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ABSTRACT 
 

Nowadays, grid power losses and Power Quality (PQ) issues are inducing various problems in power 
systems, which need to be addressed and rectified for attaining enhanced and smooth functioning. 
These PQ issues are generated as a result of differing values between generated and load power, 
which further produces fluctuations within the power supply. Hence, to overcome these 
limitations, an innovative control approach is proposed for attaining optimum power flow by using 
a Unified Power Flow Controller (UPFC). The proposed UPFC is combined with an Artificial Neural 
Network (ANN) controller for improving the performance efficiency of the UPFC. The ANN 
controller-aided UPFC rectifies the PQ issues, including sag and swell. Additionally, to provide a 
consistent and unlimited power supply to the DC link, a photovoltaic (PV) system is incorporated 
with a single-switch boost-Cuk (SSBC) converter for boosting the PV power generation process. For 
attaining maximum power extraction and tracking maximum power, a new Pelican Optimized 
Recurrent Neural Network (RNN)-based Maximum Power Point Tracking (MPPT) technique is 
utilized. Furthermore, to validate the proposed model, MATLAB/Simulink is utilized and the 
obtained results depict improved PQ with reduced losses. Therefore, the overall system attains 
improved power quality, thereby, enhancing the power system functioning.  

 
 

 

1. Introduction 

The need for PQ has become more essential as they affect the 

power generation process [1]. The distributed energy generation system 

is capable of providing electricity to various loads, including traditional 

grids, micro-grids and smart grids, however, unpredictable variations in 

load or power supply leads to increased fluctuations, voltage instability 

and reduced reliability [2-3]. Due to this reason, power electronic devices 

are incorporated which in turns produce a great impact on the power 

causing PQ like voltage swell and sag, reduced power factor and 

fluctuations in the output voltage [4-5]. To prevail over these issues 

various approaches are innovated Table.1, such as optimum power 

quality enhancement [6], unified power quality conditioner[7] and 

Distributed Power Factor Controller (DPFC) [8] focus on improving the 

PQ by resolving issues associated with voltage sag and swell, thereby 

enhancing the voltage stability with improved reliability. Despite this, the 

above-stated approaches also struggle with increased complexity, 

implementation cost and reduced efficiency [9].  

Table 1 Various PQ enhancement approaches. 

Technique  Capabilities  Efficiency  

STATCOM [10-11] Reactive Power Control  Moderate  

UPQC [8] PQ Improvement  Moderate  

DVR [12] Swell/Sag rectification Low  

Thus, UPFC methods are widely considered as they provide 

optimum power flow control by simultaneously managing both active 

and reactive power, thus increasing the grid stability and power flow 

[13]. To further improve the UPFC efficiency, various optimized control 

practices are introduced such as in [14], where the author developed 

a UPQC using Optimized Fractional Order Proportional Integral 

Derivatives (O-FOPID) controller for enhancing the performance of 

UPQC. The integration of O-FOPID provides improved UPQC operation 

by improving it performance in terms of stability and robustness under 

varying conditions.  

However, this approach also faces certain challenges including 

parameter sensitivity which affects their consistent performance. 

Significantly in [15] introduced UPFC controlled using Proportional 

Integral Derivative (PID) for attaining enhanced power flow with 

increased system stability, despite this, PID controller cannot obtain 

the desired effective performance as it struggles with nonlinear loads, 

parameter variations and other interferences in power system. 

The PSO-based controller has improved voltage regulation, 

harmonic suppression, and reactive power compensation. PSO 

algorithm is computationally intensive, especially when dealing with 

large-scale systems [16]. Then, the GA based controller enhancing power 

quality performance. GA has the premature convergence or getting 

trapped in local optima [17].  In [18] the authors developed a Fuzzy 
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Logic based UPQC system for increasing the PQ by efficiently reducing 

the harmonics, voltage swell and sag within the system, nevertheless, 

FLC based control produces increased computational complexity.  

In addition to this, the required power for the DC-link is 

supplied by the energy efficient PV system. The integration of PV into 

UPFC enables the production of clean and sustainable energy thereby, 

managing the load energy requirement issues [19]. To augment the PV 

power production, DC-DC converters play a major role, various 

conventional converters are existing such as [20] KSK Converter, [21] 

7-Level Voltage Source Converter (VSC) and [22] Cuk Converter, which 

possess the ability to regulate the output voltage, ensuring consistent 

PV power supply with enhanced energy conversion process. But these 

converters suffer from increased losses, reduced voltage gain, making 

them less applicable.  

Hence, a SSBC converter is utilized which allows for 

increased output voltage levels by combining the benefits of both 

boost and Cuk converter. Consecutively, to further extract maximum 

power and to measure accurate MPP, MPPT technique are widely 

utilized, these MPPT approaches are further optimized using various 

optimization algorithms to improve their performance efficacy. 

