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Optimal Location Settings for UPFC Using Ant
Colony Optimization for Improving Power
System Security Under Single Contingencies
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Abstract: Devices referred to as FACTS are utilized extensively in the process of making power system more
secure. The UPFC, which contains both shunt and series correction, is one of the FACTS devices that is considered
to be among the most successful. The placement of the FACTS device and the values that are selected for its
parameters both have a role in determining how successful the device is in reducing security risks. In this study,
the ACO approach is presented as a means of optimally positioning UPFC in order to improve the consistency of
the power system in the occurrence of single contingencies, also known as an N-1 contingency. In order to
guarantee the integrity of the system, the simulation is run on test systems based on the IEEE 6 bus and the IEEE
14 bus, taking into account line overloads and voltage destructions on the bus. This strategy has a two-pronged
approach. In the beginning, a N-1 contingency test is carried out based on the severity ranking, and after that, an
ACO algorithm is used to install UPFC in the ideal location in order to reduce the severity. In order to further
verify the suggested method, the results are matched with the traditional NLP-IP method. This comparison
reveals that the new strategy is better in terms of assuring the safety of power systems.

Keywords: Unified power flow controller, Ant colony optimization, Contingency analysis, Power flow analysis,
Non linear load

1. Introduction This element has a considerable influence on the
overall security of the power network [1-3]. As a result

As a result of the drawbacks associated with the  of the problems that they pose with power quality,
use of fossil fuels, there has been an increase in the  grid integration and islanding provide the reviewers
need for energy supplies that come from renewable  with a challenging challenge. In addition, it is not

sources. possible to achieve these standards using conventional

methods since it would be too expensive [4-6]. Because
Article History of this, engineers who work on power systems are
Received: 06-06-2023; Revised: 25-08-2023; always working to strengthen system security

Accepted: 28-08-2023 restrictions using contemporary methods [7]. Some

examples of these constraints are the heat limitations

*, 3 . 3
Corresponding author: Department of Data Science, of transmission network and the bus voltage

University of Memphis, 3570, mynders avenue

] ] variations that apply when N-1 incidents are present.
Memphis Tennessee, United States

Utilizing the various FACTS devices is one approach
E-Mail: jraavi@memphis.edu that may be used to resolve the issue described above.

These devices not only increase the safety of the
! Department of Computer Science, University of  system, but they also have various uses in the power
Memphis, 3570, mynders avenue Memphis Tennessee,  grid. Few of these applications include the reduction
United States of oscillations, the improvement of system stability,

E-Mail: mmadala@memphis.edu and the reduction of transmission loss.

128



mailto:jraavi@memphis.edu
mailto:mmadala@memphis.edu
https://orcid.org/0009-0009-9310-6560
https://orcid.org/0009-0008-6071-4714

International Transactions on Electrical Engineering and Computer Science

Jaya et.al., Vol: 2, No: 3, pp: 128-138, Sep 2023

TCSC, SVC, STATCOM, and UPEC are just a few
examples of the FACTS devices that are used on a
regular basis [7]-[12]. The UPFC device is the one with
the highest potential among these FACTS apparatus
[9]. It is potential to manage voltage variations,
reactive power flow, active power flow or any
combination of these things, or to control none of them
given that no operational restrictions are exceeded,
which is the primary benefit of UPFC in comparison to
other FACTS devices [14]. This is the primary
advantage of UPFC. The efficiency of these devices is
determined not only by their placement but also by
the parameters they are set to. If these FACTS devices
are appropriately situated and calibrated, they have
the potential to redistribute the flow of power in the
line, which ultimately outcomes in an increase in
system security [15], [16].

