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A B S T R A C T  
 

This paper focuses on improving the active and reactive power control of Wind Energy Conversion 
System (WECS) by employing the Battery Energy Storage System (BESS) and controlling the 
frequency and voltage regulation instantaneously. The proposed power control scheme is composed of 
two control loops so that they are implemented and designed for active power control and controlling 
the reactive power, respectively, which both are equipped with PI type controllers. In addition, two 
control loops were utilized to control the frequency and voltage on the rotor side converter under 
balance and unbalance grid conditions. In this paper, the presented control strategy optimally tuned all 
the parameters of controllers at the same time by utilizing a mixed integer nonlinear optimization 
programming and solved by the ICA algorithm. Moreover, in order to demonstrate the effectiveness of 
the proposed strategy, non-linear time domain simulations were carried out in MATLAB software. The 
obtained simulation results verified that the proposed control scheme efficiently utilize BESS to 
control the active and reactive power control and confirm the effectiveness of the proposed strategy 
under the balanced and unbalanced grid conditions. 

1. INTRODUCTION1 

Currently, due to the problems associated with 
environmental degradation by conventional energy 
sources and the advantages of renewable energy, using 
this type of energy has been considered as affordable 
energy purposes [1]. The literature review showed that 
several types of electric generators have been used in 
WECSs as distributed generators in microgrid including 
squired‐cage induction generator, synchronous 
generator with external field excitation and Doubly Fed 
Induction Generator (DFIG) [2-4]. Smooth operation 
and control of power electronic converters are essential 
to ensure WECSs in compliance with modern grid codes 
[5]. 
   It is clear that frequency stability is vital for the 
operation stability of the power system [6],[7]. In order 
to reduce frequency oscillations in the network, there is 
an increasing need for regulation from variable speed 
wind turbines [8]. DFIG is commonly used for this 
purpose for electricity generation through wind energy 
because of the priority of its advantages than 
shortcomings  [9]. In variable speed operation, for the 
wind turbine based DFIG, with active and reactive 
power control abilities, power losses are reduced as 
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compared to the wind turbine using the fixed speed 
generator [10]. Today, using DFIG is constantly 
increasing due to the flexible control of the active and 
reactive power established upon the Back to Back 
converter and active control between the induction 
machine and power grid [11-13]. 
   The WECSs based on the DFIG supply huge wind 
energy market because of its light weight, small size, 
and cost-effectiveness of the generator as well as the 
relatively small and economic power converter [14], 
[15]. One way to improve the frequency regulation is 
the presence of the grid frequency variable and 
frequency deviation signal behind the nominal value in 
the control of rotor side converter [16-18]. Moreover, 
the synchronous control is another way which has been 
investigated in [19], [20]. Two remarkable problems 
encountered by the DFIG are weak low voltage ride-
through ability and unstable output power. Many 
techniques to solve this problem have been scrutinized 
in the literature which can generally be classified into 1-
software [21] and 2-hardware solutions [22]. A crowbar 
circuit is the most popular hardware solution to solve 
this problem [23], [24]. In [25] a new active and 
reactive power controller presented for on-grid BESS 
under unbalance condition, it tuned by the CPCE 
algorithm. In [26] new multiband stabilizers for 
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damping, oscillation have been presented. A novel 
damping control strategy for DFIG is proposed in [27]. 
   To efficiently address the unbalanced grid voltage 
requirement in the converter controller of a DFIG, an 
additional function implement was added to the main 
control algorithm [28]. 
   This paper addresses a new control strategy for 
controlling the active and reactive power of WECS by 
employing the BESS with frequency control and voltage 
regulation ability at the same time. The proposed 
control strategy can control the active and reactive 
power, frequency and voltage simultaneously under 
both balance and unbalance conditions by employing 
BESS. At first, the proposed control strategy calculates 
the sequence components of the voltage and then it 
utilizes positive sequence to compute the power as an 
input signal of the active and reactive power controllers. 
In addition, BESS can supply demand power of the 
load, if DFIG cannot supply this power or it operates in 
islanded mode. This paper proposes the decoupled 
controllers for the active and reactive power control of 
DFIG associate with the active and reactive power of 
the grid. Simulation result verified that under any fault 
or disturbance, the controller can command the 
frequency, voltage and active- reactive power of the 
BESS. Finally, all parameters of controllers are tuned by 
the ICA intelligent algorithm. Briefly, the main 
contributions of the current work can be highlighted as 
follows: 

• The proposed structure regulates the voltage, controls 
the frequency, and enhances the active and reactive 
power control at the same time in the standalone and 

on-grid DFIG under the balance and unbalance 
network conditions. 

