULT 

DETECTION AND DIAGNOSIS 

A. IOT Base Technique 

Using the internet of Things Technology for management 

solar pv phenomenon power generation will greatly enhance 

the performance, observance and maintenance of the plant. 

With advancement of technologies the price of renewable 

energy equipments goes down globally encouraging massive 

scale solar pv array installations. This large scale of solar pv 

readying needs refined systems for automation of the plant 

observance remotely victimization internet based mostly 

interfaces as majority of them square measure put in 

inaccessible locations and so unable to be monitored from a 

passionate location. In one amongst the technique relies on 

implementation of recent value effective methodology 

supported IoT to remotely monitor a solar pv array plant for 

performance analysis [1]. This can facilitate preventive 

maintenance, fault detection, historical analysis of the plant 

additionally to real time observance. 

 In this methodology planned IoT primarily based 

remote observation system for solar energy plant, the 

approach is studied, enforced and with success achieved the 

remote transmission of knowledge to a server for 

superintendence. IoT primarily based remote observation can 

improve energy potency [1] of the system by creating use of 

low power intense advanced wireless modules thereby 

reducing the carbon foot print. Internet Console primarily 

based interface can considerably scale back time of manual 

superintendence and aid within the method of programming 

task of plant management. A provision of advance remotely 

manage the solar PV plants of assorted operations like remote 

ending, remote management is to be incorporate with this 

method later. 

 
Fig. 2: Proposed IoT Application for Solar Power Plant 

B. Multi-resolution and FIS bases Technique 

One of technology presents a detection theme for DC side 

short-circuit faults of pv arrays that encompass multiple PV 

panels connected in an exceedingly series/parallel 

configuration. Such faults area unit nearly undetectable 

underneath low irradiance conditions, notably once a 

maximum power point tracking (MPPT) rule is in-service. If 

stay unseen, these faults will significantly lower the output 

energy of solar pv systems, faults in the panels, and probably 

cause hearth hazards. The projected fault detection theme is 

predicated on a pattern recognition approach that employs a 

multi-resolution signal decomposition technique to extract 

the mandatory options, supported that a fuzzy inference 

system (FIS) determines if a fault has occurred [2]. The 

conferred case studies (both simulation and experimental) 

demonstrate the effective and reliable performance of the 

projected methodology in sleuthing PV array faults. 

 The experimental results any validate the promising 

performance of the planned algorithmic rule. This technique 

[2] in the main focuses on sleuthing LL and LG faults. 

However, there are a unit several different differing types of 

faults in PV arrays, like open circuits and hot-spot heating. 

Therefore, for additional elaborate classification of different 

PV faults, necessary algorithms is also utilized in parallel 

with or in any stages of the detection system. 

 
Fig. 3: A typical PV array configuration (with 10 by 10 solar 

panels), its control scheme, and potential faults 

C. Threshold value based Technique 

In one of the methodology, a technique for real time 

observation and fault identification in electrical phenomenon 

systems is planned [3]. This approach is predicated on a 

comparison between the performances of a faulty pv module, 

with its correct model by quantifying the particular 

differential residue that may be related to it. The electrical 

characteristics of every default are fastened by considering 

the deformations elicited on the I-V curves. Some faults, such 

as: interconnection resistance faults and completely different 

shading patterns square measure thought-about. The planned 

technique is generalized and extended to additional kinds of 

faults. The fault identification is determined by fixing a 

traditional and a fault threshold for every fault. These 
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thresholds square measure calculated supported the geometer 

norm between ideal and traditional measuring or between 

ideal and fault mode measuring. Every threshold is about in a 

very vary delimited by the minimum and most values of the 

differential residue obtained for the thought-about fault. The 

planned approach provides identification of faults by hard 

their specific threshold ranges. This technique permits the 

instant observation of the power delivered by the PV array 

system. 

 The identification methodology bestowed here is 

constructed on an correct two diodes model of a PV module 

and it permits hard the characteristic threshold of normality 

and threshold of failure in 5 cases. The electrical signature of 

the thought of five types of faults is established from the 

determined deformations on their associated curves and valid 

by various field tests. These deformations modification the 

three major points and also the slopes of the three parameters 

for every curve. The fault detection is formed by examination 

a perfect calculable power with measured performance [3]. 

