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Abstract: Considering the escalating complexity and ever-changing dynamics within power systems, the necessity for resilient and
effective protection schemes is paramount to uphold grid stability and reliability. Among these, Overcurrent Relays (OCRs) are
pivotal components, tasked with the crucial role of detecting and mitigating faults within power networks. This research presents
an innovative approach to enhancing OCRs utilizing the Raspberry Pi Pico, a microcontroller board, in conjunction with adaptive
strategies. The primary aim is to augment the performance and versatility of OCRs, ensuring their adeptness in promptly and
accurately addressing varied fault scenarios encountered within power systems. Through the integration of adaptive strategies and
the utilization of Raspberry Pi Pico, this paper seeks to contribute to advancing the efficacy and adaptability of OCRs, thereby
bolstering the overall resilience and dependability of power system protection mechanisms. The proposed approach for optimizing
OCRs is evaluated through experimentation and analysis, demonstrating improved performance and adaptability compared to
traditional methods. Results indicate enhanced fault detection and mitigation capabilities, underscoring the potential of the
Raspberry Pi Pico-based OCR system in addressing the evolving challenges within modern power systems. The findings of this
research provide valuable insights into the field of power system protection, paving the way for more resilient and dependable grid
operation.
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. INTRODUCTION

In the context of Pakistan's energy landscape, traditional
methods of setting Overcurrent Relays (OCRs) may prove
inadequate in addressing the diverse challenges posed by
variations in load demand, network topology changes, and
fault characteristics, often resulting in suboptimal
performance during fault events. Integrating cutting-edge
microcontroller technology and adaptive strategies offers

experimental methodology, results, and conclusions are
presented.

1. EXISTING METHOD FOR OPTIMIZING

There are several methods for optimizing over-current
relay in modern days:

A. Static Settings

promising avenues for enhancing OCR performance. Past
studies have underscored the limitations of conventional
OCR technologies in adapting to the dynamic conditions of
modern power grids. Recent advancements in
microcontroller technology and adaptive strategies present
new opportunities for overcoming these limitations and
improving OCR effectiveness [1]. The experimental
methodology outlined in this paper will encompass the
evaluation of microcontroller-based OCR implementations,
exploration of adaptive strategies tailored to Pakistan's
energy landscape, and validation of the proposed
methodology through rigorous experimentation. This paper
introduces an innovative approach to optimizing OCRs
within  Pakistan's power system by leveraging
microcontroller technology and adaptive strategies. The
structure of the paper follows a logical progression, starting
with an overview of the challenges facing Pakistan's energy
infrastructure, followed by a detailed discussion of the
proposed optimization approach. Subsequently, the

Traditional OCRs are often configured with fixed relay
settings, such as pickup current and time delay, based on
worst-case scenarios or historical data [2]. While simple and
easy to implement, static settings may not adequately adapt
to dynamic grid conditions, leading to either false trips or
delayed fault detection.

B. Time-Overcurrent Relay

Time-overcurrent relays operate based on a
predetermined time-current characteristic curve. They trip
when the current exceeds a specified threshold for a certain
duration. These relays are widely used in distribution
systems due to their simplicity and reliability, but they may
lack adaptability to varying fault conditions [3].

C. Inverse-Time Overcurrent Relay

Inverse-time overcurrent relays adjust their operating
time inversely proportional to the magnitude of the fault
current. This allows for faster tripping for higher fault
currents, improving selectivity and coordination with
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downstream protective devices. However, inverse-time
relays may not always provide optimal protection for
different fault types and system configurations [4].

D. Adaptive Relay Settings

Some advanced OCRs incorporate adaptive algorithms to
dynamically adjust relay settings based on real-time grid
conditions. These algorithms may utilize machine learning
techniques, such as neural networks or genetic algorithms,
to optimize relay parameters for improved performance and
reliability. Adaptive relay settings offer greater flexibility
and responsiveness to changing system dynamics but may
require more complex implementation and calibration [5].

