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ABSTRACT  
 



Introduction 

  

To get the most energy/utilization out of the PV system installation, it must operate at 

the maximum power point of the curve. In order to operate at the maximum power point 

of the curve, the C2000 Piccolo Microcontroller (TMDSSOLARPEXPKIT) uses an 

MPPT. Maximum power point tracking (MPPT) is used to get the maximum power 

possible when using photovoltaic devices, such as a solar panel. The MPPT is used to 

control power by applying a load resistance given any type of environmental condition. 

They are typically used in electrical power converter systems. MPPT controllers convert 

the module operating voltage obtained from the solar panel into a battery voltage and 

also raise the output current in the process. 

  

Motivation 

  

MPPT technology is used as a benefit in varying environmental conditions because of 

the different angles and exposure to the sun. These limitations make it important to 

transfer all power using MPPT technology. It is used to obtain the most power possible 

from the PV solar module. PV solar modules do not have a linear voltage and current 

relationship. 

  

 
  

 

 

 

 

Design 

  

The C2000 Piccolo Microcontroller has a set design. The power stages of the 

microcontroller are a single phase boost stage with MPPT capability, a SEPIC battery 



charging stage with MPPT capability, and a grid-tie-capable DC/AC inverter stage 

capable of outputting 24VAC. The design that is of most function in our system would 

be the panel emulator using DC/DC power stage because it allows us to evaluate MPPT 

under different shading conditions of the PV panel. The microcontroller in junction with 

ControlSuite and CodeComposerStudio allows us to implement different MPPT 

algorithms and manage a PV application. Different algorithms can be programmed to 

locate maximum power point of a panel including Perturb and Observe (P&O) and 

incremental conductance. The system design includes working with both types of 

MPPT. Another function the microcontroller could be programmed for is to be used as a 

digitally controlled solar MPPT DC-DC converter. The C2000 Piccolo Microcontroller 

used in this system design is meant for low voltage applications, but the algorithm could 

be used for a high voltage microcontroller for a high voltage solar panel application. 

  

Conclusion 

  

This algorithm designed for this system may be used for various other MPPT 

controllers, ranging from high voltage to low voltage controllers. It may be used in 

programming high voltage microcontrollers in residential/commercial areas using minor 

changes in the algorithm for varying efficiency based off the voltage requirements. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

INTRODUCTION 

 

 A Maximum Power Point Tracker, MPPT,is a high frequency DC to DC converter. 

It takes the DC input, from the solar panels in our case, and changes it to high 

frequency AC, and then rectifies it back down to a different DC voltage and current to 

exactly match the panels to the batteries.  



 

A MPPT controller "looks" for the point where the sharp peak occurs (below), and 

then performs a voltage/current conversion to change it to exact values that the battery 

requires. In reality, the peak will always vary due to changes in light conditions and 

weather. 

 

The application of an MPPT, in the real world, is dependent on the array, climate, 

and seasonal load pattern. If we’re looking looking for a current boost, we need a 

condition in which the Vpp is more than about 1V higher than the battery voltage. 

Ideally, this is most effective when there is cold weather in the winter, because of the 

high energy use in residential areas, there will be a substantial energy boost. In warmer 

weather, we might not be able to fulfill the Vpp condition unless the batteries are low in 

charge.   

The advantage of high frequency circuits can also contribute to it’s disadvantage. 

These circuits can be designed with very high efficiency transformers and small 



components. However, since parts of the circuit work just like a radio transmitter and 

“broadcast” signals that cause radio and TV interference. Therefore, noise isolation and 

suppression becomes very important for a high frequency circuit. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

MICROCONTROLLER 

 

The C2000 microcontroller line can be used for a variety of implementations.  

One of the most popular implementations is for solar energy.  This microcontroller, in 

particular, is designed for solar applications.    The C2000 microcontroller in a solar 

application allows developers to manage the interaction between different components 

of a solar project. C2000 microcontrollers are used for leading solar applications. 



