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Abstract: This work focuses on enhancements of the maximum 

power point tracking for wind energy village. This work also 

targeted on numerous variables like air density, wind speed and 

impression of other geographical regions specific ecological 

elements. The Incremental Conductance along with Fractional 

open Circuit Voltage algorithms are usually is much less fruitful 

and still has problem in determining perfect step-size. To 

eliminate such drawbacks we recommended Hybrid execution of 

MPPT algorithms for maximum power point tracking to achieve 

the best possible power operation. The algorithms are presented by 

using Matlab simulation. This paper also delivers results for wind 

farm for various climate conditions in Maharashtra region with 

wind rose analysis. The outcomes attained are ideal for equivalent 

weather conditions based on air density variations and Hybrid 

Algorithm execution can be applied to draw out maximum power 

point. Results shows that recommended method is more efficient 

maximum power point tracking method with less execution time 

for any renewable energy resources.  

 

Keywords: MPPT algorithms, power optimization, wind 

energy, incremental conductance, wind rose, wind farm analysis.  

I. INTRODUCTION 

Renewable energy resources are upcoming lamp post for 

ecological energy generation. Wind energy transformation 

techniques require optimization for optimum usage. There are 

many researches taking place globally. Renewable energy 

generation using wind energy has emerged worldwide and has 

opened up significant new markets in electrical power 

generation. However, different factors that affect power 

quality performance of wind turbine (WT) applications such 

as wind speed fluctuation and use of power electronic based 

devices have been presented due to the rapid increase of WT 

installations [1]. However, according to geographical regions, 

wind energy transformation techniques ought to be localized 

regarding numerous variables like wind velocity, air 

denseness and impression of other ecological elements.   

One of the ways to reduce the cost of photovoltaic systems 

is to maximize the power delivered to the load. On the other 

hand, changing the load leads to change the operating point of 

the solar conversion system and causes deviation from the 

maximum power point (MPP) [2]. Similarly, Maximum 

power point tracking is a concern for wind energy generation 

too. Present Perturb and Observe algorithm has been noticed 

becoming the most efficient maximum power point tracking 
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(MPPT) method for wind energy approaches due to its 

advantage. Existing research supported that two boost 

converters method transfers a maximum power of Wind 

Energy Conversion System (WECS) and Photo Voltaic (PV) 

system to DC link using Perturb and Observe algorithm [3]. 

On the other hand, the Incremental Conductance along with 

Fractional open Circuit Voltage algorithms are adaptable and 

simple in setup, despite the fact that usually are much less 

fruitful and still have troubles determining perfect step-size 

[4].  

Therefore, to eliminate such drawbacks there is a need of 

new maximum power point tracking algorithm with increased 

precision and lasting to often transforming climate conditions. 

Therefore, this paper suggests Hybrid Algorithm and is built 

to assess MPPT for the best possible power operation. This 

paper also delivers analysis of wind village for various 

climate conditions in India region with wind rose analysis. 

The outcomes attained are ideal for equivalent weather 

conditions chart and Hybrid Algorithm might be applied to 

draw out maximum power point. 

II.  MOTIVATION 

Numerous of literature is available for traditional MPPT 

approaches. But, it is important to study the worldwide 

geographical performances to compare proposed study. 

Hence, this paper evaluates specific literature based on 

applied MPPT approaches. 

MPPT approaches provide a complicated execution 

procedure; also, they get afflicted by any kind of power loss 

because of wind velocity and air density changes.  The 

convergence rate with the MPPT strategy is dependent upon 

the dimensions of the alteration in functioning point. An 

increased step dimension may monitor MPP more quickly, 

although it will likewise bring about higher power oscillations 

across the MPP. A smaller step dimension will decrease 

power oscillations close to MPP, although it'll need additional 

time to monitor the MPP. Commonly, the perturbation step 

dimension is within the range of 0.05–0.1. The proposed 

research provides the automatic optimized step size which 

leads to high accuracy.  

III. PROPOSED METHODOLOGY 

Based Based on the maximization of harnessed power, the 

MPPT algorithms are generally classified in indirect power 

controller (IdPC) as well as direct power controller (DirPC) 

[5]. 
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The IdPC boosts the harnessed kinetic wind power 

( ), it does not affect the electrical power output 

( ), on other hands, the DirPChas a direct impact on 

power output which maximizes . 