The popularity of the incidence of a fault is formed 

exploitation the threshold methodology of the residual 

signals. 

D. Mathematical and statistics approach 

An author [4] development of a applied mathematical and 

statistics approach for fault detection and diagnosing in an 

exceedingly PV system. Specifically, the overarching goal of 

this work is to early sight and determines faults on the DC 

aspect of a PV system (e.g., module-module short circuit; 

open-circuit faults; and partial shading faults). Towards this 

finish, we have a tendency to apply exponentially-weighted 

moving average (EWMA) management chart on the residuals 

obtained from the one-diode model. Such a selection is 

intended by the bigger sensitivity of EWMA chart to inchoate 

faults and its low procedure value creating it straightforward 

to implement in real time. That practical condition 

information from a 3.2 KWp PV array plant settled among 

associate Algerian research facility is employed to validate 

the planned approach. This methodology addressed the 

matter of fault detection and diagnosing within the DC aspect 

of a PV system. Associate innovative applied math model-

based fault sight ion approach has developed to detect and 

determine faults in an exceedingly PV system. First, it have a 

tendency to used a 1 diode model (ODM) to get residuals, that 

area unit used because the input for the EWMA observation 

theme. Indeed, DC power residuals area unit used for faults 

detection, whereas DC current and voltage residuals area unit 

used for fault identification. This method [4] demonstrates 

through sensible information from a grid connected PV 

system at CDER in Algeria, the effectiveness of the ODM-

EWMA to sight and determine faults in an exceedingly PV 

system, significantly short-circuit faults, open-circuit faults 

and partial shading faults. 

E. Support vector machine based approach 

Line-to-Line (L-L) faults in PV arrays stop the PV system 

from manufacturing most power, and if not cleared, might 

lead to serious energy and revenue losses and cause hearth 

hazards. Maximum power point tracking (MPPT), a way used 

to maximize the power output of a PV array at totally 

different irradiance level, might probably mask sure faults 

and build them undetectable by protection devices, 

particularly once these faults occur below low solar 

irradiance condition or ith high fault impedance. This method 

[5] proposes techniques for sleuthing L-L faults in PV arrays 

using support vector machine (SVM). 

 The increasing scale of PV systems reveals a lot of 

dependability problems in PV arrays. L-L faults in PV arrays 

may well be cloaked by MPPT due to its operative 

mechanism. To detecting challenges can increase if these 

faults occur below low irradiance or with high fault electric 

resistance. To deal with these challenges, author is present [5] 

a method for sleuthing L-L faults in PV array supported 

SVM. It extracts four effective options and takes advantage 

of the powerful classification capability of SVM. Case study 

results show high sleuthing accuracy of the planned 

technique. 

 
Fig. 4: Proposed Algorithm Based on SVM [5] 

F. False alarm rates (FAR) and missed detection rates 

(MDR) 

Electrical power generation using PV array system became a 

vigorous and continuous growing space for researcher and 

industrial analysis. The quality of PV systems and therefore 

the increase in responsibility demand become an awfully vital 

issue in automation. Grid-connected PV systems area unit 

among the highest power technologies with the best rate of 

development [6]. Therefore, their correct operation and safe 

handling may be a high priority. To reply for this exigency, 

we have a tendency to develop a unique technique for PV 

power systems observance. Various key variables will be 

monitored in PV systems that embody the voltage and 

frequency of the grid, the voltage and therefore the current of 

the AC and DC converters, similarly as climate information, 

like the temperature and irradiance. Tight observance of those 

variables can give simpler and fewer interrupted energy 

provides. The developed observance methodology is applied 

and valid exploitation simulated information of PV systems. 