Combinatorial analysis is used to determine
optimum values for parameters as well as appropriate
locations. In the recent past, a enormous count of
academics have put a variety of different optimization
algorithms through their paces in an effort to reduce
power system issues utilizing FACTS. Ultilizing
metaheuristic optimization algorithms such as DE [15],
[18], PSO [7], [11], GA [7],
programming [17], and ACO [20] is the strategy that is
going to prove to be the most effective when dealing
with issues of this kind. ACO has the benefit, in
compared to the other meta-heuristic algorithms, that

[19], Evolutionary

if the input varies rapidly, it can run constantly and
familiarize to the variations in actual time. This gives it
a distinct competitive edge. It has been shown that the
ACO procedure is efficient when used to a wide range
of challenging combinatorial struggles [21]. ACO is a
population dependent technique that was motivated
by the hunting behaviour of ants and their innate
talent to attain the express route from a food basis to
their nest. Ants have an innate capacity to locate the
simple way among a source of food and their shell.
This method of building is mathematically directed by
heuristic intelligence on the given problem occurrence
as well as by a collective memory that included
encounter collected by the ants in previous iterations
[22]-[24]. The basis method that underpins ACO is an
iterative technique in which residents of small agents
continuously create contestant results. It is clear from
the various types of publications that are now
accessible that very few study efforts that are cantered
on the reduction of power network security by using

UPFC with ACO procedures have been documented.
Although ACO for UPFC in improving system
security is documented in [25], the aim is only stated
with loadability constraints in mind and does not take
Therefore, the
determination of this paper is to offer an submission of

voltage violations into account.
the ACO approach that seeks to discover the optimum
position and tuning of UPFC in order to improve
network security restrictions such as the temperature
parameters of transmission system and the bus voltage
limitations under N-1 different eventualities. The
strategy that has been suggested has a dual approach.
At the outset, a severity ranking is developed after an
N-1 contingency test has been carried out. After that,
the ACS algorithm is used to position the UPFC at the
best possible location in order to reduce the severity.
The technique that has been suggested has been
evaluated using the IEEE 6 and IEEE 14 bus test
systems. In order to further confirm the findings, it is
matched with the traditional NLP-IR approach, which
is capable of managing both big issues with sparse
information and small problems with a high density of
information. At each and every iteration, the algorithm
is successful in meeting the limits. The procedure is
able to make use of specialized strategies when
dealing with issues of a significant magnitude [26].

The following parts of the paper are structured
as follows: In the second part, we will take a high-level
look at the UPFC and ACO algorithms. The framing of
the network security challenge is what Section 3 is all
about. The use of ACO for UPFC in the process of
improving the safety of the power system is described
in Section 4. The fifth section contains both the results
and the debates. In the last portion, number 6,
conclusions are discussed.

2. Overview of the UPFC and ACO algorithm

The suggested ACO procedure is responsible for
determining the ideal position of the UPFC in the
integrated system network as well as the optimal
parameter settings for it. This is done with the
intention of mitigating overloaded lines as well as bus
voltage caused by N-1 different
contingencies. As a result, this part of the article
discusses the power flow example of the UPFC and
provides a summary of the ACO procedure.

violations
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2.1  Power flow model of UPFC

When it comes to the control of power flow and
voltage in a transmission line, the UPFC is the FACTS
controller that offers the greatest flexibility. Both [13]
and [27] published articles that discussed its modeling
power
analogous circuit and schematic diagram of the UPFC,
which may be found in [27-33], have been reprinted
here for your convenience in Fig. 1 and Fig. 2,
respectively. As can be seen in Fig. 1, it is made up of

and integration for flow research. The

two VSC, one of which is associated in a shunt, while
the another one is attached in a series. Both of these
converters share a single capacitor.
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Fig. 2: UPFC equivalent circuit model

The voltage sources are

Eyr = WR (COs 6yR + jsin 5\,R)}

Ecr =VcR (COSOcR + JSiNScR) )

The manner in which the regulation of power
flow is carried out is decided upon by the value of .
If there is a need to control the terminal voltage, then
Ok should be in phase with the nodal voltage angle
that is measured as Ok If there is a 90-degree phase
angle variance among ok and 0Ok, then this variable acts

as a phase shifter and regulates active power. It
functions as a variable series compensator if, and only
if, 6k makes an angle of 90 degrees with the angle of
line current. On the other hand, the quantity of power
flow that may be regulated is determined by the size
of Ver.

2.2 Overview of ACO algorithm

ACO [22]-[24] is a technique that takes its cues
from the natural behaviors of ant colonies, which are
communities of ants that live together. For stochastic
combinatorial optimization, this strategy is one of the
possible methods that may be used. Distributed
computing, positive feedback and the use of a
beneficial keen heuristic are the three elements that
stand out most prominently in this paradigm. The
following is an example of a simple ACO algorithm
that may be used to determine the path that will result
in the least total travel time.

