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Abstract- In today’s era of rapid technological progress, home automation has become an essential element
of modern living, providing convenience, energy efficiency, and improved security. Smart home systems
utilize embedded electronics, sensors, and automation to monitor environmental conditions and intelligently
control household appliances. The proposed system is built around an Arduino Uno microcontroller,
integrated with a DHT11 temperature and humidity sensor, an ultrasonic sensor for motion detection, and an
RTC module for time-based operations. These components work together to automate devices such as lights
and fans based on real-time sensor readings. By responding automatically to environmental changes, the
system minimizes energy wastage, enhances comfort, and improves safety within the home. Its design relies
on low-cost, easily accessible components, making it affordable and adaptable for urban, rural, or institutional

applications without requiring complex networking Overall.

Keywords: Smart Home, Home Automation, Arduino, Sensors, Energy Efficiency, loT.

I INTRODUCTION

Over the last few years, smart technologies have
emerged with great popularity because they can
enhance efficiency, comfort, and security in
contemporary homes [1-3]. A smart home is
defined as a setting with integrated devices and
sensors that may detect [4], process [5], and
react intelligently to evolving conditions [6-8].
Conventional household systems tend to need
to be operated manually, and this can result in
wastage of energy, security threats, and no real-
time awareness [9-11].

A smart home appliance system fills this gap
through  sensor-based  monitoring  and
automatic control integration [12-15]. The
system enables users to monitor and control
appliances remotely, promoting improved
energy management and safety [16-18].
Through microcontroller  and  wireless
communication technology [19], appliances can
be made responsive to environmental conditions
like temperature, movement [20], humidity, or
timing schedules [21-24]. This not only enhances
user comfort but also minimizes operation costs
and environmental footprint [25-28].

The developed system in this study is meant to
be straightforward, inexpensive, and scalable. It
can easily be adapted to various household
environments, hence being practical for both
urban and rural usage [29]. Through the use of
automation, real-time data processing, and
intelligent decision-making, this project adds to
the emerging market of smart home solutions
and green technology [30] [31].

1. LITERATURE SURVEY

Over the past decade, smart home systems have
gained popularity due [32] to advances in
microcontroller, wireless communication , and
the Internet of Things (loT) [33]. These systems
aim to make homes and workplaces more
comfortable, secure, and energy-efficient.
Numerous studies have explored various
approaches, using different techniques and
technologies [34]. Sharmet a al. (2020)
developed a light system using a light sensor to
adjust illumination according to sunlight, which
was effective in long corridors and classrooms
[35]. However, it only controlled lighting and did
not monitor air conditions or provide alerts.
Kumar and Patel (2021) designed a fan system
that automatically adjusted speed based on
temperature. While effective, it did not consider
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humidity or integrate with other appliances,
limiting its usefulness for a complete smart
home [36]. Kaur et al. (2022) implemented
motion-based switching to save energy when
rooms were unoccupied, but their system did not
monitor temperature or light levels, which are
important for comfort [37]. Verma and
Nair(2023) proposed a sound-wave alarm for
home security. It was effective at detecting
nearby intrusions but functioned independently
and lacked integration with environmental
monitoring. Thomas et al. (2023) demonstrated
an loT-based system using NodeMCU and Blynk
to monitor room temperature and humidity
remotely. While innovative, it required manual
interaction via a smartphone and could not act
autonomously [38]. Reviewing these projects, it
is clear that existing solutions are often single-
purpose or require user intervention. There
remains a need for an affordable, all-in-one
smart home system that autonomously monitors
environmental conditions and enhances safety
using simple components. Our solution is a
Smart Home Assistant powered by Arduino UNO
as the central controller. It integrates a light
sensor, temperature and humidity sensor, and a
sound-based safety sensor. The system is low-
cost, user-friendly, and educational, making it
suitable for both learning and practical
implementation.

1l. PROPOSED METHOD:

The proposed system is a multi-sensor-based
intelligent automation prototype built on the
Arduino UNO microcontroller. It simulates an
automated home environment where
appliances, such as lights and fans, turn on or off
automatically based on  environmental
conditions, and a buzzer sounds when safety
thresholds are exceeded.

The design emphasizes simplicity and flexibility.
By using readily available components and a
threshold-based control algorithm, the system is
easy to understand, modify, and use for
educational purposes while demonstrating real-
world automation logic.

