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Abstract

Air conditioning is essential for comfort in tropical climates, yet its uncontrolled usage leads to high
electricity bills and increased carbon emissions. This study aims to develop an loT meter for detecting
whether an air conditioner is on or off. We designed a comprehensive system integrating an ESP32
microcontroller with a WCS1700103C current sensor to monitor AC voltage and current data. The system
communicates with AWS loT Core, using Amazon DynamoDB and API Gateway to collect, store, and
display real-time operational data on a dashboard. This integration enables efficient remote monitoring
and control, providing users with clear, real-time information about the operational status of their air
conditioning system.

Keywords: Air conditioning, 10T, ESP32, WCS1700103C, AWS IoT Core, DynamoDB, APl Gateway,
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l. INTRODUCTION

In tropical climates, air conditioning is essential for maintaining indoor comfort and ensuring the well-
being of occupants. However, the uncontrolled and inefficient use of air conditioning systems can lead to
elevated electricity bills and increased carbon emissions. Addressing these challenges necessitates the
development of advanced solutions that enable precise monitoring and management of air conditioning
usage to promote energy efficiency.

This research endeavors to tackle the critical issue of energy inefficiency associated with air conditioning
systems by developing a sophisticated Internet of Things (IoT) meter capable of precise data extraction.
The proposed system integrates an ESP32 microcontroller with a WCS1700103C current sensor to
accurately measure AC voltage and current. The collected data is transmitted to AWS loT Core, which
serves as the central platform for data aggregation and processing.

Utilizing Amazon Timestream Database and APl Gateway, the system efficiently collects, stores, and
visualizes real-time operational data. The data visualization is facilitated through a comprehensive
dashboard that provides users with real-time insights into their air conditioning usage patterns and trends.
This integration supports efficient remote monitoring and control, thereby enabling users to make
informed decisions regarding their air conditioning systems.

The primary objective of this study is to develop a robust and reliable 10T meter that provides users with
accurate and real-time data on their air conditioning systems. This technology aims to drive improved
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management of air conditioning usage and reduce operational costs by offering a detailed analysis of usage
patterns. Furthermore, the system enhances user convenience by providing actionable insights, thereby
promoting more efficient and controlled air conditioning practices.

This paper presents a comprehensive exploration of the design, implementation, and evaluation of the loT
meter system. The discussion encompasses the integration of hardware components such as the ESP32
microcontroller and WCS1700103C current sensor, along with the software architecture that facilitates
data communication and storage using AWS loT Core and Amazon Timestream Database. Additionally,
the paper evaluates the system's performance in terms of accuracy and reliability, while also considering
its potential applications in energy management.

By developing and evaluating this loT-based air conditioning monitoring system, this research aims to
provide a practical tool for improved air conditioning management and user experience, ultimately
contributing to more sustainable and eco-friendly air conditioning practices. The findings and insights
presented herein are intended to advance the understanding of loT applications in air conditioning
management and inspire further research and innovation in this field.

Il. LITERATURE REVIEW

This literature survey reviews recent advancements in the application of Internet of Things (loT)
technologies for enhancing energy efficiency and environmental monitoring. The selected studies focus
on various aspects of 10T integration, ranging from agricultural analytics to real-time activity recognition
and smart air conditioning systems. These works collectively highlight the potential of IoT in improving
energy management, environmental monitoring, and user convenience through innovative sensor
networks, data analytics, and cloud-based solutions.

"Analytic for Temperature and Humidity — Cloud-based Forecasting and Dashboard" [1] presents a low-
cost, smart autonomous system for monitoring temperature and humidity in polyhouses and greenhouses.
The system uses the DHT22 sensor connected to a NodeMCU, which wirelessly communicates with a
Raspberry Pi. The data is stored in the cloud for further analysis and is accessible via an Android
application dashboard. Experiments validate the system's effectiveness in the polyhouse and greenhouse
environments of G H Raisoni University Saikheda.

"Using Latent Knowledge to Improve Real-Time Activity Recognition for Smart 10T" [2] addresses the
challenge of real-time activity recognition (AR) in smart 10T systems. The proposed approach uses
unsupervised learning to derive latent knowledge from sensor event streams. This knowledge is used to
predict activity classes, which are then combined with basic features in a classifier to improve AR
performance. The method, tested on five smart home datasets, shows a 20% improvement in F1 score
compared to traditional algorithms and lower time costs than deep learning methods.

