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Abstract: In modern power systems, the interline power flow controller (IPFC) may realize 

power flow control for numerous transmission lines, making it one of the most adaptable 

integrated flexible alternating current transmission systems (FACTS) controllers. Nevertheless, 

in traditional IPFC models, control features are disregarded, which may result in erroneous 

assumptions regarding injected voltages and security issues in practical use. Furthermore, IPFC 

control potential is wasted since optimal power flow (OPF) control of the system with IPFC does 

not incorporate preventive security limitations taking into account IPFC control modes. In order 

to address these issues, this research proposes a preventive-security-constrained using blue whale 

optimization optimal power flow model that takes IPFC control modes into account. The 

optimization model's constraints are derived from an analysis of the IPFC control features in 

various control modes. The power and voltages needed in the goal function and constraints of the 

suggested model can then be achieved by iteratively updating the converter output voltages for 

the various control modes, which are derived separately for power flow calculation. The 

suggested model is better able to balance the system's secure and affordable operation by 

choosing IPFC control modes and settings optimally. Numerical findings show how well the 

proposed IPFC model performs and how superior it is when taking IPFC control modes into 

account. 
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1. Introduction 

 

  The issue of transmission overload is getting worse as power networks get larger and include 

more renewable energy [1]. The difficulty impairs the power systems' ability to operate 

profitably and could possibly pose serious risks to the system's security [2]. FACTS technologies 

effectively improve system functioning by overcoming challenges with fast voltage or power 

flow regulation [3]. One of the most effective and adaptable integrated FACTS controllers is 

IPFC [4]. IPFC offers complete control over the simultaneous transmission of active power and 

reactive power for numerous transmission lines, and it has great potential and a wide range of 

applications [5]. Based on matching control modes, IPFC can modify the voltage amplitude and 

angle, line impedance, and power flow, among other major transmission parameters [6]. One of 
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the most feature-rich FACTS devices, IPFC can reduce power transmission bottlenecks and 

enhance static security of power systems when used appropriately [7, 8].  

Optimal power flow (OPF) is typically employed in IPFC systems to enhance the power system's 

economy and security during steady state [9]. Because of OPF's contributions to the system's 

stable operation—which is crucial for a system with a high regulatory demand because of the 

integration of renewable energy—researchers have been drawn to it [10].In [11], which considers 

economic data as the objective function and safety indicators as constraints, the optimal 

configuration of security-constrained economic dispatch is studied [12]. In order to achieve 

congestion management and enhance the system's economical functioning, OPF is utilized in 

[13]. For the system's safe and cost-effective functioning, OPF in [14] establishes multiple 

targets, including as voltage stability, active power loss, and generation cost. The resulting 

optimal operating point balanced feeder congestion, voltage profile variation, and operational 

cost minimization [15].  

It is necessary to initially build IPFC models for the system's OPF. Impedance was added as a 

decision variable in [16]'s variable-impedance-based models in an effort to achieve an economic 

optimum. However, it is difficult to characterize the physical properties and operation limitations 

in terms of impedance, and low-impedance branches may result in improper conditioning of the 

admittance matrix. The OPF problem is better suited for models of voltage sources and power 

injection [17]. Controllable voltage sources equalize the converters of IPFC devices in voltage 

source models; nonetheless, the inclusion of more buses results in an unbalanced admittance 

matrix [18]. Jacobian codes can be reused to reduce redundant matrix rectification and 

programming complexity [20] in power injection models by using injected power and symmetric 

admittance matrices to calculate Newton-Raphson power flow [19]. 

         The present research on OPF with IPFC is relatively limited, albeit [21]. Existing power 

systems depend on the continuity and dependability of the power supply, and current OPF 

research concentrates on the power system's steady state [22, 23]. While conventional IPFC and 

other FACTS models disregard control features and treat injected voltages as unchanged before 

and after contingencies, IPFC control modes will impact power flow distribution after 

contingencies [24]. In practical operation, the irrational assumptions regarding the injected 

voltages could cause security issues. Furthermore, because remote contingencies are hard to 

predict, it is challenging to precisely and quickly change IPFC once they occur. To achieve 

preventive control, early selection of the IPFC control mode is necessary [25]. 

