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Abstract

This paper proposes an enhanced Maximum Power Point Technique (MPPT) based on Artificial Neural Network (ANN) for
small-scale wind energy conversion systems using Permanent Magnet synchronous Generators (PMSGs). The conventional
MPPT technique which used a Perturb and observes (P&O) method is compared with the proposed ANN method. For this,
MATLAB/Simulink is used to simulate both the conventional P&O method and the proposed ANN method. The proposed ANN
uses the dc- link voltage and duty cycle as the control variables for MPPT. The advantages of the proposed MPPT are low system
cost, increase reliability, less mechanical stress of the generator and no need for shaft speed sensing. Moreover the conversion
efficiency of the proposed ANN method is increased while comparing with the conventional P&O method.

Keywords: Maximum Power Point Technique (MPPT), Perturb and Observe Algorithm (P&O), Artificial Neural
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1. INTRODUCTION

In recent years, the demand for renewable energy has been
increased since the prices of conventional fuels are
increased. There are different kinds of renewable energy
sources available. Wind, solar, biomass renewable resources
are clean whereas it reduces green house gases. Among all
other sources wind energy get more attention since the easy
access and fast implementation of WECS. In case of wind
energy source, a wind turbine and a power conversion
system are used to produce the electrical energy. For this, a
number of Wind Energy Conversion Systems (WECS) are
implemented as research projects. Especially in remote areas
where grid access is not possible, small-scale WECS are
used for residential applications. To design such type of
WECS, permanent-magnet synchronous generators are used
since the advantages of their compact size, high efficiency,
high power density, low maintenance cost and easy control.

To extract the optimum power point in the WECS, a
maximum power point tracking (MPPT) algorithm has to be
implemented. The accuracy of peak power points tracked by
MPPT algorithm is responsible for the amount of power
output from a WECS. The maximum power extraction
algorithms can be classified into three main control
methods, namely Tip Speed Ratio (TSR) control, Perturb
and Observe (P&O) control, and Optimum-Relation-Based
(ORB) control.

TSR control method is simple. But it needs the accuracy of
the wind speed measurement, which is a difficult process for
such methods. The TSR control method regulates the
rotational speed of the generator in order to maintain the

TSR to an optimum value at which power extracted is
maximum. In this method, optimal TSR is maintained using
measured wind speed and turbine shaft speed [4] and [6].

In ORB control, the MPP is tracked with the aid of optimum
relation between different system variables. Many
researchers use the power versus the shaft speed and the
power versus the torque as the curve for MPP tracking. The
power versus the shaft speed is used [9], [11] and [12]. The
power versus the torque is used [7] and [13]. The use of the
power versus the rectified dc-link voltage curve for MPP
tracking is proposed in [14] and [15]. ORB algorithms have
good dynamic response and simple implementation. Though
ORB control is mostly used for WECS, it needs the prior
knowledge of accurate system parameters that varies from
one system to another and also may change due to system
aging. This is the main drawback of this method. Therefore
such methods requires continuous simulations and lab
testing to acquire the prior knowledge of the system
parameters.

The P&O control algorithms use the optimum relationship
of the system to track the MPP by continuously changing
the maximizing variable and observing the power captured.
Based on the power measurements variation with the
perturbation introduced, the next perturbation size and
direction may be determined until the algorithm reaches the
MPP. Most of the work done for MPPT using P&O has used
the power-speed relation of the wind turbine [1]. But there is
a possibility of using other system parameters as control
variables for the MPPT, like the dc-link voltage and the duty
cycle [5] which in turn will reduce the cost of system and
increase reliability by removing the need for shaft speed
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sensing. Wind speed measurements are not needed for P&O
algorithms. This reduces the cost even further. Prior
knowledge of the system parameters is not needed for the
algorithm to work, making this method more reliable and
less complex.

Performance enhancement and efficiency optimization are
focused in [17], [18] using fuzzy logic control which is used
to achieve faster convergence and accept inaccurate signals.
In [2], the proposed method used the Jordan type recurrent
Neural Network (NN) trained online using back-
propagation. This method generate the output optimum
speed without needing the knowledge of wind speed and
other turbine parameters. Using ANN controller, minimum
error MPPT is proposed in [3] without any complicated
mathematical manipulations.

The main objective of this paper is to propose an enhanced
P&O based MPPT technique using ANN, in order to
increase the tracking response and tracking efficiency. The
proposed ANN has the dc-link voltage and duty cycle as the
control inputs for the MPPT.