Existing MPPT algorithms like Particle Swarm Optimization [23], 

Artificial Bee Colony (ABC) [24] and Perturb and Observe (P&O) [25] 

techniques provide accurate tracking of MPP with reduced tracking 

time, even though these algorithms are not widely considered as 

they are computationally intensive, complex and struggles with 

maintaining the optimal performance under constantly changing 

system parameters. Thus, Pelican Optimized RNN based MPPT 

approach(tracking efficiency of 99.8%) is deployed which outdraws 

the above mentioned algorithms in terms of attaining precise and 

accurate MPP tracking with fast tacking ability under varying 

environmental circumstances.  

Contribution 

The proposed framework incorporating an ANN-governed 

UPFC and a Single Switch Boost-Cuk regulated PV system 

integrated with a Pelican-optimized RNN-based MPPT controller, 

delivers significant power quality improvements. It effectively 

mitigates voltage sag and swell phenomena across dynamic grid 

conditions, thereby advancing the robustness and adaptability of 

PV-based UPFC systems. The following are the main contributions, 

• To effectively rectify PQ issues within the power 
system using UPFC which performs optimum power 
flow control, mitigating the PQ issues such as sag and 
swell.  

• To further attain enhanced UPFC control, ANN is 
implemented which depicts enhanced control 
performance.  

• To provide sustainable and consistent energy supply to 
the DC link, PV system is incorporated with SSBC 
converter for regulating the PV output voltage.  

• To attain increased PV power generation with accurate 
tracking of MPP, Pelican Optimized RNN based MPPT is 
deployed which achieves precise MPP tracking with 
rapid tracking time.  

2. Proposed Modelling  

Fig. 1 illustrates the proposed system block diagram 

integrating RES to achieve regulated voltage and load management 

using advanced control approaches. Initially, PV system generates 

energy the DC link, but the initial output from PV is quite low, thus 

a SSBC converter is connected. The implementation of the SSBC 

converter boost and step-up the PV production, thereby providing 

regulated power supply. In addition to this, POA-RNN based MPPT 

improves the PV generation by enabling maximum power extraction 

and helps with accurate and precise tracking. 

UPFC consisting of a series converter and a shunt converter 

is connected to the power system, where series converter handles 

the voltage and power while, shunt converter regulates the 

reactive and active power within the system by regulating voltage 

and reactive power consumption. Later, the LC filter further 

removes and smoothens the high frequency harmonics. Lastly, the 

ANN controller utilized regulates the UPFC performance and the 

PWM generator provides the required switching pulses for the 

both the series and shunt converters thereby, assuring sustainable 

and effective system performance. Therefore, the overall 

proposed system acquires improved and enhanced management 

of PQ issues within the grid based power system.  

2.1 Modelling of UPFC  

UPFC which is mostly utilized power regulation in a 

transmission line. Fig. 2 represents the architecture of UPFC and 

the power generated by shunt active power filter 𝑆𝑓 and series 

active power filter 𝑆𝐶  is given by equations (1) and (2), 

𝑆𝐶 = 𝑃𝐶 + 𝑗𝑄𝐶  (1) 

𝑆𝑓 = 𝑉𝐶𝐼𝑓  (2) 

𝐼𝑆𝑉𝐶 cos𝜙 (𝑠) = 𝑃𝐶  (3) 

𝐼𝑠𝑉𝐶
sin𝜙(𝑠) = 𝑄𝐶  (4) 

Here, 𝑃𝐶 and 𝑄𝐶  indicates the absorbed active and reactive 

power, 𝑉𝐶 refers to the load voltage, 𝜙 indicates the tardy power factor 

and  𝐼𝑓 denotes the divergence between the input and the load current. 

 

Fig. 1 Proposed System Block Diagram. 

 

Fig. 2 UPFC Structure. 
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A UPFC is utilized to control and optimizing the power flow 

in high voltage power systems. UPFC controls the power flow by 

regulating the signal’s phase angle and voltage magnitude, for which 

a series and shunt connected power converters play a major part.  

The series connected converter is deployed to control the voltage on 

the transmission line by removing voltage from the line, while the 

shunt connected converter is connected in parallel with the 

transmission line is deployed to control the reactive power. UPFC is 

an effective and advanced tool for increasing the performance 

efficiency of the power system. However, to assure controlled and 

effective UPFC performance controller plays a major role, thus an 

ANN controller is deployed to attain effective UPFC control. 

2.2 Modelling of ANN Controller  

ANN is generally structured based on the neural structure of 

the brain, which replicates its functioning behaviour. ANN is an 

innovate commuting by producing large number of parallel network 

to rectify particular issues as depicted in Fig. 3. The working process 

of ANN is exhibited in simpler patterns to attain high computational 

rate because of larger parallelism with increased fault tolerance 

ability. The training process is carried out using the back propagation 

algorithm, where weights and thresholds are initialized randomly 

and updated iteratively.  