Initialization

The quantity of nodes ‘nas, total number of Ants
"‘mas’, counters for time ‘tas’ and number of cycles
‘NCas’, initial pheromone value ‘7i’ at every edge ‘i-j’
and variation in pheromone ‘Ati/ is initialized. Then
compute the visibility factor ij. Later all the ants are
randomly placed at every node creating a tabu list.

Ant Cycle

Transfer every ant from the subsequent node 'i' to

node 'j' with the chances of PXSi j (t) as givenin (2)

[=ij (017 [ 017
> ke allowed k[rij (t)]a[nij (t)]ﬂ

k
Pasij (1) =

Where ‘a’ and ‘f’ are the considerations that governor
the virtual position of provisional versus testing. Keep
the point ‘j’ in tabu list and duplicate this procedure
for (nas -1) points. Duplicate the same procedure and
fulfil the tabu list for all ‘mas” ants.

Pheromone Updating

Estimate the distance of the circuit illustrated by
individual agents. Later renew the variation in
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pheromone level at each edge ‘i-j* with the tour
designated by the k anti.e ‘L< as follows

Q .., .. = .
k — if (i, | tour described by tabu
Arij - 11 @, j) y k 3)

0 otherwise

constant and hence

where * Q ' is the

Arij = Az‘ij + Arijk

For every edge compute the new pheromone level
using the formula

zjj(tas +n) = pjjtas) + Agjj 4)

where * p’ is the evaporation constantt. Therefore the

suggestion of ants is rationalized and the same
procedure is duplicated for 'NCpg' cycles Ilater

draining the tabu list. The best route at the end of
'NCpg " cycles is the shortest route.

3. Power system security with UPFC using ACO

This article addresses the issue of power
network security by focusing on the prevention of
transmission lines being overloaded as well as the
maintenance of voltage variations that are kept within
acceptable parameters under N-1 different types of
emergency scenarios. As a result, the objective
function derived from [24] is as described below.

) NL Sy Nbus 5
Min(F) =Wy > +W, > (Av;)” )
i=1

tI=1\_>tl,max
Vref ,min-vi .
——— if Vi< Vref,min
Vref , min
AV =40 if Vref,min < Vi < Vref, max

Vi —Vref ,max . ] .
— if Vref, min< Vi
Vref , max

Subject to Equality Constraints

N
b
Fei - Poi - |V|| j%s‘Yin\/j‘cos(ﬁj-(?ﬁ&j) =0 ©)

fori =1,2,3,..,Npys: 1 # slack bus

Nbus .

QGi - Qi | - Ml j§1 \YinVj\S'n(b‘.j-5i+5j) =0l 7
fori =1,23,..,Npys: i #slack bus;i # P -V bus

Eq (6) and (7) is effective for all buses
excluding for buses involving lines in which UPFC is
fitted. The similarity restraints for the line in which
UPEC is associated are given in [18]. Additionallyr, the
inequality parameters for all the power network
sections containing UPFC is given below from eq. (8) -
(14). The inequality constraints are as follows

_min max

RBi =< FRei < Fai ®)
min max
Qsi < Qai < Qg ©)
T™ <T <T™ (10)
min max
VvR < VVR < VvR (11)
min max
VcR < VcR < VCR (12)
T otart )
S Start )
Read Bus, Line data, UPFC min-max
parameters. Initialize counter C for line numbers
Trip line. Increment C (i.e) C= C+1
Formulate Y bus. Conduct load flow for N-1
Contingency analysis without UPFC
Trip line
increment C Initialize UPFC parameters. Conduct load

‘ flow for N-1 contingency analysis with
UPFC using ACO and /or NLP-IP

Save the results

I4_

Check
contingency analysis is
done for all lines i.e.,
C<=Total lines

e N
C Stop )

Fig. 3: Flow chart with ACO and UPFEC for security
improvement
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5vam < 5VR < 5vaaX (13)

Sp™ < S < SR™ (14)

4. Implementation of ACO for UPFC to enhance
Power system security

Fig. 3 presents the flow chart for the suggested
method of ACO for
parameter setup of UPFC to increase power system

optimum placement and

security. This algorithm aims to improve power
system reliability. It is clear from looking at the figure
that all of the data, including bus and line UPFC
parameters, constraints, and so on, are provided at the
beginning as input. Then, in order to minimize the
objective function (1), the basic case—that is, the
situation in which UPFC is not used —as well as the
security-enhanced case that is, the case in which UPFC
is used —are both conducted for each line outage. The
findings are then kept, and the procedure is repeated
for each transmission line.

