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Abstract: Designing photovoltaic systems to maximize the output power Maximum Power Point Tracking (MPPT) is used. The 
new MPPT system is developed, using DC-DC converter. The design of FPGA control unit which includes the power circuit and 
a MPPT circuit with a buck boost circuit. The voltage divider circuit is used to send the constant voltage to the battery from the 
solar input. The ADC is used to convert the input analog signal from the solar panel to digital signal. Pulse width modulation 
technique is employed in this paper to give low total harmonic distortion with output voltage and frequency control. The 
qualitative performance parameters of the PWM technique are mathematically analyzed. The result shows that the voltage 
supply will be constant to the battery. The PWM is coded in VHDL and the design has been implemented in ALTERA 
CYCLONE board which requires 25mA for the start of execution. The board is powered by 12V DC supply by using a step down 
transformer. 
Keywords: Maximum Power Point Tracking (MPPT), Analog to Digital Converter (ADC), Field Programmable Gate Array 
(FPGA), Pulse Width Modulation (PWM), Very High Speed Integrated Circuit Hardware Description Language. 
 

I. INTRODUCTION 
Renewable energy research has come into existence due to the usage of fossil fuels and to meet the environmental impacts and the 
energy demands. Among the renewable energy sources solar energy has become a promising energy source for widespread 
utilization. Hence Solar systems have been deployed widely due to its abundance and accessibility. 
According to [1], in 2011, the photovoltaic (PV) industry had added estimated 17 GW capacities. Worldwide bringing the global 
capacity to about 40 GW. The annual growth rate for capacity of solar PV has been around 50% since 2005, which is the fastest 
growth of all renewable energy sources. PV arrays, which converts solar energy to electrical energy. When connecting solar panels 
to the load, there is a probable mismatch between the load current and voltage characteristics and the MPP. Thus, tracking of MPP is 
very important not only to improve the system’s efficiency but also to reduce the requirement of solar panels for the desired output 
power [2]. Maximum power point tracking (MPPT) technology has become a very popular research topic in the past two decades 
[3]. In [3], more than a dozen of different MPPT methods are introduced. 
There are two charging stages for the PV charger. A continuous MPPT-charging scheme is adopted at the beginning of the charging 
process. To obtain an average charging current with an exponential profile a pulse-current-charging scheme with an adaptive rest 
period is applied when the battery reaches a given condition. The MPPT function is retained to achieve high charging efficiency 
during the charging period. Overcharging can be avoided using the pulse-charging scheme with adaptive rest period. The difference 
between the the MPPT system and other techniques is that the output power of PV is used directly to control the DC-DC converter, 
to reduce the complexity of the system. 

II. PV SYSTEM MODEL 
In order to avoid high algorithm complexity, larger identification time and divergence of the Kalman filter the PV system has to be 
chosen in a proper way. The fast dynamic of the PV source makes the states of the system not observable in discrete-time with the 
commercial low-cost ADC, having a low sampling frequency. Hence, identifying only the PV source is not possible with the DKF. 
Therefore, the whole system 
has to be identified, where the dynamic is given by the dc/dc converter. The complete model is achieved by using the single-diode 
PV model [2]. However, this model includes too many parameters (photocurrent, series resistance, parallel resistance, converter 
inductance and capacitance with their parasitic resistance). Moreover, the PV parameters change too rapidly and too strongly 
causing mistakes in the identification. For these reasons, the small signal model around a given operating point of both the PV 
panels and the boost converter is considered. The DKF will then estimate the time varying parameters of this dynamic model. Figure 
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1 shows the whole PV system and its small signal model used for the identification process. The battery can be modeled by means 
of a dc generator in series with a series resistance and a number of series-connected parallel R-C groups. Thus only the series 
resistance should have to be taken into account. This parameter can be transferred to the input terminals of the boost dc/dc converter 
and joined to the parasitic resistance of the inductor. This approach has been considered and then the small signal battery model 
results in a short circuit. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 1: PV Small Signal Model 
low power microcontroller is used. For low cost implementation the perturb and observe maximum power point tracking (P&O 
MPPT) is used. To adjusts the switching activity of available power the pulse frequency modulation (PFM) technique is used which 
leads to reduce its efficiency at higher ripple current. By implementing the current limiter for high switching frequency this can be 
solved. 
In this MPPT circuit figure 2, the switching frequency of MOSFET is 50Hz, and the crystal oscillator frequency is 50MHz. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 

Fig 2: MPPT circuit 
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III. MAXIMUM POWER POINT TRACKING 
Maximum power point (MPP) provides maximum output power by tracking continuously, which depends on the temperature and an 
irradiance condition. To reduce the power consumption of the PV module Dynamic power management technique is used and to 
activate the minimum number of modules the system is dynamically reconfigured. 
To implement MPPT algorithm for low processing time and low circuit complexity an ultra 
 

IV. PULSE WIDTH MODULATION 
Pulse Width Modulation (PWM) is a technique which provides logic “1” and logic “0” for a controlled period of time. In many 
applications such as DC motor and solar applications the Pulse Width Modulation are used. 
The implementation of simple PWM using ALTERA FPGAs is described here. The basic principle in PWM is the usage of register 
to store the value and it loads the Up/Down Counter whenever the counter reaches its terminal count. To generate the pulse width 
modulation the terminal counter is used. 
 