 

Fig. 3 ANN controller for Shunt Converter. 

a) Initialization: The first step is to initialize, weights and 

threshold levels are randomly allocated in small region.  

b) Activation: The activation functions process hidden 

neuron outputs, while the error gradient at both the hidden and 

output layers helps refine the weights. In this step, the output 

attained from the neurons in the hidden layer are evaluated.  

𝑠𝑖𝑔𝑚𝑜𝑖𝑑 [∑𝑤𝑖𝑗(𝑝). 𝑥𝑖(𝑝) − 𝜃𝑖

𝑛

𝑖=1

] = 𝑌𝑗(𝑝) (5) 

Where, n is number of input neurons 𝑗and output of outer 

layer is given as,  

𝑠𝑖𝑔𝑚𝑜𝑖𝑑 [∑  𝑤𝑖𝑘 (𝑝). 𝑥 𝑗𝑘(𝑝) − 𝜃𝑘

𝑚

𝑖=1

] = 𝑌𝑘(𝑝) (6) 

c) Training: The training data consists of system operating 

conditions such as load voltage, reactive power variations, and 

power quality disturbances including sag and swell. In this step, the 

error gradient for neurons in the outer layer is determined using,  

𝛿𝑘(𝑝) = [1 − 𝑦𝑘(𝑝)]𝑦𝑘(𝑝). 𝑒𝑘(𝑝), 𝑒𝑘(𝑝) 
(7) 

= 𝑦𝑑𝑘(𝑝) − 𝑦𝑘(𝑝) 

Rectified weight is depicted as,  

∆𝑤𝑗𝑘(𝑝) + 𝑤𝑗𝑘(𝑝) = ∆𝑤𝑗𝑘(𝑝 + 1) (8) 

 

 

The updated weights at the output layers is given as, 

𝑤𝑗𝑘(𝑝) + ∆𝑤𝑗𝑘(𝑝) = ∆𝑤𝑗𝑘(𝑝 + 1) (9) 

The hidden layer’s error gradient us determined using,  

[1 − 𝑦𝑗(𝑝)]𝑦𝑗(𝑝) ∑ 𝑤𝑗𝑘  (𝑝)𝛿𝑘(𝑝)

1

𝑘=1

= 𝛿𝑗(𝑝) (10) 

The corrected weights are evaluated as,  

𝛿𝑗(𝑝)𝛼𝑥𝑖(𝑝) = ∆𝑤𝑗𝑘(𝑝)  (11) 

And the upgraded weight at the hidden layer is,  

𝑤𝑗𝑘  (𝑝 + 1) =  𝑤𝑗𝑘  (𝑝) +  𝛥𝑤𝑗𝑘 (𝑝) (12) 

d) Iteration: The fourth step is to increase the 𝑝 by 1 stage and 

the procedure is continued until the chosen error criterion is fulfilled.  

The data used to train the ANN in the DC-link voltage 

controller was obtained from MATLAB/Simulink simulations of the 

proposed hybrid system.  Solar irradiance, wind speed, DC-link 

voltage, and load current are all input features, with the reference 

DC-link voltage (400 V) being the goal output.  The network was 

trained via the Levenberg-Marquardt method, With Mean-

Squared Error (MSE) as the cost function. The error is defined as, 

𝑒(𝑡) = 𝑉𝐷𝐶,𝑟𝑒𝑓 − 𝑉𝐷𝐶,𝑎𝑐𝑡 (13) 

The ANN reduces this inaccuracy to deliver voltage 

stability. The grid, source and load are assumed to be balanced in 

the development of the model and disturbances are primarily 

restricted to swell and sag conditions. The PV system is thought to 

function with consistent temperature and irradiance, providing a 

constant input for the converter. 

2.3 Modelling of PV system  

The circuit of the PV system is illustrated in Fig. 4 consists 

of diode which is coupled in shunt to the load and making the 

produced current proportional to light intensity. PV system output 

power is calculated using, 

𝑃 = 𝑉 × 𝐼 (14) 

Here,  𝑃 represents Power, 𝑉 indicates voltage and 𝐼 

implies current. Significantly, the current on output side is 

produced by PV is given by,  

𝐼𝑝𝑣 =  𝐼𝑝ℎ −  𝐼0 [𝑒𝑥𝑝 (
𝑉 +  𝐼𝑅𝑠

𝑉𝑇
 ) − 1 ] −  

𝑉 +  𝐼𝑅𝑠

𝑅𝑠ℎ
 (15) 

Where, 𝐼𝑝ℎ refers to photo-current and 𝐼0 refers to diode 

reverse saturation current, 𝑅𝑠 and 𝑅𝑠ℎ denotes the series and 

shunt resistance and 𝑉𝑇 implies the thermal voltage.  

TV is evaluated using,  

𝑉𝑇 =  
𝛼 𝑁𝑠 𝑘𝑇

𝑞
 (16) 

Where,  indicates the diode ideal factor, 
sN denotes to 

the number of series linked cells and q refers to the electron 

charge. Further to boost the PV power production converter is 

considered essential.  
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Fig. 4 Equivalent Circuit of PV system. 