E. Communication-Assisted Relay Coordination

In modern power systems, OCRs can communicate with
each other and with other protective devices, such as circuit
breakers and reclosers, to achieve coordinated protection
schemes [6]. Communication-assisted relay coordination
enables faster fault detection, selective tripping, and system
restoration, enhancing overall grid reliability and
efficiency.

F. Integration with Smart Grid Technologies

OCRs can be integrated with smart grid technologies, such
as phasor measurement units (PMUs) and digital
substations, to enhance monitoring, control, and protection
capabilities [7] By leveraging real-time data and advanced
analytics, smart grid-enabled OCRs can optimize fault
detection, diagnosis, and response, leading to improved grid
resilience and stability as shown in figure 1.

Figure 1. Architecture.

I1l.  PROPOSED METHOD FOR OPTIMIZING
OVERCURRENT

A. Overall proposed design

This subsection provides an overview of the Raspberry
Pi Pico microcontroller board, highlighting its features and
capabilities relevant to the implementation of Overcurrent
Relay (OCR) optimization.

B. OCR Implementation on Raspberry Pi Pico

Here, the methodology describes the process of
implementing OCR functionality on the Raspberry Pi Pico
platform [8]. This involves the integration of the OCR
algorithm shown in figure 2, with the microcontroller,
detailing the hardware and software aspects of the
implementation as shown in figure 3.
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Figure 2. Circuit Diagram.

SONGLE

104 250VAC 104 125VAC
104 30VDC 104 28vDC

L SRD-05VDC-SL-C

SONGLE

@
10A 250VAC 10A 125VAC
104 30V0C 104 2610C

[ SROOSVDCSLC

SONGLE

@
104 250VAC 108 125VAC
104 30/DC 104 26V0C

L SRD-05VDC-SL-C

SONGLE

S0 10A 2500C TOA 129C
7 10A 00C 10A 280
L > SRD-05VDC-SL-C

®_4 Relay Module ’

Figure 3. Flow of Circuit.

C. Adaptive Strateies

This subsection outlines the adaptive strategies
employed to enhance OCR performance. It covers
techniques such as real-time monitoring of grid conditions,
dynamic adjustment of relay settings, and the use of
feedback mechanisms to improve fault detection accuracy
illustrated in figure 4.
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Figure 4. Circuit Table.

D. Optimization Algorithms (using Raspberry Pi Pico
with relay interfacing)

In this part, the methodology explains the optimization
algorithms utilized in conjunction with Raspberry Pi Pico
and relay interfacing. These algorithms are designed to
dynamically adjust OCR settings [9]. Based on system
parameters, such as load demand and fault characteristics,
to optimize performance and reliability in figure 5.

CircuitD

Figure 5. Circuit Connectivity.

IV. DESIGN METHODOLOGY

The experimental setup described below was utilized
to validate the proposed approach for optimizing
Overcurrent Relays (OCRs) using Raspberry Pi Pico
microcontroller boards interfaced with relay modules
[10].

A. Hardware Components

The following hardware components were employed in
the experimental setup:
1) Raspberry Pi Pico microcontroller boards
a) Relay modules capable of interfacing with the
Raspberry Pi Pico
2) Power source using Solar panel as a source.
3) Load devices simulating various fault conditions.

4) Connecting wires and breadboards for circuit
connections.
5) LCD 16x2 for checking project running.

B. Software Tools

1) The following software tools were used for
programming and simulation:

2) Thonny IDE for MicroPython development

3) Python programming language for scripting and
automation

4) Circuit simulation software like iot solar
monitoring system for simulating OCR behavior
under different fault scenarios in figure 6.

§ LCD 16X2
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RLY MOD
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Figure 6. Circuit panel

V. SIMULATION ENVIRONMENT

In addition to hardware experimentation, simulations

were conducted to validate the proposed approach. The

simulation environment included:

1) Circuit simulation software capable of modeling
OCR behavior

2) Virtual representations of the hardware
components used in the experimental setup.