5. Simulation results and Discussion

This section provides an overview of the findings
from the study on the Enhancement of Power System
Security using UPFC utilizing the ACO method. The
suggested methodology is evaluated using the IEEE 6
and IEEE 14 bus test systems. In order to verify the

accuracy of the findings, a comparison is made
between the results acquired via the use of the NLP-IP
approach and the current results. The data pertaining
to the IEEE 6 and IEEE 14 bus systems have been
obtained from references [28] and [29-37] respectively.
The execution of load flow algorithms in MATLAB is
facilitated by the use of MATPOWER coding [31-35].
This procedure is carried out on an INTEL Core 2 Duo
CPU T5500@ 1.66 GHz processor, running inside the
Windows XP Professional operating system. The ACO
algorithm's control parameter values include: the
number of ants, which is set to 50; the number of
cycles, which is set to 300; the pheromone update
constant, which is set to 20; the exploration constant,
which is set to 1; the global pheromone decay rate,
which is set to 0.9; the local pheromone decay rate,
which is set to 0.5; the pheromone sensitivity, which is
set to 1; and the visibility sensitivity, which is set to 5.
The simulation findings for the test systems are
categorized into two distinct categories. The first case
under consideration is the IEEE 6 bus system, whereas
the second case pertains to the IEEE 14 bus system.

5.1 Case 1: IEEE 6 bus system

There are three generators and eleven transmission
lines that make up the IEEE 6 bus system. There are
eleven different N-1 possibilities. Table 1 displays the
outcomes of the performance index and ranking based
on bus voltage violations and overloaded lines for all
N-1 possible scenarios.

Table 1: Rank for N-1 contingency analysis of Case 1

Outage Lines OLL VvV PI= Tenil
line From Bus To Bus Line No. Total Bus No. | Total OLL+VV
1 1 2 23 2 S 0 2 3
2 1 4 1,35 3 - 0 3 2
8, 1 5 1,2,6 8] - 0 3 2
4 2 3 - - ; 0 0 ]
5 2 4 2,6 2 4 1 3 2
6 2 5 3,5 2 - 0 2 3
7 2 6 3,9 2 - 0 2 3
8 3 5 3,5,6,9 4 - 0 4 1
9 3 6 3,56 8] 6 1 4 1
10 4 5 = 0 - 0 0 .
11 5 6 = 0 - 0 0 .

Legend: OLL: Over Load Line, VV: Voltage Violation, PI: Performance Index
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Table. 3: Rank for N-1 contingency analysis of Case 2.

Lines OLL \'AY% PI=
Outage line : Rank
From Bus | To Bus | Line No. Total Bus No. Total OLL+ VV

1 1 2 2,5,7 3 12 1 4 1
2 1 5 1,5 2 12 1 3 2
3 2 3 5,6,7 3 12 1 4 1
4 2 4 5 1 12 1 2 3
5 2 5 - 0 12 1 1 4
6 3 4 - 0 12 1 1 4
7 4 5 - 0 12 1 1 4
8 4 7 - 0 12 1 1 4
9 4 9 - 0 12 1 1 4
10 5 6 7 1 7,12 2 3 2
11 6 11 - 0 12 1 1 4
12 6 12 - 0 - 0 - -
13 6 13 - 0 - 0 - -
14 7 8 No feasible solution

15 7 9 - 0 7 1 1 4
16 9 10 - 0 12 1 1 4
17 9 14 - 0 12 1 1 4
18 10 11 - 0 11,12 2 2 3
19 12 13 - 0 12 1 1 4
20 13 14 - 0 12,13 2 2 3

