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1 Introduction

The future is for sustainable energy (SE) sources [1, 2].

However, to utilize SE sources efficiently one needs to

integrate them into the AC Power-Grid. To do so, interface

electronic circuits are needed to connect SE sources to local

loads or directly to the utility grid. These interfaces are

known as the SE-Grid inverters. SE-Grid inverters convert

direct current (DC) to alternating current (AC). They are

designed with the ability to synchronize their outputs with

the utility line and have as little harmonic content as

possible.

Inverters come in several different topologies: voltage

source inverters (VSIs) [3], current source boost inverters

(CSBIs) [4–6], multi-level inverters [7, 8], and matrix

converters [9, 10]. VSIs have replaced CSBIs in many

industrial applications [11]. However, unlike other inverters

CSBIs are able to invert and boost current in a single stage

and transferring power from low a DC source, for example,

photovoltaic and fuel cells, to a larger AC voltage [12]. This

makes CSBI one of the best choices for SE-Grid conversion

systems.

Here we will consider the control of active/reactive

power in CSBIs with the switching pattern and control

circuit which has been proposed in [13–15]. The proposed

CSBI provides more robust inverter to control the voltage

and the injected power. Different approaches to control

active and reactive power were proposed: sliding mode

control [16], fuzzy logic-based method [17] and predictive

control [18]. All these control methods minimize the instan-

taneous errors in active and reactive power by controlling

the input voltage. However, these methods are susceptible to

variation of power line inductance and suffer from changing

switching frequencies. In [19] and [20], direct power control

technique was improved to have a constant switching fre-

quency. In [21], the space vector modulation has been

applied to a direct power controlled inverter for the purpose

of having a simpler control system with fewer harmonics.

One of the application to control active power in the future

power system is Plug-In Electric Vehicle (PIEV) which can

serve as flexible load [29].

PID control is commonly used in industrial control

systems (e.g. SCADA systems and RTU’s) [22, 23]. PID

minimizes the error which is the difference between a

measured and a desired signal, by adjusting the process

control inputs [24]. The PID controller involves three

parameters: a term proportional to the error, another to the

integral of error and the third to the derivative of error.

The parameters of the PID controller have to be found

through a design process involving the optimization of a

set of desired requirements like settling time, rise time etc.

Particle swarm optimization (PSO) has been developed

by Kennedy and Eberhart [25]. PSO is an optimization

algorithm that finds optimal solution to a problem by itera-

tively improving candidate solutions based on a measure of

quality. It has many different applications [26–28]. PSO

starts with a population of particles (candidate solutions)

and by changing the particles ‘locations’ and ‘momenta’ in

the search-space it explores better solutions of the problem.

The particles’ locations and momenta are updated based on

its local relations to other particles and by the objective

function that determines the quality of solution. The process

of updating the particles locations and momenta moves

the swarms of particles to the optimal solution. Particles

Swarm Optimization (PSO) technique is a powerful and

simple method that can be used to find the PID controller

parameters as to optimize design requirements. PSO-PID has

been used successfully in control of automatic voltage

regulators [28] and control of the linear brushless DC

motor [27].
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In this paper we are going to use the PSO-PI method to

control of three-phase CSBIs with state vector pulse-width

modulation (SVPWM) switching pattern. The paper is

organized as follows; first we introduce three phase inverter

circuit topology and switching mechanism. Then we intro-

duce the PSO-PI method of control for CSBI inverters and

present simulation results. Finally we discuss the pros and

cons of this method and future work.

2 The Circuit Topology and Review
of Switching Pattern

This section briefly describes the power topology of a

three-phase CSBI and the switching pattern which has been

presented for the first time in [13]. The power topology and

switching arrangement has been offered for the purpose of

continuity. Fig. 1 shows the schematic of the single-stage

CSBI. In this figure, Vi is provided from the PV source, Li is

an inductor which has been used as a dc-link, AC side film

capacitors are described by Co and finally Lo described the

line inductors. Like all three phase inverters, the main goal

of this switching pattern and circuit topology is to produce

sinusoidal currents to loads and also the grid. They present

six sectors in each voltage cycle to inject in-phase sinusoidal

currents into the three phases of the grid [14].

