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Abstract— Energy demand across the world increases and resources become scarce, which increase the search for 

alternative energy resources and their associated technology. With advancements in power electronic technology, the 

solar Photovoltaic energy has been recognized as an important natural energy resource because it is clean, abundant 

and pollution free. This paper presents the implementation of Field Programmable Gate Array (FPGA) based Maximum 

Power Point Tracking (MPPT) of PV system using modified perturb and observe controller algorithm and comparing 

the results with perturb and observe controller algorithm. This strategy of control has, in first time, been validated by 

Matlab and Psim co-simulation. The modified P&O algorithm has been designed using the very high-speed description 

language (VHDL) and implemented on Xilinx Spartan-3 (XC3S400) families of Field Programmable Gate Array 

(FPGA). The VHDL-modules have been simulated, synthesized and tested using the ISE 10.0 of XILINX and the 

ModelSim.. 

 

Index Terms— FPGA, MPPT, Photovoltaic, Perturb and Observe. 

I. INTRODUCTION 

Photovoltaic energy is the conversion of solar energy to electrical energy through a PV cell, a non-mechanical 

device usually made from silicon alloys. As sunlight strikes a PV cell, it creates an electron imbalance between the 

front and back surfaces of the cell. Electricity occurs when these two surfaces are joined together by a conductor. 

Individual PV cells are electrically connected into a packaged, weather-tight module. Depending on the power 

output needed, modules can be further connected to form a PV array, essentially a generating plant made up of any 

number of modules  

 

When a solar PV module is used in a system, its operating point is decided by the load to which it is connected. 

Since solar radiation falling on a PV module varies throughout the day, the operating points of module also 

change. The maximum power produced by a solar cell change according to the solar radiation and temperature. 

A PV module is a non linear generator. In order to ensure the operation of PV module for maximum power 

transfer, a special method called Maximum Power Point Tracking (MPPT) is employed in PV systems. The 

maximum power tracking mechanism makes use of an algorithm and an electronic circuitry. This mechanism is 

based on the principle of impedance matching between load and PV module, which is necessary for maximum 

power transfer. This impedance matching is done by using a DC to DC converter by changing duty cycle of the 

switch. These converters are normally named as maximum power point trackers (MPPTs). It consists of a 

topology and a control circuit and a MPP seeking algorithm. The maximum power point tracking is basically a 

load matching problem. In order to change the input resistance of the panel to match the load resistance (by 

varying the duty cycle), a DC-DC converter is required. 

 

Fig 1 shows the entire block diagram of system. Voltage and current from the PV panel is measured using voltage 

and current measurement block and given to MPPT controller. MPPT controller generates duty ratio and gives to 

switch circuit in the boost converter through DAC and output obtained across the load. 

 

Some limitations of Perturb and Observe method are oscillations around the maximum power point in steady state 

operation and slow response speed [6]. In conventional P&O method perturbation size is a constant. Large step 

size leads to oscillations at the steady-state and continuous power loss, while reduction in the step size impairs the 
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dynamics of the converter and leads to poor utilization of solar cells [7]. To minimize it a modified P&O method 

is proposed here. In proposed method, initially perturbation value is more, and then reduces step size such that it 

approaches maximum power point. 
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Fig (1): Block diagram representation 

II. METHODOLOGY 

Maximum power point tracking (MPPT) is a technique that grid tie inverters, solar battery chargers and similar 

devices use to extract the maximum possible power from the PV array. Solar cells have a complex relationship 

between solar irradiation, temperature and total resistance that produces a non-linear output efficiency known as 

the I-V curve. MPPT system samples the output of the cells and applies a resistance (load) to obtain maximum 

power for any given environmental conditions [10]. 

A. Perturb and Observe Controller 

The algorithm perturbs the operating voltage in a given direction and samples dP/dV. If dP/dV is positive, then 

the algorithm knows it adjusted the voltage in the direction toward the MPP. It keeps adjusting the voltage in that 

direction until dP/dV is negative. The step size is dependent on the gradient of the power voltage curve [9]. 

