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Voltage Profile Improvement Using Static
Synchronous Compensator STATCOM

Mohammed Y. Suliman

Abstract— Static synchronous compensator (STATCOM) is a
regulating device used in AC transmission systems as a source or
a sink of reactive power. The most common use of the
STATCOM is in improving the voltage stability of the
transmission system. A voltage regulator is a custom power
device used to correct the voltage disturbance by injecting
controllable voltage as well power into the system. This paper
implement Nruro-Fuzzy controller to control the STATCOM to
improve the voltage profile of the power system The strategy of
STATCOM controller is to keep the voltage in the nominal
range. The controller has been simulated after some kinds of
disturbances and the results show improvements in voltage
profile of the system.

Index Terms- FACTS, STATCOM,VSI, d-q theory, park
transformation, FLC, Sinusoidal Pulse Width Modulation
(SPWM).

. INTRODUCTION

Power quality is set of electrical boundaries that allow
the piece of equipment to function in its intended manner
without significant loss of performance or life expectancy.
The electrical device like electric motor, a transformer, a
generator, a computer, a printer, communication equipment,
or a house hold appliance. All of these devices and others
react adversely to power quality issues, depending on the
severity of problems. Reactive power cannot be transmitted
across large power angle even with substantial voltage
magnitude gradient [1]. Voltage instability may result in the
partial or complete interruption in the power system.
STATCOM is a voltage-source inverter (VSI) based shunt
device generally used in transmission and distribution system
to improve power quality. The main advantage of STATCOM
is that, it has a very sophisticated power electronics based
control which can efficiently regulate the current injection
into the distribution bus [2]. The second advantage is that, it
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has multifarious applications, e.g. i. cancelling the effect of
poor load power factor, ii. Suppressing the effect of harmonic

content in load currents, iii. Regulating the voltage of
distribution bus against sag/swell etc., compensating the
reactive power requirement of the load and so on [3].

STATCOM with an energy source on the DC side, it is
advisable to control both the magnitude and phase angle of the
injected voltage by the VSC in order to control the active
power and reactive power output. A shunt compensator
enables to mitigate voltage fluctuations at the point of
common coupling (PCC) [4].

Il. COMPENSATION AND VOLTAGE REGULATION

The principle and theoretical effects of shunt reactive
power compensation in AC system for voltage regulation are
shown in figure 1. This includes a source (V1), a power line
and a typical inductive load. Figure la, shows the system
without compensation and it is related to the phasor diagram.
In the phasor diagram, the phase angle of the current has been
related to the load side, this means that the active current (lp)
is in phase with the load voltage (V»). Since the load assumed
inductive requires reactive power for suitable operation and
hence, the source must supply it; thus increasing the current
from the generator and through power lines. If reactive power
is supplied near the load, the line current can reduce power
losses and improve voltage regulation at the load terminals

[5].

This can be done in three ways: 1) with a capacitor [6]; 2)
with a voltage source inverter [7]; or 3) with a current source
inverter [8]. In figurelb, a current-source device is used to
compensate the reactive component of the load current by
inject/absorb current (Ic) to/from system. As a result, the
system voltage regulation is improved and the reactive current
component from the source is reduced or almost eliminated. If
the load needs leading compensation, then an inductor would
be required. In addition, a current source or a voltage source
can be used for inductive shunt compensation.
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The STATCOM is providing voltage support under large
system disturbances during which the voltage excursions
would be well outside of the linear operating range of the
compensator. The main advantage of using voltage or
current-source VAr generators (instead of inductors or
capacitors) is that the reactive power generated is independent
of the voltage at the point of connection as shown in figure 2

[9].
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Fig.1 Principles of Shunt Compensation
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FIG. 2 Q-V CHARACTERISTICS OF STATCOM

The STATCOM connected between the source and load
as shown in Fig. 3.
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Fig..3 Fundamental connection of STATCOM

