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ABSTRACT: This paper presents an efficient MPPT (Maximum Power Point Tracking) control algorithm for the solar 

power generating plant battery charging system with improved steady/dynamic performance. Solar panels are 

constructed by the series connection of „n‟ number of PV cells and the PV panels are operated in parallel/series to 

charge the battery. Battery state of charging (SOC) is decided by the charging voltage and charging current. The 

charging voltage and current is mainly supplied by the PV array modules. For efficient charging, the PV panel must be 

operated in the maximum power region irrespective of the battery terminal voltage and environmental conditions. In 

general, PV panel efficiency is high in winter season and low in summer season due to environmental temperature. The 

process of extracting maximum power always from the PV panels is called MPPT technique. MPPT power electronic 

controller is located in between the PV panels and the Battery. The buck-boost converter duty cycle is adjusted to get 

maximum power from the panel. Panel Voltage and Current is sensed by the voltage shunt and current shunt 

arrangement and it is given to the MPPT controller. The reference power is compared with the actual power generated 

by the PV Modules and the duty cycle of the MPPT power electronic controller is modified to match the PV power to 

the reference power value. In this paper, battery charging voltage/current ripples are eliminated by an effective MPPT 

P&O algorithm. 

  

KEYWORDS: MPPT algorithm, SOC, MPPT controller, PWM pulses, Battery charging, DC voltage ripples, P&O 

algorithm 

 

I.INTRODUCTION 

 

Now a day‟s renewable energy based power generation plays a vital role in power sector. Most of the energy is 

obtained from the wind and solar when compare to all other renewable resources like Tidal, Biomass…etc. Among all 

renewable energy resources, solar is one of the most available and abundance resource. Solar panels are used to convert 

the light energy into an electrical energy. This electrical energy is stored in the Battery. Using suitable Inverter 

technology, the stored electrical energy in the battery is tie up with the AC grid. The solar power plant efficiency is 

mainly decided by the effective storage of electrical energy in the battery. Now a days the main problem in this solar 

power generation are designing of suitable charge controller for storing the electrical power in the battery and making 

an efficient solar panels for very good energy conversion. Making an efficient panel is full and full based on the type of 

technology and quality of the materials (Mono crystalline or poly crystalline silicon materials). The one way to achieve 

the maximum efficiency in the panel is designing the suitable MPPT controller with powerful algorithm. Solar tracking 

system is also employed in previous research work to obtain the maximum power and efficiency from the panels.  But 

this system has poor response when the sun light is absent condition and low light intensity condition. 

 

Using a solar panel or an array of panels without a controller that can perform Maximum Power Point Tracking 

(MPPT) will often result in wasted power, which ultimately results in the need to install more panels for the same 

power requirement. For smaller/cheaper devices that have the battery connected directly to the panel, this will also 

result in premature battery failure or capacity loss, due to the lack of a proper end-of-charge procedure and higher 
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voltage. In the short term, not using an MPPT controller will result in a higher installation cost and, in time, the costs 

will escalate due to eventual equipment failure. 

 

The above said difficulties can be overcome by placing the suitable MPPT controller in between the solar panel and the 

battery. Using an efficient MPPT algorithm, the maximum power is always extracted from the solar panel and the 

charge controller output voltage is adjusted to avoid over charging of the battery and to achieve the better panel 

utilization factor [1-5]. The basic block diagram of Solar-MPPT technique is shown in Fig.1. 

 

 

 
 

Fig.1. Basic block diagram of MPPT controller scheme 

 

II. MODELLING OF PV SYSTEM 

A solar cell is comprised of a P-N junction semiconductor that produces currents via the photovoltaic effect. PV arrays 

are constructed by placing numerous solar cells connected in series and in parallel [5]. A PV cell is a diode of a large-

area forward bias with a photo voltage and the equivalent circuit is shown by Figure 2 

. 