• All the parameters of the controller (voltage, 
frequency, active power and reactive power 
controllers) are tuned at the same time by the ICA 
algorithm. This is also one of the main contributions 
of the paper because all the controllers are 
simultaneously tuned to find the most optimal 
operating condition of the network. The proposed 
methodology results in the best operation for the 
whole system including BESS, DFIG, and load. 

   In order to deal with the real conditions, the real 
models of DFIG and converter are derived and 
simulated. The real world modeling and nonlinear time-
domain simulations are carried out in MATLAB 
simulation software. 

 
2. UNDERSTUDY NETWORK 

Single line diagram of the understudy system is shown 
in Fig. 1. It can be seen that the BESS and DFIG are 
connected to the network at bus 2 as the case study. 
DFIG has two conventional voltage source converters 
named as rotor and grid side converter (RSC and GSC), 
also, a common DC-link. As shown in Fig. 1, the RSC 
convert the uncontrollable AC voltage to the DC one 
and GSC prevents the DC voltage to the controllable 
AC one. 
   It is worthy to mention that this system only opts as an 
illustrative test case and the proposed strategy can also 
be simulated on the other test system with different 
structures. 

 

Voltage and Current 
measurement

Magnitude of voltage and 
Frequency measurement

PWM Transformer2
Bus 1

Bus 2

Bus 3
Bus 4

  Battery

Transformer

 

Figure 1. Structure of the understudy model. 
 
2.1. Proposed control strategy 

In order to complete the control loops of the used 
inverter, three-phase currents and voltages are measured 
and transferred to dq0 frame. Then, two control loops 

are designed to decouple the control of the frequency 
and voltage regulation on d and q axis. Each loop is 
mobilized with an internal PI controller. Internal 
controllers are used to set the frequency and voltage on 
the reference values. Finally, the output dq0 signals are 
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transferred back to abc frame to produce an appropriate 
PWM signal. Because of the unbalance condition, a 
sequence analyzer is used to analyze the sequence of the 
grid voltage. Then, the negative sequence is sent to its 
specific control block to be eliminated and positive 
sequence used in the frequency and voltage controllers. 
Proposed strategy is revealed in Fig. 2. The 
configuration of the proposed controller for the active 
and reactive power of BESS which is injected power to 
the grid is shown in Fig. 3. When the system is under 
the unbalanced condition, negative sequence 
components will be present. Consequently, with an 
additional lock loop control system, the negative 
sequence voltage adjusts to zero. Therefore, DFIG and 
BESS will provide the power of the load together, 
while, DFIG operate under islanding mode, the BESS 
can supply the load alone. Incredibly to say that this 
strategy and the proposed design follow the targets in 
the unbalance grid condition correctly. As shown in Fig. 
2, the input signal of the frequency and voltage 
controller of the rotor is a positive sequence of each 
value. As it seems in (1) and (2), vd and vq are 
calculated from the frequency and voltage signals, also, 
active and reactive power are calculated from (3) and 
(4), respectively [11]. Test parameters of the system 
including parameters of a wind turbine, loads and grid 
are summarized in Table 1. 
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Figure 2. Structure of the proposal control strategy for the 

frequency and voltage of the rotor. 
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Figure 3. Structure of the proposal control strategy for the 
power control of BESS. 

 
 

Table 1. Test system parameters. 

Asynchronous generator Generator 1 
𝑃𝑃𝑛𝑛 = 275𝑉𝑉 𝐴𝐴 
𝑉𝑉𝑛𝑛 = 480 𝑉𝑉 
𝑓𝑓𝑛𝑛 = 60 𝐻𝐻𝐻𝐻 

