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Abstract - This paper proposes an effective control method
for the actual and reactive power flow between the
renewable energy system (RES) and the grid using a linear
quadratic regulator (LQR) to a current-controlled voltage
source inverter (CCVSI). Additionally, it makes up for the
harmonic current components that the load draws from the
grid terminal. The reduced-order state-space model of the
three-phase grid-connected renewable energy system is
developed using a simplified equivalent circuit. Using fewer
weighing variables in LQR makes control law analysis and
design simpler. To manage the real and reactive power to
the grid and reduce total harmonic distortion (THD), the
extension is real-reactive power (p-q) approach
implemented in an a-b-c frame is used to generate the
reference current.
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I INTRODUCTION

Due to the enormous increase in power demand, electrical
power systems are getting overloaded [1,2]. This leads to
an exponential increase in the usage of renewable energy
sources (RES). With the advent of power electronic
converters, RES is effectively integrated with the electrical
power system [3,4]. However, the usage of power
electronic devices and non-linear loads deteriorate the
quality of power in the electrical system [5,6].

Therefore, an appropriate regulatory framework is to be
followed for the distribution system to guarantee the
reliable and efficient operation of the system. In addition
to the power converter, shunt active power filters [8-12]
are used to mitigate power quality issues. This increases
the additional hardware cost. Hence, a current-controlled
voltage source inverter (CCVSI) is employed in this work
for the twofold purpose of power conversion and power
quality improvement.[13] The performance of CCVSI is
based on the reference current generation.[14]

The generated reference currents compensate for the
reactive and harmonic components. Various techniques
are presented in the literature [15-18] to generate
reference currents. In this work, instantaneous p-q theory
is used. It uses instantaneous quantities instead of average

quantities. It eliminates the reactive power in transient
states and harmonic currents. [19]

A control technique is essential to track the reference
currents. In literature, many researchers proposed several
control techniques to integrate the RES with the grid. The
implementation of a hysteresis controller is simple, but its
variable switching frequency causes resonance and
switching losses. Fixed switching frequency is obtained by
comparing the output with the carrier wave in a
conventional Proportional Integral (PI) controller with
pulse width modulation (PWM). [19,20]

But the steady-state error is present in the output if a
sinusoidal reference is followed. The steady-state error is
eliminated using a proportional Resonant (PR) controller,
but its performance depends on the controller which
operates in resonant frequency. In terms of response
profile, control effort requirement, and robustness
concerning system nonlinearities, the optimal Linear
Quadratic Regulator (LQR) is superior. Using LQR, the
optimal pole placement controller is used in this work to
track the sinusoidal references with the fixed switching
frequency, good stability margins, and transient response.
To prove the supremacy of LQR, the hysteresis controller
is compared.[21]

Several current control techniques are proposed in the
literature to integrate renewable sources in the grid [22-
31]. The hysteresis controller is simple to implement but
results in variable switching frequency causing resonance
and more switching losses.

The switching frequency can be fixed by a carrier wave in
a conventional proportional-integral (PI) controller with
pulse width modulation (PWM) control. But there exists a
steady-state error whenever sinusoidal references are
used. This may not be preferable for certain applications.
[32]

A controller that eliminates the steady-state error while
regulating the sinusoidal signals is a proportional resonant
(PR) controller, but its performance depends on the
resonant frequency at which the controller operates. This
frequency has to be adjusted in the method that matches
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the grid frequency. Yet, another type of controller namely
the deadbeat controller is widely employed due to its good
tracking in regulating the sinusoidal signals. If PWM and
saturation of the control actions are considered, it exhibits
a slow response. In comparison with conventional
controllers, the controller provides better performance by
offering low grid current THD even in the presence of non-
linear loads, but it has slow dynamics [32].

