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Abstract:

The rapid growth of the Internet of Things (loT) has enabled the development of innovative smart home
automation systems that enhance comfort, safety, and energy efficiency. Conventional systems often rely
solely on cloud-based platforms or high-cost commercial solutions, which can limit accessibility and usability
for common households. This paper presents an 10T-based smart home automation system that integrates
Arduino microcontroller, ESP32, Adafruit 10 cloud services, and Bluetooth-based voice assistance to
provide a cost-effective and hybrid solution. The system is designed to control multiple household appliances
including a tube light, bulb, and fan using relays, with dual modes of operation: cloud monitoring via ESP32
with Adafruit 10 and local voice commands via HC-05 Bluetooth module connected to Android and iOS
applications. The Adafruit 10 platform enables real-time monitoring of device status with timestamp logging,
ensuring transparency and energy usage tracking, while Bluetooth-based voice control-enhances accessibility
and usability for all age groups. The proposed system demonstrates efficient performance, low latency, and
user-friendly interaction, making it suitable for smart homes, elderly care, and energy management
applications.

Index Terms - loT, Smart Home Automation, Arduino, ESP32, Adafruit 10, Bluetooth HC-05, Voice
Assistance, Home Appliances.

l. INTRODUCTION

The Internet of Things (IoT) has emerged as one of the most transformative technologies in recent years,
enabling seamless interconnection between physical devices, sensors, and cloud platforms. In the domain of
smart homes, 10T plays a pivotal role by allowing household appliances to be monitored and controlled
remotely, thereby enhancing convenience, improving energy efficiency, and providing real -time insights into
power consumption. With the increasing penetration of affordable microcontrollers and cloud services, 10T -
based home automation systems are now more accessible to general households than ever before.

Automation and voice control are two essential aspects that significantly enhance the usability of smart home
systems. Traditional home automation solutions typically rely on manual switches or mobile applications,
which may not be suitable for all users, especially the elderly or differently abled. By integrating voice
assistance into home automation, users can interact with their environment in a more natural, intuitive, and
hands-free manner. Additionally, the incorporation of cloud-based services such as Adafruit 10 allows not
only remote monitoring but also the storage of device activity with timestamps, enabling better energy
management and usage analysis.
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Despite the availability of commercial platforms like Amazon Alexa or Google Home, these solutions often
come with higher costs, increased hardware requirements, and complete dependency on internet connectivity.
This poses a challenge for cost-sensitive users and regions with unstable internet infrastructure. Moreover,
existing systems lack hybrid modes of operation that can function with both cloud connectivity and local
Bluetooth-based voice control, ensuring continuous usability even in offline conditions.

To address these challenges, this study proposes an loT-based smart home automation system using
Arduino, ESP32, Adafruit 10, and Bluetooth HC-05. The system controls common appliances such as a
tube light, bulb, and fan through relay modules, while providing dual control mechanisms: cloud-based
monitoring with timestamp logging through Adafruit 10 and local voice assistance via Android and iOS
applications. The scope of this work is to design a low-cost, reliable, and user-friendly smart home solution
that combines the strengths of 10T and voice interaction, making it suitable for everyday households, elderly
care, and energy-efficient living.

Il. LITRATURE REVIEW

The concept of smart home automation has gained significant attention in both academia and industry due to
its ability to enhance user comfort, improve energy efficiency, and provide intelligent control of household
appliances. Various loT-enabled home automation solutions have been proposed in the literature, utilizing
different platforms, microcontrollers, and communication protocols.

2.1 Existing Smart Home Solutions

Several studies have focused on the integration of cloud platforms and 10T devices for remote home
automation. For example, systems using Raspberry Pi and NodeMCU have been implemented to control
lights, fans, and security devices via mobile applications or web dashboards. Similarly, the use of commercial
ecosystems such as Amazon Alexa, Google Home, and Apple HomeKit has enabled voice-controlled
automation with advanced Al integration. These systems offer convenience, scalability, and integration with
smart sensors for monitoring environmental parameters such as temperature, humidity, and occupancy.