 

Fig. 5 Circuit Diagram of SSBC converter. 

 

Fig. 6 Converter modes of operation. 

 

Fig. 7 Timing Waveform. 

2.4 Modelling of SSBC converter 

The SSBC converter is the integration of both boost and Cuk 

converter, thus containing the benefits of both the converters.  

The proposed converter circuit diagram is illustrated in Fig. 5 contains a 

single switch, Three inductors ( 𝐿1 , 𝐿2 and  𝐿3 ), Three capacitors  

(𝐶0,  𝐶1 and 𝐶2) and Five diodes (𝐷0,  𝐷1,  𝐷2, 𝐷3 and 𝐷4) respectively.  

The proposed converter operates in two following modes 

which are revealed in Fig. 6 and its corresponding timing waveform 

is shown in Fig. 7.  

Modes of Operation  

i) Mode 1: Switch (ON)  

Switch S is kept in ON state during this mode, where 

inductors 𝐿2 and 𝐿3 gets charged while diodes 𝐷2, 𝐷3 and 𝐷4 are 

forward biased. Here, capacitor 𝐶1 and 𝐶2 charges and 𝐿1 discharges. 

ii) Mode 2: Switch (OFF)  

During mode 2 switch S is turned off where inductor 𝐿1 gets 

charged while diodes 𝐷0 and 𝐷1 are turned ON. In this mode 

capacitor 𝐶0 gets charged and 𝐿2 and 𝐿3 discharges.  

The voltage ratio is expressed using,  

𝑉0 =  
1

(1 − 𝐷)2  𝑉𝑖𝑛 (17) 

𝐿1 =  𝑉𝑖𝑛 − 𝑉𝑑(𝐷) − 𝑉𝑑(𝑆) − 2 𝑉𝑑(𝐿) 
(18) 𝑉𝐶 =  𝑉𝑖𝑛 − 𝑉𝑑(𝑆) − 𝑉𝑑(𝐷) − 2 𝑉𝑑(𝐿) 

𝑉𝐿 = 𝑉𝐶1 − 𝑉𝑑(𝑆) − 𝑉𝑑(𝐿) 

Where, 𝑉𝑑 (𝐿) represents the voltage drop across inductors, 

similarly, 𝑉𝑑 (𝐷) and 𝑉𝑑 (𝑆) denotes the voltage drop across the 

diode and switch. The voltage drop is regarded in similar to,  

𝑉𝑑(𝐿)  −  𝑉𝑑(𝑆) − 𝑉𝑑(𝐷) =  𝑉𝑑 (19) 

By volt second balance law for inductor 𝐿 ,  

∫ (𝑉𝑖𝑛 − 4𝑉𝑑)
𝐷𝑇𝑠

0

𝑑𝑡 + ∫ ×
𝑇𝑠

𝐷𝑇𝑠

(
2𝑉𝑖𝑛 − 𝑉𝐶1 − 7𝑉𝑑

2
)𝑑𝑡 = 0 (20) 

𝑉𝐶1 =  (
2

1 − 𝐷
)𝑉𝑖𝑛 −  (

7 + 𝐷 

7 − 𝐷
)  𝑉𝑑 (21) 

If internal voltage drop is not considered, then voltage 

conversion ratio is given by,  

1

(1 − 𝐷)2 𝑉𝑖𝑛 = 𝑉0 (22) 

The steady-state equation during CCM is,  

𝑉𝑖𝑛 − 3 𝑉𝑑  = 𝑉𝐿1

𝑉𝐶1 − 3𝑉𝑑 = 𝑉𝐿3

𝑉𝐶1 − 3𝑉𝑑 = 𝑉𝐶2

} 𝑂𝑁𝑠𝑡𝑎𝑡𝑒 (23) 

𝑉𝐿1 =  𝑉𝑖𝑛 −  𝑉𝐶1 − 2 𝑉𝑑  

𝑉𝐿 =  
2 𝑉𝐶1 −  𝑉0 − 6𝑉𝑑   

2

}  𝑂𝐹𝐹 𝑠𝑡𝑎𝑡𝑒 (24) 

Apply volt second balance law in
1L  

∫ (𝑉𝑖𝑛 − 3𝑉𝑑)
𝐷𝑇𝑠

0

𝑑𝑡 + ∫ ×
𝑇𝑠

𝐷𝑇𝑠

(𝑉𝑖𝑛 − 𝑉𝐶1 − 2𝑉𝑑)𝑑𝑡 = 0 (25) 

𝑉𝐶1 =  (
1

1 − 𝐷
)  𝑉𝑖𝑛 −  (

2 + 𝐷

1 − 𝐷
)  𝑉𝑑  (26) 
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Furthermore, to increase the converter performance and 

to extract maximum power from PV system Pelican Optimized RNN 

based MPPT algorithm is deployed which discussed in the later 

section.  