The relationship of and is shown in Eq. (1), 

where  is the generator efficiency and 

is the converter efficiency whichchangeswith the 

change in rotor speed. Hence, even when the optimal is 

obtained, it cannot guarantee the optimal . 

-----

--------------(1) 

The MPPT mainly shifts due to variable velocity.  The 

characteristic is shown in figure 1 bellow to represent the 

impact of turbine power due to changing wind velocity. 

Hence, the present focus is to identify MMP with more 

accuracy. To understand the exact need for accuracy 

enhancement, this paper discusses various MPPT algorithms 

to develop the new modified hybrid algorithm. Such 

algorithm is proposed to build all advantages of direct power 

control algorithms to get the desired solution. 

 

 

Fig. 1. Representation of power versus speed for 

various wind velocities [5] 

 

Direct power controlled MPPT algorithms is usually 

subdivided into 3 forms, i. e., perturb and observe (P&O) [6], 

incremental conductance (IC) and fractional open-circuit 

voltage (FoCV) [8]. This kind of methods can monitor MPPT 

without separating the wind system in the event of real-time 

assessment [9].  

 

Incremental Conductance algorithm is self-sufficient of the 

requirement of devices and features of turbine and power 

generator, which in turn boosts the consistency and decreases 

the expense of the system. The turbine output power may be 

manifested as being a function of DC link voltage . There 

is also an optimum  ( ) which often boosts output 

power of the turbine by considering instantly applying IC 

algorithm [7]. Because the power is corresponding to the 

product of current  and voltage , the calculation of this 

slope is given by: 

-------------------------

-(2) 

Hence, after solving the derivative for MPP we get, 

----------------------------(3) 

The main criteria becomes the slope of power–voltage 

characteristic which ideally must be zero at 

maximum power point, it will be considered as a ‘positive’ if 

shifts towards the left side, and will be considered as a 

‘negative’if shift of point is at the right side of retrieved 

maximum power point. This is shown in flowchart 

represented in figure 2 below. 

The above-mentioned equations represent that as an 

alternative to noticing for climate dependent variables like 

velocity and route of wind flow, the MPP may be monitored 

by searching for productivity power from the rectifier. 

 

Fig. 2. Flowchart Incremental Conductance Algorithm 

The improved IC algorithm [10,11] enhances the overall 

performance of the algorithm by taking into consideration a 

changing step for changes as depicted in Figure 2 above. 

It instantly changes the particular step size to monitor the 

MPP in WES, which leads to improvement of system 

accuracy and reliability. The execution of Design Predictive 

control in wind generator MPPT controller boosts velocity 

and stability and as well mitigates the issue of oscillations 

close to MPP. The variations will berestricted, which in 

turn changes according to system layout variables and also the 

size of the generator. Bringing out changing steps in this 

particular algorithm brings about the functioning point to 

achieve the maximum power faster and decrease of power 

fluctuation close to MPP. 

In FoCV Algorithm, the fractional-order differentiator is 

normally used on signal control, adaptive management, active 

control, linear and also nonlinear responses management. 

Presently, numerous processing software of fractional-order 

derivative is already recommended, based on the definition of 

Riemann-Liouville and Grunwald-Letnikov. 
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The near linear relationship between the voltage at 

maximum power ( ) and Open Circuit Voltage ( ) of 

the wind energy unit, under varying velocities, has given rise 

to the fractional method [12]. 

----------------------------------- (4) 

 Where,  

is a proportionality constant. depends on the 

intended WES characteristics, it must be calculated initially. 

Further, determining and  for the specific WES at 

various velocities is accomplished. The value of generally 

considered between the range   0.71 and 0.78. With the 

knowledge of   is, further  is calculated by (Eq.4) 

and  is recorded periodically by pausing the operation of 

the power converter. Figure 3 depicts the flowchart for 

execution of fractional open-circuit based MPPT Algorithm. 

 

Fig. 3. Flowchart Fractional open-circuit voltage 

Algorithm 

Further, for real-time variable wind velocity, we conducted 

wind rose analysis which is discussed in next section.  