The switching pattern of the three stages is [14]:

1. During the charging time period (1st stage) two switches

are on in leg “1”, the dc inductor will be charged and

subsequently the current increases.

2. During period of the first discharging time (2nd stage) V12

will be applied to output of the inverter; the dc current

will be injected into first phase, and will be drawn from

second phase. Hence, the first leg higher switch of and the

second leg bottom switch are on.

3. During the second discharging time period (3rd stage) V13

will be applied to output of the inverter; the dc current

will be injected into first phase, and is drawn from third

phase. In this case, both the first leg upper switch and the

third leg bottom switch are on.

The switching pattern on all sectors can be found in

Table 1.

Here tc is charging time, td1 and td2 are time intervals of

discharging. The relationship of these time intervals gives

Ts ¼ tc þ td1 þ td2 ð1Þ

Based on [15] the following expression will be resulted for

first sector

VdcTs ¼ vabtd1 þ vactd2 ð2Þ

Above equation can be written in expressions of duty cycle

Vdc ¼ vabd1 þ vacd2 ð3Þ

where d1 and d2 can be computed by

d1 ¼ 2Vdc

3Vm
sin

π

3
� ωt

� �
ð4Þ
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Fig. 1 The Proposed Circuit Schematic

Table 1 The switching pattern [14]

Sector I II III IV V VI

ν12 ν13 ν23 ν21 ν31 ν32
ν13 ν23 ν21 ν31 ν32 ν12

S11 Ts td1 0 tc 0 td2
S12 tc 0 td2 Ts td1 0

S21 0 td2 Ts td1 0 tc
S22 td1 0 tc 0 td2 Ts

S31 0 tc 0 td2 Ts td1
S32 td2 Ts td1 0 tc 0
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d2 ¼ 2Vdc

3Vm
sin ωtð Þ ð5Þ

where the grid neutral voltages peak value is denoted by Vm.

For the case of grid connected with the reference signal

measured as vab ¼
ffiffiffi
3

p
Vm cos ωtð Þ, The duty cycles (4) and

(5) can be computed by

d1 ¼ 2

3

Vdc

Vm cos α0 þ π
6

� � cos ωt� α0ð Þ ð6Þ

d2 ¼ 2

3

Vdc

Vm cos α0 þ π
6

� � cos ωt� α0 � 2π

3

� �
ð7Þ

For a full power control the charging and discharging time

intervals will be described as

d1 ¼ m cos ωt� α0ð Þ ð8Þ

d2 ¼ m cos ωt� α0 � 2π

3

� �
ð9Þ

dc ¼ 1� d1 � d2 ð10Þ

where α0 is denoted the phase shift according to line-line

reference voltage, and the modulation index is shown as m

which should be between zero and one.

3 Control Formulation

In this section, we briefly study the relationship between the

input current with the modulation index, m, and the angle,

α0 between the grid voltage and the desired inverter output

current to control the active and reactive power. The modu-

lation index and phase angle are our circuit parameters and

has been presented in equations (8) and (9) respectively. The

reactive and active power can be controlled using the angle

α0 and the coefficient m.
Based on the switching pattern aforesaid [13], the inverter

output current of phase-A can be described as

ia1 tð Þ ¼ A mð Þ cos ωt� Ψ α0ð Þð Þ ð11Þ

The active power for three-phase case can be expressed by

P ¼ 0:5
ffiffiffi
3

p
VmA mð Þ cos Ψ α0ð Þð Þ ð12Þ

And the reactive power

Q ¼ Qs þ 0:5
ffiffiffi
3

p
VmA mð Þ sin Ψ α0ð Þð Þ ð13Þ

where, Qs is the reactive power generated by AC capacitors

shown in Fig.1. This reactive power can be approximated

by [15]

QS ¼ 18πf Cs
Vmffiffiffi
2

p
� �2

ð15Þ

Two optimal PI controllers have been designed using

PSO to control above parameters.

u1 tð Þ
u2 tð Þ

	 

¼

KP1e1 tð Þ þ KI1

ð
e1 tð Þdt

KP2e2 tð Þ þ KI2

ð
e2 tð Þdt

2
664

3
775 ð16Þ

where ui(t) are the control inputs, KPi and KIi are propor-

tional and integral coefficient of PI controllers and finally ei
are the difference between the actual and the desired active

and reactive power.