"An loT-Based Smart Controlling System of Air Conditioner for High Energy Efficiency" [3] develops
an loT-based smart controlling system for air conditioners to enhance energy efficiency. The system
includes a smart meter, smart gateway, and cloud computing modules. Using Zighbee communication, the
system monitors real-time power consumption and transmits data to the cloud for analysis. An extreme
learning machine analyzes energy distribution to generate energy-saving decisions, reducing the load on
power grids and greenhouse gas emissions.

"Smart and Energy Efficient Air-Conditioning System" [4] proposes an embedded, real-time smart air
conditioning system aimed at minimizing energy consumption while maintaining user comfort and health.
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The system uses an online algorithm with behavioral and technological modification programs to collect
and monitor energy data. Simulations and real-time implementation validate the system's effectiveness in
reducing energy consumption and managing energy use smartly.

"loT Meter for Data Extraction and Monitoring of Air Conditioning Systems™ [5] focuses on developing
an l1oT meter with a NodeMCU board and ESP8266 Wi-Fi module for monitoring air conditioning
systems. The system measures voltage, current, power, energy, temperature, and humidity, transferring
the data to a cloud server for user monitoring. Users can control electrical appliances via a mobile
application, enhancing energy management and convenience.

"The Internet of Things: A Survey" [6] provides a comprehensive survey of the 10T paradigm, highlighting
the integration of various technologies and communication solutions. Enabling technologies such as sensor
networks, communication protocols, and distributed intelligence are discussed. The survey identifies
major research challenges and areas needing further development in the 10T field.

"Low Cost Cloud-Based Intelligent Indoor Climate Control System" [7] develops an loT-based method
for controlling and managing household air conditioning systems. The system uses an Intelligent System
Agent to adjust temperature settings based on environmental data and inputs from the internet. Amazon
Web Services (AWS) is employed for data control and processing, aiming to improve energy efficiency
and user comfort.

The reviewed papers collectively demonstrate the significant potential of 10T technologies in enhancing
energy efficiency and environmental monitoring across various applications. Key learnings include the
importance of precise data collection and real-time monitoring for effective environmental control, the use
of cloud-based solutions for data storage, analysis, and remote monitoring, the integration of machine
learning techniques to improve system performance and decision-making, and the development of user-
friendly interfaces such as mobile applications to facilitate user interaction and control. These studies
underscore the critical role of 10T in creating smarter, more efficient systems for both agricultural and
residential applications, paving the way for further innovations in this rapidly evolving field.

I11. SYSTEM DESIGN AND INTEGRATION

A) System Architecture

The project involves monitoring the on/off status of an air conditioner using the WCS1700 current
sensor. The hardware specifications include the WCS1700, a Hall-effect current sensor with a voltage
input range from OV to 1200V and a current range of 0A to 70A, providing an analog output proportional
to the sensed current. To safely experiment before connecting the sensor to an actual air conditioner, a
step-down transformer is used to reduce the 230V AC mains voltage to 10V AC. This output is then fed
into the WCS1700 sensor. The ESP32 microcontroller is chosen for its powerful Xtensa dual-core 32-
bit LX6 processor, operating at 3.3V, with 34 programmable GPIO pins, and built-in Wi-Fi and
Bluetooth for wireless communication. The ESP32's 12-bit ADC is utilized to read the analog output
from the WCS1700 sensor, while its digital 1/0 pins interpret the sensor output as a binary value (1 for
on, O for off).

In terms of circuit design, the 230V AC mains are connected to the primary winding of the step-down
transformer, which outputs 10V AC to the input of the WCS1700. The sensor's analog output is then
connected to one of the ESP32’s ADC pins, such as GPIO36. This setup allows the ESP32 to monitor
the air conditioner's status by reading the sensor's output and converting it into a binary value based on
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predefined current thresholds. The ESP32 is powered via a 5V USB or regulated 3.3V supply, ensuring
stable operation during data collection and transmission.

