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Abstract. This paper proposes the novel control strat-
egy to improve the power quality injection of wind
energy system using Doubly Fed Induction Generator
(DFIG) into the grid by implementing artificial neu-
ral network. The torque ripple produced in DFIG due
to loading by grid tied inverter, which leads to poor
power quality injection into the system. Also, these
ripples transferred by DC link and causes heating
losses and generator phase current distortion. There-
fore, this paper modelled ANN based control scheme to
reduce the torque ripple content and restrict the trans-
fer of ripple by DC link to improve the outcome
of wind energy system while operating in variable
conditions. The DFIG system under studied are
modelled and simulated in MATLAB SIMULINK
to verify the improvement using proposed control
strategy. The recent control technique is also
simulated for reflecting the effectiveness in the proposed
control method. The outcomes obtained are studied and
analysed with the existing control scheme to highlight
the improvement obtained by proposed control.

Keywords

ANN, DFIG, grid integration, power quality,
renewable, wind energy system.

1. Introduction

In the last decade, there has been an exponential
growth in the utilization of renewable energy resources
in power systems. It eliminates the limitations of

fossil fuels like production of harmful gases, energy
dependency, challenge to meet the growing demand of
energy consumption etc. Also, renewable energy is
freely present in nature and can be utilized in any cor-
ner of the globe. Hence, the use of renewable energy
may become the best suited alternative in place of con-
ventional sources. Recent literature indicates wind
power generation has played and will continue to play
a crucial role in renewable energy field for the com-
ing years. DFIG based Wind Energy Conversion Sys-
tems (WECS) are very popular in wind energy utiliza-
tion and widely used for wind power generation due
of their efficient, reliable, and variable speed nature [1].
DFIG offers some important advantages over perma-
nent magnet synchronous generator such as wide range
of operation (±30 % of the rated speed), better power
factor and can be controlled, robust, reduced noise,
suited for high rating applications, reduced switching
losses, reduced converter size and cheaper as compared
to PMSG [2].

There are lot of control strategies discussed in the lit-
erature to implement WECS having DFIG generator
to improve efficiency, power quality, frequency support
to grid, power smoothening etc. The control schemes
commonly used are mainly Vector Control (VC) or
Field-Oriented Control (FOC), Direct Torque Control
(DTC) and Direct Power Control (DPC) and their
evolved version over a period [3] and [4]. There are
issues in VC like proper decoupling problem, very sen-
sitive towards control parameters due to several cas-
caded loops in control design, which introduce stabil-
ity issue under wide operating range and slower dy-
namic response, are reported in [5]. Similarly, DTC
have demerits of high torque ripple, poor transient

© 2022 ADVANCES IN ELECTRICAL AND ELECTRONIC ENGINEERING 380

https://orcid.org/0000-0003-2013-5175
https://orcid.org/0000-0002-0608-4562
https://orcid.org/0000-0003-0531-153X
https://creativecommons.org/licenses/by/4.0/


POWER ENGINEERING AND ELECTRICAL ENGINEERING VOLUME: 20 | NUMBER: 4 | 2022 | DECEMBER

behaviour, complicated online calculations, and in-
stability over wide operating range are also reported
in some recent literature [6]. Some literature proposed
DPC of DFIG based WECS to mitigate the demerits
and further enhance the quality of power of the grid
interfaced wind energy system [7]. DPC control has
the same control structure as DTC, but it regulates
the active and reactive power by using the rotor and
stator flux effects [8]. There are some demerits of DPC
control like requirement of high-power loss in converter
switching and the complexity while designing of the fil-
ters for variable switching frequency are highlighted [9].

Some recent literature highlighted that the signals
generated by PI controllers to control the convert-
ers are not effectively contributed to the decoupling
of d-q axis variables [5]. Also, the drawback associ-
ated with PI controller is its limitation over operat-
ing region, which makes system unstable under wide
parametric variations [10]. Therefore, recent research
advocates the use of intelligent control to deal with
unknown dynamics, mutual coupling, disturbances,
and improved performance & robustness of system
against wide operating and environmental variations of
renewable sources [11].