The literature review reveals that the optimal LQR is
superior in terms of response profile, and control effort
required, and is robust with respect to system non-
linearities. LQR provides a systematic way of computing
the state feedback gain matrix (K) that makes it more
advantageous than the pole placement technique [33].
Hence, in this work, LQR, the optimal pole placement
controller is used to track the sinusoidal reference current
with the fixed switching frequency, good transient
response, and excellent stability margins. Many
researchers [33-35] designed the control law using LQR
for shunt active power filters to compensate only the
reactive power with more weighing variables under
balanced conditions.

The present work is designed from the single-phase
equivalent circuit that minimizes the number of weighing
variables and hence reduces the complexity.

Microgrids are beneficial for many reasons. In addition to
improving energy efficiency, like most advanced building
control strategies or energy efficiency measures[36-39]
Microgrids need control and management at different
levels to allow the inclusion of renewable energy
sources.[40]The development of microgrids is an
advantageous option for integrating rapidly growing
renewable energies.[41]

The microgrid control schemes are classified as
centralized, decentralized, and distributed.[42] Microgrids
usually represent a single organized power subsystem
having a number of distributed generation (DG)
sources[43] Different optimization methods applied to
different energy domain areas are reviewed.[44] MPC
algorithms depend heavily on precise measurements of
process variables that are provided by sensors. In some
versions of automatic control systems.[45] The microgrid
operation control strategy takes the energy storage
system (ESS) as the main controlled unit to suppress
power fluctuations and distributes the power of
distributed power sources according to the SOC.[46] The
model can be derived analytically, but more typically it is
provided by simple experiments, or in the adaptive
context by recursive estimation.[47]

I1 SYSTEM DESCRIPTION

Different RESs are connected to the grid through the
power electronic converters, which is shown in Fig.1

The maximum power is derived from RES using a power
electronic interface which is controlled by controller -1.
The extracted energy from RES is stored in the storage
device, and it is delivered to the grid through CCVSI which
is controlled by the controller- 2. Controller-2
synchronizes and monitors the grid, reduces the
harmonics at the point of common coupling (PCC), and
controls the real and reactive power flow between RES,
grid, and load. [48-50]

Depending on the availability of RES power (PRES), the
modes of operation are divided into two. In the first mode
of operation, PRES is considered as lower than the load
power (PL). Hence the load is shared by the RES and grid.
PRES is taken as greater than load power in the second
mode of operation. Here the excess power generated by
the RES is supplied to the grid.

The dc link is modeled as a dc source as shown in Fig. 2
with the assumption of maximum power extracted from
RES is stored in the battery. The amount of stored energy
depends on the power availability in RES.

Through CCVS], filter inductors (Lfa, Lfb, Lfc), and their
leakage resistances (Rfa, Rfb, Rfc), the dc source is
connected to the grid. The grid inductances and its leakage
resistances are represented as Lga, Lgb, Lgc, and Rga, Rgb,
Rgc respectively. [50]
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Fig. 1 General schematic of RES integrated with grid [1]
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Fig. 2 Power Circuit Diagram of the grid-connected
inverter [1]

The diode bridge rectifier feeding a resistance which is a
non-linear load is connected to the PCC through rectifier
link inductors (Lra, Lrb, Lrc) and its corresponding
leakage resistances (Rra, Rrb, Rrc). The non-linear load
draws harmonic and reactive power components from
PCC which affects the quality of power in the grid. [2]
Although input and output constraints are basically
treated and optimal control has been obtained.[1]

To improve the quality of power in the grid, the switches
in the CCVSI are properly switched by a suitable controller
in such a way that the inverter currents (ica, icb, icc)
follow their corresponding reference currents (ica *, icb *,
icc *). Thus, the reference currents are generated to
maintain the grid currents (iga, igb, igc) sinusoidal with
unity power factor. In this work, the reference currents
are generated using instantaneous p-q theory and the
controllers used are hysteresis and LQR.[1]

