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ABSTRACT

Power Pulse is an advanced smart power
monitoring system designed to track and log
power supply status in real-time. It leverages an
8051 microcontroller to detect power ON and
OFF events, recording their timestamps through
a real-time clock (RTC). Additionally, the system
measures current and voltage levels via dedicated
sensors to ensure accurate monitoring. To
enhance user awareness, Power Pulse integrates
GSM-based SMS notifications and loT-enabled
email alerts, which provide instant updates on
power state changes. These alerts include
timestamps of power ON/OFF events, duration of
each state, and cumulative outage or uptime
records, making it an effective solution for power
reliability analysis. The hardware design,
including PCB schematic and layout, is
developed using OrCAD and Allegro, ensuring
seamless hardware integration. This system is
particularly beneficial for multi-floor apartments,
industrial ~ facilities, and backup  power
management, allowing users to remotely monitor
power conditions efficiently. By combining real-
time logging, wireless notifications, and loT
connectivity, Power Pulse offers a comprehensive
and reliable power monitoring solution suitable
for both residential and industrial applications.

Keywords - Real-Time Clock (RTC), SM-
Based SMS Notifications, loT-Enabled Email
Alerts, OrCAD & Allegro PCB Design
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I.INTRODUCTION

Power supply reliability is a critical
aspect of residential, commercial, and industrial
infrastructure, as unexpected outages can lead to
operational disruptions, financial losses, and
equipment damage. To address this challenge, the
Power Pulse system provides an advanced smart
power monitoring solution that continuously
tracks power status in real-time. Utilizing an 8051
microcontroller, it detects power ON and OFF
states while accurately recording timestamps
through a real-time clock (RTC). Additionally,
the system measures voltage and current levels
using dedicated sensors, ensuring precise
monitoring. For enhanced functionality, Power
Pulse features GSM-based SMS notifications and
loT-enabled email alerts, instantly notifying users
of power state changes. These alerts include key
details such as power ON/OFF times, the duration
of each state, and total outage or uptime records
for effective monitoring and planning. The
hardware design, developed using OrCAD and
Allegro, ensures efficient PCB layout and
seamless hardware integration. Ideal for multi-
floor apartments, industries, and backup power
management, Power Pulse enables remote
monitoring of power supply reliability. By
integrating real-time data logging, wireless
notifications, and 10T connectivity, it provides a
comprehensive and efficient solution for power
monitoring, ensuring greater reliability and
informed decision-making for both residential
and industrial applications.
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Il. LITERATURE SURVEY

Power monitoring systems have gained
significant attention in recent years due to the
increasing reliance on stable electricity for
residential, commercial, and industrial
applications. Various research efforts have been
made to develop automated power tracking and
alert systems that improve reliability and
efficiency. This literature survey examines existing
power monitoring technologies, their
methodologies, and advancements in real-time
logging, wireless communication, and loT-based
solutions.

Several studies have focused on the
implementation of microcontroller-based power
monitoring systems. Research by [Author et al.]
(Year) highlights the use of 8051, AVR, and PIC
microcontrollers for detecting power fluctuations
and logging outage events. These systems
typically incorporate real-time clocks (RTC) to
record timestamps for power ON and OFF events,
ensuring accurate tracking of power supply status.
However, many of these systems rely solely on
local storage and lack real-time remote
notifications.

To address this limitation, researchers have
explored GSM-based power monitoring systems.
A study by [Author et al.] (Year) proposed an
SMS-based alert system that notifies users
whenever a power outage occurs. This approach
significantly enhances user awareness and enables
timely responses. However, GSM-based solutions
are constrained by network coverage issues and do
not provide a detailed historical analysis of power
reliability. With advancements in loT technology,
researchers have introduced cloud-based power
monitoring solutions that offer real-time updates
and remote access to power data. Work by [Author
et al.] (Year) demonstrated the use of ESP8266
and Raspberry Pi for transmitting power status
data to cloud platforms such as ThingSpeak and
Firebase. These systems allow users to monitor
power supply status through web applications and
receive email alerts. While loT-based solutions
offer improved accessibility and scalability,
challenges such as data security, network
dependency, and latency issues remain key
concerns.
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Additionally, PCB design and hardware
integration play a crucial role in developing
efficient power monitoring systems. Studies have
explored the use of EDA tools like OrCAD and
Allegro to design optimized PCB layouts for
power monitoring devices. Research suggests that
high-efficiency PCB designs can enhance signal
integrity, reduce power losses, and improve the
overall performance of monitoring systems.