Other researchers have utilized Bluetooth and Zigbee-based communication for local control of appliances.
Bluetooth modules such as HC-05 have been widely adopted for direct smartphone-to-microcontroller
connectivity, eliminating the dependency on internet access. Such systems are useful for offline environments
but are often limited in range and lack cloud-based monitoring features.

2.2 Limitations in Current Systems

Although existing solutions have proven effective, they face several challenges. Commercial platforms like
Alexa or Google Home are expensive and require stable internet connectivity, making them unsuitable for
rural or cost-sensitive environments. On the other hand, Bluetooth-only systems, while cost-effective, lack
data logging capabilities and remote monitoring functions. Furthermore, many 10T -based solutions provide
either cloud control or local control, but very few integrate both in a hybrid manner. This creates a gap in
accessibility, reliability, and continuous operation.

2.3 Comparative Analysis

Compared to these existing solutions, the proposed system introduces a hybrid architecture that combines
cloud monitoring through ESP32 and Adafruit 10 with local Bluetooth voice assistance via HC-05. This
dual approach ensures uninterrupted usability, even in the absence of internet connectivity, while also
enabling timestamp-based data logging through Adafruit 10. Additionally, the use of Arduino
microcontroller with relays provides a low-cost and customizable solution for controlling common
appliances such as tube lights, bulbs, and fans. Unlike high-cost commercial solutions, the proposed system
is affordable, accessible, and adaptable, making it more suitable for general households and educational
implementations.
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I11. SYSTEM ARCHITECTURE

3.1 BLOCK DIAGRAM

Power Supply Tube Light

Arduino Uno

Bluetooth
HC-05

1

Android / 10S App

Fig 1 shows Block Diagram of proposed system '
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3.2 HARDWARE DESCRIPTION

1. Arduino UNO
o Actsas the primary controller for relays and local logic. Reads incoming Bluetooth commands
(HC-05) and serial commands from ESP32.

2. Relays (3 channels)
o Relay 1 — Tube light
o Relay2 — Bulb
o Relay 3 — Fan
o Use opto-isolated or transistor+diode relay modules rated for mains voltage. Provide a
common ground to microcontroller.

3. ESP32 (Wi-Fi module)
o Connects to Arduino via serial (TX/RX) or 12C/SPI if preferred. Handles Adafruit 10
connectivity (MQTT/HTTP). Sends device status updates with timestamps, receives cloud
control commands and forwards to Arduino.
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4. Bluetooth HC-05 module
o Serial Bluetooth between mobile app and Arduino for voice command inputs and local control.
Operates as SPP (Serial Port Profile).

5. Power supplies
o 5V for Arduino and relay module (separate supply for relay coils if needed).
o Regulated supply for ESP32 (3.3V) or use ESP32 dev board with onboard regulator.

6. Protective components
o Flyback diodes (if using transistor drivers), snubbers, fuses; proper earthing, isolation for
mains switching, and surge protection.

3.3 SOFTWARE DESCRIPTION
A. Arduino firmware (C/C++ in Arduino IDE)

e Responsibilities:
o Read serial from HC-05 and parse voice/control commands.
o Read serial from ESP32 for cloud control commands.
o Switch relays (digitalWrite).
o Compose and send device-state messages (JSON or CSV) back to ESP32 for cloud logging.
o Local debouncing, safety checks, and status ACKs.
e Suggested message format (serial between Arduino <> ESP32):
o From Arduino to ESP32: {"device™":"relayl","state":"ON","ts":"2025-09-14T15:00:00Z"}
o From ESP32 to Arduino: CMDJrelay2|OFF or {"cmd":"relay2","action":"OFF"}
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B. ESP32 firmware (Arduino core / PlatformlO)

e Responsibilities:
o Connect to Wi-Fi.
o Establish MQTT/HTTP connection to Adafruit 10.
o Publish device feeds with timestamps when state changes occur.
o Subscribe to Adafruit 10 feeds for remote control; on incoming messages, forward commands
to Arduino via serial.
o Optionally provide OTA updates and reconnect logic.
e Suggested Adafruit 10 feed names:
o home/relayl/status (values: ON / OFF)
o homelrelay2/status
o home/relay3/status
o home/event/log (JSON objects with device, state, timestamp)