IIT REFERENCE CURRENT GENERATION

The p-q theory is based on instantaneous values instead of
average values. It uses the aff0 transformation known as
the Clarke transformation to obtain the reference currents.
While generating reference currents the amount of real
power flow from RES to the grid/load, reactive power
compensation, and harmonic reduction is taken into
consideration [1]

%?EEHH

Fig. 3 Reference current generation using instantaneous p-
q[1]

IV DESIGN OF CONTROLLERS

To track the reference currents, the pulses are generated
using a hysteresis controller and LQR technique. [1]

A. Hysteresis Controller (HC)

This is a simple and conventional technique to implement.
It does not depend on load parameters. The main
disadvantage is its variable switching frequency which
leads to resonance problems and high switching losses.
The implementation of the hysteresis controller per phase
is depicted in Fig. 4. The error is calculated by finding the
difference between the reference inverter current and the
actual inverter current. According to the error, the pulses
are generated. The control logic is [1]

(-1, i=ii+h
“—[1. i<il—h
~(1)

The actual current is forced to follow the reference current
by making the actual current stay within the hysteresis
band.[3]

gIE irzj§

Ul

Fig. 4 Implementation of Hysteresis Controller per phase

[1]
B. Linear Quadratic Regulator (LQR)

To minimize the tracking error, an optimal control
problem, LQR is used to determine the control strategies
over a period of time. The drawback of variable switching
frequency present in the hysteresis controller is
eradicated using LQR by comparing the error with the
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constant  frequency  triangular  wave. Initially,
mathematical modeling is derived to determine the
control law of LQR. To simplify the modeling, a simplified
equivalent circuit shown in Fig. 5 is developed for the
three-phase grid-connected renewable energy system
[21]. In the figure, u.Vdc represents the CCVSI output
voltage which is the control variable for switching, Rf, and
Lf are the resistance and inductance of filter per phase, Rg
and Lg are the resistance and inductance of grid per phase,
RL and LL are the resistance and inductance of load per
phase and vg is the grid voltage.

Fig. 5 Single Phase Equivalent Circuit of Grid Connected
CCVSI [1]

Applying Kirchoff's voltage law, the differential equations
of the circuit given in Fig. 5 are written as[1]

Ry + Le(di/dt)+Ry(ir-iz) +Lo(d/dt[ir+i2]) =uVae
—)
Rgiz + Lg (diz/dt)+Ry(ir-iz) +Li(d/dt[ir+iz]) =Vg

Taking loop currents il and i2 as state variables x1 and x2
respectively.

(5‘:1) _ (311 312) (x1) + (I:In blz) (vg)
X3 dzy a2/ \xa/ " \by; by/\u
the state equations are written below

Table 1: CCVSI Parameters [50]

Parameters of the circut

Parameters Values
DC Link Voltage 00V
Gnd side Voltage (max. value) 100V
CCVSI filter Inductance 50mH
CCVSI filter Resistance 0410
Feeder Inductance 0.01 mH
Feeder Resistance | ohm
Rectifier Link Inductance 40 pH
Rectifier Link Resistance 010
Rectifier DC side Resistance 5040
—(Ry+ Ry)L, — R/L —RiL,+ R,
i = s =
. (Ly+Lp)y+ Ll - (Ly+Lp)ly+ Lol
di = ' a1 = '
(Ly +Lg)ly + LyLy (Ly+ L)y, + Lok
—L dely +VacLy
by = by =
(L + L)L, + Lk (Ly + L)L+ Loy
b Li+L; b e
T WAL+ L, T (L L)L+ Ll
............ (6)
ai1= -2.64 312:15.6
321=-1993.3 azz=-22012.5
b11=-16 b12=5999
b21=20213.1  bp=-4799.2 ... (7)

In the LQR technique, the error is minimized by deriving
the optimal state feedback control law to place the poles in
desired locations as [1]

Where X is the actual state vector, X" is the desired state
vector and K is the feedback gain matrix. The value of K is
found by solving the Algebraic Riccati Equation (ARE) of

[1]

