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Abstract: This research work investigates about the wind energy conversion system will receive the extensive attention among 

the various renewable energy systems. The extraction of the maximum possible power available wind energy is an important area 

of research among the speed sensorless MPPT control of wind area. This paper presents a power point tracking (MPPT) 

Technique for high performance wind turbine with induction machines based on expert systems (Artificial Neural Networks). In 

this paper, an ANN has been trained in off-line to learn about wind turbine characteristics of the torque with the wind speed and 

the speed of the machine which will be deployed in online for measuring the speed of the wind and torque. The reference speed 

of the machine is then calculated based on the control of the signal power feedback (PSF). Voltage oriented control of the 

machine is further integrated with an expert sensorless technique. The proposed method was simulated and conformed on the 

actual circuit in online. 

 

Key words: Wind generation, MPPT, voltage control, computer simulation, wind energy conversion systems, incremental 

conductance. 

 

I. INTRODUCTION 

 Conservation of non-renewable energy motivates 

to explore the new avenues of resources for electricity 

generation which could be clean, safe and most 

valuable to serve the society for a long period. The 

option came with huge number of alternative sources 

which are the part of our natural environment and eco-

friendly renewable energy sources. These sources can 

be better replacement of depleting non-renewable 

sources in order to meet the growing demand for power 

due to rapidly growing economy and increasing 

population. As per World Energy Outlook (WEO)-2010 

the prospects for renewable energy based electricity 

generation hinge critically on government policies to 

encourage their development. Worldwide, the share of 

renewables in electricity supply increases from 19% in 

2008 to 32% in 2035 in the New Policies Scenario; it 

reaches only 23% in the Current Policies Scenario, but 

45% in the 450 Scenario. In all three scenarios, rising  

 

 

fossil-fuel prices and declining costs make renewables 

more competitive with conventional Hydropower has 

been the dominant renewable source of electricity for 

over a century. The recent strong growth in new 

technologies for wind power and solar photo voltaic 

(PV) has created expectations among policy makers and 

the industry alike that these technologies will make a 

major contribution to meet growing electricity needs in 

the near future. It has also been forecasted that the 

increase in electricity generation from renewable 

sources between 2008 and 2035 will be primarily 

derived from wind and hydro power, which will 

contribute 36% and 31% of the additional demand 

respectively [1]. Wind power is projected to supply 8% 

of global electricity in 2035 up from just 1% in 2008. In 

the year 2010 the wind capacity has reached 

196.630GW worldwide and it will reach 240GW by the 

end of 2011 as shown in Fig 1[2].  
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Fig1. Statistical data of total installed wind capacity in world 

 

In high performance grid connected wind 

generators, the converter control is incorporated with 

any maximum power point tracking (MPPT) technique. 

According to the MPPT techniques, two main methods 

are presented in this paper: One is based on the torque 

control, and the other is based on speed control of the 

machine. The first method is based on the analytical 

expression of the optimal power torque as a function of 

the rotational speed of the machine, which is given as a 

reference to the power unit connected to the wind 

turbine. [3] The advantage is the simplicity of the 

technique, but the drawback is  the torque control based 

drives, the  base speed of the machine  and the turbine 

speed should be, in any case, supervise online to 

prevent the system from having dangerous speed 

oscillations and go beyond the rated speed. 

Furthermore, the torque control means that no free 

variation result - the wind speed in a sudden torque 

variation in the machine. These rapid variations in 

torque do not lead to significant speed of the turbine 

due to the inertia of the system and thus create an 

inadequate mechanical stress on the shaft. By any 

contrast, in speed control of generators, at any sudden 

changes in wind speed is filtered by the control loop of 

the machine speed. In any case, torque controlled 

generators, the speed control is also essential for the 

generator to operate at high values of wind speed, 

where the values of power and torque exceed the rating 

of the machine. Finally, the torque control of the 

machine is based on the estimated torque, which can be 

affected by parameters mismatch and variations, with 

the consequent reduction of the maximum power. This 

is not the case in the speed control mode where the 

speed of the machine is generally measured with an 

encoder and the torque control loop is within the speed. 

