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ABSTRACT

Modern power systems are increasingly exposed to more changing loads and nonlinear operating conditions,
which can affect the performance of conventional power factor correction systems. This study presents an
enhancement of an adaptive power factor correction method for improved performance in dynamic and
complex power systems using an intelligently controlled ultracapacitor. The study had established six
performance constraints related to the adaptive power factor correction system; response latency,
compensation error, harmonic resonance, step resolution, voltage stability, and thermal working temperature.
A quantitative analysis of the conventional and the improved systems was carried out for response latency,
step resolution, and thermal operating temperature using the results of the simulations. A conventional
Simulink model was developed to establish the baseline performance of the system. A fuzzy inference-based
rule base was subsequently developed to determine appropriate corrective actions based on the identified
system conditions, after which an artificial neural network was trained using the developed rules. An
ultracapacitor model was then developed and integrated with the intelligent control scheme and the
conventional adaptive power factor correction model. Simulation results showed that the response latency
decreased from 55 ms for the conventional system to 48.28 ms with the intelligently controlled ultracapacitor,
representing an improvement of approximately 12.2%. The step resolution decreased from 14 kVA to 12.28
kVA, corresponding to an improvement of approximately 12.3%, while the thermal operating temperature
decreased from 58 °C to 50.8 °C, representing an improvement of approximately 12.4%. The results indicate
that integrating intelligent control with an ultracapacitor can improve selected dynamic and operating
characteristics of the adaptive power factor correction system. The proposed approach therefore provides a
promising simulation-based framework for improving adaptive power factor correction performance under
dynamic operating conditions.

Keywords: Adaptive power factor correction, dynamic power systems, intelligent control, neural
network, fuzzy logic, ultracapacitors.
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1.0 INTRODUCTION

Modern electric power systems are increasingly characterized by dynamic operating conditions, nonlinear
loads, and the growing integration of renewable energy resources. In particular, the integration of renewable
energies brings about dynamic operating conditions, which make the active and reactive power flows
management an interesting item. The impact of solar integration on active power transfer, reactive power
transfer and available transfer capability has been investigated on the Nigerian 330 kV transmission system
under varying system conditions (Akinuli ef al., 2024; Ezeonye et al., 2025). In Nigeria, the frequent power
grid disturbances and collapse have equally demonstrated the significance of voltage stability and sufficient
reactive power provision for an efficient power system (Obi et al., 2026). Hence, power factor correction
(PFC) is essential to enhance the utilization of electrical energy, minimize the undue demand for reactive
power, improve the voltage profiles, and the efficiency and reliability of power system as a whole (Sadiq &
Antar, 2024; Samuel et al., 2025; Espin & Téllez, 2026).

Conventional power factor correction methods usually involve fixed or switched capacitor banks and other
devices to compensate reactive power (Galadima, 2025). In power distribution systems, capacitor
compensation, when appropriately applied, can bring about power factor improvement and active and reactive
power losses reduction, which further indicates the practical value of reactive power compensation on the
performance of the network (Obi et al., 2022). Variations in power factor have also been linked with changes
in the technical losses in a Nigerian distribution system, with results that predict the necessity for a dynamic
reactive power compensation under fluctuating loading conditions (Oyedoh, 2023). While these methods are
capable of achieving reasonable compensation for quasi-stationary operating condition, their performance
may deteriorate as a result of rapidly varying loads, nonlinear current wave shape, harmonic interference, and
transient operating condition of the system. When the reactive power demand changes significantly, fixed
capacitor bank may cause either under compensation or over compensation. They may also become the
source of resonances when their characteristic curves cross with system impedance or harmonic curves. These
constraints have heightened the demand for power factor correction methods with improved adaptability to
dynamic system conditions (Coman ef al., 2020; Adragna ef al., 2024; Lu et al., 2023).

Adaptive power factor correction methods are a way of tuning the compensation level to the operating
conditions of the system. Adaptive methods have the potential to be more flexible than fixed compensation
schemes by continually adapting to the changes in reactive power demand. The accuracy of the measurement,
control, switching and energy compensation units determines how well an adaptive power factor correction
system works. Hence, response time, compensation error, harmonic resonance, step size, voltage stability, and
temperature should be considered when evaluating the performance of the system, particularly in the case of
rapidly changing operation conditions. Voltage stability is an important aspect of power network operation as
evidenced by investigation into under voltage and load shedding strategies to improve the network voltage
profiles in the South Eastern Nigerian network (Chukwulobe et al., 2022). The role of adaptive control and
enhanced compensation schemes in power quality maintenance in modern electrical networks has recently
been brought forth (Zhang et al., 2023; Ezeonye et al., 2026; Tipan et al., 2026).