Number of overloaded lines (OLL) and number
(VV) the
components that go into the calculation of the
performance index (PI). Outages on lines 8, 9, and 2, 3,
5 are rated first, second, and third, respectively, while
outages on lines 1, 6, and 7 are placed third. The
results of the basic case (that is, without UPFC) and
the security-enhanced scenario (that is, with UPFC)
with optimum placement and parameter settings for
crucial contingencies are summarized in Table 2. The

of wvoltage violation buses are two

base case was run without UPFC. It is clear from
looking at Table 2 that for line outage 8, without
UPFC, the lines 3,5,6 and 9 that are overloaded are
those lines. However, with UPFC, the only line that is
overloaded is line 3, but it has a lower proportion of
overflow. In a similar vein, when it comes to other line
outages, UPFC makes it such that the number of
overloaded lines and the percentage of overloading
are both lower than they would be in the absence of
UPFC. In order to demonstrate that the suggested
ACO-based security upgrade is effective, it is
evaluated using the NLP-IP approach, which is

included in Table 2 as well. When compared to the
conventional NLP-IP technique, the results achieved
by the suggested method are, in every instance,
superior to those obtained by the latter. Fig. 4 is an
example of the convergence graph for instance 1,
which uses ACO and NLP-IP. This particular instance
has line 8 as the outage.

Convergence Graph for IEEE B bus with Line 8 outage
34 T T T T T

i *  ACO
ol 4+ HLPP
o
N
anf 1
+
o B 1
=
3
g
2 26 1
g
£
ot 1
el
2t 1
*
0t MWWM
18 \ , , ‘ ,
] 50 100 150 200 250 300

Generations/ Cycles

Fig. 4: Convergence Graph for Case 1 IEEE 6 bus with
line 8 outage
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Table 2: Security enhancement analysis of Case 1.

With UPEC
Without UPFC
ACO NLP-IP
Outage UPEC UPEC
8 OLL % LL Vv i UPEC settings OLL % LL Vv i UPEC settings OLL %L Vv
Line location location

3 11257 Vvr=1.0493 Vvr=1.001 2 1153
5 10349 Ver=0.001 Ver=0.001 3 1271

g - Line 10 3 10047 - Line 5 -
6 11083 el 1296
E 10645
3 10659 Vwr=1.0341 Vvr=1.039 2 105.7

g 5 100.74 Buss Line 10 Ver=0.1254 7 11768 Bus & Line 6 Ver=0.001 1334 Busé
6 10111
1 16353 Vvr=1.0543 1 158.39 Vvr=1.054 1 1653

2 3 13872 = Line 9 Ver=0.1254 3 13515 = Line 7 Ver=0.012 3 1488 =
5 16297 ] 116.71 5 1738
1 13757 Vwvr=1.0500 1 13351 Vvr=0.589 1 129

3 2 10832 - Line 10 Ver=0.001 2 10568 - Line 5 Ver=0.001 2 121 -
& 11721
2 15548 WVwvr=1.0500 Vvr=1.181 2 133.7

5 Bus4 Line 9 2 113.08 - Line 2 Busd
6 10234 Ver=0.001 Ver=0.067 & 130
2 1054 WVwvr=1.0500 2 1017 Vvr=0.549 2 1171

1 - Line 9 - Line 3 -
3 12182 Ver=0.001 3 118.01 Ver=0.001 3 1279
3 11112 Vwvr=1.0500 Ver=0.590 3 1339

[ - Line 10 3 102 62 - Line 7 -
5 101.79 Ver=0.001 Ver=0.001 5 1118
3 10566 Vvr=1.0274 3 10155 Ver=0.997 3 1098

7 - Line 10 - Line 10 -
= 12536 Ver=0.001 9 12037 Ver=0.001 9 131.7
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Table 4: Security enhancement analysis of Case 2.