 
 
 
 
 
 
 
 
 
 

Fig 3: Block diagram of PWM 
A. Functional description 
A data register is used to store the value for the counter, this value determines the pulse width. The Up/Down Counter is loaded 
with a new value from the data register when the counter reaches its terminal count; a Toggle Flip-flop generates the PWM output 
in figure 3.When the data value is first loaded, the counter begins to count down from the data value to 0. During this phase of 
operation the terminal count and PWM signals are Low. When the counter transitions through 0, the terminal count is generated 
and it triggers the Toggle Flip-flop to drive the PWM signal High. The data value is re-loaded and counting proceeds up to the 
maximum value. Again a terminal count will be generated when the counter reaches its maximum value, driving the PWM signal 
to toggle from High to Low. The data value is re-loaded and the cycle repeats. The direction of the counter is controlled by the 
PWM signal: the counter is set to count down when the PWM is Low, and count up when the PWM is High. The terminal count 
controls the data value that loads to the counter from the data register. Data is loaded when the terminal count is High. 
The duty cycle of the PWM signal is controlled by the data value loaded to the up/down counter. The duty cycle of the PWM 
output can be varied by specifying various data values, the higher the data value, higher the duty cycle (see Table 1). 
 

Data Value Duty Cycle (%) 
11100110 90 
11000000 75 
10000000 50 
01000000 25 
00011001 10 

 
Table 1: Data Values for Different Duty Cycles 
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Fig 4: Sample PWM output waveform 
Duty Cycle is calculated by taking the ratio of Mark Period and Frame Period: 
Duty Cycle = Mark Period/Frame Period 
 
= Data Value/2n. 
 
Mark Period = Data Value x Tclock. 
Frame Period = Tclock x 2n 
 
where “n” is the binary counter width. 
 

V. ANALOG TO DIGITAL 
 
A. Converter 
The ADC circuit which converts the input analog value into its equivalent digital value. The analog input from the solar panel is 
given to the ADC circuit to convert into digital value which is then given to the FPGA block. The pin configuration of ADC is 
shown in figure 5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 5: ADC0804 pin configuration 
 
Analog to digital conversion calculation: 
 
Vanalog= 4.2v 
 
Vref+= 5v 
 
Vref-= 0v 
 
A/Dresolution= 8bits 
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((Vanalog/((vref+)-(vref-))*2^a/dresolution -1) = Digital value 
 
= ((4.2/(5-0.0))*(2^8-1)) 
 
= 0.84*255 
 
= 214 
 
= 110101102 

VI. HARDWARE MODULE 
The design of FPGA control unit for solar unit includes the voltage divider block, a DC-DC converter block, an ADC interface and 
an FPGA unit. 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 6: FPGA control unit 
The analog value from the solar panel is given as an input to the DC-DC converter circuit and then to voltage divider circuit. The 
voltage divider circuit which divides the voltage level and then sends it to the ADC circuit, here the analog voltage is converted into 
digital. According to the input value from the solar panel and the ADC value the PWM pulse is generated from the FPGA board. 
The output of the PWM pulse is given to the DC-DC converter where the signal is boosted accordingly to high or low. Once the 
battery is fully charged the voltage divider circuit at the output side will stop the flow and then the ADC circuit which gives the 
value to the FPGA board thus to stop the generation of PWM pulses. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 7: Hardware integrated circuit 
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VII. RESULTS AND DISCUSSIONS 
The design of FPGA control unit for solar application is simulated using QUATRUS simulator and is implemented in ALTERA 
CYCLONE board. 
The simulation is done for various PWM pulses with different duty cycle. The frame period for the PWM pulse can be calculated as 
follows: 

Frame period=2 n * T clock 
 
The input frequency available is 50Hz, so the frame period will be 0.02. The Tclock can be calculated as 
 

T clock = 0.02/256 =78.125µSec. 
 
Hence the frequency to generate the PWM pulse will be 
 

F = 1/T clock 
 

= (1/78.128) MHz F = 12.8 KHz. 
 
By calculating the input frequency for the PWM the count value can be calculated as: 

 
Count = input frequency / required frequency 
 

= 50Hz / 12.8KHz Count = 3906.25 
 
With this Count value the PWM counter up counts /down counts the value and boosts the voltage and maintains constant voltage to 
the battery. 
The simulation results are shown below: 
 
 
 
 
 
 
 
 
 
 
 
 
This simulation result is for final integration with reset value is high. 
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This simulation result is for final integration with reset value low. 
 

VIII. HARDWARE IMPLEMENTATION 
Finally this design has been implemented in ALTERA CYCLONE board, which requires 50Hz frequency for its startup. The board 
has 144 pins and a 50MHz crystal oscillator. The device series used to implement this design is EC1C37144C8N. The board is 
powered by 5V DC supply or a USB cable. 
The hardware is interconnected with an ADC circuit, MPPT circuit and a power circuit figure 8. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 8: hardware implementation of FPGA unit 
 

IX. CONCLISION 
The design of FPGA control unit for solar application includes an ADC, MPPT circuit. The system consisting of the dc/dc converter 
performing the MPPT function has been presented in this paper. 
The PWM generating signal for 12.8 KHz frequency from MPPT is applied to boost DC-DC converter. The output voltage of DC-
DC booster converter is stored in battery for further real time application usages. The results shown in this paper demonstrate that 
the technique allows estimating accurately the power response settling time by accounting the converter dynamic response, and the 
uncertainties affecting any real system. 
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