Fig.2. Equivalent circuit of a PV cell 

 

The current-voltage characteristic of a solar cell is derived from the equation as follows: 

 

   ……..(1) 

 

Where, 

 

Iph = photocurrent, 

ID = diode current, 

I0 = saturation current, 

A = ideality factor, 

q = electronic charge 1.6x10-9, 

kB = Boltzmann‟s gas constant (1.38x10-23), 

T = cell temperature, 

Rs = series resistance, 
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Rsh = shunt resistance, 

I = cell current, 

V = cell voltage 

 

Typically, the shunt resistance (Rsh) is very large and the series resistance (Rs) is very small [5]. Therefore, it is 

common to neglect these resistances in order to simplify the solar cell model.  

……… (2) 

 

The resultant ideal voltage-current characteristic of a photovoltaic cell is given by (17) and illustrated by Figure 3. [6-8]  

The typical output power characteristics of a PV array under various degrees of irradiation is illustrated by 

Figure 3. It can be observed in Figure 4 that there is a particular optimal voltage for each irradiation level that 

corresponds to maximum output power. Therefore by adjusting the output current (or voltage) of the PV array, 

maximum power from the array can be drawn. 

 

 

 
 

Fig.3. Solar Panel V-I characteristics 

 

 
 

Fig.4. Solar panel Voltage-Power characteristics 

III. SOLAR PANEL MPPT TECHNIQUE  

The MPPT algorithms automatically find the panel operating voltage that allows maximum power output. A typical 

solar panel power graph (Figure 3) shows the open circuit voltage to the right of the maximum power point. In general, 

solar panels have the following parameters: 

 Maximum Power (Pmax) 
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 Maximum Power Voltage (VMP) 

 Maximum Current (IMP) 

 Open circuit Voltage (Voc) 

 Short circuit Current (Isc) 

The open circuit voltage (VOC) is obviously the maximum voltage that the panel outputs, but no power is drawn. The 

short-circuit current of the panel (ISC) is another important parameter, because it is the absolute maximum current  can 

be get from the panel. The maximum amount of power that can be extracted from a panel depends on three important 

factors: irradiance, temperature and load. 

MPPT or Maximum Power point Tracking is an algorithm that's included in charge controllers used for extracting 

maximum available power from PV solar module under certain conditions. 

The voltage at which PV modules can produce maximum power is called „maximum power point‟ (or peak power 

voltage, Vmp). Maximum power varies with solar radiation (sunshine & cloud), ambient temperature and solar cell 

temperature.  

The basics of Maximum Power Point Tracking (MPPT) Solar Charge Controller are an electronic tracking, and have 

nothing to do with moving the panels with a mechanical solar tracker. Instead, the controller looks at the output of the 

panels, and compares it to the battery voltage. 

MPPT controller calculates the best power that the panel can put out to charge the battery. It takes this and converts it 

to the best voltage to get maximum AMPS into the battery. Using technology called a buck-boost power electronic 

converter. 

Maximum Power = VMP * IMP (Watts) 

Consider the panel with maximum power of 240Watts, VMP of 24V and IMP of 10A.  

 

Case 1: Suppose if the solar panel is directly connected to the battery without MPPT controller and the battery voltage 

is 10V initially and the produced VMP of 24V and IMP of 10A.  

 
Fig.5. Direct connection of Solar panel with the battery 

 

In this case, the solar panel 24V is pull-down to 10 V (battery voltage). So the maximum power transferred to the 

battery is only 100W, i.e.  

 

Power transferred to the battery = V*I 

                      = 10*10 

                      = 100Watts   

 

Case 2: If the MPPT controller is installed in between the Solar panel and the battery 

 
 

Fig.6. Connection of Solar panel with the battery through the MPPT controller 
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Here the panel produces the maximum power of 240W with VMP of 24V and IMP of 10A. In this case the battery is 

not directly connected to the PV panels. MPPT controller decides the battery charging voltage in order to get the 

maximum power transfer. The input of the MPPT controller is VMP of 24 V and IMP of 10A. But the output of the 

MPPT controller is connected to the battery. In the output side, the charging voltage and charging current are modified 

to get the maximum Power. 

 In this case, the output of the MPPT controller is around 10V or slightly higher and the Amps rating is 24A. 

Power transferred to the battery = V*I 

                                                  = 10*24 

                                                  = 240Watts   

 This arrangement works as a dc-dc transformer. Solar panel generated power is transformed to battery with different 

voltage and current level. 