In comparison to existing research, the
Power Pulse system integrates multiple advanced
features, including real-time RTC logging, GSM-
based SMS notifications, and loT-enabled email
alerts, making it a comprehensive and reliable
power monitoring solution. By leveraging
microcontroller-based  detection,  sensor-based
power measurements, and robust PCB design,
Power Pulse overcomes the limitations of
traditional power tracking systems, making it
suitable for residential, industrial, and backup
power management applications.

1. METHODOLOGY

The Power Pulse system is designed using
a systematic approach to enable efficient and
accurate power monitoring. The implementation
process consists of multiple stages, including
hardware design, power detection and logging,
wireless communication for alerts, loT cloud
integration, and system deployment. Each phase
ensures seamless power status tracking, data
collection, and real-time notifications, making the
system highly reliable for both residential and
industrial applications.

The hardware design is based on an 8051
microcontroller, which acts as the central
processing unit. It is connected to various
components, such as voltage and current sensors
for measuring power levels, a real-time clock
(RTC) for timestamp logging, and a relay circuit
for detecting power ON and OFF events. To
enable remote notifications, the system is
equipped with a GSM module for SMS alerts and
an loT module (Wi-Fi or GPRS) for cloud-based
monitoring and email notifications.
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Additionally, a power supply circuit
ensures stable operation of all components. The
PCB schematic and layout are designed using
OrCAD and Allegro, ensuring an optimized
hardware configuration with minimal power loss
and high efficiency.

8051 Board

The power detection and logging
mechanism operates by continuously monitoring
the power supply status. When a power ON or
OFF event occurs, the voltage and current sensors
send signals to the microcontroller, which then
records the precise timestamp using the RTC
module. The system logs these events along with
corresponding voltage and current values,
allowing for accurate power tracking over time.
This data is stored in the microcontroller’s
internal memory and can be retrieved for future
analysis. By maintaining a record of power
fluctuations, the system helps users assess the
reliability of their power supply and take
necessary preventive measures.

To ensure real-time alerts, the system
integrates wireless communication mechanisms
using both GSM-based SMS notifications and
loT-enabled email alerts. Whenever a power
outage or restoration occurs, the GSM module
instantly sends an SMS to registered users,
informing them of the status change. This feature
is particularly useful for wusers who need
immediate updates, even in locations with limited
internet access. Meanwhile, the 10T module
transmits power event data to a cloud platform,
where users can access detailed logs via a web
dashboard or mobile application.
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The email alerts provide comprehensive
information, including  power  ON/OFF
timestamps, the duration of each power state, and
total outage or uptime records, making it easy to
analyze power stability over extended periods.

The loT-based cloud integration enhances
the system’s functionality by offering remote
access to real-time and historical power data.
Users can log into a cloud platform, such as
Firebase, ThingSpeak, or AWS IoT, to view live
power status and graphical reports. By leveraging
cloud-based data analytics, users can identify
power outage patterns, optimize backup power
usage, and schedule preventive maintenance. This
feature is especially beneficial for industries and
large residential complexes, where power
reliability directly impacts daily operations.

Finally, the deployment and application of
the Power Pulse system make it suitable for
various environments, including multi-floor
apartments, industrial facilities, and backup
power management systems. In residential
settings, the system helps residents track power
outages and plan alternative power solutions
accordingly. In industries, it ensures continuous
monitoring of power supply for machinery and
equipment, reducing downtime and financial
losses. The system is also valuable for
organizations that rely on backup power
solutions, as it allows them to efficiently manage
power transitions and monitor supply stability.

By integrating real-time logging, wireless
notifications, and loT-based cloud monitoring,
the  Power Pulse system provides a
comprehensive and automated power monitoring
solution. It enhances power reliability, remote
accessibility, and data-driven decision-making,
making it an ideal choice for modern power
management applications.
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IV. EXISTING SYSTEM

Power monitoring is a crucial aspect of
both residential and industrial infrastructure,
ensuring the reliability and efficiency of electrical
supply. Traditional power monitoring systems
typically rely on manual inspection, basic
electrical meters, and limited data logging
mechanisms. These conventional systems are
often inefficient in providing real-time alerts and
remote monitoring capabilities, making it difficult
to track power failures effectively.

