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Speed Measurement of a Moving Object Using Arduino
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Abstract

This research paper presents the design, construction, and testing of a low-cost and reliable system for
measuring the speed of moving objects using an integrated Arduino microcontroller. The project
employs infrared (IR) sensors as optical photogates to detect the time taken by an object to travel
between two fixed points, allowing the Arduino to calculate the speed using basic timing algorithms.
The design provides an affordable and educational alternative to expensive commercial instruments.
The system finds applications in laboratory experiments, traffic speed monitoring, robotics, and
automation. Experimental results demonstrate that the system achieves accuracy within a £3% error
margin when properly calibrated. An Arduino board, IR transmitter-receiver sensor pairs, a display
interface, and other electronic parts make up the hardware architecture. The software is designed to
guarantee accurate timing, data processing, and speed computation in real time. Applications for the
suggested device are numerous and include motion analysis systems, robotics, industrial automation,
traffic speed monitoring, and physics lab studies. The system delivers dependable performance with
accuracy within a £3% error margin, according to the findings of experimental testing and calibration
carried out under varied operating conditions. The results verify that the suggested design is accurate,
affordable, and useful for technical and educational applications.

Keywords: Arduino, automation, IR sensor, microcontroller, photogate, real-time measurement, robotics,
speed measurement

INTRODUCTION

Speed measurement is a fundamental requirement in numerous engineering and scientific domains,
including transportation systems, robotics, automation, and experimental physics. Although highly
accurate, traditional instruments such as radar guns and Doppler velocimeters are often expensive and
require specialized expertise and calibration [1-3].

With the emergence of open-source hardware platforms such as Arduino, it has become possible to
design affordable and flexible instrumentation systems for various measurement applications. The
proposed system uses two IR sensors placed at a fixed distance from each other. As a moving object
passes both sensors sequentially, the Arduino
records [4, 5] the timestamps for each event and
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computes the speed using the following formula:
v =d/At

Where, v is the velocity, d is the distance between
the sensors, and (At) represents the time interval
between detections.

The system is simple to construct, uses minimal
electronic components, and delivers satisfactory
accuracy for academic and practical applications
[6-9].

OBJECTIVES
To design and implement a system using Arduino
Uno that accurately measures the speed of a moving
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object by calculating the time taken to travel a known distance using appropriate sensors [10].

e To study and understand the working principles of Arduino Uno and its interfacing with various
sensors (e.g., IR and ultrasonic sensors).

e A setup was designed to measure the time taken by a moving object to pass between two fixed
points.
To calculate the speed of the object using the formula: Speed = Distance/time

e The measured speed was displayed on an output device such as an LCD screen or serial monitor.
To develop and test the Arduino code that reads the sensor input, calculates the time and speed,
and displays the results.

LITERATURE REVIEW
Speed measurement systems have been developed for diverse applications such as traffic control,
robotics, and automation. Researchers have explored various approaches to achieve low-cost, contactless
velocity measurements. The measurement of the speed of moving objects is a fundamental requirement
in various fields such as transportation systems, robotics, sports, and physics experiments. Traditional
speed measurement methods involve high-end radar guns or laser sensors, which are often expensive and
complicated. In contrast, microcontroller-based solutions, such as those using Arduino Uno, offer low-
cost and flexible alternatives suitable for educational and small-scale applications [11]. Several studies
and projects have explored the use of Arduino Uno for speed measurements using different types of
sensors. The most common method involves placing two sensors at a known distance. When a moving
object crosses the first sensor, the timestamp is recorded. When it crossed the second sensor, another
timestamp was recorded. The Arduino then calculates the speed using the time difference and known
distance [12].
e A microcontroller-based IR sensor system for vehicle speed detection to enhance road safety [13].
e A contactless conveyor speed measurement technique using photodiode sensors [14].
o The flexibility and cost efficiency of Arduino-based prototyping for sensor applications [15] is
well established.
e The Ultrasonic and IR sensor systems demonstrate that IR sensors perform better for short-range
detection [16].

SYSTEM COMPONENTS

Arduino Uno: Acts as the primary controller for data acquisition and computation (Figure 1).
Infrared (IR) sensors (two units): Function as photogates to detect object motion (Figure 2).
IR obstacle detection sensor module used for proximity sensing.

16x2 LCD: Displays real-time speed readings (Figure 3).

Breadboard and jumper wires: Facilitate circuit prototyping and connections (Figure 4).
Power source: 5 V DC or USB power supply (Figure 5).

Moving object: A wheeled car used for testing and calibration (Figure 6).

Figure 1. Arduino Uno.
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Figure 4. Breadboard and jumper wires.

Figure 5. Power source.
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Figure 6. A wheeled car used for testing.
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Figure 7. Block diagram of the speed measurement system.

Working Principle

Each IR sensor comprised an infrared LED and a photodiode. When an object passes through the
beam, it interrupts the infrared signal, triggering a change in the sensor output (Figures 2—6). When the
first sensor detects an object, the Arduino records the first time (t1). When the second sensor is
triggered, it records the second time (t2). The Arduino calculates the speed as

V = distance/time difference
V = D/At (from Figure 7).
Where, d = 0.1 m (distance between the sensors). The results were displayed on an LCD screen and

sent to a serial monitor for analysis (Figure 2).