Transformers Transformer 1 

∆𝜆𝜆 − 𝑔𝑔,𝑉𝑉1 𝑝𝑝ℎ−𝑝𝑝ℎ(𝑉𝑉𝑟𝑟𝑟𝑟𝑟𝑟) = 208 𝑉𝑉 
𝑅𝑅1(𝑝𝑝.𝑢𝑢.) = 0.002, 𝑋𝑋1(𝑝𝑝.𝑢𝑢.) = 0.04 

(𝑉𝑉𝑟𝑟𝑟𝑟𝑟𝑟) = 480𝑉𝑉,  𝑅𝑅2(𝑝𝑝.𝑢𝑢.) = 0.002 
𝑉𝑉2 𝑝𝑝ℎ−𝑝𝑝ℎ(𝑉𝑉𝑟𝑟𝑟𝑟𝑟𝑟) = 480𝑉𝑉, 𝑋𝑋2(𝑝𝑝.𝑢𝑢.) = 0.04 

Transformers Transformer 2 

∆𝜆𝜆 − 𝑔𝑔,𝑉𝑉1 𝑝𝑝ℎ−𝑝𝑝ℎ(𝑉𝑉𝑟𝑟𝑟𝑟𝑟𝑟) = 208 𝑉𝑉 
𝑅𝑅1(𝑝𝑝.𝑢𝑢.) = 0.002, 𝑋𝑋1(𝑝𝑝.𝑢𝑢.) = 0.04 
(𝑉𝑉𝑟𝑟𝑟𝑟𝑟𝑟) = 480𝑉𝑉, 𝑅𝑅2(𝑝𝑝.𝑢𝑢.) = 0.002 

𝑉𝑉2 𝑝𝑝ℎ−𝑝𝑝ℎ(𝑉𝑉𝑟𝑟𝑟𝑟𝑟𝑟) = 480𝑉𝑉, 𝑋𝑋2(𝑝𝑝.𝑢𝑢.) = 0.04 

Loads Load 1 𝑃𝑃𝑙𝑙𝑙𝑙𝑙𝑙𝑙𝑙 = 10 𝑘𝑘𝑘𝑘 

Wind turbine  Wind speed=15 m/sec 

 



H. Moradi CheshmehBeigi et al. / JREE:  Vol. 4, No. 4, (Fall 2017)   31-38 34 

2.2. Objective function 

The objective function of the proposed problem is 
introduced as Eq. (5), and it calculates the area under 
the curve following oscillations. In this problem, the 
objective function reveals the frequency oscillations 
and voltage, which should be minimized, but the 
frequency fluctuation has a greater effect than the 
voltage fluctuation on the power system stability. 
Hence, the under curve surface oscillations for the 
frequency are considered with a coefficient equal to 
1.5. However, due to the significant relationship 
between oscillation of the active power and frequency 
under disturbances as well as the direct relation 
between the fluctuation of the reactive power and 
voltage magnitude, the fluctuations under the active 
power and reactive power oscillation curve can be 
added to the objective function. 

t t t t

0 0 0 0

t Δf dt t ΔV dt t ΔP dt t ΔQ dtα + + +∫ ∫ ∫ ∫  (5) 

   All the parameters of controllers are located between a 
maximum and minimum value which are listed in Table 
2. This problem is solved by the ICA algorithm and its 
details can be explained in the next section. 
 
3. ICA ALGORITHM 

The ICA algorithm is a Multi-Factor algorithm 
simulating the social and political trend of imperialism 
and imperial competition. There are two types of 
country. The best countries are chosen as the "imperial 
state" and the remaining countries are the "colonies" of 
imperialists. Then, the colonies in the imperialists are 
divided according to their power. Any imperialism with 
its colony forms the "empire". The core processes of the 
ICA include the absorption and revolution within each 
empire, imperial competition among all empires, and 
the elimination of powerless empires. Under the policy 
of absorption, the colonies are moving in the empire of 
each respective imperialist side. Under the revolution 
policy, some of the colonies of each empire suddenly 
pass into other situations in each empire which are 
randomly selected. Under imperialist competition, a 
weak empire will lose its colony, so, its power gradually 
decreases and eventually fades away.  All countries 
converge to an empire under the policy removal and so 
the algorithm stops. 
   The power of the entire empire depends on the power 
of both imperialist countries and their colonies. This 
fact is modeled by defining the power of the whole 
empire as an imperial power as well as the average 
power of its colonies [29]. The formulations of this 
algorithm are expressed as (6) to (10). 
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   Fig. 4 shows the flowchart for clarification of the 
proposed problem by the ICA algorithm. First, 
according to input data, the initial population is 
randomly generated (Eq. (6)). All the colonies of initial-
population are distributed among the stated imperialists. 
The regularized cost of an imperialist is described by 
Eq. (7). The power of an empire is the inverse of the 
cost shown by Eq. (8). At that time, the colonies start to 
move toward their relevant imperialist country (Eq. (9)). 
The possession probability of each empire is expressed 
by Eq. (10). The weak empires will lose their power and 
they will finally collapse. The colonies move toward 
their relevant imperialists also, the collapse mechanism 
will cause all the countries to join to a state in which 
there exists just one empire and all the other countries 
are colonies belong to that empire. All the steps of this 
algorithm are showed in the flowchart of Fig. 4 [30]. 