For simulation analysis we used MATLAB R2017a 

Simulink to develop the simulated WPS architecture also to 

design the control technique. Figure 6 demonstrates the 

simulation diagram of the WPS. The P&O, IC, and FoCV are 

compared by means of 3 MPPT algorithms for duty cycle 

control of various switching realignment controls. 

 

Fig. 4. Block diagram for MPPT algorithm 

performance evaluation. 

 
 

Fig. 5. Perturbation and Observation block for wind 

power system MPPT 

 

Fig. 6. Incremental Conductance block for wind power 

system MPPT 

 

Fig. 7. Fractional Open Circuit Voltage block for wind 

power system MPPT 

This specific analyze employed MATLAB R2017a 

Simulink to develop the design and controller for WPS and 

offered the PMSG-based WPS simulation.  

IV. RESULT AND DISCUSSION 

The simulation designed and executed to compare the 

P&O, IC, and FoCV MPPT algorithm performance at 

constant wind velocity and varying wind velocity to identify 

most efficient MPPT algorithm. Initially, wind velocity kept 

constant at 10 m/s, as shown in following Figure 10. The 

P&O, IC, and FoCV proposed in this paper are analyzed and 

compared using this wind velocity. 

 

Fig. 8. Comparison of P&O, IC and FoCV at wind 

speed of 10 m/s 

 

 

 



 

Development of MPPT Algorithm and Wind Rose Model for Wind Farm in Maharashtra 

1324 
Retrieval Number: C5368029320/2020©BEIESP 

DOI: 10.35940/ijeat.C5368.029320 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  

P&O algorithm is analyzed by simulation execution at 

constant wind velocity. The output results for voltage, current 

and, power is shown in subsequent figure 9. 

 

 

Fig. 9. MPPT simulation output representation at 

constant wind velocity 

By increasing the voltage reference to 1 per unit allows the 

inverter to extract the maximum power from the Wind 

Turbine action. Refer figure 10 below.  

 

 

Fig. 10. MPPT simulation output representation for 

variable wind velocity 

As per recorded results, Perturbation and Observation 

algorithm is with enhanced performance for identification of 

maximum power point tracking over Fractional Open Circuit 

Voltage and Incremental Conductance MPPT algorithm. 

With changing air density and wind speed (and wind 

direction) the power obtained for wind energy conversion 

system is computed considering actual readings for period of 

2 years. As shown in figure 1, the ‘Power2’ recorded during 

rainy season found high however ‘Power1’ tested during 

transit period of summer and rainy season found very low as 

well as uneven. ‘Power3’ which is tested during transit period 

of rainy season and winter noted as a substantially stable 

power output. We used wind rose [13, 14] analysis for 

proposed study. 

Power1: tested during transit period of summer and Rainy 

season 

Power2: tested during Rainy season 

Power3: tested during transit period of Rainy season and 

winter 

Power4: tested during winter season 

Power5: tested during transit period of winter and 

throughout summer 

 

Fig. 11. Representation of data interpretation based on 

onsite observations 

With recorded readings, MPPT algorithms namely Perturb 

and Observe, Incremental Conductance and Fractional open 

Circuit Voltage are tested using Matlab 2017a simulation.  

 

Fig. 12. Comparison of MPPT algorithms for input Air 

density and wind speed 

The performance evaluation shows that Perturb and 

Observe gives more accurate MPPT irrespective of air density 

and wind speed. Whereas Incremental Conductance and 

Fractional open Circuit Voltage are less productive. 

V. CONCLUSION 

In this paper, direct power control MPPT algorithms 

outlined together with experimental analysis and also Matlab 

simulation control design. Paper mentioned perturbation and 

observation, Incremental conductance and Fractional 

open-circuit voltage techniques which in turn were used with 

buck converter for experimental evaluation and the overall 

performance is analyzed by employing control circuit,  
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a driver circuit, and power circuit. The wind rose analysis 

results and simulation results are shows that P&O algorithm 

provides more accurate tracking of maximum power point as 

compared to incremental conductance and fractional open 

circuit voltage algorithm. The scope can be extended as a 

future development to design a hybrid wind rose algorithm to 

utilize merits of all MPPT algorithms for wind farm studies. 
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