On the software side, the ESP32 communicates with AWS loT Core using the MQTT protocol. A “Thi-
ng" is created in AWS loT Core to represent the air conditioner, and secure communication is established
using generated certificates and keys. When the ESP32 detects a change in the air conditioner’s status,
it publishes a message to AWS loT Core, which then triggers a Lambda function to write the status and
timestamp to a DynamoDB table. The DynamoDB table is structured with a primary key
(AirConditionerID) and attributes for the status (on/off) and timestamp. This setup enables the tracking
of the air conditioner's operational status over time.

For monitoring and visualization, the data stored in DynamoDB can be queried to determine the duration
for which the air conditioner was on. The time difference between consecutive on and off entries is
calculated to provide this information. Tools such as AWS QuickSight can be used for visualizing the
data, making it easier to analyze the air conditioner's usage patterns.

Several implementation considerations must be addressed, particularly safety measures. Electrical
isolation between the high-voltage AC mains and the low-voltage circuitry is crucial, and fuses should
be added to the primary side of the transformer to prevent overcurrent damage. Calibration of the
ESP32’s ADC reading is necessary to accurately determine the threshold current that indicates whether
the air conditioner is on. Initially, testing with the step-down transformer is recommended to ensure the
setup works correctly before connecting the sensor to the actual air conditioner. Finally, ensuring a stable
power supply to the ESP32 and sensor module is essential for accurate readings and reliable data
transmission.

B) Implementation

Fig. 1. Complete circuit for the Transformer + Current Sensor Setup

The implementation process begins with the hardware setup, where the ESP32 microcontroller is
connected to the WCS1700 current sensor. A step-down transformer is first used to safely step down the
230V AC mains voltage to 10V AC before connecting it to the sensor. The connections are thoroughly
checked to ensure that the circuit is correctly assembled and functional. Following the hardware setup,
the software development phase involves writing firmware for the ESP32, which is responsible for
acquiring data from the current sensor, processing this data to determine the air conditioner's status, and
communicating the results to AWS loT Core. The backend services, including AWS Lambda and
DynamoDB, are configured to handle data storage, while the web-based dashboard is developed for real-
time monitoring and visualization of the air conditioner's operational status.

IJFMR240426472 Volume 6, Issue 4, July-Auqust 2024 4



https://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

Fig. 2. Current Sensor (WCS1700)

Testing procedures play a crucial role in ensuring the system's overall reliability and performance.
Hardware testing includes verifying the accuracy of the WCS1700 sensor by comparing its output against
known current values and ensuring that the ESP32 accurately interprets this data to determine the air
conditioner’s status. Stability and reliability tests are conducted to ensure consistent data readings over
time. Software testing involves unit tests to validate individual components, integration tests to ensure
smooth communication between the ESP32, AWS IoT Core, and DynamoDB, and load testing to
evaluate the performance of AWS loT Core and DynamoDB under expected usage conditions. End-to-
end testing is carried out by simulating real-world scenarios to confirm that the system behaves as
expected and meets user requirements.

During the development process, several challenges were encountered. Sensor data noise presented an
issue, affecting the accuracy of the air conditioner's status detection. To address this, digital filtering
techniques were implemented within the ESP32’s firmware to reduce noise and improve measurement
accuracy. Intermittent connectivity issues with Wi-Fi were resolved by using a robust Wi-Fi module and
implementing retry mechanisms to ensure reliable data transmission to AWS loT Core. Concerns
regarding the scalability of the cloud infrastructure were addressed by leveraging AWS auto-scaling
features and optimizing database queries in DynamoDB for enhanced performance.
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IV. SYSTEM TESTING

A) Hardware Testing

Testing is a vital component in ensuring the reliability and accuracy of the air conditioner monitoring

system. The testing process is divided into hardware testing, software testing, and end-to-end testing to

comprehensively assess the system's performance.

The hardware testing phase begins with verifying the accuracy of the WCS1700 current sensor. To

ensure the sensor accurately detects the air conditioner's operational status, the sensor’s output is

compared against known current values under controlled conditions. This involves connecting the sensor
to a calibrated current source and verifying that the ESP32 microcontroller correctly interprets the analog
signals as binary values indicating the on/off status of the air conditioner.

