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Abstract— This paper represents a new proposed control 

methodology for tracking the maximum power point for 

variable wind speed turbine with grid connected system 

based upon the hill climb searching (HCS) algorithm. This is 

a fast and continuous tracking algorithm which uses β as fact 

value of a main variable which is remains constant(=βMPP) 

for given maximum power point of WECS irrespective of 

variable wind velocity. The constant βMPP has value known 

in advance. This algorithm operates in two stages. In the first 

stage, the operating point to lies within a narrow band with 

limits βmax and βmin by using large steps while in the 

second stage, by using the “perturb and observe” method 

exact MPP is tracked. So due to this superior algorithm 

methodology no extra hardware and sensor are required for 

the measurement as existing method. Hence cost will 

reduced. Also time taken to reach MPP will reduced with this 

proposed algorithm of WECS as of existing algorithms. With 

this proposed algorithm dynamic and steady-state 

performance of WECS increased. This proposed control 

strategy is designed in MAT Lab and simulation results show 

that the controllers can extract maximum power and regulate 

the voltage and frequency under varying wind and load 

conditions. 
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I. INTRODUCTION 

In the recent years there has been an increasing awareness 

about the climate change (global warming) and the harmful 

effects of carbon emission. This created a higher demand for 

clean and sustainable energy source like: wind, solar, 

biomass, tidal etc.  The wind energy has experienced the 

biggest growth in the past few years. This is because wind 

energy is a pollution-free resource, has an unlimited 

potential. According to World Wind Energy Association the 

total installed capacity of wind energy increased from 2005 

to 2015, with 373.39 GW [4]. The main drawback of the 

wind is that it is irregular in occurrence. The problem 

becomes how to maximize the energy capture from the 

wind. Since the 2003 Electricity Act, the wind sector of 

India has registered a compound annual growth rate of about 

29.5%. 

As we know the wind velocity does not remain 

constant continuously, it changes time to time so we do not 

get the maximum power point (MPP) under such condition. 

So to overcome this problem we can use the maximum 

power point tracking (MPPT) method/algorithm for the 

variable wind velocity condition. 

In the wind energy application, the variable speed 

turbine has number of advantages over fixed speed turbine 

generation. Due to their ability to extract more amount of 

power from wind by the maximum power point tracking 

(MPPT) algorithm, it improves efficiency and diminishes 

the power quality issues [2]. Variable-speed wind turbines 

are designed to achieve maximum aerodynamic efficiency 

over a wide range of wind speeds. With a variable-speed 

operation it has become possible continuously to adapt 

(accelerate or decelerate) the rotational speed ‘Wr’ of the 

wind turbine to the wind speed V. This way, the tip speed 

ratio λ is kept constant at a predefined value that 

corresponds to the maximum power coefficient. Contrary to 

a fixed-speed system, a variable-speed system keeps the 

generator torque fairly constant and the variations in wind 

are absorbed by changes in the generator speed. The 

electrical system of a variable-speed wind turbine is more 

complicated than that of a fixed-speed wind turbine. It is 

typically equipped with an induction or synchronous 

generator and connected to the grid through a power 

converter. The power converter controls the generator 

speed; that is, the power fluctuations caused by wind 

variations are absorbed mainly by changes in the rotor 

generator speed and consequently in the wind turbine rotor 

speed. 

The maximum mechanical power that can be 

extracted from wind is proportional to the cube of the rotor 

speed. The wind turbine that converts the kinetic energy into 

mechanical energy and that mechanical energy is finally 

converts in to electrical energy with the help of the electrical 

generator. For the generation of electrical power from the 

wind system different kind of generator are used like 

permanent magnet synchronous generator (PMSG), doubly 

fed induction generator (DFIG) and squirrel cage induction 

generator (SCIG). Presently during a different speed turbine 

system, the DFIG is normally used as the generator, these 

generators are important for the gearbox to equal the turbine 

speed as well as rotor speed. Although the gear box is 

present in the DFIGs, still troubles are occurred. The 

gearbox many time get faulted and it required repairs [3]. To 

form the system reliable within the variable speed turbine, 

the reliability is improved considerably by using a PMSG. 