Artificial Neural Networks (ANN) have the poten-
tial to effectively handle the nonlinearity and para-
metric uncertainties because of inherent property to
predict the system complexity and enhance the per-
formance [12]. In [13] and [14], a fuzzy control inte-
grating with neural networks is proposed for tuning
and is implemented in the control structure to improve
the generation and the response of the DFIG system.
In [15], a control of ANN based PI controller is given
to enhance the stability of DFIG under asymmetri-
cal faults, which reflects the effectiveness of the ANN
based scheme. In [16], a comparative study has been
conducted between an ANN based PI controller and
a classical one to summarize the merits and demerits
of both the controllers while implementing in the DFIG
system in variable loading. In [17], an intelligent con-
troller is designed based on the probabilistic fuzzy neu-
ral network for the regulation of active and reactive
power to a reference to maintain the support provided
to the grid. In [18], a fault detection and identification
are discussed to indicate the voltage using a neural net-
work for improving the capability in low voltage opera-
tions of the DFIG. The results discussed in [17] and [18]
indicate the enhanced performance of the proposed
strategy; however, the proposed algorithm is validated
only for small scale systems. Similarly, the Multilayer
Perceptron (MLP) design for the control of DFIG using
DPC structure is reported in [19]. The MLP controller
uses ANN to eliminate the parameter designing of PI
and further reduces the complexity in the control struc-
ture to achieve better regulation of active and reactive
power without the need of PI and table for switching.

The recent literature suggested that ANN has
not been utilized yet to mitigate the ripple content
in the torque and enhance the power smoothening.
Therefore, the challenges and the merits of ANN moti-
vated us to design a novel ANN based control strat-
egy for DFIG connected to grid. This paper pro-
poses an ANN based solution for the torque ripple
and power smoothening problem associated to DFIG
based WECS. The DC link is controlled, and frequency
support is provided to the grid using proposed ANN
based DPC scheme to achieve the above-mentioned
objectives. The results are compared with PI con-
troller based DPC scheme to reflect the effectiveness.
The proposed and conventional schemes are imple-
mented on the WECS interfaced with the grid as shown
in Fig. 1. The GSC and RSC blocks in the figure rep-
resent grid side and rotor side converters, respectively.
The dq to abc or abc to dq blocks are used to trans-
form the three-phase quantity into synchronous refer-
ence frame to control d and q independently. PLL block
is used to synchronize the transformations according
to the respective voltage reference and angle. SVM
block is utilized to generate gating pulses for convert-
ers using space vector modulation. The proposed ANN
controller is implemented to control active and reactive
power of DFIG, which is explained in Sec. 3.

GRID

DFIG

SVM C

Proposed
ANN

Controller 

Gear 
Box

PLL
Encoder

RSC
GSC

abc

dq

( )
s r

je � �−

Qs

Ps
�−

�−

s�
r�

� �s r� �−

vds
vqs

Isabc

Vsabc

Pc, Qc

Vcabc

dq abc

Icabc

s�

Icdq

PI

PI

Vcdq
0

�
−icq

�
− vcq

vcd

icd

icdref
PI

�
−

vdc

vdcref

Power 
Calculation

,TotalP TotalQ

drv qrv

*
TotalP

*
TotalQ

abcS

�−

Fig. 1: Structure of WECS and conventional control.

The paper is categorised as follows: a brief review
of ANN used in this paper and their design is presented
in Sec. 2. A mathematical modelling and designing
of the proposed control for DFIG based WECS is dis-
cussed in Sec. 3. Results and their effectiveness
have been presented using comparative analysis in
Sec. 4. At last, the findings of the study are
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concluded and highlighted the key outcomes of the
proposed work in Sec. 5.

2. DFIG Modelling and
Artificial Neural Network

The mathematical modelling of the DFIG in DQ refer-
ence frame can be derived using the equivalent circuit
as shown in Fig. 2.

Fig. 2: DFIG equivalent circuit in the d-q reference frame.

