International Journal For Advanced Research
In Science & Technology

IJARST ISSN: 2457-0362

HAND GESTURE BASED HOME AUTOMATION SYSTEM USING
RASPBERRY PI

IN.V.Keerthi 2P.V.M.Vijaya Bhaskar, 3S.Indira, *S.Pujitha >SD.Nasima
2Asst.Prof, ECE Dept, RISE Krishna Sai Prakasam Group of Institution, Ongole-523001, AP

13458 Tech final year students, ECE Dept, RISE Krishna Sai Prakasam Group of Institution,
Ongole-523001, AP

3keerthinarayanam1219a@gmail.com , ° pvm.vijayabhaskar@gmail.com,
bsindira799@gmail.com*poojaswarna6@gmail.com , 'syednasima.783@gmail.com

ABSTRACT

The Gesture-Based Loads Control System with a Camera and Raspberry Pi Controller is a
creative way to increase automation and convenience by controlling electrical loads or
appliances with basic hand motions. The device uses a camera to record hand gestures in real
time, which the Raspberry Pi then processes. To manage various loads, such lights, fans, or
other domestic appliances, the Raspberry Pi understands the gestures and transmits the
appropriate commands using machine learning methods or prepackaged gesture recognition
models. With its intuitive interface and smooth method of controlling gadgets without requiring
physical contact, this contactless method is perfect for smart homes and other settings that
prioritise accessibility.

Keywords: Gesture-Based Control, Raspberry Pi Controller, Smart Home Automation, Image
Processing, Inverter, Real-Time Gesture Recognition, Customizable Gesture Commands

INTRODUCTION

Voice commands and smartphone apps are now widely used to manage electrical equipment in
the era of automation and smart homes. However, gesture-based control is a creative and user-
friendly way to interact. Because gesture-based systems allow users to operate gadgets using
basic hand movements, they provide a more smooth and natural method to interact with
technology. This method works particularly well in settings where it is impractical to engage
physically, like when hands are unclean or accessibility is an issue.

These systems, which make use of computer vision and machine learning, may be put into
practice using reasonably priced and adaptable hardware, such as the Raspberry Pi, opening
them up to a variety of applications. Real-time hand gestures are recorded by a camera and
analysed by a Raspberry Pi controller as part of the Gesture-Based Loads Control System. The
Raspberry Pi is the perfect choice for this kind of project because of its small size and
processing capacity, which allow it to effectively handle both picture processing and command
execution. By tracking particular hand gestures with the camera, the system converts them into
electrical commands that can operate lights, fans, and other connected gadgets in the home.
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Users can engage with their home surroundings in a simple and hands-free manner thanks to
this technology. Usually, the system uses the video stream to identify preset hand movements,
including waving, pointing, or creating particular hand shapes.

In order to decipher the user's intent, these movements are then examined using picture
recognition techniques, which are frequently applied through machine learning models. After
identifying a gesture, the Raspberry Pi analyses the information and communicates with a smart
plug or relay to activate or deactivate the electrical load. Especially in smart homes or for
individuals with limited mobility, this gesture-to-action workflow simplifies and expedites
device control.

Apart from its accessibility and ease of use, the gesture-based control system offers a great deal
of customisation options. Users can combine several activities into a single movement or create
their own custom gestures. To turn on the lights, change the fan speed, or operate the air
conditioner, for example, a single motion might manage several devices simultaneously.

LITERATURE SURVEY
2.1 Gesture Recognition for Home Automation

Using computer vision techniques to operate home automation systems using gesture detection
has been the subject of a substantial amount of research. In one such work, Wang et al. (2018)
investigated the use of machine learning algorithms and RGB cameras for gesture-based
control of home appliances. In order to manage things like fans and lights, their technology
was able to recognise and decipher basic hand motions like pointing and waving. They
developed a convolutional neural network (CNN) for gesture classification and processed
images using OpenCV. The study showed that real-time gesture identification using
inexpensive cameras and machine learning is feasible, leading to more organic user interfaces
in smart homes.

2.2 Raspberry Pi in Gesture Recognition Systems

The development of gesture-based systems using the Raspberry Pi was examined in another
pertinent study by Kumar et al. (2020), which demonstrated the device's potential as an
affordable, adaptable platform for gesture recognition. To identify and process hand motions,
they used Python-based libraries like OpenCV with the Pi's camera module. According to the
study's findings, the Raspberry Pi can handle real-time gesture detection tasks with great ease.
This study demonstrated how the Raspberry Pi's price and versatility make it the perfect
controller for gesture-based load control systems in both home and business settings.