 

Buck-boost converter primary power = Buck-boost converter secondary power 

 

                    Vpy*Ipy = Vsy*Isy 

Where, 

Vpy – Solar panel produced voltage in Volts 

Ipy – Solar panel produced current in Amps 

Vsy – Charging Voltage at the battery terminals in Volts 

Isy – Charging current of the battery in Amps 

 

The MPPT controller adjusts the battery charging voltage with respect to the present voltage level or charging 

condition of the battery. 

IV.PERTURB AND OBSERVE (P&O) ALGORITHM  

P&O is one of the most efficient algorithms for MPPT. The algorithm involves introducing a perturbation in the panel 

operating voltage. Modifying the panel voltage is done by modifying the converter duty cycle. Looking at Figure 5 

makes it easy to understand that decreasing voltage on the right side of the MPP increases power. Also, increasing 

voltage on the left side of the MPP increases power. This is the main idea behind P&O. 

 

Let‟s say that, after performing an increase in the panel operating voltage, the algorithm compares the current power 

reading with the previous one. If the power has increased, it keeps the same direction (increase voltage), otherwise it 

changes direction (decrease voltage). This process is repeated at each MPP tracking step until the MPP is reached. 

After reaching the MPP, the algorithm naturally oscillates around the correct value. 

The basic algorithm uses a fixed step to increase or decrease voltage. The size of the step determines the size of the 

deviation while oscillating about the MPPT. [9-10] 

Having a smaller step will help reduce the oscillation, but will slow down tracking, while having a bigger step will help 

reach MPP faster, but will increase power loss when it oscillates. 

To be able to implement P&O MPPT, the application needs to measure the panel voltage and current. While 

implementations that use only one sensor exist, they take advantage of certain hardware specifics, so a general purpose 

implementation will still need two sensors. 

 

 
Fig.7. P&O algorithm flow chart 
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V. MATLAB SIMULATION RESULTS OF MPPT 

 
The MPPT algorithm is implemented in the MATLAB software and the results were taken. The Simulink diagram of 

the proposed battery charging system and their results were shown in figures below. 

 

Fig.8. Simulation diagram of an Efficient MPPT technique 

MPPT ALOGRITHM: 

 
Fig.9. Simulation subsystem diagram of P&O algorithm 

 

 

BOOST CONVERTER SUBSYSTEM: 

 
Fig.10. Simulation subsystem diagram of Boost converter 
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Fig.11. Simulation subsystem diagram of Boost converter PWM generation 

 

 
                                         (a) 

 
                                            (b) 

 

 
                                          (c) 
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                                          (d) 

 
                                           (e) 

 
  (f) 

 
Fig.12.Simulation results (a) PV cell voltage and current (b) Buck – Boost converter output (Boost up) voltage and 

current (c) Solar panel power matches the load power. (d) Solar Panel power and the load power (e) Buck-Boost 

converter PWM signal (f) SOC (State Of Charging) of battery from 0V to 220V 

VI.CONCLUSION 

In this paper, an efficient MPPT control algorithm for PV Module has been proposed and simulated. The simulation 

result shows that the better charging voltage/current regulation and dynamic response are achieved with low ripples for 

different irradiation values. Fig.12 shows the complete performance characteristics of the Photo Voltaic Battery 

charging system. Fig.12 (a) shows the PV panel voltage and current wave forms and the Fig.12 (b) shows the ripple 

free boost voltage and current waveform from Buck Boost converter. By selecting the proper PWM pattern as shown in 

Fig.12 (e), the panel‟s power can be matched with load power as shown in Fig.12 (d). PV cells mathematical model 

was developed and the responses are studied in-terms of its waveforms as shown in Fig.8-11. The simulation results 

shows that the panel power is always matched with the maximum power value because of the efficient control 

algorithm. The battery charging DC voltage and current has less ripple factor and the State of Charging (SOC) is shown 

in Fig.12 (f). So the heating of the battery is avoided and completely eliminated. Thereby this algorithm improves the 
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life of the battery. VSI (Voltage Source Inverter) based VFD (Variable Frequency Drives) use this scheme for 

obtaining constant DC link voltage for efficient motor speed/torque control operations.    
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