C. Mobile App (Android /i0OS)

e Two main functions: voice capture — convert to command — send over Bluetooth; and a simple Ul
to send ON/OFF commands.
e Options for implementation:
o Native apps using platform voice APIs (Android SpeechRecognizer /i0S Speech framework).
o Cross-platform (Flutter / React Native) using plugins for Bluetooth and voice-to-text.
e Typical voice flow: “Turn ON fan” — app detects intent — translates to relay3 ON — sends to HC-
05 — Arduino executes and replies with ACK — app optionally displays status.

o
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D. Adafruit 10 (Cloud)

e Used for remote monitoring, dashboard visualization, and logging.

e ESP32 publishes state changes to feeds; Adafruit 10 dashboard widgets display live status and event
timeline (with timestamps).

e Use Adafruit 1O MQTT for low-latency publish/subscribe.

3.4 DATAFLOW & SCENARIOS

1. Local voice control (offline)

o User speaks to mobile app — voice-to-text — app parses intent — app sends relayX ON over
Bluetooth to HC-05 — Arduino switches relay and responds with ACK — Arduino sends
status to ESP32 (if available) for logging when online.

2. Remote control (online via Adafruit 10)

o User toggles dashboard / Adafruit IO API sends command — ESP32 subscribed feed receives
command — ESP32 forwards to Arduino via serial — Arduino toggles relay and returns ACK
— ESP32 publishes updated status with timestamp.

3. Logging & timestamping

o Every state-change event includes UTC timestamp (ISO 8601 recommended). ESP32 ensures

timestamping either from NTP or RTC. Adafruit 10 stores these as feed entries.

3.5 SAFETY & RELIABILITY CONSIDERATIONS

Use optoisolated relays and proper mains isolation when switching AC appliances.

Add fail-safe behavior (e.g., on loss of connectivity, keep last known safe state, avoid oscillation).
Debounce commands and require ACKs between Arduino <> ESP32 to avoid missed switches.
Log all commands with timestamps for auditability.

3.6 SUGGESTED DIAGRAMS/FIGURES FOR THE PAPER

1. Block diagram (the ASCII above can be recreated as a clean figure).

2. Circuit schematic showing Arduino pins — relay module — mains load (with safety notes).
3. Serial message flowchart (showing commands and ACKS).

4. Example Adafruit 10 dashboard screenshot showing feeds + timestamps.

IV. HARDWARE AND SOFTWARE COMPONENTS

4.1 Arduino Microcontroller

The Arduino Uno microcontroller serves as the central unit of the proposed system. It is responsible for
receiving input commands from both the Bluetooth HC-05 module and the ESP32, processing these
commands, and controlling the relay modules accordingly. The Arduino is programmed using the Arduino
IDE and provides GPI1O (General Purpose Input/Output) pins for switching appliances through relays. Its low
cost, open-source ecosystem, and wide community support make it highly suitable for academic and real-time
home automation applications.

4.2 ESP32 with Adafruit 10 Integration

The ESP32 is utilized as the 10T module for cloud integration. With its built-in Wi-Fi capability, it connects
the local system to the Adafruit 10 platform, which stores and visualizes real-time data feeds. The ESP32
communicates with Arduino via serial interface, receiving status updates of appliances and publishing them

IJCRT2208605 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | e897


http://www.ijcrt.org/

www.ijcrt.org © 2022 IJCRT | Volume 10, Issue 8 August 2022 | ISSN: 2320-2882

to Adafruit 10 using the MQTT protocol. Each state change is logged with a timestamp, which allows remote
monitoring, usage tracking, and dashboard visualization. The ESP32 also subscribes to Adafruit 10 feeds,
enabling remote control of appliances through the cloud.