2. CONFIGURATION OF WECS

The block diagram of the WECS to which the MPPT
algorithm will be applied is shown in Figure 1. The wind
turbine is directly coupled to the PMSG. Compared to other
generators, the PMSG has the advantage of being directly
coupled to a wind turbine with no need for a gear box; there
is no need for excitation current as in the doubly fed
induction generator (DFIG) case, and there is no direct
connection between the generator and the grid for grid tie
applications. The schematic designed for the WECS is as
shown in Figure 2. The load R, can be replaced by a unity
power factor inverter that supplies a standalone ac load or is
connected to the utility grid. In this thesis, a resistor is used
as the load, and the MPP will be reflected into maximum
voltage across it.

inductor L, the diode D, and the switch Q will be current
controlled to track the MPP and boost the voltage across the
load resistor. The generator parameters used for this
simulation are listed in Table.1.

Table.1: Parameters Of Generator And Boost Converter

Wind Bridge C 1 Boost
Turbine Rectifier “=1 | converter
D
Vdc
\
i MPPT
L ——»
Controller

Fig 1 Block diagram of WECS

The diode bridge rectifier is used rather than a three-phase
controlled PWM rectifier because of its lower cost and
higher reliability. The boost converter consisting of the

Generator | Value(Unit) | Boost _
Convartar Nabliol(l Init)

Power ratina |1 (kW) L 12 (uF)

Pole pairs |4 Cdc 1 (mF)

Rated Torque|60 (Nm) Co 0.1 (F)

Base Speed 1500 (rpm) RL 100 (Q2)

Rs 0.18 (QQ)

Ld 8.5 (mH)

La 8.5 (mH)

| 0.00062

2.1 Characteristics of WECS

The mechanical power of the wind P,,;,4 can be expressed
as

1
Pyina =7PTR?V? (1)

Where p is the air density, R is the turbine radius, and V is

the wind speed.

The power captured by the blades of the turbine Ppgq4e is
1
Pplage =5 PTR*V3Cp(2) @
Where Cp (A) is the turbine power coefficient.

The nonlinear function of the TSR A and the pitch angle 8
can be expressed as follows

Cp(1,B) = 0.5176 (116 — 0.4 —

5—21(141)+0.00681 @)
1 1 0.035
A A+0.088  B3+1 “)
A= QR/V 5)

Where Q is the generator rotor speed of rotation (rpm)
Typical Cp (4) curve is shown in Fig. 3.

Considering the generator efficiency e the total power
produced by the generator P is

P = T]GPG. (6)

The generator power coefficient is maximized for a tip-
speed ratio value Aoy when the blades pitch angle is g
=0-.The generator power curves for various wind speeds are
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shown in Fig. 4. It is observed that, for each wind speed,
there exists a specific point in the generator output power
versus rotating-speed characteristic where the output power
is maximized. The control of the generator load results in a
variable-speed generator operation, such that maximum
power is extracted continuously from the wind (MPPT
control). The value of the tip-speed ratio is constant for all
maximum power points (MPPs), while the generator speed
of rotation is related to the wind speed as follows:

v,
Qy = Aope = )
Where Q, is the optimal generator speed of rotation at a
wind velocity V.

f i, Corin
Ce
TSR (3)
Fig. 3 Typical power coefficient as function of the TSR
curve

Besides the optimal energy production capability, another
advantage of variable-speed operation is the reduction of
stress on the generator shafts and gears, since the blades
absorb the wind torque peaks during the changes of the
generator speed of rotation.

The disadvantage of variable-speed operation is that a power
conditioner must be employed to play the role of the
generator apparent load. However, the evolution of power
electronics helps reduce the power-converter cost and
increases its reliability, while the higher cost is balanced by
the energy production gain.

The torque curves of the generator, consisting of the
interconnected wind-turbine/generator system, for various
generator output voltage levels under various wind speeds,
are shown in Fig. 5. The generator is designed such that it
operates in the approximately linear region corresponding to
the straight portion of the generator torque curves in Fig. 5,
under any wind-speed condition.

/ Optimal Line Wind Speed

ver (Watts)

Generator Pov

Generator Speed (rad/sec)

Fig. 4 Generator power curves at various wind speeds.

Torque .
~~.._Generator Torque

7 Vphmax
’,
Wind Speed Vi< Va<... <Vn

Target Torque
Generator Voltage Vph1< Vph2<... <Vphmax

V2 % Va
=Vt *. Wind Turbine Torque

Rotor Speed Qmax

Fig. 5 Torque—speed characteristics of the wind turbine and
the generator.

The intersection of the generator torque curve with the
wind-turbine torque curve determines the generator
operating point. During the MPPT process, a change of the
generator apparent load results in variable generator output
voltage level; thus, the generator torque is adjusted such that
the generator operates at the target torque (e.g., point A)
under any wind speed. The target torque line corresponds to
the optimal-power-production line indicated in Fig. 4, where
the energy is extracted from the generator system is
maximized.