In many households and industries, analog
or digital energy meters are used to measure
power consumption. While these meters provide
readings of voltage, current, and energy usage,
they do not log power ON/OFF events or notify
users about sudden power failures. As a result,
users have to manually check power availability,
which is inconvenient and time-consuming,
especially in cases of unpredictable power
outages. Some existing systems incorporate
Uninterruptible Power Supply (UPS) units or
backup generators, which help provide temporary
power during outages. However, these systems
are reactive rather than proactive, meaning they
do not provide early warnings or real-time
notifications about power failures. Users often
become aware of an outage only when they
physically notice the power loss or when backup
systems activate.

Certain  industries and commercial
buildings utilize Supervisory Control and Data
Acquisition (SCADA) systems for power
monitoring. These systems can track voltage
levels, current, and power consumption in real-
time. However, SCADA systems are expensive,
complex to implement, and require specialized
knowledge to operate. This makes them
unsuitable for small-scale users, such as
residential buildings or small businesses. Due to
these shortcomings, there is a growing need for
an automated, cost-effective, and remotely
accessible power monitoring system that can
provide real-time tracking, wireless alerts, and
historical power outage data. The Power Pulse
system addresses these limitations by integrating
microcontroller-based  detection, RTC-based
logging, GSM notifications, and loT-enabled
cloud monitoring, offering a comprehensive and
intelligent solution for power reliability tracking.
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V. PROPOSED SYSTEM

The Power Pulse system is designed to
overcome the limitations of the existing manual
power monitoring methods by incorporating an
8051 microcontroller-based automated
monitoring system with real-time logging, GSM
notifications, and loT-based cloud alerts. The
proposed system ensures accurate power status
tracking, remote accessibility, and data analytics
for power reliability analysis.

In the proposed system, voltage and current
sensors continuously monitor the power supply
status. When a power ON or OFF event occurs,
the real-time clock (RTC) records the timestamp,
and the 8051 microcontroller processes the data.
This information is stored in internal memory and
can be retrieved for later analysis. Additionally, a
relay circuit is used to detect power failures and
restorations.

To enable real-time notifications, the system
integrates GSM and loT-based communication.
The GSM module sends SMS alerts to users
whenever there is a power state change, ensuring
instant awareness. Simultaneously, the 10T
module uploads power event data to a cloud
platform, allowing users to monitor power status
remotely through a web dashboard or mobile app.
Email alerts provide detailed logs, including
timestamps, power outage duration, and total
uptime records, enhancing long-term power
reliability analysis.

The hardware layout, designed using OrCAD and
Allegro, ensures an optimized PCB design for
better performance and durability. The system is
ideal for multi-floor apartments, industrial setups,
and backup power management, where
continuous power monitoring is crucial. By
integrating  real-time  tracking, automated
notifications, and cloud-based analytics, the
Power Pulse system provides a comprehensive
and intelligent solution for power monitoring,
making it suitable for both residential and
industrial applications.
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VI. WORKING OF PROPOSED SYSTEM

The Power Pulse project is a smart power
monitoring system that efficiently tracks and logs
power supply status in real-time. The system is
built around an 8051 microcontroller, which
detects power ON and OFF events, timestamps
them using a real-time clock (RTC), and monitors
current and voltage levels through dedicated
sensors. To enhance user experience and
convenience, the system is integrated with GSM-
based SMS notifications and loT-enabled email
alerts, ensuring that users receive instant updates
on power status. Designed with a robust PCB
layout using OrCAD and Allegro, this system is
an ideal solution for industries, multi-floor
apartments, and backup power management.

1. Power State Detection

The Power Pulse system begins by detecting
power ON and OFF events using an 8051
microcontroller. It continuously monitors the
power supply and records any changes. A real-
time clock (RTC) is used to timestamp these
events, ensuring accurate logging of power status
over time.

2. Hardware Design and Implementation

The system is built on a custom-designed PCB,
ensuring proper component placement and signal
routing. The PCB design includes multiple layers
to accommodate different functionalities.