2.5 Modelling of Pelican Optimized RNN MPPT  

RNN based MPPT as depicted in Fig. 8 which utilizes data 

from previous iterations to improve the efficiency and RNN loops 

and possess a hidden memory state. RNN is capable of performing 

in sequence and previously stored set of information in a hidden 

state. In other way, RNN attains a part of its output as the input, 

thus enabling it to rectify the issues associated with sequential data 

of various sizes. RNN is highly applicable due to its low complexity. 

The output of RNN is attained using,  

(𝑊ℎ𝑥𝑡 + 𝑈ℎℎ𝑡−1 + 𝑏ℎ)𝜎ℎ = ℎ𝑡 (27) 

(𝑊𝑦ℎ𝑡 + 𝑏𝑦)𝜎𝑦 = 𝑦𝑡 (28) 

Where, 
tx ,

ty  and
th denotes input, output and hidden layer 

vectors, W , U and b represents the vector and variables metrics 

and h and y indicate activation function which are given as,  

𝜎ℎ (𝑥) =  
2

1 +  𝑒−2𝑥
− (29) 

𝜎𝑦 (𝑥) = 𝑥 (30) 

In this approach, RNN selects temperature and solar 

irradiation as the input vectors, which is further used for training RNN 

and the obtained output is the reference current vector 𝐼𝑚𝑝𝑝 which 

demonstrates the MPP’s consistent functioning. Hence, MPPT plays a 

vital role in PV to assure that PV system is working at its maximum 

MPP, utilizing RNN provide accurate and reliable tracking process. 

Despite this, POA is integrated to further optimize RNN parameters for 

attaining improved convergence speed and increased accuracy.  

The POA, which is inspired by pelican hunting 

behavior, utilized to optimize the RNN parameters.  To balance 

exploration and computation, the population size is set to 30, and 

parameter bounds (learning rate, weights, and biases) are 

determined using stability ranges reported in previous MPPT 

experiments.  The method terminated at 100 iterations or when 

the error reached 10⁻³.  Each pelican in the population represents 

a potential solution, and their placements in the search space are 

iteratively changed to increase the RNN's performance under 

different irradiation and temperature scenarios. The population 

component staring with least to the higher bound is randomly 

generated using,  

𝑥𝑖,𝑗 = 𝑟𝑎𝑛𝑑(𝑢𝑗 − 𝐼𝑗) + 𝐼𝑗 , 𝑗 = 1,2,… . ,𝑚, 𝑖 = 1,2,… , 𝑁,  (31) 

Where, ,i jx represents the 𝑗 𝑡ℎvariable value through 𝑖 𝑡ℎ 

possible solution, N indicates the total population members, 𝑚 

denotes the problem variables, 𝑟𝑎𝑛𝑑 implies the random number 

from [0, 1], 𝐼𝑗 represents the 𝑗 𝑡ℎ lower limit and 𝑢𝑗  refers to the 

upper bound respectively. The pelicans are arranged according to 

the population matrix depicted in equation 6,  

𝑋 =  

[
 
 
 
 
𝑋1

⋮
𝑋𝑖

⋮
𝑋𝑁]

 
 
 
 

𝑁×𝑚

=   

[
 
 
 
 
𝑥1,1 … 𝑥1,𝑗 … 𝑥1,𝑚

⋮ ⋱ ⋮ ⋱ ⋮
𝑥𝑖,1 … 𝑥𝑖,𝑗 … 𝑥𝑖,𝑚

⋮ ⋱ ⋮ ⋱ ⋮
𝑥𝑁,1 … 𝑥𝑁,𝑗 … 𝑥𝑁,𝑚]

 
 
 
 

𝑁×𝑚

 (32) 

Where, 𝑋 indicates the pelican population matrix, 𝑋𝑖  denotes 

the 𝑖  𝑡ℎ pelican in the population. Considering POA algorithm, each 

pelican represents a particular member carrying a possible solution for 

the depicted problem, thus objective function is defined as,  

𝐹 =  

[
 
 
 
 
𝐹1

⋮
𝐹𝑖

⋮
𝐹𝑁]

 
 
 
 

𝑁×1

=  

[
 
 
 
 
𝐹 (𝑋1)

⋮
𝐹 (𝑋𝑖)

⋮
𝐹(𝑋𝑁)]

 
 
 
 

𝑁×1

 (33) 

The POA functions based on the hunting behavior of 

pelicans in two stages namely, Exploration phase and exploitation 

phase as illustrated in Fig. 9 and Fig. 10 demonstrates its 

corresponding Flow Chart.  

 
Fig. 8 RNN based MPPT. 