2.2 Problems in the Conventional Methods

Commonly used WECS topology based on the generator
optimal power versus the rotating-speed characteristic,
which is usually stored in a microcontroller memory was
proposed in many conventional methods. The generator
rotating speed is measured; then, the optimal output power
is calculated and compared to the actual generator output
power. The resulting error is used to control a power
interface. Reference [8] used the generator optimal power
versus rotor-speed characteristic to derive the target rotor
speed for optimal power generation. The target rotor speed
is compared to the actual speed, and the error is used to
control a dc/dc power converter. The rotor speed is
calculated according to the measured GENERATOR output
voltage, while the optimal output current is calculated using
an approximation of the current versus the rotational-speed
optimal characteristic [10] and [16]. The error resulting from

Volume: 03 Special Issue: 07 |May-2014, Available @ http://www.ijret.org 829



IJRET: International Journal of Research in Engineering and Technology

elSSN: 2319-1163 | pISSN: 2321-7308

the comparison of the calculated and the actual current is
used to control a dc/dc converter.

The disadvantage of all above methods is that they are based
on the knowledge of the generator optimal power
characteristic, which is usually not available with a high
degree of accuracy and also changes with rotor aging. Apart
from this, an accurate anemometer is required for the
implementation of the aforementioned methods, which
increases the system cost. Furthermore, due to wind gusts of
low-energy profile, extra processing of wind-speed
measurement must be incorporated in the control system for
a reliable computation of the available wind energy, which
increases the control system complexity.

To solve the above mentioned limitations, the proposed
method is designed with enhanced MPPT technique. It is
based on adjusting the boost converter duty cycle. The
results of the conventional MPPT technique is compared
with enhanced MPPT technique in terms of the conversion
efficiency. Thus, the problem of maximizing the output
power using the converter duty cycle as a control variable
can be effectively solved using this proposed method.

3. MPPT ALGORITHM

The MPPT technique used in this project is based on boost
converter duty cycle and the generator output power
measurements. Although the wind speed varies highly with
time, the power absorbed by the generator varies relatively
slowly, because of the slow dynamic response of the
interconnected wind-turbine/generator system. Thus the
duty cycle is used as a control variable to maximize the
generator output according to the control law:

APp—q
ADm 1

Dm = Dm—l + Cl . (8)

Where D,,, is the duty-cycle values at iterations m, D,,, _q is
the duty-cycle values at iterations

m-—1

AP,
mfl,(0<Dm<l);AD
m-—1

gradient at step m — 1; and C; is the step change.

is the generator power

In order to reduce the impact of the sensor accuracy on the
generated power, the control law stated in equation (5) has
been implemented based on incremental generator power
measurements, rather than absolute measurements, as
follows:

Dm = Dm—l + ADm—l
ADp_q = CZ-Sign(ADm—Z)-Sign(Pin,m—l -
Pin,m—Z) (9)

where AD,,_; is the duty-cycle change at step m — 1,
Py, -1 is the converter input-power level at step m — 1,
Py, m—2 is the converter input-power level at step m — 2, C;
is a constant determining the speed and accuracy of the

convergence to the MPP; and the function sign(a) is defined
as

sign(a) =1, ifa=0
sign(a) =—1, ifa<0 (10

3.1 Proposed MPPT Technique using ANN

A neural network is an artificial representation of the human
body that tries to simulate its learning process. In other
words, ANN is an adaptive system that changes its structure
based on external or internal information that flows through
the network. However, the advantage of using ANN here is
to increase the tracking efficiency of the WCES. To do so an
ANN has been developed using MATLAB and trained using
input dc voltage and dc current. The developed ANN aims
to predict the optimum duty cycle by using Equation (9).

In this project, a feed forward neural network is used to train
the input samples. This network consists of three layers
called an input, an output and one hidden layer. The input
and output layer consists of one neuron. The hidden layer
consists of ten neurons. The weight which is multiplied with
input value and added together to produce a combined value
as the input to the output layer. Initially the weights are
chosen in such a way that to avoid symmetry problem. This
situation happens when all the weights are same then the
propagated errors will be the same. Therefore, the initial
weights are selected as small values so that the unit
activations closest to 0.5. The corresponding point of
maximal weight change occurs thereof.

3.2 Block Diagram of proposed ANN MPPT

Fig. 6 shows the proposed WECS with ANN MPPT, which
is consisted of a wind turbine, boost converter, controller,
and load. A feedback propagation artificial neural network
based controller is used to predict the optimum power of the
WECS in order to ensure the maximum power operation.
The proposed method uses dc-link voltage and duty cycle as
control variables for the MPPT. The steps involved in the
proposed technique is depicted in Fig. 7 using the flowchart.