ATP+PA+Q-PBR-1BTP=0.......... (9)
and the solution is

K=RIBTP ... (10)
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Fig. 6 Simulink Model of Three-Phase Grid-Connected
CCVSI [52]

To find the optimized feedback gain K using LQR we follow
the procedure given below:

STEP 1: HAMILTONIAN

We define the Hamiltonian H* (also called the Pontryagin
H function) at the optimal condition.[51]

H(A,x,u,t)=AT (Ax+Bu)+xT Qx+u’ Ru ....(10)

where the costate trajectory is given by A(t), state and
control trajectories x and u

STEP 2: OPTIMAL CONTROL

The optimal control u*(t) is determined by applying the
first theorem of the Calculus of Variation [51]

6_H =0 .....(11)

ou

This leads to the optimal control u*(t) as [51]
u'(t) =-RI(t) B'() A"() evvernene (12)

STEP 3: STATE AND COSTATE SYSTEM

w'(t) = -R1(t) B () A°(8) >(13)

Costabe

Fig. 7 Implementation of the LQR Controller [50]

STEP 4 CLOSED-LOOP OPTIMAL CONTROL

The values of A and B are from equation (5). Choice of the
weighting matrices Q and R. The quality of the control
design using LQ method depends on the choice of Q and R

A Standard choice for the matrices Q and R in the LQR cost
function is given by Bryson’s rule as follows: select Q and
R diagonal with

K .
0= ) R=diagonal(ri,r2,73)

=5 o)

ATP + PA + Q - PBR-1IBTP =0

R=(0.5)

The valuation for P and K are determined using MATLAB
V SIMULATION RESULTS AND DISCUSSION

The optimal power flow system is simulated in
MATLAB/SIMULINK environment to compare the potency
of the controllers for the specifications shown in Table 1. A
three-phase current-controlled voltage source inverter
(CCVSI) is controlled for achieving unity power factor at
the grid side and low THD in the grid current. The sign
convention of real and reactive power of the grid and
inverter is taken as positive if the grid/inverter delivers
the power towards PCC, and the real and reactive power of
the load is taken as positive if the load absorbs power
from PCC.[50]

© 2023,IRJET | ImpactFactor value: 8.226

ISO 9001:2008 Certified Journal | Page 156



’,/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 10 Issue: 07 | July 2023

www.irjet.net

p-ISSN: 2395-0072

Balanced Three Phase Grid Connected Inverter

A Y Y Y Y Y Y VYV,

VAMAAMAAANAAMANAAMAAAANAANAN

T-ill'n-e
Fig.8 Simulation of Three-Phase grid Connected CCVSI [52]
Mode 1 (t < 0.15 sec, PRES < PL)

In this case, the power generation from RES is lesser than
the load power taken. The real power of the load is
supplied by the grid and RES, i.e,, PL = PRES + Pg. Under
this condition, RES and grid supply the real power, and the
load absorbs the real power, making PRES, Pg, and PL as
positive. Also, the grid voltage and current are in phase
with each other. The reactive power (QL) of the load is
fully supplied by the VSI (Qc) so as to make the reactive
power (Qg) of the grid as zero, i.e,, QL = Qc, Qg = 0. Thus,
the reactive power of the grid is zero and the real power
Pg is positive, the system maintains the unity power
factor.[50]

Grid and RES Voltages
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Fig. 9 Simulation of CCVSI grid Power mode 1[52]
Mode 2 (t > 0.15 sec, PRES > PL)

Here, the power generation from RES is greater than load
power is considered. The excess RES power is fed to the
grid. Hence, the real power is absorbed by the grid and
load, and it is delivered by the RES, making PL and PRES as
positive and Pg as negative. [1]

The grid voltage and current are out of phase with each
other, since the real power is absorbed by the grid. As in
mode 1, the load reactive power (QL) is compensated by
the VSI making zero reactive power (Qg) in the grid, i.e,
QL = Qc, Qg = 0. Thus, the reactive power of the grid is
negligible and the real power Pg is negative, the system
maintains the unity power factor.[1]