The developed technique combines the benefits of 

Exponentially Weighted Moving Average (EWMA), multi 
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objective optimization (MOO) and riffle illustration. The 

MOO is employed here to resolve the matter of selecting 

associate degree optimum answer of the subsequent two 

objective functions: (i) lost detection rate (MDR) and (ii) 

warning rate (FAR) wherever each of them area unit at the 

same time reduced. in addition, the utilization of riffle 

illustration improves the observance performances by 

reducing the MDR and much. The riffle illustration is applied 

to get precise settled characteristics besides de-correlation of 

auto-correlated measurements. The new projected technique, 

referred to as riffle Optimized EWMA (WOEWMA), is 

compared with the classical EWMA and Shewhart charts 

wherever they're used for detection single and multiple faults 

(for example, Bypass, Mismatch, combine and Shading 

faults). 

 
Fig. 5: Generalized block diagram of grid-connected PV 

system [6] 

 The detection technique are unit evaluated in terms 

of false alarm rates (FAR) and missed detection rates (MDR). 

The projected approach fits to real time implementation due 

to the low calculation time. This approach [6] will sight the 

fault, may be wont to sight faults for each DC (PV) and AC 

(converter) elements, sturdy with completely different faulty 

eventualities together with single or multiple (cascade and 

simultaneous) cases. As a future work, it have a tendency to 

shall apply the this process in real time system for on-line 

observation and value tolerance and proactive detection of 

faults over annual fundamental quantity. 

G. Neuro-fuzzy approach 

The author gift a Multiclass adaptive Neuro-Fuzzy Classifier 

(MC-NFC) for fault detection and classification in electrical 

phenomenon (PV) array [7]. Firstly, to indicate the 

generalization capability within the automatic faults 

classification of a PV array (PVA), fuzzy logic (FL) 

classifiers are engineered supported experimental datasets. 

Afterward, a unique organization supported reconciling 

Neuro-fuzzy Inference System (ANFIS) has been planned to 

boost the generalization performance of the FL classifiers. 

The experiments are conducted on the premise of collected 

information PV array system acetate to classify five sorts of 

faults. Results showed the benefits of mistreatment the fuzzy 

approach with reduced options over mistreatment the whole 

original chosen options. Then, the designed MC-NFC has 

been compared with a Artificial Neural Networks (ANN) 

classifier. Results incontestable the prevalence of the MC-

NFC over the ANN-classifier and counsel that any 

enhancements in terms of classification accuracy is achieved 

by the planned classification algorithm; moreover faults is 

additionally thought-about for discrimination. 

 
Fig. 6. Overview of the proposed method for real-time fault 

detection and classification phase of unknown samples [7] 

H. VI Characteristics based approach 

In the PV array, relating to the importance of property, 

watching systems are a dominant element for yield 

assessment. However within the industrial production, fault 

detection remains a manually handled issue. However, faults 

are liable for vital power loss and generally, even 

dramatically damages are reportable such fireplace hazard or 

material deterioration. Author presents a technique [8] for 

fault detection within the electrical phenomenon system 

relating to the various impacts of faults on the I-V curve. 

Indeed, fault classification could be a crucial step for the 

failure identification. The projected methodology principally 

covers uniform dirt faults, partial shading faults, short faults, 

and aging. The projected algorithmic rule is assessed through 

a simulation on Matlab Simulink and eventually, its valid 

victimization experimental I-V curves measurements in 

faulty cases. Based on the comparison of the simulated curve 

with the measured curve of PV standard module, a deviation 

interpretation permits creating conclusions concerning fault 

the might occur within the system, basically, shading, 

mismatches and disconnected cells are liable for image for 

steps within the I-V curve. 

 When a module is uniformly dust-covered the 

measured contact current is under the simulated contact 

current within the same close conditions. It will verify 

whether or not open-circuit has occurred by examination the 

measured electric circuit voltage and therefore the simulated 

electric circuit voltage. Once a module has short-circuit fault, 

the amount of short-circuited cells will be calculated on the 

idea of the electric circuit voltage. 
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Fig. 7: Flow chart of fault diagnosis [8] 