3) Simulation scripts developed in Python for
controlling and monitoring the simulated OCR
system as shown in figure 7.

Figure 7. Power Monitoring System
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VI. SYSTEM FLOWCHART

Creating a circuit diagram is crucial for visualizing
and understanding the connections between components in
an electronic circuit [11-13]. Some basic circuit diagram for
interfacing a Raspberry Pi Pico with a relay module as
shown in figure 8:

INOHd
DiVHS

RPIPICO/ESPR2

Figure 8. System Flowchart
In this flow diagram:

e The Raspberry Pi Pico is connected to a relay module
via GPIO pins 15, 16, and 17.

e Each GPIO pin on the Raspberry Pi Pico corresponds
to a relay input (IN1, IN2, and IN3) on the relay
module.

e Eachrelay input is connected to a respective load (Load
1, Load 2, and Load 3), which represents the devices
you want to control (e.g., lights, fans, motors).

Ensure that the relay module we use is compatible with
the Raspberry Pi Pico and that the GP10O pins are connected
correctly according to the pinout of your specific relay
module. Additionally, follow appropriate safety precautions
when working with electrical circuits [14-16].

VII. TECHNICAL AND SOME COMMAN MISTAKES

Certainly! Here are some common mistakes to
avoid when working on a project:

1) Lack of clear objectives: Failing to define clear and
achievable objectives at the outset of the project can
lead to confusion and inefficiency in execution.

2) Poor planning: Inadequate planning, including
insufficient  resource  allocation,  unrealistic
timelines, and ambiguous task assignments, can
hinder project progress and outcomes [17].

3) Ineffective  communication: ~ Communication
breakdowns among team members, stakeholders, or

project managers can result in misunderstandings,
delays, and conflicts.

4) Scope creep: Allowing the project scope to expand
beyond the initial parameters without proper
evaluation and control can lead to project delays,
budget overruns, and decreased quality.

5) Ignoring risks: Failing to identify, assess, and
mitigate potential risks throughout the project
lifecycle can result in unforeseen issues and project
failure [18].

6) Lack of stakeholder involvement: Neglecting to
engage key stakeholders or failing to address their
concerns and feedback can lead to resistance,
dissatisfaction, and project setbacks.

7) Poor resource management: Inefficient allocation
and utilization of resources, including budget,
personnel, and materials, can impede project
progress and impact overall project success.

8) Insufficient quality assurance: Neglecting to
implement adequate quality assurance processes
and standards can result in deliverables that do not
meet requirements or expectations.

9) Failure to adapt: Being resistant to change or failing
to adapt to evolving circumstances, such as shifts in
priorities or unexpected challenges, can hinder
project progress and outcomes.

VIIl. RESULTS AND DISCUSSION

The following section presents the results obtained from
the experiments conducted to evaluate the performance of
the Raspberry Pi Pico-based Overcurrent Relay (OCR)
system under various fault conditions. Additionally, the
effectiveness of adaptive strategies employed in the OCR
system is assessed.

A. Performance Evaluation

The performance of the Raspberry Pi Pico-based OCR
system was evaluated under different fault scenarios,
including overcurrent, short-circuit, and ground fault
conditions. The system demonstrated prompt fault detection
and isolation, effectively mitigating potential disruptions to
the power as illustrated in figure 9.

Figure 9. Result
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B. Adaptive Strategies Assessment

The adaptive strategies implemented in the OCR system
were analysed to determine their effectiveness in
dynamically adjusting relay settings based on real-time grid
conditions. Results indicate that the adaptive strategies
successfully optimized OCR performance, minimizing
false trips, and enhancing fault detection accuracy.

C. Comparative Overload Results

A comparative analysis was conducted to compare the
performance of the Raspberry Pi Pico-based OCR system
with traditional OCR technologies in figure 10. The results
demonstrate that the proposed approach offers superior
adaptability and responsiveness to dynamic changes in
three loads conditions, outperforming conventional OCR
systems as shown in figure 11.

