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Abstract 
 

With the advent of power electronics technology, the Flexible AC 

Transmission System (FACTS) devices were extensively installed in power 

systems for improving voltage stability. In this paper, a novel Multi-objective 

Salp Swarm Algorithm (MSSA) is adopted for optimizing the techno-

economic objectives. The optimal allocation of various FACTS devices in 

the network using the heuristic method is presented. The multi-objective 

functions to enhance voltage stability and minimizing power loss and cost are 

formulated. The proposed methodology of MSSA algorithm is tested on 

IEEE 30 and 57 systems. Finally, the results obtained were compared with its 

counterpart to show the superiority.  
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1 Introduction 
 

In general, an established power system consisting of transmission lines 

linking the entire generator stations, transformers, within the network to the 

loading points [1]. The major accomplishment in terms of reliability for an 

electric energy system is maintaining the bus voltages within the specified 

margins as ensured by the system operator. The quality at the consumer end 

is superlative in nature. But it is unfortunate, that in real-time the voltage 

stability is not guaranteed due to varying loads, so that it implies as a 

continuous control problem for the system operator to be considered [2, 3]. 

The thorny problem of the failure of the voltage could be considered to be 

the failure of the power system to transmit or consume the reactive power 

[4]. 

The FACTS devices are predominantly employed in networks to enhance 

the value of transmission system and thereby increasing the allowable 

capacity of network. All the FACTS devices respond very fast irrespective of 

type and mode of operation; without affecting the stability of system. The 

FACTS technology was triggered due to advancements in solid-state 

converter circuits, that made them employable in high-power transmission 

network. The real-time networks has certain operational constraints that need 

to be satisfied all the time during its steady-state operation, the FACTS 

devices can help them in attaining the supporting feature with its superficial 

control attributes. The FACTS assist in increase the value of transmission 

assets by transmitting power at minimum the possible level of minimal cost. 
There are various ways in which the voltage stability is improved. The 

first solution is dedicated to mitigating the problem, followed by the fine-

tuning of Voltage Stability Margin. The Versatile Flexible AC Transmission 

System (FACTS) devices are properly mounted in the system [5] to achieve a 

stable and cost-effective operation. The Compensators like Static Var 

compensator (SVC), Thyristor controlled series compensator (TCSC) and 

Unified power flow controller (UPFC) are the most significant types of 

compensation devices in all devices of FACTS family. The deployment of 

FACTS devices straight-away in the network will make the system to 

respond in abnormal way in regard to balance and stability aspects in steady-

state operation of power systems. 

As with earlier power utility networks which are vertically integrated for 

centralized power transactions, the present networks are becoming 

bidirectional with deployment of generation options at distribution levels 

also. This has curbed the monopolies of single utility in power sector. This 

method of operation demands network to operate under significant stress 

levels that cannot be normally made possible for existing network. The 

FACTS devices can partially relieve transmission network from the posed 

congestions thereby safeguarding the transmission and distribution systems. 

But optimal allocation of such FACTS devices is also a major challenge, if 

not it can derate the network from the mis-allocation. Hence, proper  
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allocation methods has been proposed in the literature considering various 

factors. 

Several other methods were discussed in the literature starting from 

simulated annealing to methods based on heuristic approaches such as the 

genetic algorithm, swarm-based techniques, and different evolutionary 

algorithms were adopted to effectively determine the optimal location of the 

FACTS devices [6]. In this regard, various algorithms were adopted in 

evaluating the optimal allocation of various FACTS devices, out of which 

some of significant works has been discussed as a survey in the next section.  

 

2 Literature Review  
 

In this paper, Evolutionary Algorithm (EA) is used for allocation of the 

FACTS devices. The proposed EA method showed the voltage stability 

enhancement of power system network with other heuristic optimization 

methods. The voltage deviation and losses in the system considerably 

improved [7]. This paper elucidated how the optimal settings can be obtained 

for individual FACTS devices using an adaptive approach involving hybrid 

version of the swarm and gravitational search algorithms. The proposed 

method effectively determines the optimal location of individual FACTS 

devices, the voltage instability and power losses in the power network are 

also reduced. This method is validated on IEEE 30 bus system [8]. A two-

stage approach for solving voltage stability problem is proposed in [9], 

wherein the first stage a stability index and real power loss is reduced, and in 

the second stage the optimal sizing and placement of multiple FACTS 

devices along with rescheduling for reducing investment cost of FACTS 

devices are also proposed, which was tested on both IEEE 30 and 57 bus test 

systems. 

As we know, the FACTS devices are completely the combinations of 

various power electronic circuits connected back-to-back for a specific 

purpose. In [10], a novel method is devised for optimal placement of various 

FACTS devices that based on heuristic approach, such that the proposed 

method can be best applied to both the cases considering with and without 

FACTS devices in reducing the cost and over loadings, the system 

performance is also enhanced to an appreciable level. In [11], a hybrid 

technique was proposed to allocate FACTS devices for improving the system 

security and to improving voltage profile. This proposed method was based 

on a hybrid approach that requires dual strategy to be followed. At first, 

particular tangent based vector approach is implemented to determine the 

optimal location of TCSC and SVC; and later, another heuristic approach is 

adopted for the optimal settings and locations for TCSC and SVC 

installation.  
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Another approach based on cumulative nature of search algorithm is 

proposed on 72 bus system to find the optimal location for FACTS devices in 

practical Indian grid systems [12]. In power system network, finding the 

setting and optimal location of FACTS devices is difficult task. The 

Brainstorm based optimisation algorithm was used to place the FACTS 

devices. The problem is formulated as multi-objective and it is applied on 

IEEE 57 bus system to demonstrate its effectiveness, voltage profile and 

losses are reduced by using BSOA as compared to other optimization 

techniques [13]. To find the optimal allocation of FACTS devices an 

Imperialistic competitive algorithm (ICA) is employed. This algorithm 

follows the imperialistic competition nature and socio-political evolutions in 

the human beings and the best global optima by using the exploitation and 

exploration capabilities. In this paper, the above algorithm is implemented to 

find the allocation for various FACTS devices, such that voltage instability 

and overloads are reduced [14]. 

A novel approach for based on new version of reaction based 

evolutionary algorithm is proposed in [15], considering voltage instability 

and power loss as objective function. In [16], another gravitation-based 

optimization algorithm is used for determining the optimal location of 

FACTS devices was proposed. The system load ability and the operating cost 

were reduced significantly for each loading condition by optimally allocating 

the FACTS devices. 