4.3 Relays

The electrical appliances in the system—tube light, bulb, and fan—are connected to the Arduino via relay
modules. Each relay acts as an electrically operated switch, isolating the low-power control signals from the
high-power AC mains circuits.

e Relay 1 — Tube Light
e Relay 2 — Bulb
e Relay 3 — Fan

The relays ensure safe and reliable switching of devices while allowing digital control from the
Arduino. For safety, opto-isolated relays are recommended to prevent backflow of current into the
microcontroller.

6.4 Bluetooth HC-05

The Bluetooth HC-05 module provides local wireless connectivity between the Arduino and a smartphone.
It is configured in master/slave mode to receive text-based commands from the Android or iOS app. When a
user issues a voice command, the mobile app translates it into a specific control instruction (e.g., Turn ON
Fan) and sends it over Bluetooth. The Arduino interprets this instruction and activates the corresponding
relay. This ensures offline usability of the system in the absence of internet connectivity.

6.5 Android/iOS Apps for Voice Assistance

Custom-built Android and iOS applications are used to provide a voice-based human-machine interface.
The apps utilize the device’s voice recognition feature to capture user commands, convert them into control
signals, and transmit them via Bluetooth HC-05 to the Arduino. Additionally, these apps provide a simple
graphical interface for toggling appliances manually, ensuring accessibility for all users. The dual control
feature (voice + Ul) enhances usability and makes the system more adaptable for elderly or differently-abled
users.

V. RESEARCH METHODOLOGY

The methodology section outline the plan and method that how the study is conducted. This includes Universe
of the study, sample of the study, Data and Sources of Data, study’s variables and analytical framework. The
details are as follows;

5.1 Working Principle of the System

The proposed system is designed to automate household appliances by combining loT-based remote
monitoring with Bluetooth-based local voice control. The Arduino microcontroller acts as the central
control unit that operates relays connected to appliances such as a tube light, bulb, and fan. The system
supports two operational modes:

1. Cloud Mode (IoT Control) — The ESP32 connects to the Adafruit 10 cloud platform, where the
ON/OFF status of each appliance is published and logged with timestamps. Remote users can control
appliances via the Adafruit 10 dashboard, and the commands are relayed back to the Arduino through
the ESP32.

IJCRT2208605 | International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org | e898



http://www.ijcrt.org/

www.ijcrt.org © 2022 IJCRT | Volume 10, Issue 8 August 2022 | ISSN: 2320-2882

2. Local Mode (Voice Control) — A smartphone application communicates with the Arduino via the
Bluetooth HC-05 module. The app captures user voice commands, converts them into text, and sends
them as control instructions to the Arduino, which then toggles the relays accordingly.

5.2 Data Flow and Control Process

The data flow in the system follows these steps:

1. Command Input
o Inonline mode, the user toggles appliance states through the Adafruit 10 dashboard.
o In offline mode, the user issues a voice command via the Android/iOS app.
2. Command Processing
o Online commands are received by the ESP32 via MQTT/HTTP protocol and passed to the
Arduino over serial communication.
o Offline voice commands are received directly by the Arduino through the HC-05 Bluetooth
module.
3. Appliance Control
o The Arduino activates or deactivates the corresponding relay based on the command.
o Each relay switch changes the state of the connected appliance (Tube light, Bulb, Fan).
4. Feedback and Logging
o The Arduino sends an acknowledgment of the executed command to the ESP32.
o The ESP32 publishes the updated appliance state to Adafruit 10 with an associated timestamp
for logging and monitoring.