This Piccolo F28035 based solar explorer kit gives designers the opportunity to 

evaluate control of different power stages used in solar application in a low voltage 

environment.  The microcontroller uses Texas Instrument’s C2000 MCUs.  

The power stages on the board include… 

§  A single phase boost stage with MPPT capability 

§  A SEPIC battery charging stage with MPPT capability 

§  A grid-tie-capable DC/AC inverter stage capable of outputting 24V in alternating 

current 

Integrated USB JTAG emulation eliminates needing external JTAG development 

hardware.  A quick start graphical user interface is included.  We are also provided with 

fully documented, open source hardware and software libraries.  This gives us access 

to PV applications.  Of these PV applications, include solar battery chargers, street 

lighting, and grid and off-grid connected inverters to get started with their application 

design quickly.  

Features of the C2000 Solar Explorer Developers Kit include… 

§  F28035 Piccolo Control Card 

§  20VDC/50W Non Isolated Design 

§  Built in Panel emulator 

§  Single switch DC/DC Boost for Maximum Power Point Tracking (MPPT) 

§  DC/DC SEPIC for MPPT and Battery Charging 

§  Output Inverter stage 24Vac Max 

§  Isolated USB JTAG built-in 

What’s included… 

§  The Solar Explorer base board 

§  The F28035 ControlCard 

§  USB cables 



§  Quick start guide and graphical user interface 

 

Along with the included hardware, we are also provided with Texas Instrument’s Code 

Composer Studio and ControlSuite, which are both used in junction to run 

algorithms/code and tell the chip how to function.  This microcontroller can be 

programed in however way the user desires, within Texas Instrument’s Code Composer 

Studio, using pre-installed C language codes in the directory, as well as a developer’s 

own custom solutions.  Code Composer Studio is an Eclipse-based development 

environment used for Texas Instrument digital signal processors, microcontrollers, and 

application processors.  CCS includes tools used to develop and debug embedded 

applications.  Texas Instruments also provides endless tools and libraries for C2000 



microcontrollers to choose from, depending on which type of application the user is 

working with. 

What makes this Microcontroller neat is that a panel emulator using a DC/DC power 

stage is integrated on the board which allows designers to evaluate MPPT under 

different shading conditions of a solar panel, without the need of having an external 

piece of hardware.  This is what we primarily focused on using for our project.  The goal 

was to implement MPPT, using this C2000 microcontroller, to optimize the match 

between PVs and the battery bank, or in larger terms a utility grid for a home.  The 

microcontroller’s core has the ability to maximize advanced MPPT algorithms.  The 

code, to integrate MPPT into our microcontroller, is compiled using TI’s Code Composer 

Studio (CCS).  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

DESIGN 



         A typical PV implementation does not have a linear voltage and current relationship. 

Therefore an MPPT is needed to get the most energy out of the photovoltaic system. An MPPT 

allows the ability to obtain the most out of a PV system.  

 

 

We are using the C2000 Solar Explorer Developers Kit to make a digitally 

controlled solar MPPT DC-DC converter.  It implements an isolated DC-DC stage with 

maximum power point tracking (MPPT) algorithm to utilize the full capacity of a solar 

panel.  We do not have one in particular to demonstrate.  Yet, it can be easily applied by 

connecting one to our microcontroller.  Three sets of code were written for our project.  

The first set of code basically tells our microcontroller to act as a solar MPPT DC-DC 

converter.  The other two sets of code are basically algorithms for two different methods 

of MPPT.   The two methods of MPPT include perturb & observe (P&O) and incremental 

conductance (ICC).  Either algorithm can be applied to the microcontroller, based on 

different conditions.  

         Perturb and observe is a method where the controller adjusts the voltage by a 

small amount from the array and measures power.  If the power increases, more 

adjustments in that direction are tried until power no longer increases.  This is notably 



the most common method in MPPT.  This method can result in oscillations of power 

output.  It is often referred to as the hill climbing method, since it depends on the rise of 

the curve of power against voltage below the maximum power point, and the fall above 

that point.  This is the most commonly used method because it can be easily 

implemented.  If a proper predictive and adaptive hill climbing strategy is adopted, the 

P&O method will result with top-level efficiency. 