Grid and RES Voltages
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Fig. 10 Simulation of CCVSI grid Power mode 2[52]

Hence, the value of THD under unbalanced conditions is
lower than that under balanced conditions in both the
methods HC and LQR[50]
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Fig.11 Comparison results for THD and Power Factor [1]
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2.0213 -0.4799
P =
1.0e-03 *
0.1667 0.0001
0.0001 0.0000
L =
1.0e+04 *
-1.1989
-2.2016
K =
-0.0022 -0.0000

1.9994 0.0009
CONCLUSION

In order to optimize the power flow by regulating the
inverter current, this paper introduced linear quadratic
regulators. Utilizing instantaneous p-q theory, the CCVSI
generates the reference current in order to transmit actual
power from RES and balance out reactive power. Instead
of average values, this theory makes use of current real
and reactive power values. The grid now supplies and
receives sinusoidal currents with lower THD and greater
power factor thanks to the control schemes. The
complexity of the LQR's design is minimized by using a
single-phase equivalent circuit of a three-phase grid-
integrated renewable energy system. A low THD and a
power factor that is closer to unity indicate that LQR has
an edge over the hysteresis controller. Utilizing LQR, the
optimization was performed using Simulink and Matlab.

ACKNOWLEDGEMENT

I would like to extend my gratitude to Professor Dr
Abdullah Ismail, Professor, RIT - Dubai, UAE for his lecture
class and guidance which motivated me to prepare this
paperwork.

REFERENCES

[11 K, A. & A, 1. (2017). Power Quality Enhancement Using
Linear Quadratic Regulator Based Current-controlled
Voltage Source Inverter for the Grid Integrated Renewable
Energy System. Electric Power Components and Systems,
45(16):1783-1794. doi:
10.1080/15325008.2017.1378773

[2] A. Timbus, M. Liserre, and R. Teodorescu, “Evaluation
of current controllers for distributed power generation
systems,” IEEE Trans. Power Electron., vol. 24, no. 3, pp.
654-664, Mar. 2009.

[3] P. Schavemaker and P. V. Sluis, Electric Power System
Essentials. West Sussex, U.K.: Wiley, 2008, pp. 221-236.

[4] J. P. Pinto, R. Pregitzer, L. F. C. Monteiro, and ]. L.
Afonso, “3- phase 4-wire shunt active power filter with
renewable energy interface,” presented at the IEEE Conf.
Renewable Energy Power Quality, Seville, Spain, 28-30
Mar. 2007.

[5] S. Rajendran, U. Govindarajan, A. B. Reuben, and A.
Srinivasan, “Shunt reactive VAR compensator for grid-
connected induction generator in wind energy conversion
systems,” I[ET Power Electron., vol. 6, no. 9, pp. 1872-1883,
Jul. 2013.

[6] P. Garica-Gonzalez and A. Garcia-Cerrada, “Control
system for a PWM-based STATCOM,” IEEE Trans. Power
Deliv., vol. 15, no.4, pp. 12Enh-1257, Oct. 2000.

[7] P. Rao, M. L. Crow, and Z. Yang, “STATCOM control for
power system voltage control applications,” IEEE Trans.
Power Deliv., vol. 15, no. 4, pp. 1311-1317, Oct. 2000.

[8] A. H. Norouzi, and A. M. Sharaf, “Two control schemes
to enhance the dynamic performance of the STATCOM and
SSSC,” IEEE Trans. Power Deliv., vol. 20, no. 1, pp. 435-
442, Jan. 2005.

[9] M. Singh, V. Khadkikar, A. Chandra, and R. K. Varma,
“Grid Interconnection of Renewable Energy Sources at the
distribution level with power-quality improvement
features,” IEEE Trans. Power Deliv, vol. 26, no. 1, pp. 307-
315, Jan. 2011.