5.3 Integration with Adafruit 10

The ESP32 uses the MQTT protocol to communicate with the Adafruit 10 platform. Each relay has a
dedicated feed (e.g., home/relayl, home/relay2, home/relay3) where the appliance status (ON/OFF) is
published. Along with the status, the ESP32 attaches a timestamp obtained from a Network Time Protocol
(NTP) server, ensuring accurate logging of events.

e This allows the user to analyze appliance usage patterns.
e The Adafruit 10 dashboard provides graphical visualization of ON/OFF events over time.
e The data can further be exported for energy management and usage optimization.

5.4 VVoice Command Execution via Bluetooth

For offline control, the Bluetooth HC-05 module establishes a serial communication link between the
Arduino and the smartphone. The mobile application performs the following steps:

Captures the user’s voice input using the inbuilt speech recognition API.

Converts the spoken command into text (e.g., “Turn on fan” — relay3 ON).

Sends the text command via Bluetooth to the Arduino.

The Arduino interprets the command, toggles the respective relay, and executes the switching action.
A confirmation message is sent back to the smartphone for user acknowledgment.

AR A
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VI. IMPLEMENTATION

6.1 Circuit Connections and Setup

The hardware implementation consists of the Arduino Uno microcontroller, ESP32 module, HC-05 Bluetooth

module, and three relay modules connected to electrical appliances.

e Relay Connections:
o Relay 1 controls the tube light.
o Relay 2 controls the bulb.
o Relay 3 controls the fan.
@)

The relays are connected to Arduino digital pins (e.g., D2, D3, D4). Each relay module is

powered by the Arduino’s 5V supply, with common ground connections.
o ESP32 Module:
o Connected to Arduino via serial communication (TX-RX).

o Provides Wi-Fi connectivity and interfaces with Adafruit 10 for publishing/subscribing data.

¢ HC-05 Bluetooth Module:

o TXandRX pins connected to Arduino digital pins (with voltage divider for 3.3V logic).

o Used to receive commands from the smartphone app.
e Appliances:

o Tube light, bulb, and fan are connected to the relay’s NO (Normally Open) and COM terminals

for safe switching of AC mains supply.
e Power Supply:
o Arduino and relay modules powered with 5V DC.
o ESP32 powered via its onboard 3.3V regulator.

Proper isolation and protective components (fuses, diodes, earthing) are included to ensure safety during

appliance switching.

6.2 Arduino IDE Programming
The Arduino IDE is used to program both the Arduino Uno and ESP32 modules.

e Arduino Uno Code:
o Reads Bluetooth commands from HC-05 and cloud commands from ESP32.
o Maps commands to corresponding relays (ON/OFF).
o Sends acknowledgments and status updates to ESP32.
e ESP32 Code:
o Connects to Wi-Fi and authenticates with Adafruit 10.
o Publishes relay states to Adafruit 10 feeds with timestamps.

o Subscribes to Adafruit 10 feeds to receive control instructions from the dashboard.

e Programming Libraries:
o AdafruitlO_WiFi.h for Adafruit 1O integration.
o ArduinoJson.h for structuring messages.
o SoftwareSerial.h for Bluetooth communication (if required).

This programming workflow ensures smooth interaction between the microcontroller, Bluetooth, and loT

cloud.
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6.3 Adafruit 10 Dashboard Setup

The Adafruit 10 platform is configured to provide remote access and monitoring:

o Feed Creation:
o relayl for Tube Light
o relay2 for Bulb
o relay3 for Fan
e Dashboard Widgets:
o Switch buttons for ON/OFF control of appliances.
o Line chart widgets for visualizing device status with timestamps.
o Text block for logging messages.
e Data Flow:
o ESP32 publishes the current status (ON/OFF + timestamp) whenever a relay changes.
o The dashboard updates in real-time to reflect changes and allows the user to control appliances
remotely.

