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I. SYSTEM DESCRIPTION 

A maximum power point tracker (MPPT) was designed and developed to fulfill the requirements 

of the electrical engineering senior design class. MPPT is a technique in which grid-connected inverters, 

solar battery chargers and similar devices use to receive the maximum possible power from photovoltaic 

solar panels. The purpose of the MPPT is to sample the output voltage and current of the photovoltaic 

cells to obtain the maximum power for any given weather condition. The power circuit of the MPPT 

system for this project will consist of a buck converter and the Shurflo RV water pump.  

Photovoltaic solar cells are complex in nature since their current-voltage (I-V) characteristic is 

not constant. As a result, the solar irradiance strength, the type of solar cells used, and the solar panel 

temperature influences the power conversion directly.  Therefore, a stronger irradiance increases the 

magnitude of current, whereas, the voltage remains at the same level. Stronger temperature, on the 

contrary, lowers the voltage, while the current stays at the same level. The voltage-current characteristics 

of the Arco Solar/Siemens M75 photovoltaic cell to be used in the validation of the MPPT may be seen in 

Figure 1. 

 

Figure 1. The I-V characteristic curves for the Arco Solar/Siemens M75 I-V Curves 

Using the equation P = VI and the current and voltage values shown in Figure 1, the power 

curves were obtained and each curve has only a single best operating point, which defines the maximum 

power point (MPP) as shown in Figure 2.  In order to maintain operation at the maximum power point a 

controlled converter is necessary.  Figure 2 shows the maximum power points for various power curves. 
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Figure 2. The power curves for the Arco Solar/Siemens M75 solar panel. 

To analyze the current voltage characteristics of the Shurflo RV water pump, an experiment was 

conducted in Milestone 2. The water pump is electrically driven by the current source and allows the 

water to be pumped to a height of 1ft.  The current source is continuously adjustable, which allows an 

increase of the current in increments of 200mA, producing a sufficient amount of experimental data, as 

seen in Figure 3.  As can be seen in the I-V characteristic plot, the start up and the slow down 

characteristic differ in the area of approximately 1.4 A, which yields that the water pump demonstrates a 

hysteresis behavior, which is important for the piloting, if the water pump starts up from hold up or if it is 

already running.  Once the water pump is running with the current above 1A, its behavior is almost linear. 

 

Figure 3. IV-Curve of the water pump for 1 foot. 

From this data the input resistance of the Shurflo RV water pump was calculated approximately as 6.5Ω 

from the I-V characteristic when water is being pumped to a height of 1ft. 
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II. MPPT HARDWARE DEVELOPMENT 

BUCK CONVERTER DESIGN 

A buck converter is a step-down DC-DC converter, with a topology that utilizes a transistor, a 

diode, an inductor, a capacitor, and in its general form a resistive load.  The buck converter is a step-down 

converter since the output voltage it less than the input voltage.  Figure 4, represents a schematic of a 

buck converter.  

 

Figure 4. Preliminary DC-DC buck converter schematic design 

In Milestone 3 the components of the buck converter were computed as 25.39µH for the inductor, 

L, and 38.46µF for the capacitor, C. These components were calculated at a frequency of 40kHz and the 

load resistance was 6.5Ω. However, during the implementation of the prototype MPPT, in which case the 

frequency was increased from 40kHz to 60kHz since 40kHz was insufficient and the load resistance was 

increased to 270Ω. The inductor was replaced with a1mH inductor, since it would more than fulfill the 

requirement for continuous inductor current, which is required by the buck converter. 

Moreover, at the output of the buck converter a high ripple was observed when the duty cycle was 

increased to 80%, this was an issue during the demonstration in Milestone 4. Initially the capacitance in 

the output was 39µF, through observation it was concluded that the high oscillation occurred due to an 

underdamped response, which exhibited some damped oscillations.  This yielded the fact that a small 

capacitance was needed at the output, therefore, the value of the capacitor was calculated with the 

following parameters for the buck converter, 

𝐿 = 1𝑚𝐻        𝑓 = 55𝑘𝐻𝑧          𝐷 = 80%              
∆𝑉!
𝑉!