The core of the system is the Arduino UNO, an
8-bit ATmega328P microcontroller that serves as
the processing unit. It receives input from three
sensors — LDR, DHT11, and an ultrasonic sensor
— and controls outputs through two LEDs
(representing light and fan) and a buzzer for
alarms.[19]

The flowchart illustrates the system'’s operational
logic [20]— it initializes input/output, reads
sensor data (LDR, DHT11, Ultrasonic), compares
values with set thresholds, and activates lights or
buzzer accordingly in a continuous loop and
shown in below Fig1.
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Fig 1: Flowchart of the Smart Home
Automation System

Light Dependent Resistor (LDR) Sensor:

The LDR is a passive, light-sensitive sensor
whose resistance decreases as light intensity
increases. In bright light, resistance is low,
producing a high analog voltage; in darkness,
resistance rises, giving a low voltage. The
Arduino reads this value to switch the room light
(LED) ON or OFF.[21][24]

DHT11 Sensor:

The DHT11 provides digital readings of
temperature and humidity using an internal NTC
thermistor and a capacitive humidity sensor. The
Arduino continuously monitors these values and
controls the fan according to predefined
thresholds (e.g., temperature > 28°C or humidity
> 70%).[22]

Ultrasonic Sensor (HC-SR04):

This sensor measures the distance of objects by
sending ultrasonic pulses from the Trigger pin
and receiving echoes at the Echo pin. Distance is
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calculated from the time delay between
transmission and reception. If an object is
detected within a set threshold (e.g., 15 cm), the
buzzer is activated as a safety alert[23].

LEDs and Buzzer:

Two LEDs represent room appliances — one for
light and the other for the fan. The buzzer emits
an audible alert when a safety threshold is
crossed. These outputs provide a clear and
tangible demonstration of automation[25].

Algorithm Steps:

Step-1: Initialize all input and output pins.
Step-2: Read light intensity from the LDR sensor.
Step-3: Read temperature and humidity from
the DHT11 sensor.

Step-4: Measure distance using the ultrasonic
sensor.

Step-5: Compare all readings against their
respective thresholds.

Step-6: Turn ON the light LED if light intensity is
low; otherwise, turn it OFF.

Step-7: Turn ON the fan LED if temperature or
humidity is high; otherwise, turn it OFF.

Step-8: Activate the buzzer if an object is
detected within range; otherwise, remain silent.
Step-9: Repeat the process continuously.

This logic can be extended with loT features
using a Wi-Fi or Bluetooth module for remote
control in future updates.[26]

IV.  WORKINGPRINCIPLE:

Hwn =

1. Low- cost and easy to assemble with

standard components.

2. Reliable threshold-based automation.[30]
3. Modular

design allows future sensor

additions.

4. Provides real-time feedback and a hands-on

loT  learning Software

Implementation:

experience.4.3

5. The system software is developed in the

Arduino IDE using C/C++. The control
algorithm is  threshold-based, making
automation deterministic and easy to modify.
The software continuously reads sensor
values and makes decisions using conditional
statements.

V. RESULT &ANALYSIS

Experimental Setup:

The prototype was built on a breadboard and
powered via the Arduino’s 5v USB port. LEDs
represented the light and fan, and a piezo buzzer
simulated the alarm.[31]

Testing was done under four conditions:

Bright room

Dark room

Warm & humid condition

Object detection near the ultrasonic sensor

Table 1:Sensor Readings and System

Response
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. . . Condi|| ht . ht || n|Buz
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intrusion. This setup provides automatic lighting, humid 60 0 N [N
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Graphical observation:

Plots of LDR and temperature confirmed
accurate threshold response --- light LED ON
below 300, fan LED ON between 29-33°C. Shown
in Fig 2.
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Fig 2: Fan Response to Temperature Variation

The prototype of the Smart Home Appliance
System  for Intelligent Monitoring and
automation successfully met its primary
objectives—automatic lighting, environmental
monitoring, and safety alerting. Using Arduino
UNO with LDR, DHT11, ultrasonic sensors, LEDs,
and a buzzer, the system achieved reliable and
low-cost automation. The DHT11 provided
stable temperature and humidity readings with
minimal deviation from reference values.
Automatic lighting control helped reduce energy
wastage by operating only when required. The
buzzer added an audible safety alert for intrusion
or hazard detection.

Although detailed energy consumption tests
were not performed, the threshold-based design
ensures minimal power use. However, the
absence of wireless communication and data
storage  limits remote  access. Future

enhancements could include loT modules like
ESP8266 or ESP32 for connectivity and data
logging. Overall, the prototype demonstrates
the feasibility of integrating automation,
monitoring, and safety into a compact,
affordable system suitable for education and
low-resource settings[32].

VI. CONCLUSION

The Smart Home Appliance System for
Intelligent  Monitoring and  Automation
demonstrates that an easy, low-cost Arduino
setup is able to manage automatic lighting
control, environmental sensing, and rudimentary
safety warnings. With an Arduino UNO and
sensors such as LDR, DTH11, and ultrasonic, and
two LEDs and one buzzer, the system was able to
detect changes in light, temperature, humidity,
and motion and act automatically.

Throughout testing, the LEDs turned off and on
precisely as per light intensity, demonstrating
obvious power-saving potential. The DHT11
sensor provided stable readings for humidity
and temperature, and the ultrasonic sensor with
buzzer provided instant and consistent
notifications, enhancing safety even in this
miniature prototype. Limitations such as a fixed
threshold for detecting light, a limited sensing
range and no wireless control restrict versatility.
This project demonstrates that low-cost,
microcontroller-based smart-home systems can
be functional and educational and serve to help
advance wiser, safer, and more sustainable
homes.
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