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ABSTRACT 

This paper depicts better way to detect the faults, due to short-circuit (SC) and open-circuit (OC) faults, inverter 

disconnection (ID) and partial shading (PS). Fault detection indicators namely, current indicator, voltage indicator and 

power indicator identifies healthy from portions under fault. Single diode PV model with artificial bee colony (ABC) 

optimization algorithm extracts the unknown model parameters. Parameters for PV operation are determined by the 

coordinates of the maximum power point (MPP) [1, 2]. Calculation of indicators is achieved from measured and predicted 

MPP coordinates. Computed indicator values after trial and error will result in identifying the healthy and faulty  operation 

of PV system. PV arrays are non-linear characteristics and are quite expensive [3, 4]. Solar panel has been developed in 

many engineering fields using some software like MATLAB /SIMULINK. PV system converts light energy to electrical 

energy. 
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1. INTRODUCTION 

Reproduction of PV cells/module for variable 

climatic conditions is done in this model. PV systems are 

threatened by various faults. Estimated power of PV is 

generated by using a single diode model. Normal PV 

power is measured by using indicators. 

 

▪ Indicator of current α 

▪ Indicator of voltage β 

▪ Indicator of power ϒ 

For each indicator, an upper and lower threshold 

has been established by trial and error. The computed 

value of each indicator will reveal the healthy or faulty 

operation of the PV system when it is within or outside the 

predefined threshold respectively.  Power is compared and 

diagnosed using ABC algorithm. The chain process occurs 

continuously until the power is accurate. 

 

2. PREFERENCE OF ABC ALGORITHM OVER  

    PSO 

Predefined indicators are required for 

investigation of healthy PV system with respect to the 

faulty one. It can be difficult to define initial design 

parameters in PSO. In this approach, we cannot work out 

the problems by scattering. It has the ability to explore 

local solutions. 

 

2.1 PV System in ABC Algorithm 

Non Linear implicit equation defines the PV 

model which needs to be iterated to obtain the I-V 

characteristic. Precise solution can be obtained from the 

Lamberts function for one diode of cell in PV. Unknown 

parameters of PV cell are looked upon as an optimization 

problem. Modified artificial bee colony algorithm together 

with explicit direct solution is The explicit direct solution 

is then used in combination with a modified artificial bee 

colony algorithm best-so-far ABC; in order to obtain the 

expected PV model parameters. Parameters of PV can be 

effectively estimated using ABC algorithm when 

compared with other optimization algorithms for its fast 

convergence and low RMSE. Equivalent circuit model 

plays a vital role on the extraction of solar cell parameters.  

 

2.2 Partial Shading in PV System 

The proposed system uses operating thresholds 

which are healthy to identify if PV array is operated in free 

fault condition or not and also capable of fault detection.  

Evaluation of accuracy of the fault detection system under 

partial shading is done as shown in Figure-1. 
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Figure-1. Block diagram of partial shading. 

 

The performance and therefore the return on 

investment (ROI) from a solar power system can be 

severely affected by shading. Especially shading that 

occurs regularly due to an object that casts a shadow at the 

same time every day as the sun passes through the sky. 

Solar panels work best when there is no shade cast upon 

them. In fact, a shadow cast on even just part of one solar 

panel in your solar array can potentially compromise the 

output of the whole system. 

 

 

2.3 ABC Algorithm 

The common procedure of the ABC algorithm for 

the PV module is as follows: 

 

Step 1: Initialization segment 

Step 2: Repeat the process 

Step 3: Employed bees segment 

Step 4: Onlooker bees segment 

Step 5: Scout bees segment 

Step 6: Commit to memory the best results achieved  

UNTIL (Iteration count = 200) 

 

Table-1. Parameter and constraint values of the best solution. 
 

x1 x2 x3 x4 g1 g2 g3 g4 g5 g6 g7 f(x) 

0.20573 3.470489 9.036624 0.20573 0 -2E-06 0 -3.43298 -0.08073 -0.23554 0 1.724852 

 

Table-1 presents the values of the variables and 

the constraints for the optimum solution found by ABC. 

The solution is converged and iteration is repeated for 200 

counts to get the best solution. The convergence 

characteristic of the proposed algorithm is shown in 

Figure-2. 
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Figure-2. Convergence characteristics. 

 

3. SIMULATION CIRCUIT 

Partial shading implemented into the models 

design in MATLAB SIMULINK is simulated as shown in 

Figure-3 and the effectiveness is verified [5, 6]. The 

graphical result obtained from the simulation is analyzed 

and conclusion is drawn from the analysis.  

 

3.1 PV Module Simulations 

In PV module, the solar module has 38 cells. The 

Simulink converter and solar module are connected to the 

current sensor and voltage sensor and both are connected 

to the PS-Simulink converter. The current sensor gives the 

IPV (current value) and voltage sensor gives the VPV 

(voltage value) [7, 8]. 

 

 
 

Figure-3. Simulation diagram of PV module. 

 

4. RESULTS AND DISCUSSIONS 

In this work, optimization of the energy produced 

by the PV module by an improved ABC algorithm. This 

technique is necessary to mark the point of maximum 

power when there is more than one maximum point in the 

I-V characteristics of the PV module. The IV 

characteristics are shown in Figure-4. 
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Figure-4. I-V characteristics. 

 

The simulation result shows the effectiveness of 

this method to the different climate changes, which 

demonstrates that the optimized settings are correct. 

Besides all of that, it provides just one optimal value of 

duty cycle and can track the MPP very quickly and 

effectively without any oscillations in the steady state. In 

contrast, when there are more than one power point in the 

I-V characteristics of the pv module, PSO find many 

values of the duty cycle, which causes in the end of their 

convergence an instability and oscillations. This 

oscillation is due to the unstable value of duty cycle “d” 

which does not allow the algorithm to lead the PV module 

to reach the maximum power point effectively.  

 

 
 

Figure-5. Output voltage. 

 

 
 

Figure-6. Output current. 

 

The output voltage and output current are shown 

in Figure-5 and Figure-6. For an increase in voltage there 

is a corresponding increase in current which is understood 

from Figure-5 and Figure-6.  It is studied that best iterated 

value is achieved at 200th iteration. From Figure-2 the 

iterated value remains constant from 196th iteration and 

hence 200th is considered as the stopping criterion [9]. 

 

5. CONCLUSIONS 

This paper presents a simple and efficient 

approach to detect potential faults in PV systems and to 

identify short and open circuit faults, as well as the 

inverter disconnection and partial shading. Single diode 

model for PV has been implemented using the best-so-far 

optimization algorithm resulting in extraction of 

parameters which are unknown in PV panel. Normal 

functioning, faults, in value of indicator’s true and 

predefined value of thresholds. Proposed indicators do not 

depend on climatic conditions rather on the electrical 

variables. 
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