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Abstract 

This paper presents an intelligent-based algorithm for voltage stability analysis of 

photovoltaic generation (PVG) system connected to three phase utility grid for any rang 

of solar radiation using PI controller based Genetic Algorithm (GA) technique. Tuning 

the PI controller using genetic algorithms will be affected in the results of the steady state 

errors and the values of overhead voltages and settling times. This paper uses the 

MATLAB / SIMULINK software, it has been implemented for the comparison of the 

conventional PI controllers and the results after tuning the PI using Genetic Algorithm 

for photovoltaic DC voltage control it has been carried out to compare the values of 

settling times and overshoots voltages of each method. 

 

Keywords: Photo Voltaic Systems, Voltage Source Converter (VSC) control, Genetic 
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1. Introduction  

There are two sorts of generating electric power from solar energy, the first type is 

done by converting light directly into electricity, and the second type presents by taking 

advantage of the sun's heat to generate electricity, such as Nevada Solar Cell power plant 

in Spain. At the point when the PV module are presented to daylight, they deliver 

coordinate current (DC) power. At that point changes over DC to AC without influencing 

the nature of force supply. The PV systems applications in power systems appear throw 

two main types as a stand-alone or off-grid applications, or as a grid –connected or on-

grid applications [1]. In this paper, it was selected the grid-connected PV system because 

it more commonly used and widespread than off-grid, Figure 1 shows the general diagram 

of on-grid systems 

 

 

Figure 1. The General Diagram of Grid-connected PV Systems 

The main components of on-grid system includes: 

1) A series/parallel mixture of PV arrays to directly convert sunlight to DC power, 
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2) A DC-DC converter to adjust the voltage values commensurate with inverter 

input, 

3) An inverter to convert DC power to AC power; also keeps the PVs operating at 

maximum efficiency, each photovoltaic system connected to grid through a voltage 

source inverter [2, 3]. The ratio of solar PV supply to power grid supply varies, depending 

on the size of the solar PV system. Whenever the solar PV supply exceeds the demand 

load, excess electricity will be exported into the grid. When there is no sunlight to 

generate PV electricity at night, or during abnormal weather, the power grid will supply 

all of the demand load [4]. 

The control methodology in the grid-connected inverter is a classical control problem 

which contains an inner current control loop and an outer voltage control loop. Figure 2 

presents the block diagram of voltage sourced converter (VSC) control to control in the 

grid-connected PV systems, voltage loop maintains a constant voltage on the DC link 

capacitor and provides the reference for the inner current control loop. Also, a Phase 

Locked Loop (PLL) is used in order to synchronize the grid phase angle with the control 

system [5-7]. 

 

 

Figure 2. (VSC) Control for Grid-connected PV Systems 

This paper is concerned with studying the voltage control by conventional PI 

controllers, and tuning PI parameters by Genetic Algorithm (GA) technique, to minimize 

the error of DC voltage thus make better use of the PV array, Figure 3 Shows 

conventional PI controller used to voltage DC regulation. 

 

 

Figure 3. SIMULINK Model of Voltage Regulation by using PI Controller 

2. Genetic Algorithm (GA) 

Genetic Algorithms are search and optimization techniques inspired by two biological 

principles namely the process of "natural selection" and the mechanics of "natural 

genetics". GAs manipulate not just one potential solution to a problem but a collection of 
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potential solutions. This is known as population. The potential solution in the population 

is called "chromosomes". These chromosomes are the encoded representations of all the 

parameters of the solution. Each chromosomes is compared to other chromosomes in the 

population and awarded fitness rating that indicates how successful this chromosomes to 

the latter [7-13]. There are three main stages of a genetic algorithm, these are known as 

reproduction, crossover and mutation [8]. The process of Genetic Algorithm will be 

summarized in a flow chart in Figure 4. The summary of the process will be described 

below. 

 

 

Figure 4. Genetic Algorithm Process Flowchart 

The steps involved in creating and implementing a genetic algorithm: 

Select GA parameters: 

 
N The size of chromosome population 
Pc The crossover probability 

Pm The mutation probability 
K The number of iterations 

n The number of variables 

 
1. Define fitness function F (X) to measure the performance of an individual 

chromosome. The fitness function establishes the bases for selecting chromosomes 

that will be used during reproduction 
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2. Generate an initial, random population of individuals for a fixed size of 

chromosome population N : X1, X2, ….., XN  
3. Calculate the fitness of each individual chromosome : 

F (X1), F (X2), ….., F (XN) 
4. Select a pair of chromosome from the current population with a probability related 

to their fitness, and reproduce using a probabilistic method (e.g., roulette wheel). 
5. Implement crossover operation on the reproduced chromosomes (choosing 

probabilistically both the crossover site and the "mates"). 

 

6. Execute mutation operation, to create a new chromosome, and place the new 

chromosomes in the new population, and repeat this steps until the size of the new 

chromosome population become equal to the size of the initial population N. 
7. Repeat steps 3 to 7 until get the optimal solution. 

8. End  

In this paper: by using GA to tune PI controller, the number of variables is two (KP, 

KI), the population type is double vector, population size is 100, the initial range of 

variable is [0 – 1]. For the reproduction,  the crossover probability (Pc) is 0.7, the 

mutation function is Gaussian, the crossover function is scattered, the mutation 

probability (Pm) is 0.001 the stopping rules is the number of generation is 100, and the 

stall time limit is 6 sec. 