 

Fig. 9 Pelican Optimization. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 10 POA Flow Chart. 
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a) Exploration phase: In this stage, pelicans look for their 

prey and then move towards them. This approach exhibited by 

pelicans is termed as the exploration and search space ability and the 

random selection of prey location is considered as an essential 

aspects of POA. This random selection allows the pelicans to adapt 

for exploration and navigation enabling problem solving capabilities 

which given by,  

𝑥𝑖,𝑗
𝑃𝑖 =  {

𝑥𝑖,𝑗 + 𝑟𝑎𝑛𝑑 (𝑃𝑗 − 𝐼 𝑥𝑖,𝑗  ),   𝐹𝑝 <  𝐹𝑖;  

        𝑥𝑖,𝑗 + 𝑟𝑎𝑛𝑑 (𝑥𝑗 − 𝑃𝑗 ),                       𝑒𝑙𝑠𝑒;  
 (34) 

b) Exploitation phase: The Pelican lower to the water 

surface which illustrates their wing stretching characteristics. This 

determines their strategy to rise prey in that particular location, 

enabling them to capture more prey. Thus, inspired by this strategy 

of the pelicans, POA is developed to lead convergence towards the 

favorable region within the hunting zone. Hence, this tactic 

augments the POA algorithms prospective for exploiting local 

regions thereby, improving the ability for conducing enhanced 

searches, the hunting approach of pelican is given by,  

𝑥𝑖,𝑗
𝑃2 =  𝑥𝑖,𝑗 + 𝑅. (1 −

𝑡

𝑇
 ) . ( 2𝑟𝑎𝑛𝑑 − 1). 𝑥𝑖,𝑗 (35) 

Here, 𝑥𝑖,𝑗
𝑃2  denotes the  i th  pelicans new position in the 𝑗 𝑡ℎ 

dimension, 𝑅 indicates the nearby radius immediate population 

members. The 1 −
𝑡

𝑇
  is considered essential as they adjust the 

search location for each pelican thus, making POA perform more 

effectively by the optimum exploration of the search space. The 

random prey choosing and adaptive radius tuning further enhance 

its strong global and local search abilities. Therefore, the system as 

a whole ensures improved PQ management.  

Integration of POA-RNN with BPTT training 

A RNN that processes sequential data using internal 

feedback loops, allowing it to recall previous information and 

capture time-dependent patterns.  RNN parameters (weights and 

biases) are typically updated using Back propagation Through Time 

(BPTT), which lowers prediction error using gradient-based 

optimization. In this work, the POA is utilized to enhance before 

beginning gradient training. The POA is used to conduct a global 

search for near-optimal initial weights, biases, and learning-rate 

values for the RNN.  This initialization phase allows the network to 

avoid poor local minima and improves convergence.  After POA 

selects the best candidate parameters, the RNN is fine-tuned using 

the BPTT technique to locally minimize the loss function. During 

POA optimization, the Mean-Squared Error (MSE) between 

predicted and actual MPPT reference power is employed. 

𝐹(𝑊, 𝑏, 𝛼) =
1

𝑁
∑(𝑃𝑝𝑟𝑒𝑑(𝑖) − 𝑃𝑟𝑒𝑓(𝑖))

2
𝑁

𝑖=1

 (36) 

Here, 𝑊,𝑎𝑛𝑑 𝑏 are RNN weights and biases, while , 𝛼 is the 

learning rate. This hybrid POA-BPTT system efficiently blends 

metaheuristic search exploration with gradient-based learning 

precision.  Fig. 11 depicts the overall training flow, demonstrating 

the convergence improvement gained by initializing the RNN with 

POA before BPTT fine-tuning. This hybrid POA-BPTT framework 

utilizes benefit of POA's global search capability and BPTT's quick 

convergence, resulting in higher accuracy and shorter training 

times than traditional training. 

 
Fig.11 Training convergence comparison of RNN configurations. 

Convergence curves for RNN training in three 

configurations: conventional BPTT, hybrid POA-initialized RNN 

with BPTT, and POA-only.  The suggested hybrid model achieves 

the minimum validation MSE in 60 iterations, whereas the typical 

BPTT requires approximately 110 iterations.  This demonstrates 

that POA initialization successfully steers the RNN toward faster 

and more stable convergence. 

3. Results And Discussion 

Develoed system is appliedin MATLAB/Simulink toevaluate 

its performance characteristics in terms of control, tracking and PQ 

improvement. The obtained outcomes are discussed and assessedby 

analysis, which is elaborated and detailed in the below section along 

with its parameter specification listed in Table 2.  

Table 2 Parameter Specification. 

Parameters Values 

PV System 

Number of cells in parallel connection  16 

Short Circuit current 8.95𝐴 

Number of cells in series connection  2 

Open Circuit voltage 37.25𝑉 

SSBC converter  

Switching Frequency 10𝑘𝐻𝑧 

𝑳𝟏,  𝑳𝟐,  𝑳𝟑 4.7𝑚𝐻 

𝑪𝟏 22𝜇𝐹 

UPFC 

Turns ratio 1: 1 

Resistence 0.28𝛺 

Leakage Inductance 0.3𝑚𝐻 

𝑉𝑑𝑐  600𝑉 

𝐶𝑑𝑐  4700µ𝐹 

PV System and Converter Output Waveforms  

Fig. 12(a) and (b) represents the PV temperature and 

intensity waveform, where both the temperature and intensity is 

maintained at constant value throughout the depicted time duration 

of 0.8 seconds. The PV temperature is fixed at 35°C and the intensity 

is fixed at 1000 W/Sq-m respectively, indicating smooth and 

consistent temperature and intensity with zero fluctuations. 