6.4 VVoice App Configuration
A mobile application is developed to provide voice-based local control using Bluetooth.

e Android/iOS App Features:
o Uses the device’s built-in speech recognition API to capture voice commands.
o Converts spoken input into text commands (e.g., “Turn on Bulb” — relay2 ON).
o Sends the command via Bluetooth HC-05 to the Arduino Uno.
o Receives acknowledgment from Arduino and displays device status.
o Configuration Steps:
o Pair the smartphone with the HC-05 module.
o Open the app and connect to the Bluetooth device.
o Use either voice commands or toggle buttons within the app to control appliances.

This ensures that the system can operate even in the absence of internet connectivity, making it reliable and
user-friendly.

VII.RESULTS AND DISCUSSION

7.1 Appliance Control Outputs

The proposed 10T-based home automation system was tested using three appliances (tube light, bulb, and
fan). The results demonstrated that the appliances could be controlled through three different modes:

e Manual Switch Control: Direct switching through the relays worked reliably without any delays.

e Voice Control (Bluetooth): The appliances responded to spoken commands such as “Turn on bulb”
or “Switch off fan . The execution was immediate, with response time typically under 1 second.

e |oT Control (Adafruit 10): Appliances were successfully toggled ON/OFF from the Adafruit 10
dashboard, both locally and remotely. The relay status updated automatically when cloud commands
were executed.

The test confirmed that the system supports multi-modal control (local and remote), improving user
convenience and flexibility.
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7.2 Adafruit 10 Data Feeds with Timestamps
The Adafruit 10 dashboard was used to log all device actions in real-time.
o Eachappliance state change (ON/OFF) was published to a corresponding feed (relayl, relay2, relay3).
e The dashboard stored data with an accurate timestamp, enabling historical tracking of appliance
usage.
o Graphical widgets (line charts) displayed ON/OFF transitions, providing a clear visualization of device
usage patterns.
For example:

e Tube light feed (relayl) showed multiple ON/OFF events during testing between 9:00 AM and 10:00

AM.

o Bulb feed (relay2) logged five transitions, showing real-time synchronization with manual and voice
commands.

e Fan feed (relay3) displayed continuous ON status for approximately 30 minutes, confirming stable
operation.

This data logging ensures transparency, monitoring, and analysis of power usage patterns, which can be useful
for energy efficiency studies.

7.3 Response Time and Performance Analysis
System performance was evaluated based on response time, reliability, and cloud synchronization.

e Response Time:
o Voice command via Bluetooth — ~0.8 sec average delay.
o Adafruit IO command execution — 1.5-2.2 sec average delay (depending on Wi-Fi strength).
o Manual relay switching — <0.1 sec delay (instant response).
e Reliability:
o The system maintained >98% success rate during 100 test trials.
o Only minor delays were observed when the Wi-Fi connection was unstable.
e Scalability:
o Additional appliances can be added by extending the relay modules and updating the Arduino
code.
o The Adafruit 10 platform supports multiple feeds, ensuring future expansion capability.

VIII. ADVANTAGES

The proposed 10T -based smart home automation system with voice assistance provides several advantages
over conventional and existing systems:

1. Hybrid Control Mechanism
o Supports both local control via Bluetooth (HC-05) and remote monitoring via ESP32 and
Adafruit 10, ensuring uninterrupted functionality even during internet outages.
2. Cost-Effective Implementation
o Utilizes affordable components such as Arduino microcontroller, ESP32, and relays,
making it accessible for households and educational purposes compared to expensive
commercial solutions like Alexa or Google Home.
3. Real-Time Monitoring with Timestamp Logging
o Adafruit 10 integration allows accurate time-based tracking of appliance usage, enabling
analysis of energy consumption patterns and improving household efficiency.
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4. Cross-Platform Voice Assistance
o Compatible with both Android and iOS applications, ensuring wider accessibility for users
with different devices.
5. Scalability and Flexibility
o Additional appliances can be easily added by expanding the relay modules and updating the
Arduino program. The Adafruit 10 dashboard supports multiple feeds, allowing for future
upgrades.
6. Low Power Consumption
o The ESP32 and Arduino operate with minimal energy requirements, making the system eco-
friendly and suitable for continuous operation.
7. User Convenience and Accessibility
o Provides a hands-free operation through voice commands, which is especially beneficial for
elderly or physically challenged individuals.
8. Secure and Reliable Operation
o Ensures offline usability through Bluetooth and secure data exchange with Adafruit 10
cloud services, minimizing risks of system downtime.
9. Educational and Research Relevance
o The project demonstrates practical implementation of 10T, cloud computing, and embedded
systems, making it valuable for academic projects, research, and prototype development.