 

Table 2. Parameters of PI controllers and stabilizers obtained 
using ICA algorithm. 

Maximum 
Value 

Optimal 
Value 

Minimum 
Value 

Parameter 
 

0.0005 0.00018 0.00001 KP1 

Pr
op

or
tio

na
l G

ai
ns

 

0.0005 0.0002 0.0001 KP2 

0.0005 0.00017 0.0001 KP3 
0.0005 0.0001 0.00001 KP4 
0.0005 0.00021 0.0001 K*

P1 

0.0005 0.0001 0.0001 K*
P2 

0.0005 0.0003 0.0001 K*
P3 

0.5 0.2 0.01 KI1 

In
te

gr
al

 G
ai

ns
 

0.5 0.1 0.01 KI2 

0.5 0.21 0.01 KI3 
0.5 0.34 0.01 KI4 
0.5 0.11 0.01 K*

I1 

0.5 0.14 0.01 K*
I2 

0.5 0.23 0.01 K*
I3 
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Start

Generate initial empires

Move the colonies to their relevent imperialist

Randomly creat a revolution in one or 
morecolonies

Is there a colony in empire
 that has lower cost 
than the Imperialist 

Exchange the positions of that colony and the 
imperialist

Compute the total cost of all empires and pick the 
weakest colony from the weakest empire and give 

it to the empires that has the most likelihood to 
posses it

Is there an empire with no colonies

Eliminate this empire

Stop if condition is satisfied 

End 

Yes 

No 

Yes 

No 

Yes 

No 

 

Figure 4. Flowchart of the ICA algorithm. 
 
4. SIMULATION RESULT 

All the obtained simulation results are shown under 
balance and unbalance conditions with several scenarios 
including change the frequency reference with constant 
voltage, change the voltage reference with a constant 
frequency, application of the system with or without 
BESS, the operation of DFIG under On-Grid and 
Islanding mode. 
 
4.1. Tuning of controllers 

The parameters of the controllers have been tuned via 
the ICA algorithm, as the obtained results are listed in 
Table 2. It should be mentioned that the current problem 
was solved by various optimization techniques and the 
obtained results were compared to each other. 
Eventually, owing to the ICA finds the solution faster 
than the other techniques, it is selected to solve the 
problem. In order to confirm the reliability of the 
obtained simulation results, the setting of the algorithm 
was also changed, so, the problem was solved by the 
PSO algorithm. The value of the objective function of 
both algorithms is listed in Table 3. Table 2 is shown 

the parameters of PI controllers and stabilizers obtained 
based on the ICA Algorithm. 

Table 3. Objective function under different disturbances with 
PSO algorithm and ICA algorithm. 

Algorithm  Objective function 
ICA 198.2 
PSO 256.41 

4.2. Balance grid 

4.2.1. Decoupled control of frequency and 
voltage regulation 

In order to confirm the capability of the proposed 
strategy for voltage control subjected to the constant 
frequency, and also frequency control subjected to the 
constant voltage, under balance condition, the voltage 
setpoint is changed on 0.5 seconds and come back to the 
prior value on 2 seconds. The simulation results similar 
to these changes are shown in Figs. 5 and 6. It is clear 
that the voltage follows the alteration and also tracks the 
setpoint value, while the frequency drives back to the 
nominal value. Furthermore, the frequency follows the 
alteration and tracks the setpoint value of the reference 
despite the fact that the voltage drives back to the 
nominal value. As can be seen in Fig. 5, the maximum 
oscillation of the frequency is about 0.1 Hz during 
changing the voltage. While the magnitude of the 
voltage changes from 0.09 to 0.05 in 0.5 seconds and 
from 0.05 to 0.09 in 2 seconds. Fig. 6 shows the voltage 
oscillation magnitude between 0.085 and 0.095 during 
this fault. In this part, the simulation confirms that the 
voltage magnitude is constant after the frequency 
reference is set to 60.8 Hz from 60 Hz in 0.5 seconds 
and back to the 60 Hz in 2 seconds. 