= 2% 
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𝐶 =
1 − 𝐷

8𝐿 ∆𝑉!
𝑉!

𝑓!
=

0.2
8 1×10!! 0.02 60×10! ! = 0.35𝜇𝐹 

Since a 0.35µF capacitor was unavailable in the lab, in the implementation two 1µF capacitors 

were connected in series, which gave 0.5µF.  From Figure 5 it can be observed that the oscillations were 

reduced significantly and that the ripple was considerably lower than 2% for 80% duty cycle.  

 

Figure 5: The input gate signal (yellow).  The output buck converter signal (green) at duty cycle 80%. 

As explained in report of Milestone 5, the output waveforms for 20%, 50%, and 75% duty cycles 

were analyzed when the 0.5µF capacitance was placed at the output of the buck converter. The 

waveforms yielded similar results as the waveform in Figure 5. Furthermore, these output waveforms 

from the oscilloscope were also seen during the demonstration of Milestone 6. 

Further, the snubber circuit was modified to remove any other forms of oscillation, the 10kΩ 

resistor became a 47kΩ and the 2nF capacitor became a 4nF capacitor. Lastly, the fast recovery 4002 

diode of the buck converter was replaced with a Schottky diode, since the actual load of the buck 

converter requires high power. 

SIMULATION OF THE BUCK CONVERTER 

 For Milestone 3 a simulation of the buck converter was created using a function generator to 

adjust the duty cycle. Since the component values were modified after this milestone a second simulation 

was conducted in PSpice using the same simulation setup, as seen in Figure 6. However instead of 

applying a 16VDC input to the drain of the MOSFET, 10VDC was applied to be consistent with the 

power supply voltage used experimentally.  
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Figure 6: Buck converter PSpice simulation schematic. 

At 80% duty cycle the simulation yields an output voltage little over 8V, as can be observed in Figure 7.  

 

Figure 7: PSpice simulation output for the buck converter at 80% duty cycle. 

The green signal in Figure 7 represents the output voltage. When compared to Figure 5, it can be 

concluded that the experimental results and the simulation results, in Figure 7, are in good agreement, 

since Figure 5 also presents an output signal at approximately 8V.  

 It can be observed from Figure 5 and Figure 7 that the gate signal waveforms do not match, since 

the peak-to-peak voltage set on the function generator in the lab was 0 to 3.3VP-P and for V2 of Vfxn in 

Figure 6, the voltage accepted by PSpice was 10V. But, the agreement between the output voltages is of 

vital importance.  

CURRENT SENSOR AND ANALOG FILTER 

Title

Size Document Number Rev
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 The M75 solar panel can produce up to 3A maximum and the amount of current going into the 

buck converter must be known so that the controller can use it (ARCO, 1985).  To accomplish this, a very 

low resistance (5mΩ) resistor was used so that the amount of voltage drop across it would be minimized.  

One end of the resistor is connected to the solar panel while the other is connected to the buck converter.  

If the solar panel were to reach its maximum current output of 3A, it is expected from Ohm’s Law that 

there would be 0.015V across this resistor.  Since this is a very small voltage, it does not provide the 

resolution needed to truly control the system well.  Therefore, also across this resistor there is a current 

sense amplifier with a gain of 100 to amplify this voltage.  This means that we would expect a maximum 

of 1.5V on the output side of the current sense amplifier which is well below the rated 3.3V maximum 

that the Arduino can handle without damage (Arduino, 2013).  Since this output is going to be read by the 

controller, it is necessary to reduce the noise in the system.  Therefore a 0.1 µF capacitor was connected 

as an analog filter between the output pin of the amplifier and ground to reduce this noise. 

