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Abstract
Objectives: One of the drawbacks of the power system network, i.e. Optimum Reactive Power Dispatch (ORPD) is optimized. 
Due to this, system transmission power losses and bus voltage magnitudes are optimized Methods/Statistical Analysis: 
A unique optimization rule, Uniformly Distributed Two-stage Particle Swarm Optimization (UDTPSO) are enforced 
in conjunction with the traditional Particle Swarm Optimization (PSO).The power injection model for the Generalized 
Unified Power Flow Controller (GUPFC) is used to enhance the power flow in a power system network. Findings: The 
proposed technique has fast convergence rate in less number of iterations which validates the effectiveness of UDTPSO. 
The study is tested on a standard IEEE-30 bus system and the results obtained with UDTPSO are valid with the existing PSO. 
Applications: Effective utilization of a Flexible Alternating Current Transmission system (FACTS) device called Generalized 
Unified Power Flow Controller (UPFC) for power flow control which will improve existing transmission capability.

Keywords: Generalized Unified Power Flow Controller, Loss Minimization, Optimal Reactive Power Dispatch, Uniformly 
Distributed Two Stage Particle Swarm Optimization, Voltage Deviation

1.  Introduction

The  one amongst  the  very important  subproblems 
with Optimal Power Flow (OPF) to improve the protec-
tion and economical operation of the power system is 
Optimal Reactive Power Dispatch (ORPD). Linear 
adaptive genetic algorithmic program1, Interior linear-
quadratic programming2 and plenty of mathematical 
programming approaches3 are used to solve ORPD and 
OPF problems. Evolutionary Programming (EP) in4 
is applied to accomplish best reactive power dispatch 

and voltage management. The nonlinear programming 
(NLP) and linear programming (LP) strategies5 have 
applied for reactive power calculations. However, these 
strategies have difficulties in handling the objectives 
having multiple native minima. Recently, Differential 
Evolution6,7, Harmony Search algorithmic program 
(HSA)8 and Artificial Bee Colony algorithmic pro-
gram (ABC)9, has been enforced to optimize ORPD 
downside. Particle Swarm Optimization (PSO) was 
applied to manage voltage and assess the voltage secu-
rity10. The OPF downside was solved supported 2 stage  
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initialization method11 by avoiding mutation opera-
tion in American state algorithmic program. Thanks to 
this, the ultimate convergence of the OPF downside is 
obtained in less time with increased accuracy. During 
this paper, a unique optimization algorithmic program 
supported the uniform distribution of random man-
agement variable generations and 2 stage initialization 
processes area unit enforced alongside the traditional 
PSO algorithmic program to boost the OPF perfor-
mance has been developed.

The main objective of the reactive power management 
is to spot the situation of latest power unit sources and 
settings of the already put in power unit sources or tap 
settings of the tap changing transformers or Flexible AC 
Transmission Systems (FACTS). 

Optimization of transmission losses and system bus 
voltage magnitude deviations have been optimized by 
using UDTPSO algorithmic program with FACTS con-
trollers. The power injection model of GUPFC and its 
integration proved to identify the best location of FACTS 
device for enhancement of power system network per-
formance. This approach has been verified with results 
obtained on IEEE-30 bus system with the supporting 
validations.

2.  GUPFC Modeling

In general, GUPFC consists of two/more series convert-
ers and one shunt converter. Figure 1. indicates the basic 
configuration of GUPFC, two series converters square 
measure coordinated with one shunt converter. 

Figure 1.  Basic configuration of two series converter 
GUPFC.

In this paper, based on heuristic rules possible loca-
tions12 are identified. The steady state power injection 
model of GUPFC is shown in Figure 2.

Figure 2.  Injection model of two series converter GUPFC.

The real and reactive power injections are expressed 
as 
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The switching loss factor coefficient is represented as 
a 1.03.

Here ‘r’ and ‘γ’ are respective per unit magnitude and 
phase angles of the series voltage sources. However, the 
operating limits are 0≤r≤rmax and 0≤γ≤γmax respectively.

2.1  GUPFC Power Mismatch Equations
Due to inclusion of GUPFC, the power mismatch equa-
tions in Newton-Raphson (NR) technique can be revised 
as

GUPFCioldinewi PPP ,,, +∆=∆
� (5)

GUPFCioldinewi QQQ ,,, +∆=∆
� (6)

where, oldiP ,∆
and oldiQ ,∆

are the power mismatches 
without FACTS device. 
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2.2  GUPFC Jacobian Elements
The Jacobian elements can be revised as
( )'HHH oldnew += . 
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where 
oldH  is the Jacobian element without device. 

Similar modifications can be obtained for all the elements.

2.3  Optimal Location
The severity operate (Fseverity) may be expressed as13
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3.  Optimization Problem 
Formulation

Optimal Power Flow (OPF) problem can be formulated 
mathematically as a constrained nonlinear objective opti-
mization problem as given in14

4.  Uniformly Distributed 
Two Stage Particle Swarm 
Optimization (UDTPSO)

All generated initial population is processed in two stage 
low-level formatting methodology10, to decrease the 
amount of population for PSO repetitious method. The 
inertia weight (W) and acceleration coefficients (C1 and 
C2) want to update rate in repetitious method area unit 
calculated dynamically in the methodology enforced in15 
Thus the ultimate international resolution is achieved in 
less range of iterations in comparison to standard PSO. 
The rate (V) and position (X) of the ith particle within the 

next iteration (k) area unit calculated in the procedure 
given in16,17. The flow chart of the projected methodology 
is shown in Figure 3. 

Figure 3.  Flow chart of the proposed UDTPSO method.