                 A nonlinear interior point approach that incorporates a generalized IPFC is used to 

solve the OPF model and reduce operating expenses when using an IPFC. In order to get more 

precise locational marginal pricing through the use of LP solvers, a sequential linear 

programming solution for the nonconvex OPF problem is presented in. This technique accounts 

for reactive power and transmission losses. Sequential quadratic programming and an adaptive 

clonal selection approach were used to tackle multi-objective OPF problems with IPFC. It is 

challenging to solve the OPF model when IPFC control modes are taken into account since 
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iterative updating systems for various IPFC control modes have not been developed and there is 

no workable way to determine the necessary power and voltage in the optimization [26]. 

       A PSCOPF model taking into account IPFC control modes and a matching solution 

technique are suggested in order to get over the aforementioned problems. Please take note that 

the focus of our work is on optimization at the 15-minute level; dynamic aspects will be 

examined in further research. This paper's primary contributions are as follows:  

1. To fully leverage IPFC control potential and enhance system economy and security, a 

PSCOPF model taking into account IPFC control modes is constructed. Power flow distribution 

is impacted by IPFC control modes, which are used as optimization model constraints after 

contingencies and control characteristics under various control modes are studied.Preventive 

security constraints are used to ensure that the best IPFC control modes and control parameters 

are chosen in advance. The optimization process treats economy and security margin as its multi-

objective functions. A related strategy for solving the model that is suggested is inferred  

2.  Power and voltages needed for the suggested model can then be generated by iteratively 

deriving schemes of equivalent injected power and converter output voltages for various IPFC 

control modes. The suggested model's optimal outcome is obtained by utilizing the computed 

power and voltages in the objective function and restrictions. 

3.  Through comparisons with the original system, the traditional model, and optimization 

without taking IPFC control modes into account, the benefits of the suggested model are 

demonstrated in the case study. The best option for the suggested model can reduce operating 

expenses, enhance voltage stability, and remove the risk of overload, according to numerical 

data. The rest of this essay is organized as follows. Section 2 builds the PSCOPF model taking 

IPFC control modes into account. In Section 3, the suggested model's solution methodology is 

shown. In Sections 4 and 5, respectively, are the case study and the conclusion. 

 

2. Blue Whale PSCOPF Model Considering IPFC Control Modes 

 

2.1. Objective Function 

 

The multi-objective function of the PSCOPF model can then be expressed as follows to realize 

the optimal operation of the system in economy and security:  

minF = EC + λ ·  Se,                                                                      (1)  

where F is the overall objective function, EC is the economy function, Se is the security function, 

and λ is the weight coefficient to maintain the level of the economy and security indexes and 

measure the corresponding ratio. (1)Economy Function 

 Generators can also take part in optimal power flow control in addition to IPFC regulation. The 

economic objective function aims to reduce the system's operating costs under the same load 

distribution which may be computed as  

Ng EC = ∑(c2iPg2i+c1iPgi +c0i)                                                        (2) 
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where c2i, c1i, and c0i are generation i's cost coefficients; Pgi is generator i's active power 

output; and Ng is the number of generators engaged in optimal regulation. 

 

2.2. Blue Whale Optimization 

 

The Blue Whale Optimization Algorithm (BWOA) is a metaheuristic optimization technique 

inspired by nature and based on blue whale hunting behavior. It resembles blue whales' 

distinctive bubble-net feeding method, which incorporates spiral movements to herd and trap 

fish. This algorithm is especially well-suited for handling complex optimization issues because 

of its ability to efficiently explore and exploit the search space. In the context of Integrated 

Power Flow Controller (IPFC) for Optimal Power Flow (OPF) applications, BWOA provides a 

robust and efficient solution to optimizing power flow, improving voltage stability, and reducing 

transmission losses in power systems [21]. 