Ultracapacitors have been the subject of intense research for applications with fast energy exchange needs due
to their high-power density, fast charging and discharging, high efficiency and long cycle life (Bijarniya &
Kumar, 2016). This also allows them to be used for compensation and transient power support such as in
power quality applications. Unlike conventional batteries, which tend to have lower power density and slower
response times, ultracapacitors can provide or uptake power at high efficiency for brief periods of time. These
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features could enable them to be compatible to assist adaptive PFC schemes working in dynamic scenarios
(Obi et al.,2013; Kumar et al., 2022; Shah et al., 2022; Maribe, 2025; Herrera-Jaramillo et al., 2026).

Nonetheless, the sole employment of an ultracapacitor does not imply an ideal compensation response. A
suitable control strategy is needed to decide at what moment and in what manner the stored energy must be
used according to the system variation. Intelligent control, artificial neural networks and fuzzy logic are more
suited for nonlinear systems and time-varying system conditions. These methodologies can also be applied
to measured system data to compute appropriate control actions, which enables enhancement of the
adaptiveness of power electronic devices and reactive power modules (Govil ef al., 2025; Uwagboe & Saha,
2026). By combining intelligent control with ultracapacitor energy storage, there is promising prospect to
further enhance the dynamic performance of an adaptive power factor correction. The intelligent controller
describes which corrective action to take for the current given system state, and the ultracapacitor delivers a
source of energy to execute the required compensating action. This type of confluence is expected to be
increasingly important for future power systems with fluctuating loads, distributed generation, renewable
energy interfaces and so forth (Mariasiu, 2025; Aranizadeh et al., 2025).

Although adaptive power factor correction methods have been proposed and intelligent control and
ultracapacitor technologies are widely used, there still exists a question on their combined use for enhancing
the dynamic performance of power factor correction systems. Especially, intelligent integration of
ultracapacitor for enhancing response latency, compensation error, harmonic resonance, step resolution,
voltage stability, and thermal operation temperature is interesting for future work. Considering these
performance traits can help to better predict the potential strength and weakness of the suggested scheme. It
is thus the adaptation of power factor correction based on an intelligent controlled ultracapacitor for enhanced
performance in dynamically changing and complex power system that is of concern in this paper. This work
analyzes the recognized performance constraints, derives a conventional adaptive power factor strategy,
develops a fuzzy inference-based control rule base, trains a neural network applying the derived rules, and
couples the ultracapacitor model with the intelligent control and the conventional system. The resulting design
is then tested via simulation by comparing the known numerical values of the response latency, step
resolution, and temperature of operation of a conventional and an enhanced system.

2.0 METHODOLOGY

2.1 Characterization of Performance Limitations in the Adaptive Power Factor Correction System
The first phase of the investigation was the description of the performance constraints of the adaptive power
factor correction system in dynamic and complex operating conditions. Six features of performance were
considered: response latency, compensation error, harmonic resonance, step resolution, voltage stability, and
thermal operating temperature. The conventional system served as the benchmark to compare the identified
traits.

Response latency was analyzed as a function of the response time of the control system to changes in the
environmental conditions. Compensation error is the deviation introduced in a reactive power compensation
scheme. Harmonic resonance was evaluated in terms of the compensation and harmonic interaction
components. Step resolution was the size of the smallest effective compensation step that the system can use.
Voltage stability was evaluated as the voltage fluctuation caused by reactive power compensation and thermal
operating temperature was defined as the temperature increment induced by running the compensating
system. The characterized values and the corresponding root causes are shown in Table 1.
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Table 1: Characterized performance limitations and identified root causes of the adaptive power factor correction

system

Performance Unit Conventional Identified root cause

characteristic value

Response latency ms 55 Controller processing delay or slow mechanical switching
relative to load cycles

Compensation error % 6 Low resolution current transformers or quantization errors
in the analogue to digital conversion process

Harmonic resonance % 6.2 Lack of detuning reactors and possible amplification of

system resonance frequencies by compensation capacitors
Step resolution kVA 14 Coarse switching granularity under small and highly
variable load conditions