The stability of the sensor readings is another critical aspect of hardware testing. The system is subjected

to prolonged operation to assess the consistency of the sensor’s output over time. Any fluctuations or

drifts in the readings are analyzed to determine if recalibration is necessary or if environmental factors
such as temperature changes are influencing the sensor's performance.

a) Sensor Accuracy Verification: To ensure the accuracy of the WCS1700103C current sensor, the
following testing procedures are applied. This process includes comparing the sensor’s output with
known current values. The flow diagram below illustrates the steps involved in verifying sensor
accuracy.
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l

Read Sensor Quitput
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Fig. 4. Verification Flowchart
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b) Stability and Reliability Testing: To verify the stability and reliability of the WCS1700103C
sensor, data is continuously monitored and analyzed for consistency.

Start
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Connect Sensor and Power
Source

l

Collect Data Over Extended
Period

l

Analyze Data for Consistency

l

Check for Sudden Changes

Pass e—VYes

Lnd

No

!

Investigate Issues

l

Adjust Sensor/Calibration

J

Re-test

Fig.53. Stability and Reliability Flowchart

B) Software Testing

Software testing is carried out at multiple levels to ensure that each component functions correctly and

integrates seamlessly with the others.

a) Unit Testing: Individual modules of the firmware, such as those responsible for data acquisition,
processing, and communication with AWS loT Core, are tested in isolation. This helps in identifying
and fixing any issues at the module level before they can affect the entire system.

b) Integration Testing: Once the modules pass unit testing, they are combined to evaluate their
interaction. Integration testing ensures that the ESP32 can successfully collect data from the
WCS1700 sensor, process it, and transmit the correct status to AWS 10T Core. Additionally, this
testing phase verifies that AWS loT Core communicates correctly with the Lambda function, which
writes data to DynamoDB.
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Fig. 6. Integration Testing Flowchart

c) Load Testing: The system is subjected to load testing to evaluate its performance under expected
usage conditions. This involves simulating multiple instances of data transmission to AWS loT Core
to ensure the system can handle the anticipated data volume without degradation in performance.
Load testing also assesses the ability of DynamoDB to manage and store large volumes of data
efficiently.

d) End-to-End Testing: End-to-end testing is conducted to simulate real-world scenarios and verify
that the entire system operates as intended. This includes connecting the system to an actual air
conditioner and monitoring its status over a period of time. The test checks whether the ESP32
correctly detects the air conditioner's on/off status, transmits this data to AWS IoT Core, and updates
the DynamoDB table with accurate timestamps.

Additionally, the end-to-end tests evaluate the responsiveness and accuracy of the web-based dashboard

in displaying real-time data. The duration for which the air conditioner remains on, calculated from the

timestamps stored in DynamoDB, is compared against manual logs to ensure accuracy.

V. OBSERVATIONS & ANALYSIS

The circuit for the air conditioner monitoring system, which integrates the WCS1700 current sensor with
the ESP32 microcontroller, was subjected to detailed observation and analysis during testing. The
following technical observations highlight the circuit’s performance under various operating conditions,
focusing on signal integrity, power management, environmental impact, and overall stability.

A) Sensor Response and Signal Integrity

The WCS1700 current sensor was observed to provide a consistent analog voltage output that correlates
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directly with the AC current passing through the primary conductor. This output was monitored at the

sensor's analog pin using an oscilloscope, revealing a clean sinusoidal waveform with minimal distortion.

The peak-to-peak voltage of this waveform was proportional to the current being measured, validating the

Sensor's response accuracy.

a) Signal Levels: The sensor output ranged between OV (no current) and approximately 3.3V at its
maximum rated current. The signal’s linearity was confirmed across a wide range of input currents,
ensuring the ESP32 ADC received a precise representation of the current flowing through the air
conditioner.

b) Signal-to-Noise Ratio (SNR): The signal exhibited a high SNR, with negligible noise artifacts.
However, minor high-frequency noise was detected, primarily attributed to switching transients from
nearby electrical devices. This noise was characterized using a spectrum analyzer, showing frequency
components mostly in the 50-60Hz range. Digital filtering techniques, such as a low-pass filter
implemented in the ESP32 firmware, effectively attenuated these noise components, leading to more
stable ADC readings.

