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Abstract- The energy produced by the photovoltaic systems is very intermittent and depends enormously on the weather 

conditions. This is why it is important to find a way to store this energy. This paper proposes a design and implementation of a 

photovoltaic power generation system controller. As to extract maximum power from the PV panel, the proposed system 

controls both the boost converter and the battery charger using a microcontroller. The proposed solution is based on the 

PIC16F877 microcontroller. Experimental results, based on the MCU are agreed with the Matlab/Simulink simulation. 
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1. Introduction 

In recent years, the petroleum is getting more and more 

expensive. So that the people look for new green energy, as 

solar, wind, water, etc. Nowadays, we can use photovoltaic 

sources in many applications like water pumping, battery 

charging, etc [1]. Energy provides by the sun is a neat, 

maintenance-free, clean and an abundant resource of nature, 

so it is suitable to be a green energy source. But, there are 

still some disadvantages as follow: the install cost of solar 

panels is high, and the conversion efficiency is still lower 

[2]. 

The current/voltage curves of photovoltaic characteristic 

depend primarily on the level of illumination of the cells and 

their temperature. Each solar module has a single optimal 

operating point, called the maximum power point (MPP) 

which changes with its own characteristic as good as cell 

temperature and sunlight [3]. These dependencies on climate 

behaviour make it difficult to keep the MPP operating when 

the curve of power/voltage is varying. To resolve this 

problem, many maximum power point of solar module 

tracking (MPPT) algorithms were proposed in lecture [4]. 

These algorithms have been an active research subject over 

the past few years growing with the people interest in 

renewable. Some of the widely used algorithms are the hill 

climbing methods [5], the incremental conductance method 

[6], and the ripple based method [7] and the constant voltage 

method [8].  

These techniques differ in many sides including, 

hardware implementation, simplicity, cost range of the 

effectiveness, convergence speed, sensors required, and 

needs for parameterization [9]. 

In this work, we have realized a standalone photovoltaic 

generator composed by a photovoltaic module, a charge 

regulator, storage battery and a load. The function of the 

charge regulator is to control the battery charge/discharge 

avoiding its damage by preventing overcharging and 

excessive discharging[10].The regulator is controlled the 

duty cycle calculated by the MCU according to the MPPT 

algorithm [11].The studied system diagram is depicted in 

Fig.1. 

In the second section, we present the modelling of each 

bloc of the system. Then, implementations in 

Matlab/Simulink environment and simulation results are 

shown in the third section. Finally, experimental results 

using the MCU are presented and discussed in section 4. 



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH  
Adel Bouallegue et al., Vol.4, No.1, 2014 

84 
 

 
Fig. 1.Block diagram of the battery voltage regulator with 

MPPT. 

2. Modelling of the Studied System 

2.1 The PV Module  

The principle of a photovoltaic cell is to convert sunlight 

energy into electricity. It is fundamentally a p–n 

semiconductor junction diode. The simplest equivalent 

circuit of the PV cell is shown in Fig. 2 .It is composed of a 

photo current, a diode, a series resistor, and a parallel 

resistor. 

 

Fig. 2. Equivalent circuit of a photovoltaic cell. 

A photovoltaic panel (PVP) is constituted of  Np parallel 

modules each one including Ns serial-connected PV cells 

[12].  The basic equation of PV panel model is given by Eq. 

(1).  
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The cell’s saturation current Is is related to the 

temperature T as follow: 
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Irs  is defined as cell reverse saturation current, it changes 

with temperature according to the following equation: 
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As far as, the photocurrent Iph depends on the solar 

radiation E the cell temperature T:    
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E
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                                      (4) 

Based on the mathematical model described by the 

different equations mentioned above, we can realize the 

Simulink model as shown in Fig. 3. 

 
Fig. 3. Model Simulink of PV Panel. 

2.2 Maximum power point tracker using Perturb and 

Observe method (P&O) 

The characteristic of a PV generator depends on 

fluctuations of the array temperature and irradiance. Hence, 

there is a need to persistently track the power-voltage profile, 

and maintain the solar panel operating voltage at the point 

where the maximum power is extracted. We called this 

process the maximum power point tracking [13]. 

Many control algorithms for MPPT have been proposed 

in the literature. Two algorithms often used to achieve the 

MPPT are [14]: the P&O method and the incremental 

conductance method. 

The P&O algorithm can be also named “Hill-Climbing”. 

Both these names mean the same algorithm but the 

difference between them is the way of their implementation. 

Hill-climbing is implied to a perturbation on the output PV 

power Ppv, while the P&O algorithm uses not only  Ppv but 

also the voltage perturbation Vpv and this is the technique 

chosen in this work to implement the MPPT control 

algorithm regarding its simplicity, and the possibility to 

introduce ameliorations in the energy storage process [15]. 

Furthermore, it is nowadays, the most commonly used MPPT 

algorithm in commercial PV products. 