I11. MEASURING LINE VOLTAGE AND REACTIVE POWER

For measuring active and reactive power, d-q theory was
used. This theory is based on time-Domain, and it is valid for
operation in steady-state or transient state, as well as for
generic voltage and current power system waveforms,
allowing to control the active power filters in real-time.
Another important characteristic of this theory is the
simplicity of the calculations, which involves algebraic
calculation exception to the need of separating the mean and
alternated values of the calculated power component [10].
The d-q theory performs a transformation known as “park
transformation” of a stationary reference system of
coordinates a-b-c to d-q rotating coordinates[11].The
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transform applied to time-domain voltages in the natural
frame (i.e. v, vy and v,) is as follows:

2
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Where @ is the angle between the rotating and fixed
coordinate system at each time and 6 the phase shift of the
voltage. Then the active and reactive power compensated
calculated by:

p=Valg + V1, 4)

g = Val, — V14 (5)

The measured voltage is:

—_—
I =“\|I|1)dz-|-v|?z EGj

IV. CONTROL SCHEME OF STATCOM

The block diagram of STATCOM control system is
shown in Figure 4. The three phase line voltages are sensed
then filtered to eliminate high frequency noise and the
quadrature voltage components (vg and v,) are calculated by
park transformations.

The measured voltage is calculated and works as a
feedback for the closed loop control system. The measured
voltage is compared with the reference voltage of the busbar (
set point ) v, to generate error signals Ve This error signal
is processed in the controller where:
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Fig. 4 Block diagram for STATCOM control system

V. Fuzzuy CONTROL SYSTEM

Fuzzy systems are suitable for uncertain or approximate
reasoning, especially for the system with mathematical model
that is difficult to derive. Fuzzy logic controllers play an
important role in many practical applications. There are many
fuzzy inference mechanisms in fuzzy logic control system
from which Takagi-Sugeno is chosen in this study. The
Artificial Neural Network (ANN) will be used in this study to
tune the membership functions of the TS fuzz-like-Pl
controller. The TS fuzzy controller have a highly non-linear
variable gain controller. it produces wide variations of the
controller gain. Arbitrary selection of these parameters may
lead to an adequate system response or instability [12].

First the controller build using mamdani-type then transfer
it to TS fuzzy type to get a better system response by using
Neuro-Fuzzy system to adapt the fuzzy system parameters
and rules by employing ANN learning algorithm. Since it
combines the fuzzy qualitative approach with the adaptive
learning capabilities of the neural network, such a system can
be trained without a great amount of expert knowledge
usually required for the standard fuzzy logic [13]. As a result,
the rule-base can be reduced.

The parameters of the input and output membership
functions are to be determined during the training stage. The
designed Fuzzy system consists of five layers, each layer has
either fixed nodes (that have no parameters to be tuned) that
have parameters to be tuned during training. The output of the
five layers which emulate the fuzzy system design steps is
given as follows, referring to [14] for more details. The
objective of the learning algorithm is to adjust the parameters
of the input and output membership functions so that the
ANFIS output best matching the training data. A hybrid
learning strategy (Gradient Descent-GD and Lease Squares
Estimate-LSE) is applied to identify the network parameters.
The GD method updates the antecedent membership function
parameters. In this work The input universe of discourse is
split into 5 gaussian membership function with 50%
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overlapping, therefore, for two inputs (error and Aerror),
25-control rule consequent linear functions need to be Voltage improvement using STATCOM
determined as shown in Figure 5. To tune the TS rules using o .
ANFIS, two sets of data are to be generated. The input data is T HE

a vector of the Ve and AV, the output m the modulation L
index. Figure6 shows the validation test of Fuzzy logic
system. This procedure is performed using the GUI of ANFIS
file included in the MATLAB/FUZZY Logic Toolbox.