Overcurrent

Figure 10. Overcurrent Scenario.

Overcurrent Relay

Bus-bar

Trip coil

Figure 11. Overcurrent Relay

IX. RESULTS ANALYSIS

The findings from the experiments underscore the
potential of Raspberry Pi Pico-based OCR systems in
enhancing grid stability and reliability. The discussion
delves into the implications of the results, highlighting the
significance of adaptive strategies in improving OCR
performance and addressing challenges in modern power
systems.

A. Comparison with Existing Approaches

In the "Comparison with Existing Approaches" section, the
proposed approach for optimizing Overcurrent Relays
(OCRs) using Raspberry Pi Pico and adaptive strategies is
evaluated against other existing OCR optimization
techniques. This comparison provides insights into the
advantages and limitations of each method.

Traditional OCR technologies serve as a baseline for
comparison due to their widespread use in power systems.
While effective for fault detection and isolation, traditional
OCRs often have static relay settings and limited
adaptability. This can result in delayed fault detection or
false trips, especially in dynamic grid conditions.

IOT SOLAR Monitoring OCR systems, like the
proposed approach, leverage the computational power of
microcontrollers to enhance OCR performance. However,
existing microcontroller-based approaches may lack
sophisticated  adaptive  strategies, limiting  their
effectiveness under certain fault conditions. Some similar
results of division of OCR in below figure 12.

Some OCR optimization techniques utilize artificial
intelligence (Al) methods, such as neural networks or
genetic algorithms, to dynamically adjust relay settings
based on real-time grid data. While promising for
improving fault detection accuracy, these approaches may
require significant computational resources and training
data, which can pose practical challenges.

Ty

Figure 12. Results of analysis

A comparative analysis is conducted to evaluate the
performance of the proposed approach against traditional
OCR technologies, microcontroller-based systems, and Al-
based techniques. Key metrics such as fault detection
accuracy, response time, and adaptability to varying grid
conditions are considered in the comparison, providing
insights into the relative strengths and weaknesses of each
approach.

76



University of Sindh Journal of Information and Communication Technology (USJICT) Vol.7(2), pg.: 72-77

The discussion synthesizes the findings from the
comparative analysis, highlighting the advantages of the
proposed approach in terms of adaptability, responsiveness,
and efficiency. Additionally, potential limitations and
challenges associated with the proposed approach are
addressed, along with suggestions for future research and
improvement.

B. Final Results of three overload condition

In this section, we would elaborate the results of 3 loads
which we shown when we attempted the overflow in loads
it gives 191 99-amp, 435.87 amp,95.91 amp. And it will be
controlled by Raspberry Pi Pico through iot solar
monitoring system.

X. CONCLUSION

In summary, this research introduces an innovative
method for enhancing Overcurrent Relay (OCR)
performance by leveraging Raspberry Pi Pico
microcontroller boards and adaptive strategies. Through
experimentation and analysis, the study demonstrates the
efficacy of the Raspberry Pi Pico-based OCR system in
detecting and mitigating faults across various grid
conditions. The incorporation of adaptive strategies further
bolsters the system's ability to adapt to dynamic grid
scenarios.

Comparative analysis with existing OCR optimization
techniques underscores the distinct advantages of the
proposed approach, particularly in terms of adaptability and
efficiency. By harnessing the computational capabilities of
microcontrollers and integrating adaptive strategies, the
Raspberry Pi Pico-based OCR system emerges as a versatile
and dependable solution for bolstering grid stability and
reliability.

These findings contribute valuable insights to the field
of OCR technologies, shedding light on the potential
benefits of microcontroller-based methodologies and
adaptive strategies in optimizing OCR performance. Future
avenues of research may involve fine-tuning adaptive
algorithms, validating results in real-world grid
environments, and exploring synergies with emerging
technologies such as artificial intelligence to further
enhance fault detection and mitigation capabilities.
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