Voltage stability % 12 Rapid reactive power injection resulting in transient voltage
variation

Thermal  operating °C 58 High equivalent series resistance or inadequate cooling

temperature during rapid switching cycles

2.2 Development of the Conventional Adaptive Power Factor Correction Model

Following the characterization of the identified performance limitations, a conventional adaptive power factor
correction model was developed in MATLAB/Simulink. The model incorporated the electrical system and
control components required to represent the baseline adaptive power factor correction arrangement. The six
identified performance characteristics were incorporated into the model through monitoring and display
blocks. These included response latency, compensation error, harmonic resonance, step resolution, voltage
stability, and thermal operating temperature. The outputs of the monitoring blocks provided the baseline
values against which the performance of the enhanced system was subsequently evaluated. Figure 1 presents
the developed conventional Simulink model for adaptive power factor correction. The model contains the
conventional control panel and the monitoring sections used to obtain the values of the identified performance
characteristics.
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Figure 1: Developed conventional Simulink model for adaptive power factor correction

2.3 Development of the Intelligent Ultracapacitor Rule Base

In the next step, fuzzy inference-based rule was established to find the corrective action of related performance
conditions. The fuzzy inference system was established with the aid of a Mamdani based inference structure,
which provides a rule-based method for processing system conditions and generating the control responses.
Recent works have demonstrated the use of fuzzy controllers for power quality enhancement and reactive
power control in power systems (Miron et al., 2024; Mohan et al., 2026).

The model incorporated two input variables, the aggregated PFC condition index and the monitoring sensor
condition, and the output was the related corrective control state. The aggregated PFC condition index defines
a sum of severity among identified performance conditions for adaptive power factor correction: response
latency, compensation error, harmonic resonance, step resolution, voltage stability, and thermal operating
temperature. These situations were encapsulated in a single supervisory index, as the executed simulation
model did not have separate streaming measurements for each attribute. Hence, the fuzzy inference
mechanism acted as a supervisory decision module to select the suitable corrective control state given the
detected operating conditions. Figure 2 illustrates the proposed fuzzy inference system, while Figure 3 shows
the associated rule implementation.
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Figure 3: Implementation of the developed fuzzy inference rule base
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2.4 Fuzzy Rule Base

The rule set consisted of three main rules that relate the aggregated PFC condition index and the condition of
the monitoring sensor to the specific corrective control state.

The rules developed in the study were:

Rule 1: A high aggregated PFC condition index and non-functioning monitoring sensor leads to a high
corrective intervention.

Rule 2: A moderately high aggregated PFC condition index, and a moderately nonfunctional monitoring
sensor, result in a moderate corrective intervention.

Rule 3: When monitoring sensor is functioning and the aggregated PFC condition index is low, the corrective
control is to keep the current compensation state.

Table 2: Developed fuzzy inference rules for adaptive power factor correction

Rule Aggregated PFC Condition Monitoring Sensor Corrective Control State
Index Condition

1 High Not functioning High  ultracapacitor  corrective
support

2 Moderately high Moderately nonfunctional =~ Moderate ultracapacitor corrective
support

3 Low Functioning Maintain  existing compensation
level

The control commands of Table 2 constitute the supervisory control states of the ultracapacitor compensation
subsystem. A high level gets a high level of corrective ultracapacitor support, a moderately high level gets a
moderate level of corrective support, and a low level keeps the current compensation level. Since the provided
simulation results do not contain experimentally obtained threshold values, the proposed model represents
these actions as fuzzy control states instead of fixed numerical switching thresholds. The true compensation
action is later calculated through the fuzzy inference system (FIS) and integrated intelligent control system.

2.5 Operational Mechanism of the Fuzzy Rule Base

The proposed FIS takes the aggregated PFC condition index and monitoring sensor condition as its inputs,
then processes them with the defined membership functions and rules and outputs the corrective control state.
The operational mechanism involves fuzzification of the input variables, application of the fuzzy rules,
aggregation of the rule outputs, and defuzzification to obtain the final control output. Figure 4 illustrates the
operational mechanism of the developed fuzzy inference rule base used in the study.
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Figure 4: Operational mechanism of the developed fuzzy inference rule base for adaptive power factor correction

2.6 Neural Network Mapping of the Fuzzy Control Rules

After development the fuzzy rule base, a neural network mapping phase was employed to map the fuzzy-rule
input conditions to their corrective control states. The neural network was trained with the three developed
fuzzy rules input conditions and its control responses for over twenty training cycles.