[10] H. Akagi, Y. Kanazaw, and A. Nabae, “Generalized
theory of the instantaneous reactive power in three-phase
circuits,” Electr. Eng. Jpn, vol. 103, no. 4, pp. 58-66, Jul.
1983.

[11] F. Gonzalez-Espin, E. Figueres, and G. Garcera, “An
adaptive synchronous-reference-frame phase-locked loop
for power quality improvement in a polluted utility grid”.
IEEE Trans. Ind. Electron., vol. 59, no. 6, pp. 2718-2731,
Jun. 2012.

[12] E. H. Watanabe, R. M. Stephan, and M. Aredes, “New
concepts of instantaneous active and reactive powers in
electrical systems with generic loads,” IEEE Trans. Power
Deliv., vol. 8, no. 2, pp. 697-703, Apr. 1993.

[13] A. Ghosh, and G. Ledwich, Power Quality
Enhancement Using Custom Power Devices, 1st ed.
Norwell, MA, USA: Kluwer, 2002, pp. 241-286.

[14] H. Agaki, E. H. Wantanabe, and M. Aredes,
Instantaneous Power Theory and Applications to Power
Conditioning, Hoboken, NJ, USA: Wiley, 2007, pp. 19-40.

© 2023,IRJET | ImpactFactor value: 8.226

ISO 9001:2008 Certified Journal | Page 158



’,/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 10 Issue: 07 | July 2023

www.irjet.net

p-ISSN: 2395-0072

[15] H. Akagi, Y. Kanazawa, and A. Nabae, “Instantaneous
reactive power compensators comprising switching
devices without energy storage components,” IEEE Trans.
Ind. App., vol. 20, no. 3, pp. 625-630, Jun. 1984.

[16] Y. Komatsu and T. Kawabata, “A control method of
active power filter in unsymmetrical and distorted voltage
system,” in Proc. Power Convers. Conf, Nagaoka, Aug.
1997, pp. 161- 168.

[17] P. C. Tan, Z. Salam, and A. Jusoh, “A single phase active
hybrid power filter using extension p-q theorem for
photovoltaic application,” in Proc. Int. Conf. Power
Electron. Drives Syst., 2005, pp. 1250-1255.

[18] S. Ko, S. R. Lee, H. Dehbonei, and C. V. Nayar,
“Application of voltage- and current-controlled voltage
source inverters for distributed generation systems,” IEEE
Trans. Energy Conv., vol. 21, no. 3, pp. 782-792, Sep. 2006.

[19] M. Rekik, A. Abdelkefi, and L. Krichen, “A micro-grid
ensuring multi-objective control strategy of a power
electrical system for quality improvement,” Energy, vol.
88, pp. 351-363, Aug. 2015.

[20] J. Dannehl, F. W. Fuchs, and P. B. Thggersen, “PI state
space current control of grid-connected PWM converters
with LCL filters,” IEEE Trans. Power Electron., vol. 25, no.
9, pp. 2320- 2330, Sep. 2010.

[21] T. Kato, K. Inoue, and M. Ueda, “Lyapunov-based
digital control of a grid-connected inverter with an LCL
filter,” IEEE ]J. Emerg. Sel. Top. Power Electron., vol. 2, no.
4, pp. 942-948, Dec. 2014.

[22] M. P. Kazmierkowski, M. Jasinski, and G. Wrona, “DSP-
based control of grid-connected power converters
operating under grid distortions,” IEEE Trans. Ind. Inf,, vol.
7,no. 2, pp. 204- 211, May 2011.

[23] M. I. M. Montero, E. R. Cadaval, and F. B. Gonzalez,
“Comparison of control strategies for shunt active power
filters in three-phase four-wire systems,” IEEE Trans.
Power Electron., vol. 22, no. 1, pp. 229-236, Jan. 2007.