VOLTAGE SENSOR AND ANALOG FILTER 

 Also connected to the current resistor and buck converter node is the voltage sensor.  It is known 

that the maximum voltage the Arduino can handle is 3.3V as stated above.  It is also known that the 

maximum voltage that can be produced by the solar panel is 19.2V (ARCO, 1985).  Therefore a voltage 

divider with low side voltage of less than 3.3V is necessary.  Another consideration is that the resistors in 

the circuit must be fairly large so as not to draw much current away from the system.  Therefore it was 

decided to give the high side resistor a value of 100KΩ.  Without a safety factor this means that the low 

side resistor would be just less than 21 KΩ.  However, it is necessary to put in a safety factor.  However, 

in providing a safety factor it was necessary to maintain as high a resolution as possible.  Therefore it was 

decided to limit the safety factor to 5%.  This means that at 19.2V the output of the voltage divider would 

be approximately 3.13 V which is under the 3.3V maximum.  This also means that if the solar panel was 

able to produce up to 20V, the Arduino would not be damaged because at 20V the output to the Arduino 

would be 3.264V which is still less than the maximum rating.  In order to meet these specifications, a 19.5 

KΩ resistor on the low side of the voltage divider was necessary.  Due to the availability of parts, two 39 

KΩ resistors were put in parallel on the low side to achieve the same goal.  In addition to the resistors of 

the voltage divider, the low side was being used as a sensor and therefore it is necessary to include analog 
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filtering here as well to reduce noise and make the system more accurate.  Therefore, a 0.01µF capacitor 

was used as an analog filter for the voltage sensor. 

 

 

VOLTAGE REGULATOR 

It was decided to use the solar panel as the power source for the Arduino so that, if it were used in 

a real-world situation, it would not require the frequent replacement of a 9V battery.  However, it is not 

possible to plug the solar panel directly into the Vin pin of the Arduino and therefore it requires a voltage 

regulator.  This pin can be used as a port to power the board, but must receive a voltage above 7V in order 

for the board to maintain stability.  Below this the chip can become unstable and the 5V bus will drop to a 

lower voltage (Arduino, 2013).  The 5V bus voltage drop issue was not a huge concern in this application, 

because it was not used for this project.  None the less it was decided that a 5V regulator would not 

provide enough voltage and could make the board unstable so that option was avoided.  The pin also has 

to receive a maximum of 12V so that the on-board regulator does not overheat and cause damage to the 

board and microcontroller since the microcontroller is connected to this on-board regulator (Arduino, 

2013).  There was a 12V regulator available on hand and some data was collected to verify that the 

voltage regulator never exceeded 12V within and just beyond the expected operating conditions.  This 

data is shown below in Figure 8 and the maximum voltage output was 11.89 V so it was considered safe 

for the Arduino.  Using this regulator, the Arduino turns on when the output side is at just over 4V, where 

the input is approximately 5V, and this is still below where the buck converter begins to operate (when 

the input is approximately 8V).  Therefore this was deemed an acceptable solution and it was 

implemented. 



 
© M.Glembotzki, A.B.Hiziroglu, M. Payne 

 
10 

 

Figure 8: Voltage Regulator Analysis 

 

 

III. MPPT SOFTWARE DEVELOPMENT 

CHOSEN MPPT SYSTEM ALGORITHM  

We proposed the use of the Hill Climbing algorithm, and the output voltage is controlled by the 

duty cycle.  Therefore, the input voltage and current is read in via analogRead() and multiplied to get the 

active power.  The current power value compared to the previous power decides, if the duty cycle will be 

increased or decreased by the value deltaD (=0.5%).  The new duty cycle value is used in the function 

setPWM() and there is a closed loop system.  The starting duty cycle value is set to 50%.  One drawback 

of this method is that the controller never lands on the maximum power point, but instead oscillates back 

and forth between just under and just over the maximum power point.  Also this method is susceptible to 

being thrown off by fast changes in input power levels and will take some time to recover again.  

However, this method does not require a lot of computations and therefore the program is shorter 

requiring less memory and will result in a faster operation.  More specific information on the program 

will be discussed later in the report. The flowchart of the chosen MPPT system algorithm may be seen in 

Figure 9. 
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Figure 9:  Flow chart for the hill climbing algorithm. 