In this method, the last perturbation is used to forecast 

the next perturbation value. The principle of P&O is based 

on evaluating the perturbation by decreasing or increasing 

the duty cycle, and then observing the Ppv variation. The 

algorithm flowchart is presented in Fig. 4 [16] [17]. 

 

Iph 
D 

Id Ish 

Rs

Vsh 

Rsh Ipv 

Vpv 



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH  
Adel Bouallegue et al., Vol.4, No.1, 2014 

85 
 

 

Fig. 4. Flow chart of P&O method. 

2.3 Boost Convertor 

A boost converter can be also called in the literature as 

the step-up converter because the DC voltage output is 

higher than its DC voltage input. It is a sort of power 

converter, which is composed by two semiconductor 

switches (a diode and a switch or transistor) and one energy 

storage element [18]. It is controlled periodically with a 

modulation period T. Over this period, offt called the closing 

time and ont
 the opening time, we have: on offT t t  . The 

duty cycle of the converter is defined as: 
offt

T
   which is 

also called D. 

 
Fig. 5. Boost converter design. 

The operation principle of the boost converter can be 

described by two modes: 

- First mode: K=1, D=0 
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- Second mode: K=0, D=1 
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By using equations defined previously we can lead to the 

model average state of boost: 
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And  
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2.4 The MPPT Charge Regulator 

In order to charge the battery with the maximum power, 

the suggested control circuit compels the system to run to its 

optimal operating point within variable temperature and 

irradiation conditions.  This regulator is shown in Fig. 6. The 

main role of the MPPT algorithm is to modify the duty cycle 

of the boost until reaching the maximum power point [19]. 

 

Fig. 6. Model Simulink of the regulator charger. 

The battery used in this work has the model described in 

Fig.7 which can be characterized by the following equation 

[20]: 

1b b bV V R I                                                                (13) 

 

Fig. 7. Battery model. 

In block Boost converter and battery, the equations 

below where used: 

2 2

1

(1 )

1 1
(1 )

1
( )

pv bL

b L
b

b b

pv
pv L

V VdI

dt L L

dV I
V

dt L R C R C

dV
I I

dt C






   




   


  


                      (14) 

To find these equations we had followed the same steps 

described in the section 2.3 except that the resistance R is 

replaced by the equation of the battery. 

3. Results and Discussion 

3.1 Simulation of the PV panel 

The developed model of PVP is simulated for different 

solar insulation and different temperature level. The 

parameters of this developed model are given in Table 1. 

Simulation results are demonstrated in Fig.8 and Fig. 9. 

These figures show that with increasing temperature, the 

Open circuit voltage Voc of the PVP and the maximum power 

output decrease while the Short circuit current Isc increases. 

On the other hand, with increasing of solar insulation the Isc 

of the PV module increases and the maximum power output 

increases as well. The reason is that Isc is directly related to 

the radiant intensity, yet the Voc is logarithmically dependent 

on the solar irradiance [21]. 

 
 

Fig. 8. Characteristic curves (Ppv-Vpv) and (Ipv-Vpv) at 

different module working temperature. 
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Fig. 9. Characteristic curves (Ppv-Vpv) and (Ipv-Vpv) at 

different insulation level. 

The point of maximum power is the desired operating 

point for a photovoltaic array to obtain maximum efficiency. 

The corresponding values for voltage and current at 

maximum power are respectively called Vmp and Imp, 

respectively [22]. 

3.2 Perturb and Observe Simulation Results 

In this section we describe the simulation results of the 

isolated PV system using the P&O algorithm. Parameters are 

set as follow: 

L=0.03 H; C1=0.001 F; C2=0.000068 F; R=30 Ω. 

The simulation results illustrated in Fig.10 show the 

growing of the Vpv value, as well as the Ipv and Ppv variations. 

Vpv begins from zero and raises by 0.01 V on every 

perturbation cycle. Ipv starts from Isc and decreases until the 

power reached the maximum.  

We can see that: 

- The MPPT control oscillates the operating point 

around the MPP, after a transitional period of time 

equal nearly 100 ms. 

- The different electrical variables whatever Ppv, Vpv 

and Ipv stabilize around values that we have set: 

-The Ppv stabilizes around 68 W and that the output of 

the converter Ps around 80 W. 

-At the output of the panel, the Vpv and Ipv respectively 

stabilize around 21.7 V and 3.9 A. 

-At the output of the boost, the voltage Vs and current Is 

stabilize respectively around 32 V and 2.5A. 

  

  

  
Fig. 10. Variation of Vpv(V)(a), Ipv(A)(b) ,Ppv(W) 

(c),Ps(W),Vs(V) and Is(A). 

 

All obtained results show that the DC / DC converter 

and the MPPT control are a good choice and an efficient 

solution to  adapts the PV generator to the load R in order to 

transfer the maximum power supplied by the PV generator.  