Based on the details in [15], we can calculate the input

power using the modulation index and other parameters of

the circuit,

Pin ¼ VdcIdc ¼ V2
dc � VSW þ g m;Vmð Þð ÞVdc

Rdc þ RSW
ð17Þ

where g is a monotone function of the modulation index

and peak value of the output line-neutral voltage, RSW ¼
2RDiode + 2RIGBT and VSW ¼ 2VDiode + 2VIGBT can be

found. It clearly shows that when the modulation index

decreases, the power loss increases.

4 Particle swarm optimization (PSO)

Particle swarm optimization (PSO) is a method of solving

continuous and discrete optimization problems with a

population-based stochastic approach. Kennedy and

Eberhart proposed this algorithm in 1995 [25] as a novel

V12

I

VIV

IV

II
III

V32
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Fig. 2 Sectors of the Proposed Switching
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heuristic and computational technique. The general PSO

algorithm will first generate particles with randomly

assigned positions, within an initialization area.

Initialization of the velocities is usually done within that

region. Particles can be initialized to zero or to small random

values in order to avoid them from leaving the search space

during the initial iterations. During the main loop, the algo-

rithm will continue to update the velocities and positions of

the particles until a stopping criterion is met. The update

rules can be calculated as follows:

Vkþ1
i ¼ wV k

i þ C1rand1 þ Pbest ki � Xk
i

� �
þ C2rand2 � Gbest ki � Xk

i

� � ð18Þ

Xkþ1
i ¼ Xk

i þ Vkþ1
i ð19Þ

where Xi ¼ [Xi1, Xi2, . . ., Xid] and Vi ¼ [Vi1, Vi2, . . ., Vid]

are the position and velocity of the particle i. Let Pbesti ¼
[Xi1 Pbest, Xi2 Pbest, . . ., Xid Pbest] and Gbesti ¼ [X1 Gbest,

X2 Gbest, . . ., Xd Gbest] be the best position of particle i and

its neighbors best position so far, respectively.

The value of the parameters such as w, C1, C2 should

be determined in advance in velocity updating process. As

the iteration proceeds, the inertia weight w is linearly

decreasing.

w ¼ wmax � wmax � wminð Þiter
itermax

ð20Þ

5 Proposed Method

Two PI controllers have been employed to control the active

and reactive power independently but simultaneously. For

this purpose, PSO has been used to find the optimum values

for the parameters of the PI controllers. The multi-objective

cost function is to minimize the summation of the Integral

Time Absolute Error (ITAE) of the active and reactive

power. Sub-objective functions should be normalized to be

comparable within the range of [0, 1] and the weighted based

importance and priorities. Finally, the cost function can be

represented as follows:

min f ¼ ω1f 1 þ ω2f 2 ð21Þ

where ωi (i ¼ 1, 2) are the weighting factors which deter-

mine the contribution of each term in the cost function and

fi (i ¼ 1, 2) are the normalized ITAE of the active and

reactive power, respectively. Weighted sum method is used

to select the involvement factors.

Each particle, Xi, in the PSO algorithm has four

dimensions, d ¼ 4, which are corresponding to the

proportional gain, and integral gain of the active power

controller as well as the proportional gain, and integral

gain of the reactive power controller, respectively. The

PSO algorithm will first randomly assign values to the

parameters of the two controllers. Then, the actual active

and reactive power injected to the grid will be compared

with the desired values to find the errors. As a result, the cost

function can be computed and particles will be updated in

each iteration to minimize the ITAE of the active and reac-

tive powers. The algorithm will continue until the stopping

criterion, the iteration number in this paper, is met.

