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 The electrical components of a power system network take advantage to 
supply, transmission and service electrical power. Abnormal flow of voltage 
through the transmission lines might lead to big causes. Thyristor controlled 
series compensator (TCSC) devices are most frequently used device in the 
power to maintain the voltage stability. However, this device is costlier and 
cannot be fixed on every transmission line which would lead to more 
processing cost. Thus, the maintaining voltage stability of transmission lines 
with reduced production cost attracts a various researcher to find the novel 
approaches. In the existing system, to improve the stability of power system 
and minimize the losses by include the reactive power through TCSC device 
at applicable location by the algorithm of particle swarm optimization is 
available with the help of line stability index value. The PSO is constrained to 
poor exploitation problem which might generate inaccurate results. In the 
proposed research work, Biogeography Based Krill Herd (BBKH) method is 
used for optimal identification of TCSC's, STATCOM and UPFC size and 
location. Voltage collapse proximity indicator (VCPI) value is used in this 
work for the finding of the voltage instability measurement by finding the 
critical lines among the entire transmission lines. The proposed research effort 
is implemented in IEEE 39 test bus system using MATLAB software and 
verified, it furnishes improved outcome than other investigation 
methodologies.
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1. INTRODUCTION  

In the modern power system network, power system is operating nearby to the limit of stability. So it 
is necessary to monitor and control the stability and security of power system network. The method should be 
a rapid analyzing the instability and also to be known to the operator which action to be taken to avoid the 
voltage collapse. Voltage instability occurs majorly due to inadequacy of the power system accommodated the 
expanding need of the reactive power [1]. 

In this research work novel approach is introduced which focus on controlling the voltage stability 
which occurs due to various contingent effects. By controlling the voltage stability, homes and industries can 
be supplied with their voltage. This is done by using the TCSC devices by fixing it across the transmission 
lines in which more fluctuation is happening. In order to reduce the computation and processing cost, TCSC is 
employed in the only particular location where it is required to control the voltage flow. The critical lines where 
it is required to fix the TCSC is found by measuring the VCPI line index value and the optimized location and 
size of TCSC is found using BBKH algorithm based on the critical situation. 



                ISSN: 2089-3272 

Indo. J. Elec. Eng. & Inf, Vol. 7, No. 1, March 2019:  105 - 116 

106

The overall analysis of the work is shown below: The first part is general introduction about the power 
system and the need of voltage stability maintenance is given. In second part, various related research work 
which has been conducted in terms of maintenance of voltage stability is shown. In third part, precise analysis 
about the suggested method and terms and notations are interpreted. In the fourth part, outcome of suggested 
method evaluation is given in detailed. In final part, overall research of the work is concluded. 
 
 
2. RELATED WORKS  

Detailed explanation of voltage stability, stimulation for voltage instability, issues of voltage 
instability and voltage stability enhancement in the power system was presented in the research report (2001, 
2003) of power system engineering corporation (PSERC). Power system voltage stability studies, its types, 
importance of stability and serious problem because of voltage collapse are analyzed in [2], [3]. In [4] proposed 
a L index method used for identifying voltage instability for the online assessment. When the indicator L value 
varies from zero (no load) and 1 (voltage collapse) can easily identify the stability margin.  

In [5] marginally remodel transient stability program was developed to move toward the complication 
of voltage collapse. In [6] progressive aspect of voltage collapse and equation in dynamic expressed the activity 
of voltage collapse provoke by a small change in load are formulated. In [7] furnish outline of online monitoring 
the security of the power system network. In [8] a rapid static voltage stability index was given. Using this 
method, power flow jacobian matrix minimum singular value was determined which is used as an indication 
to identify the instability condition.  

In [9] illustration how to reduce voltage collapse risk in the power system by reactive power dispatch 
algorithm and also different method of power flow are discussed. Using the Newton Raphson Optimal power 
flow, critical bus or area can be distinguishing from the stable area are suggested in [10]. To improve stable 
margin by placing the SVC device in optimal location are discussed in [11]. In [12] different FACTS devices 
performance is compared depend on the voltage range and losses on the nether side of normal and loading 
condition. 
 