Conventionally, while using the P&O technique the following equations are considered. 
𝑑𝑃

𝑑𝑉𝑃𝑉
 𝑛 =

𝑃 𝑛 −𝑃 𝑛−1 

𝑉𝑃𝑉  𝑛 −𝑉𝑃𝑉  𝑛−1 
            (1) 

𝑑𝑃

𝑑𝑉𝑃𝑉
 𝑛 > 0                                   (2) 

When equation (2) is true, an increase in the duty cycle of the switch of a fixed step is required, while when 
𝑑𝑃

𝑑𝑉𝑃𝑉
 𝑛 < 0                                   (3) 

The duty cycle of the converter is decreased. The MPP of the PV module is reached when the gradient is zero. The 

use of a fixed increment size leads to follow slowly the MPP. For this reason, the size of the perturbation step has 

been chosen proportional to the gradient of the power-voltage characteristic at the previous sample. The size of 

the perturbation step influences the convergence speed of the MPPT control system, and also leads to less 

oscillation near the MPP [8]. Large step sizes intrinsically lead to fast convergence to the MPPT; however, the 

oscillations near the MPP are in this case large, while small step sizes give smaller oscillations.  

B. Modified Perturb and Observe Controller 

The P&O algorithm has the advantage of simple software and hardware realization. In this pioneering 

implementation, the reference voltage (Vref) is perturbed in an arbitrary direction and the power levels of two 

consecutive samples are compared. Depending upon the sign of the power change, the direction for further 

perturbation is decided. A feedback control loop ensures that the output voltage tracks its reference. The following 

equation is followed to locate the voltage at which the MPP is reached.  

V (k) = V (k− 1)± C                        (4) 

Where k and k – 1 are the present and the previous instants and C is the constant search step. In MPPT systems, 

the power versus duty cycle (P–D) curve also has maxima at some duty cycle D corresponding to the MPP. This 

result has been used for searching the MPP by changing the duty cycle according to the following equation. 

D (k) = D (k− 1)±C                        (5) 

Large step size „C‟ in the equations leads to oscillations at the steady-state and continuous power loss, while a 

reduction in the step size impairs the dynamics of the converter and leads to poor utilization of the solar cells [11].  
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V(k) and P(k) are output voltage and the power of PV which is calculated from V(k).I(k) at time k, respectively. D 

and ΔD denote duty ratio and change in duty ratio. To achieve faster MPPT response and more accurate MPP 

under dynamic environment, variable perturbation step-size, i.e. ΔD can be employed. In fact, ΔD can be selected 

as function of PV power as: 

ΔD(k)= α.β(P(k)-P(k-1))                  (6) 

Where α is the constant value to control the movement toward the MPP and the accuracy of convergence for 

MPPT, β is the sign of step dependent on perturbation direction. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig (2): Overall circuit diagram 

III. SIMULATION OF OVERALL SYSTEM 

The individual models are integrated to get the combined Simulink model of proposed scheme. Fig 3 shows the 

overall simulation model of MPPT algorithm. Simulation of PV panel and boost converter with current and 

voltage feedback using Co-simulation of MATLAB/Simulink and Psim. The power circuit implemented in Psim 

and the controller algorithm is simulated in MATLAB and duty ratio is given to boost converter switch in the 

PSIM using Simcoupler block. 
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Fig (3): Simulation model of entire system 

A. Simulation Results & Analysis 

Fig. 4 shows simulation results of boost converter output voltage and current waveforms for the 36W photovoltaic 

panel.  

 
Fig (4): Voltage and current output of boost converter 

 

 

 

 

 

 

 

 

 

 

 

 

Fig (5): Performance of two controllers 

Fig 5 shows the variation power with respect to response time for a 36W panel. It can be observed that the 

maximum power reached by P&O controller in 13 steps and modified P&O controller takes only 5 steps.  