Fig. 5 Fuzzy logic validation test and surface

VI. SIMULATION STUDY

Fig. 7 The 3-ph phase voltage waveforms output of the inverter

The model system consists of feeder with two branches
changeable load. the STATCOM system installed in busbar 2
(BB2) to compensate the voltage in BB2. the test start by st —
change the load and measure the load voltage at BB2 without © mwm:::w :‘f;i:;:“mmm B e ;
compensation as shown in figure 10. From the result it can be I | o
notice that the drop voltage increased proportionally with '°° HH H ‘ ‘ _ H (T
increasing the load, the maximum drop was 0.94 pu between 4 |H‘ H “ ‘ m H h ‘ ‘I F’H i -

4

0.6 and 0.8 sec. Figure 11 shows the action of STATCOM to : o —
compensate the load voltage where the voltage at BB2 was [-FFTana moser st
restored and mitigate the drop voltage from 0.94 to 0.985 pu, ) ) O O
this compensation done by inject compensated voltage e -

FFT settings

Vsratcom With respect to the phase voltage as shown in Figure
12. Figure 13 shows the p-v curve, it can notice that the
voltage with STATCOM more stable and enhanced the
stability margin.
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To investigate the performance of the proposed intelligent
controller under the step change of the load condition, a PI
controller is used for the sake of comparison. Figure 14 shows
the results of the system response to step change in rms of the
line voltage. From the results it is clear that the Fuzzy
controller has a smoother in response and reaches the steady
state faster than the conventional Pl controller.

Fig. 8 Fourier analysis of the output inverter
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Fig. 9 Fourier analysis of the line current after STATCOM voltage injected

BB2 |

Fig. 10 The BB2 voltage without compensation

Fig. 11 The BB2 voltage with compensation
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Fig. 12 The injected compensated voltage Vstarcom versus phase voltage
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Fig. 13 P-V curve of the system

VIl. CONCLUSION

In this paper a three phase PWM STATCOM with its
controller has been inserted in the feeder system and some
disturbances has been studied via modeling and simulation.
The simulation results have shown that the STATCOM with
the proposed controller can improve the voltage profile of the
power system during the disturbances. A STATCOM model
has been developed with all the necessary components and
controllers in order to demonstrate its effectiveness in
maintaining a fast voltage regulation at load bus bar. The
simulation results were compared with and without
compensation. The results have proved the ability of the
STATCOM to restore the load voltage for increased the load
with satisfactory performance. The performance of
STATCOM with its controller was very close (within 98%) of
the nominal value of the busbar voltage. In these tests the
conventional Pl controller has been used for the seek of
comparison. Also controller algorithm is used to control the
STATCOM for voltage profile improvement. The tuning
algorithm is performed off-line employing the concept of
Neuro-Fuzzy System. The rules defined by training the
change of error for voltage to initiate the tuning process. The
small computation time of the controller has the potential of
implementation in real time. The simulation results show that
the proposed controller can provide an adequate performance
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for the STATCOM operation. Fuzzy controller algorithm is
used to control the STATCOM for voltage profile
improvement. the results show that the used controller
smoother and fast response compared with the conventional
PI1 controller.

Fuzzv Controller

A/PI Controller

/

Fig. 14 The line voltage versus injected compensated voltage

REFERENCES

[1]E. Acha, C. Fuerte, H. Ambriz and C. Angeles-Camacho, "FACTS
Modeling and Simulation in Power Networks", John Wiley & Sons Ltd,
pp. 21-23, 2004.

[2]R. Mathur and R. Varma, "Thyristor-based FACTS Controllers for
Electrical ~Transmission Systems”, Wiley-IEEE Press Power
engineering, Piscataway, NJ, Mar, pp 34-36, 2002

[3]Hingorani and L. Gyugyi, "Understanding FACTS, Concepts and
technology of flexible AC transmission systems", IEEE Press, pp.
172-174, 2000

[4]Bo Yang, Guang Zeng,Yanru Zhong and Zhonglai Su, "Cascade
STATCOM step wave optimization based on PSO", IEEE International
Power Electronics and Application Conference and Exposition,
shanghai, china, pp1445-1450, 2014.

[5]Hailian Xie, Angquist Lennart, and Hans Peter Nee, "Investigation of
StatComs With Capacitive Energy Storage for Reduction of Voltage
Phase Jumps in Weak Networks,”, IEEE TRANSACTIONS ON
POWER SYSTEMS, Vol. 24, No. 1, FEB. 2009.

[6]R. Vanitilaand M. Sudhakaran, "Differential Evolution algorithm based
Weighted  Additive FGA  approach  for  optimal  power
flow using muti-type FACTS devices"”, Emerging Trends in Electrical
Engineering and Energy Management  Conference(ICETEEEM),
Chennai, pp. 198-204, 2012.