 
3. OPTIMAL MAINTENANCE OF VOLTAGE STABILITY OF POWER SYSTEM USING TCSC 

DEVICES 
Among the FACTS device controller family [12], Thyristor controlled series compensator used to 

raise line power and enlarge stability margin. In our research work, voltage instability problem which arises 
due to varying contingency situation is considered to improve the power system performance. At the time of 
high voltage instability, TCSC devices will be embedded into the transmission lines in which high voltage 
instability is found in order to stabilize them. So that home and industries can be supplied with their required 
voltage without any damage to internal circuits. The optimal location (which transmission line) and size (how 
many TCSC devices based on a number of highly critical transmission lines) are found by using the 
Biogeography Based Krill Herd algorithm which can resolve poor exploitation problem and lead to high 
convergence solution. The flow diagram for the proposed work is indicated in Figure 1. 
 
 

 
 

Figure 1. Overall flow of proposed research method 



Indo. J. Elec. Eng. & Inf ISSN: 2089-3272  
 

An optimal voltage stability enhancement by locating FACTS in optimal place (P. Rajalakshmi) 

107

3.1.  Voltage Collapse Proximity Indicator (VCPI)  
Moghavvemi and Faruque [13] suggested Voltage Collapse Proximity Indicator(VCPI) which 

explained its efficiency and sharpness on the IEEE standard test system at different load condition. This index 
value will give the information about critical line when the load changes correspondingly. From the Figure 2, 
VCPI index is derived from the approach of maximum power transmission over the lines and it is given as (1). 

 

VCPI ሺpowerሻ ൌ  ୔౨

୔౨ሺ୫ୟ୶ሻ
ൌ ୕౨

୕౨ሺ୫ୟ୶ሻ
 (1) 

 
The maximum real and reactive power can be calculated from the (2) and (3). 
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Vs – Voltage at sending end, Zs – line impedance, θ – line impedance angle 

When there is a variation of power with respect to the voltage variation, this included in VCPI 
calculation, but in L index method is not deal with it [13]. When the load increases corresponding VCPI value 
will be from zero (no load) to one (voltage collapse). The line which having the highest VCPI value will be the 
critical line. This method is adjustable and readily can apply online process. VCPI is a uncomplicated and rapid 
method to workout compared with other static L index method [10].  
 
 

 
 

Figure 2. VCPI index  
 
 
3.2.  Biogeography Based Krill Herd  

It has been proved that KH is an effective method of exploitation. However, because the search relies 
fully on randomness, it cannot converge rapidly. In the group strategy optimization algorithm, the number of 
iterations could affect the performance of the algorithm, and sometimes even determines whether we can find 
the global optimal point. We should also consider the factor of time (the optimization process should be as 
quick as possible), so we present a novel way of computing the decision weighting factor to give KH better 
global searching ability performance and a higher convergence speed. Its equation is shown in (4). 
 

ୢ୶౟

ୢ୲
ൌ ୑୍ି୍

୑୍
F୧ ൅ ଵ

୑୍
N୧ ൅ D୧′ (4) 

 
where MI is the maximum iteration, and I is the current number of iterations. At the early stage of iterations, 
(MI – I)/MI > I/MI, their foraging actions should have more influence on their decisions for the next position. 
Because each krill doesn't know the correct direction, that krill start with their own feelings can effectively 
help them avoid prematurely. At the later stage of iterations, (MI – I)/MI < I/MI, the experience of other krill 
has more influence when they update their next position. 
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After all, the correctness of the group direction tends to be higher than that of the individuals. Finally, 
we define the KH with an updated crossover operator as the standard krill swarm algorithm. The method we 
proposed as the Biogeography Based Krill Herd (BBKH). The basic framework of the BBKH method and its 
responding flowchart are shown in Algorithm 1. 
 