Speed Control MPPTs are based on the incremental 

conductance method [21]–[25] or in appropriate 

relationships to calculate the reference speed of the 

optimum power unit on the basis of suitable modeling 

of wind turbine [4] - [8]. However, the latter often 

requires knowledge of the free wind speed, which must 

be measured or estimated correctly. One possible 

technique is the use of neural networks (NN), which 

was designed for an induction machine and uses two 

radial basis function (RBF), ANN for retrieving optimal 

rotor current and mechanical power. In this case, the 

free wind speed is estimated on the basis of the 

determination of the root of a polynomial by an 

iterative method (Newton-Raphson). However, only the 

results are given in numerical simulations This paper is 

also relates to an intelligent MPPT technique based on 

neural networks, only one ANN is used to calculate the 

reference speed , and control of high performance two 

converters back- to-back are adopted. Based on this and 

the knowledge of the power signal feedback (PSF), the 

reference power is generated either using a recorded 

maximum power curve or using the mechanical power 

equation of the wind turbine where wind speed or the 

rotor speed is used as the input. In PSF control, it is 

required to have the knowledge of the wind turbines 

maximum power curve, and track this curve through its 

control mechanisms. Additionally, the VOC system on 

the machine side has been integrated with an intelligent 

speed sensorless technique. The proposed wind-

generation system is thus without speed sensors, which 

means that, it does not require the sensor for measuring 

the free wind speed, since the free wind speed is 

estimated by the ANN, and also, it does not require the 

machine-speed sensor (encoder), since the rotating 

speed is estimated by the TLS EXIN neuron with 

consequent significant system cost reduction and 

increased reliability. Finally, a comparison with a 



P NAGANJANEYULU , et al , International Journal of Research Sciences and Advanced Engineering 

[IJRSAE]TM 

Volume 2 , Issue 7, PP: 136 -  145    ,  2014. 

                                     

 

 

 

136 - 145 

 

International Journal of Research Sciences and Advanced Engineering 

Vol.2 (7) , ISSN: 2319 – 6106 , 2014. 

classic Incremental conductance MPPT has been made 

on a real wind-speed profile.  

II. SYSTEM CONTROL TECHNIQUE 

II.I. Incremental Conductance Method:  

Many algorithms have been developed for 

MPPT of a PV array [9] - [13]. Among the techniques 

of MPPT, the perturbation method and observation (P 

& O) is the most popular due to the simplicity of its 

control structure. However, in the present scenario it is 

rapidly changing with weather conditions, the P & O 

MPPT algorithm can be confused due to the fact that it 

is not able to distinguish variations in the output power 

caused by the tracker of disruption caused by varying 

irradiation [14] - [16]. Recently, improved P & O 

MPPT algorithms for changing environmental 

conditions have been proposed by Sera et al. [17]. The 

drawback of this method of P & O is the need to 

perform an additional measurement of energy in the 

middle of the MPPT sampling period to separate the 

effects of change of irradiation tracker disturbance. 

Herein, in order to generate the proper reference 

voltage under irradiation MPPT rapidly changing strong 

MPPT controller has been proposed. In this algorithm, 

the grid d-axis current component reflects off the power 

supply and the error signal of a voltage regulator 

external proportional-integral (PI) is designed to reflect 

the change in the power caused by irradiation variation. 

Therefore, with this information, the proposed 

algorithm can greatly reduce the power losses caused 

by tracking errors fast changing dynamic conditions of 

time. The superiority of the new proposed method is 

obtained based on the simulation results.  The concept 

of incremental conductance method [21] - [25] is to 

determine the direction of variation of the terminal 

voltage of the PV modules by measuring and 

comparing the instantaneous conductance and 

incremental conductance photovoltaic modules. If the 

incremental conductance value equals the instantaneous 

conductance, which represents that there is the 

maximum power point. The basic theory is illustrated 

with Fig. 2.  