The voltage, flux, and power equations of the
rotor side and grid side converters for DFIG based wind
energy system can be written [20] in the DQ reference
frame as:

vds = RSids +
dψds

dt
− jωsψqs, (1)

vqs = RSiqs +
dψqs

dt
+ jωsψqS , (2)

vdr = Rridr +
dψdr

dt
− j (ωs − ωr)ψqr, (3)

vqr = Rriqr +
dψqr

dt
+ j (ωs − ωr)ψdr. (4)

Equation (1), Eq. (2), Eq. (3) and Eq. (4) are rep-
resenting stator side and rotor side voltages of DFIG
in DQ reference frame. The notations are defined as
ψds, ψqs, ψdr and ψqr are the stator and rotor flux
in rotating reference dq frame, respectively. Further,
Ls, Lm and Lr are the inductances of stator, magnetiz-
ing and rotor, respectively. ωs is taken as the frequency
in electrical domain, while ωr is the mechanical angular
frequency, vds, vqs, ids and iqs are the stator voltage
and current in rotating reference dq frame respectively.
Similarly, vdr, vqr, idr and iqr are the rotor voltages
and currents, respectively. The resistances of the stator
and rotor side are taken as Rs and Rr, respectively.

Similarly, stator and rotor flux can be written [21]
as:

ψds = Lsids + Lmidr, (5)

ψqs = Lsiqs + Lmiqr, (6)

ψdr = Lridr + Lmids, (7)

ψqr = Lsiqr + Lmiqs, (8)

whereas Ls = Lm + Lls and Lr = Lm + Llr.

The stator and rotor side power flow in grid
connected DFIG system can also be written in DQ
frame as:

PS =
3

2
Re (v̄dqs · ī∗dqs) = 3

2
(vdsids + vqsiqs) , (9)

Qs =
3

2
Im (v̄dqs · ī∗dqs) = 3

2
(vqsids − vdsiqs) , (10)

Pr =
3

2
Re (v̄dqr · ī∗dqr) = 3

2
(vdridr + vqriqr) , (11)

Qr =
3

2
Im (v̄dqr · ī∗dqr) = 3

2
(vqridr − vdriqr) , (12)

where, Ps and Qs are taken as the active and reac-
tive power of stator side. Pr and Qr are the active
and reactive power of rotor side. Similarly, generator
electromagnetic torque developed can be written as:

Tem = p · (ψds · iqs − ψqs · ids) , (13)

where, Tem is the electromagnetic torque, p is the pole.

In this paper, feedforward ANN [11] is used with
Back Propagation (BP) algorithm. The basic working
schematic diagram of the BP network is given in Fig. 3.
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Fig. 3: Structure of feedforward BP neural network.

The structure having three layers as input, hidden,
and output. Hidden layer can be multiple in numbers
per the requirement and problem formulation. Input
layer contains the input values of the network. Input
is processed by artificial neurons of hidden and output
layers.

There are weights and bias associated with each
neuron as parameters and used by neurons in
non-linear calculations to process the information.
Example of the ith neuron may be taken in the hidden
layer; the weight is represented as wij while thresh-
old is denoted as θi. Now, j is the subscript of in-
put (j = 1, 2, . . . ,m) while i is the neuron subscript
(i = 1, 2, . . . , q). Therefore, the equation can be
mathematically written as Eq. (14) and Eq. (15):

neti =

m∑
j=1

wijxj + θi, (14)
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where, neti are the linear part of the expression
and the non-linear nature of the neuron is shown by
Eq. (15).

yi = φ (neti) = φ

 m∑
j=1

wijxj + θi

 , (15)

where, the output is defined as yi, and φ is an excita-
tion functions to incorporate the non-linear behaviour
of neurons. The commonly used functions are S-shaped
tangent function (tansig), S-shaped logarithmic func-
tion (logsig), and a pure linear function (purelin).