Algorithm 1: BBKH algorithm 
Begin 
Step 1: Initialization. Initialize the Iteration counter I=1, the population P of NP krill, Vf, Dmax and Nmax 
Step 2: Fitness calculation. Calculate fitness for each krill according to its initial position 
Step 3: While I < Maximum Iteration do 

Sort all the population according to their fitness 
for i=1:NP (all krill) do 

Perform the following motion calculation 
Motion induced by other individuals 
Foraging motion 
Physical diffusion 
Compute dxi/dt according to (8) 
Implement the crossover operator 
Updating the krill individual position in the search space 
Calculate fitness for each krill according to its new position 

end for i 
I = I+1 

Step 4: end while 
End. 
 

In the above algorithm, fitness is taken as voltage stability improvement. Maintaining the acceptable 
voltage stability level under normal, stressed and contingency operating conditions is an important concern in 
power system planning and operation. For this aim, the minimization of the total VSI (VCPIT) and total losses 
is proposed as an objective function to enhance the overall voltage stability of the system. The VCPIT is the 
sum of the voltage stability indices for all the lines of the system and it is mathematically evaluated as 

 
VCPI୘ ൌ ∑ VCPI୧

୒ౢ
୧ୀଵ  (5) 

 
Where VCPIi is the VCPI for line i and Nl is the number of transmission lines in the system. 
 
3.2.1.  Objective Function 

The main objective function is to minimize VCPI and losses. It can be representing as 
 

𝐹௢ሺ𝑥ሻ ൌ min ሺ𝑉𝐶𝑃𝐼ሻ ൅ min ሺ𝐿𝑜𝑠𝑠ሻ (6) 
 
Where VCPI is voltage collapse proximity index for the loads represent in IEEE 39 bus, losses indicate total 
losses in IEEE 39 bus. The minimization problem is subject to the following equality and inequality constraints: 
1) Power flow constraints: 
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2) Voltage range 
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3) Generator reactive power capability range 
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4) Reactive power generation limit of capacitor bank 
 

𝑄௖௞
௠௜௡   ൑   𝑄௖௄    ൑   𝑄௖௄

௠௔௫  𝐾 ∈ 𝑁௖     
 
5) Voltage stability range 

 
𝑉𝐶𝑃𝐼௟
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6) Transmission line flow limit 

 
𝑆௟

௠௜௡   ൑     𝑆௟
௠௔௫  𝑙 ∈ 𝑁௟     

 
In this proposed work control variables are voltage in generator bus, reactive power generated from 

capacitor bank and active power, they are self-restricted. State variables are voltage in load bus, reactive power 
generator and line flow, these limits are satisfied by adding a penalty terms in objective function. 
 
 
4. RESULTS AND DISCUSSION  

The proposed research methodology is conducted in IEEE 39 bus test system in MATLAB simulation 
environment. This IEEE 39 bus have ten generator buses, thirty load buses and 46 lines [14]. The proposed 
research scenario is compared with the existing research work namely Particle Swarm Optimization (PSO) to 
prove the performance improvement. This comparison evaluation is done against various performance metrics, 
for example, 
a) Cost – Total cost consumed for setting up overall device configuration and the processing cost consumed. 
b) Voltage collapse proximity indicator – This method is depending on reactiveness of the load variation 

in any particular bus is indicated by varying the reactive demand. For each line, VCPI value is based on 
maximum power transferred. 

c) Voltage level – it is referring as maintain the voltage level after it subject to disturbance. If the demand 
increases continuous it enters voltage instability region due to this there will be drop in voltage level. 

 
These measures are evaluated under varying load conditions and timing for both proposed and existing 

research methodologies. 
 

In the experimental research scenario, three power controllers are used for the evaluation of the 
proposed method performance in terms optimal decision making of size and location of devices. The power 
controllers used in this work for the evaluation of the proposed research method is 
a) Thyristor-controlled series capacitors (TCSC). 
b) Static synchronous compensator (STATCOM). 
c) Unified power flow controller (UPFC). 
 

The correlative assessment among the proposed method BBKH and the current method PSO under 
three power controllers namely TCSC, STATCOM and UPFC are illustrated in the following subsection. The 
parameter setting values of PSO and BBKH algorithms is shown below Table 1. 

The proposed method is to vary load condition [100%, 110%, 120%] corresponding VCPI is 
evaluated. From the maximum VCPI value three critical lines are identified (.9183 in 23-36,0.9113 in 16-19 
and 0.9168 in 6-31 lines). With these simulation setting values, the algorithms are evaluated to measure the 
optimal VCPI index values. This simulation is carried out in these three critical lines. 