I. LOF Method 

Aiming at observance PV systems, evaluating the degree of 

fault and locating the fault mechanically underneath 

completely different outside conditions, this paper discusses 

a replacement procedure of fault detection and analysis of 

fault degree of the PV system. For the PV array connected by 

PV modules asynchronous and parallel, every string shares a 

similar voltage. The worth of current may be wont to establish 

the underperformed strings. Additionally, considering the 

non-stationary random characteristics of current of PV 

strings, the local outlier factor (LOF) [8] is applied to observe 

the fault in PV system by evaluating the deviation between 

the determined information and therefore the whole 

information. Even so, the LOF methodology is a lot of 

appropriate for big samples and therefore the LOF worth 

varies with the worth of string current. Hence, the traditional 

LOF methodology isn't appropriate for evaluating the fault 

degree. so as to use this methodology to completely different 

scale PV systems to observe the fault accurately and assess 

the fault degree, a changed formula is projected during this 

study. 

 Due to the lower accuracy of the traditional LOF for 

tiny samples, knowledge growth is integrated. Additionally, 

the LOF varies with the sampled current or irradiance that 

cannot be directly applied to guage the fault degree. 

Therefore, the changed LOF technique supported the 

traditional LOF is projected. The simulation results show that 

the changed technique presents superior performance in fault 

detection and analysis of fault degree. Moreover, the case 

studies and experimental results indicate that the changed 

PVLOF can't solely be applied to the large-scale PV system, 

however additionally to the small-scale one. Experimental 

results additionally reveal that the changed technique has 

higher accuracy in fault detection, analysis of the fault degree 

underneath advanced out of doors conditions, even in cloudy 

and rainy days. 

 
Fig. 8: Flowchart of the modified LOF [9] 

J. knearest neighbors approach 

A string level fault detection and designation technique for 

electrical phenomenon (PV) systems supported knearest 

neighbors (kNN) rule was presented by author [10]. It detects 

and classifies circuit faults, line-line (L−L) faults, partial 

shading with and with-out bypass diode faults and partial 

shading with inverted bypass diode faults in real time. A close 

modeling of the PV systems supported experimental 

information is bestowed that solely needs on the market 

information from the manufacturer’s datasheet reportable 

beneath standard temperature conditions (STC) and normal 

operational cell temperature (NOCT). This model considers 

the temperature dependent variables like junction thermal 

voltage (Vt), diode quality issue (A) and series resistance 

(Rs). Simulations of the developed model are administrated 

presents Matlab/Simulink. A PV analyzer (Solar I-V) of HT 

instruments is employed to live the I (V) characteristics of PV 

module. The developed model exactly traces the I (V) 

characteristics of PV systems at totally different irradiance 

and temperature levels. 
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Fig. 9: Modeled PV system and types of faults in dc side of 

the string inverter system PV array [10] 

III. CONCLUSION 

In this paper, a summary of fault detection and diagnosing 

ways of PV array system square measure reviewed. To extend 

the aggressiveness of PV within the energy market, their 

responsibleness, potency and operating expense became 

crucial factors. As shown during this paper several ways for 

fault detection and diagnosing are investigated so as to 

resolve this issue. With relevancy the same techniques, the 

subsequent and value implementation, however suffer from 

the dearth of fault tolerance, practicableness to implement in 

business observance system and chance of integration within 

the massive scale PV plant.  

 Methods-based on Artificial Neural Network (ANN) 

and fuzzy logic (FL) square measure ready to distinguish 

between faults that have a similar signature and might classify 

attainable faults. However, the most drawbacks are: they need 

additional advanced skills with relevance the implementation 

in real time (experimental realization) and databases (of 

completely different faults), that aren't forever obtainable.  

 The main advantage of automatic Fault diagnosing 

methodology based mostly power losses and IV 

characteristics analysis is that they sometimes have low 

hardware needs and that they will find much all faults that 

may seem within the PV array system.  

 It is necessary to illustrate that natural philosophy 

instruments are projected for fault detection, particularly for 

arc fault, and grounding faults. These faults square measure 

integrated supported applied mathematics and numerical 

ways. So far, the obtainable commercialized elements 

concern the fault protection of PV array system, particularly 

from ground, arc and line-to-line faults, however most of 

them aren't ready to diagnose and find faults occurring in PV 

array system. 
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