In [17], an advanced heuristic method to determine optimal number and 

allocation of SVC and UPFC was proposed by defining a new line stability 

constant. The approach was tested on 39-bus network and compared with 

other methods. A novel method in harmony search was proposed in [18], to 

determine the optimal allocation of shunt type FACTS devices in the 

transmission network. The formulated problem was first solved for optimal 

placement and later to enhance the voltage stability factor. The proposed 

method was tested in 57-bus network and obtained results were compared 

with other methods. 

The authors in [19], proposed the method for optimal allocation of 

STATCOM device by considering the collective voltage deviation in the 

network as objective using swarm optimization. The optimal location and 

control settings for STATCOM was deduced and the results were compared 

with other methods. The optimal allocation of various FACTS devices under 

uncertain environment was proposed in [20] with the objective to enhance 

the system loadability.An hybrid coded scheme is also proposed to reduce 

the computational burden with increased accuracy. An advanced 

methodology for allocation of static VAR FACTS devices in large, 

interconnected networks was proposed in [21]. Here the allocation was made 

based on the line stability index using an heuristic approach, tested on 39 and 

57-bus test systems. A method to reduce transmission loss and improve 

voltage stability by incorporating FACTS devices was proposed in [22] using 

heuristic approaches. The formulated non-linear convex problem was 

proposed to solve using fuzzy based swarm optimization techniques.  
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The coordination method for allocation of FACTS was proposed in [23] 

to find the optimal setting of various VAR sources in the network. The 

results were compared with conventional reactive power planning 

approaches to validate the approach. A generalised approach for find optimal 

allocation of FACTS devices for reducing the power loss and overloading of 

lines was proposed in [24], where the authors dealt with various kinds of 

UPFC devices to attain the specific objectives. In [25], a new method for 

optimal allocation of multi-type FACTS devices for attaining the desired 

voltage stability factor. The problem was solved for multiple objectives 

related to stability and the single solution was chosen from obtained pareto 

using fuzzy based approach. 
 

3 Modelling of FACTS Devices 
 

The proposed work involves three common FACTS controllers 

commonly used in the system were taken in this work. The FACTS devices 

vary from series, shunt and series-shunt as follows:  one shunt compensator 

(SVC) and the series compensation unit (TCSC) and finally the series-shunt 

compensating device (UPFC); has been incorporated in the modelling. The 

individual mathematical model was considered and embedded in the 

conventional power flow equations to depict the effect of the particular 

FACTS device's compensation. The following paragraphs explains the 

steady-state mathematical modelling of individual FACTS device along with 

its power handling characteristics. 

 

3.1 Modelling of SVC 
 

Static VAR Compensator (SVC) is a shunt device used to regulate the 

voltage at a bus by its equivalent reactance. SVC is a widely used FACTS 

device compared to other as it controls the reactive power and voltage in 

network. This devices topology is simple with a fixed capacitor in parallel 

with the reactor controlled by a thyristor. By nature, SVC perform as reactive 

power generating or absorbing device to improve the voltage profile in the 

power system network [26]. 
 

 

 

 

 

 

 

 

 

 
Figure 1 Equivalent Circuit of SVC 



 
 

 

 

 

 
1037 K. Hemachandra Reddy et al 

 

According to Fig. 1, the actual current drawn by the SVC is  

                                                                                                               

The reactive power injected at bus   is given as  

           
                                                                                          

 

3.2 Modelling of TCSC 
 

The Thyristor Controlled Series Compensator (TCSC) has wide 

applications in modern energy system network. It actually control the amount 

of real power within the limits by adjusting the series reactance of TCSC 

[26]. The TCSC model with changing reactance       is given Fig. 2 

represents the TCSC operation either in the capacitive or the inductive 

regions. 
Figure 2 Equivalent Circuit of TCSC 

 

The admittance matrix of the variable TCSC compensator is given equation 

by 

[
  
  
]  [

        

        
] [

  

  
]                                                                                          

 

For capacitive operation, the equations has 

        
 

     
                                                                                                    

         
 

     
                                                                                                

For inductive operation, equations signs will be changed 
 

3.3 Modelling of UPFC 
 

The equivalent circuit of Unified Power Flow controller (UPFC) 

comprises of two synchronized synchronous voltage sources would 

adequately reflect the UPFC configuration. A circuit of this equivalent is 

shown in Fig. 3. The synchronous sources as depicted in the figure, depict 

the basic Fourier voltage-series components within the UPFC as given in 

[26-27]. 
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Figure 3 Equivalent Circuit of UPFC 

 

The expression for complex form of voltage sources in UPFC in terms of 

voltage limits and phase angles are as given below: 

                                                                                                    

Where the     and     are the voltage limits (                   ) 

and phase angles (        ) of shunt compensation  

                                                                                                    

Where the     and     are the voltage limits (                   ) 

and phase angles (        ) of series compensation. 

 

4 Problem Formulation 
 

Here in this work, a multi-objective optimization problem with cost and 

system performance objectives were formulated as explained in this section. 

The investment cost of various FACTS devices is considered along with 

system power loss and voltage variation functions as the objective functions 

for the formulated optimization problem. The objective functions were 

solved with system and device operational constraints that are modelled as 

both equality and inequality equations as described in this section. 

The objective functions and corresponding system and device operational 

constraints are modelled as follows: 
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                   4.1 Objective functions 
 
                  4.1.1 Minimization of FACTS Investment cost 

 

    The investment cost of individual FACTS devices are modelled as 

quadratic equations as function of its capacity for different FACTS devices  
 

 [38] as given below in Eq. (8) to (10). 

                                                                                    

                                                                                   

                                                                                
        is the cost of SVC device expressed in  US $/KVar,          is 

the cost of TCSC device expressed in US $/KVar and          is the cost of 

TCSC device expressed in US $/KVar. 

As with the corresponding equations, it can be inferred that cost of UPFC 

is far superior when compared to SVC device. These cost functions were 

taken for corresponding sub-cases for individual optimization of sizing the 

respective FACTS device.  

 

                  4.1.2 Minimization of Voltage Variation 
 

The minimization of variations in voltage is taken as another objective, 

where the voltage profile is brought near to unity, such that the effective 

square of the difference between bus voltages to unity must be reduced. The 

corresponding objective can be mathematically expressed as given below in 

Eq. (11). 