PULSE-WIDTH MODULATION (PWM) (SOURCECODE IN BLUE) 

 The Arduino Due has a master clock speed of 84MHz with 54 Digital I/O Pins,  in which  12 of 

them are for PWM generation.  To get the right frequency of 60kHz, which based on our inductor and 

capacitor calculations, we had to configure the PWM channel.  A convenient PWM channel are on the 

Digital Output Pins 6, 7, 8, and 9.  We decided to use Pin 6, which is configured to PWM channel 7 and 

uses the internal clock „clkb“. clkb result from the following equation: 

 

Therefore we had to change the pre divider PREB, DIVB and CPRD, so that they result to 1400, 

because 84MHz divided by 1400 equals 60kHz. We chose PREB=1, DIVB= 4 and CPRD=350. (1 * 4 * 

350 = 1400).  The addresses to change register entries are defined in the beginning of the source code e.g. 

#define PWM_CLK_E    (*(volatile unsigned long int *) 0x40094000) for the DIVB, PREB and the write 

protection. In the function setPWM() the register entries are changed through the pre divider. First of all 

the write protection has to be cleared (PWM_WPSR_E), so that pre divider changes can be made. Then 

the pre divider PREB and DIVB in PWM_CLK_E and CPRD in  PWM_CPRD7_E are set. (Please see the 

Registers in the attachment. The complete registers can be found on page 1020, 1053 and 1062 in the 

SAM3XAE manual.  The output signal is generated with the function analogWrite(PWM_pin, 

Dutycycle); analogWrite() can handle values from 0 to 255, which means 0% to 100% Duty cycle with a 

high of 3.3V, as you can see in the following Figure 10. 
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Figure 10: PWM output with different duty cycle (http://arduino.cc/en/Tutorial/PWM) 

The buck converter begins operating around 8V DC input.  To show a certain voltage level the LED “L” 

on our Arduino DUE on the left side glows green. (Please look through the part LED VOLTAGE in the 

source code below)  

THE MOVING AVERAGE DIGITAL FILTER (SOURCECODE IN RED) 

 Essentially the moving average acts as a digital filter for the sensor values being read in the 

program.  The program reads values from the voltage and current sensors, each sensor having its own 

array (index), and stores them.  Each time it stores a value, the program moves to the next spot in the 

index until it reaches the number of samples used in calculating the total.  In this case it has been set up to 

store the last ten values in this index and averages them to find an approximation of what the voltage and 

current is during a period of time.  Once it has stored ten values, then the index is returned to the location 

of the oldest reading, drops it, and stores a new one in its place.  It then continues to loop through the 

index in this manner.  One important aspect of the moving average is that the variables voltageavg, 

currentavg, total, and total2 were made to be float variables instead of int values.  Without using float 

values, a sensor reading with a decimal will be rounded to the next integer which greatly reduces the 

resolution of the reading.  Therefore, in order to allow decimals to be included in the calculations using 

sensor values for the control algorithm, float values were necessary.  

COMPLETE PROGRAM 
 
/*****************************************************************************/ 
/* Hill-Climbing Algorithm                                                                    */ 
/* EE 490 Senior Design Project     12-08-13 Group                                       */ 
/* Michael Glembotzki, Buke Hiziroglu, Macy Payne                                                                   */ 
/****************************************************************************/ 
 
///frequency registering for getting 60kHz 
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#define PWM_CLK_E    (*(volatile unsigned long int *) 0x40094000)  // page 1020 
#define PWM_WPSR_E   (*(volatile unsigned long int *) 0x400940E8)  // page 1053 
#define PWM_CPRD7_E  (*(volatile unsigned long int *) 0x400942EC)  // Channel7 == PIN6  page 
1062 
 
///////////////////PIN MAPPING 
///Output 
int PWM_Pin = 6;       // select the pin for the LED for the PWM signal 
int ledPin       = 12;      // select the pin for the LED for the voltage sensor 
 
///Input 
int sensorPin   = A0;   // select the input pin for the voltage sensor 
int sensorPin2 = A1;   // select the input pin for the current sensor 
 
// controller variables 
//Duty cycle and Power variables  
float D_min   =  1;     //=    0 %     ;51=20% 
float D_max   = 255; //=100%     ;205=80% 
float D_start  = 128; //=   50% start value  
float D            = D_start; 
float deltaD  = 1; //3=1.17%; 5=1.95%; 13=5.08% 
float P_old    = 0; 
float P; 
 