The permanent magnet synchronous generator (PMSG) has 

received a lot of important in wind energy applications, due 

to their possessions of self-excitation, high efficiency and 

that permits to an operation at high power factor. 

 
Fig. 1: Block diagram of typical wind energy conversion 

system 
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In the existing wind energy conversion system, the 

wind turbine which converts the kinetic energy into 

mechanical energy and that mechanical energy is converts 

into electrical energy with the help of the electrical 

generator. For the generation of electrical power from the 

wind system different types of generators are used such as 

induction generator, synchronous generator etc. Normally 

the equipments used for construction of wind system are 

wind turbine, gear box, generator and AC-to-DC convertor. 

 
Fig. 2: Hill Climb searching 

The above fig.2 shows the power verses speed 

characteristics. To implement the Hill climb searching 

(HCL) algorithm, for checking of signs of dP/dv and dv. 

The shaft speed can be decremented dp/dv<o or incremented 

dp/dv>0. This process take place continuously till the 

maximum power can get track i.e dp/dv=0. In case if 

decrement in shaft speed results in dp/dv>0 or incremented 

in shaft speed results in dp/dv<0 under that condition the 

shat speed change must be reversed. This method search 

peak powers of the variable wind velocity [4].In this 

algorithm the information of turbine characteristics and 

wind speed measurement is not required. This can be useful 

to several wind turbines. The disadvantage of proposed 

algorithm is, it dependence on the system parameters. 

II. PROPOSED MPPT SCHEME FOR WECS 

The kinetic energy of mass “m” moving with speed v is 

given by the following SI unit. This kinetic energy is given 

by [5], 

K.E. = 
1

2
 m v2          (2.1) 

The power in moving air is the flow rate of kinetic 

energy per second Therefore: 

Power =
1

2
(mass flow rate per second)v2      (2.2) 

Power =
1

2
 (ρAv2) v 

Power =
1

2
 ρAv3                    (2.3) 

The power extracted by the blades is customarily 

expressed as a fraction of the upstream wind power as 

follows: [1] [2] 

Po= 
1

2
 ρ.A.V3.CP            (2.4) 

Where,           

CP= 
(1+

V0

V
)[1−(

Vo

V
)2]

2
 

Where, Po= mechanical power extracted by the 

rotor, ρ is air density in kg/m3, CP a dimensionless factor 

called power coefficient, A is area swept by the rotor blades 

in m2(A=πR2, where R is the rotor blade radius), V = 

upstream wind velocity at the entrance of the rotor blades, 

Vo= downstream wind velocity at the exit of the rotor 

blades and V the wind speed in m/s. The power coefficient 

is related to the tip speed ratio λ and rotor blade pitch angle 

θ. 

 
Fig. 3: Cp versus tip speed ratio curve 

The above fig. shows the CP versus tip speed ratio 

curve. This curve shows that, if the system operates at the 

peak point of the curve, irrespective of the wind velocity, 

the power captured from the wind is maximum. For this 

purpose, it is necessary to adjust the turbine speed in such a 

way that the tip speed ratio (TSR) corresponding to 

Maximum power point.  

The output power equation of the wind turbine is, 

from equation (2.4) 

P= 
1

2
 ρ.A.V3. CP                      (2.5) 

CP (λ, θ) = 0.73(
151

 λi
− 0.58θ − 0.002θ2.14 −

13.2) exp (
−18.4

 λi
)  (2.6) 

Where, 

λi = [(
1

λ−0.02θ
) − (

0.03

θ3+1
)]

−1

           (2.7) 

And                

λ =
Wr,Rr

Vw
                          (2.8)  

Where, Wr- is the turbine rotational speed, Rr- is 

the radius of the rotor. 