                    ∑       
 

  

   
                                                  

 

                   4.1.3 Minimization of Net Power Loss 
 

The last objective being the net system conduction losses in the adjoining 

lines of the network. The power loss can be expressed in many forms, but the 

conductance representation is much suitable for evaluation for the 

distribution network and hence considered in this work. 

             ∑    (  
    

          (     )) 
  
                                        

               

          4.2 Constraints 
 
                  4.2.1 Load Flow Equations 
 

The Newton-Rapson method to solve the load flow equations were found 

to be more efficient due to its quadratic convergence characteristics; and 

hence applied for large power system networks. The net power injection at 

any bus   can be expressed in admittance form as follows [26] 
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 ∑     

  

   

                                                                         

Where    and    are the real and reactive power injections at bus  ; with 

   being the current entering into bus   having voltage   .Assume the network 

has  

   number of buses. Now expressing the voltage and admittance in their 

polar form results in the following expressions for    and    respectively. 

   ∑|  ||  ||   |               

  

   

                                                            

    ∑|  ||  ||   |               

  

   

                                                        

The above equations of     and    represent a set of nonlinear 

simultaneous algebraic equations at each bus in the network, that are to be 

satisfied for steady state operation of system. 

 

                    4.2.2 Generation and Load Balance 
 

As a result of above, the net power balance in both real and reactive 

power must be satisfied with regard to the operational point of system. The 

corresponding balance in powers can be expressed as given in Eq. (16) and 

(18). 

∑    ∑   

  

   

        

  

   

                                                                                

∑    ∑   

  

   

        

  

   

                                                                               

                  

      4.2.3 Power Generation Limits 
 

The operational generation from each generator must be within the 

corresponding limits of the generator, and the respective limits for 

generations for each generator can be expressed as given in Eq. (18) 

                                                                                            

                    

4.2.4 Operational Limits of FACTS Devices 
 

The operating limits of SVC is given as 
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The operating limits of TCSC is given as 

                                                                                                    

Where   reactance of transmission line in p.u; and       is the 

additional reactance due to placing TCSC in the line. Similarly, the operating 

limits of UPFC is given as 

                                                                                                   
                   

 

4.2.5 Voltage Limits 
 

The bus voltages in the networks should be constrained to operate within 

the minimum and maximum values as given below in Eqn. (22). 

                                                                                                     
        

      4.2.6 Line Current Limits 
 

The line flows must be within the thermal limits of the conductor, the 

corresponding limiting constraint must be satisfied as given below in Eqn. 

(23). 

               

                                                                                                       
 

5 Proposed Methodology for Optimal Allocation of FACTS 
Devices 

                 
5.1 Basics of MSSA 
 

In this section, the problem formulated in the above paragraph is 

proposed to solve using a heuristic approach. As the problem under 

consideration is of non-convex and is also non-linear, the solution by 

conventional methods does not guarantee convergence. In this regard, the 

heuristic approach is adopted in this work.The recently proposed SSA 

algorithm [28] is considered for optimization with single and multiple 

objectives with same algorithm i.e., MSSA [28].  

Recently, this algorithm has been well received by the researches in 

various domains, and especially in energy systems, many works has been 

reported in the literature [34-37]. With this, the authors are much inspired to 

implement and test this algorithm for the formulated problem in this work.  
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5.2 Mathematical Modelling for Moving Salp Chains in Multi-
Objective Environment 

 

In the literature, mathematical models of behaviour of swarming are very 

limited [32-33]. Furthermore, no significant mathematical pattern of the salp 

swarms is available for the optimization problems, even though bee, ants and 

fish swarms have been commonly modelled and used to solve problems with 

optimisation. The very first model of salp chains is for optimisation problems 

involving the swarming and evolution of salps for the subsequent iterations 

are discussed here. 

The population is first divided into two classes, leaders and followers, in 

order to mathematically model the salp chains. The chief is the salp on the 

front of the chain while the remaining salps are known as followers. Similar 

to other techniques, salp positions are defined as n-dimensional search areas, 

where for any given problem n is the number of variables. The swarm guides 

swarm, and the search follows each other, and the search engines are 

followed (and the leader is indirectly). The salp locations are stored in 

matrix, and later retrieved for subsequent iterations.  

The position of the leader salp is updated in the following equation.  

  
  {

     (               )                  

     (               )               
                                         

where   
  is the first salp position in the     dimension,    is the source 

position of the food in     dimension,      indicates the upper bound of     

dimension     is the lower bound of     dimension,   ,   ,    are the random 

numbers. 

The position of the leader is updated with respect to food source by the 

proposed equation. The random number    is important parameter in Single-

objective Salp Swarm Algorithm (SSA) because of its exploitation and 

exploration is defined as  

     
 (

  

 
)
 

                                                                                                        
Where y and Y are the current and maximum number of iterations 

considered.  The parameters  ,    were uniformly generated in the interval 

of [0, 1]. The position of the followers is updated by the following proposed 

equation  

  
 
 

 

 
                                                                                                              

Where        
 
 shows the position of     follower salp in     

dimension,   is the time,    is the initial speed and   
      

  
 where   

    

 
  

The change between the iterations is set at 1 and assume    , then the 

equation is modified as follows 

  
 
 

 

 
(  

 
   

   
)                                                                                               

Where     and   
 
 gives the position of     follower     dimension. 



 
 

Salp population is initialised as Xi (i = 1, 2, ..., n) within the bounds, define 

the parameters, iters, pop, archive size,  

while (condition is not satisfied) 

Evaluate the fitness of individual salp agent 

Evaluate the possible non-dominated salps 

Update the Archive with new non-dominated salps 

If (Archive is full) 

Amend the Archive with diverse non-dominated salps 

Add new set of non-dominated salps into Archive 

end 

Choose the food source from Archive 

Update K1 by Eq. (25)  

for individual salp (xi) 

if (i==1) 

Update leading salp position according to Eq. (24)  

else 

Update follower salp position according to Eq. (26)  

end 

end 

end 

Return all non-dominated solutions in the Archive 
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With the Eq. (24) to Eq. (27), the salp chain mechanism can be 

programmed on any interface for effective implementation. 