 

 
Fig. 2 The schematic diagram of the incremental conductance method 

 

When the operating behavior of PV modules is within 

the constant current area, the output power is 

proportional to the terminal voltage. That means the 

output power increases linearly with the increasing 

terminal voltage of PV modules (slope of the power 

curve is positive, dP/dV> 0).When the operating point 

of PV modules passes through the maximum power 

point, its operating behavior is similar to constant 

voltage. Therefore, the output power decreases linearly 

with the increasing terminal voltage of PV modules 

(slope of the power curve is negative, dP/dV< 0). When 

the operating point of PV modules is exactly on the 

maximum power point, the slope of the power curveis 

zero (dP/dV= 0) 

 

dV

dI
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dV

dI
V

dV

dV
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dV

dVI

dV

dP
   ----- (1) 

 

and can be further expressed as, 

V

I

dV

dI
  ------------------------- (2) 

 

dI and dV represent the current error and voltage error 

before and after the increment respectively. The static 

conductance (Gs) and the dynamic conductance (Gd, 

incremental conductance) of PV modules are defined as 

follows,  

V
Gs

1
 ------------------------- (3) 
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dV

dI
Gd

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

 

The maximum power point (operating voltage is Vm) 

can be found  

 

 ---------- (5) 

 

When the equation in (2) comes into existence, the 

maximum power point is tracked by MPPT system. 

However, the following situations will happen while the 

operating point is not on the maximum power point:  

 

)0,(; 
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dP

V

I

dV

dI
GG sd

   ----------- (6) 
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V

I
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   ---------- (7) 

 

Equations (6) and (7) are used to determine the 

direction of voltage perturbation when the operating 

point moves toward to the maximum power point. In 

the process of tracking, the terminal voltage of PV 

modules will continuously perturb until the condition of 

(2) comes into existence. Fig. 3 is the operating flow 

diagram of the incremental conductance algorithm. 

The main difference between incremental 

conductance and P&O algorithms is the judgment on 

determining the direction of voltage perturbation. When 

static conductance Gsis equal to dynamic conductance 

Gd, the maximum power point is found [8]. From the 

flow diagram shown in Fig. 3, it can be observed that 

the weather conditions don’t change and the operating 

point is located on the maximum power  point when 

dV= 0 and dI= 0. If dV= 0 but dI> 0, it represents that 

the sun irradiance increases and the voltage of the 

maximum power point rises. Meanwhile, the maximum 

power point tracker has to raise the operating voltage of 

PV modules in order to track the maximum power 

point. On the contrary, the sun irradiance decreases and 

the voltage of the maximum power point reduce if dI< 

0. At this time the maximum power point tracker needs 

to reduce the operating voltage of PV modules.  

 

 
Fig. 3 The flow diagram of the incremental conductance method 

 

 

 Furthermore, when the voltage and current of PV 

modules change during a voltage perturbation and 

)0( 
dV

dP

V

I

dV

dI  

the operating voltage of PV modules is located on the 

left side of the maximum power point in the P-V 

diagram, and has to be raised in order to track the 

maximum power point.  

)0( 
dV

dP

V

I

dV

dI  

If the operating voltage of PV modules will be located 

on the right side of the maximum power point in the P-

V diagram, and has to be reduced in order to track the 

maximum power point. The advantage of the 
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incremental conductance method, which is superior to 

those of the other two MPPT algorithms, is that it can 

calculate and find the exact perturbation direction for 

the operating voltage of PV modules. In theory, when 

the maximum power point is found by the judgment 

conditions of the incremental conductance method, it 

can avoid the perturbation phenomenon near the 

( )0 anddI
V

I

dV

dI
 

maximum power point which is usually happened for 

the other two MPPT algorithms. The value of operating 

voltage is then fixed. However, it indicates that 

perturbation phenomenon is still happened near the 

maximum power point under stable weather conditions 

after doing some experiments. This is due to the reason 

that the probability of meeting condition 
V

I

dV

dI
 is 

extremely small. 

Voltage Control: 

A grid-side converter has been performed on 

the basis of a high-performance technique. VOC is 

based on the idea of decoupling instantaneously the 

direct (d) and quadrature (q) components of the injected 

current, working in the grid voltage vector reference 

frame. In this synchronous reference frame, the voltage 

space-vector equations of the system are  

------------ (8) 

The decomposition of such equations on the direct (d) 

and quadrature (q) axes gives 

 

 ------ (9) 

 

Equation (9) shows that the direct component 

(quadrature) of the injected currents depends on the 

component of the voltages of the inverter. PI controllers 

are used to control the inverter current components in 

voltage oriented reference framework in the Simulink, 

as shown in Fig. 4. However, as it is electrically 

powered counterpart, there is some coupling terms in 

both axis equations, which must be compensated with 

terms of feed-forward control. Since the objective here 

is to directly control the DC bus voltage, the control 

system has been slightly modified by adding loop of the 

dc- link voltage, external to the loop of the direct 

current components whose output current is direct 

reference. The reference quadrature current is always 

set to zero, so it is to maintain zero reactive power 

exchanged by the wind generation system with the grid. 
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Fig.4. wind turbine controls-rotor side control system with VOC 