 
Figure 5. Frequency and voltage magnitude of the rotor after 

reference change of the voltage. 
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Figure 6. Frequency and magnitude of voltage of the rotor 

after reference change of the frequency. 

4.2.2. Application of the system with BESS under 
both balance and unbalance conditions 

In order to confirm the capability of BESS to supply the 
power injected to the grid, the active and reactive power 
of the load decreases and increases 20 % of nominal 
value. Although the active and reactive power is 
changed, however, the total active and reactive power is 
constant with a miniature oscillation. 
   Fig. 7 reveals that when the active and reactive power 
of load is modified, BESS supplies the required power. 
It means that by decreasing the consuming active power 
of the load, BESS produces less active power and by 
increasing reactive power, it’s observed that this type of 
power is provided by BESS. Therefore, BESS can hold 
the entire power output constant. As a result, the 
productive active power decreases from -11 kw to -5 kw 
and reactive power changes from 8 kvar to -10 kvar. 

 
Figure 7. Total active and reactive power injected to the grid 

and the active and reactive power of BESS. 
 

 
Figure 8. Total active power injected to the grid and the active 

and reactive power of BESS. 

The unbalance condition in the simulation is a condition 
in which the voltage magnitude of each phase is 
different from each other. So, the simulation result is 
obtained under unbalance condition with employing 
BESS. Fig. 9 proves this hypothesis. Moreover, Fig. 8 
confirms that if the frequency decreases from 60 Hz to 
58 Hz, the active power of DFIG will decrease from 18 
kw to 5 kw. In addition, the active power and total 
active of BESS is increased and fixed to the reference 
value, respectively, and BESS supplies the extra power. 
Fig. 9 shows a voltage magnitude is set to the user 
reference value after oscillation under the frequency 
pattern. 
 
4.2.3. DFIG under islanding mode in balance and 
unbalance conditions 

In this part, the result of the simulation is shown when 
DFIG operates under islanding mode under the balance 
condition. BESS can also supply the power of the load. 
The capacitive load is 15 kvar. As shown in Fig. 10, the 
active and reactive power of the load is set to be zero 
and -10 kvar, correspondingly. It is important to say that 
the distribution frequency and voltage magnitude go 
back to the reference value with oscillation. 

 

Figure 9. Frequency and voltage magnitude of the rotor and 
DC side voltage. 
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Figure 10. Total active and reactive power of load and 

frequency and magnitude of the voltage. 
 

 

Figure 11. Total active and reactive power of the load. 
 
In the next step, the capacitive load is 10 kvar. As can 
be seen in Fig. 11, when DFIG operates under the 
islanding mode based on the unbalance condition, the 
active power of the load is set to be zero and the 
reactive power is set to a negative value. 
 
5. CONCLUSIONS 

This paper focuses on improving the active and reactive 
power control of WECS by employing the BESS and 
controlling the frequency and voltage regulation 
instantaneously in balance, unbalance condition. 
Furthermore, an acceptable decoupling between the two 
components of both controllers was obtained. After an 
explanation of this suitable control, in order to study 
which condition has benefits for application of DFIG, a 
BESS was added to the system between the DFIG and 
the grid during voltage drop. In this paper, an unbalance 
control scheme is addressed for controlling the 
frequency, voltage and power control of BESS. 
According to the simulation results, the maximum 

oscillation of the frequency is about 0.1 Hz during 
changing the voltage. Furthermore, the obtained 
simulation results confirm that the voltage magnitude is 
constant after setting the frequency reference to 60.8 Hz 
from 60 Hz in 0.5 seconds and back to the 60 Hz in 2 
seconds. The BESS was installed on the system to 
supply the power of the load when DFIG operates under 
the islanding mode. All cases were explained in detail in 
the simulation result of this paper. In addition, the 
parameters of controllers were tuned by the intelligent 
algorithm to achieve the best result. By MATLAB 
simulation, this paper revealed the high dynamic 
performance obtained by proposed control. The 
proposed model is practical and presents low 
complexity and cost of implementation. 
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