B) ADC Resolution and Accuracy

The ESP32's built-in 12-bit ADC was tasked with converting the WCS1700's analog output into a digital

signal. The ADC’s effective resolution was tested across the entire input range, with the following

observations:

a) Quantization Error: With a reference voltage of 3.3V, the ADC provided a resolution of
approximately 0.8mV per ADC step. This resolution was sufficient to capture minor changes in the
sensor output, allowing the system to detect subtle variations in current. However, the quantization
error inherent in the ADC process was quantified as less than 0.1%, which is within acceptable limits
for this application.

C) Power Supply Stability

The stability of the power supply to both the WCS1700 sensor and the ESP32 was critical for ensuring

accurate readings. The power supply was closely monitored using a precision digital multimeter and

oscilloscope to observe any fluctuations.

a) Voltage Regulation: The 3.3V regulator supplying the ESP32 was observed to maintain a stable
output within +1% tolerance under varying load conditions. This stability was crucial because any
fluctuations could directly affect the ADC reference voltage, leading to inaccurate readings.

b) Transient Response: The circuit was subjected to rapid changes in load, simulating conditions where
the air conditioner might turn on or off suddenly. The power supply exhibited a transient response with
a recovery time of less than 10ms, ensuring minimal impact on the sensor readings during such events.

D) Temperature Influence on Sensor Output

The effect of ambient temperature on the WCS1700 sensor’s output was carefully studied by placing the

circuit in a temperature-controlled chamber. The temperature varied between 0°C and 50°C, and the

sensor’s output was recorded at each temperature point.

a) Temperature Coefficient: The sensor displayed a slight variation in output with changes in
temperature, quantified as a temperature coefficient of approximately +0.05% per °C. This was
determined by plotting the output voltage against temperature, revealing a linear drift. The ESP32
firmware was updated to include a temperature compensation algorithm, which adjusts the readings
based on real-time temperature data obtained from an onboard temperature sensor.
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b) Thermal Stability: The circuit was tested for thermal stability by running it continuously at elevated
temperatures (up to 50°C) for extended periods. No significant drift in sensor output was observed
after initial warm-up, indicating good thermal stability suitable for long-term deployment.

E) Circuit Noise and Filtering

The circuit’s susceptibility to electrical noise was another critical observation. Noise levels were measured

using a differential probe connected to the sensor output and analyzed with a spectrum analyzer.

a) ldentified Noise Sources: The primary noise sources identified included electromagnetic interference
(EMI) from nearby electronic devices and power line fluctuations. The noise was predominantly low-
frequency (50-60Hz) with occasional high-frequency spikes.

b) Filtering Techniques: To combat this noise, a combination of hardware and software filtering was
employed. A low-pass RC filter was added to the sensor output, which attenuated high-frequency noise
before the signal reached the ESP32 ADC. Additionally, digital filtering was implemented in the
firmware using a moving average filter, which effectively smoothed the signal without introducing
significant latency.

F) Circuit Durability and Long-Term Stability

The circuit was subjected to long-term operation to assess its durability and stability under continuous use.

The system was left operational for a period of 72 hours, during which time the sensor output, ADC

readings, and power supply voltage were continuously monitored.

a) Component Wear: A visual inspection and thermal imaging were performed after the long-term test
to check for any signs of component wear or overheating. All components, including the WCS1700
sensor and ESP32 microcontroller, were found to be in good condition, with no signs of thermal stress
or degradation.

G) Key Observations:

a) High Sensitivity and Accuracy: The WCS1700 current sensor's high sensitivity allowed for the
detection of minimal current flow, ensuring that the system could accurately monitor low-power
devices as well as higher-power loads. The sensor's analog output maintained a consistent and
proportional relationship with the current, which was crucial for accurate state detection.

b) Noise Immunity and Stability: The circuit demonstrated excellent noise immunity, with the step-
down transformer providing effective isolation and the WCS1700 sensor exhibiting low noise in its
output. This stability ensured that the detection system was not affected by external electrical noise or
fluctuations in the AC supply, which is critical for ensuring consistent performance in real-world
environments.

c) Versatility Across Load Conditions: The system's performance remained consistent across various
load conditions, from low to high currents. This versatility indicates that the detection system can be
applied to a wide range of applications, from monitoring household appliances to industrial machinery.

d) Reliable Component Performance: All components, including the transformers, WCS1700 sensor,
and signal processing circuitry, performed reliably within their specified parameters. This reliability
underscores the robustness of the design and the suitability of the chosen components for the intended
application.