//declare functions                                                                             
void power(void); 
void setPWM(void); 
 
// voltage sensor variables 
const int numReadings           = 10; // number of samples to store for the voltage sensor 
int readings[numReadings];       // the readings from the voltage sensor 
int index1                                  = 0;  // the index of the present reading voltage sensor 
float total                                  = 0;  // the running total voltage sensor 
float voltageavg                       = 0;  // the average voltage sensor 
 
// current sensor variables 
const int numReadings2             = 10; // number of samples to store for the current sensor 
int readings2[numReadings2];           // the readings from the current sensor 
int index2                                      = 0;  // the index of the present reading current sensor 
float total2                                    = 0;  // the running total current sensor 
float currentavg                           = 0;  // the average current sensor 
 
/*****************************************************************************/ 
/*Initialize input and output pins and startup conditions                                  */ 
/*****************************************************************************/  
void setup() { 
  Serial.begin(9600); // initialize serial communication with computer:                       
  pinMode(ledPin,  OUTPUT); // initialize output pins  
  pinMode(PWM_Pin, OUTPUT);  
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  // initialize all the readings to 0:  
  for (int thisReading = 0; thisReading < numReadings; thisReading++) 
     readings[thisReading] = 0;   
  for (int thisReading2 = 0; thisReading2 < numReadings2; thisReading2++) 
     readings2[thisReading2] = 0;   
} 
 
/*****************************************************************************/ 
/***   MAIN-PROGRAM                                                                                                          ***/ 
/*****************************************************************************/ 
 
void loop() { 
 
/*****************************************************************************/ 
/* voltage sensor section                                                                                                                  */ 
/* sensor average out of 10 values                                                                                                   */ 
/*****************************************************************************/ 
   
   total = total - readings[index1];                       // subtract the last reading:         
   readings[index1] = analogRead(sensorPin); // read from the sensor:   
   total= total + readings[index1];             // add the reading to the total: 
   index1 = index1 + 1;                         // advance to the next position in the array:                   
   
   if (index1 >= numReadings)                 // if we're at the end of the array...            
       index1 = 0;                              // ...wrap around to the beginning:  
       voltageavg = total / numReadings; // calculate the average: 
             
  // send it to the computer as ASCII digits 
   Serial.print(voltageavg*3.3/1023);          // print voltage sensor average 
   Serial.print(" ");    
 
/////////////////////////////////////////LED VOLTAGE 
      if(voltageavg > 453){  //=9V higher than 9V, because then the Buck-Converter functioning 
        digitalWrite(ledPin, HIGH); 
      }else{ 
        digitalWrite(ledPin, LOW);  
      }    
   
/*****************************************************************************/ 
/* current sensor section                                                            */ 
/* sensor average out of 10 values                                                                                                   */ 
/*****************************************************************************/ 
   total2 = total2 - readings2[index2];        // subtract the last reading:          
   readings2[index2] = analogRead(sensorPin2); // read from the sensor:    
   total2 = total2 + readings2[index2];        // add the reading to the total: 
   index2 = index2 + 1;                        // advance to the next position in the array:   
    
   if (index2 >= numReadings2)                 // if we're at the end of the array...              
       index2 = 0;                             // ...wrap around to the beginning:  
       currentavg = total2 / numReadings2;     // calculate the average: 
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  // send it to the computer as ASCII digits 
   Serial.print(currentavg*3.3/1023);          // print current sensor average 
   Serial.print(" ");   
   
/*****************************************************************************/ 
/* control algorithm loop                                                                                                                 */ 
/*****************************************************************************/ 
 
    power(); 
     
      if(P>P_old){   
        D+=deltaD; 
        if(D>=D_max){    //upper Limit  
          D=D_max;  
        } 
      }else{ 
        if(P<P_old){     
          D-=deltaD;     
          if(D<=D_min){    //lower Limit  
            D=D_min;  
          } 
         }  
      }  
      P_old=P;                         
       
