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ABSTRACT 

This paper proposed the incremental conductance controller 

with MPPT by means of boost converter to retain the stable 

output power of the load at the greatest point under two 

conditions (i) at unpredictable irradiances, and (ii) stable 

temperatures and at unpredictable temperatures & stable 

irradiances. This paper presents the detail analysis of 

Maximum power point tracking on a PV system by using INC 

method. MPPT controller is connected with PV system so that 

it can extract the maximum power available from the PV 

system. There are various MPPT controllers are available 

such as P&O method, Fuzzy based MPPT controller, INC 

method etc. In this, flowchart and control algorithm of INC 

method are discussed. PV system is connected with boost 

converter to boost its output voltage and the maximum power 

is tracked from PV system by use of controller, further the 

boost converter is connected to Inverter and then to the grid.  

Keywords 

MPPT control, P&O method, Fuzzy based MPPT controller, 

INC method, PV array characteristics. 

1. INTRODUCTION 
At present, the demand of Power is rising day by day due to 

enlarged population and fossil fuel supply viz. petroleum, 

Coal, and natural gas are going to exhaust, in a few years. The 

rate of electrical energy consumption is increasing and fuel 

supply is depleting leading to energy scarcity. Therefore, it is 

power crisis. Consequently renewable and alternative 

resources of energy need to be developed to fulfil the 

requirement of electrical energy. Energy abundance and 

therefore the property so grid connected electrical 

phenomenon system is wide used, though alternative energy is 

offered copiously and freed from price, the value of the 

electrical phenomenon cells is incredibly high. Thus the initial 

investment on alternative energy is terribly high. The 

electrical phenomenon (PV) energy result may be thought of a 

necessary property resource due to star effulgent the essential 

component of a PV system is that the cell that converts the 

star irradiance into DC. Grid interconnection of PV system 

needs associate degree economical device to device the low 

DC voltage into AC. PV panels is used either on grid-line or 

off-grid line. PV panels supply local loads in off-grid line. In 

on-grid connected applications, the PV system delivers power 

to local loads as well as to utility grid. Here, the PV system is 

entitled ―grid-connected PV system.‖ 

Pv system are now a day’s engaged with MPPT controller.The 

objective of a MPPT technique is to track the Vmpp at the 

every value of the irradiance and the so the maximum power 

output Pmpp can be injected into a power system grid. There 

are several temperature MPPT techniques available to achieve 

this namely, perturb and observe technique, incremental 

conductance method, partial short circuit current or open 

circuit voltage etc.  

 

Fig. 1: Diagram of MPPT controller connected with PV 

source 

2. MPPT Algorithm Technique 
(a) Constant Voltage Method: The Constant Voltage 

method is the straightforward MPPT algorithm 

scheme. The working point of the solar PV panel is, 

every nth step, set aside close to the MPP with 

modifying  panel voltage and corresponding it to a 

preset position voltage 𝑉𝑅𝑒𝑓  the same to the 

𝑉𝑚𝑝𝑝  of the feature solar module or an additional 

pre-evaluated greatest voltage assessment. The 

Constant voltage scheme supposes that the 

temperature and insulation disparity on the array are 

irrelevant on the𝑉𝑚𝑝𝑝 , and that the steady mention 

voltage 𝑉𝑅𝑒𝑓  is an enough estimate of the valid MPP. 

Thus, the working point is not at all accurately at the 

MPP and diverse data have to be adopted for 

abnormal ecological sections. The CV technique 

needs the dimension of the solar panel voltage 𝑉𝑝𝑣  to 

set the duty-cycle D of the converter. It is essential to 

examine that while the solar panel has small 

irradience setting, the CV procedure is, normally, 

further efficient than also  the IC technique or P & O 

technique. 

(b) Short-Current Pulse Method: This technique gives 

a pre-set current 𝐼𝑅𝑒𝑓 to the power converter 

controller to get MPP. Actuality, the most favorable 

working current for highest power output is relative to 

the short-circuit current 𝐼𝑆𝐶  in different setting of 

irradiance stage S as given below: 𝐼𝑅𝑒𝑓  (s) =𝐾𝑝 . 

𝐼𝑆𝐶 (s) Where 𝐾𝑝 is proportionality constant. Control 

algorithm of this technique needs the dimension of the 

current𝐼𝑆𝐶 . To get this size, a switch (static) is put in 

parallel with the solar panel to generate the short-
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circuit situation. While 𝑉𝑝𝑣 =0 no power is delivered 

via the solar system and no energy is produced 

therefore. The Short-circuit process needs the 

measurement of the PV panel current 𝐼𝑝𝑣   to put up 

the duty-cycle of the converter. 