Similar calculations are done by the output layer
of neurons and finally kth output ok in this example
may be written as:

ok = ψ (netk) = ψ

 q∑
i=1

wkiφ

 m∑
j=1

wijxj + θi

+ ak

 ,
(16)

where, the weight and bias are denoted as Wki and
ak of neuron k in the output layer, respectively while
the excitation function is denoted as φ. The selection
of weights of the neuron does not have any defined
procedure. There are different techniques given in lit-
eratures like random weight selection, zero weight se-
lection, Xavier initialization etc. In this paper, Xavier
initialization has been used to update the weights by
initialling them randomly.

3. Proposed ANN Based DPC
Control Design

The rotor side and grid side controls are designed
in this section using ANN to regulate active & reactive
power as well as maintain DC link voltage constant.
Therefore, the power equations are written as:

PTotal = Ps + Pr, (17)

QTotal = Qs +Qr, (18)

where, PTotal is the total active power delivered to grid
by DFIG based WECS, Ps is the active power injected
through the stator side into the grid, while Pr is the
rotor side active power. Similarly, QTotal is the total
reactive power of the DFIG.

The active and reactive power control is established
by considering the stator flux alignment on the d-axis
and subsequently, quadrature component of stator flux
is zero. Therefore, φds = φs and φqs = 0.

Therefore, the electromagnetic torque can be
simplified and written as:

Tem = −p · Lm

LS
ψdsiqr. (19)

Similarly, the stator side active power can be
rewritten by neglecting the stator resistance.

Hence, vds and vqs = vs.

PS = −vS
Lm

LS
iqr. (20)

Similarly, stator side reactive power can be rewritten
as:

QS =
vsψs

Ls
idr − vs

Lm

Ls
idr. (21)

Also, the rotor voltages can be rewritten according
to the rotor currents as:

vdr = Rridr +

(
Lr −

L2
m

Ls

)
didr
dt

+

−s · ωs

(
Lr −

L2
m

Ls

)
iqr,

vqr = Rriqr +

(
Lr −

L2
m

Ls

)
diqr
dt

+

+s · ωs

(
Lr −

L2
m

Ls

)
idr + s · ωs

Lmvs
ωsLs

,

(22)

with s =
(ωs − ωr)

ωs
.

Now, neglecting the voltage drops for slip
values, which are relatively very low, we can modify
the Eq. (22) and written as:

vdr ≈ 0,

vqr ≈ s
LmvS
LS

.
(23)

Using the Eq. (10) and Eq. (11), the rotor active
and reactive power can be rewritten by substituting
Eq. (23), this leads to:

Pr = s · Lmvs
Ls

· iqr,

Qr = s · Lmvs
Ls

· idr.
(24)

Hence, the total active and reactive powers involved
in the grid are expressed by Eq. (17) and Eq. (18), can
be simplified by substituting Eq. (20), Eq. (21) and
Eq. (24) as:

PTotal = (s− 1) · vs ·
Lm

Ls
· iqr,

QTotal =
v2s
ωsLs

+ (s− 1) · vs ·
Lm

Ls
· idr.

(25)

The total power that needs to be regulated by the ro-
tor side converter control to achieve the better perfor-
mance as compared to conventional one is expressed
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by Eq. (25). Therefore, ANN based optimal train-
ing control is designed and implemented by discretizing
the Eq. (25) and can be written as:

PTotal(k + 1) = (s− 1) · vs(k + 1) · Lm

Ls
· iqr(k + 1),

QTotal(k + 1) =
vs(k + 1)2

ωsLs
+ (s− 1) · vs(k + 1)·

Lm

Ls
· idr(k + 1).

(26)

Now, the (k + 1) is the predicted value of the next
sample and need to be find mathematically. But stator
windings are directly connected to the grid that guar-
antees the stator voltage to be maintained constant and
equal to the grid voltage.