      //print 
      Serial.print(D*100/255); 
      Serial.print(" "); 
      setPWM(); 
      delay(1); // for stability 
} 
 
void power(void){ 
    P=voltageavg*currentavg;               
    //print 
    Serial.print(P*3.3*3.3/1023/1023); 
    Serial.println(" "); 
} 
 
void setPWM(void){ 
  analogWrite(PWM_Pin, D); 
  //PWMC_ConfigureClocks (50000*255, 0, VARIANT_MCK);  // old function to get 55kHz 
  // set 60kHz to Output Pin6 (Channel7); Clkb is used 
  // 84kHz = MCK 
  //clkb   = MCK   / ( DIVB * PREAB * CPRD ) 
 //60kHz  = 84kHz / (   1  *  4    * 350  )   
  //clear the writeprotection 
  PWM_WPSR_E &= 0b11111111111111111111011011110110; //WPHWS0=0 WPSWS0=0 PHWS3=0 
WPSWS3=0  
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  //                        PREB         DIVB               PREA        DIVA 
  //                                               1              4                        1             4  // for PREA and PREB look at page 
1020 manual 
  //                                  ----  xxxx  yyyyyyyy       ----  xxxx   yyyyyyyy 
  PWM_CLK_E   = 0b 0000 0000 00000100 0000 0000 00000100; //DIVA=4 PREA=1 DIVB=4 
PREB=1 
  PWM_CPRD7_E = 0x015E; // =350 
} 
 

IV. MPPT FINAL SYSTEM DETAILS 

ENCLOSURE 

The enclosure for the final version of the MPPT required a sturdy, waterproof, and clear box.  

The box is not only waterproof but in addition to abiding by IEC standards, it has an IP66 weatherproof 

rating, which states that the box is not only completely dust tight but it is protected against heavy waves 

and powerful jets of water.  The base of the box is made from ABS plastic and the top is clear and has a 

gasket lining to seal the box completely.  This type of box is used widely in electronics as a terminal box, 

supply switchboard, apparatus box, electrical power supply, and control box.  Further, this box has also 

been utilized on ship decks.  When the three banana jacks for the ground, water pump, and photovoltaic 

panel connections were installed into the box, this reduced the IP rating, but a Lexan cover was also built 

to protect this area from water.  There are wires soldered onto the banana plugs that run to the terminal 

blocks mounted on the PCB with the exception of the solar panel connection which runs through a fuse 

first.  The Arduino and Arduino ProtoShield package have been placed in the center of the box.  There are 

four screws connecting a piece of Lexan to the enclosure to create a false bottom onto which the circuit 

boards have been placed also using screws.  The completed enclosure is shown in Figure 11. 
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Figure 11: Enclosure Drawing showing the front view (bottom left), the side view (bottom right), the top 

view (top left), and the 3D image of the enclosure (top right).  

The balloon numbers in Figure 12 are material references on the bill of material (BOM). Figure 12, shows 

a pictorial version of our final package for the MPPT system, 

 

 

 

 

 

 

Figure 12: Final package for the MPPT system. 
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BILL OF MATERIALS (BOM) 
 
The bill of materials (BOM) for the MPPT may be seen in Table 1. 

Bill	  of	  Materials	  (BOM)	  	  
Electrical	  Components	  
Component	   REF	   Suppl.	  P/N	   Qty	   Description	   Manufacturer	   Supplier	  

	  	   	  	   	  	   	  	   	  	   	  	   	  	  
Arduino	  
ProtoShield	   	  	  

DEV-‐07914	  
1	   SMALL	  PROTOTYPE	  

SHIELD	   SparkFun	   SparkFun	  

Arduino	  DUE	  
Microcontroller	   	  4	  

DEV-‐11589	  
1	  

32bit	  CortexM3	  
ARM	  
MICROCONTROLLER	  

Arduino	   SparkFun	  

MOSFET	  Gate	  
Driver	   U1	   IR2104PBF-‐

ND	  
1	  

IC	  DRIVER	  
HIGH/LOW	  SIDE	  
8DIP	  

International	  
Rectifier	  

DigiKey	  
Corp	  

MOSFET	   M1	   IRFZ44VPBF
-‐ND	   1	  

MOSFET	  N-‐CH	  60V	  
55A	  

International	  
Rectifier	  

DigiKey	  
Corp	  

Inductor	   L1	   M8863-‐ND	   1	   INDUCTOR	  TORD	  HI	  
AMP	  1000UH	  VERT	   Bourns	  Inc.	   DigiKey	  