2.3 Vision-Based Load Control Systems

Applications for vision-based load control systems in smart homes have been extensively
studied. The combination of electrical load management and gesture recognition was
investigated in a 2019 study by Patel et al. The authors created a system that uses cameras and
image processing algorithms to enable hand gesture control of lights, fans, and other
appliances. In order to determine hand positions and motions, the study combined edge
detection and contour analysis. These were then converted into commands for the control
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system. According to the study, smart home systems might be far more accessible and user-
friendly with visual-based interfaces, particularly for older or impaired users.

2.4 Machine Learning for Gesture Control

A study by Zhang and Li (2021) examined the use of machine learning techniques, namely
deep learning models, to increase the accuracy of advanced gesture recognition.

Their research showed how to recognise intricate hand motions and operate appliances using
real-time video input using a Raspberry Pi with a camera. Even in dynamic surroundings with
changing lighting conditions, the system was able to classify motions with excellent accuracy
by using a trained neural network. In order to improve the resilience and adaptability of
gesture-based control systems and enable them to operate efficiently in a range of real-world
situations, this study highlighted the significance of machine learning.

2.5 Enhancing Human-Computer Interaction with Gesture Control

Finally, Singh et al.'s evaluation from 2022 emphasised how gesture control might improve
human-computer interaction, especially in assistive technology. A variety of gesture-based
systems, including those used to operate smart home appliances and gadgets, were examined
in the evaluation. They highlighted how gestures may make user interfaces more natural and
intuitive, especially for those who struggle with traditional interfaces or have disabilities. The
study examined a number of solutions utilising cameras and platforms such as Raspberry P1i,
pointing out that these systems may be tailored to meet a variety of requirements, from fully
automated homes to caring for the elderly. The results of this study supported the notion that
gesture-based technologies can provide a hands-free, effective, and inclusive method of
automating smart homes

EXISTING METHODOLOGY:

Current hand gesture-based home automation systems use a range of technologies, such as
computer vision, machine learning, and sensor-based techniques, to recognize hand gestures
and control domestic appliances. These systems can be divided into three main groups: vision-
based systems, which use cameras to record hand movements, sensor-based systems, which
use sensors like accelerometers and gyroscopes, and hybrid systems, which combine the two
approaches. Current technologies include, for example, Kinect sensor-based systems, wearable
sensor-based hand gesture-based home automation systems, and computer vision-based
gesture-controlled lighting systems. However, these systems have flaws that need to be
addressed in order to improve their effectiveness and usefulness. These flaws include concerns
with accuracy, user experience, scalability, and security.

Examples of current systems include computer vision-based gesture-controlled lighting
systems, wearable sensor-based hand gesture-based home automation systems, and Kinect
sensor-based systems. However, in order to increase these systems' efficacy and usability, a
number of inherent drawbacks must be fixed. One of the main drawbacks is accuracy problems,
where a number of variables, including background noise, lighting, and individual variations
in hand movements, can impact the precision of gesture detection.

Another drawback is user experience issues, which can include things like the
requirement to learn particular gestures, sensitivity to gesture speed and alignment, and a lack

Volume 15, Issue 04, April 2025 ISSN 2457-0362 Page 388



International Journal For Advanced Research
In Science & Technology

IJARST ISSN: 2457-0362

of feedback methods. Another significant problem is scalability; current systems might not be
able to handle a lot of users, gestures, or devices, which could restrict their usefulness.
Additionally, these systems may be susceptible to security risks that jeopardise user safety and
privacy, including hostile attacks, data breaches, and unauthorised access.

Several tactics can be used to overcome these restrictions and enhance the efficiency
and usability of home automation systems that rely on hand gestures. The precision and
resilience of gesture detection systems can be enhanced by developments in computer vision
and machine learning. Systems that are easy to use, intuitive, and provide feedback
mechanisms to improve user experience can all be designed with the aid of user-centred design.
By creating systems that can support a large number of users, gestures, and devices and that
are simple to integrate with current smart home systems, scalability and flexibility can be
increased. Lastly, strong security measures can be put in place to guard user information and
stop illegal access.

PROPOSED METHODOLOGY:

The suggested system is a hand gesture-based home automation system that recognises
hand gestures and controls household appliances by combining computer vision and machine
learning techniques. A camera module, a processing unit, and a control module make up the
system. Images of the user's hand motions are taken by the camera module, and the processing
unit uses machine learning methods to identify the gestures. After that, the control module
instructs the household appliances to carry out the specified tasks.

This paper's suggested system is made to accomplish the following goals:
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Figl Block Diagram
POWER SUPPLY:

A controlled power source is necessary for all digital circuitry. We will learn how to
obtain a regulated positive supply from the mains supply in this article.