Arduino Program Code
#include <LiquidCrystal.h>

LiquidCrystal lcd(12, 11, 5, 4, 3, 2);

volatile unsigned long t1 =0, t2 = 0;
volatile bool first = false;

const float distance = 0.50; //50 cm= 0.5 m

void setup() {
lcd.begin(16, 2);
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Serial.begin(9600);

pinMode(7, INPUT);
pinMode(8, INPUT);
}

void loop() {
if (digitalRead(7) == LOW && first == false) {
t1 = micros();
first = true;

while (digitalRead(7) == LOW);
J

if (digitalRead(8) == LOW && first == true) {
t2 = micros();

unsigned long timeDiff =12 - t1;
float speed = distance / (timeDiff / 1000000.0);

led.clear();
lcd.setCursor(0, 0);
lcd.print("Speed:");

lcd.setCursor(0, 1);
led.print(speed);
led.print(" m/s");

Serial.print("Speed (m/s): ");
Serial.println(speed);

first = false;
delay(1000);

H
H

EXPERIMENTAL SETUP
A small wheeled cart was used to move through two IR sensors placed 0.5 m apart. The Arduino
measured the time difference between the sensor triggers to calculate the speed [17-20].

For validation, manual speed measurements using a stopwatch were compared with the Arduino
readings. The results showed that the Arduino-based measurements deviated by less than +3% from the
manual calculations, confirming good accuracy and repeatability. The experimental setup for measuring
the speed of a moving object using an Arduino typically uses two sensors (such as infrared or ultrasonic)
placed at a fixed distance apart to measure the time it takes for an object to travel between them.

APPLICATIONS
e Traffic speed detection systems.
Robotic motion control and feedback systems.
Educational physics laboratories for kinematic studies.
Industrial automation and conveyor belt speed monitoring.
Sports performance analysis (e.g., measuring object or athlete velocity).
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Robotics and automation.

Speed measurement systems (e.g., moving objects, toy cars).
Temperature, humidity, and environmental monitoring.
Internet of Things (IoT) projects and data logging.
Educational kits for electronics and programming learning.

ADVANTAGES

e Simple, portable, and low-cost design.
Real-time and accurate measurements.
Easy assembly and calibration.
Suitable for beginners and academic experiments.
Expandable for automation and IoT applications.
Easy to interface with microcontrollers (Arduino, PIC, etc.).
Readable alphanumeric display.
Backlit display allows usage in low-light conditions.
Characters remain visible without constant refresh.
Cost-effective and widely available.

LIMITATIONS

Limited range due to IR sensor constraints.

e Susceptible to interference from ambient light.
Requires precise sensor alignment.
Unsuitable for high-speed or long-range measurements.
Needs calibration for different object sizes and materials.
Sensitivity to strong sunlight (affecting IR sensors).
Reduced precision for very high-speed objects due to sensor response time.
Ambient light interfering with IR sensors.
Irregular movement of the object (bouncing or vibration).
Suitable only for small distances.

RESULTS

The system demonstrated reliable performance at speeds ranging from 0.2 to 5.0 m/s, maintaining an
average accuracy of £3%. The accuracy of this method largely depends on the sensor placement,
environmental lighting, and timing resolution.

A comparative analysis with manual stopwatch readings confirmed the consistency and repeatability
of the results. The project validates Arduino’s potential for low-cost, real-time instrumentation and
educational applications using IR sensors to measure the time taken by an object to travel a set distance.

CONCLUSION

In this study, we successfully designed and implemented an Arduino-based speed measurement
system using IR sensors. This project proved that such a system is both affordable and accurate for
small-scale applications. The experimental results confirmed that the system provided reliable data
within a reasonable margin of error. Its simplicity, flexibility, and educational value make it a valuable
tool for engineering students, educators, and automation developers alike.

Feasibility and Effectiveness
The project successfully demonstrated the use of an Arduino microcontroller and sensors (such as IR
or ultrasonic) to detect a moving object and calculate its speed in real time.

Principle Application
Speed is typically calculated by measuring the time taken for an object to travel a fixed, known
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distance between two points (using two IR sensors) or by measuring changes in distance over a fixed
time interval (using a single ultrasonic sensor).

Accuracy and Limitations

The system’s accuracy can be high under ideal conditions (e.g., proper sensor calibration, consistent
environment, and appropriate object size/shape) but may decrease owing to factors such as the distance
from the sensor, ambient temperature (for ultrasonic), or the object’s surface characteristics.

Automation and Monitoring

The system provides an automated solution for continuous monitoring, thereby reducing the need for
manual measurements. The calculated speed can be displayed on an LCD screen, and optional alerts
(such as a buzzer or LED) can be integrated for over-speeding conditions.

Educational Value and Versatility

This project offers a practical, hands-on introduction to the integration of hardware and software
using an embedded system platform. It is a versatile tool with applications ranging from hobbyist
projects and scientific experiments to basic traffic-management systems.

Future Scope

The system can be extended with features such as data logging, camera integration to capture number
plates, or wireless communication (IoT) for remote monitoring.

o Integration with wireless modules (Bluetooth, Wi-Fi) for remote monitoring.

e Use of laser or ultrasonic sensors for extended measurement range.

o Implementation of data logging and graphical interfaces.

e Deployment of multi-sensor arrays for trajectory tracking.

e Use of machine learning for predictive motion analysis.
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