6 Simulation and Results

The simulation results are presented in this section to show

the effectiveness of the proposed method of designing the PI

controllers based on the PSO algorithm. The circuit

parameters in this simulation have been selected as:

VPv(MPP) ¼ 70v, Co ¼ 16.8μF, Li ¼ 6mH, Lo ¼ 1.2mH,
the PWM switching frequency is set to be 8 kHz and the

line-to-line rms voltage value is 207.846 v. The simulations

are carried out using MATLAB Simulink. PSO parameters

are, iteration number ¼ 100, population size ¼ 30, and

C1 ¼ C2 ¼ 2.05.

The behavior of the cost function is shown in Fig. 3. As it

can be seen, the algorithm has successfully minimized the

cost function to find the optimum values of the controllers.

The dynamic response of the injected active and reactive

power are plotted over 6 seconds in Fig. 4 (a) and Fig. 4 (b),

respectively. To evaluate the efficacy of the controllers in

tracking the reference command, the active power, Pref, will

instantly change at t ¼ 0.75 sec from 250 to 350 watts.

Since the PV farm can be considered as a reactive power

source for the power system, the controller should also

tolerate sudden changes in the reactive power. For this

purpose, the reactive power, Qref, will change at t ¼ 3 sec
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from 290 to 320 vars. Variations of m and α0 have been

illustrated in Fig. 4 (c) and Fig. 4 (d).

As it can be observed, the controllers can effectively trace

the active and reactive power input without harming the

stability of the system. The dynamic behavior of the P and

Q are fast enough for a grid-connected PV farm and also

keeping an acceptable range of overshoot.

7 Conclusion

Here, we have used particle swarm optimization (PSO)

method to find the optimal parameters of a PID controller.

We applied this method to design an optimal PID controller

for active and reactive power in a three phase grid connected

current source boot inverter (CSBI). Simulation results show

that our PSO-PI parameters selection method leads to better

performance. With PSO-PID we were able to control active

and reactive powers of this CSBI simultaneously. We also

achieved lower power overshoot in comparison to PID con-

trol without the use of the PSO.
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24. Åström, K. J., & Hägglund, T. (2006). Advanced PID control: ISA-

The Instrumentation, Systems, and Automation Society; Research

Triangle Park, NC 27709.

25. Kennedy, J., & Eberhart, R. (1995). Particle swarm optimization.
Paper presented at the Proceedings of IEEE international confer-

ence on neural networks.

26. Sargolzaei, A., Faez, K., & Sargolzaei, S. (2011, May). A new

method for Foetal Electrocardiogram extraction using Adaptive

Nero-Fuzzy Interference System trained with PSO algorithm. In

Electro/Information Technology (EIT), 2011 IEEE International
Conference on (pp. 1-5). IEEE.

27. Nasri, M., Nezamabadi-Pour, H., & Maghfoori, M. (2007). A PSO-

based optimum design of PID controller for a linear brushless DC

motor.World Academy of Science, Engineering and Technology, 26
(40), 211-215.

28. Gaing, Z.-L. (2004). A particle swarm optimization approach for

optimum design of PID controller in AVR system. Energy Conver-
sion, IEEE Transactions on, 19(2), 384-391.

29. Mohammadhadi Amini, Arif I. Sarwat. Optimal Reliability-based

Placement of Plug-In Electric Vehicles in Smart Distribution Net-

work. International Journal of Energy Science, 2014, 4(2), 43-49.

doi: 10.14355/ijes.2014.0402.02

146 A. Sargolzaei et al.


	Active/Reactive Power Control of Three Phase Grid Connected Current Source Boost Inverter Using Particle Swarm Optimization
	1 Introduction
	2 The Circuit Topology and Review of Switching Pattern
	3 Control Formulation
	4 Particle swarm optimization (PSO)
	5 Proposed Method
	6 Simulation and Results
	7 Conclusion
	References