With UPFC
fithout UPFC
ACO NLP-IP
Qutage
OLL o LL Vv L—P:F:C UPFC settings OLL % LL Vv UPF.C UPFC settings OLL %LL Vv
Tiime location location
2 264 .82 Vr=1.020 2 26311 Vir=1.020 2 203.1
1 5 108.32146.68 | Bus 12 Line 9 Ver=0.001 5 100.12 Bus12 Line 2 Ver=0.001 3 100.1 Bus12
7 T 14859 T 148.6
5 138.65 Var=0.984 4 114.76 5 1396
3 6 106.37 Bus 12 Line 6 WVer=0.001 5 115.65 Bus12 Line 7 WVur=0985Ver=0.001 [ 108.5 Busz12
7 103.13 6 108.52 T 100.3
1 121.51 Vvr=1.003 1 121.59 1 1216
2 Bus 12 Line 10 S Line 10 Wvr=0.978Ver=0.001 =
5 136.75 Ver=0.001 5 157.37 5 1574
Bus7 Vr=1.039
10 7 100.13 Line 10 = = S Line 10 WVir=0984Ver=0.001 = S =
Busl2 Ver=0.001
Vr=0.995 3 103.73
4 5 1343 Bus 12 Line 6 Bus 12 Line 5 Wvr=0.978Ver=0.001 3 1339 Busl2
Ver=0.001 3 119.47
Buzll V=977 Bus= 11
18 = = Line 7 = = Line 11 V=1 091 Ver=0.001 = S =
Busl2 Ver=0.001 Bus 12
Busl2 Var=0.951
20 = = Line 7 = = Bus 12 Line 7 V=1 050V er=0.001 = S =
Buzl3 Ver=0.001
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5.2  Case 2: IEEE 14 bus system

The IEEE 14 bus system has a total of five
generators and twenty transmission lines. There are
twenty N-1 possible outcomes. Table.3 contains the
outcomes of the performance index and ranking based
on bus voltage violations and overloaded lines for all
N-1 possible outcomes. It may be deduced from Table
3 that there are two scenarios that rank 1 and two that
rank 2, and that there are three contingencies that rank
3. Therefore, for Case 2 of the IEEE 14 bus system, the
augmentation of security using UPFC is performed
only for ranks 1, 2, and 3, and the results are listed in
Table 4. Based on the results shown in Table 4, it is
clear that for line outage 1, without UPFC, the lines
2,5, and 7 are the ones that are overloaded. With
UPFC, the same lines are overloaded, but the overall
overflow % is lower. In this particular scenario, the
optimum points may be obtained using either the new
technique ACO or the more traditional NLP-IP. For
line outage 3, the overloaded lines without UPFC are
5,6 and 7, whereas the overcrowded lines with UPFC
utilizing ACO are 4,5 and 6, and the overloaded lines
using NLP-IP are 5,6 and 7. When compared to NLP-
IP, the suggested solution results in much reduced
overall overloading. This is likewise the case in the
previous scenario. The convergence graph for Case 2,
an IEEE 14 bus system with line 4 outage, is shown in
Figure 5 as an example case. This case involves ACO
and NLP-IP.

Corwergence Graph for IEEE 14 bus with Line 4 Outage
39 T T T T T

*  ACO
38/ +  NLP-IP |

Ir 4

& 1

Fitness value

34 e 4
3t 4

32r E

31'% |

a0r 1
29 1 L 1 1 1
0 50 10 180 200 250 300
Generations/Cycles

Fig. 5: Convergence Graph for Case 2, IEEE 14 bus
with Line 4 outage

6. Conclusion

In this article, the ACO procedure is offered as a
method for increasing the safety of power systems by
using UPFC. The suggested technique demonstrates
the capability of finding ideal parameters for UPFC
placement and settings in order to reduce the severity
of the power system security issue. The simulation
tests that were conducted on both the IEEE 6 bus and
the IEEE 14 bus demonstrate that the suggested
technique, in most situations, addresses the issue of
line overloading and bus voltage violation, and in
cases, percentage
overloading in the lines. These studies were carried
out using the IEEE 6 bus and the IEEE 14 bus. It has
been compared to the traditional NLP-IP approach in
order to validate the ability of the proposed method,
and the findings suggest that the proposed method is
better in all instances. Validating the ability of the
proposed method was

some reduces the level of

accomplished via this
comparison. The work that has to be done in the
future includes determining the best place to put
several FACTS devices based on single and multiple-
case scenario analyses using a variety of optimization
methods.
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