Corp	  

Capacitor	   C4,	  C5	   N/A	   2	   0.1uF	  CERAMIC	  CAP	   N/A	   ECE	  Crib	  

Capacitor	   C1,	  C2,	  
C6,	  C8	   N/A	   	  	   0.01uF	  CERAMIC	  

CAP	   N/A	   ECE	  Crib	  

Capacitor	   C3	   N/A	   2	   1uF	  ALUM	  CAP	  35V	   N/A	   ECE	  Crib	  
Capacitor	   C9	   N/A	   	  	   330pF	  CAP	   N/A	   ECE	  Crib	  
Capacitor	   C10	   N/A	   	  	   100pF	  CAP	   N/A	   ECE	  Crib	  
Capacitor	   C7	   N/A	   2	   2nF	  CERAMIC	  CAP	   N/A	   ECE	  Crib	  

Resistor	   R2	  	   12FR005E-‐
ND	   1	  

CURRENT	  SENSE	  
RESISTOR	  
0.005OHM,	  1%,	  2W	   Ohmite	  

Provided	  
by	  Dr.	  

Thompson	  

Resistor	   R4,	  R5	   N/A	   	  	   39KOHM	  RES	   N/A	   ECE	  Crib	  
Resistor	   R3	   N/A	   	  	   100KOHM	  RES	   N/A	   ECE	  Crib	  
Resistor	   R1	   N/A	   	  	   10OHM	  RES	   N/A	   ECE	  Crib	  
Resistor	   R6	   N/A	   	  	   47KOHM	  RES	   N/A	   ECE	  Crib	  

Amplifier	   U2	   MAX4173H
ESA	   	  	  

CURRENT	  SENSE	  
AMPLIFIER	  IC8SOIC	  
PACKAGE	  

Maxium	  
Integrated	  

Provided	  
by	  Dr.	  

Thompson	  

Regulator	   12V	  
REGULA.	   LM7812C	   1	   12V	  REGULATOR	  	   Fairchild	  

Semiconductor	   ECE	  Crib	  

Diode	   D1	   1N4001	   1	   50V,	  1A,	  DIODE	   Vishay	   ECE	  Crib	  
Diode	   D2	   CQ743G	   1	   SHOTTKEY	  DIODE	   N/A	   APEL	  Lab	  

Fuse	   5A	  FUSE	   LF312	   1	  	   250V,	  5A	  FUSE	  	   LittelFuse	   ECE	  Crib	  

Mechanical	  Components	  
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Component	   Balloon	   Suppl.	  P/N	   Qty	   Description	   Manufacturer	   Supplier	  
	  	  

Enclosure	   1	   905	   1	  

LARGE	  PLASTIC	  
PROJECT	  
ENCLOSURE-‐
WEATHERPROOF	  
WITH	  CLEAR	  TOP	  

TOYOGIKEN	  
TIBOX	  

Adafruit	  
Industries	  

Banana	  Plug	  
Jacks	  

2	  
	  	   3	  

BANANA	  CABLE	  
CONNECTOR	   N/A	   ECE	  Crib	  

PCB	  Terminal	  
Block-‐2po	   	  	   ED1609-‐ND	   2	  

TERMINAL	  BLOCK	  
CONNECTORS	  

On	  Shore	  
Technology	  Inc	  

Provided	  
by	  Dr.	  

Thompson	  

Socket	   	  	   AE9986-‐ND	   1	  
IC	  SOCKET	  
STRAIGHT	  8POS	  TIN	  

Assmann	  WSW	  
Components	  

Provided	  
by	  Dr.	  

Thompson	  

Heat	  Sink	   	  	   HS106-‐ND	   1	  

Heat	  sink	  for	  TO-‐
220	   Jameco	  

Electronics	  

Provided	  
by	  Dr.	  