[7]Liu  Qing and Wang Zengzing, "Coordinated design of
multiple FACTS controllers based on fuzzy immune
co-evolutionary Algorithm”, IEEE Power & Energy Society General
Meeting ,Calgary, AB, pp. 1-6, 2009.

[8]S. Panda, and N. P. Padh,. “Comparison of particle swarm optimization
and genetic algorithm for FACTS-based controller design”, Appl. Soft
Compute., vol.8, no.4, pp. 1418-1427, 2008.

[9]Anulal A, M, Archana  Mohan  and Lathika B. S,
"Reactive power compensation of wind-diesel hybrid ystem using
STATCOM with Fuzzy tuned and ANFIS tuned PID controllers",
International Conference on Control Communication & Computing
India (ICCC), IEEE Conference,19-21 Nov,2015, pp. 325-330, 2015.

DOI: https://doi.org/10.33193/JICIS.1.2.2023.11

Volume 1, Issue 2, September 2023

[10]Ghias Farivar, Branislav Hredzak and Vassilios G. Agelidis,"Decoupled
Control System for Cascaded H-Bridge Multilevel Converter
Based STATCOM", IEEE Transactions on Industrial
Electronics, Volume: 63, Issuel, pp. 322-331, 2016.

[11]V. Ponananthi and B. Rajesh Kumar, "Three-phase statcom controller
using D-Q frame theory for a three-phase SEIG feeding single phase
loads"”, Electronics and Communication Systems (ICECS), 2nd
International Conference IEEE Conference, Coimbatore, India,
2015,26-27 Feb., pp.926-931, 2015.

[12]Ghassan A. Abed, Mahamod Ismail and Jumari Kasmiran, (2012).
Exploration and evaluation of traditional TCP congestion control
techniques. Journal of King Saud University - Computer and
Information Sciences, 24(2), 145-155.

[13]Ghassan A. Abed, Mahamod Ismail and Jumari Kasmiran, "A Survey on
Performance of Congestion Control Mechanisms for Standard TCP
Versions", Australian Journal of Basic and Applied Sciences, vol. 5, no.
12, 2011.

[14]Ghassan A. Abed, Mahamod Ismail and Jumari Kasmiran, "The
Evolution To 4g Cellular Systems: Architecture And Key Features Of
LTE-Advanced Networks", spectrum, 2012.

[15]Ghassan A. Abed, Mahamod Ismail and Jumari Kasmiran, "Modeling
and Performance Evaluation of LTE Networks with Different TCP
Variants", International Scholarly and Scientific Research & Innovation
5(3), pp 443-448. (2011).

[16]Ghassan A. Abed, Mahamod Ismail and Jumari Kasmiran, "Behaviour
of cwnd for Different TCP source Variants over Parameters of (LTE)
Networks, " Information Technology Journal, ISSN: 1812-5638,
Science Alert, 2011.

[17]Ghassan A. Abed, Mahamod Ismail and Jumari Kasmiran, "A
comparison and analysis of congestion window for HS-TCP Full-TCP
and TCP-Linux in long term evolution system model”, 2011 |EEE
Conference on Open Systems, pp. 358-362, 2011.

[18]Ghassan A. Abed, Mahamod Ismail, S. I. Badrawi and B. M. Sabbar,
"An Empirical Model of Correlated Traffics in LTE-Advanced System
through an Innovative Simulation Tool", International Journal of
Electrical Robotics Electronics and Communications Engineering,
2013.

[19]Ghassan A. Abed, Mahamod Ismail and Jumari Kasmiran, “Traffic
Modeling of LTE Mobile Broadband Network Based on NS-2
Simulator,” Computational Intelligence, Communication Systems and
Networks (CICSyN), 2011 Third International Conference on,2011, pp.
120-125.

[20]Ghassan A. Abed, Mahamod Ismail and Jumari Kasmiran,
Characterization and observation of (transmission control protocol)
TCP-vegas performance with different parameters over (long term
evolution) LTE networks. Sci. Res. Essays 6, 2003-2010 (2011).