V1. DISCUSSION
The AC on/off detection system is a robust and sophisticated solution designed to reliably monitor the
presence or absence of AC power. Beyond the primary technical achievements, the system's design and
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performance bring to light several additional aspects that are critical for its practical deployment and
operational efficiency.

A) Scalability and Integration

One of the notable features of this detection system is its scalability. The design is flexible enough to be
integrated into larger systems without requiring significant modifications. Whether the system is to be
deployed in a single-device setup or scaled up to monitor multiple circuits simultaneously, its modular
design allows for easy expansion. This scalability is particularly valuable in industrial and commercial
environments where multiple power lines need to be monitored concurrently. The ability to integrate the
detection system into existing infrastructure with minimal disruption further enhances its applicability in
diverse settings.

B) Maintenance and Durability

The durability of the system’s components ensures that it requires minimal maintenance over its
operational lifespan. The WCS1700 current sensor, known for its reliability, combined with robust signal
processing components, contributes to the system’s longevity. The design minimizes the number of
moving parts and vulnerable components, reducing the risk of failure and the need for regular
maintenance. This low-maintenance requirement is a significant advantage in industrial environments
where downtime can be costly. Additionally, the system's durability under harsh conditions, such as
fluctuating temperatures and humidity levels, extends its applicability to challenging environments.

C) Flexibility in Application

The AC on/off detection system is not confined to a single type of application; its versatility allows it to
be employed across various industries and use cases. For instance, in the context of home automation, the
system can be used to monitor the power status of household appliances, enabling smart home systems to
respond dynamically to changes in power availability. In industrial settings, the system can monitor critical
machinery, providing early warning signals if a machine loses power, thus preventing costly downtime.
The ability to customize the detection threshold allows the system to be tailored to specific applications,
whether it’s for high-sensitivity detection in low-power environments or robust monitoring in high-power
industrial setups.

D) Safety and Compliance

Safety is a paramount consideration in the design of the AC on/off detection system. The use of a step-
down transformer and electrical isolation techniques ensures that the system operates within safe voltage
limits, reducing the risk of electrical hazards. Furthermore, the system can be designed to comply with
relevant industry standards and certifications, which is crucial for deployment in regulated environments
such as industrial facilities, healthcare settings, or critical infrastructure. The inclusion of fail-safe
mechanisms, such as overcurrent protection, adds an additional layer of safety, ensuring that the system
can operate safely even in the event of abnormal conditions.

E) User-Friendly Design

The system’s design also incorporates user-friendly features that simplify installation, operation, and
monitoring. Clear indicator lights or digital displays can be integrated into the system to provide
immediate visual feedback on the power status. This ease of use is particularly beneficial for non-technical
users who need to monitor power status without requiring in-depth knowledge of the system's inner
workings. Moreover, the system can be designed to interface with existing monitoring platforms, allowing
users to receive real-time updates on their devices or control systems, further enhancing the ease of use.
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F) Key Technical Achievements

a) High-Accuracy Current Detection: Successfully integrated the WCS1700 current sensor with the
ESP32 microcontroller, enabling precise detection of the air conditioner's operational status. The
system accurately differentiates between on and off states by converting the analog sensor output into
digital signals with minimal error.

b) Effective Noise Mitigation: Implemented a robust noise filtering strategy combining hardware (RC
low-pass filter) and software (digital filtering) techniques. This significantly improved the signal-to-
noise ratio (SNR), ensuring stable and reliable ADC readings even in environments with potential
electromagnetic interference (EMI).

c) Stable Power Supply Management: Ensured consistent and stable operation of the ESP32 and
WCS1700 sensor by implementing a reliable 3.3V regulated power supply. This was critical in
preventing voltage fluctuations that could otherwise affect the accuracy of the ADC readings and
overall system performance.