3.3 Simulation of the proposed system with illumination 

variation  

Fig. 11 illustrates the simulation results of the proposed 

system applying an arbitrarily solar irradiance .Simulation 

are made with different values of E respectively 800W/m², 

878 W/m², 400 W/m², 900 W/m², 300 W/m². 

  

  
Fig. 11. Simulation of Vpv(V) (a), Ipv(A) (b), Ppv(W) (c) and 

Ps(W) (d) under a variable illumination. 
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3.4 Simulation of the Proposed System with Temperature 

Variation 

Fig. 12 illustrates the simulation results of the proposed 

system changing this time arbitrarily the temperature. 

Simulation are made with different values of T respectively 

298 ° K, 328 ° K, 358 ° K, 338 ° K, 308 ° K, 348 ° k, 328 ° 

k. 

  

  
Fig. 12. Simulation of Ipv(A)   (a), Ppv(w) (b), Ps(W) (c) and 

Vpv(V) (d) under a variable temperature. 

 

Another result shows that the efficiency of the 

developed algorithm is illustrated by the figure below Fig.13. 

We note that D varies with the variation of insolation and 

temperature. This simulation has also clearly demonstrated 

the influence of the developed Mppt algorithm on the Ipv-Vpv 

and Ppv-Vpv curves. We remark that by changing either the 

temperature or insulation, the system can always track the 

maximum power point. 

So,we can note that the MPPT algorithm based on the 

principle P & O algorithm is robust and is able to easily 

follow the maximum power point. 

 

Fig. 13. Influence of MPPT on Ipv (Vpv) and Ppv(Vpv) curve 

3.5 Simulation of the MPPT Regulator 

In this section, we present simulation results of the 

voltage regulator obtained by using Matlab/Simulink. 

Profiles of Ppv, Vpv, Vb and Ib with time variation are 

presented in Fig. 14. Parameters of the battery are set as 

follow: V1=24V and Rb =0.1Ω. 

  

  
Fig. 14.Variation of Voltage Vb (a), current Ib (b), Vpv (c) and 

Power Ppv. 

After simulation of the MPPT that the system is stable. 

The switching action of the dc-dc converter causes 

oscillations at the optimal operating point. Also,we can 

affirm that  the  applied  of  MPPT algorithms  in  battery  

charging  proposes evidently benefits to the life duration of 

the  battery. If you compare this process to direct connection, 

we can note that the absorbed power from the PVP has been 

ameliorated from 30% to 50% [23].   

4. Implementation on Microcontroller 

The overall system block diagram, implemented in ISIS 

software, consists of PV panel, charge controller, battery and 

LCD displayer is described in Fig 15. The PIC sets the duty 

cycle using Hill climbing method to allow the solar modules 

to operate at their maximum power point transmitted to the 

battery. 

 

Fig. 15. Block Diagram of MPPT Charge Controller Circuit. 
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Current sensors deliver the current to the microcontroller 

through the digital converter (ADC) [24].The value of the 

Vpv, Ipv, Ppv, Vb, Ib and duty cycle D initialized to 0.5 are well 

measured and displayed on the LCD. 

The DC-DC converter circuit consists of MOSFETs 

which are made to control the power, by the driving square 

wave signals at the gate. 

 

Fig. 16. Display of Ppv, Vpv, Ipv, D, Ib and Vb 

 
Fig. 17. Operation of Hill Climbing algorithm: increase of 

power results causes the increase of the duty cycle 

5. Conclusion 

In this paper, we have presented the principle of the    

PV cell and their mathematical model. A Matlab/Simulink 

simulation of the model helped us to prove that the GPV is 

highly depend on weather condition essentially the 

temperature and illumination [25]. Besides , an MPPT 

algorithm has been presented to detect the maximum of 

power and transfer it to the load; this method has been 

practically implemented using a microcontroller. The 

selected control algorithm based on the P&O maximum 

power point tracking function, enabling the transfer of 

maximum energy generated by the PVP to the battery. 

Moreover, this algorithm can provide an efficient specific 

and reliable maximum power tracking performance even 

under a rapidly changing in irradiance and temperature 

condition. Simulation results show that the MPPT stand 

alone system is more efficient than a simple direct 

connection. 

Nomenclature 

-K: the Boltzmann constant (1.3806503 × 10−23 J/K). 

-q: the electron charge (1.60217646 × 10−19 C). 

-Rsh: Parallel resistance of cell, Ω. 

-Rs: Series resistance of cell, Ω. 
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Annex 

Electrical characteristics of the photovoltaic module 

Electrical Characteristics (STC) Abbreviation Value 

Band-gap energy of the 

semiconductor 

Eg 1.2 eV 

The diode ideality constant A 1.5 

Maximum power Pmax 65.7 W 

Voltage at Pmax Vmp 18 V 

Current at Pmax Imp 3.65 A 

Open circuit voltage Voc 21.7 V 

Short circuit current Isc 3.9 A 

Temperature coefficient of Isc Ki 1.2mA/◦C 

Number of cells in parallel Np 1 

Number of cells in series Ns 36 

 

 


