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Abstract: 

With the limitations of fossil fuels becoming more apparent, solar energy is emerging as the 

renewable energy source that could change the future. It is abundantly available and its usage 

does not harm the environment with greenhouse gas emissions. Although the technology to 

tap solar energy has existed since the 1970s, it presents several challenges. With the help of 

solar tracking and maximum power point tracking, engineers are working to meet the main 

challenge of improving the efficiency of solar energy systems. The amount of electrical 

power generated by a photovoltaic system depends on solar irradiance (solar energy per unit 

area of the solar panel’s surface) and other conditions such as temperature and cloud cover. 

The current and voltage at which a solar module generates the maximum power is known as 

the maximum power point. The location of the maximum power point is not known in 

advance. Maximum power point tracking (MPPT) modifies the electrical operating point of a 

solar energy system to ensure it generates the maximum amount of power. This involves 

finding the current or voltage of the solar panel at which maximum power can be generated. 

MPPT improves the electrical efficiency of a solar energy system, thus reducing the number 

of solar panels or arrays required to generate a desired output. 
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Introduction: 

Photovoltaic cells have a complex relationship between their operating environment and the 

maximum power they can produce. The fill factor, abbreviated FF, is a parameter which 

characterizes the non-linear electrical behaviour of the solar cell. Fill factor is defined as the 

ratio of the maximum power from the solar cell to the product of Voc and Isc. In tabulated data 

it is often used to estimate the maximum power that a cell can provide with an optimal load 

under given conditions, P=FF*Voc*Isc. For most purposes, FF, Voc, and Isc are enough 

information to give a useful approximate model of the electrical behaviour of a photovoltaic 

cell under typical conditions .For any given set of operational conditions, cells have a single 

operating point where the values of the current (I) and Voltage (V) of the cell result in a 

maximum power output. These values correspond to a particular load resistance, which is 

equal to V / I as specified by Ohm's Law. The power P is given by P=V*I. A photovoltaic cell 

has an approximately exponential relationship between current and voltage. From basic 

circuit theory, the power delivered from or to a device is optimized where 

the derivative(graphically, the slope) dI/dV of the I-V curve is equal and opposite the I/V ratio 

(where dP/dV=0). This is known as the maximum power point (MPP) and corresponds to the 

"knee" of the curve. A load with resistance R=V/I equal to the reciprocal of this value draws 

the maximum power from the device. This is sometimes called the characteristic resistance of 
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the cell. This is a dynamic quantity which changes depending on the level of illumination, as 

well as other factors such as temperature and the age of the cell. If the resistance is lower or 

higher than this value, the power drawn will be less than the maximum available, and thus the 

cell will not be used as efficiently as it could be. Maximum power point trackers utilize 

different types of control circuit or logic to search for this point and thus to allow the 

converter circuit to extract the maximum power available from a cell. 

 

Figure 1. The current and voltage at which a solar module generates the maximum power is 

known as the maximum power point 

 

Classification of Strategies 

Controllers usually follow one of three types of strategies to optimize the power output of an 

array. Maximum power point trackers may implement different algorithms and switch 

between them based on the operating conditions of the array. 

 

Fig: shows how MPPT controller is attached with the solar panel supplying power to the load. 

 

Perturb and observe 

In one method, the controller adjusts the voltage by a small amount from the array and 

measures power; if the power increases, further adjustments in that direction are tried until 

power no longer increases. This is called the perturb and observe method and is most 

http://en.wikipedia.org/wiki/Impedance_matching#Power_transfer
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common, although this method can result in oscillations of power output. It is referred to as 

a hill climbing method, because it depends on the rise of the curve of power against voltage 

below the maximum power point, and the fall above that point. Perturb and observe is the 

most commonly used MPPT method due to its ease of implementation. Perturb and observe 

method may result in top-level efficiency, provided that a proper predictive and adaptive hill 

climbing strategy is adopted . 

 

Figure : Flowchart for a Perturb and Observe Tracking System 

Incremental conductance 

In the incremental conductance method, the controller measures incremental changes in array 

current and voltage to predict the effect of a voltage change. This method requires more 

computation in the controller, but can track changing conditions more rapidly than the perturb 

and observe method. Like the P&O algorithm, it can produce oscillations in power output. 

This method utilizes the incremental conductance (dI/dV) of the photovoltaic array to 

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

conductance method computes the maximum power point by comparison of the incremental 

conductance (ΔI/ΔV) to the array conductance (I/V). When the incremental conductance is 

zero, the output voltage is the MPP voltage. The controller maintains this voltage until the 

irradiation changes and the process is repeated. 

 

Fig: shows the modified algorithm in case of incremental conductance method 
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Constant voltage 

In the constant voltage method, the power delivered to the load is momentarily interrupted 

and the open-circuit voltage with zero current is measured. The controller then resumes 

operation with the voltage controlled at a fixed ratio, such as 0.76, of the open-circuit voltage, 

which has empirically been determined as the estimated maximum power point. The 

operating point of the PV array is kept near the MPP by regulating the array voltage and 

matching it to a fixed reference voltage Vref. The Vref value is set equal to the maximum 

power point voltage of the characteristic PV module or to another calculated best fixed 

voltage. 

One of the approximations of this method is that variations of individual panels are not 

considered. The constant reference voltage can be considered as the maximum power point 

voltage. The data for this method varies with geographical location and has to be processed 

differently for different geographical locations. The CV method does not require any input. It 

is important to observe that when the PV panel is in low insolation conditions, the CV 

technique is more effective than either the P&O method or the IC method (analyzed below). 

Thanks to this characteristic, CV is sometime combined together with other MPPT 

techniques. 

Analysis of the three methods 

The perturb and observe method can produce oscillations of power output around the 

maximum power point even under steady state illumination. 

The incremental conductance method has the advantage over the perturb and observe method 

that it can determine the maximum power point without oscillating around this value. It can 

perform maximum power point tracking under rapidly varying irradiation conditions with 

higher accuracy than the perturb and observe method. However, the incremental conductance 

method can produce oscillations and can perform erratically under rapidly changing 

atmospheric conditions. The computational time is increased due to slowing down of the 

sampling frequency resulting from the higher complexity of the algorithm compared to the 

P&O method. 

In the constant voltage method, the current from the photovoltaic array must be set to zero 

momentarily to measure the open circuit voltage and then afterwards set to 76% of the 

measured voltage. Energy is wasted during the time the current is set to zero. The 

approximation setting the voltage to 76% of the measured voltage is not accurate. Although 

simple and low-cost to implement, the interruptions reduce array efficiency and don't ensure 

finding the actual maximum power point. 

Conclusion: 

Both perturb and observe, and incremental conductance, are examples of "hill climbing" 

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

the array, and so provide a true maximum power point.  
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