The first initialization of the salp population by the MSSA-Algorithm 

[28] in relation to the upper limits and lower variables. This algorithm then 

measures and seeks not-dominated objective values for each salp. If the 

repository is not complete, the non-dominated solutions are added to the 

archive. If the repository is completely managed, the solutions are removed 

from the crowded region. The solutions are first categorised and then chosen 

by means of a roulette wheel. Upon the repository update, for next iteration, 

the source of food for salp is selected from least crowded region of the non-

dominated solutions that are explored till now and stored in repository. This 

is often achieved by classifying options and using a roulette wheel in the 

same way as the archive maintenance. The next move will be to update k1 

using Eq. (25) change the lead/follower salp position using either Eq. (24) or 

(26), respectively. If a salp goes beyond the borders during the update 

process, it will be returned. All the above steps are then repeated except 

initialisation, until a final condition is satisfied. The Pseudo code of the 

MSSA algorithm is given for better understanding. 

 

6 Results & Discussion 
 

In this work, the MSSA algorithm is adopted for optimal placing and 

rating of the FACTS devices, to improve the voltage stability and reduce 

system losses. The adopted method is implemented on MATLAB 2020, 12 

GB RAM, i5 processor personal computer.  
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The IEEE 30 bus system [29] comprises of 6 generators taken as slack 

and voltage-controlled buses to feed the 24 loads with 4 transformers inter-

connected with 41 transmission lines. Similarly, the IEEE 57-bus system [30] 

comprises of only 4 generating units and 3 synchronous compensation 

systems, feeding 50 loads inter-connected by 80 transmission lines and 06 

tap changing transformers. In this work, the operating limits of SVC is varied 

from                , TCSC is varied from                , where 

   is the reactance of the transmission line in p.u; and       is the additional 

reactance to the line by placing TCSC and finally the operating limits of 

UPFC is varied from                                  for 30 and 57 

bus networks respectively. 

 

6.1 Pseudocode of Multi-Objective Salp Optimization Algorithm 
 

The proposed method is tested with the above stated IEEE 30 and IEEE 

57 bus using the three FACTS devices considered one at a time and all at a 

time. The voltage profile and power losses were calculated for the system as 

per their own specifications. In addition to the above for each of the FACTS 

device, the individual cost based on its rating were considered along with the 

above objectives. The implementation of the proposed approach for single 

and multi-objective optimization was carried out with individual sub-cases as 

follows: 

a. Without FACTS  

b. With SVC 

c. With TCSC 

d. With UPFC 

e. With all FACTS 

 

Case 1: Single objective optimization: 

The individual objectives are considered one at a time, and they are 

optimized to obtain the minimum possible values of each objective function. 

The salp algorithm (SA) [28], was implemented to each objective function 

separately on IEEE 30-bus system, and the corresponding values were 

tabulated under salp algorithm. To compare the superiority of proposed 

approach, the formulated problem was implemented and solved on well-

known single objective genetic algorithm (GA) approach. The obtained 

values were tabulated under each objective under GA in Table 1. As with the 

tabulated values with each objective, it is seen that the values corresponding 

to SA approach is superior to that of GA method.  

The locations of individual FACTS devices along with their rating for 

both methods are given in Table 2. From the tabulated values it sis seen that 

for each FACTS device both methods corresponds to slight deviation in both 

location and sizing. As SA has superior exploring capability the 

corresponding values of objective functions for each of the solution obtained 

to individual FACTS device, the proposed method surpasses the GA 

approach in obtaining the final solutions.  
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Table 1 Single Objective Optimized Values for 30 Bus Network 

 

 

Table 2 Optimized Single Objective Solution Vectors for 30 Bus Network 

 

CASE 

 
Location Rating/Specification 

MSSA NSGA-II MSSA NSGA-II 

1.a: Without 

FACTS 

- - 

1.b: With 

SVC 

20 18 -100 -94.05 

21 16 -100 -89.88 

16 17 72.70 35 

1.c: With 

TCSC 

44 41 -0.99 -0.96 

36 38 -0.18 0.11 

41 36 -0.47 -0.18 

1.d: With 

UPFC 

28 30 22.91 22.82 

2 2 3.50 4.50 

38 36 21.97 26.54 

1.e: With all   

FACTS 

17 16 -90 -88 

38                   40 -0.24 -0.23 

26 31 18 22.58 

 

 

 

CASE 
 

Devices cost  

($/kVar) -F1  

Voltage variation  

(p.u) - F2 

Losses  

(p.u) - F3 

SA GA SA GA SA GA 

1.a: 

Without 

FACTS 

- 0.0249 0.17907 

1.b: With 

SVC 

99.87 101.338 0.02219 0.02438 0.17539 0.17751 

108.438 109.458 0.02185 0.02209 0.17541 0.17149 

106.783 117.069 0.02471 0.0238 0.17501 0.17508 

1.c: With 

TCSC 

153.04 153.061 0.02613 0.02677 0.15194 0.14866 

153.617 153.666 0.02223 0.02245 0.17781 0.17435 

153.409 153.662 0.02652 0.02778 0.15345 0.15578 

1.d: With 

UPFC 

182.211 182.2345 0.02526 0.02468 0.17587 0.17555 

182.4519 183.5678 0.022139 0.023005 0.1724 0.1727 

187.2818 187.0151 0.021407 0.02146 0.101851 0.102487 

1.e: With 

all 

FACTS 

446.258 446.987 0.015245 0.015778 0.014587 0.015578 

452.547 453.1478 0.001249 0.001287 0.01575 0.01547 

458.247 456.782 0.016547 0.01687 0.00784 0.007987 
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Case 2:  Multi Objective Optimization: 

 

In this case, all the objectives are considered simultaneously, and they are 

optimized to obtain the minimum possible values. The MSSA algorithm [28],  

was implemented to formulate multi-objective optimization on IEEE 30-bus, 

and the corresponding values were tabulated in Table 3. The solutions 

obtained from both the methods in terms of location and sizing of various 

FACTS devices were tabulated in Table 4. To show the scalability of 

proposed approach, the formulated problem was implemented on IEEE 57-

bus system as well, and results were obtained. As similar to the above case, 

the superiority of proposed approach was tested on implementation with the 

multi objective NSGA-II algorithm [31]. The obtained values of objective 

functions and solution vector for 57 bus system were tabulated in Table 5 and 

6, respectively.  

From the obtained values of both 30 and 57 bus systems, it is seen that 

the objective function values were optimized better by proposed approach 

compared to the NSGA method. This is due to the fact that the salf algorithm 

explores the search space with right balance between the exploration and 

exploitation. The number of iterations and the population size were randomly 

chosen at first, and later multiple were carried out on both methods for each 

of the sub-case to validate the redundancy of solutions obtained.  
 