From this simulation outcome in Table 2, it can be proved that the proposed optimization methods 
BBKH can yields better performance in terms of reduced VCPI index value. In all these output case 1 from the 
VCPI index weak line is 6-31 then using optimization techniques we find the optimal location is 6-7 we 
conclude VCPI value and losses are reduced. In full load level (100%), BBHK achieves 2.68% reduced VCPI 
index level than PSO and 14.25% reduced VCPI index level than No FACTS. Likewise, BBKH yields reduced 
VCPI index level at all load levels. And also, it is confirmed that the BBKH can find its location between the 
slight variation such as in this case the optimal location is between 6-7. BBKH yields less power loss than the 
other techniques. 

From this simulation outcome in Table 3, it can be proved that the proposed optimization methods 
BBKH can yields better performance in terms of reduced VCPI index value. In all these output case 2 from the 
VCPI index weak line is 16-19 then using optimization techniques we find the optimal location is 16-19 which 
is similar in both cases. In full load level (100%), BBHK achieves 5.18% reduced VCPI index level than PSO 
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and 13.17% reduced VCPI index level than No FACTS. Likewise, BBKH yields reduced VCPI index level at 
all load levels. And also, it is confirmed that the BBKH can find its location similar in all cases such as the 
optimal location is between buses 16-19. BBKH yields less power loss than the other techniques.  

From this simulation outcome in Table 4, it can be proved that the proposed optimization methods 
BBKH can yields better performance in terms of reduced VCPI index value. In all these output case 1 from the 
VCPI index weal line is 23-36 then using optimization techniques we find the optimal location is 23-22 we 
conclude VCPI value and losses are reduced. In full load level (100%), BBHK achieves 2.67% increased VCPI 
index level than PSO and 7.3% reduced VCPI index level than No FACTS.  

Likewise, BBKH yields reduced VCPI index level at all load levels. And also, it is confirmed that the 
BBKH can find its location similar in all cases such as in this case the optimal location is between 23-22. 
BBKH yields less power loss than the other techniques. 
 
 

Table 1. Simulation parameter setting values of PSO and BBKH 
PSO Parameters BBHK Parameters
Parameter Value Parameter Value
Population size 20 Population size 40
C1 1.5 Wf (Foraging) 0.3
C2 2.5 Wn (inertia movement) 0.3
Inertia 0.3 Dmin (Diffusion) 0.005
Damp ratio 0.95 Dmax 0.01
Iterations 60 Iterations 50

 
 

Table 2. Case 1 Simulation outcome 
 UPFC STATCOM TCSC  

Loading Algorithm VCPI Location 
Size voltage 

angle
Size MVAr 

Size 
MVAr 

Real Power Loss 
(MW) 

100% 
No FACTS 0.8536 -- 65.3 

PSO 0.7521 6-7 0.9842 6.58 5.96 54.4 
BBHK 0.7319 6-7 1.1221 6.94 6.32 57.5 

110% 
No FACTS 0.8991 -- 69.9 

PSO 0.6975 6-7 1.0245 5.67 5.01 47.3 
BBHK 0.6833 6-7 1.4843 5.34 5.39 48.8 

120% 
No FACTS 0.9168 -- 72.5 

PSO 0.6572 6-7 0.8436 5.88 5.43 52.6 
BBHK 0.6530 6-7 0.9751 5.72 5.19 49.6 

 
 

Table 3. Case 2 Simulation outcome 
 UPFC STATCOM TCSC  

Loading Algorithm VCPI Location 
Size voltage 

angle
Size MVAr 

Size 
MVAr 

Real Power 
Loss (MW)

100% 
No FACTS 0.8653 -- 93.4 

PSO 0.7924 16-19 56.8 5.29 5.21 56.8 
BBHK 0.7513 16-19 47.6 6.32 6.89 47.6 

110% 
No FACTS 0.8665 -- 87.5 

PSO 0.7058 16-19 57.1 5.67 5.12 57.1 
BBHK 0.6861 16-19 58.3 5.49 5.30 58.3 

120% 
No FACTS 0.9113 -- 72.9 

PSO 0.7125 16-19 50.2 5.64 5.90 50.2 
BBHK 0.6827 16-19 51.7 5.29 5.10 51.7 

 
 