III. WIND TURBINE SYSTEMS 

Wind turbines produce electricity by using the 

power of the wind to drive an electrical generator. Wind 

passes over the blades, generating lift and exerting a 

turning force. The rotating blades turn a shaft inside the 

nacelle, which goes into a gearbox. The gearbox 

increases the rotational speed to that which is 

appropriate for the generator, which uses magnetic 

fields to convert the rotational energy into electrical 
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energy. The power output goes to a transformer, which 

converts the electricity from the generator at around 

700V to the appropriate voltage for the power 

collection system, typically 33 kV. The power 

contained in the wind is given by the kinetic energy of 

the flowing air mass per unit time. That is 

Pair = 
2

1
ρAV3

∞---------------------- (a) 

Where Pair is the power contained in wind (in watts) , ρ 

is the air density (1.225 kg/m3 at 15°C and normal 

pressure), A is the swept area in (square meter), and V∞ 

is the wind velocity without rotor interference, i.e., 

ideally at infinite distance from the rotor (in meter per 

second). 

 

=   

2

1
ρCpAV3

∞------------------- (b) 

Power coefficient versus TSR Characteristics  

 
 
Fig 5. The typical power versus speed characteristics of a wind 

turbine 

 

For a given wind turbine the power coefficient depends 

not only on TSR but also on the blade pitch angle. Fig 5 

shows the typical variation of the power coefficient 

with respect to TSR (λ) with blade pitch control. 

Where 



V

R
  

Where ω is rotational speed of rotor (in rpm), R is the 

radius of the swept area (in meter).The power 

coefficient (λ) and the power coefficient CP are the 

dimensionless and so can be used to describe the 

performance of any size of wind turbine rotor. 

Pm = 
2

1
ρCpπR2V3

∞ 

For a given wind speed the power extracted from the 

wind is maximized if Cp is maximized. Always there is 

an optimum value of TSR for an optimum value of Cp 

(Cp-optimum). This means for varying wind speed the 

rotor speed should be adjusted proportionally to follow 

to the optimum value of TSR (λ optimum) for 

maximum mechanical power output from the turbine. 

 
 
Fig 6. The torque versus speed characteristics of wind turbine 
(horizontal axis turbine)  



Pm

T m


------------------------- (2.7) 

The curve in Fig 6 shows that for any wind speed the 

torque reaches a maximum value at a specific rotational 

speed, and this maximum torque varies approximately 

as the square of rotational speed. In the case of 

electricity production the load torque depends on the 

electrical loading. The torque can be made to vary as 

the square of the rotational sped by choosing the load 

properly. 
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Fig7.Simulink diagram of the N-based MPPT algorithm. 

 

The basic idea of the proposed MPPT technique is to 

recover the optimal ωmrref reference speed generator for 

any instantaneous value of the wind speed. Herein 

reference speed generator is calculated on the basis of 

the instantaneous values of the estimated torque and the 

measured speed, operating with the previous wind 

speed estimation. This allows one to have a technique 

based MPPT control of the speed of the machine in 

place of the torque control, with all the consequent 

advantages in terms of harmless operation and more 

stable the system. To calculate reference speed of the 

optimum machine, it is necessary to estimate the 

instantaneous values of the free wind speed.  

IV. RESULTS & ANALYSIS 

In this application, an ANN with 1200 neurons 

has been adopted. In general, it could seem a high 

number but it should be noted that the ANN does not 

require the same computation effort as a classic 

multilayer perceptron trained by a back propagation 

algorithm with the same number of neurons. In this last 

case, as a matter of fact, adding any neuron to an 

existing NN structure implies the introduction of further 

nonlinear functions (sigmoid, Gaussian, etc.) depending 

on the position where the neuron is added (input, 

hidden, or output layer) with a consequent consistent 

increment of the computational requirement even in the 

production phase Modifying the number of neurons 

implies only storing a slightly different matrix. 