Hence:
vs(k + 1) = vs(k). (27)

Now, iqr(k + 1) and idr(k + 1) can be calculated by
discretizing the Eq. (22) and expressed as:

idr(k + 1) = idr(k) + TsM [vdr(k)− idr(k)Rr] +

+Tssωsiqr(k),

iqr(k + 1) = iqr(k) + TsM [vqr(k)− iqr(k)Rr] +

−Tssωsidr(k)− TsMs
Lmvs(k)

Ls
,

(28)

where, M =

(
Lr −

L2
m

Ls

)
and sampling time is Ts.

Now, the constraint is considered as the output volt-
age of inverter (RSC). The inverter output amplitude is
depending on the value of the input DC voltage, hence
inequality formed as written in Eq. (29).

−Vdc < v(k) < Vdc. (29)

To sum-up the above-mentioned discrete equations,
optimization problem can be formulated as Eq. (30),
and the initialization of all the variables are considered
zero:

Minimize obj =

m∑
k=0

(P ∗
Total[k + 1]− PTotal[k + 1])

2

m∑
k=0

(Q∗
Total[k + 1]−QTotal[k + 1])

2

 .
(30)

Subjected to Eq. (26), Eq. (27), Eq. (28) and Eq. (29)
and initial conditions.

The above optimization problem is solved by
a specific optimization solver and used to identify
the optimal positions of vdr, vqr, idr and iqr for the

desired active and reactive power regulation.
The optimal values in p.u. are given in Tab. 1.

Similarly, Grid Side Converter (GSC) is utilized
to regulate the DC link voltage at the desired set level.
The ANN control is designed to maintain DC link volt-
age using the discretizing of power balancing equation
between input DC power availability on the GSC and
the GSC output power injected into the grid or vice
versa from the rotor side.

Now, the power balancing dynamic equation
of the DC link capacitor:(

Cdc
dvdc
dt

)
vdc = (vgdigd + vgqigq) , (31)

where, Vdc is the DC link voltage, Cdc is the DC link
capacitor, Vgd & Vgq are the grid side d & q axis volt-
ages, while igd & igq are the grid side d& q axis currents
of the GSC, respectively.

vdc(k+1) = vdc(k)+
TS [(vgd(k)igd(k) + vgq(k)igq(k)]

Cdcvdc(k)
.

(32)

Similarly, grid current dynamic equations using
inductance-filter in d-q axis are discretized and
expressed as:

igd(k + 1) = igd(k) + Ts

[
rgigd(k)

Lf
+

+ωsigq(k)

]
+ Ts

(
vgd(k)

Lf
− ugd(k)

Lf

)
,

(33)

igd(k + 1) = igd(k) + Ts

[
rgigd(k)

Lf
+

+ωsigq(k)

]
+ Ts

(
vgd(k)

Lf
− ugd(k)

Lf

)
,

(34)

where, Lf is the inductance of the GSC filter, rg is
the filter resistance, while ugd and ugq are the GSC
output voltages before filter. The optimization prob-
lem formulation for the DC link voltage control using
above equations Eq. (32), Eq. (33) and Eq. (34) can be
represented as:

Minimize obj =
m∑

k=0

(V ∗
dc[k + 1]− Vdc[k + 1])

2
, (35)

subjected to equation Eq. (32), Eq. (33) and Eq. (34)
and initial conditions.

The PSO optimization algorithm is utilized to find
the optimal values are given in Tab. 1 using the ob-
jective function given in equation Eq. (30) by consider-
ing the initial conditions as zero and taking constraints
into account like minimum and maximum values of the
variables and active as well as reactive powers. These
optimal values are used to train the ANN block for
the control of DFIG based WECS.
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Fig. 4: Proposed ANN control scheme for WECS.

Tab. 1: Optimal data for training of rotor side neural network.