Table 3 Multi Objective Optimized Values for 30 Bus Network 

 

CASE 

 
Devices cost 

($/kVar) -F1 

Voltage variation  

         (p.u) - F2 

Losses  

(p.u) - F3 

MSSA NSGA-

II 

MSSA NSGA-

II 

MSSA NSGA-

II 

2.a: Without 

FACTS 

- - 0.0249 0.0249 0.17907 0.1790

7 

2.b: With SVC 117.069

1 

119.579

6 

0.02380

4 

0.02471

4 

0.17507

8 

0.175 

2.c: With 

TCSC 

153.433

4 

153.574

7 

0.02596

9 

0.02214 0.17053

7 

0.1774

8 

2.d: With 

UPFC 

185.680

1 

185.954

9 

0.02213

9 

0.02185 0.17324 0.1748

2 

2.e: With all 

FACTS  

450.238 452.238

7 

0.00145

8 

0.00148

7 

0.00921 0.0099

1 

 

To show the proposed approach's evident nature, the voltage profile 

obtained for each of the FACTS device allocations is tabulated in Table 7 

and 8, respectively. The same is plotted in Fig. 4 and Fig. 5, respectively. As 

the considered test system is 57-bus, representing the voltage profile on 

simple co-ordinate axis would be difficult, and hence it has been 

conveniently represented on circle diagram and also the values obtained with  
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other methods were also highlighted. The significance of the second 

objective being considered in the optimization reveals that the voltage profile 

is at the optimum distance with unity at each bus at the cost of sacrifice in the 

other two objectives.  
 

 

Table 4 Optimized Multi Objective Solution Vectors for 30 Bus Network 

 

CASE 

 
Location Rating/Specification 

MSSA NSGA-II MSSA NSGA-II 

2.a: Without 

FACTS 

- - - - 

2.b: With SVC 18 16 34.99 26.24 

2.c: With 

TCSC 

18 36 -0.44 -0.24 

2.d: With 

UPFC 

38 39 9.54 8.49 

2.e: With all 

FACTS 

16 15 30.25 32.47 

20 20 -0.24 -0.21 

36 35 5.87 8.54 

 

Figure 4 Voltage Profile for 30 Bus Network for Various Cases 

 

Table 5 Multi Objective Optimized Values for 57 Bus Network 

 
CASE 

 
Devices cost 

($/kVar) -F1 

Voltage variation 

(p.u) - F2 

Losses 

(p.u) - F3 

      MSSA NSGA-II           

MSSA 

NSGA-

II 

      

MSSA 

NSGA-

II 

2.a: Without 

FACTS 

- -   0.2484 0.2484 

2.b: With 

SVC 

104.3438 117.4728 0.198194 0.2092 0.287895 0.285 

2.c: With 

TCSC 

152.9789 152.9932 0.397616 0.4962 0.29258 0.4668 

2.d: With 

UPFC 

178.7634 187.0177 0.116283 0.14199 0.302372 0.46802 

2.e: With all   

FACTS 

468.489 471.59 0.09874 0.09745 0.01987 0.01998 
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Figure 5 Voltage Profile for 57 Bus Network for Various Cases 

 

Table 6 Optimized Multi Objective Solution Vectors for 57 Bus Network 

 

CASE 

 
Location Rating/Specification 

MSSA NSGA-II MSSA NSGA-II 

2.a: Without 

FACTS 

- - - - 

2.b: With SVC 23 19 -82.13 -33.58 

2.c: With TCSC 54 50 -1.08 -1.06 

2.d: With UPFC 34 60 36.63 4.49 

2.e: With all   

 FACTS 

18 20 -60.54 -58.54 

51 49 -0.99 -0.98 

36 35 22.58 23.47 

 

            Table 7 Voltage Profile for 30 Bus Network for Various Cases. 

 

Bus 

No 

2.a: Without 

FACTS 

2.b: With 

SSVC 

2.c: With 

TCSC 

2.d: With 

UPFC 

2.e: With all 

FACTS 

1 1.06 1.06 1.06 1.06 1.06 

2 1.033 1.043 1.043 1.043 1.046 

3 1.0164 1.026675 1.026249 1.026673 1.032 

4 1.0067 1.019031 1.018533 1.019025 1.026 
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5 1 1.01 1.01 1.01 1.01 

6 1.0065 1.014053 1.013205 1.014181 1.018 

7 0.996 1.004643 1.004137 1.004719 1.0056 

8 1.01 1.01 1.01 1.01 1.01 
9 1.0373 1.027862 1.02215 1.027393 1.039 

10 1.0191 1.007837 0.996385 1.006789 1.0199 

11 1.082 1.082 1.082 1.082 1.082 

12 1.0483 1.029966 1.035133 1.028917 1.038 

13 1.071 1.071 1.071 1.071 1.071 

14 1.0308 1.014005 0.99865 1.012326 1.01006 

15 1.024 1.008808 0.979946 1.006627 1.09964 

16 1.0287 1.013219 1.011551 1.012167 1.026 

17 1.0166 1.003966 0.995493 1.002913 1.006 

18 1.0099 1 0.972765 0.994108 1.004 

19 1.0048 0.99432 0.971905 0.989942 1.003 

20 1.0076 0.996904 0.977153 0.993347 0.9992 

21 1.0066 0.994339 0.978997 0.993324 0.9987 

22 1.0072 0.999716 0.987714 0.999463 0.99989 

23 1.0085 0.994687 0.978199 0.993686 0.9992 

24 0.9963 0.988469 0.975861 0.98923 0.992 

25 1.0006 0.985685 0.976783 0.990443 0.996 

26 0.9826 0.967417 0.958341 0.972266 0.9899 

27 1.012 0.992801 0.986336 1 1.014 

28 1.0054 1.012216 1.010995 1.013037 1.016 

29 0.9919 0.972284 0.965669 0.99389 0.9996 

30 0.9803 0.96042 0.953718 0.997167 0.9945 

 

                Table 6 Optimized Multi Objective Solution Vectors for 57 Bus Network 

 
CASE 

 
Location Rating/Specification 

MSSA NSGA-II MSSA NSGA-II 

2.a: Without 

FACTS 

- - - - 

2.b: With SVC 23 19 -82.13 -33.58 

2.c: With TCSC 54 50 -1.08 -1.06 

2.d: With UPFC 34 60 36.63 4.49 

2.e: With all   

 FACTS 

18 20 -60.54 -58.54 

51 49 -0.99 -0.98 

36 35 22.58 23.47 
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   Table 8 Voltage Profile for 57 bus Network for Various cases. 