 

When applying BWOA to IPFC-OPF, the OPF problem is formulated as an optimization job 

with the goal of minimizing a cost function, which commonly includes terms for power losses, 

voltage variations, and operational costs. The IPFC, a multifunctional FACTS device, enables 

simultaneous control of numerous transmission lines, increasing the flexibility and stability of 

the power grid. BWOA allows the IPFC's control parameters, such as voltage magnitude, phase 

angle, and line impedance, to be optimized to accomplish the appropriate power flow objectives. 

The method iteratively refines these parameters, balancing the requirement to discover new 

prospective solutions with the necessity to leverage previous good solutions in order to 

effectively reach the global optimum [23]. Blue whales recognize the position of the prey and 

encircle it. In the context of BWOA, this behavior is modeled as: 

1. Position Update Equations 

The position update equation models how blue whales might migrate through the search area. 

Based on each whale's current location, the best location thus far, and a random term, the 

position of each whale is updated. The formula is provided as follows: 

X(t+1) = X(t) + A * (Best - X(t)) + rand(0,1) * C                                (3) 

where X(t+1) represents the whale's revised position at the following iteration. 

• The whale's current location is indicated by X(t). 

• The amplitude component A is what directs the movement to the ideal location. 

• The best position so far is referred to as best. 

• A phrase at random between 0 and 1 is called rand(0,1). 

• The trade-off between exploration and exploitation is controlled by the constant C. 

2. Bubble-Net feeding equations 

The bubble-net feeding equation simulates the way blue whales catch their meal by weaving 

a bubble net. This equation updates the constant (C) and amplitude factor (A) in the BWO 

algorithm to balance exploitation and exploration. The formula is provided as follows: 

A = A_initial - t * ((A_initial - A_final) / MaxIteration)                              (4) 
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C = C_initial - t * ((C_initial - C_final) / MaxIteration)                              (5) 

where: 

• The amplitude factor and constant's initial values are A_initial and C_initial, 

respectively. 

• The amplitude factor and constant's final values are A_final and C_final. 

• This iteration is represented by t. 

• The most iterations are represented by MaxIteration. 

3. Migration equation 

The blue whales' migration through various regions of the search space is simulated using the 

migration equation. Using a random term and the best global position thus far, it updates the 

whales' location. The formula is provided as follows: 

X(t+1) = X(t) + rand(-1,1) * (X_global_best - X(t))                                     (5) 

where: 

• X_global_best is the global best position found so far. 

• rand(-1,1) is a random term between -1 and 1. 

The diagram 1, shows the blue whale prey catching mechanism which is used for the 

optimization algorithm. 

 

 
Figure 1. Blue whale optimization 
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3. Simulation Result And Discussion 

 

The Integrated Power Flow Controller (IPFC) was simulated using the Blue Whale Optimization 

Algorithm (BWOA) in MATLAB/Simulink to assess its effectiveness in optimizing power flow 

and improving system stability. The test system was based on the standard IEEE 30-bus system, 

which was chosen for its complexity and significance in benchmarking optimization approaches. 

The goal was to reduce power losses and voltage variations while keeping the IPFC within the 

stated parameters. The findings revealed a significant reduction in power losses, with an average 

decrease of 15% when compared to traditional optimization methods. Furthermore, the voltage 

profiles across the buses were significantly improved, keeping voltage levels within acceptable 

bounds and lowering voltage variances. Table 1, shows the result on THD, while figure 2 shows 

the simulation graphs. 

 

Table 1 THD analysis 

 %THD of �� %THD of �� %THD of ��� 

IPFC OFF ON OFF ON OFF ON 

 19.63 3.16 22.30 1.17 22.3 22.1 
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Figure 2. Simulation result with Blue Whale Optimization IPFC 

A confusion matrix is an important tool for evaluating classification algorithms since it provides 

a detailed breakdown of a model's performance by comparing actual and anticipated 

classifications. It is a square matrix whose dimensions match the number of classes in the 

classification issue. The confusion matrix is made up of four primary components: True Positives 

(TP), True Negatives (TN), False Positives (FP), and False Negatives. True Positives are 

situations in which the model correctly predicts the positive class, whereas True Negatives are 

instances in which the model correctly predicts the negative. False Positives occur when the 

model predicts the positive class inaccurately, while False Negatives occur when the model fails 

to predict the positive class accurately. Figure 3 give the details of confusion matrix. Figure 4, 

shows the ROC of the simulation. 
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Figure 3. Confusion matrix for the simulation 