Thompson	  

Adapter	   	  	   BOB-‐00494	   1	   	  SOIC	  to	  8-‐Pin	  
Adapter	   SparkFun	  

Provided	  
by	  Dr.	  

Thompson	  
Misc.	  Components	  

Component	   Balloon	   Suppl.	  P/N	   Qt
y	   Description	   Manufacturer	   Supplier	  

	  	  

Plexiglas	   3	  	   987359	   1	  
12	  in.	  x	  24	  in.	  Clear	  
Polycarbonate	  
Sheet	  

Lexan	   The	  Home	  
Depot	  

Epoxy	   	  N/A	   120618	   1	   0.85	  fl.	  oz.	  Quick	  
Set	  Epoxy	   LOCKTITE	   The	  Home	  

Depot	  

Table 1: MPPT system bill of materials (BOM) 
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MPPT SYSTEM SCHEMATIC 
 
 Figure 13 represents the schematic for the complete MPPT system designed and implemented for 

the EE-490 electrical engineering senior design project. The balloon 4 denotes the reference on the BOM. 
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CIRCUIT LAYOUT (PCB) 
 

The layout of the PCB board is shown in Figure 14 and a picture of it is shown in Figure 15. 
 

              
Figures 14 and 15: Represents the actual PCB layout of the MPPT system (left), actual layout (right) 

 
EFFICIENCY DATA OF THE FINAL PRODUCT 
 
 Prior to the photovoltaic performance validation the MPPT system was tested for functionality 

with a high-powered power supply. The functional tested yielded that our system worked perfectly under 

constant current conditions as well as constant voltage conditions. During the functional test the input as 

well as output voltage and current were collected and the efficiency was determined. The collected 

experimental data and calculated efficiencies may be found in Table 2 and Figure 16 yields the efficiency 

plot of the MPPT system with respect to the output power. 

Vin (V) Iin (A) Pin (W) Vout (V) Iout (A) Pout (W) Efficiency (%) 
10.06 0.353 3.55 1.219 1 1.21 34.32 

11 0.439 4.82 1.829 1.09 1.99 41.28 
12 0.639 7.66 3.328 1.3 4.33 56.42 
13 0.721 9.373 4.29 1.44 6.18 65.91 

14.03 0.893 12.53 5.656 1.76 9.95 79.45 
15 1.248 18.72 7.18 1.88 13.5 72.12 

15.99 1.348 21.55 8.01 1.95 15.62 72.47 
17.17 1.249 21.44 7.63 1.94 14.80 69.02 
18.02 1.21 21.80 7.89 1.98 15.62 71.65 
18.88 0.955 18.03 7.01 1.91 13.39 74.26 

Table 2: MPPT system experimental data while testing with power supply 

4 
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Figure 16: MPPT system efficiency plot with respect to the output power. 

 The pump begins to work at approximately 1A output current, pumping water at a minimum rate. 

The efficiency observed at this instance is roughly 34.42%, it is normal to have such a low efficiency 

since the output power is low. The maximum power is achieved at 15.62W, whereas the maximum 

efficiency of the system was achieved at almost 80% at an output power of 9.95W. 

V. MPPT OPERATIONS GUIDE 

To get started with the MPPT the solar panel and the water pump have to be connected as you can 

seen on Figure 17.  The solar panel “+” is the red and the water pump “+” is the yellow input connection.  

The generator and the load are using the same ground, thus, only one ground terminal has been placed in 

the case.  Also the voltmeters and ammeters were connected to the input and output of the converter 

circuit to make the voltage and current measurements possible. 

 

Figure 17: MPPT System Connection 
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When the wiring is set up right there are only a few things to look at.  The Arduino board LEDs turn on at 

around 5V meaning that the Arduino has turned on, and the buck converter circuit begins functioning at 

8V input.  The controlling components of the circuit receive power from the solar panel thus no further 

batteries or power supplies are required for the operation of the overall MPPT system.  Anytime the input 

voltage of the Arduino is turned off, the program starts from the beginning with its duty cycle of 50%.  
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