 

Bus 

No 

 

2.a: Without 

FACTS 

 

2.b: With   

SVC 

2.c: With 

TCSC 

2.d: With 

UPFC 

2.e: With 

all 

FACTS 

1 0.96 1.04 1.04 1.04 1.04 

2 0.96 1.01 1.01 1.01 1.01 

3 0.955 0.985 0.985 0.985 0.996 

4 0.952334 0.978913 0.97809 0.978885 0.9865 

5 0.947263 0.975882 0.975604 0.975888 0.9867 

6 0.95 0.98 0.98 0.98 0.98 

7 0.978523 0.983981 0.98015 0.987308 0.9899 

8 0.895 1.005 1.005 1.005 1.005 

9 0.87 0.98 0.98 0.98 0.98 

10 0.954493 0.988142 0.983225 0.988459 0.996 

11 0.950302 0.978774 0.971523 0.978889 0.986 

12 0.905 1.015 1.015 1.015 1.015 

13 0.970905 0.989735 0.981119 0.989808 0.99865 

14 0.940273 0.986318 0.973467 0.986455 0.9843 

15 0.954689 0.99531 0.987123 0.995359 0.9992 

16 0.888753 1.013409 1.013328 1.013406 1.014 

17 0.955516 1.017501 1.017408 1.017497 1.018 

18 0.930728 0.955597 0.9468 0.955887 0.96 

19 0.920774 0.94775 0.91741 0.946871 0.956 

20 0.92695 0.956535 0.912503 0.955169 0.96436 

21 0.95904 0.987089 0.918134 0.987576 0.9989 

22 0.960078 0.992499 0.919994 0.99289 0.9996 

23 0.959115 1 0.917904 1 1.01 

24 0.873112 0.956362 0.899052 1.010282 1.012 

25 0.87925 0.903851 0.844176 0.953953 0.958 

26 0.902109 0.95377 0.901265 1.005371 1.0065 

27 0.947503 0.957883 0.932084 0.982573 0.998 

28 0.960949 0.966411 0.95055 0.98059 0.9889 
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29 0.951747 0.976098 0.966311 0.983333 0.9867 

30 0.879503 0.883889 0.82363 0.930457 0.9564 

31 0.908302 0.858937 0.897991 0.895892 0.92 

32 0.917767 0.880528 0.825739 0.900271 0.92 

33 0.907744 0.878052 0.823098 0.897849 0.909 

34 0.900371 0.924676 0.877059 0.93324 0.94876 

35 0.913332 0.932771 0.886129 0.939264 0.94324 

36 0.926629 0.943328 0.897643 0.948216 0.94876 

37 0.934601 0.952162 0.905032 0.955985 0.96542 

38 0.954555 0.979455 0.924531 0.980666 0.9896 

39 0.934429 0.950112 0.904498 0.953928 0.96546 

40 0.928135 0.941347 0.898151 0.946186 0.9542 

41 0.969315 0.950047 0.981624 0.951362 0.9698 

42 0.942046 0.914041 0.930143 0.915522 0.9564 

43 0.982369 0.969235 0.973051 0.969654 0.9876 

44 0.963388 0.982302 0.936943 0.983362 0.98996 

45 0.93156 1.000231 0.974885 1.001287 1.0064 

46 1.029808 0.985912 0.959385 0.986983 1.0265 

47 0.962414 0.976062 0.936915 0.977509 0.9876 

48 0.920336 0.976495 0.933336 0.977815 0.98767 

49 0.962302 0.973459 0.939105 0.974951 0.98767 

50 0.944128 0.956161 0.930425 0.957401 0.96876 

51 0.951588 0.981208 0.97177 0.981996 0.98654 

52 0.840674 0.929608 0.921647 0.935275 0.94356 

53 0.824948 0.911649 0.904717 0.916488 0.92644 

54 0.862563 0.934874 0.930912 0.93733 0.9468 

55 0.908438 0.967991 0.966915 0.968161 0.969989 

56 0.940807 0.911403 0.911267 0.913036 0.94989 

57 0.935343 0.906967 0.896103 0.908707 0.9436 

 

As with the voltage profiles obtained above, it is seen that the with 

FACTS device placement the profile is utmost in coordination with the unity 

value when no device was placed in the system. This has accounted to have a  
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relatively reduced voltage difference between two consecutive buses in the 

network. Hence, the loss in the line connecting the two buses will also be 

reduced to an appreciable value. To show the effect of FACTS device 

placement in the network on system losses, the line loss for all the cases has 

been plotted for both the test systems in Fig. 6 and 7, respectively. It is seen 

that in Fig. 7 due to the scalable nature of 57-bus network the losses were 

drastically affected by the FACTS devices, it is also evident that if all the 

FACTS devices are placed in the network, then the losses will be reduced to 

the minimum possible value, but at the cost of the increased investment cost 

of individual device 
 

 

 

 

 

 

 

 

 

 

 

 

 

    

 

 

 

    Figure 6 Line Losses in 30 Bus Network 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 Line Losses in 57 Bus Network 
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As multiple objectives were considered in the formulated problem, for 

each of FACTS device the corresponding pareto fronts were obtained by 

simulating with respective FACTS device, later the pareto fronts were plotted 

for all the possible cases i.e., 2(b), 2(c), 2(d) and 2(e) respectively. From the 

obtained pareto solutions, the final single solution was obtained from fuzzy 

principle [39,40], and the corresponding final solutions were tabulated 

separately for IEEE 30-bus and 57-bus network in Table 4 and Table 6 

respectively. The significance of considered objectives comes from the fact 

that losses also vary in coordination with voltage profile, and hence these two 

distinct objectives has been considered for optimization. Moreover, the other 

objective is related to economic aspect that can balance the technical and 

monetory values within the proposed approach.  