 

3. Simulation and Results 

The system which will be investigated in this paper is a 3-phase grid connected PV 

system as shown in Figure 5. A PV array (100-kWatt) is connected to grid (25-kVolt) via 

a 3-phase 3-level Voltage Source Converter (VSC) and DC-DC boost converter. This 

system described in [14], it consists of a) Maximum Power Point Tracking (MPPT), b) 

VSC, c) Phase Locked Loop (PLL), and finally d) three phase utility grid, and PV array. 

 

 

Figure 5. Three-phase Grid Connected 100kw PV System 

In grid connected system, the system voltage should synchronize with the grid voltage. 

For this purpose, the inverter should work in the grid frequency and voltage. The control 
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scheme of grid connected inverter consisting of three parts. Direct and quadrature axis 

current reference generator, PLL and direct and quadrature (d-q) frame generation of grid 

voltage and current, Conversion voltage generation, Palse Width Modulation (PWM) 

reference generation, Sine PWM with third harmonic injection for switching the inverter. 

Direct and quadrature axis current (Id-Iq) reference generation is shown in Figure 2. The 

dc link voltage feedback and reference dc voltage are given to Id-Iq reference generator. 

After making per unit the error signal is given to PI controller to produce d axis reference, 

the q axis component is set to be zero [14]. 

The grid voltage and current are given to a discrete three phase PLL to produce angle 

θ, where θ= ωt and ω is the utility grid fundamental frequency in the grid-connected 

system application. And using Park's transformation current and voltage three phase (a, b, 

and c) are converted to (d, and q) components [15, 16] as shown in Figure 2. 

The PV array consists of 330 Sun power modules (SPR-30E-WHT-D), the maximum 

power from PV array =100.7 Kw. The manufacturer specifications for one module 

described in [17] are shown in Table 1. The Figure 6, and Figure 7 are shows I-V and P-V 

characteristics for one module and for the whole array. 

Table 1. One Module Parameters of PV Array 

Number of cells per module 96 

Open circuit voltage (Voc) 64.2V 

Short circuit current (Isc) 5.96 A 

voltage at maximum power (Vmp) 54.7 V 

Current at maximum power (Imp) 5.58 A 

 

 

Figure 6. I-V and P-V Characteristics for One Module 
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Figure 7. I-V and P-V Characteristics for Array 

Voltage stability analysis of the system will study firstly without controller, and then 

using conventional PI controllers, and finally using tuning PI parameters by genetic 

algorithm technique, to minimize the error of DC voltage thus make better use of the PV 

array, Figure 8 Show SIMULINK model of voltage regulation by using PI controller 

based GA. All parameters of GA as shown in Table 2. 

 

 

Figure 8. SIMULINK Model of Voltage Regulation by using PI Controller 
based GA 
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Table 2. The Parameters of GA 

K the number of iteration = 100 

Xo The initial chromosomes position = [1   0] 

Vlb The lower bounds=[7    7] 

Vub The upper bounds=[800    800] 

Pc The crossover probability = 0.7 

Pm The mutation probability = 0.001 

 

Firstly, perform simulation of the system, simulation time =6 sec, the comparison of 

error of DC voltage without controller, this is shown in Figure 9. 

 

 

Figure 9. Error of DC Voltage without Controller 

Secondly perform simulation of the system with conventional PI, the settling time and 

overshoot voltage with the conventional PI controllers are shown in Figure 10. 

 

 

Figure 10. Error of DC Voltage with Conventional PI Controller 
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Thirdly perform simulation of the system, by using PI controller based GA, writing the 

best results and compare the results. The top 15 results are shown in Table 3, which 

explains that the best result in case number 11 the settling time and overshoot voltage of 

the best case are shown in Figure 11. 

Table 3. The Best Results of GA 

Overshoot Time at Max Settling Time Ki Kp  

11.6286 0.0074 0.0156 719.891 125.213 1 

9.6106 0.0073 1.5976 706.406 576.957 2 

11.151 0.0074 0.1471 544.568 104.534 3 

10.3639 0.0073 0.0155 498.419 163.922 4 

9.5931 0.0073 1.5952 612.859 736.047 5 

9.6898 0.0073 0.0261 622.456 302.341 6 

9.7141 0.0072 1.5904 405.012 766.168 7 

18.3092 0.0082 0.0616 549.844 19.164 8 

11.5868 0.0074 0.0168 503.109 73.1199 9 

9.4908 0.0073 0.0114 307.485 318.233 10 

9.1496 0.0072 0.0113 139.263 287.024 11 

10.176 0.0073 0.026 764.579 317.961 12 

12.3289 0.0075 0.0162 770.726 106.797 13 

9.1901 0.0072 0.0152 114.777 158.611 14 

10.3316 0.0073 0.0553 491.029 164.735 15 

 

 

Figure 11. Error of DC Voltage with GA 

Finally, a comparison between best case of GA, conventional PI, and without controller 

in terms of settling time and overshoot are shown in Figure 12, Figure 13 and Table 4. 

Table 4. Comparison between Best Case of GA, and Conventional PI 

 KP KI Settling Time Time at max Overshoot 

conventional PI 14.9830 12.0947 2.0909 0.0080 10.5540 

PI based GA 287.024 139.263 0.0113 0.0072 9.1496 
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Figure 12. Comparison between Best Case of GA, Conventional PI, and 
without Controller 

 

Figure 13. Comparison between Settling Times and Overshoots by 
Conventional PI, and GA 

4. Conclusion 

In this paper, genetic algorithm technique used for a photo-voltaic generation (PVG) 

system connected to three phase electrical distribution grid, the settling times and 

overshoot voltage values with the PI controller based genetic algorithm are compared 

with the results using the conventional PI controllers, the (GA) technique gives the best 

results, the values of the settling time and over shoot voltage are smaller than its values by 

using the conventional PI controller. 
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