Fig. 13(a), (b), (c) and (d) indicates converter input and output 

voltage and current waveform, first graph containing the input voltage 

of the converter shows that, input is constantly maintained at 74V 

through entire time period with null fluctuations. While, the second 

graph shows that, input current is rapidly raised to around 2400 A and 

further maintained at that specific current. Meanwhile, the third and 

fourth graph displays voltage and current on output side of SSBC 

converter, output voltage initially begins with zero and further drops 

down beyond -1000 V and settles down after 0.6 seconds with 

irregular fluctuations. The output current settles down after 0.2 

seconds and later remain fixed during the depicted time duration. 
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Fig. 12(a) PV Temperature (b) Intensity. 

 

Fig. 13 Converter ‘s input (a) voltage (b) current and (c) voltage (d) current on output side.

 

Fig. 14(a) PV Temperature (b) Intensity in varying condition. 



Journal of Renewable Energy and Smart Grid Technology, Vol. 21, No. 1, January-June 2026 
 

30 

The temperature and intensity is presented in Fig. 14(a) and (b). 

The temperature is varied in the beginning and settled at 35 ℃ and 

intensity is sustained at 950 (W/sq.m) in the entire system. 

The input voltage is altered and maintained at 80V and input 

current is randomly varied and settled at 330 V, as seen in Fig. 15(a) 

and (b) while an output voltage is settled at -900V with oscillations and 

output current is sustained at -90A, as depicted ion Fig. 15(c) and (d). 

Case 1: Sag Condition 

Fig. 16(a) denotes the power factor waveform with Three 

Phase AC source current and voltage waveform along with load 

voltage waveform is depicted in Fig. 16(b)-(d). Here, Power Factor 

starts with initial deviations before settling down at 1 (unity) which 

indicates the system undergoes initial power losses which is later 

stabilized and maintained effectively. Significantly, the second and 

third graph showcases the Three Phase AC source voltage and 

current with significant sag, which are maintained between ±400V 

and ±45A respectively. While, the fourth graph shows both voltage 

and current in single waveform with the sag condition. Lastly, the 

fifth graph depicts the load voltage which remains fixed between 

±400V throughout the entire time period of 0.8 seconds. 

The load voltage progressively increases to ±400 V, then 

remains constant at the particular voltage level, as seen in Fig. 17 

(a-b), while, load current waveform shows, current begins with 

certain fluctuations before being sustained at ±35A in the depicted 

time duration of 0.8 seconds, as revealed in Fig. 17(c-d). The load 

current at the beginning shows certain fluctuations before settling 

down at the range of ±30 A. 

 

Fig. 15 Converter ‘s input (a) voltage (b) current and (c) voltage (d) current on output side. 

 

Fig. 16 Waveforms of (a) power factor (b) Ac Source voltage and current (c) source voltage (d) source current (e) zoomed view of voltage (f) current. 
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Fig. 17 Load’s (a) current (b) voltage waveform and its zoomed view in (c) and (d).

 
Fig. 18(a) and (c) Reference voltage of series converter and (b) and (d). Reference current of shunt converter.

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 19 Waveforms of (a) power factor (b) Ac Source voltage and current (c) source voltage (d) source current (e) zoomed view of voltage (f) current.
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Case 2: Swell Condition  

Fig. 19(a) showcases the Power factor and load voltage 

waveform along with the performance of Three Phase AC under 

swell conditions is shown in Fig. 19(b). The first graph displays the 

power factor which initially fluctuates, then later stabilizes to 1 

(unity). Significantly, the three phase AC source voltage waveform 

showcases voltage with swell and similarly, the current waveform 

showcases swell conditions before stabilizing, as seen in Fig. 19(c-f). 

Both voltage and current waveform along with swell condition, 

referring to their relationship and variations due to swell. 

Fig. 20(a) and (b) denotes the characteristics of load 

voltage and current. The load voltage gradually increases to ±400 

V before stabilizing and the load current initially depicts certain 

fluctuations which later stabilizes to constant value of ±35 A 

respectively throughout the given time period of 0.8 seconds. 

Fig. 21(a)-(d) displays the Three Phase reference voltage 

and current waveform, in which the load current exhibits initial 

fluctuations and then stabilizes around ±30 A. While, both the 

series converter and the shunt converter showcases certain 

deviations at the beginning before settling down within the ranges 

of approximately around ±10 V and ±10 A, respectively.  