Figure 8 Pareto for Individual Case with (i) SVC, (ii) TCSC, (iii) UPFC, (iv) 

All FACTS for 30 Bus Network 
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The proposed MSSA approach for single and multi-objective 

optimization results were tabulated in the above Tables 1 to 8. The obtained 

values for each objective are superior to the other heuristic algorithms. The 

single objective is implemented on IEEE 30-bus system and results obtained 

were better than GA method. The formulated multi-objective optimization is 

implemented on the IEEE 30 and 57-bus system, the results obtained were 

far better than the NSGA-II method that is shown in figure 8 and 9. 
 

 

                  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 9 Pareto for Individual Case with (i) SVC, (ii) TCSC, (iii) UPFC, (iv) All 

FACTS for 57 Bus Network 

 

7 Conclusion 
 

In this paper, the MSSA algorithm has been implemented for optical 

allocation of various FACTS devices such as SVC, TCSC and UPFC for 

optimizing the device cost, loss and voltage stability. The formulated single 

objective optimization is implemented on standard IEEE 30 bus system and 

the multi-objective optimization is implemented on both IEEE 30 and 57 test 

systems. The obtained results were compared with the GA method in case of 

single objective and the multi-objective optimization is compared with the 

NSGA-II method. From the results it is observed that the MSSA algorithm is 

far better than their counterparts. 
 



 
 

 

 

 

 

 

1055 K. Hemachandra Reddy et al 

 

References 
 

[1]S. Kumar Sahu, S. Suresh Reddy, S.V. Jayaram Kumar, “New voltage 

stability index for voltage stability analysis in power system”, Int. J. 

Elec. Electron. Eng. Res. Vol. 2, no. 4, pp.13–20, 2012. 

[2]M.A. Perez, A.R. Messina, C.R. Fuerte Esquivel, “Application of FACTS 

devices to improve steady state voltage stability”, IEEE Conference on 

Power Engineering society, Vol.2, pp.1115–1120, 2000. 

[3]R. Kalaivani, V. Kamaraj, “Modeling of shunt FACTS devices for voltage 

stability enhancement”, Eur. J. Sci. Res. vol.61, no. 1, pp.144–154, 2011. 

[4]R.S. Wibowo, N. Yorino, M. Eghbal, Y. Zoka, Y. Sasaki, “FACTS 

devices allocation with control coordination considering congestion 

relief and voltage stability”, Journal of IEEE Transactions on Power 

Systems, vol. 26, no. 4, pp. 2302–2310, 2011. 

[5]H.I. Shaheen, G.I. Rashed, S.J. Cheng, “Optimal location and parameter 

setting of UPFC for enhancing power system security based on 

differential evolution algorithm”, Int. J. Elec. Power, vol.33, no.1, pp. 

94–105, 2011. 

[6]S. Panda, N.P. Padhy, “Comparison of particle swarm optimization and 

genetic algorithm for FACTS-based controller design”, Appl. Soft 

Comput, vol. 8, no. 4, pp. 1418–1427, 2008. 

[7]Do Nascimento, Sidneo, and M. Maury Gouvea, "Voltage stability 

enhancement in power systems with automatic facts device allocation", 

Energy Procedia, vol. 107, pp. 60-67, 2017. 

[8]Inkollu, Sai Ram, and Venkata Reddy Kota, "Optimal setting of adaptive 

GSA hybrid algorithm", Engineering science and FACTS devices for 

voltage stability improvement using PSO technology, an international 

journal, vol. 19, no.3, pp. 1166-1176, 2016. 

[9]Roselyn, J. Preetha, D. Devaraj, and Subhransu Sekhar Dash, "Multi-

Objective Genetic Algorithm for voltage stability enhancement using 

rescheduling and FACTS devices", Ain Shams Engineering Journal, vol. 

5, no. 3, pp. 789-801, 2014. 

[10]Balamurugan, K., R. Muralisachithanandam, and V. Dharmalingam, 

"Performance comparison of evolutionary programming and differential 

evolution approaches for social welfare maximization by placement of 

multi type FACTS devices in pool electricity market", International 

Journal of Electrical Power & Energy Systems, vol. 67, pp. 517-528, 

2015. 

[11]Kang, Tong, et al, "A hybrid approach for power system security 

enhancement via optimal installation of flexible AC transmission system 

(FACTS) devices", Energies, vol. 10, no.9, 2017. 

 

 

 



 
 

 

 

 

 
Optimal Allocation of FACTS Considering Device Cost and System Loss for 

Improving Voltage Stability 1056 

 

[12]Packiasudha, M., S. Suja, and Jovitha Jerome, "A new Cumulative 

Gravitational Search algorithm for optimal placement of FACT device to 

minimize system loss in the deregulated electrical power environment", 

International Journal of Electrical Power & Energy Systems, vol. 84, pp. 

34-46, 2017. 

[13]Jordehi, A. Rezaee, "Brainstorm optimisation algorithm (BSOA): An 

efficient algorithm for finding optimal location and setting of FACTS 

devices in electric power systems", International Journal of Electrical 

Power & Energy Systems, vol. 69, pp. 48-57, 2015. 

[14]Jordehi, A. Rezaee, "Optimal allocation of FACTS devices for static 

security enhancement in power systems via imperialistic competitive 

algorithm (ICA) ", Applied Soft Computing, vol. 48, pp. 317-328, 2016. 

[15]Dutta, Susanta, Sourav Paul, and Provas Kumar Roy. "Optimal 

allocation of SVC and TCSC using quasi-oppositional chemical reaction 

optimization for solving multi-objective ORPD problem", Journal of 

Electrical Systems and Information Technology, vol.  5, no.1, pp. 83-98, 

2018. 

[16]Bhattacharyya, Biplab, and Sanjay Kumar,"Loadability enhancement 

with FACTS devices using gravitational search algorithm." International 

Journal of Electrical Power & Energy Systems, vol. 78, pp. 470-479, 

2016. 

[17]Taleb, Mohamed, et al, "Advanced Method for Optimal Allocation of 

FACTS Devices Using Line Stability Index Combined with Meta-

Heuristic Optimization Techniques", 2019 21st International Middle 

East Power Systems Conference (MEPCON). IEEE, 2019. 

[18]Sirjani, Reza, Azah Mohamed, and Hussain Shareef, "Optimal allocation 

of shunt Var compensators in power systems using a novel global 

harmony search algorithm", International Journal of Electrical Power & 

Energy Systems, Vol. 43, no. 1, pp. 562-572, 2012. 

[19]Ravi, K., and M. Rajaram, "Optimal location of FACTS devices using 

improved particle swarm optimization", International Journal of 

Electrical Power & Energy Systems, Vol. 49, pp. 333-338, 2013. 