Bridge . Boost
Rectifier Vae
Converter

Voltage &
Current sensing

Optimum D

wind

Turbine
Power Optimum
power

ANN Controller

Fig. 6 Block diagram of the proposed ANN MPPT
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l
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.

[ Caleulate Optinmm duty cyele (D)

Fig. 7 Flowchart of proposed ANN MPPT

By using the dc-link voltage and dc current, power is
calculated and it is given as a input for the proposed ANN
and the ouput is in terms of duty cycle according to
equations derived previously. Then the output of the ANN is
used to switch the boost converter.

4. RESULTS AND DISCUSSION

In order to compare the accuracy and power of the WECS,
two MPPT algorithms used in this article. The two methods
are conventional P& O and enhanced MPPT with ANN.
Matlab/Simulink is used to implement the tasks of modeling
and simulation. Fig. 8 shows the output power of the
conventional MPPT method. The output power of the ANN
MPPT method is shown in Fig.9.

Power (w)

Time (s)

Fig. 8 Output power of conventional MPPT method

Power (w)

Time (s)

Fig. 9 Output power of proposed ANN MPPT method

To compare the two MPPT methods, the output power at the
various wind speed conditions are noted. The performance
of the algorithm is showed by having the comparison of
output power of the WECS without MPPT and with MPPT
methods separately. Fig. 10 shows the comparison of output
power without MPPT and with conventional MPPT.
Comparison of output power without MPPT and with
proposed ANN MPPT. From Fig. 10 & 11, it is clearly
observed that the powers with MPPT algorithms are
obviously greater than those without MPPT methods.
Therefore the MPPT techniques are really working
positively. It is clearly showed with the use of comparison
of output powers of the both techniques

The significance of the proposed enhanced MPPT technique
can be showed by using Fig. 12 which having the
comparison of output power of the conventional MPPT and
proposed ANN MPPT technique. From this Fig. 12, it can
be concluded that the power produced using the
conventional MPPT technique is lower than the power
produced using the proposed MPPT technique.
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Fig. 10 Comparison of output power of without MPPT &
with conventional MPPT
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Fig. 11 Comparison of output power of without MPPT &
with proposed MPPT method
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Fig. 12 Comparison of output power of conventional MPPT
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4.1 Efficiency Comparison

To investigate the performance of the proposed WECS
further, the efficiency of the conventional and proposed
methods are compared. The efficiency is calculated by
taking the output of the bridge rectifier and output of the
boost converter. The bridge rectifier output is the input and
boost converter output is the output for the efficiency
calculation. It can be given as

n=P;/ P, (11)
Where 7 is the efficiency of the WECS, P; is the bridge
rectifier dc power and P, is the boost converter output

power.

100

£ %
:‘:’ 0 /_\_J
M
[TR—
g
T 60 \
- N\
= 50
g -=a.,7N
B 40 d - ¢
g « == =Conventional MPPT
ST
g = Enhanced MPPT
U
10
]

3 35 4 45 5 5.3 & 6.3 7 73

Wind Speed (mfs)

Fig. 13 Comparison of efficiency of conventional MPPT &
proposed MPPT method

To evaluate the performance of the WECS, a set of wind
speed is taken to plot the comparison of efficiency for the
conventional and proposed MPPT techniques. According to
Fig. 13, the conversion efficiency of the proposed MPPT is
greater when compared to the conventional MPPT
technique. And also it is noted that the efficiency of the
proposed method is not less than 77% whereas the
efficiency of the conventional MPPT goes upto 41%.

According to the results, finally the proposed MPPT is
having better performance than the conventional MPPT.

5. CONCLUSIONS

An enhanced MPPT technique using ANN has been
proposed in this thesis. The proposed MPPT technique uses
power as input variable which is taken from the dc link
voltage and dc current. It uses the dc-link voltage and duty
cycle as control input for the MPPT. This in turn will reduce
system cost and increase reliability by removing the need for
shaft speed sensing. Wind speed measurements are not
needed for P&O algorithms. Prior knowledge of the system
parameters is not needed for the algorithm to work, making
this method more reliable and less complex. Based on the
wind speed conditions, the performance of the proposed
MPPT is compared with the conventional MPPT. The
performance is evaluated by using the output power and
efficiency of the above mentioned methods. In both cases,
the proposed MPPT technique is better than the
conventional MPPT technique.

The proposed method can be easily extended to additional
Renewable Energy Sources (RES) control and it can also be
modified to control a dc/ac inverter in the case of a grid-
connected system. Additional custom power devices can be
used to provide the quality power without any power quality
issues.
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