[24] S. Ahamd, F. M. Albatsh, S. Mekhilef, and H. Mokhlis,
“Fuzzy based controller for Unified Power Flow Controller
to enhance power transfer capability,” Energy Convers.
Manage., vol. 79, pp. 652-665, Mar. 2014.

[25] S. Mikkili and A. K. Panda, “Real time implementation
of PI and fuzzy logic controllers based shunt active filter
control strategies for power quality improvement,” Electr.
Power Energy Syst.,, vol. 43, pp. 1114-1126, Dec. 2012.

[26] R. Melicio, V. M. F. Mendes, and ]. P. S. Catalao,
“Comparative study of power converter topologies and

control strategies for the harmonic performance of
variable-speed wind turbine generator systems,” Energy,
vol. 36, pp. 520-529, Jan. 2011.

[27] 1. Colak, E. Kabalci, and R. Bayindir, “Review of
multilevel voltage source inverter topologies and its
control schemes,” Energy Convers. Manage., vol. 52, pp.
1114-1128, Oct. 2011.

[28] S. Dasgupta, S. N. Mohan, S. K. Sahoo, and S. K. Panda,
“Lyapunov function-based current controller to control
active and reactive power flow from a renewable energy
source to a generalized three-phase microgrid system,”
IEEE Trans Ind. Electron., vol. 60, no. 2, pp. 799-813, Sep.
2013.

[29] J. Rodriguez et al., “Predictive current control of a
voltage source inverter,” IEEE Trans. Ind. Electron., vol. 54,
no. 1, pp. 495-503, Feb. 2007.

[30] H. A. Azevedo, ]J. M. Ferreira, A. P. Martins, and A. S.
Carvalho, “An active power filter with direct current
control for power quality conditioning,” Electr. Power
Compon. Syst, vol. 36, pp. 587-601, May 2008.

[31] L. Saribulut, A. Teke, and Y. Tumay, “Dynamic control
of unified power flow controller under unbalanced
network conditions,” Simul. Modell., Practice Theory, vol.
19, pp. 817-836, Feb. 2011.

[32] T. Hornik and Q. Zhong, “A current-control strategy
for voltage-source inverters in microgrids based on hand
repetitive control,” IEEE Trans. Power Electron., vol. 26,
pp. 943- 952, May 2011.

[33] K. Ogata, Modern Control Engineering, 5th ed.
Englewood Cliffs, NJ, USA: Prentice-Hall, 2010.

[34] B. Kedjar and K. Al-Haddad, “LQ Control of a three
phase four wire shunt active power filter based on three-
level NPC inverter,” in Proc. Can. Conf. Electrical Comput.
Eng., May 2008, pp. 1297-1302.

[35] A. Galecki, A. Kaszweski, L. M. Grzesiak, and B.
Ufnalski, “State-space current controller for the four-leg
two-level gridconnected converter,” Przegl
Elektrotechniczny, vol. 90, no. 11, pp. 63-66, Nov. 2014.

[36] B. M. Wilamowski and ]J. D. Irwin, Control and
Mechatronics, 2nd ed. Boca Raton, FL, USA: CRC Press,
2011.

[37] S.Y. Lin and J. F. Chen, Distributed optimal power flow
for smart grid transmission system with renewable energy
sources. Energy, 2013, 56, pp. 184 - 192.

© 2023,IRJET | ImpactFactor value: 8.226

ISO 9001:2008 Certified Journal | Page 159



’,/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 10 Issue: 07 | July 2023

www.irjet.net

p-ISSN: 2395-0072

[38] Emiliano Dall’Anese, Member, IEEE, Hao Zhu
“Distributed Optimal Power Flow For Smart Grids, IEEE
Transactions On Smart Grid

[39] Fontenot, H.; Dong, B. Modeling and control of
building-integrated microgrids for optimal energy
management—A review. Appl. Energy 2019, 254, 113689.