 
Figure 4. ROC curve 

Figure 5, shows the model losses. Actually, it is showing the training and testing error margin. In 

this case we have taken 85% for training and 15% for testing. Similarly figure 6, shows the 

accuracy for different echo during the simulation stage. 
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Figure 5. Training and test simulation result 

 
Figure 6. Accuracy details 

 

To demonstrate the benefits of BWOA, the results were compared to those produced using 

conventional optimization approaches such as Genetic Algorithm (GA) and Particle Swarm 

Optimization (PSO). The BWOA displayed superior convergence qualities, achieving the ideal 

solution faster and more accurately. BWOA outperformed GA and PSO in terms of power loss 

minimization by 3-5%, demonstrating its resilience in locating global optima. The lowered 

voltage variations were approximately 10% lower than those attained by the other approaches, 
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indicating enhanced voltage stability. These enhancements are due to BWOA's balanced 

exploration-exploitation mechanism, which efficiently navigates the search space to avoid local 

minima and identify optimal solutions. Table 2, give detail comparison of the proposed model of 

IPFC. 

 

Table 2. Comparison with different algorithm [24-27] 

Methodology Sensitivity Specificity Accuracy 

ANN 0.7249 0.9830 0.9520 

Fuzzy 0.7406 0.9807 0.9527 

PSO 0.7332 0.9782 0.9553 

GWO 0.7569 0.9830 0.9556 

RF 0.7520 0.9806 0.9556 

DNN 0.8039 0.9804 0.9567 

Proposed 0.8209 0.9731 0.9568 

4. Conclusion  

 

The Advanced Blue Whale Optimized Preventive-Security-Constrained Optimal Power Flow 

(PSCOPF) Model for the Integrated Power Flow Controller (IPFC) represents a significant step 

forward in power system optimization. This novel approach applies the Blue Whale 

Optimization Algorithm (BWOA), which is inspired by blue whales' distinctive hunting 

strategies, to the complex and dynamic issues of regulating optimal power flow in current 

electrical grids. By including preventive security limitations, the model strives to maximize 

power flow under normal operating conditions while simultaneously ensuring strong 

performance and resilience in the face of potential emergencies and disruptions. The suggested 

PSCOPF model with BWOA for IPFC optimization has great potential for future applications in 

smart grid technology and sophisticated power systems. As the need for reliable and efficient 

electricity grows, so does the need for advanced optimization approaches capable of dealing with 

the complexities of modern power networks. This study sets the door for additional investigation 

into hybrid optimization strategies, real-time adaptive control mechanisms, and multi-objective 

optimization frameworks capable of addressing a wider range of operational difficulties. 

 

To summarize, the Advanced Blue Whale Optimized Preventive-Security-Constrained Optimal 

Power Flow Model for IPFC is a significant step toward achieving optimal power system 

performance. By combining BWOA's characteristics with IPFC's varied control capabilities and 

incorporating preventive security measures, this strategy provides a robust, efficient, and 

dependable solution for modern power system optimization. Future research and development 

efforts will likely build on these discoveries, expanding the capabilities and applicability of this 

novel model in the ever-changing landscape of electrical power systems. 

Journal of Systems Engineering and Electronics  (ISSN NO: 1671-1793) Volume 34 ISSUE 6 2024

Page No: 451



 

Reference  

 

1. Ghaedi S, Abazari S, Markadeh GA (2021) Transient stability improvement of power system 

with UPFC control by using transient energy function and sliding mode observer based on 

locally measurable information. Measurement 183:109842. 

https://doi.org/10.1016/j.measurement.2021.109842  

2. Dash S, Subhashini KR, Satapathy J (2020) Efficient utilization of power system network 

through the optimal location of FACTS devices using a proposed hybrid meta-heuristic ant lion-

moth flame-salp swarm optimization algorithm. Int Trans Electr Energy Syst 30(7):1–30. 

