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ABSTRACT

This paper presents an automated Body Mass Index (BMI) calculator system that eliminates the need for manual input. The system integrates a load cell for
weight sensing and an ultrasonic sensor for height measurement, managed by a microcontroller-based circuit. The calculated BMI and corresponding body type

are displayed on an LCD screen. This solution ensures accuracy, reduces time, and enhances convenience in various applications, including healthcare and fitness.

Introduction

BMI is a widely used indicator to assess whether an individual’s weight is healthy for their height. Traditional BMI calculations require manual
measurements and input, which can be time-consuming and prone to error. This paper introduces an automated BMI calculator system that provides a
fast and accurate solution.

Body Mass Index (BMI) has been a crucial parameter in health assessments to categorize individuals based on their weight relative to height.
Traditionally, BMI calculation involves manual processes where an individual’s weight and height are measured using separate tools, and the BMI is
computed using the formula:

BMI = Weight (kg) / Height? (m?).

While effective, this traditional approach is not without challenges. Human errors in measurement or data entry can lead to inaccurate results. Moreover,
it is time-consuming, particularly in settings where many individuals need to be assessed, such as hospitals, schools, or fitness centres.

To address these limitations, this paper introduces an automated BMI calculator system that seamlessly integrates hardware and software components
to calculate BMI accurately and efficiently. By leveraging a load cell for weight sensing and an ultrasonic sensor for height measurement, the system
eliminates manual input and ensures quick and reliable results. The integration of a microcontroller for data processing and an LCD for displaying
outputs further enhances user convenience.

This innovation has significant implications for various applications, including healthcare, fitness tracking, and community health surveys. By
automating the BMI calculation process, the system not only saves time but also ensures consistency, making it a valuable tool in promoting better
health management.

Existing Project

The Automatic BMI Calculator Using Load Cell & Height Sensing is an innovative system designed to automate the calculation of Body Mass Index
(BMI), eliminating the need for manual input. The project integrates a load cell for accurate weight measurement and an ultrasonic sensor for height
detection, both controlled by an Arduino microcontroller that processes the data to compute BMI. The results, including the BMI value and
corresponding body type (underweight, normal, overweight, or obese), are displayed on an LCD screen in real-time. This system addresses the
limitations of traditional methods by reducing human error, saving time, and ensuring user convenience. Its applications span healthcare, schools,
fitness centers, and community health programs, offering a cost-effective and reliable solution for quick BMI assessment.
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Proposed System

The Proposed System for the automatic BMI calculator aims to revolutionize the traditional BMI measurement process by automating it with
embedded technologies. This system integrates a load cell for weight measurement and an ultrasonic sensor for height detection, both controlled by a
microcontroller (Arduino UNO). The microcontroller processes the inputs and computes the BMI using the formula:

BMI = Weight (kg) / Height* (m?)

The calculated BMI value is displayed on an LCD screen, along with the corresponding body type classification (underweight, normal, overweight, or
obese).

This system is designed to address the limitations of the manual process, such as time consumption, human errors, and the inconvenience of using
separate devices for weight and height measurements. The user simply stands on the platform, and the sensors automatically capture the data and
display the results in real-time. The system is equipped with a buzzer to notify the user when the BMI calculation is complete.

Key Features:

1. Accuracy: Eliminates manual data entry errors.

2. Efficiency: Provides instant results, suitable for high-volume environments.
3. User-Friendly: Requires no technical expertise to operate.

4. Cost-Effective: Offers a reliable alternative to expensive medical devices.

The proposed system is ideal for healthcare facilities, schools, fitness centers, and community health programs, ensuring accessibility and consistency
in BMI measurement.

Methodology

The methodology for the Automatic BMI Calculator Using Load Cell & Height Sensing involves the seamless integration of hardware and software
components to achieve efficient and accurate BMI measurement. The process is divided into the following stages:

1. System Design and Architecture

The system includes a load cell for weight measurement, an ultrasonic sensor for height detection, a microcontroller (Arduino UNO), and an LCD
display for output. The components are powered by a regulated power supply. A buzzer is used to signal the completion of BMI calculation.