P ∗
Total Q∗

Total vdr vqr idr iqr
0.45 0 −0.0535 −0.0117 0.4364 −0.272
0.60 0 −0.1366 −0.0285 0.5688 −0.276
0.73 0 −0.1809 −0.0416 0.6619 −0.281
0.88 0 −0.2054 −0.0526 0.7850 −0.288
0.91 0 −0.2072 −0.0643 0.8251 −0.262
0.90 0.1 −0.2155 −0.0613 0.8222 −0.375
0.90 0.15 −0.2227 −0.0620 0.8180 −0.431
0.88 0.20 −0.2226 −0.0636 0.7710 −0.476
0.88 0.25 −0.2317 −0.0668 0.7791 −0.520
0.73 0.25 −0.1975 −0.0475 0.6396 −0.536
0.73 0.30 −0.2006 −0.0489 0.6357 −0.589
0.60 0.35 −0.1545 −0.0317 0.5486 −0.644
0.45 0.35 −0.0746 −0.0184 0.4755 −0.643
0.45 0.45 −0.0744 −0.0198 0.4685 −0.744
0.37 0.45 0.0059 −0.0119 0.3941 −0.740
0.37 0.50 −0.0002 −0.0128 0.3977 −0.791

Similarly, the cost/objective function given in equa-
tion Eq. (35) is solved using the same method as men-
tioned above for the optimal values value using opti-
mization algorithm and the optimal values of igd & igq
and ugd & ugq have been found to train the ANN block
for the grid side control. The values in p.u. are given
in Tab. 2.

The optimization results of Tab. 1 & Tab. 2 reflect
the optimal control design under the given circum-
stances. Hence, the ANN is trained by the optimal
data to learn such optimal control actions. The data
sets given in table 1 and 2 are used for training and
validation in a proportion of 80/20 percentage, respec-
tively. The main objective of the proposed ANN con-
trol design is to replicate the type of optimal control
behaviour under real time implementations. So, BP
neural network is used in this paper to control RSC as
well as GSC. The parameters used in the BP network
are given in Tab. 3.

Tab. 2: Optimal data for training of grid side neural network.

V ∗
DC igd igq ugd ugq

1 −0.0061 0 1.008 0.0359
1 −0.0412 0 1.029 0.0580
1 −0.0905 0 1.017 0.0703
1 −0.1157 0 1.027 0.0727
1 −0.1201 0 1.037 0.0820
1 −0.1080 0 1.041 0.0806
1 −0.1136 0 1.049 0.0791
1 −0.1000 0 1.061 0.0800
1 −0.0935 0 1.029 0.0536
1 −0.1088 0 1.011 0.0442
1 −0.0499 0 1.048 0.0535
1 −0.0102 0 1.057 0.0469
1 −0.0109 0 1.053 0.0453
1 0.0487 0 1.052 0.0420
1 0.0098 0 1.026 0.0440

Tab. 3: Parameters of ANN.

Variables taken
vdr, vqr, idr, iqr, igd, igq , ugd, ugqas ANN input

Output Variables Vrabc_ref , Ugabc_ref

Hidden layers 2
Number of neurons 16
Excitation Function Tansig

The chosen ANN is trained using the optimal data
and after that it is ready to use in the system for
the control of RSC and GSC to achieve the desired
control objectives of the DFIG based WECS as shown
in Fig. 4.

4. Results and Discussion

The effectiveness of the proposed method has been
analysed in this section with the help of results taken
under different operating and environmental condi-
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tions. The 1.5 kW DFIG based WECS model has
been considered under study and conventional DPC as
well as proposed ANN control scheme is implemented.
The parameters of the system under consideration have
been given in Tab. 4.

Tab. 4: WECS and control parameters.

DFIG Power Rating 1.5 MW
Frequency 50 Hz
Voltage 690 V

Pole Pairs 2
Stator Resistance, Rs 2.59 · 10−3

Rotor Resistance, Rr 2.89 · 10−3

Stator Inductance, Ls 5.586 mH
Rotor Inductance, Lr 5.586 mH

Mutual Inductance, Lm 2.5 mH
DC link Voltage 1200 V

DC link Capacitance 900 µF
Filter Inductance, Lf 300 mH

The incorporation of environmental change of wind
speed is shown in Fig. 5 with wind speed changes at
4 s as the input of wind turbine to analyse the results.
Wind speed varies from 8 m·s−1 to 14 m·s−1 at 4 s is
observed in the simulation.
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Fig. 5: Waveform of Wind Speed variation in WECS.