To determine the turbine speed corresponding to 

MPP for particular wind velocity equation (2.5) is 

differentiated w .r. t. turbine speed and equating to zero.  

Differentiating equation (2.5) w .r. t. turbine speed 

& equating to zero. Assuming air density is zero. 
dP

dWr
=  

1

2
 ρ. A. Vw

3.
dCP

dWr
                      (2.9) 

We can written as, 

 
dCp

 dWr
=  (

dCP

dλi
) . (

dλi

dWr

) 

dP

dWr
=  

1

2
 ρ. A. Vw

3. (
dCp

dλi
) . (

dλi

dWr
)                (2.10) 

Differentiating equation (2.6) w .r. t. λi keeping 

pitch angle θ is constant. 

CP (λ, θ) = 0.73 (
151

λi
− 0.58θ − 0.002θ

2.14

− 13.2) exp (
−18.4

λi
) 

CP

dλi
 =  [0.73(

151

λi
− 0.58θ − 0.002θ

2.14 − 13.2) exp (
−18.4

λi
) . (

18.4

λi2
)] 

[exp (
−18.4

λi
) (

−151

λi2
)] 

= exp (
−18.4

λi
)

[
 
 
 
 [0.73(

151

λ3
−

1

λi2
(0.58θ + 0.002θ2.14 + 13.2)) (18.4)]

+ (
151

λi2
) ]

 
 
 
 

 

Where,    ψ = 0.58θ + 0.002θ
2.14 + 13.2 

= exp (
−18.4

λi
) [

−110.23

λi2
+

2028.23

λi3
−

13.23ψ

λi2
] 

dCp

dλi
 = [

−110.23

λi2
+

2028.23

λi3
−

13.23ψ

λi2
] exp (

−18.4

λi
)         (2.11) 
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Differentiating equation (2.7) w .r. t. Wr gives 

λi =  [(
1

λ − 0.02θ
) − (

0.003

θ3 + 1
)]

−1

 

λi =
(λ − 0.02θ)       (θ3 + 1)

((θ3 + 1) − 0.003λ + 0.00006θ))
 

From equation (2.8) the value of (λ) put in above equation 

λ =
Wr, Rr

Vw
 

Therefore,          λi =
((

Wr,Rr

Vw
)−0.02θ)       (θ

3+1)

((θ
3+1)−0.003(

Wr,Rr

Vw
)+0.00006θ))

 

   
dλi

 dWr
=

[(Wr, Rr)(θ3 + 1) − 0.02θVw(θ3 + 1)](−0.003Rr) − [Vw(θ3 + 1)2 − 0.003(Wr,Rr)

+0.00006 Vwθ]Rr(θ3 + 1)]

(Vw(θ3 + 1) − 0.03(Wr, Rr) + 0.00006θVw)2
 

dλi

dWr
=

RrVw[n(θ
3+1)−0.003σ]       

(Vwn−0.003(Wr,Rr))2
              (2.12) 

Where, 

n = θ
3 + 1 + 0.00006 θ 

σ=0.02(1+θ
3
) 

From the above equations, 
dP

  dWr
=

1

2
 ρ. A. Vw3 [

−110.23

λi2
+

2028.23

λi3
−

13.23ψ

λi2
] 

exp (
−18.4

λi
) (

dλi

dWr
)                               (2.13) 

At MPP, 
dP

dWr
=0. Applying this condition to (9) 

provides the value of turbine speed corresponding to the 

MPP (Wrmpp), as follows [1] 

WrMPP
=

Vw

Rr
[2028.23 n +

σ(110.23+13.40ψ)

(1+θ3)(110.23+13.43ψ)+6.08
]  (2.14) 

Putting θ = 0, ψ = 13.2, σ = 0, and n =
1 in equation(14) 

WrMPP
=

Vw

Rr
× [6.91]   (2.15) 

λmpp = WrMPP

Rr

Vw
 =6.91                (2.16) 