5.  Results and Analysis

IEEE-30 bus system with forty-one transmission lines is 
taken into account18-20. The overall controlling variables 
during this system are eighteen, and they are six active 
power generations and voltage levels of six generators, 
four tap settings of tap-changing transformers and a pair 
of shunt volt-ampere sources. The overall analysis is split 
into 3 possibilities, explained as follows.
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5.1  Scenario-1
The corresponding results square measure tabulated in 
Table.1. From this table, it’s determined that the overall 
power losses have a bearing of sensible constraints, the 
losses square measure changed from 2.929 MW to 4.482 
MW i.e. 1.553 MW with the planned technique. The 
planned technique takes 18.911 sec less time when put 
next to existing PSO. The comparison of the obtained 
results with the present literature is listed in Table.2. From 
this table, the revised technique yields higher results than 
the present ways.

Table 1.  Comparison of results of UDTPSO with PSO for 
total power losses

Table 2.  Validation and Summary of test results for TPL

The variation of the control variables for the 100 itera-
tions for the proposed UDTPSO method with practical 
constraints is shown in Figure 4. 

Figure 4.  Variation of the control variables for UDTPSO 
with practical constraints.

From Figure 5, it is observed that the proposed UDTPSO 
method starts with good initial function value and reaches best 
final function value when compared to existing PSO method. 

Figure 5.  Convergence characteristics of scenario-1 with 
UDTPSO and PSO for total power loss objective.

5.2  Scenario-2
The results of contingency analysis for this technique is 
given in Table.3. To keep up the continuity either in sup-
plying/receiving the facility, the contingency analysis is 
not performed on lines between buses 12-13, and 25-26. 
The results of solely high a pair of contingencies are tab-
ulated. From Table.3, it is clear that the line connected 
between buses 2 and 5 is that the most critical one. By 
following on top of rules given in section-II, the attain-
able UPFC installation locations are thirty-eight. Severity 
perform is evaluated all possible locations with UPFC and 
also the major five least severe perform valued locations 
are tabulated in Table.4 below rank-1 contingency.
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Table 3.  Results of contingency ranking 

Table 4.  Severity function values under rank-1 contingency 
with UPFC 

Similarly, total possible installation locations for 
GUPFC are 23. Corresponding severity function values 
are tabulated in Table.5.

Table 5.  Severity function values under rank-1 contingency 
with GUPFC 

From Tables 4 and 5, it is determined that initial loca-
tion is that the best location for putting the UPFC and 
GUPFC, as a result of it’s the least severity perform worth. 
The analysis is performed by inserting device at this loca-
tion.

The obtained optimum Power Flow (OPF) results for 
the cases-1 and 2 are tabulated in Table. 6. From this table, 
it’s determined that there’s an impact of FACTs device 
on the thought about the objective. With GUPFC, the 
overall power losses and voltage deviations square mea-
sure reduced by 0.27854 MW and 0.000251 p. u when 
compared to UPFC. The convergence characteristics of 
the thought about objectives square measure is shown 
in Figures 6 and 7. From these figures, it’s determined 
that higher convergence performance is obtained with 
GUPFC when compared with UPFC cases. Finally, the 
convergence rate is incredibly high with GUPFC, because 
the final convergence is obtained in less number of itera-
tions when compared to the remaining cases.

Table 6.  OPF results for cases-1 and 2 without and with 
FACTS device

Figure 6.  Convergence characteristics of TPL without and 
with FACTs.

Figure 7.  Convergence characteristics of voltage deviation 
without and with FACTs.

The voltage magnitude variation at the system buses 
for the voltage deviation minimization case is shown in 
Figure 8. From the figure, it is observed that the voltage 
deviations are minimized with GUPFC than the UPFC. 
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Considerable voltage deviation is observed at the GUPFC 
connected buses; since GUPFC has the capability to con-
trol the voltage magnitude other than power flows.

Figure 8.  Variation of voltage magnitudes in voltage 
deviation minimization without and with FACTs.

5.3  Scenario-3
The proposed UDTPSO technique, as well as GUPFC, 
is performed for 3 trials. The corresponding conver-
gence patterns, variance and ordinary deviations for 
the 3 trials are shown in Figure 9. From this figure, it’s 
ascertained that all told trials the beginning price is 
totally different. However, the ult	 imate best 
price has very small deviation. Thus, the convergence 
rate of the proposed technique is very high, as final 
price is obtained in below forty iterations. It’s con-
firmed by observant the variance and commonplace 
deviations reminiscent of 3 trials.

Figure 9.  Effect of initial population with the proposed 
UDTPSO including GUPFC.

Similarly, the effect of population size on the objec-
tive function is identified with the proposed UDTPSO 
including GUPFC, by taking 25, 50 and 100 populations 

respectively. The corresponding convergence pattern for 
the TPL objective is shown in Fig.10. From the fig below 
it is observed that the final best value is obtained with the 
population size of 100. The nature of the control variables 
is high with 100 populations when compared to less pop-
ulation.

Figure 10.  Effect of population size with the proposed 
UDTPSO including GUPFC.

6.  Conclusion

In this paper, the entire power injection model of GUPFC 
and its incorporation in standard NR flow has been given. 
A unique severity performs the system security within the 
presence of GUPFC. ORPD drawback has been solved 
within the presence of standard constraints like equality, 
inequality and sensible constraints. The in-equality con-
straints were handled exploitation penalty approach. The 
transmission power loss and system bus voltage deviation 
objectives were optimized with GUPFC while satisfying 
the constraints. The projected technique has well-tried its 
effectiveness by beginning repetitive method with sensi-
ble initial price and reaches final best price in less range of 
iterations compared to existing strategies. 
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