[21]1Ghassan A. Abed, Mahamod Ismail and Jumari Kasmiran,
“Distinguishing employment of stream control transmission protocol
over LTE-Advanced networks,” Research Journal of Information
Technology, vol. 3, no. 4, pp. 207-214, 2011.

[22]Ghassan A. Abed, Mahamod Ismail and Jumari Kasmiran,
"Architecture And Functional Structure Of Transmission Control
Protocol Over Various Networks Applications,” Journal Of Theoretical
And Applied Information Technology, Vol. 34, 2011.

[23]Ghassan A. Abed, Mahamod Ismail and Jumari Kasmiran,
"Improvement of TCP Congestion Window over LTE-Advanced
Networks", International Journal of Advanced Research in Computer

41

All Rights Reserved © 2023 JICIS


http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Bo%20Yang.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Guang%20Zeng.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Yanru%20Zhong.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Zhonglai%20Su.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.R.%20Vanitila.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.M.%20Sudhakaran.QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=6494459&newsearch=true&queryText=FACTS%20using%20differential%20evolution%20
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=6494459&newsearch=true&queryText=FACTS%20using%20differential%20evolution%20
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=6494459&newsearch=true&queryText=FACTS%20using%20differential%20evolution%20
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6480927
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6480927
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=6480927
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Liu%20Qing.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Wang%20Zengzing.QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=5275629&newsearch=true&queryText=FACTS%20USING%20multi-objective%20evolutionary%20algorithm%20
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=5275629&newsearch=true&queryText=FACTS%20USING%20multi-objective%20evolutionary%20algorithm%20
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=5275629&newsearch=true&queryText=FACTS%20USING%20multi-objective%20evolutionary%20algorithm%20
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=5230481
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=5230481
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Anulal%20A.%20M.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Archana%20Mohan.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Lathika%20B.%20S.QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=7432914&newsearch=true&queryText=reactive%20power%20using%20statcom
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=7432914&newsearch=true&queryText=reactive%20power%20using%20statcom
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=7428759
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=7428759
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Ghias%20Farivar.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Branislav%20Hredzak.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.Vassilios%20G.%20Agelidis.QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=7219428&queryText=STATCOM&sortType=desc_p_Publication_Year
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=7219428&queryText=STATCOM&sortType=desc_p_Publication_Year
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=7219428&queryText=STATCOM&sortType=desc_p_Publication_Year
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=41
http://ieeexplore.ieee.org/xpl/RecentIssue.jsp?punumber=41
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.V.%20Ponananthi.QT.&newsearch=true
http://ieeexplore.ieee.org/search/searchresult.jsp?searchWithin=%22Authors%22:.QT.B.%20Rajesh%20Kumar.QT.&newsearch=true
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=7125050&queryText=d-q%20theory&newsearch=true
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=7125050&queryText=d-q%20theory&newsearch=true
http://ieeexplore.ieee.org/xpl/articleDetails.jsp?arnumber=7125050&queryText=d-q%20theory&newsearch=true
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=7112413
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=7112413

Journal of Information, Communication, and Intelligence Systems (JICIS)

JICIS

and Communication Engineering, vol. 1, no. 4, pp. 185-192, June,
2012.

[24]Ghassan A. Abed, Mahamod Ismail and Jumari Kasmiran, "Appraisal of
Long Term Evolution System with Diversified TCP's," in 5th Asia
Modelling Symposium (AMS), may 2011, pp. 236-239.

[25]Ghassan A. Abed, Mahamod Ismail and Kasmiran Jumari, A Realistic
Model and Simulation Parameters of LTE-Advanced Networks,
Selangor, pp. 2278-1021, 2012.

[26]Ghassan A. Abed, Mahamod Ismail and Jumari Kasmiran, Influence of
Parameters Variation of TCP-Vegas in Performance of Congestion
window over Large Bandwidth-Delay Networks, 2011 17th
Asia-Pacific Conference on Communicaions, 434-438, 2011.

[27]Ghassan A. Abed, Mahamod Ismail and Jumari Kasmiran,
"Comparative Performance Investigation of TCP and SCTP Protocols
over LTE/LTE-Advanced Systems", International Journal of Advanced
Research in Computer and Communication Engineering, vol. 1, no. 6,
pp. 466-471, 2012.