The generation of active power by WECS and injec-
tion into the grid is shown in Fig. 6. The variation
in active power is clearly visible from 0.25 to 1 p.u at
4 s due to the variation in wind speed. The control
schemes are utilized to analyse the WECS behaviour
under change in wind speed in terms of active power.
The waveforms yield different dynamic & transient be-
haviour under proposed and conventional techniques,
respectively. The proposed ANN control scheme shows
overall better results because it settles in lesser time
and introduces low overshoot during transient opera-
tion. Also, a better output is observed as it damps
the oscillations faster and has low ripple content as
compared with conventional.

Similarly, the performance in front of reactive power
has also been tracked as shown in Fig. 7 with the pro-
posed ANN and conventional DPC control schemes
where the change is introduced in reference of reac-
tive power at 2 s. In terms of proposed scheme,
the waveform is showing better power quality in the fig-
ure as transients & dynamics behaviour are good and
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Fig. 6: Active power waveform of DFIG based WECS.

better settling time during steady state to reach the ref-
erence reactive power. Also, the ripple in the wave-
form is reduced as compared to the conventional one.
On the other hand, conventional control scheme is
showing poor settling time and having steady state
error after the settling time. The response is slug-
gish, and the transient peak is above the maximum
limit which reflects the poor control operation during
transient and steady state operations of WECS.
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Fig. 7: Reactive power waveform of DFIG based WECS.

In Fig. 8, rotor current behaviour is shown
in the waveforms with both the control schemes.
The rotor current is clearly showing satisfactory
results with both the control schemes. The waveform
is transient condition at 4 s due to change in active
power and varying frequency because of variation in ro-
tor speed at 4 s. ANN provides performs better during
transients in rotor current tha conventional method,
but the margin of improvement is negligible.
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Fig. 8: Rotor current waveform of the DFIG based WECS.
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Figure 9 shows the behaviour of DC link voltage
waveform. The control schemes performances are com-
pared, and the outcome is visible here. The proposed
ANN control has an overall better output and shows
highly impressive transient & dynamic performance
to maintain DC link voltage at the desired level. Con-
ventional DPC has a poor transient response as ripples
is heavily introduced in the waveform, while time taken
to reach the steady state is large and there is also slight
steady state error present after 4 s. The ripples occur
in waveform during conventional control which trans-
fers the disturbance towards the turbine/generator side
and creates stress issues as well as small fluctuations
from the steady state speed. The proposed scheme
is mitigating the ripple to avoid the abovementioned
issues as can be clearly seen in Fig. 9.
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Fig. 9: Waveform of DC link voltage regulation in WECS.

The grid interaction and subsequent performance
has been analysed by both the control strategies and
the waveforms are shown in Fig. 10. The current wave-
form of the grid shows the quality of power being in-
jected by WECS. The variation in the grid current is
4 s due to the increase in power output by the vari-
ation in wind speed. In this front also, ANN based
control presents a better outcome compared to the con-
ventional DPC with low ripple and better performance.
Conventional DPC is also produces satisfactory results,
but the proposed ANN based control gives a slightly
better result.
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Fig. 10: Grid current waveform of the DFIG based WECS.

5. Conclusion

This paper elaborates an ANN based control solution
for WECS connected to the grid to improve the sys-
tem performance under different operating criterion.
The outcomes have been shown to reflect the improve-
ment in the operation of WECS while interfaced with
the grid during the utilization of proposed control
scheme. In terms of power quality, ANN based con-
trol produces lower disturbances, and hence, produces
better quality of power. Further, it reduces the rip-
ple distortion and shows effective response under tran-
sients. Also, the error mitigates the steady state time
and reduces settling time against the conventional one.
Therefore, this analysis concludes that the choice of
optimal training data set is very important to get
the better the outcome of the ANN based control and
reduces the overall computational burden. This work
helps to enhance the participation of machine learn-
ing control algorithm in the field of renewable energy
where so many parametric uncertainties are present.
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