[20]Mori, Hiroyuki, and Hajime Fujita, "Development of hybrid-coded 

EPSO for optimal allocation of FACTS devices in uncertain smart 

grids", Procedia Computer Science, Vol. 6, pp. 429-434, 2011. 

[21]Taleb, M., et al., "Advanced technique for optimal allocation of static var 

compensators in large-scale interconnected networks", IECON 2017-

43rd Annual Conference of the IEEE Industrial Electronics Society. 

IEEE, 2017. 

[22]Naderi, Ehsan, Mahdi Pourakbari-Kasmaei, and Hamdi Abdi, "An 

efficient particle swarm optimization algorithm to solve optimal power 

flow problem integrated with FACTS devices", Applied Soft 

Computing, Vol. 80, pp. 243-262, 2019. 

 



 
 

 

 
1057 K. Hemachandra Reddy et al 

 

[23]Bhattacharyya, Biplab, and Saurav Raj, "Swarm intelligence based 

algorithms for reactive power planning with Flexible AC transmission 

system devices", International Journal of Electrical Power & Energy 

Systems, Vol. 78, pp. 158-164, 2016. 

[24]Rao, R. Srinivasa, V. Srinivasa Rao, "A generalized approach for 

determination of optimal location and performance analysis of FACTs 

devices", International Journal of Electrical Power & Energy 

Systems,Vol.  73, pp. 711-724, 2015. 

[25] Benabid, R., M. Boudour, and M. A. Abido, "Optimal location and 

setting of SVC and TCSC devices using non-dominated sorting particle 

swarm optimization", Electric Power Systems Research, Vol. 79, no.12, 

pp. 1668-1677, 2009. 

[26]Acha, Enrique, et al., “FACTS: modelling and simulation in power 

networks”, John Wiley & Sons, 2004. 

[27]Hingorani, Narain G, "FACTS technology-state of the art, current 

challenges and the future prospects", IEEE Power Engineering Society 

General Meeting, vol. 2, 2007. 

[28]Mirjalili, Seyedali, et al., "Salp Swarm Algorithm: A bio-inspired 

optimizer for engineering design problems", Advances in Engineering 

Software, vol. 114, pp. 163-191, 2017. 

[29]Alsac, O., and Brian Stott, "Optimal load flow with steady-state 

security", IEEE transactions on power apparatus and systems, vol. 3, 

pp.745-751, 1974. 

[30]Roselyn, J. Preetha, D. Devaraj, and Subhransu Sekhar Dash, "Multi-

Objective Genetic Algorithm for voltage stability enhancement using 

rescheduling and FACTS devices", Ain Shams Engineering Journal, vol. 

5, no.3, pp.789-801, 2014. 

 [31]Deb, Kalyanmoy, et al, "A fast and elitist multi-objective genetic 

algorithm: NSGA-II." IEEE transactions on evolutionary computation, 

vol.6, no.2,  pp.182-197, 2002. 

[32]Andersen, Valérie, and Paul Nival, "A model of the population dynamics 

of salps in coastal waters of the Ligurian Sea", Journal of plankton 

research, vol. 8, no.6, pp. 1091-1110, 1986. 

[33] Henschke, Natasha, et al. "Population drivers of a Thalia democratica 

swarm: insights from population modelling", Journal of Plankton 

Research, vol. 37, no.5, pp. 1074-1087, 2015. 

[34] El Sehiemy, Ragab A., et al, "A novel multi-objective hybrid particle 

swarm and salp optimization algorithm for technical-economical-

environmental operation in power systems", Energy, vol. 193, 2020. 

 [35]Ridha, Hussein Mohammed, et al. "Multiple scenarios multi-objective 

salp swarm optimization for sizing of standalone photovoltaic system", 

Renewable Energy, vol. 153, pp.1330-1345, 2020. 

[36]Elattar, Ehab E., and Salah K. ElSayed, "Probabilistic energy 

management with emission of renewable micro-grids including storage 

devices based on efficient salp swarm algorithm", Renewable Energy, 

vol. 153, pp. 23-35, 2020. 

 



 
 

 

 

 

 

 
Optimal Allocation of FACTS Considering Device Cost and System Loss for 

Improving Voltage Stability 1058 

 

[37]Cheng, Zishu, and Jiyang Wang, "A new combined model based on 

multi-objective salp swarm optimization for wind speed forecasting", 

Applied Soft Computing, vol. 92, 2020. 

[38]Kavitha, K., and R. Neela, "Optimal allocation of multi-type FACTS 

devices and its effect in enhancing system security using BBO, WIPSO 

& PSO", Journal of Electrical Systems and Information Technology, vol. 

5, no. 3, pp. 777-793, 2018. 

[39]Jithendranath, J., and Debapriya Das, "Scenario-based multi-objective 

optimisation with loadability in islanded microgrids considering load and 

renewable generation uncertainties", IET Renewable Power Generation, 

vol. 13, no.5, pp. 785-800, 2019.  

[40] K. Balachander,S. Ramesh,Ahmed J. Obaid,"Simulation Of 1kw Multi-

Level Switch Mode Power Amplifier",International Journal Of 

Innovations In Scientific And Engineering Research 

(IJISER),Vol.5,no.9,pp.85-92,2018. 

 

 

 Biographies 
 

 

 

 

 

 

 

 

Hemachandra Reddy K is currently pursing his Ph.D Faculty of Electrical 

Engineering at JNTU Ananthapur, India in the area of Electric Power 

systems. His research interests include Voltage stability, Optimization 

algorithms, and ac-dc microgrids. 

 

 
 

 

 

 

 

 

P. Ram Kishore Kumar Reddy received his Ph.D degree in the Faculty of 

Electrical Engineering at JNTU Ananthapur, India. Currently he is working 

as professor and HOD in EEE department at MGIT, Hyderabad. His research 

interests include Power Quality, Voltage stability and Optimization 

techniquies. 



 
 

 
 

 

 

 

 

 
1059 K. Hemachandra Reddy et al 

 

 

 

 

 

 

 

P. Sujatha received her Ph.D degree in the Faculty of Electrical Engineering 

at JNTU Ananthapur, India. Currently she is working as vice-principal and 

professor in EEE department at JNTUA Ananthapur. Her research interests 

include Distributions systems, Energy Management and Auditing, Voltage 

stability and Optimization algorithms. 

 
 