Table I compares the performance of perturb and observe and modified perturb and observe controller in detail. 

P&O controller has some limitations like oscillation around maximum power point and slow response speed. It 

uses a fixed step size in the increment of duty cycle to be given to converter. The fixed step size makes the P&O 

to perform slowly.  

Table I: Comparison Results of Algorithms 

Algorithm Duty Ratio Max. Power (W) No. of Iterations 

Perturbation & Observation 0.05 35.81 13 

Modified P&O 0.038 36.12 5 

IV. IMPLEMENTATION 

A Maximum power point tracker is a DC/DC converter sets the photovoltaic module to operate at maximum 

power point independently from the load. Its main function is to adjust the module output voltage to a value 

corresponding to the maximum power deliverable to the load.  

 

The entire hardware set up is shown in Fig 6. The solar panels connected in parallel to feed the boost converter 

which was controlled by the duty cycle pulses from the FPGA. The output from the boost converter is fed to the 

battery load. 

The system is made of four main blocks: 
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A. Voltage and current measurement circuit 

B. DC/DC Boost Converter 

C. Controller implemented on FPGA 

D. Solar charge controller circuit 

 

Fig (6): Prototype of Designed Hardware 

It follows a brief description of each block 

A. Boost Converter 

In order to overcome the undesired effects on the output PV power and draw its maximum power, it is possible to 

insert a DC/DC converter between the PV generator and the batteries, which can control the seeking of the MPP, 

besides including the typical functions assigned to the controllers. These converters are normally named as 

maximum power point trackers (MPPTs). It consists of a topology and control circuit where there will be a MPP 

seeking algorithm. The input of DC–DC converter part is formed by the PV array and the output section by the 

batteries and load. The maximum power point tracking is basically a load matching problem. In order to change 

the input resistance of the panel to match the load resistance (by varying the duty cycle), a DC to DC converter is 

required 

B. Voltage & Current Measurement Circuit 

Voltage from the PV panel is measured using voltage measurement circuit. It contains an Op-amp and few 

resistors connecting to a voltage divider. Adjusting gain of the circuit, maximum voltage is reduced to 5.1V to the 

input of ADC. 

C. Controller (Modified P&O algoritham) 

The control tool is the most important block of this study. The control tool allows seeking the maximum power 

deliverable from the PV-modules for given irradiation and temperature by adjusting the duty cycle of the 

converter. The modified P&O algorithm has been developed with the Very High Description Language (VHDL). 

The VHDL-modules have been simulated, synthesized and tested using the ISE 10.0 of XILINX and the 

ModelSim. A generated bitstream code has been loaded into the FPGA Spartan-3. The implemented digital 
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controller seeks the maximum power point according to the measured current (Ipv) and voltage (Vpv), while an 

output signal sets the duty cycle (D) of a pulse width modulation (PWM) boost converter. 

D. Solar Charge Controller Circuit 

Connecting a solar panel to a Lead-acid battery, it is usually necessary to use a charge controller circuit to prevent 

the battery from overcharging. The circuit used in this paper was a shunt-mode charge controller. In a 

shunt-mode circuit, the solar panel is permanently connected to the battery via a series diode. When the solar 

panel charges the battery up to the desired full voltage, the shunt circuit connects a resistive load across the battery 

to absorb the excess power from the solar panel. The main advantage of shunt-mode solar regulation is the lack of 

a switching transistor in the power path between the PV panel and battery.  

V. CONCLUSION AND FUTURE ACTION 

In this work, P&O algorithm and modified P&O algorithm has been implemented on a FPGA for extracting 

maximum power point of a photovoltaic system. A low cost hardware prototype has been developed & tested. 

Prototype includes DC/DC Converter, current and voltage measurement, ADC converter circuit. The efficiency of 

modified P&O based controller is more than P&O controller is compared using perturbation steps. In future, a 

suitable controller for rapid variation of climate conditions will be implemented.  
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