(c) Open Voltage Method: The Open Voltage 

technique is on the basis of the study that the voltage 

𝑉𝑚𝑝𝑝   is forever secure to a predetermined fraction 

of the open-circuit voltage 𝑉𝑂𝐶  solar insulation level 

and temperature change the point of the MPP in a 2% 

acceptance band. This technique uses 76% of 𝑉𝑂𝐶  as 

reference value (𝑉𝑅𝑒𝑓  ).This control algorithm of 

open voltage method needs capacity of voltage𝑉𝑂𝐶  

while the circuit is opened. Here, once more it is 

compulsory to set up a switch into the solar system; 

for the OV scheme the switch should be utilized to 

undo the circuit. While 𝐼𝑝𝑣 =0 no power is delivered 

by the solar system and accordingly no energy is 

produced. 

Perturb and observe technique: A closer observation of the 

characteristics in Fig.2 (a) can explain the basic strategy 

behind the Perturb and Observe technique. An enlarge in PV 

voltage consequences in a raise in solar power output till a 

working point lies on the left region of the highest power 

point. In the same way if an enlarge in a solar voltage is 

consequential in a decline in solar power after that a working 

point lies in the right region of the MPP. The P and O 

technique uses this particular feature. The flow chart diagram 

of the P and O method is shown in Fig.2 (b) A DC voltage 

value across the PV is continuously perturbed and the PV 

Power is observed. The change in voltage is maintained in the 

same direction if a change in the PV voltage value is 

increasing the PV power, otherwise the dc link voltage will 

change in reverse direction. The process is continuously 

operational until MPP is achieved. A PV current also can be 

perturbed in order to get MPP instead a PV voltage. This 

perturbation in a PV voltage value or a current value is 

measured by changing the duty ratio of the power converter. 

 
Fig. 2(a) Power against voltage or current 

characteristic 2(b) flow chart P and O 

The objective of a MPPT technique is to track the Vmpp at the 

every value of the irradiance and the so the maximum power 

output Pmpp can be injected into a power system grid. There 

are several temperature MPPT techniques available to achieve 

this namely, perturb and observe technique, incremental 

conductance method, partial short circuit current or open 

circuit voltage etc. The technique used here is incremental 

conductance method. 

 

(d) Incremental Conductance Meth 

The incremental conductance procedure continuously 

monitors the conductance value in order to achieve the MPP. 

It can be said that on MPP, rate of change of solar PV power 

𝑃𝑃𝑉with respect to the PV voltage 𝐼𝑃𝑉 is zero, 

𝑑 (𝑃𝑝𝑣 )

𝑑𝑃𝑉
 = 0                                        

The rate of change of PV power by way of PV voltage can be 

represented as; 

𝑃𝑝𝑣  = 𝑉𝑝𝑣 × 𝐼𝑝𝑣  

𝑑 (𝑃𝑝𝑣 )

𝑑𝑃𝑉
    =  𝐼𝑝𝑣    +  𝑉𝑝𝑣

𝑑

𝑑𝑉𝑝𝑣
(𝐼𝑝𝑣  )  

Hence the following expression can be written in the three 

regions of the PV characteristics. At the MPP, the following 

expression is true. 

∆𝐼𝑝𝑣

∆𝑉𝑝𝑣
 = -

𝐼𝑝𝑣

𝑉𝑝𝑣
 

The left region of MPP when the PV power rises with the 

boost in PV voltage, the following expression is true.  

∆𝐼𝑝𝑣

∆𝑉𝑝𝑣
>-
𝐼𝑝𝑣

𝑉𝑝𝑣
 

The right side of MPP when the PV power decreases with the 

increase in 

PV voltage, the following expression is true. 

∆𝐼𝑝𝑣

∆𝑉𝑝𝑣
<-
𝐼𝑝𝑣

𝑉𝑝𝑣
 

Thus comparing the instantaneous conductance value, a 

reference voltage can be set for a PV in order to achieve 

PMPP using the expressions. The fractional open circuit 

voltage method makes use of the fact that the highest power 

point voltage ( 𝑉𝑚𝑝𝑝 ) and open- circuit voltage (𝑉𝑜𝑐 ) have 

a linear relationship amongst them. The PV short circuit 

current ISC and current (IMPP) also have a linear correlation. 

VMPP=K1.VOC 

IMPP = K2.ISC 

The constants of proportionality K1 and K2 in above equation 

can be computed by an empirical determination of the 𝑉𝑂𝐶  

and 𝑉𝑀𝑃𝑃  at different temperature and irradiance values. 

Once these proportionality constants are calculated, during the 

operation of a PV, VOC can be measured by momentarily 

shutting down the power converter. Thus by using the values 

of VOC (or ISC) and K1 (or K2) the MPP values of VMPP 

(or IMPP) can be computed.  