WL

Figure 5: Neural-network weight topology obtained from the fuzzy-rule training data
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Figure 6: Output of the trained neural network based on the developed fuzzy control rules
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Figure 5 shows the resulting neural-network weight topology, and Figure 6 shows the corresponding neural-
network output. The weight topology is a pattern-based representation of the relation from the fuzzy-rule data
and acts as intelligent mapping module in the proposed control framework. In our current realization, the
neural network was presented to be the resulting fuzzy control conditions and thus not as a separately validated
feedforward backpropagation or ANFIS controller. The obtained simulations results did not include a
standalone numerical training-error metric, detailed layer-by-layer architecture, or activation function
specification for the neural-network mapping stage. As such they are not given as empirically backed
attributes of the proposed framework. The neural-network module is in turn embedded into the intelligent
supervisory mapping framework to model the response of fuzzy control rules. The neural-network output was
then interpreted in the supervisory control framework as the associated corrective control state for the
ultracapacitor compensation subsystem. Thereby the fuzzy rule base defines the corrective states, and the
neural-network module supplies its pattern mapping representation of those states to be used in the intelligent
compensation framework proposed.

2.7 Development of the Ultracapacitor Model

An ultracapacitor model was then developed in MATLAB/Simulink and incorporated with the intelligent
control. The model was designed to deliver the needed fast energy response of the adaptive compensation.
Additional parameters and signal generators were added in order to simulate certain conditions of the model
without setting the time scale of the transient compensation. The proposed model for the ultracapacitor in
Simulink is shown in Figure 7.
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Figure 7: Developed Simulink model of the ultracapacitor

The number of years shown in Figure 7 is a secondary aging parameter added to the model of the ultracapacitor
to capture long-term drift of the characteristics of the approximated device. It is not the time scale of the
transient process of load reactive power compensation. Also, the sinusoidal signal and product block are part
of the internal signal generation used in the model, and not to be interpreted as a direct low frequency control
command to the ultracapacitor. The compensation response during transient is dominated by the intelligent
control and ultracapacitor subsystem, while these auxiliary model elements offer additional model inputs and
parameter variation.
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2.8 Algorithm for the Proposed System
The algorithm developed in the study was used to integrate the conventional adaptive power factor correction
model, fuzzy inference rule base, neural-network, and ultracapacitor model. The process consisted of
characterization of the identified performance limitations, development of the conventional model,
development of the intelligent control rule base, neural-network training, development of the ultracapacitor
model, and integration of the individual components.
The algorithm followed these general stages:
i.  Characterize the performance limitations associated with the adaptive power factor correction
system.
ii.  Identify response latency.
iii.  Identify compensation error.
iv.  Identify harmonic resonance.
v.  Identify step resolution.
vi.  Identify voltage stability.
vii.  Identify thermal operating temperature.
viii.  Develop the conventional Simulink model and incorporate the identified performance
characteristics.
ix.  Develop the ultracapacitor fuzzy inference rule base.
x.  Train the ANN using the developed rules.
xi.  Develop the ultracapacitor Simulink model.
xii.  Integrate the fuzzy rule base, ANN, and ultracapacitor model.
xiii.  Integrate the intelligent ultracapacitor subsystem with the conventional adaptive power factor
correction model.
xiv.  Evaluate whether the identified performance limitations are reduced after integration.
xv.  Ifthe required improvement is not achieved, return to the integration and control adjustment stage.
xvi.  Ifimprovement is achieved, obtain the enhanced adaptive power factor correction system.

For the comparison, response latency and step resolution were regarded as scalar performance metrics of the
simulation models, rather than as variables over the calendar-time scale. Hence, the results of the comparison
are given directly for the standard and neural-based ultracapacitor designs.

2.9 Integration of the Proposed System

The final stage of the methodology involved integrating the intelligent control system and ultracapacitor model
with the conventional adaptive power factor correction system. The resulting Simulink model combined the
conventional compensation arrangement with the developed fuzzy inference rule base, trained neural network,
and ultracapacitor subsystem. The physical connection of the proposed compensator can be traced by its
electrical connection; from the 330 kV input to the 330/11 kV transformer, then to the 11 kV side, where the
power factor correction unit is connected. The bidirectional power converter serves at the connection between
the electrical system and the ultracapacitor bank, enabling the ultracapacitor to provide or absorb the required
compensation power. Figure 8 illustrates the coupling of the intelligent control, converter interface and the
ultracapacitor subsystem with the conventional adaptive power factor correction scheme.