Table 4. Case 3 Simulation outcome 
 UPFC STATCOM TCSC  

Loading Algorithm VCPI Location 
Size voltage 

angle
Size MVAr 

Size 
MVAr 

Real Power 
Loss (MW)

100% 
No FACTS 0.7252 -- 55.2 

PSO 0.6547 23-22 57.61 6.27 5.68 57.61 
BBHK 0.6722 23-22 60.71 6.94 6.04 60.71 

110% 
No FACTS 0.8735 -- 68.2 

PSO 0.7014 23-22 50.51 5.67 4.73 50.51 
BBHK 0.6489 23-22 52.01 5.34 5.11 52.01 

120% 
No FACTS 0.9183 -- 64.8 

PSO 0.7170 23-22 55.81 5.88 5.15 55.81 
BBHK 0.6571 23-22 52.81 5.72 4.91 52.81 
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4.1.  TCSC Devices 
TCSC devices are most costly which needs to be allocated optimally with the goal of reduced cost 

and improved power transmission capability. TCSC is devices which introduce capacitor in series along the 
transmission line and controlled the inductor connect parallel with capacitor. Due to its adjustable control of 
thyristors, it is more capable and produces reasonable [15]. In the operation and control of power system TCSC 
play important role such as 
a) Enhancing power flow 
b) Limiting fault 
c) Enhancing transient 
d) Dynamic stability 

 
The comparison of proposed and existing research method in the problem space optimal decision 

taking about location and size of TCSC devices under three different performance metrics is shown and 
explained in the following figures. The proposed research work should select the optimal combination of TCSC 
devices so the maximum power transmission capacity can be achieved with the reduced cost level. The cost 
consumed for the optimal combination of TCSC devices are illustrated in the following Figure 3. 

In the above Figure 3, cost consumption value of the proposed methodology BBKH is illustrated. The 
optimal TCSC device combination with reduced cost level is obtained in its 20th iteration of the BBKH 
algorithm itself which is present stable in increased iteration levels. In the Figure 3, it is justify such that put 
forward research approach BBKH shows a slight improvement in terms of reduced cost than the existing 
research method PSO. The BBKH attains 1.6% performance improvement than the existing method PSO.  

VCPI level of different lines after deciding the optimal allocation of TCSC devices are illustrated in 
the following Figure 4. 
 
 

 
 

Figure 3. Cost of allocating optimal allocated of TCSC devices 
 
 

 
 

Figure 4. VCPI index level 
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In the above Figure 4, performance assessment of the proposed is shown with regard to VCPI index 
level. The line with VCPI index value closer to the unit or higher unit values is called week lines. Thus it is 
required to allocate with more TCSC devices for reaching better voltage stability. From this figure, it can 
confirm that after allocating TCSC devices using BBKH algorithm, the number of weak buses are reduced in 
number. It shows 40% performance improvement than the existing method PSO. The results clearly show a 
considerable reduction of the variable values with the addition of the VCPI index as the voltage stability 
constraint. The real power loss (Ploss) and the reactive power generation (Qgen) are reduced by 8.525 MW 
and 27.62 MVAR, respectively, corresponding to the 47.25 and 17.07% reduction. For the line outage 
contingency case, it is obvious that both the voltage stability improvement and the real power loss minimization 
are satisfied when adding the voltage stability constraint, with 47.25% reduction in the real power loss and 
32.54% reduction in the VSI. 

However, this case has caused an increase in the fuel cost by 10.03%.In the following Figure 5, voltage 
level measured in the different buses is compared to the proposed and existing scenario. 
 
 

 
 

Figure 5. Voltage level comparison 
 
 

In the above Figure 5, performance evaluation of the proposed method in terms of the voltage level 
in different buses is given. From this given figure it can be proved that the proposed research scenario leads to 
provide a better result than the existing researchers. The voltage stability of the proposed research BBKH is 
better than the existing works by maintaining voltage flow rate through different buses in the near to similar 
rate where the existing research methods cannot stabilize voltage supply rate. It shows 32% performance 
improvement than the existing method PSO. 
 