Flow chart of INC method is shown below 
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Fig. 3 (Flow Chart of INC Method) 

3. MPPT PROPOSED CONTROL 

CIRCUIT 
A schematic diagram of MPPT algorithm control circuit is 

shown in fig 4.In the boost converter, two level (upper and 

lower) are maintained for input capacitor voltage. The MPPT 

algorithm provides the upper level i.e. 𝑽𝑷𝑽
𝑹𝒆𝒇

. 

 

Fig. 4 (MPPT PROPOSED CONTROL CIRCUIT) 

The lower level depends on worst conditions, i.e. voltage 

ripple and the switching frequency should not exceed definite 

values. The main switch is ON when the capacitor voltage 

exceeds 𝑉𝑃𝑉
𝑅𝑒𝑓

 and the capacitor starts discharging. The 

switch is ON till capacitor voltage becomes equal to lower 

limit. The lower limit is not considered as a stable value to 

limit the switching frequency. The lower limit is calculated as 

given below. 

∆𝑽𝒑𝒗 = 
𝑰𝒑𝒗

𝟐𝑪𝟏𝒇
𝒅
𝟏

 

e.g. 𝐶1=1 𝜇F,𝑓𝑑 =   20 𝑘𝐻𝑧, 𝑖𝑝𝑣
𝑚𝑎𝑥 = 4.5 𝐴, 

variation in solar voltage, Vpv = 5 V . The above equation 

shows that there is correlation between the capacitor value 

and switching frequency. The control algorithm is 

implemented in boost converter to feed the voltage source 

inverter.  

The boost converter topology has some compensation over the 

buck for MPPT application due to the same reasons. Foremost 

of all, the current in inductor is a large amount less than that 

of the buck converter. For the choice of the IGBT and driver, 

the current rated is lesser in boost converter than in the buck 

converter. As solar systems depend on the irradiance, at night, 

a current will flow back into solar system from the grid side, 

which may reason of extensive damage and leakage loss. The 

reverse current flow is prevented by using blocking diodes. 

The diode is used as the blocking diode to evade reverse 

current in the boost converter. By comparing the natural 

frequency, the boost converter presents improved dynamic 

characteristics over the buck converter. For all-purposes, it 

shows advantages in conditions of a smaller resonance and 

wider bandwidth due to the little input capacitance of the 

boost converter. 

4. RESULTS AND DISCUSSIONS 
This chapter proposed the incremental conductance controller 

with MPPT by means of boost converter to retain the stable 

output power of the load at the greatest point under two 

conditions (i) at unpredictable irradiances, and (ii) stable 

temperatures and a unpredictable temperatures& stable 

irradiances. This controller was tested with MATLAB. The 

simulation consequence presented with incremental 

conductance controller shows that 

 At unpredictable irradiances and stable temperatures 

when the irradiance increases, at the same time 

current is increased. Although, the Voltage, 

remained reasonably constant during the irradiance 

range. 

 At unpredictable temperatures and stable irradiances 

when that temperature is lesser, the maximum 

power is higher and open-circuit voltage is also 

high. Although, a low temperature delivers slightly 

lower short circuit current. 

 PV system involves less time ( less than 0.7 ms) to 

attain the highest power. 

 Improved power output and higher efficiency under 

normal and varying conditions. 

 The system shows improved dynamic performance 

and steady state performance for grid connected 

solar PV system simultaneously. 

 The effect of the incremental conductance with 

MPPT connected system on the power of load 

connected at standard conditions(1000 W/m2 and 

25  ) has been shown in fig. 5 

 The effect of the incremental conductance with 

MPPT connected system on the power of load 

connected at standard conditions(900 W/m2 and 25 

C ) 

simultation diagram of inc method has been shown in fig. 6 

 
Fig. 5 (Simulation of INC method) 
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Fig. 6 

 
Fig. 7 

The result shows that the incremental conductance based 

MPPT system requires less time (0.7 ms) to attain the 

maximum power. Thus the incremental conductance MPPT 

system is better in response and doesn’t depend on knowing 

any parameter of PV panel. From the Simulation results we 

have also found that incremental conductance algorithms give 

better power output and higher efficiency under normal and 

varying conditions. Simulation results confirm that the 

presented method can effectively improve the dynamic 

performance and steady state performance simultaneously. 

Whenever excess amount of energy is required solar power 

plant can be connected to grid. It results in overall increase in 

plant capacity thus increase both load factor and diversity 

factor of the system. By using MPPT control technique, 

always maximum power is taken from the PV array to result 

in increase of overall power of the system.    
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