d) Long-Term Stability and Durability: Achieved reliable long-term operation of the monitoring
system through rigorous testing, confirming that the circuit components remain stable and accurate
over extended periods without significant drift or degradation. This demonstrates the system’s
suitability for continuous, real-world deployment.

e) Optimized ADC Resolution and Calibration: Enhanced the performance of the ESP32’s 12-bit
ADC through careful calibration and the implementation of a linearization algorithm. This
optimization minimized quantization errors and ensured accurate digital representation of the sensor’s
analog output, crucial for detecting minor variations in current.

f) Comprehensive Data Logging and Analysis: Integrated data logging capabilities within the ESP32
to record sensor readings over time. This facilitated detailed analysis of the system's performance,
enabling the identification of trends, patterns, and potential areas for further refinement.

g) Seamless Cloud Integration: Successfully connected the ESP32 to AWS loT Core, allowing real-
time transmission of the air conditioner's status to the cloud. This achievement enables remote
monitoring and data storage in DynamoDB, facilitating further analysis and long-term tracking of the
air conditioner's operation.

VII. FUTURE SCOPE

The AC on/off detection system holds significant potential for future enhancements, making it a versatile
and adaptable solution for evolving technological landscapes. One promising area for development is the
integration with Internet of Things (1oT) platforms, which would enable remote monitoring and control of
devices, as well as predictive maintenance capabilities. This would allow users to address power issues
before they lead to system failures, thereby improving reliability and operational efficiency.
Incorporating advanced data analytics and machine learning into the system could further enhance its
intelligence, enabling it to recognize patterns in power usage and detect anomalies that could indicate
potential faults. This proactive approach would add significant value, especially in industrial settings
where early fault detection can prevent costly downtime. Additionally, future iterations of the system
could feature wireless communication and cloud integration, allowing for real-time data transmission and
centralized monitoring across multiple locations, which is particularly beneficial for large-scale operations
or smart grid applications.

The potential for energy harvesting technology to power the system autonomously also represents an exci-
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ting future direction. By harnessing ambient energy from the environment, such as vibrations or light, the
system could become self-sustaining, reducing the need for external power sources and making it ideal for
deployment in remote or hard-to-reach areas. Alongside this, advancements in miniaturization and cost
reduction could make the system more compact and affordable, broadening its applicability in consumer
electronics and portable monitoring devices.

Ensuring compatibility and interoperability with a wider range of electrical systems and standards is
another key area for future development. This would facilitate the system's global deployment and
integration into existing power management infrastructures. Enhancements in cybersecurity will also be
crucial as the system becomes more connected, ensuring that it remains secure against potential cyber
threats.

Moreover, the system could be adapted for use in renewable energy applications, such as monitoring solar
panels or wind turbines, to ensure they are functioning optimally. This would be particularly relevant as
the world shifts towards greener energy sources. Finally, improving the user interface with customizable
options would make the system more accessible to non-technical users, allowing for easier configuration
and real-time monitoring according to specific needs. Collectively, these future developments will not
only enhance the functionality and efficiency of the AC on/off detection system but also ensure its
relevance and utility in a rapidly advancing technological environment.

VIII. CONCLUSION

In conclusion, the AC on/off detection system, as designed and implemented, represents a highly effective
and robust solution for monitoring the operational status of air conditioners. The integration of the
WCS1700 current sensor’s high sensitivity and precision results in a system that delivers exceptional
accuracy and reliability in detecting the presence or absence of AC power.

The system's rapid response time, coupled with its stability and resilience to electrical noise and
environmental fluctuations, ensures that it can meet the demands of real-time monitoring and control
applications. Whether deployed in a residential setting to monitor household appliances or in an industrial
environment to oversee machinery operation, the AC on/off detection system provides a dependable and
precise tool for detecting operational status. Its robust design and reliable performance make it an
invaluable asset in any application where accurate detection of AC power state is critical.