 

Fig. 20 Load’s (a) voltage (b) current waveform and its zoomed view in Fig. 17(c) and (d). 

 

Fig. 21 Three Phase reference waveform for (a) voltage and (b) current (c) Zoomed view of voltage (d) Zoomed view of current. 
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Fig. 22 DC Link voltage (a) ANN controller (b) ANN vs PI controller. 

 

Fig. 22(a) demonstrates that the ANN-based controller 

outperforms transient response and steady-state accuracy. 

The suggested ANN regulator successfully adjusts to nonlinear 

fluctuations in renewable power and load, ensuring a steady DC-link 

voltage with fewer oscillations and better dynamic stability. Fig.22(b) 

DC-link voltage ( 𝑉𝐷𝐶 ) response comparison of the traditional PI 

controller and the suggested ANN-based controller.The ANN 

controller keeps the DC-link voltage to 400 V with little overshoot and 

faster settling under variable load and renewable input situations. 

The performance analysis of PI [27] and ANN controller is 

depicted in Fig. 23. The ANN controller has the lowest rising and settling 

time of 0.8 𝑠 𝑎𝑛𝑑 1.5 𝑠, improves the performance of the system. 

Fig. 24 represents the comparison of control approaches used 

for UPFC, like O-FOPID [13] with proposed ANN controller based UPFC. 

The THD sag and swell attained by ANN-UPFC is comparatively low 

than O-FOPID. Similarly, the voltage sag and swell compensation 

attained by ANN-UPFC is higher than O-FOPID, indicating the ANN-

UPFC performs better than O-FOPID with enhanced control strategy. 

The response time required by ANN is quite less, referring to its ability 

of fast processing. The Power Factor and Efficiency obtained by ANN-

UPFC is higher while comparing to O-FOPID, thus, implying that, ANN-

UPFC outperforms O-FOPID with improved power quality.  

 

Fig. 23 Comparison of controllers settling time. 

 

 

 

 

 

 

Fig. 24 UPFC Controller comparison. 

 

Fig. 25 MPPT performance comparison. 

Fig. 25 showcases the performance comparison of 

proposed POA-RNN based MPPT technique with ABC based MPPT 

approach [21].  The proposed MPPT approach performs well with 

reduced, Power Ripple of 0.12 with increased mean power tracked 

value of 71.32 and power at global maximum being about 70.12, 

indicating that POA-RNN MPPT attains efficient and reliable 

tracking with fast convergence and limited fluctuations than that 

of ABC-MPPT technique.  

Fig. 26 demonstrates the tracking efficiency comparison 

between ABC MPPT, WSO-ANFIS MPPT [26] and POA-RNN MPPT 

techniques. The proposed MPPT approach attained higher tracking 

efficiency of 99.8%, implying that POA-RNN MPPT effectively tracks 

the MPP with increased accuracy surpassing both ABC and WSO-

ANFIS MPPT.  

 

Fig. 26 Comparison of tracking efficiency. 
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Fig. 27 THD of (a) PI controller (b) FL controller. 

 

Fig. 28 THD of (a) with ANN controller (b) without ANN controller. 

The THD of PI and FLC controller is presented in Fig. 27(a) 

and (b). The FLC controller has lowest THD of 13.89%. Similarly, the 

lowest THD is attained by the using ANN controller, is revealed in 

Fig. 28(a) and 9(b) and table 3.  

Table 3 Analysis of THD. 

APPRAOCHES THD (%) 

Without ANN 10.15 

With ANN 4.68 

The outcomes imply that by successfully reducing voltage sag 

and swell with the ANN-based UPFC controller greatly enhances power 

quality. Even in the disruption, the system guarantees steady load 

voltage and current. It improves grid resiliency and dependability while 

seamlessly incorporating PV power. 

4. Conclusion  

The proposed system effectively addresses the PQ issues 

including voltage sag and swell by integrating enhanced control 

strategies. The deployment of UPFC with an ANN controller increases 

the system’s ability to rectify the PQ issues and achieve optimum 

power flow. Furthermore, the implementation of PV system using a 

single switch Boost-Cuk converter assures consistent, reliable and 

boosted PV power supply to the DC link. Additionally, the deployment 

of POA-RNN based MPPT ensures maximum power extraction even 

under varying environmental conditions, thereby improving energy 

utilization. The validation of the proposed system attained using 

MATLAB/Simulink showcases that, implemented system depicts 

improved PQ with reduced power ripple (0.12) and enhanced tracking 

efficiency (99.8%). Therefore, the developed system assures to 

address the PQ issues, thus, contributing towards consistent and 

reliable functioning of power system. Nevertheless, the algorithm’s 

performance is dependent on initial parameter configurations such as 

population size and iteration counts. In addition, although POA exhibits 

robust optimization behaviour in simulation, its computational cost 

could grow with increasing dimension of the problem. These trade-offs 

will need to be addressed when scaling the system for real-time or 

hardware-in-the-loop applications. 
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