[40] Villalén, A.; Rivera, M.; Salgueiro, Y.; Muifioz, ],
Dragicevi¢, T., Blaabjerg, F. Predictive control for
microgrid applications: A review study. Energies 2020, 13,
2454,

[41] Hu, ]J.; Shan, Y.; Guerrero, ].M.; loinovici, A.; Chan,
K.W.; Rodriguez, ]. Model predictive control of microgrids-
An overview. Renew. Sustain. Energy Rev. 2021, 136,
110422.

[42] Jayachandran, M.; Ravi, G. Decentralized model
predictive hierarchical control strategy for islanded AC
microgrids. Electr. Power Syst. Res. 2019, 170, 92-100.

[43] Tedesco, F.; Mariam, L.; Basu, M.; Casavola, A.; Conlon,
M.F. Economic model predictive control-based strategies
for cost-effective supervision of community microgrids
considering battery lifetime. IEEE J. Emerg. Sel. Top. Power
Electron. 2015, 3, 1067-1077.

[44] Drgona, ].; Arroyo, J.; Figueroa, I.C.; Blum, D.; Arendt,
K.; Kim, D.; Helsen, L. All you need to know about model
predictive control for buildings. Annu. Rev. Control. 2020,
50, 190-232.

[45] tawrynczuk, M. Computationally Efficient Model
Predictive Control Algorithms; Springer: Berlin, Germany,
2014.

[46] Lv, ].; Wang, X.,; Wang, G.; Song, Y. Research on control
strategy of isolated DC microgrid based on SOC of energy
storage system. Electronics 2021, 10, 834.

[47] Clarke, D.W.; Mohtadi, C. Properties of generalized
predictive control. Automatica 1989, 25, 859-875.

[48] Jaesung Jung, Michael Villaran,Optimal planning and
design of hybrid renewable energy systems for
microgrids,Renewable and Sustainable Energy
Reviews,Volume 75,2017,Pages 180-191,ISSN 1364-0321

[49] Camacho, E.F.; Alba, C.B. Model Predictive Control;
Springer Science & Business Media: London, UK, 2013.

[50] R. Vinifa, A. Kavitha, Control of Voltage Source
Inverter using Linear Quadratic Regulator for the three
phase Grid integrated Renewable Energy System,”Journal
of Electrical Engineering”

[51] Liberzon, D.(2012) Calculus of Variations and
optimal Control Theory: A Concise Introduction. United
Kingdom: Princeton University Press.

[52] L. Liu, R. Liu, Q. Cao and Q. Chen, "Design of a three-
phase grid tied inverter,” 2016 Chinese Control and
Decision Conference (CCDC), Yinchuan, China, 2016, pp.
1246-1250, doi: 10.1109/CCDC.2016.7531175.

BIOGRAPHIES

Er. Mohamed Jaffer?!

Er. Mohamed Jaffer received his bachelor's degree in
Electrical Engineering from Anna University, India in
2007. Currently, he is doing his Master of Science in
Electrical Engineering at RIT University, Dubai. He has
over 14 years of experience in the operation, maintenance,
and testing & commissioning of Power Transmission and
Distribution substations. His education and research
interests are in power transmission and network analysis,
substation automation, smart energy and grids, and 5G
technologies.

Dr. Abdalla Ismail?

Dr. Abdalla received his Ph.D. in Electrical Engineering
from the University of Arizona, USA. He has over 35 years
of experience in higher education, teaching, research, and
management. He was the Associate Dean of the Faculty of
Engineering and a member of the president’s technical
office at UAE University. His education and research
interests are in intelligent control systems, smart energy
and grids, and renewable energy. He published over one
hundred and ten technical papers and two co-authored
books. He has participated in several higher education
quality assurance and accreditation programs boards and
committees in the UAE and other GCC countries. He
received several prizes and awards including the Emirates
Energy Award, IEEE Millennium award, and Fulbright
scholarship.

© 2023,IRJET | ImpactFactor value: 8.226

ISO 9001:2008 Certified Journal | Page 160