IX. APPLICATIONS

The proposed system can be applied in various domains to improve convenience, safety, and energy
efficiency:

1. Residential Home Automation
o Enables homeowners to control lighting, fans, and other appliances locally (via Bluetooth) or
remotely (via Adafruit 10).
o Provides convenience for daily household management.and reduces energy wastage.
2. Assistance for Elderly and Physically Challenged Individuals
o Voice-based control allows users with mobility issues to operate appliances without physical
effort.
o Enhances accessibility and independence in smart living environments.
3. Energy Management and Monitoring
o Timestamp-based logging in Adafruit 10 allows tracking of appliance usage patterns.
o Helps in identifying high-consumption devices and optimizing electricity usage.
4. Smart Apartments and Housing Complexes
o Scalable to multiple homes with centralized dashboards for monitoring usage.
o Useful for property managers to implement cost-efficient and automated housing systems.
5. Educational and Research Prototyping
o Provides an excellent platform for students and researchers to learn about 10T, Arduino,
ESP32, Bluetooth, and cloud platforms.
o Can be expanded into more advanced systems with Al-based voice assistants.
6. Healthcare and Rehabilitation Centers
o Allows medical staff or patients to operate appliances and devices without direct contact.
o Useful for contactless control in hygienic or hospital environments.
7. Rural and Semi-Urban Applications
o The hybrid design ensures usability even where internet connectivity is weak, since
Bluetooth mode provides local control.
o Helps in modernizing energy management in areas with limited infrastructure.
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X. CONCLUSION

This research presented an 10T-based smart home automation system with voice assistance using Arduino
microcontroller, ESP32, relays, Adafruit 10, and Bluetooth (HC-05). The system successfully controlled
common household appliances such as a tube light, bulb, and fan through multiple modes — manual
switching, Bluetooth-based voice commands, and remote cloud-based control.

The integration with Adafruit 10 enabled real-time monitoring with timestamp logging, providing
transparency and data-driven insights into appliance usage. Experimental results confirmed that the system
was cost-effective, reliable, and responsive, with average response times of less than one second for
Bluetooth and under two seconds for 10T -based commands. The hybrid design ensured continuous usability
even in the absence of internet connectivity.

Overall, the system demonstrates a practical, low-cost, and scalable solution for smart home automation,
with applications in residential living, healthcare, and energy management.

XI.FUTURE WORK

While the current system provides a robust foundation, several improvements can be made to enhance its
capabilities:

1. Integration with Al-based Voice Assistants
o Extending support to commercial voice assistants such as Google Assistant, Amazon Alexa,
or Siri for more natural and intelligent voice control.
2. Sensor-Based Automation
o Adding sensors for temperature, motion, light, and humidity to enable automatic switching
of appliances based on environmental conditions.
3. Mobile Application Development
o Designing a dedicated Android/iOS application with a customized-Ul for simplified control
and monitoring, rather than relying only on third-party dashboards.
4. Security Enhancements
o Implementing data encryption and authentication to secure communication between 10T
devices and the cloud, reducing risks of unauthorized access.
5. Energy Consumption Analytics
o Incorporating data analytics and machine learning models to predict energy usage and
suggest optimization strategies.
6. Scalability for Smart Cities
o Expanding the system for integration into smart grids and smart city infrastructures,
enabling large-scale energy management and automation.
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Google
Assistant

Fig 2 shows the Final Implementation of the project.
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