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Abstract
Wind energy is considered as a most reliable and developed renewable energy source. With the rapid
growth in this area, new techniques and control are seen to achieve maximum utilization of wind power
and operating the wind turbine (WT) at its optimal condition. Various maximum power point tracking
(MPPT) algorithms are available; however, a choice has to be made for the appropriate one as each
algorithm has its own merits and demerits. This paper presents the comparison of three MPPT control
algorithms: Tip speed ratio (TSR), Hili c1imb search (HCS) and Fuzzy based MPPT algorithm on three
different size turbines of different power rating, in terms of their ability to extract maximum power
output, number of iterations required i.e. speed responses and complexity using MATLAB. The results
obtained in this paper may help the researchers to refer a suitable algorithm for their requirement.
Keywords-Maximum Power Point Tracking; Wind Turbine Characteristics; Tip Speed Ratio; Hili
Climbing Search; Fuzzy Logic Control.
_____________________________________________________________________________
1.INTRODUCTION
Rapid growth in power electronics techniques has made wind energy more interesting and reliable for
power generation. Through power converters, the power in the wind can easily be converted to a stable
power supply [2]. For any system the efficiency plays a major role in deciding the worth for setting that
generation plant to get maximum profit and ensuring a reliable power supply. The techniques for
increasing the power output of a wind turbine are necessary. Fig.1 shows the power (P) and rotational
speed (w) characteristic curve at different wind speed. The maximum power curve is also shown in the
figure through dotted lines that need to be tracked to achieve optimum operating point. The region
between cutin wind speed to rated wind speed is the region where wind turbine controller operates to
extract as much power as possible through MPPT algorithms [5,6]. Thus, MPPT algorithm is needed to be
implemented within this region [1]. In MPPT strategies, the wind turbine rotational speed is adjusted as
wind speed changes in order to track the maximum power point [4]. Many algorithms have been
developed by the researchers for the optimum wind power extraction. Some of the common MPPT
algorithms are:





Optimal torque based Hili c1imbing search
Tip speed ratio
Power signal feedback
Hybrid mppt algorithm

This paper presents three MPPT algorithms and each of them are compared and analyzed for three
different size turbines. The first type is Tip speed ratio (TSR) algorithm which requires an anemometer.
This control method adjusts the wind turbine rotational speed in order to maintain the optimal tip speed
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ratio which the change in wind speed. This optimal tip speed ratio corresponds to the maximum power
coefficient. The second type is Hili c1imbing search (HCM) algorithm which is one of the sensor less
method to locate maximum power point. It basically has a control variable which is adjusted in some stepsize and the changes are observed in the objective function until the slope becomes zero. Apart from the
above two conventional method used in this paper, the third type is Fuzzy control based MPPT algorithm
which is based on variable step-size control of wind turbine rotational speed as wind speed changes
This paper gives a brief introduction on wind turbine characteristics and MPPT algorithms. Case studies
are done by analyzing each MPPT algorithm on three different size turbines. The main contribution of
this paper is to know the appropriate algorithm for each turbine with the changing wind speed and its
speed response.

Figure. 1: Wind Turbine P-w Characterstics and the Trajectory Shows Maximum Power Tracking
2. CLASSIFICATION OF MPPT ALGORITHMS
The two broad classes of MPPT techniques used in wind energy conversion systems are
1) sensor-based methods and
2) sensorless techniques .
Sensor based topologies use some mechanical sensors like anemometer for wind speed measurement and
tacho-generator for rotor speed measurements whereas the later one makes use of electrical sensors for
voltage, current or power sensing. An electromechanical generator generates the voltage roughly
proportional to speed. With precise construction and design, it may produce particular voltage and may
act as a speed measurement device for a ceratin range of speed. This type of generator is termed as tachogenerator. The polarity of the voltage generated by tacho-generator indicates the direction of rotation.
Other way of classification of MPPT techniques is shown in Figure 3.
Different MPPT techniques employed in VSWECS are classified as 1) Tip-speed ratio (TSR) control, 2)
Optimum relationship based (ORB) control, 3) Perturbation and observation (P&O) control, 4) Hybrid
control and 5) Intelligent control techniques like fuzzy logic control , neural network control , etc.
All of the above MPPT algorithms are discussed in detail in the following sections.
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Figure 2. MPPT algorithms
2.1 Tip Speed Ratio (TSR) MPPT Algorithm
In the TSR control method we keep the tip speed ratio to an optimal value for which the power
coefficient is maximum and so the power extracted is maximized by regulating the rotational speed of the
turbine. In this method the tracking process needs the turbine characteristics. The value of optimal rotati
on al speed is given by:

The value of Aopt (optimal tip speed ratio) can be substituted in equation (1) to obtain the maximum
power output, as given in equation (4).

Figure 3. Tip Speed Ratio Control.
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2.2 Optimal Relationship Based (ORB) Algorithm
This algorithm relies on drawing optimum relationships between different parameters of wind energy
conversion system like wind velocity, output mechanical power, rectified dc voltage, rectified current,
output electrical power, etc. Such techniques utilize lookup table or predefined curves to track the MPP. It
is also termed as power signal feedback (PSF) control. Most of the ORB techniques are based on the field
test to obtain the data for fast and accurate MPPT tracking. Further, ORB methods are classified as sensor
based and sensor-less approaches.
2.3 Hili Climbing Searching ,Method (HCM) MPPT Algorithm
The basic methodology of hill climbing search algorithm is to detect the slope of power VS rotor speed
curve. Here the control variable is the turbine rotational speed which is adjusted in small step-size to
obtain maximum power point. With the change the wind speed, the rotor speed needs to be adjusted to
track the maximum power else the efficiency of turbine will decrease. For increase in wind speed, the
turbine rotati on al speed is increased. If the value of mechanical power also increases then the slope is
positive which shows that the search process is in the correct direction. If the power is decreased from its
previous value then the search will be in the opposite direction. This control method continues until the
slope becomes zero.
The flow chart for HCM algorithm is given in the Fig. 4.

Figure 4: Flow Chart for HCM MPPT A1gorithm
2.4 Fuzzy Contral based MPPT Algorithm
The fuzzy based control algorithm tracks the maximum power point by determining a reference value of
rotational speed through variable step size control. As shown in figure5, the inputs given to the fuzzy
controller are the LiP and Liw, where LiP is the change in the mechanical power and Liw is the variable
step size applied for that change in power. The reference rotational speed Liwrer is the output variable of
the fuzzy control which is calculated from the fuzzy rules. Through this fuzzy based algorithm, the step
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size can be large when the operating point is far away from the maximum power point (MPP) and will
keep on decreasing as we approach close to the MPP.

Figure 5: Block Diagram of Fuzzy Control Toolbox
The fuzzy controller is characterized by its input variables, output variables, membership functions and
fuzzy rules. The fuzzy rules implement if-then operation with the help of 'AND' operator. The input
variables can be expressed as:

The membership functions of input and output variables are defined as follows in trapezoidal form: there
are seven membership functions for input variable ΔP(i): NL (negative large), NM (negative medium),
NS (negative smalI), Z (zero), PS (positive smalI), PM (positive medium), PL (positive large) as shown in
fig.4 and three membership functions for Δ w(i): N (negative), Z (zero), P (positive) as shown in fig.7.

Figure 6: Membership Functions of input Variable ΔP (i)

Figure 7: Membership Function of input Variable Δ weil
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Figure 8: Membership Function o Output Variable Δwref
The membership functions for output variable LiWret are same as that of LiP i.e. NL, NM, NS, Z, PS,
PM, PL shown in Fig. 6. The fuzzy rule basically depicts the nature of output variable, derived from the
system behavior. It uses If-Then rwes, AND operator to get the reference value of rotational speed in such
a way that it always achieves the optimal operating point. Thus it reduces the time response of the system.
Table1. Show the rwes of fuzzy controller.