4.2.  STATCOM Devices  

A static synchronous compensator (STATCOM), also known as a static synchronous condenser 
(STATCON), is a regulating device used on alternating current electricity transmission networks. It is based 
on a power electronics voltage-source converter and can act as either a source or sink of reactive AC power to 
an electricity network. If connected to a source of power it can also provide active AC power. It is a member 
of the FACTS family of devices. It is inherently modular and electable. Usually, a STATCOM is installed to 
support electricity networks that have a poor power factor and often poor voltage regulation. There are 
however, other uses, the most common use is for voltage stability. A STATCOM is a voltage source converter 
(VSC)-based device, with the voltage source behind a reactor [16]. The voltage source is created from a DC 
capacitor and therefore a STATCOM has very little active power capability. However, its active power 
capability can be increased if a suitable energy storage device is connected to the DC capacitor. The reactive 
power at the terminals of the STATCOM depends on the amplitude of the voltage source. For example, if the 
terminal voltage of the VSC is higher than the AC voltage at the point of connection, the STATCOM generates 
reactive current; conversely, when the amplitude of the voltage source is lower than the AC voltage, it absorbs 
reactive power. The response time of a STATCOM is shorter than that of a static VAR compensator (SVC), 
mainly due to the fast switching times provided by the IGBTs of the voltage source converter. The STATCOM 
also provides better reactive power support at low AC voltages than an SVC, since the reactive power from a 
STATCOM decreases linearly with the AC voltage (as the current can be maintained at the rated value even 
down to low AC voltage). 
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A comparative evaluation of the proposed and existing methods in the STATCOM controller devices 
under performance metrics is evaluated and discussed below. The comparison of proposed and existing 
research method in the problem space optimal decision taking about location and size of STATCOM devices 
under three different performance metrics is shown and explained in the following figures. The proposed 
research work should select the optimal combination of STACOM devices so the maximum power 
transmission capacity can be achieved with the reduced cost level. The cost consumed for the optimal 
combination of STATCOM devices are illustrated in the following Figure 6. 
 
 

 
 

Figure 6. Cost of allocating optimal allocated of STATCOM devices 
 
 

In the above Figure 6, cost consumption value of the proposed methodology BBKH is illustrated. The 
optimal STATCOM device combination with reduced cost level is obtained in its 20th iteration of the BBKH 
algorithm itself which is present stable in increased iteration levels. In the Figure 3, it is justify such that put 
forward research approach BBKH shows a slight improvement in terms of reduced cost than the existing 
research method PSO. The BBKH attains 0.68% performance improvement than the existing method PSO.  

VCPI level of different buses after deciding the optimal allocation of STATCOM devices are 
illustrated in the following Figure 5. 
 
 

 
 

Figure 7. VCPI index level 
 
 

In the above Figure 7, assessment of the proposed is shown with regard to VCPI index level. The line 
with VCPI index value closer to the unit or higher unit values is called week line. Thus it is required to allocate 
with more STATCOM devices for reaching better voltage stability. From this figure, it can confirm that after 
allocating STATCOM devices using BBKH algorithm, the number of weak buses is reduced in number. It 
shows 37% performance improvement than the existing method PSO. In the following Figure 8, voltage level 
measured in the different buses is compared to the proposed and existing scenario.  
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Figure 8. Voltage level comparison 
 
 

In the above Figure 8, performance evaluation of the proposed method in terms of the voltage level 
in different buses is given. From this given figure it can be proved that the proposed research scenario leads to 
provide a better result than the existing researchers. The voltage stability of the proposed research BBKH is 
better than the existing works by maintaining voltage flow rate through different buses in the near to similar 
rate where the existing research methods cannot stabilize voltage supply rate. It shows 3% performance 
improvement than the existing method PSO.  
 
