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Abstract— Renewable energy play an vital role in electricity generation. Various renewable energy sources like wind, 

geothermal, solar, and biomass can be used for generation of power and for meeting our daily energy needs. Energy from 

the sun is the great alternative for electricity generation as it is available everywhere. On an average the sunshine hour in 

India is about 6 to 7hrs annually also the sun shines in India for about 9 to 10 months in a year. Electricity from the sun can 

be generated through the solar panels. The Solar panels comes in various power output to meet the load requirement. 

Maximization of power from a solar panel is of special interest as the efficiency of the solar module is very low. A power 

tracker is used for extracting the maximum power from the solar panel module .The present work describes the maximum 

power point tracker (MPPT) for the solar module connected to a battery which is used as a load. A controller is used for 

control of the MPPT algorithm. The power tracker is developed and tested successfully. In Solar Power Optimizer, maximum 

power point tracking (MPPT) is used to maximize the panel output power, irrespective of the temperature and irradiation 

circumstances and of the load electrical specifications. A new MPPT system has been developed, consisting of a dc/dc 

converter. In this project we are using a Buck converter, which is controlled by a microcontroller-based unit.  The main 

dissimilarity between the method used in the proposed Tracking system and other techniques used in the past is that the PV 

module output power is used to directly control the buck converter, thus reducing the difficulty of the system. The resulting 

system has lower-cost, high-efficiency and can be easily modified to handle more energy sources. So using this development 

Battery charging time and overall system cost can be reduced. 

 

Key words: Augmented Reality, Android, Vuforia, 3D Modeling 
 

I. INTRODUCTION 

Solar energy is one of the most important energy sources to produce electricity. The electricity can be generated by both 

renewable and non-renewable energy sources. But due to the increased use of non renewable energy sources, there are chances 

of depletion of these sources in future. Because of that human being has to depend on renewable energy sources. So solar energy 

is one type of renewable energy source.  

Solar power optimizer (SPO) was developed as an alternative to achieve maximum energy from photovoltaic cells. 

SPO includes a dc-dc converter with MPPT circuitry. It increases photovoltaic panel voltage to increased voltage levels for dc 

load connected to it. It has been seen that the maximum energy can be transferred to a load when impedance of source gets 

matched with impedance of load. And that can be achieved by changing the PWM signals to a dc-dc converter through 

microcontroller by calculating the power from solar panel.  

In this paper we have presented the MPPT, a power electronic device that significantly increases solar system 

efficiency. It uses the ‘perturb and observe (P&O)’ method to track a maximum power point in order to get maximum energy 

from panel. So using MPPT the overall charging time and cost can be reduces. 

II. COMPONENTS 

A. Solar Panel  

Solar Panel is a basic component of our power optimizer. It consists of array of photovoltaic cells which are connected in series 

or parallel. A cell is a diode which is responsible for generating electricity by absorbing the photons. The operation of a 

photovoltaic (PV) cell requires 3 basic attributes: 

 The absorption of light, generating either electron-hole pairs or exactions. 

 The separation of charge carriers of opposite types. 

 The separate extraction of those carriers to an external circuit. 

A solar panel cell basically is p-n semiconductor junction. When exposed to the light, DC current is generated. This 

generated current varies with the light irradiance. 
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Fig. 1: PV Cell circuit Model 

The equivalent electric circuit of solar cell can be treated as a current source which is parallel with the diode, shunt resistance. 

A series resistance 𝑅𝑆 is connected in the circuit as shown in figure 1. 

The I-V characteristics of the equivalent solar cell circuit can be determined by following equations (3). The current 

through diode is given by: 

𝐼 𝐷= I [exp (q (V +  )/KT)) – 1] ……………… (1) 

While, the solar cell output current: 

I = 𝐼𝐿 – 𝐼𝐷 – 𝐼𝑠ℎ ………………………………….(2) 

By putting the value of 𝐼𝐷 and 𝐼𝑠ℎ we get the total value of output current of solar cell (I) 

I = IL – I [exp (q(V + 𝐼 𝑅𝑆)/KT)) – 1] – ( V + 𝐼𝑅𝑆 )/ 𝑅𝑠ℎ ……………………………………………....(3) 

B. DC-DC converter 

DC-DC converters are choppers which convert input voltage into desired output voltage. There are several topologies available 

for dc–dc converter. In this paper buck converter is significantly used with microcontroller. Buck converter gives voltage in the 

range of zero to just less than input voltage. Whereas boost converter gives the output voltages same as input voltages or greater 

than input voltages. The output of our mppt controller  is given to this dc-dc converter by varying the duty cycle of PWM signal. 

MPPT uses the same converter for a different purpose, such as regulating input voltage at maximum power point and providing 

load matching for the maximum power transfer. The structure of the converter is determined according to the load to be supplied. 

C. Microcontroller (Atmega 16 AVR) 

 
Fig. 2: Atmega16 microcontroller 

Microcontroller is basically heart of MPPT circuit, which is used to implement this project. We are using Atmega16 

Microcontroller of AVR family that has eight 10-bits analog-to-digital (A/D) converters and two four PWM mode signals. The 

buck converter is controlled by the microcontroller. It read the voltage and current of the solar panels through the A/D port of 

controller and calculates the output power and control the duty cycle of the converter by PWM signal through controller to 

accordingly increase decrease or turn off the DC to DC converter. The ATMEGA16 is a perfect combination of performance, 

features, and low power consumption for this project the control circuit compares the PV output power before and after a change 

in the duty ratio of the DC/DC converter control signal. It is expected that the MPP presents a constant oscillation inherent to 

the algorithm.  
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D. Current And Voltage Sensor 

Voltage and current measurements of solar panel are taken at the load and source side using Low value resistances of 0.5 ohm 

10W are used for current measurement. The values so obtained are very small and hence have to be amplified using op-amps 

[LM358].The detailed information of LM358 is given in[1]. One voltage divider is used to step down the solar panel voltage 

and another is used at the battery side, to a maximum of 3.3 V so that it can be fed to the micro controller. 