2. Hardware Integration
®  Load Cell: Converts the weight into an electrical signal using a strain gauge. The signal is amplified and fed to the microcontroller.
®  Ultrasonic Sensor: Measures the distance from the sensor to the top of the user's head to calculate height.
®  Microcontroller: Processes the input data from the sensors, calculates the BMI, and controls the LCD display and buzzer.
®  LCD Display: Displays the BMI value and corresponding body type classification (e.g., underweight, normal, overweight, obese).
3. Software Development
The software is developed using the Arduino IDE and includes:
®  Sensor Data Reading: Code to read input from the load cell and ultrasonic sensor.
®  BMI Calculation: Implementation of the formula: BMI = Weight (kg) / Height? (m?)
®  Data Display: Code to display BMI and body type on the LCD screen.
®  FError Handling: Ensures accurate results by managing sensor calibration and invalid readings.
4. Workflow
e The user stands on the platform.
e The load cell measures the weight, and the ultrasonic sensor determines the height.
e The microcontroller processes the sensor data to compute BML

e The calculated BMI and body type classification are displayed on the LCD screen.
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. The buzzer alerts the user that the process is complete.

5. Testing and Validation

The system undergoes extensive testing with different individuals to ensure accuracy and reliability.

The results are compared with manually calculated BMI values to validate the system's performance.

This methodology ensures the development of an automated, efficient, and user-friendly BMI calculator suitable for various applications
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Applications

. Fitness and Health Monitoring Systems

e  Medical and Healthcare Applications

e  Weight Loss and Wellness Programs

. Automated Health Screening in Public Places
. Sports and Athletic Performance

. Smart Health Devices

. Insurance and Wellness Incentive Programs
. Mobile Health Apps and Telehealth

. Dietary and Fitness Plans (Real-Time Adjustment)

Hardware Details

The hardware components for a BMI calculator system typically include a microcontroller like Arduino or Raspberry Pi, which processes input data
and calculates BMI. A load cell with an HX711 amplifier is used to measure weight, while an ultrasonic sensor (or a manual keypad) is employed to
measure height. The system displays the calculated BMI on an LCD, OLED, or 7-segment LED display. Power is supplied through a battery, DC
adapter, or USB power, depending on the design. Input devices, such as buttons or a keypad, allow user interaction for input and control. Optional
sensors, like a heart rate sensor or temperature sensor, can provide additional health data. If data transmission is needed, a Bluetooth or Wi-Fi
module is used to sync information with external devices or cloud services. All components are housed in a plastic enclosure or a custom 3D printed
case for protection. The system is programmed using platforms like the Arduino IDE or Python for Raspberry Pi, ensuring smooth operation and real-
time BMI calculations.

Component Purpose Examples

Microcontroller Process input data and calculate BMI Arduino, Raspberry Pi, ESP32
Weight Sensor Measure user's weight Load Cell, HX711

Height Sensor Measure user's height Ultrasonic Sensor, Keypad
Display Show BMI result and categories LCD, OLED, 7-segment Display
Power Supply Provide power to the system Battery, DC Adapter, USB Power
Input Devices User interaction (e.g., reset, input height) | Buttons, Keypad

Additional Sensors Extra health measurements Temperature, Heart Rate Sensor
Communication Module | Send data to apps or cloud Bluetooth, Wi-Fi
Casing/Enclosure Protect and house components Plastic, Custom 3D Printed Case
Software Control the system functionality Arduino IDE, Python

This setup ensures that the BMI calculator system is functional, accurate, and user-friendly for real-time health monitoring applications.