2.1 Solder Mask - Top and Bottom

The solder mask is a protective layer applied to
the PCB to prevent accidental solder bridging and
oxidation of copper traces. The top solder mask
(Image 1) covers the upper side of the PCB, while
the bottom solder mask (Image 2) protects the
underside. These layers ensure durability and
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reliability in electrical connections.

Solder Mask -Top

Solder Mask -Bottom

2.2 Legend Layer

The legend layer (Image 3) provides component
labels, pin names, and other essential identifiers
for easy debugging and assembly. It allows
engineers to quickly locate and place components
during fabrication and maintenance.

Legend

2.3 Top Layer Routing

The top layer routing (Image 4) shows how
electrical connections are made between different
components. The routing ensures optimal signal
transmission while minimizing interference and
power losses. Proper routing is essential for
efficient data acquisition and processing by the
microcontroller.

Top Layer-Routing
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2.4 Bottom layer Routing

The PCB is designed using electronic design
automation (EDA) software. Routing is
performed to create optimized pathways for
signal transmission between components. The
image below illustrates the Bottom Layer
Routing, showing the interconnections between
various elements.

Bottom layer -Routing

2.4 Drill Chart for Component Placement

The drill chart provides a precise layout of hole
placements for mounting electronic components.
This ensures accurate assembly and soldering of
through-hole and surface-mount components. The
image below depicts the Drill Chart, indicating
hole positions and sizes.

Drill chart

3. Current and Voltage Measurement

To provide detailed monitoring, the system
includes current and voltage sensors that measure
electrical parameters in real time. These sensors
send data to the microcontroller, which processes
and stores the readings for analysis. This helps in
understanding power consumption patterns and
detecting fluctuations.

© 2025, IJSREM | www.ijsrem.com

4. Real-Time Notifications

Whenever a power state change occurs, the
system instantly sends GSM-based SMS
notifications and loT-enabled email alerts to
users. The notifications include the exact time of
power ON/OFF events, the duration of outages,
and total uptime.This ensures that users,
especially in industrial or multi-floor apartment
settings, stay informed about power reliability.

MYV YY)

5. Data Logging and Analysis

The system records all power events and sensor
data for future analysis. The PCB schematic and
layout, designed using OrCAD and Allegro,
ensure seamless hardware integration, making the
system efficient and reliable. The logged data can
help in assessing power supply trends and
optimizing backup power usage.

VIIl. SIMULATED OUTPUTS

To simulate the Face Recognition Bike Starter,
we can use Python with OpenCV and a deep
learning model to detect and recognize faces. The
system will compare a live captured face with
stored images and decide whether to start the bike
or not. The simulation will include:

1. Detecting power status using a GP10 pin
on the 8051 microcontroller.

2. Displaying real-time power status
(ON/OFF) on a 16x2 LCD module.

3. Logging power outage duration using
an RTC (Real-Time Clock) module.
4. Activating a relay module to simulate

power control and restoration.

5. Sending power alerts via UART to a
virtual terminal in Proteus.

6. Recording power outage data for later
analysis and efficiency tracking.
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VIl . FUTURE ENHANCEMENTS

1. Al-Based Predictive Analysis
Integrating machine learning algorithms can
significantly enhance the system’s predictive
capabilities. By analyzing historical power outage
patterns and environmental conditions such as
temperature and humidity, the system can
forecast potential power failures. This proactive
approach will help users take preventive
measures, ensuring uninterrupted power supply
and efficient energy management.

2. Mobile App Integration

A dedicated mobile application can
provide users with real-time power monitoring
and remote access to system controls. Through
the app, users can receive instant notifications
about power outages, track energy consumption,
and manage settings from  anywhere.
Additionally, integrating alert notifications for
abnormal voltage fluctuations or unexpected
power failures can improve user awareness and
safety.

3. Advanced Cloud Analytics

Cloud-based data storage and analytics
can offer enhanced visualization of power
consumption trends. By leveraging loT cloud
platforms, users can access detailed reports,
compare energy usage over time, and optimize
power efficiency. This cloud integration will also
facilitate remote troubleshooting and automated
system updates, ensuring seamless operation and
improved reliability.