ESP32-CAM:

Is Essence's most recent small-sized camera module. With a deep sleep current as low
as 6Ma and a dimension of just 27*40.5*4.5mm, the module can function independently as the
smallest system. Home smart devices, industrial wireless control, wireless monitoring, QR
wireless identification, wireless positioning system signals, and other IoT applications can all
benefit from its broad range of applications. This camera is a great solution for Internet of
Things applications because it uses a DIP package and can be used directly by plugging in the
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bottom plate. This allows for quick product production and gives customers high-reliability
connection options, making it convenient for use in a variety of IoT hardware terminal
situations. With the ESP32-S chip, the Eesp32-cam is a tiny camera module that costs around
In addition to the OV2640 camera and other GPIOs for connecting accessories, it has a
microSD card slot that can be used to store data for clients or to save photos shot with the
camera. Since the Eesp32-cam lacks a USB connector, you must use an FDTI programmer in
order to upload code via the UOR and UOT pins, which are serial pins.

ESP32-CONTOLLER:

The ESP32 controller is a powerful and multipurpose microcontroller board that
combines a dual-core processor with Wi-Fi and Bluetooth capabilities, making it a popular
choice for smart home automation and IoT projects. Its built-in Wi-Fi and Bluetooth
capabilities allow it to be used to control and monitor devices remotely, making it an ideal
choice for robotics, automation, and IoT projects

SD CARD:

One kind of memory card that may hold data, including code, audio, and pictures, is an
SD card. It is frequently used to store configuration files, data logs, and even whole operating
systems in gadgets like cameras, cellphones, and single-board computers. SD cards are a
practical choice for data storage and transfer because they are easily interchangeable and
detachable. They are a popular option for data storage needs because they are reasonably priced
and offer a variety of storage capacities.

RASPBERRY PI:

The Raspberry Pi is a small, low-cost, and highly capable single-board computer
designed to promote teaching and learning of computer science, programming, and robotics.
It's about the size of a credit card, but packs a punch in terms of its processing power and
capabilities. With its built-in Wi-Fi and Bluetooth capabilities, the Raspberry Pi can be used to
control and monitor devices remotely, making it a popular choice for IoT projects and smart
home automation. It's also a popular choice for media center, retro, games control.

Dimensions
85.6mm x 56mm x 21mm
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Fig2 Raspberry Pi
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RELAYS:

A relay is an electrically operated switch that controls high-voltage devices, such as
lights, motors, and appliances. It works by using a low-voltage signal to switch on or off a high-
voltage circuit. Relays are commonly used in automation and IoT projects to control devices
remotely or automatically. They're also used in a wide range of applications, including
industrial control systems, automotive systems, and medical devices.

SOFTWARE IMPLEMENTATION :

The system utilizes OpenCV Python library to recognize hand gestures captured by the
Raspberry Pi camera. The recognized gestures are then used to control home appliances
connected to the Raspberry Pi board.

IP Scanner software is used to assign a static IP address to the Raspberry Pi board,
enabling remote access.

Real VNC Viewer software allows for remote access to the Raspberry Pi desktop,
enabling users to monitor and control the system remotely.

The system integrates hand gesture recognition with home automation, providing a
user-friendly and innovative way to control home appliances.

PERFORMANCE EVALUATION :

The Gesture-Based Loads Control System with a Camera and Raspberry Pi controller
shows notable gains in automation and user involvement. Even in dynamic surroundings with
changing lighting conditions, the system demonstrated good accuracy in recognising a wide
range of hand movements throughout testing.

Real-time gesture detection and interpretation was made possible by the Raspberry Pi's
processing capacity in conjunction with computer vision methods including contour analysis
and machine learning algorithms. The system could distinguish between movements like
pointing, waving, and certain hand shapes, and it could consistently link these gestures to
activities like regulating fan speeds, turning on and off lights, and operating other appliances.
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FigS “L” Shape gesture
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Fig6 Four Finger gesture

Fig7 Final result-Gesture detected and led turn on

CONCLUSION :

The Gesture-Based Loads Control System, which combines a camera with a Raspberry Pi
controller, presents a viable way to automate simple, hands-free household tasks. The system
offers a responsive and dependable method of controlling a variety of loads, such as fans and
lights, using basic hand gestures and real-time gesture recognition by the Raspberry Pi.
Accurate gesture interpretation is guaranteed by the use of computer vision and machine
learning algorithms, plus the Raspberry Pi's affordable price and adaptability make it a viable
option for assistive technology and home use. The ease, accessibility, and involvement of users
are all improved by this gesture-based control system, opening the door for more sophisticated

and engaging smart home solutions.
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