Using (2.6), (2.7), and (2.16) yields λiMPP
and 

CPMPP  as follows, 

λiMPP
≈ 7.05                                      (2.17) 

CPMPP
= o. 44                                    (2.18) 

Substituting the value of Vw from (2.15) and using 

values of CPMPP
 and A=πRr2 in equation (2.6) yields the 

power corresponding to the MPP as followed: 

PMPP = 0.5 × 0.44 ρπRr
2  

[
RrWrMPP

6.90
]3               (2.19) 

Rearranging equation (2.19) result in  

PMPP = 2.10 × 10−3  ρRr5  Wr
3
MPP

      (2.20) 

At this point a new variable β is introduced, which is 

define as β=Wr3 /P. the value of β corresponding to MPP is 

given by [1] 

βMPP =
Wr

3
MPP

PMPP
=

476.20

ρRr5                                (2.21) 

 
 (a) Power versus β curves for different wind velocities, (b) 

Turbine speed versus β curves for different wind velocities 

 
Fig. 4: Turbine power and speed versus β curves (not to 

scale). The various Operating sectors are shown in different 

shades. 

The quantities in equation (2.21) are constant for a 

specific wind turbine system and it can be taken from a 

specification of turbine. By using these values βMPP can be 

calculated for a particular system [6]. 

The fig.4 (a) and (b) shows the graph of turbine 

output power vs β and turbine speed vs β respectively. From 

graph 4(a) we can conclude that as the wind velocity 

increases power increases, but when we look through value 

of β at MPP it remain constant irrespective of wind speed 

[1]. 

By comparing the graph shown in fig.4(a) and (b) 

for different wind speeds, gives a new setoff curves as 

shown in fig.5. Let divide the complete working area in to 

three sectors say sector 1, sector 2 and sector 3 for more 

simplification by dividing sectors 1 in to it Subsectors as 1-

A and 1-B as shown in fig. 5. By observing the fig. 5, it can 

be easily conclude that βMPP related to the MPP lies at the 

junction of sector 2 and 3. Some may conclude that the 

junction 1-A and 1-B is also related to βMPP but it is not, 

because the slope of both curve negative in sector 1. The 

slopes of both the curves are positive in sector 2 but in 

sector 3 the power versus β curve in negative slope whereas 

the speed versus β curve has a positive slope. By doing the 

proper observation a novel rapid MPPT algorithm is 

developed [1]. 

A. Proposed MPPT Algorithm- 

1) Measure the speed of the wind turbine (Wrk
) apart 

from voltage, current, and frequency (Fk) at stator 

terminal of the PMSG. 

2) If the present frequency (Fk) at stator terminal at the 

stator terminals is equal to the reference frequency 

(Fk−1), calculate the present turbine output power 

(Pk),β
k
, ΔPk= Pk- Pk−1, Δωk =ωk – ωk−1, and Δβ

k
=β

k
–

β
k−1

. 

3) Identify the operating sector (Fig. 5) depending upon 

the value of ΔPk/Δβ
k
 and Δωk/Δβ

k
 and  Δωk/Δβ

k
, if 

both are negative then the sector is 1, if both are 

positive then the sector is 2, and if  ΔPk /Δβ
k
 is 

negative but Δωk/Δβ
k
 is positive then the sector is 3. 

4) If the β
k
 value (i.e., current value of β) lies within the 

“β
Mpp

± Δβ” band and the operating sector is either 2 or 

3, set the reference frequency equal to the present 

frequency, ie.,  Fk= fk. 
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5) If the current sector is 1 and β
k
 > β

Mpp
, set the 

reference frequency  Fk= fk+fmin1. If β
k
 > β

Mpp
 set the 

reference frequency  Fk= fk+fmin2. 

6) If the current sector is 2 and β
k
< β

Mpp
, set the 

reference frequency Fk=fk+ (β
Mpp

- β
k
)Gf, else set the 

reference frequency Fk= fk+fmin3. 