Website: www.ijiets.coou.edu.ng Email: editor.ijiets@coou.edu.ng Page 67



http://www.ijiets.coou.edu.ng/

INTERNATIONAL JOURNAL OF INNOVATIVE ENGINEERING, TECHNOLOGY AND SCIENCE ISSN: 2533-7365 Vol. 10, No.2, July — December, 2026
A Publication of Faculty of Engineering Chukwuemeka Odumegwu Ojukwu University, Uli - Nigeria.

(i

|
I

Figure 8: Integrated Simulink model showing the connection of the adaptive power factor correction system and
ultracapacitor compensation subsystem

3.0 RESULTS AND DISCUSSION

The simulation results obtained from the conventional adaptive power factor correction model and the
proposed intelligent controlled ultracapacitor model were compared to determine the effect of the proposed
enhancement on selected performance characteristics. The comparison focused on response latency, step
resolution, and thermal operating temperature, for which numerical results were obtained for both the
conventional and enhanced systems. The results provide an indication of the effect of integrating intelligent
control and ultracapacitor support into the adaptive power factor correction system.

3.1 Response Latency
Table 3 presents the comparison between the conventional adaptive power factor correction system and the
system incorporating the intelligent controlled ultracapacitor.

Table 3: Comparison of response latency between the conventional and intelligent controlled ultracapacitor based
adaptive power factor correction systems

System Response latency (ms)
Conventional adaptive power factor correction system 55.00
Intelligent controlled ultracapacitor based system 48.28

The conventional adaptive power factor correction system had a response latency of 55 ms and the intelligent
controlled ultracapacitor based system was 48.28 ms. The lower value obtained with the improved setup
indicates a decrease in the stated response latency. The percentage decrease was about 12.2%.
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This is in line with the role of the ultracapacitor in the proposed system. Intelligent control system, on the
other hand, decides the suitable corrective action. Consequently, the two together minimizes the response
time involved in the compensation process. Figure 9 shows a direct comparison of the reported response
latency for the two system architectures.
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Figure 9: Comparison of response latency between the conventional and intelligent controlled ultracapacitor based
adaptive power factor correction systems

Figure 9 illustrates that the intelligent controlled ultracapacitor based topology delivers the shortest response
latency among the conventional adaptive power factor correction system. The response latency shows a
reduction from 55.00 ms for the conventional approach to 48.28 ms for the improved design. This
demonstrates that the reconfigurable system can deliver a quicker corrective response in simulated operating
condition. The decrease of the response latency agrees with the rapid energy exchange capability of the
ultracapacitor, and the supervision of the intelligent control system.

3.2 Step Resolution
Table 4 presents the simulated step resolution of the conventional and intelligent controlled ultracapacitor
systems.

Table 4: Comparison of compensation step resolution between the conventional and intelligent controlled
ultracapacitor based adaptive power factor correction systems

System Step resolution (kVA)
Conventional adaptive power factor correction system 14.00
Intelligent controlled ultracapacitor based system 12.28

The conventional adaptive power factor correction system recorded a step resolution of 14 kVA. Following
integration of the intelligent controlled ultracapacitor configuration, the reported step resolution decreased to
12.28 kVA. This represents a calculated reduction of approximately 12.3%.

The percentage improvement was calculated as:

] Conventional value — Enhanced value
Percentage reduction = - x 100 (D
Conventional value
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14 —12.28

Percentage reduction = —1 x 100 = 12.29% (2)

Thus, the step resolution improved by approximately 12.3%.

The reduction from 14 kVA to 12.28 kVA is relevant to the operation of an adaptive power factor correction
system because a smaller compensation step provides finer adjustment of the compensation level. This can be
particularly useful where the reactive power requirement varies with operating conditions. Figure 10 presents
a direct comparison of the reported step resolution for the two system configurations

Figure 10 shows the simulated comparison. The conventional system remains at 14 kVA, while the intelligent
controlled ultracapacitor system remains at approximately 12.28 kVA during the reported simulation period.
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Figure 10: Comparison of compensation step resolution between the conventional and intelligent controlled
ultracapacitor based adaptive power factor correction systems

Figure 10 demonstrates that the step resolution of the proposed intelligent controlled ultracapacitor based
system is lower than that of the conventional adaptive power factor correction system. The step resolution is
reduced from 14.00 kVA to 12.28 kVA. The lower step resolution means finer adjustment on compensation
level and it is expected to be useful when reactive power demand varies in different working states. Thus, the
result implies that the proposed scheme achieves a finer resolution in the compensation procedure under the
simulated condition.