III. BLOCK DIAGRAM 

 
Fig. 3: Block Diagram of SPO 

A. Description 

The objective of paper is to be present a cost effective and efficient microcontroller based MPPT system for solar photovoltaic 

system to achieve the maximum power point operation at all changing Environmental condition. There are many MPPT 

algorithm that can be used for implementation of this project viz. incremental conductance method Perturb & Observe method 

and constant voltage method. The P&O MPPT algorithm is used to control the maximum transfer power from a PV panel. This 

algorithm is executed by an AVR Atmega16 microcontroller using the voltage and current data from solar panel to control the 

duty cycle (D) of a pulse width modulation (PWM) signal applied to a DC/DC converter. 

IV. WORKING 

Solar panel is very essential component of SPO. As it contains many photovoltaic cells connected in series & parallel 

combination. Each and every PV cell has its own I-V characteristics which are shown in figure 4. 

 
Fig. 4: I-V characteristics of PV cell [2] 

When light is incident on solar panel, the voltage & current are sensed by voltage and current sensor respectively. And it is sent 

to AVR microcontroller ( Atmega  16) , that has eight 10-bit analog-to-digital (A/D) converters and two four PWM mode 

signals. Through A/D ports, Microcontroller read the voltage and current of the solar panels and calculates the output power. It 

also calculates power by reading the current and voltage of battery side in same way and it is processed in microcontroller 

through the program. According to that corresponding control signal is sent to the buck converter by changing the duty cycle 

of the PWM signal through controller to accordingly increase, decrease or turn off the DC to DC converter. The load resistance 

is varied according to the corresponding variation in duty cycle of PWM signal, So that it gets match with the source resistance 

of PV module in order to achieve maximum power. The conversion ratio is given by the following expression, 
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Where D is the duty cycle. This expression gives us the following relationships: 

 
Knowing Vin and Iin, we can find the input resistance of the converter. This is given by 

 
Where Ro is the output resistance or load resistance of the converter. We know that D varies from 0 to ∞ (0 to 1 not inf). 

Hence Rin would vary from ∞ to Ro as D varies from 0 to 1 correspondingly. 

The range of Rin values for buck converters as shown in the following figures: 

 
Fig. 5: The range of Rin values for buck converters[5] 

Being the expressions of Rin continuous in D, for a scanning of the converter‟s duty cycle D 2 [0,1], Rin takes values 

that belong to the interval [RL,1), being 𝑅𝐿 the load resistance or Ro. If 𝑅𝑀𝑃𝑃 does not belong to the set of values allowed for 

Rin, the capture of MPP will not be possible, thus defining a “non-capture zone” for 𝑅𝐿 > 𝑅𝑀𝑃𝑃 values. Fig5. shows the Effect 

graphically. The impedance at the input of a buck converter is always a version scaled by a factor greater than or equal to 1 of 

the impedance connected to its output Ro (Ro= 𝑅𝐿). Therefore, the MPP capture will only be possible for 𝑅𝐿 ≤ 𝑅𝑀𝑃𝑃 

values.[5]. 

 
Fig. 6: MPP tracking with buck DC/DC converter[5] 

V. PERTURB AND OBSERVE METHOD (MPPT) 

In a typical solar panel converts only 35 to 45 percent of the incident solar irradiation into electrical energy. Maximum power 

point tracking technique is used to improve the efficiency of the solar panel. According to Maximum Power Transfer technique, 

the output power of a circuit is maximum when the source impedance matches with the load impedance. In the source side a 

buck converter is connected to a solar panel in order to enhance the output voltage. By changing the duty cycle of the buck 

converter appropriately by PWM signal the source impedance is matched with that of the load impedance. 

In this paper perturb and observe MPPT algorithm is used. In this method the controller adjusts the voltage by a small 

amount from the array and measures power, if the power increases, further adjustments in the direction are tried until power no 

longer increases. This is called P&O method. Due to ease of implementation and cost effectiveness, it is the most commonly 

used MPPT method. 
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Fig. 7: P-V characteristics 

The voltage to a cell is increased initially, if the output power increase, the voltage is continually increased until the 

output power starts decreasing. Once the output power starts decreasing, the voltage to the cell decreased until maximum power 

is reached. This process is continued until the MPPT is obtained.  This P&O algorithm periodically increment or decrement the 

output terminal voltage of the PV cell and comparing the power obtained in the current cycle with the power of the previous 

one . If the power is increased, then it is supposed that it has moved the operating point closer to the MPP. Thus, further voltage 

perturbations in the same direction should move the operating point toward the MPP. If the power decreases, the operating 

point has moved away from the MPP, and the direction of perturbation should be reversed to move back toward the MPP. 

 
Fig. 8: Flowchart of P&O method[3] 

VI. CONCLUSION 

This paper describes a prototype using microcontroller. Microcontroller monitors the process of battery charging. The battery 

used is lead-acid battery. The control algorithm using perturb and observe method gives maximum power point tracking 

function in accordance with incident light that is solar energy. It provides the transfer of maximum energy generated by 

photovoltaic panel to battery. The perturb and observe algorithm increase the efficiency of power transference as compared to 

systems that don’t use MPPT algorithm. Because of this algorithm the size and cost of panel reduces. This algorithm assures 

fast, safe and complete charging process. It also monitors discharge. 
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