4. Multi-Node Monitoring

Expanding the system to monitor multiple
locations simultaneously can provide a more
comprehensive energy management solution.
Businesses and households with multiple power
sources can track and compare power efficiency
across different locations, allowing better
decision-making. The centralized dashboard will
display real-time data from all nodes, enhancing
operational efficiency and security.

5. Battery Backup Monitoring

Integrating a battery health tracking
system can help monitor the efficiency and
lifespan of backup power sources such as UPS
systems. The system can send notifications when
the battery charge is low or when maintenance is
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required. This feature ensures that backup power
sources are always functional.

6. Solar Energy Integration

By incorporating solar panel monitoring,
the system can measure and compare energy
production from renewable sources against grid
power consumption. This feature will help
optimize solar energy wusage and detect
inefficiencies in solar panels. Users can receive
real-time insights into their solar power
generation, enabling them to maximize savings
and promote sustainable energy practices.

7. Voice and Smart Assistant
Compatibility

Enabling voice command integration with smart
assistants like Google Assistant and Alexa can
improve user convenience. Users can check
power status, receive alerts, and control the
system wusing simple voice commands. This
hands-free approach will enhance accessibility,
especially for elderly or physically challenged
users who may find it difficult to operate manual
controls.

8. Al-Powered Fault Detection

Implementing Al-driven fault detection
can identify low-efficiency solar panels, power
fluctuations, or irregular patterns in energy
consumption. By analyzing real-time data, the
system can detect anomalies and send alerts
before a major failure occurs. This predictive
maintenance  approach ~ will help reduce
downtime, lower repair costs, and improve
overall system efficiency.

9. Real-Time Environmental Adaptation

Sensors can be enhanced to adapt to
varying environmental conditions, ensuring
accurate power monitoring under extreme
temperatures, humidity, or lighting conditions.
Adaptive algorithms can calibrate sensor
sensitivity in real-time, improving the reliability
of power outage detection in different geographic
regions and climates.

10. Emergency Power Alert System

A real-time emergency alert system can
be integrated to notify users of sudden voltage
fluctuations, short circuits, or unexpected power
failures. The system can automatically send SMS
or email alerts to users and maintenance
personnel, enabling quick response and damage
prevention. This feature is particularly useful in
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critical infrastructure like hospitals and data
centers, where power stability is crucial.

I’X. CONCLUSION

Power Pulse: Smart Power Alerts & Duration
Logger is a cutting-edge solution designed to
revolutionize power management by providing
real-time outage detection, automated
notifications, and comprehensive energy tracking.
This system enhances reliability in residential,
commercial, and industrial applications by
integrating 10T  technology, WiFi-enabled
communication, and relay modules. By
continuously monitoring power status and
logging energy usage, users gain valuable insights
into their consumption patterns, enabling them to
optimize  energy efficiency and reduce
unnecessary wastage. The automated email alert
system further strengthens its utility by providing
instant updates, ensuring proactive responses to
power disruptions.

One of the key strengths of Power Pulse is its
ability to track power supply fluctuations and
maintain real-time logs of outages. This not only
helps in analyzing power stability but also
supports preventive maintenance and
troubleshooting. The system's capability to
integrate with alternative energy sources like
solar panels enhances its sustainability, allowing
users to monitor efficiency and detect faulty grids
or low-performing panels. Additionally, data-
driven decision-making is made possible through
Excel-based real-time reporting, which records
power on/off durations, consumption trends, and
efficiency metrics. By incorporating machine
learning algorithms, the system can detect
patterns and forecast potential outages before
they occur, improving reliability and response
time. Cloud-based storage will allow users to
access power logs remotely, ensuring seamless
monitoring from anywhere. Smart home and
industrial automation integration can further
expand its capabilities, enabling remote control of
electrical appliances and automated load
balancing to optimize energy consumption.

Furthermore, mobile app integration can provide
users with instant alerts, detailed power reports,
and remote control features. Voice-activated
commands, loT-enabled smart plugs, and
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automated backup power switching will further
improve user convenience. The future of power
management lies in interconnected systems that
enhance efficiency and sustainability. By
continuously evolving with advanced
technologies, Power Pulse has the potential to
become a comprehensive energy management
solution, transforming how individuals and
businesses monitor, control, and optimize power
usage for a more sustainable and resilient energy
future.
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