Software Description

The software for a BMI calculator using Embedded C is designed to interface with sensors for weight and height measurements, perform the BMI
calculation, and display the results on an LCD screen. The system utilizes the HX711 library for reading the weight data from a load cell, and the
LiquidCrystal 12C library for displaying results on an LCD. The ultrasonic sensor is used to measure height, which is then converted to meters if
necessary. The BMI calculation is done using the formula: BMI = weight (kg) / (height (m)?). The system reads the weight and height, calculates the
BMLI, and displays the result along with the health category (e.g., underweight, normal, overweight, obese) on the LCD. The system waits for 5 seconds
between measurements and continuously updates the output. The code is written for Arduino, utilizing the HX711 for load cell readings and a 16x2
LCD display for output. It also includes basic error handling and user interaction with input via buttons or sensors. The software handles real-time
sensor readings, data processing, and user interface management effectively in Embedded C, providing an efficient BMI measurement solution.
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The Arduino Software (IDE) is an open-source platform designed for writing, compiling, and uploading code to Arduino-compatible boards. It provides
a simple, user-friendly interface with a built-in text editor for writing sketches (Arduino programs) using a simplified version of C/C++. The IDE
includes tools for compiling code, debugging, and uploading it directly to the microcontroller through a USB connection. Key features include a Serial
Monitor for real-time communication with the microcontroller, allowing developers to send and receive data during program execution. The software
also includes a library manager for integrating pre-written libraries, which simplify the use of complex components like sensors, displays, and

communication modules.

The Arduino IDE is cross-platform, supporting Windows, macOS, and Linux, and is ideal for beginners and professionals due to its versatility. The
environment provides essential functions like Verify (to check for errors in code) and Upload (to transfer code to the board). Additionally, the IDE
supports various Arduino boards, including Uno, Nano, and Mega, and can be extended to other microcontroller families by adding board definitions. It
uses the AVR-GCC compiler and offers support for third-party libraries and hardware modules.

Another powerful feature is the Sketchbook, which organizes projects and provides access to examples demonstrating the usage of sensors, displays,
and other modules. The IDE's versatility extends to advanced capabilities such as In-System Programming (ISP) and serial debugging for developing
and troubleshooting complex projects. Moreover, its community-driven development ensures regular updates and access to a rich repository of
resources. Overall, the Arduino IDE is a robust tool for developing projects in areas like IoT, robotics, automation, and embedded systems.

Simulation Result

Aspect Existing Project Proposed Project

Process Manual measurement of | Automated measurement of height and weight using sensors and
height and weight, followed | calculation by a microcontroller.
by manual calculation of
BMI using the formula.

Accuracy Prone to human errors in | High accuracy due to sensor-based data acquisition.
measurement and data entry.

Time Time-consuming, especially | Quick and efficient real-time BMI calculation.

Efficiency when handling large groups
of people.

User Requires manual input of | Requires no input; users only need to stand on the platform.

Interaction height and weight values.

Hardware Separate tools for height | Integrated system with a load cell for weight and an ultrasonic sensor for
(measuring tape) and weight | height.
(weighing scale).

Output BMI is calculated manually | BMI and body type classification (e.g., underweight, normal, overweight,
and interpreted separately. obese) displayed instantly on an LCD screen.

Error Limited error management; | Includes software logic for handling sensor errors and invalid readings.

Handling depends on user expertise.

Applications Mostly used in individual or | Suitable for large-scale applications in hospitals, schools, fitness centers,
small-scale  environments | and public health programs.
like clinics or homes.

Cost Relatively low but lacks | Slightly higher initial cost due to automation but provides long-term
scalability and convenience. | benefits in efficiency and usability.

Technology Basic tools and manual | Advanced embedded systems with microcontroller programming and
computation. sensor integration.

Scalability Limited scalability due to | Highly scalable for high-demand environments.
manual operation.
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Conclusion

The Automatic BMI Calculator Using Load Cell & Height Sensing demonstrates a significant advancement in automating BMI measurement. By
integrating a load cell for weight detection, an ultrasonic sensor for height measurement, and a microcontroller for data processing, the system ensures
accurate, fast, and user-friendly BMI calculations. The automated nature of the system eliminates human errors and reduces the time required for

measurements, making it highly suitable for high-demand environments like hospitals, schools, fitness centers, and community health programs.

The project bridges the gap between traditional manual methods and the need for modern, efficient solutions in health monitoring. It not only simplifies
BMI calculation but also provides real-time classification of body type, aiding in better health management. The inclusion of an LCD for output display

and a buzzer for user notifications further enhances usability.

This innovative solution highlights the potential of embedded systems in addressing real-world challenges. Future improvements, such as integrating
data storage and cloud connectivity, could make the system even more versatile, enabling remote monitoring and long-term health tracking. Overall, the

project serves as a reliable, cost-effective, and scalable tool for promoting health awareness and improving public health management.
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