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Abstract 
  

Cost effectiveness, low maintenance, efficiency & compatibility with the 

existing grid are the prime aspects of concern encountered while designing 

of any wind energy conversion system. Due to certain mechanical constraints 
the efficiency of existing wind turbines is already low at 56 %. Therefore, 

enhancement of efficiency plays an important role in ensuring the 

reasonability of a wind generator in capital terms. Requirement of low 

maintenance fetches the benefits of unnecessary expenditure, excessive 
manpower and other vestigial losses. In this regard sensor less grid 

integration systems for wind generators present a promising future for the 

existing power grid. Systems with sensor control often fail due to wearing 
out of sensor module and are often rendered obsolete as soon as the sensing 

element is disabled. Modern technologies that exhibit intelligent operation 

and rewritable memory like microprocessors & open vistas for novel 

algorithm that improve the transient operation and response time of the 
MPPT system, which can be concentrated within a single module of WECS 

or distributed over topography of the whole system. In this paper various 

sensor less MPPT methodologies are studied based on their response time 
transient stability, cost effectiveness and robustness. 
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1 Introduction 
 

The rapid rate of depletion of the conventional sources of energy like 

coal and fossil fuels has put forth an urgent need for man to look for and 

harness the renewable source of energy like wind, solar, tidal and many more 
in order to satiate the growing demands of mankind. In this context wind 

energy happens to be one of the potent and ubiquitous one in terms of 

traceability and energy density available. When compared with high water 
heads required for hydroelectric power generation and sufficient solar 

irradiance for PV arrays, wind energy comes to our rescue in areas that are 

devoid of the aforementioned geographical benefits because wind flows 
merely due to pressure difference [1] –[4]. 

The existing systems of wind power generation primarily include 

synchronous generators and doubly fed induction generators that are often 

high on noise and other such losses. The use of permanent magnet 
synchronous generators (PMSG) provides extensive scope of research as 

they exhibit low rotor inertia, less noise and minimized heat loss. This novel 

approach has attenuated the possibility of the use of feedback MPPT control 
mechanisms that operate on the generator. MPPT strategy involves the 

variation of field excitation of a synchronous generator is carried out as an 

illustration of the method discussed above.Various MPPT control method 

have been categorized into online and offline algorithms with the former 
implying multi step tracking of the optimum power point in response to 

change in ambient condition and the latter including strategies that involve 

offline computation and use of physical memory for single step MPPT 
approach. A hybrid approach as a cross over between the two has been 

proposed in which minimum involvement of the computation and physical 

memory initially but increase its role accompanied with enhancement of 
accuracy, efficiency and transient stability as the time progresses [6]-[9]. An 

adaptive approach as such is employed in MPPT systems involving fuzzy 

logic control that operates on data set obtained through online tracking 

procedure. Online tracking systems have been optimized by various 
improvisation techniques like variable step increment/decrement of rotor 

speed, output voltage and other control signals that improve the time 

response of the system. A variable step control of the chopper switching 
frequency in accordance with the magnitude of the slope of the PV 

characteristics has been adopted. On the other hand the offline techniques 

have been improvised through various novel strategies such as look up table 
(LUT), artificial neural network (ANN) and genetic algorithm based  
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techniques that seek to utilize the memory of the control system to the best 

possible extent. An MPPT Algorithm that tracks the maximum power for a  

three-phase permanent magnet synchronous generator by making use of 
recurrent neural networks that recursively examine the results obtained in 

and bring the necessary modifications for the improvement of accuracy [10]-

[14].  
MPPT strategies have been classified into tip speed ratio (TSR) 

controlled, power signal feedback (PSF) controlled, and hill climb surge 

(HCS) controlled. In this paper the scope of feasibility of these types of 

algorithms has been studied in the backdrop of sensor less control and 
substantial conclusions are drawn with regards to the possibilities of 

improvement that are manifested in these areas [15]-[18]. 

 

2 Literature Survey and Methodology 
 

2.1 Wind Turbine Generator System 

 

 
 

Figure 1 Block Diagram of WECS 

 

 
 

Figure 2 Relationship between Cp and Tip speed ratio 
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Figure 3 Power v/s Rotor Speed Curve 

 
A block diagram of schetamatic WECS is shown in Figure 1. Which 

cleary shows how the wind kinetic energy is being converted to electrical 

energy & then it is fed in the electric grid. The various system used in the 
conversion are aerodynamic system, mechanical drive system & 

elecrtromagnetic system etc. We know that the kinetic energy of blowing 

wind encountering the surface of the wind turbine can be expressed in terms 

of its density, area of the exposed surface of the wind turbine and wind 
velocity. As: 

 
 

Cp = Wind power coefficient of turbine 

Pout = Electrical power output of wind turbine 

 Pm = Total power available in wind flowing through blades of turbine 

 
Cp= Pout/Pm 

Where  is the density of free air, r is the radius of the span of the wind 
generator and vw is the wind velocity.  