Table 1: Rules For Fuzzy Controller
3.WIND TURBINE CHARACTERISTICS
The mechanical power extracted by the wind turbine, Pturb is given in equation (1). The power depends
on rotor swept area, power coefficient, wind speed and air density.

The tip speed ratio can be expressed as

4.CASE STUDIES
Three wind turbines of different sizes are taken for simulation results and each turbine is implemented
with all the three algorithms discussed above. The wind speed is increased linearly from its cut-in to rated
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value and the maximum power is tracked by finding the optimal rotational speed value with the help of
algorithms. This case study may help the future researchers to go for the suitable algorithm for a
particular turbine as per their requirements.
Sometimes the maximum power extraction is more important rather than the time taken by the system and
on the other hand a slight compromise may be done regarding the power generation but speed of the
response is required to be fast.
4.1 Case 1
In first case we take a small size turbine of Vestas of radius R=13.5m, 225 KW. The MPP is tracked for
this turbine by all the three algorithms, TSR, HCS and Fuzzy. Table 2 shows the value of optimal
rotational speed Wpp (radian per sec.) and the maximum power extracted Pmax (W) obtained through
each algorithrn.

Table 2: Mppt Of Turbine I (R=13.5m)
4.2 Case 2
In the second case we take a medium size turbine of GE (General Electric) of radius R=50m, 2 MW. As
shown in Table 3, the three MPPT algorithms are used to find the maximum power extraction Pmax (W)
by this turbine and its optimal rotational speed wmpp (radi an per sec.) required for it.

TAble 3: Mppt Of Turbine 2 (R=50m)
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4.3 Case 3
In the third case the turbine Sea-Titan, large rotor size of radius R=95m, 10 MW is taken for the analysis.
The rated wind speed of the turbine is Ilm/s at which it will give the rated power. Through MPPT
techniques the maximum power is extracted and the rated power can be achieved at a much lower wind
speed. Table 4, shows the maximum power output Pmax (KW) and the rotation al speed wmpp (radi an
per sec.) with increase in wind speed.

T Able 4: Mppt Of Turbine 3 (R=95m)
From simulation resuIts it can be obtained that:
TSR algorithm is not preferable for small size and low rating wind turbine. Although, it can be used for
MPPT of medium and large size turbines.
 HCM algorithm gives good results for all types of turbines but due to fixed step-size they are not
implemented when the response of the system is required to be faster.
 Fuzzy based MPPT algorithm is preferable over the other two control methods as the number of
iterations required is less. For all the three type of turbines, this method gives best results
irrespective of the dimension and rating of the turbines.
5. CONCLUSION
This paper gives a brief introduction and comparison of three algorithms i.e. TSR, HCM and Fuzzy based
MPPT control. All the three algorithms are analyzed on three turbines of different sizes and ratings to
search the suitable MPPT technique for each turbine giving the best optimal resuIts. Both the accuracy
and speed are required for the good working of a turbine. The rate and the precision of obtaining the
optimal rotational speed as the wind speed changes are the main performance indices analyzed in this
paper. The results are obtained through MA TLAB software and are listed in the tables showing the value
of rotational speed and power extracted with the help of MPPT algorithms.
The TSR algorithm requires the turbine parameters to evaluate the MPP, which may, not always
available. For small size the turbines the power extracted by TSR algorithm is lower as compared with the
rest of the two algorithms. HCM and Fuzzy based MPPT algorithms are more preferable due to their
simplicity and independence of system characteristics and thus they are more rapid and efficient. For any
wind turbine the best results can be seen obtained by Fuzzy based MPPT algorithm which realizes the
variable step-size and achieves both tracking speed and maximum power output. The step-size
dynamically changes with the change in wind speed that helps the turbine to get maximum power quickly
and smoothly. Although for the medium and large size turbines, the power extraction by HCM and Fuzzy
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control are almost same but due to variable step-size in Fuzzy algorithm, the number of iterations required
to track the MPP is much lower and thus can be obtained more quickly.
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