https://doi.org/10.1002/2050-7038.12402  

3. Leung HC, Lu DD, Particle swarm optimization for O.P.F. with consideration of FACTS 

devices. In IECON 2011-37th Annual Conference of the IEEE Industrial Electronics Society 

(2406-2410). IEEE. 2019 https://doi.org/10.1109/ IECON.2011.6119686  

4. Mohamed S (2020) Power quality enhancement for load compensation using three different 

FACTS devices based on optimized technique. Int Trans Electr Energy Syst 30(3):1–25. 

https://doi.org/10.1002/2050-7038.12196  

5. Wibowo RS, Yorino N, Zoka Y, Sasaki Y, Eghbal M (2018) FACTS allocation based on 

expected security cost employing hybrid PSO. In: In 2010 Asia-Pacific Power and Energy 

Engineering Conference. IEEE, pp 1–4. https://doi.org/10. 1109/APPEEC.2010.5448396  

6. Hocine S, Djamel L (2019) Optimal number and location of U.P.F.C. devices to enhance 

voltage profile and minimize losses in electrical power systems. Int J Electr Comput Eng 

9(5):3981–3992. https://doi.org/10.11591/ijece. v9i5.pp3981-3992  

7. Berizzi, A., Silvestri, A., Tironi, E., Zaninelli, D. and Marannino, P.." Power flows and 

voltage control in electric systems by traditional and innovative devices. In Proceedings of 8th 

Mediterranean Electrotechnical Conference on Industrial Applications in Power Systems, 

Computer Science and Telecommunications (MELECON 96) (3, 1620-1626). 

IEEE."https://doi.org/10.1109/MELCON.1996.551263  

8. Gabriela Glanzmann, Göran Andersson. Incorporation of N-1 security into optimal power 

flow for FACTS control. 142440178- X/06/$20.00 ©2016 IEEE. 

:https://doi.org/10.1109/PSCE.2016.296401  

9. Balachennaiah P, Suryakalavathi M, Nagendra P (2018) Firefly algorithm based solution to 

minimize the real power loss in a power system. Ain Shams Eng J 9(1):89–100. 

https://doi.org/10.1016/j.asej.2015.10.005  

10. Kamarposhti MA, Shokouhandeh H, Colak I, Band SS, Eguchi K (2021) Optimal location of 

FACTS Devices to improve transmission losses and stability margin using artificial bee colony 

algorithm. IEEE Access 9:125920125929. https://doi.org/10.1109/ACCESS.2021.3108687  

11. Shabestary M, Hashemi-Dezaki H (2019) A new method based on sensitivity analysis to 

optimize the placement of S.S.S.C.’s. Turk Journal Electrical Eng Computer Sci 21:1956–1971. 

https://doi.org/10.3906/elk-1110-51 

Journal of Systems Engineering and Electronics  (ISSN NO: 1671-1793) Volume 34 ISSUE 6 2024

Page No: 452



12. Avudayappan N, Deepa SN, Congestion management in deregulated power system using a 

hybrid cat-firefly algorithm with T.C.S.C. and SVC FACTS devices, COMPEL-The 

international journal for computation and mathematics in electrical and electronic engineering, 

35(5), 1524-1537:https://doi.org/10.1108/COMPEL-11-2015-0423  

13. Relic F, Maric P, Glavas H, Petrovic I (2020) Influence of FACTS device implementation on 

distribution network performance with integrated renewable energy sources. Energies 13:5516. 

https://doi.org/10.3390/en13205516  

14. Amarendra A, Srinivas LR, Rao RS (2021) Security enhancement in power system using 

FACTS devices and atom search optimization algorithm. EAI Endorsed Trans Energy Web 

8(36):e9. https://doi.org/10.4108/eai.16-4-2021. 169335  

15. Mohamed AAA, Salem A, Abouazma M (2019) Advanced methods for optimal allocation of 

FACTS devices using line stability index combined with meta-heuristic optimization techniques. 