3.3 Thermal Operating Temperature

The third quantitatively evaluated characteristic was thermal operating temperature. The conventional system
recorded a thermal operating temperature value of 58 °C, while the intelligent controlled ultracapacitor system
recorded 50.8 °C. These values were used to determine the percentage improvement obtained from the
proposed enhancement.

The percentage improvement was calculated using:

Conventional thermal value — Enhanced thermal value

[ = X 1
mprovement Conventional thermal value 00 ®3)

58 —50.8
Improvement = BT X 100 =12.41% (4)
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Hence, the thermal operating temperature decreased by approximately 12.4%.

3.4 Overall Comparison of the Simulated Results
The principal quantitative results obtained from the study are summarized in Table 5.

Table 5: Summary of simulated performance improvement

Performance Conventional Intelligent controlled ultracapacitor Improvement
characteristic system system

Response latency 55 ms 48.28 ms 12.2%

Step resolution 14 kVA 12.28 kVA 12.3%
Thermal operating 58 °C 50.8 °C 12.4%
temperature

The results show that the integration of the intelligent controlled ultracapacitor produced lower reported values
for all three quantitatively evaluated characteristics. Response latency decreased by approximately 12.2%,
step resolution decreased by approximately 12.3%, and thermal operating temperature decreased by
approximately 12.4%.

The obtained percentage reductions for response latency, step resolution, and thermal operating temperature
are very close, from 12.4% to 12.2%. Such close numeric imply that the three reported outputs may be subject
to a common scaling factor in the simulation model. Hence, the percentage reductions are considered as
comparative outputs of the models and not as experimental measurements of three different physical
enhancements. The results show the relative difference between the conventional and modified systems for
the given simulation setup, but further time-domain and experimental studies are required for the static
physical nature of each feature.

4.0 CONCLUSION

This work investigated the enhancement of adaptive power factor correction for improved performance in
dynamic and complex power systems with an intelligent controlled ultracapacitor. The work characterized six
performance limitations associated with the adaptive power factor correction system, namely response latency,
compensation error, harmonic resonance, step resolution, voltage stability and thermal operating temperature.
A conventional adaptive power factor correction model was developed in MATLAB/Simulink after which a
fuzzy inference-based rule base and artificial neural network were developed and integrated with an
ultracapacitor model to form the proposed enhanced system. The simulation results showed measurable
improvements in the three performance characteristics for which comparative numerical results were
available. Response latency decreased from 55 ms in the conventional system to 48.28 ms with the intelligent
controlled ultracapacitor representing an improvement of approximately 12.2%. Step resolution decreased
from 14 kVA to 12.28 kVA corresponding to an improvement of approximately 12.3%. The thermal operating
temperature also reduced from 58 °C to 50.8 °C, showing an improvement of approximately 12.4%. The
reduction in response latency indicates an improvement in the speed of the adaptive compensation response,
while the reduction in step resolution indicates a finer compensation capability. The reduction in thermal
operating temperature also indicates a more favourable simulated thermal condition for the proposed
configuration. Collectively, these results demonstrate the potential of combining intelligent control with
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ultracapacitor support to improve selected performance characteristics of adaptive power factor correction
under dynamic operating conditions. The study therefore concludes that the proposed intelligent controlled
ultracapacitor approach provides a promising simulation-based method for enhancing the dynamic
performance of adaptive power factor correction systems. However, the present results do not provide
sufficient quantitative evidence to establish percentage improvements for compensation error, harmonic
resonance, and voltage stability. These parameters were incorporated into the system characterization and
simulation framework, but corresponding before and after numerical results were not presented. Consequently,
the future work would be to quantitate these features and validate the suggested approach through
experimental realization in the real practical operating conditions. Also, additional studies are needed to
encompass other types of nonlinear and rapidly changing loads, other ultracapacitor values, and other
intelligent control methods, in order to conclude on the robustness and practical usefulness of the proposed
scheme.
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