7) If the current sector is 3 and β
k
< βmax, set the reference 

frequency Fk= fk+ (β
Mpp

-β
k
)Gf, else set the reference 

frequency Fk= fk+fmin3. 

8) If the current sector is 3 and β
k
>β

Mpp
, set the reference 

frequency Fk= fk+ (β
Mpp

-β
k
) Gf, else set the reference 

frequency Fk= fk- fmin3. 

9) Go to step 1) and start again. On this manner, 

continuously track the maximum power at any wind 

velocity. 

III. SIMULATION RESULT 

 
Fig. 5: Simulation of PMSG connected to variable wind 

speed profile with HCS Algorithm. 

In previous section described the proposed 

algorithm. The value of β for the example considered is 

3.97. Initially, the wind velocity of the system is assumed to 

be 6 m/s and algorithm tries to move the system toward 

maximum power point. The wind speed is change and their 

corresponding magnitudes are given fig.7 (a). For 0-1 sec, 

the wind speed is 8m/s. For 0-0.2 sec, the wind speed is 6 

m/s. For 0.2-0.3 sec, the wind speed is 8 m/s. For 0.3-0.4 

sec, the wind speed is 10 m/sec and for 0.4-0.5 sec and the 

wind speed is 11m/s. This waveform as shown in fig.7 (a) 

variable wind speed profile. The system tends to move 

toward the new MPP corresponding to the wind velocity 

11m/s. corresponding change in output power is shown in 

fig.7 (b), (c) and (d) shows the turbine speed and torque. 

Fig.7 (e) shows the output reference frequency of 

implemented MPPT algorithm.  The fig.7 (f) shows the β 

during the tracking of the MPP. It can confirmed from 

fig.7(f) that as the operating point tends toward MPP, the 

value of β approaches the constant value of 3.97 (for the 

example system considered), corresponding MPP for any 

wind speed. At t=0.4 sec the wind speed change 10 to 11m/s 

and then, again to 11 m/s at t=0.5 sec, the corresponding 

variation of the different parameter (reference frequency, 

power, torque, turbine speed, etc.) during the tracking can be 

verified from as shown in fig.7. 

 
(a) Variable wind speed profile 

 
(b)Turbine Power (Kw) 

 
(c)Turbine speed (rad/sec) 

 
(d)Turbine torque (Nm). 

 
(e) Output reference frequency (Hz). 
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Fig. 6: (f) β 

Typical curves during the tracking of the MPP using the 

proposed MPPT algorithm. a) Wind speed, b)Turbine Power 

(Kw), (c)Turbine speed (rad/sec), (d)Turbine torque (Nm), 

(e) Output reference frequency (Hz), (f) β 

 
(a) Grid Voltage 

 
(a) Grid Current 

Simulation result (a) Grid voltage and (b) Grid current 

 
Fig. 7: Frequency (fk) at stator terminals of the PMSG 

IV. CONCLUSION 

In this paper, a new MPPT algorithm for WECS has been 

presented and implemented for grid connected system. For 

the MPPT purpose different algorithms are used in which 

most frequently used algorithm is Hill climb searching 

algorithm at variable wind speed. The proposed algorithm 

was tested under different wind conditions including 

constant wind speed, abruptly changing wind speed, and 

randomly varying wind speed. In all the scenarios, the 

power extraction from the turbine was at the peak with 

respect to the wind curves for the turbine. The reduced 

ripple in power and increased efficiency are the biggest 

achievements of the Hill climb searching algorithm. 

By using this Hill climb searching algorithm, 

maximum power corresponding to any wind speed can be 

captured and time taken to reach MPP is small, So this 

algorithm used to reduce considerable amount of power loss 

during the tracking of MPP. This algorithm does not 

required information of turbine characteristics and wind 

speed measurement. Also this algorithm implementation in 

practical is simple as compared to other algorithm. 
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