Afterward, online, only the recalling phase has to be 

implemented 

 

 

 
Fig. 8.Wind-speed estimation with different numbers of neurons. 

 

This implies that the computational demands required 

by ANN for this type of application is significantly less 

than that of a classic multilayer perceptron. Figure 8 

shows the actual wind speed and estimated free wind 

speed during a simulated test composed of some parts 

in which the wind speed is constant and some others 

that are linearly variable. It shows the estimated wind 

speed with a different number of neurons, noting that 

the higher the number of neurons for the better the 

accuracy of the estimation, as expected. Note that there 

is no degradation of the accuracy of the estimation in 

transient wind speed, which is pretty good especially 

with 1200 neurons. Note that the oscillations in Fig. 8 

are due to the fact that different neurons belonging to 

the same group are activated depending on the variation 

of the input variable: If the resolution of the network is 

increased (higher number of neurons), then this ripple is 

reduced. 

 
Fig 9: Real and estimated wind speeds 

 
Fig 10: Estimated and filtered estimated wind speed  
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To show the best of the MPPT technique Artificial 

neural Network proposal based on coordinated with the 

sensorless control of the machine on the basis of the 

TLS EXIN neurons, in this test. The wind power 

generation system, works initially in steady state at a 

free wind speed of 2 m/s, has been given a set of free 

wind speeds: 4, 2 and 5 m/s. Some considerations must 

be made in this regard. The oscillations of the estimated 

wind speed and consequently the speed of the machine 

can significantly reduce. 

As a result, the observer machine speed works 

in the worst conditions with the highest possible 

estimation errors in both the estimates of the rotor - 

flow and the speed, because of rapid speed machine 

transient. Estimation errors of machine speed and 

torque errors involve in wind speeds, which leads to a 

wrong calculation of the optimum machine reference 

speed. However, once the speed of the machine is 

approaching its reference, the  torque and speed 

estimation errors decreases , and therefore , a new wind 

speed is estimated, which is very near to vary the actual 

again causing the reference speed of the machine. The 

lower transient errors ate estimated as shown in Fig. 10. 

This is confirmed by the response of the system active 

power in fig 12a, 12b.  

This means that the oscillations of the machine 

speed around its final value do not significantly affect 

the generated power, which, on average, gets to its final 

value after the first transient of the machine speed. Fig. 

11shows the wind speed and the corresponding 

machine-speed variations when the rate of change of 

the wind speed is limited to 1000 m/s2, which is a very 

high value. It can be observed that a slight limitation of 

the wind-speed variation is sufficient to significantly 

reduce the oscillations of both the wind and machine 

estimated speeds. It should be noted that the machine 

speed estimated by the TLS EXIN full-order observer 

[18]-[19] properly tracks the measured one and its 

reference, thus highlighting the correct behavior of the 

TLS EXIN full-order observer also in generating mode. 

 
Fig.11. Wind and machine speeds with the limitation of the rate of 

change of the wind speed to 1000 m/s2. 

 

 
Fig12a. Grid side isd, isq reference and measured currents 

 

 
Fig12b. machine side isx, isy reference and measured currents 

 

VI. Conclusion 
This paper presents an MPPT technique for 

high-performance wind turbine induction machines 

basedin integrating the estimated free - wind speed for 

Atrificial neural networks and machine speed estimate 
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by the TLS EXIN full-order observer . The combined 

use of the estimation of the wind speed by 

ANNestimator and machine speedby the observer 

EXIN TLS causes the system to operate without any 

speed sensor neither a wind speed nor machine speed. 

Here, a network has been trained in online to learn the 

inverse turbine model using information provided by 

the direct model of the machine torque and speed of the 

machine. The reference speed of the machine is then 

calculated based on the relationship of power signal 

feed back (PSF) [20] . For directing a back to back 

configuration with two voltage source converters is 

considered, one side of the machine and the other on 

the network side . Each converter has been controlled 

with a vector control technique for high performance. 

The TLS EXIN full order observer has been adopted. 

Thus, no sensors are required wind speed machine. The 

simulation results show the correct behavior of the 

system, highlighting the performance of the proposed 

MPPT algorithm under sensorless observer. Finally , a 

comparison of proposed based ANNMPPT with the 

incremental conductance MPPT made in real profile 

wind speed has shown a better performance. 
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