[28]Ghassan A. Abed, Mahamod Ismail and Jumari Kasmiran, Integrated
approaches to enhance TCP performance over 4G wireless network. In:
IEEE Symposium on Computers and Information, Penang, pp. 154-158
(2012).

[29]Ghassan A. Abed, Queue size comparison for standard transmission
control protocol variants over high-speed traffics in long term evolution
advanced (LTE-A) network. Sci. Res. Essays — Acad. J. 9(23), 984-987
(2014).

[30]Ghassan A. Abed, Mahamod Ismail and Jumari Kasmiran,
"Experimented goodput measurement of standard TCP versions over
large-bandwidth low-latency bottleneck", J. Comput., vol. 4, no. 5, pp.
212-216, 2012.

[31]Ghassan A. Abed, Mahamod Ismail and Jumari Kasmiran, "Links
Interfacing Demonstration of LTE-Advanced Networks Using NS-2
Modeller”, Third International Conference on Intelligent Systems
Modelling and Simulation (ISMS), February 2012.

[32]Alrashdan, M., M. Ismail, K. Jumari, Ghassan A. Abed and S. Hassan,
2011. Performance comparison analysis of SSHMIPv6 and HMIPv6 lost
packets using network simulator NS-2. Inform. Technol. J., 10:
1989-1993.

[33]Ghassan A. Abed and B. M. Sabbar, Significant role analysis of
transmission control protocols in 4G cellular systems, International
Journal of Computer and Information Engineering., Vol. 8, No. 5, pp.
920-923, 2014.

[34]Ghassan A. Abed and L. Mustafa, Configuration and demonstration of
relay-enhanced technique in LTE-Advanced systems, ICSES Journal on
Computer Networks and Communications., Vol. 1, No. 1, pp. 10-13,
2015.

[35]Ghassan A. Abed and Samir 1. Badrawi, ‘Augmentation Opportunity of
Transmission Control Protocol Performance in Wireless Networks and
Cellular Systems,” International Journal of Computer, Electrical,
Automation, Control and Information Engineering vol.8, no.5,
pp.915-919, 2014.

[36]Ghassan A. Abed. "A New Approach to Improve Transmitting and
Receiving Timing in Orthogonal Frequency Division Multiplexing
(OFDM) Systems." Iragi Journal For Computer Science and
Mathematics 4.2 (2023): 83-96.

[37]Ghassan A. Abed. "Assessment of Queuing in Typical TCP in 3GPP
LTE/LTE-A Networks.

DOI: https://doi.org/10.33193/JICIS.1.2.2023.11

Volume 1, Issue 2, September 2023

[38]Ghassan A. Abed, and Sawsan N. Abdullah. "Estimation of Available
Bandwidth for High Capacity Links Over Industrial Applications."
[39]Ghassan A. Abed, Akbal O. Salman, and Bayan M. Sabbar. "Frequent
and Systematic Timing Enhancement of Congestion Window in Typical
Transmission Control Protocol." International Journal of Computer and

Information Engineering 8, no. 2 (2014): 367-370.

[40]Mohammed Y. Suliman and Sameer Sadoon Al-Juboori, "Design of
Fast Real Time Controller for the Dynamic Voltage Restorer Based on
Instantaneous Power Theory", International Journal of Energy and
Power Engineering,Vol 5, Issue 2-1, pp. 1-6, 2016.

[41]Farrag M. E. A, G. A. Putrus, ”Design of adaptive Neuro-Fuzzy
inference controller for a transmission system incorporating UPFC”,
IEEE, Transaction on Power Delivery, Vol. 27, Issues: 1, pp. 53-61,
2012.

[42]Farrag M. E. A, Putrus G. A. and Ran L, “Artificial Neural Network
Based Adaptive Takagi-Sugeno Fuzzy Like Pl Controller For Optimal
UPFC Performance” IEEE 7th International Conference on Intelligent
Engineering Systems, Assiut, Egypt, pp. 312-316, 2003.

42

All Rights Reserved © 2023 JICIS