         Incremental conductance (ICC) is a method where the controller measures 

incremental changes in array voltage and current to predict the effect of a voltage 

change.  ICC requires more computation in the controller, but it can track changing 

conditions more rapidly than the P&O method.  It can produce oscillations in power 

output, like the P&O method.  ICC utilizes the incremental conductance (dI/dV) of the 

PV array to compute the sign of the change in power with respect to voltage (dP/dV).  

The incremental conductance method calculates the maximum power point by 

comparing incremental conductance to the array conductance.  The microcontroller 

maintains this voltage until the irradiation changes.  The process is then repeated. 

         Both of these MPPT algorithmic methods are examples of hill climbing methods 

that can find the local maximum of the power curve for the operating condition of the 

array.  They provide a true maximum power point.  It basically depends on which 

algorithm will benefit your system the most, given specific conditions. 

To implement the perturb & observe method, the following code was used… 



 

#include "mppt_pno.h" 

  

mppt_pno mppt_pno1 = mppt+pno_DEFAULTS; 

//mppt pno macro initializations 

mppt_pno1.DeltaPmin = 0.00001; 

mppt_pno1.MaxVolt = 0.9; 

mppt_pno1.MinVolt = 0.0; 

mppt_pno1.Stepsize = 0.005; 

mppt_pno1.Ipv = IpvRead; \\normalized panel current 

mppt_pno1.Vpv = VpvRead; \\normalized panel voltage 

mppt_pno_MACRO (mppt_pno1); 

Vpvref_mpptOut = mppt_pno1.VmppOut; 

 

To implement the incremental conductance method, the following code was used… 



 

#include "mppt_incc.h" 

  
mppt_incc mppt_incc1 = mppt+incc_DEFAULTS; 

  
//mppt incc macro initializations 

mppt_incc1.IpvH = 0.0001; 

mppt_incc1.IpvL = -0.0001; 

mppt_incc1.VpvH = 0.0001; 

mppt_incc1.VpvL = -0.0001; 

mppt_incc1.MaxVolt = 0.9; 

mppt_incc1.MinVolt = 0.0; 

mppt_incc1.Stepsize = 0.005; 

mppt_incc1.mppt_first = 1; 

mppt_incc1.mppt_enable = 0; 

  

//write normalized panel current and voltage values 

//to the MPPT macro 

mppt_incc1.Ipv = IpvRead; 

mppt_incc1.Vpv = VpvRead; 

// Invoking the MPPT computation macro 

mppt_incc_MACRO (mppt_incc1); 

//Output of th MPPT macro can be written to the reference of 

// the voltage regulator 

Vpvref_mpptOut = mppt_incc1.VmppOut; 



(Note: In this code, the header files mppt_pno.h and mppt_incc.h were used and are 

attached to the back of the report) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Thoughts for Improvement 

 

 For the future, we would suggest following our design diagram: 



 

 

 

Ideally, we would like to be able to do a live demonstration, with the solar panel 

connected to the MPPT controller. If possible, a future group could have their 

components set up as shown above, and simulate the experiment for a load. For 

example, the load could be part of a small, handmade residential area to show the real 

world application of the project. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Cost Analysis 

 

For our project, we spent about $375 in total. The C2000 Solar Explorer 

Developers Kit was about $365 and we bought additional bulbs for about $10. The cost 

is relatively low because our project has been scaled down for a single unit. If 



implemented in the future, this would only be a small part in the grand scheme of the 

project. 

 

With renewable energy on the rise, this project seems feasible to implement. 

Projects, like the one we have, require an initial investment and a few maintenance 

charges. The initial fee would be rather costly at the time, but because the system is 

easy to maintain with very low maintenance costs. Therefore, the system, essentially, 

would end up paying for itself.  

 

 
 

 

 

 