4.3.  UPFC Devices 

A unified power flow controller (or UPFC) is an electrical device for providing fast-acting reactive 
power compensation on high-voltage electricity transmission networks. It uses a pair of three-phase 
controllable bridges to produce the current that is injected into a transmission line using a series transformer. 
The controller can control active and reactive power flows in a transmission line. The UPFC uses solid state 
devices, which provide functional flexibility, generally not attainable by conventional thyristor-controlled 
systems. The UPFC is a combination of a static synchronous compensator (STATCOM) and a static 
synchronous series compensator (SSSC) coupled via a common DC voltage link [17]. 

The main advantage of the UPFC is to control the active and reactive power flows in the transmission 
line. If there are any disturbances or faults in the source side, the UPFC will not work. The UPFC operates only 
under balanced sine wave source. The controllable parameters of the UPFC are reactance in the line, phase 
angle, and voltage. The UPFC concept was described in 1995 by L. Gyugyi of Westinghouse. The UPFC allows 
a secondary but important function such as stability control to suppress power system oscillations improving 
the transient stability of power system. A comparative evaluation of the proposed and existing methods in the 
UPFC devices under performance metrics is evaluated and discussed below. The comparison of proposed and 
existing research method in the problem space optimal decision taking about location and size of UPFC devices 
under three different performance metrics is shown and explained in the following figures. The proposed 
research work should select the optimal combination of UPFC devices so the maximum power transmission 
capacity can be achieved with the reduced cost level. The cost consumed for the optimal combination of UPFC 
devices are illustrated in the following Figure 9. 

In the above Figure 9, cost consumption value of the proposed methodology BBKH is illustrated. The 
optimal UPFC device combination with reduced cost level is obtained in its 20th iteration of the BBKH 
algorithm itself which is present stable in increased iteration levels. In the Figure 3, it is justify such that put 
forward research approach BBKH shows a slight improvement in terms of reduced cost than the existing 
research method PSO. The BBKH attains 0.68% performance improvement than the existing method PSO.  

VCPI level of different buses after deciding the optimal allocation of UPFC devices are illustrated in 
the following Figure 10. 

In the above Figure 10, performance assessment of the proposed is shown with regard to VCPI index 
level. The line with VCPI index value closer to the unit or higher unit values is called week line. Thus it is 
required to allocate with more UPFC devices for reaching better voltage stability. From this figure, it can 
confirm that after allocating UPFC devices using BBKH algorithm, the number of weak buses are reduced in 
number. It shows 37% performance improvement than the existing method PSO. 
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Figure 9. Cost of allocating optimal allocated of UPFC devices 
 
 

 
 

Figure 10. VCPI index level 
 
 

In the following Figure 11, voltage level measured in the different buses is compared to the proposed 
and existing scenario. 
 
 

 
 

Figure 11. Voltage level comparison 
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In the above Figure 11, performance evaluation of the proposed method in terms of the voltage level 
in different buses is given. From this given figure it can be proved that the proposed research scenario leads to 
provide a better result than the existing researchers. The voltage stability of the proposed research BBKH is 
better than the existing works by maintaining voltage flow rate through different buses in the near to similar 
rate where the existing research methods cannot stabilize voltage supply rate. It shows 3% performance 
improvement than the existing method PSO. 
 
 
5. CONCLUSION  

Voltage stability management plays a most concerned problem in the power system from where 
electricity distributed to the different places. In this research work, TCSC devices are used for controlling the 
voltage supply rate. To enhance the cost deficiency optimal location and size of the TCSC devices are found 
by using the optimization algorithm namely Biogeography Based Krill Herd algorithm. This algorithm will 
find the most optimal locations to fix the TCSC devices based on the critical level of transmission lines. The 
critical power transmission lines are found by measuring the VCPI index value which will find the most critical 
transmission lines with more voltage deviation. Based VCPI value optimal location and size of TCSC devices 
are found. The experimental tests were conducted in the Matlab simulation environment from which it is proved 
that the proposed research scenario leads to provide a better result than the existing methods. The performance 
evaluation was conducted for the three power controller devices namely TCSC, STATCOM, and UPFC. The 
performance results from these three controllers prove that the proposed method BBKH performs better and 
provide improved result in all kind of environment setup and configuration than the existing method PSO.  
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