IX. REFERENCES

1. M. Kolhe, R. Paturkar, U. Sahu, S. Pillai and A. Titarmare, "Analytic for Temperature and Humidity
— Cloud based Forecasting and Dashboard,"” 2020 4th International Conference on Intelligent
Computing and Control Systems (ICICCS), Madurai, India, 2020, pp. 674-679, doi:
10.1109/ICICCS48265.2020.9120944. keywords: {Temperature sensors; Temperature
measurement;Wireless communication;Temperature distribution;Cloud computing;Wireless sensor
networks; Temperature dependence;Data Analytic;Prediction;Smart farming},

2. S.Yan, K.-J. Lin, X. Zheng and W. Zhang, "Using Latent Knowledge to Improve Real-Time Activity
Recognition for Smart 10T," in IEEE Transactions on Knowledge and Data Engineering, vol. 32, no.
3, pp. 574-587, 1 March 2020, doi: 10.1109/TKDE.2019.2891659.

3. keywords: {Hidden Markov models;Probability distribution;Real-time systems;Windows;Deep
learning;Microsoft ~ Windows;Activity recognition;streaming  data;latent  knowledge;activity
prediction;unsupervised learning},

IJFMR240426472 Volume 6, Issue 4, July-Auqust 2024 13



https://www.ijfmr.com/

i International Journal for Multidisciplinary Research (IJFMR)

IJFMR E-ISSN: 2582-2160 e Website: www.ijfmr.com e Email: editor@ijfmr.com

4. W. Song, N. Feng, Y. Tian and S. Fong, "An loT-Based Smart Controlling System of Air Conditioner
for High Energy Efficiency,” 2017 IEEE International Conference on Internet of Things (iThings) and
IEEE Green Computing and Communications (GreenCom) and IEEE Cyber, Physical and Social
Computing (CPSCom) and IEEE Smart Data (SmartData), Exeter, UK, 2017, pp. 442-449, doi:
10.1109/iThings-GreenCom-CPSCom-SmartData.2017.72.  keywords:  {Logic  gates;Smart
meters;Cloud computing;ZigBee;Servers;Control systems;Energy consumption;energy
conservation;smart meter;loT;cloud computing},

5. S. S. Refaat, H. Abu-Rub and A. Mohamed, "Smart and energy efficient air-conditioning system,"
2017 19th European Conference on Power Electronics and Applications (EPE'17 ECCE Europe),
Warsaw, Poland, 2017, pp. P.1-P.6, doi: 10.23919/EPE17ECCEEurope.2017.8099138. keywords:
{Europe;Energy efficiency;Power electronics;Internet;Meteorology;Energy  Efficiency;Energy
Saving;Energy Management;Air-Conditioning System},

6. Wan lzzat Haikal Wan lzudi, Suhaili Beeran Kutty, Murizah Kassim, Shuria Saaidin, "Energy Saving
of Electrical Appliances Through Mobile Application”, 2022 IEEE Symposium on Industrial
Electronics & Applications (ISIEA), pp.1-5, 2022.

7. KP Vaishnavi, Reshma Rajan, Laasyasree, Drishya Ramesh, Jasna Suresh, D Arjun, MS Anjana, "loT
based Smart Air Conditioning System™, 2022 4th International Conference on Smart Systems and
Inventive Technology (ICSSIT), pp.182-187, 2022.

8. M. V. Joshi and V. G. Kulkarni, "Modeling and simulation of grid connected solar photovoltaic
system,” Renewable Energy, vol. 36, no. 1, pp. 187-198, Jan. 2011. Available:
https://www.sciencedirect.com/science/article/abs/pii/S1389128610001568. [Accessed: Jul. 25,
2024].

9. Espressif Systems, "ESP32 - ESP32 - Dual-Core Wi-Fi BT BLE SoC - Low Power loT."
espressif.com. https://www.espressif.com/en/products/socs/esp32

10. Winson Semiconductor Corp. "WCS1700 - WCS1700 Current Sensor IC - High Precision Hall Effect
Linear Current Sensor." winson.com.tw. https://www.winson.com.tw/uploads/images/WCS1700.pdf

11. Arduino, "Arduino Uno Rev3d - Arduino Documentation,” Arduino, Available:
https://docs.arduino.cc/hardware/uno-rev3/

12. Amazon Web Services, "AWS Documentation,” Amazon Web Services, Available:
https://docs.aws.amazon.com/

IJFMR240426472 Volume 6, Issue 4, July-Auqust 2024 14



https://www.ijfmr.com/