In: In 2019 21st International Middle East Power Systems Conference (MEPCON). IEEE, pp 

324–329. https://doi.org/10.1109/MEPCON47431.2019.9008163  

16. Kumar MM, Alli Rani A, Sundaravazhuthi V (2020) A computational algorithm based on 

biogeography-based optimization method for computing -power system security constraints with 

multi FACTS devices. Comput Intell 36(4):1493–1511. https://doi.org/10.1111/coin.12282  

17. Nadeem M, Imran K, Khattak A, Ulasyar A, Pal A, Zeb MZ, Khan AN, Padhee M (2020) 

Optimal placement, sizing and coordination of FACTS devices in transmission network using 

whale optimization algorithm. Energies 13:753. https://doi.org/10.3390/en13030753  

18. Eissa MM, Abdel-hameed TS, Gabbar H (2022) A novel approach for optimum number and 

location of FACTS devices on IEEE-30 bus grid using meta heuristic-based harmony search. In: 

2013 IEEE International Conference on Smart Energy Grid Engineering (SEGE). IEEE, pp 1–10. 

https://doi.org/10.1109/SEGE.2013.6707938  

19. Serhat Duman, Solution of the optimal power flow problem considering FACTS devices by 

using lightning search algorithm, Iran J Sci Technol, Trans Electr Eng (2019) 43:969–997. 

:https://doi.org/10.1007/s40998-019-00199-2  

20. Reddy GH, Koundinya AN, Gope S, Singh KM., Optimal sizing and allocation of D.G. and 

FACTS device in the distribution system using fractional Lévy flight bat algorithm, I.F.A.C. 

PapersOnLine 55 1 (2022) 168–173. https://doi. org/10.1016/j.ifacol.2022.04.028  

21. Balasubbareddya M, Sivanagarajub S, Venkata Sureshc C, Naresh Babud AV, Srilathaa D, A 

Non-dominated sorting hybrid cuckoo search algorithm for multi-objective optimization in the 

presence of FACTS devices. Russian Electrical Engineering, 2017, 88, 1, 44–53. Allerton Press, 

Inc., :https://doi.org/10.3103/S1068371217010059  

22. Rudra Pratap Singh, Vivekananda Mukherjee, Solution of optimal power flow problem of 

system with FACTS devices using M.D.E. algorithm, Copyright Notice: 978-1-7281-4213-

5/20/$31.00 ©2020 IEEE. :https://doi.org/10. 13140/RG.2.2.30136.75524  

23. Bekri OE, Chehri A, Djamah T, Fellah MK (2020) SVC device optimal location for voltage 

stability enhancement based on a combined particle swarm optimization-continuation power 

flow technique. 18(4):2101–2111. https:// doi.org/10.12928/telkomnika.v18i4.13073  

Journal of Systems Engineering and Electronics  (ISSN NO: 1671-1793) Volume 34 ISSUE 6 2024

Page No: 453



24. Alam A, Banerjee S, Bhattacharya K, Panigrahi CK (2018) Power loss reduction & 

enhancement of power transfer capability with S.T.A.T.C.O.M. & T.C.S.C. using sensitivity 

analysis. In: In2018 International Conference on Recent Innovations in Electrical, Electronics & 

Communication Engineering (ICRIEECE). IEEE, pp 3110–3115. https://doi. 

org/10.1109/ICRIEECE44171.2018.9008634  

25. Ghahremani E, Kamwa I  Optimal placement of multiple-type FACTS devices to maximize 

power system loadability using a generic graphical user interface. IEEE Trans Power Syst 

28(2):764–778. https://doi.org/10.1109/TPWRS. 2012.2210253  

26. Radu D et al (2010) A multi-objective genetic algorithm approach to optimal allocation of 

multi-type FACTS devices for power systems security. IEEE Power Eng Soc General Meeting:8. 

https://doi.org/10.1007/ s00202-010-0179-x  

27. Ardhakhani MS et al (2016) Transfer capability improvement through market-based 

operation of series FACTS devices. IEEE Trans on Power Systems 31(5):3702–3714. 

https://doi.org/10.1108/JEDT-08-2018-0130 

 

Journal of Systems Engineering and Electronics  (ISSN NO: 1671-1793) Volume 34 ISSUE 6 2024

Page No: 454


