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Abstract— In this paper, we are simulating a Photovoltaic 

(PV) system which is able to track the maximum power in 

case of changing irradiation and temperature with time. The 

maximum power point (MPP) by incremental conductance 

method is obtained by determining the variation direction of 

the terminal voltage for PV modules by measuring and 

comparing the incremental conductance and instantaneous 

conductance of PV modules by simulating the model in 

MATLAB. Incremental–conductance algorithm is widely 

employed due to easy implementation and high tracking 

accuracy and it is more suitable for practical operating 

conditions due to a wider operating range. 
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I. INTRODUCTION 

Due to the recent development in the technology and 

exhausting energy sources, renewable energy sources has 

become field of interest in the power generation. And to 

extract maximum power from the renewable sources like 

wind and solar technology must be improved. V-P 

characteristic of PV array is highly non-linear in nature and 

maximum power point in the curve depends on the 

atmospheric conditions. For extracting maximum power from 

PV array number of MPPT techniques have been developed 

till date. In this techniques, the PV array is operated such that 

I and V operate near maximum power point. 

Maximum Power Point Tracking (MPPT) is an 

algorithm that is used to extract maximum power from PV 

under specific conditions. Maximum power of a PV panel 

depends on factors such as solar irradiation, ambient 

temperature and cell temperature. Incremental Conductance 

method is easy to implement but in case of partially shaded 

condition, more than one maxima occurs. 

A. Basic Model of PV Cell 

 
Fig. 1: Single diode model of PV cell 

Solar cells are the basic components of PV panels. A solar 

cell is basically a p-n junction which is made up of two 

different layers of silicon doped with a small amount of 

impurity. Mostly they are made of Silicon. Solar cells work 

on the principle of photoelectric effect according to which 

some semiconductors can convert electromagnetic radiation 

directly into electrical current. The charged particles 

generated by the incident radiation are separated conveniently 

to create an electrical current by an appropriate design of the 

structure of the solar cell. 

In the basic diode model of PV cell, there is a current 

source (I) along with a diode and series resistance (Rs). The 

shunt resistance (RSH) in parallel has very high value and has 

a negligible effect, hence can be neglected. The P-V and I-V 

curve are shown in figure2. 

The output current from the photovoltaic array is- 

I= Isc – Id    (1) 

Id= Io (eqVd/kT - 1)  (2) 

The final expression of the current after applying 

approximations to (1) & (2) is: 

I = ISC - I0 [exp {q (V+IRS)/nkT}-1]    (3) 

Where  

Io=reverse saturation current of the diode,  

q=electron charge,  

Vd =voltage across the diode,  

K=Boltzmann constant (1.38 * 10-19 J/K) 

T=junction temperature in Kelvin (K) 

 n=diode ideality factor 

 
Fig. 2: I-V and P-V Characteristics Curve 

B. Incremental Conductance Method 

 
Fig. 3: I-V curve of PV cell for InC method 

The maximum power point by incremental conductance 

method is obtained by determining the variation direction of 

the terminal voltage for PV modules by measuring and 

comparing the incremental conductance (Gd) and 

instantaneous conductance (Gs) of PV modules. If the value 
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of incremental conductance is equal to that of instantaneous 

conductance, it represents that the maximum power point is 

found. Increment in conductance in I-V curve is the basis of 

this method. 

At maximum power point dP/dV=0  

Since,   P=VI  

So,   dI/dV= -I/V 

Incremental conductance method is based on the fact 

that the slope of the P vs. V (or I) of the PV module is zero at 

the MPP, positive (negative) on the left of it and negative 

(positive) on the right. 

dP/dV > 0 left side of the curve 

dP/dV < 0 right side of the curve 

dP/dV =0  peak of the curve 

According to above expression algorithm is 

implemented for MPPT, instead of P-V curve, I-V curve is 

used in this as shown in figure 4. From the above flow 

diagram can be observed that the weather conditions don‘t 

change and the operating point is located on the maximum 

power point when dV = 0 and dI = 0. If dV = 0 but dI> 0, it 

represents that the sun irradiance increases and the voltage of 

the maximum power point rises. The maximum power point 

tracker has to raise the operating voltage of PV modules in 

order to track the maximum power point.  

On the contrary, the sun irradiance decreases and the 

voltage of the maximum power point reduces if dI< 0. At this 

time the maximum power point tracker needs to reduce the 

operating voltage of PV modules. 

 
Fig. 3: Flow Diagram for Incremental Conductance Method 

II. SIMULINK MODEL AND RESULT 

 
Fig. 4: Simulink model for incremental conductance MPPT 

 
 Fig. 5: Output Voltage of PV array during MPPT using INC 

method 

 
Fig. 6: Output Current of PV array during MPPT using INC 

method 

 
Fig. 7: Output Power of PV array during MPPT using INC 

method 

In our Simulink model Boost converter is employed. 

Output voltage, output power, output current curve is plotted 

and these are constant with some ripple in output. Figure 5 

shows out-put voltage of PV array, figure 6 shows output 

current of PV array, figure 7 shows output power of PV array 

with MPPT using incremental conductance. The output 

power contains some ripple and it is because of switching. 

Ripple can be reduced by using high rating capacitor and 

inductor. 

III. CONCLUSION 

There are many MPPT techniques in both domains digital and 

analog; but InC method is used due to easy implantation and 

less cost. After modelling the PV array, it is observed that, 

PV system depends on the irradiation which changes the 

output current of PV panel, but the temperature variation is 

less in atmosphere condition, so its effect is less on output 

voltage. The InC method is able to improve the dynamic and 

steady state performance of the PV system. It is observed 

from simulation that the system completes the maximum 

power point tracking successfully despite of fluctuations. The 

system is tracking the maximum power point quickly as the 

external environment condition changes suddenly. 
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This method is slightly better than Perturb and 

Observe method but it is not useful in case of partial shading 

condition. To solve this problem, Incremental Conductance 

algorithm can be combined with digital techniques like 

Artificial Neural Network and Fuzzy Logic. There are many 

hybrid methods like Particle Swarm Optimization which 

gives better result and is effective in changing atmospheric 

condition. The selection of MPPT technique depends on the 

cost and the requirements according to user. 
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