Due to certain aerodynamics implication only a fraction of this kinetic 

energy is tapped by the mechanical drive or the prime mover to which the 
wind turbine is cascaded. This power when expressed as a ratio of the net 

power impinged over the surface of the wing turbine is known as the power 

coefficient Cp of the system. Power Coefficient (Cp) is a measure of wind 
turbine efficiency often used by the wind power industry. Cp is the ratio of 

actual electric power produced by a wind turbine divided by the total wind 

power flowing into the turbine blades at specific wind speed. Cp is 
calculated by manufacturer for each wind turbine. Cp also varies with wind 

speed. The main determinants of Cp include the pitch angle and the tip speed  

ratio whereas other factors affecting its value are solely on the inherent 

characteristics of that system. The tip speed ratio is given by the formula:  
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Where Ω is the rotor speed, r is the radius and vw is the wind velocity. 
The characteristics depicting the variations of Cp with tip speed ratio are 

presented in Figure 2. It is required to operate the system in such away that it 

attains maximum value of Cp to increase the efficiency of wind turbine. 
Here, Cp attains its maximum value of 0.45 at an optimum value of 0.8 TSR. 

In accordance with these characteristics, the power vs. rotor speed curve of 

the wind generator can be replicated as in Figure 3 with other condition 

remaining unchanged. This figure shows the variation of Pm Vs turbine 
speed for different value of wind velocity Vw1, Vw2, Vw3, Vw4, Vw5. 

 Sensor less control of wind generators can be exercised by both online 

and offline MPPT strategies by varying those parameters of the system that 
affect the rotor speed of the alternator in accordance with an established 

relationship. With respect to the ways in which these parameters are 

controlled the two MPPT categories of wind generators namely HCS, TSR 
have been studied. The choice of the algorithm is largely dependent upon the 

constraints of the economic aspect, ambient condition like weather etc. and 

the window for maintenance that can be provided. In the pursuit of 

eliminating the use of sensors various active (online), passive (offline) and 
hybrid strategies are being explored so that the existing expenditure incurred 

on maintenance and replacement of the damaged components is eliminated 

by at least ensuring the level of accuracy provided at present. 
 

2.1.1 Tip Speed Ratio Control (TSRC) 
 

 
 

Figure 4 Block Diagram of TSR Controlled WECS 

 

From Figure 2, we get to know that the tips speed ratio and hence Cp can 
be varied by varying the rotor speed (omega) of the wind generator. Thus, at 

λ = λopt, Cp attains its speed value which corresponds to maximum power 

that can be attained by the wind generator at a given value of wind velocity. 

Figure 4 and 5 shows the block diagram TSR controlled WECS. Here λopt & 
λact is being compared to get an error signal & this error is removed using  
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controller to attain maximum value of Cp for a particular wind turbine at 

λ=λopt. 

                

 
Figure 5 Schetamatic Diagram of TSR Controlled WECS 

 

As per the block diagram represented above, the MPPT controller for tip 

speed ratio control requires wind velocity as an input. In a sensor less 
system, this input can be provided by various wind speed forecasting 

algorithms like GA, Heuritse, LUT, ANN, RNN, Butterfly and CF. The 

overall performance of such TSR MPPT controller is solely dependent on the 
sanctity of the forecasting algorithm. The wind speed data fed as input to the 

forecasting algorithm plays a pivotal role in this regard as geographical 

location that are susceptible to highly erratic wind velocities. Optimal tip 

speed ratio has been successfully evaluated inby stochastic prediction of 
wind speed using advance algorithm at different instants of time throughout 

the day because of which easy prediction of the optimal tip speed ratio has 

been implemented. Better response time, transient stability and timely 
retracing of the optimal power curve has been implemented through the 

incorporated microprocessor to improve the overall reliability of the whole 

MPPT algorithm with the progress of time.  
Discrepancy between the forecast speed and that exhibited by wind in 

real time, if very high can lead to devastating imbalance between the grid 

side modules and generator side modules of the WECS. Ramification of such 

an occurrence may cause excessive hunting of the associated alternators and 
eventual failure or tripping of the system. Another input required by these 

MPPT controllers is the rotor speed of the alternator which in a sensor less 

system can be obtained by both computation through established formula and 
prediction algorithm. Optimization of the tip speed ratio may be under 

progress throughout the duty cycle of the system or else it can be carried out 

at evaluated or specified instants of time. The optimization procedure can be 
carried out in two ways-by maintaining the value of λ at its conventional 

optimal value 8.14 or by tracing the optimal power curve of the given system 

and making the wind generator traversealong it as in. One of the implications  
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encountered in such cases is the stability or dependability of the optimal 

power curve.  

The wind speed estimation method presented involves the use of 
support-vector regression (SVR) for the inputs of wind turbine power and 

rotational speed [19]-[22]. In [8] a wind speed estimation based MPPT 

controller is presented for controlling a brushless doubly fed induction 
generator WECS. The optimum rotor speed obtained by it is used as a 

reference signal for the speed control loop on the machine side of the wind 

generator. REF neural networks are also used in it for implementing the 

effects of overall efficiency and the magnitude of the control current that 
simulates the operation of the MPPT algorithm.  

It can rightly infer that TSR control has been successfully implemented 

with dependable results in all kinds of generators used for different scales of 
power and KVA rating deployed at various sites in the whole power system. 

Since this type of MPPT control is conventionally heavily dependent on 

inputs that are best provided by sensors, sensor less control bears huge 
implications on the wind speed and rotor speed estimation methods. 

Whreas in PSF MPPT control method decreases the overstress laid on 

forecasting methods and provides ways for online measurement of output 

power and a much feasible and accurate tracking of optimum power point. 

 
      2.1.2 Hill Climbing Search Algorithm 

 

 
 

Figure 6 Block Diagram of HCS Controlled WECS 

 

One of the most reliable methods of online tracking of maximum power 

point in a WECS happens to be the hill climbing search method (HCS). If 
possibly not the fastest in terms of time response it is surely the most 

preferable when it comes to accurate and precise tracking of the maximum 

power point. Reduced dependence on algorithms based on complex software  
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and delicate hardware are some of the many benefits provided by the 

scheme. Conventionally this algorithm is commonly implemented in sensor 

controlled MPPT methods in which the wind speed is measured, and the 
signal thus generated is fed as feedback for initiating corrective action in the 

MPPT controlled loop. One of challenges faced in the implementation of this 

mechanism in the sensor less backdrop is the minimization of the duty cycle. 
In such a case the MPPT controller continues to operate and bringing about 

vestigial oscillations around the maximum power point. Block Diagram of 

HCS Controlled WECS is shown in Figure 6. 

                 

 
 

Figure 7 Schetamatic Diagram of HCS Control 

 
As illustrated in Figure 7 this algorithm makes use of the nature of the 

power/rotor speed characteristics of a conventional wind generator. The 
present operating point is taken as the reference point and consequently the 

reference power and the rotor speed are recorded. Now, an incremental value 

of rotor speed is added to the reference rotor speed and the resulting change 

in output power is recorded. In case of an increase of the output power rotor 
speed is further increased. In case of a drop in the output power, the rotor 

speed is decreased. This simple procedure is continued till the maximum 

power point (MPP) for the given wind velocity is achieved.  
Scope of advancement and further research has been made possible in 

the aspect of improving the response time of this MPPT algorithm. The most 

time-consuming part of this methodology is the step by step tracking of the 
optimal power point. This time can be attenuated by using algorithms that 

provide for variable step increment and decrement of the determinant of 

rotor speed.  

Use of the LUT algorithm as in [6] has, to an appreciable extent 
mitigated the challenge of efficient prediction of wind velocity prior to the  
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use of the MPPT HCS controller and thus enabled faster and better response 

with the progress of time.      

In [7] an advanced ANN controller has been implemented to evaluate the 
incremental value of the rotor speed in accordance with the slope of the 

power/ rotor speed characteristics of the wind generator. This variable step 

algorithm has not only been successful in improving the response time but 
also improved the accuracy and the transient stability pertaining to the 

traversal of the MPPT control along the optimal power curve.  

 

3 Conclusion 
 

In this paper, we conducted a detailed study of the various ways in which 
sensor less MPPT control can be implemented through the various defined 

categories of wind MPPT. We critically analyzed the implications put forth 

by the various algorithms in terms of their feasibility in the sensor less 
backdrop. For TSR, it can be rightly concluded that its performance becomes 

heavily dependent on the wind speed forecasting algorithms. However, HCS 

algorithm happens to be the most eligible for online MPPT for sensor less 
system as it is least dependent on wind speed measurement. The 

conventional HCS algorithm implemented for the adaptive MPPT control 

provides the best alternative in such a case with benefits like accuracy, 

efficiency, cost effectiveness and transient stability.Therefore it can be 
concluded that HCS controlled MPPT of WECS is one of the best method. 
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