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Abstract: This paper presents the design and simulation of a smart traffic light using the Arduino
UNO platform in the Tinkercad virtual environment. The project implements an adaptive regulation
system of the duration of the light signals depending on the traffic density, simulated by means of
two potentiometers. The goal is to optimize the waiting time at intersections and streamline road
traffic.
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1. INTRODUCTION

In the context of the rapid development of urban centers and the exponential increase in
the number of vehicles, road traffic management has become one of the most pressing
challenges of the 21st century. Modern cities are faced daily with traffic jams, delays, increased
pollution and a decrease in the quality of life of citizens, mainly caused by the inefficiency of
transport infrastructure and traditional road signaling systems [1].

Conventional traffic lights, based on preset times, are not able to respond dynamically to
fluctuating traffic volumes, which leads to significant losses of time and fuel. For example, a
vehicle can wait at a red traffic light in the absence of other traffic participants from adjacent
directions, which denotes an inefficient use of signaling time. In this context, smart traffic lights
come as a modern and scalable solution for optimizing road flow and reducing the negative
impact of traffic on the environment [2].

Intelligent traffic light systems are capable of monitoring traffic in real time and adapting
signaling based on data collected from various sensors: proximity sensors, video cameras,
ultrasonic sensors, magnetic sensors embedded in the roadway or even communication modules
with intelligent vehicles [3]. This data is processed by microcontrollers or embedded systems,
which determine the optimal signaling times, so as to reduce waiting times, fuel consumption
and, implicitly, polluting gas emissions [4].

In this context, Arduino represents an ideal platform for the development and prototyping
of these intelligent systems, due to its low cost, flexibility and accessibility. Arduino is an open-
source development platform, based on microcontrollers (such as ATmega328), which can be
easily programmed using the C/C++ language and the Arduino IDE development environment
[5]. Arduino projects can include multiple components, such as LEDs, sensors, LCD displays,
wireless communication modules, and more, making this platform a popular choice in both
academia and industry for rapid prototyping and functional applications [6].

A typical Arduino-based smart traffic light system involves several essential components:
a microcontroller that coordinates the operation of the system, vehicle detection sensors for
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each lane or direction of travel, RGB LEDs to represent the traffic light, communication
modules (such as ESP8266 for Wi-Fi or NRF24L01 for RF), and, optionally, a display to count
the time remaining until the traffic light color changes [7]. Through programmed code, the
system can collect data from the sensors and decide, in real time, how long a certain color
should remain active based on the existing traffic.

Moreover, modern smart traffic light systems can be integrated into wider 10T (Internet of
Things) networks by connecting them to centralized monitoring platforms. Thus, data can be
collected from multiple intersections and traffic lights can be coordinated to form so-called
"green waves", which allow the smooth transit of vehicles on congested routes, depending on
the time intervals and predominant travel directions [8].

The integration of these technologies into urban infrastructure brings multiple benefits:
> Reducing waiting times at traffic lights;

> Reducing fuel consumption and polluting emissions;
> Increasing road safety by reducing conflicts at intersections;
> Prioritizing emergency vehicles (ambulances, firefighters) by automatically recognizing

them using RFID or radio signals [9].

Also, smart traffic light systems can be extended to include pedestrian signaling,
pedestrian detection at crossings, integration with mobile applications or audible signaling for
people with disabilities, thus contributing to the development of smart and accessible cities
[10].

In conclusion, Arduino-based smart traffic lights represent a feasible and effective
solution for modern urban traffic management. They combine the advantages of embedded
technology with the real needs of transport infrastructure and provide an excellent platform for
research, development and education in the field of smart systems.

This project aims to explore the architecture, operation and practical implementation of
such a system, demonstrating its viability in an experimental context.

2. MATHERIALS AND METHODS

2.1. COMPONENTS USED
The electronic components used in the project are the following:
Arduino UNO;
6 LEDs (red, yellow, green for two directions);
2 potentiometers (traffic A and traffic B);
Breadboard; 220 ohm resistors;
Connection wires;

AN N NN

Arduino UNO is an open-source development board based on the ATmega328P
microcontroller. It features 14 digital pins (of which 6 can be used as PWM), 6 analog inputs,
a 16 MHz crystal, a USB connection, a power jack, and a reset button. Arduino UNO is ideal
for educational projects and rapid prototyping due to the simplicity of programming in the
Arduino C/C++ language and the rich ecosystem of resources. In table 1 is presented a
comparison with other Arduino boards:
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Table 1. Presentation of characteristics of arduino types

Features Arduino UNO Arduino Nano Arduino Mega 2560
Microcontroller ATmega328P ATmega328P ATmega2560
Digital 1/0 Pins 14 14 54

Analog Input Pins 6 8 16
Flash Memory 32 KB 32 KB 256 KB
USB Port USB Type B Mini USB USB Type B
Dimensions 68.6 X 53.4 mm 45 x 18 mm 101.5 x53.3 mm

2.2. CONNECTION DIAGRAM

Figure 1 shows the connection diagram between the electronic components.
v The LEDs are connected to the digital pins D2-D7;
v’ The potentiometers are connected to the analog pins A0 and Al.

‘PIR)| | (PIR)

Fig. 1. The connection diagram

2.3. THE CONTROL ALGORITHM
The algorithm reads the values from the potentiometers and determines, based on the

difference between them, the duration of the green signal for each direction. Thus:
v If traffic A >> traffic B => green A 7s, green B 3s;
v If traffic B >> traffic A => green A 3s, green B 7s;
v If traffic is balanced => 5s for both directions.
The Arduino program was developed in the Tinkercad environment and is presented below. It
implements the described logic and controls the LEDs based on the received analog values.
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// Pin sensor Pir

if (valh == HIGH && valv == LOW) {

int sh = 2; Serial.println("Aumentar
intsv=3; Horizontal");

// Valori de la senzori thl =thl * 2;

int valh = 0; th2 =th2 * 2;

int valv = 0; } else if (valh == LOW && valv ==
// Pin semaphore vertical HIGH) {

intrv=>5; Serial.printin("Aumentar

int av = 6; Vertical");

intvw=7; tvl=tvl * 2;

// Pin semaphore horizontal

tv2=1tv2 * 2;

intrh=11; }

intah=12; semaphoreHorizontal(th1, th2);
intvh =13; semaphoreVertical(tvl, tv2);

void setup() }

{ void semaphoreHorizontal(int t1, int

for (inti=>5;i<=13;i++){
pinMode(i, OUTPUT),
}
pinMode(sh, INPUT);
pinMode(sv, INPUT);
Serial.begin(9600);

t2) {

digitalWrite(rv, HIGH);
digitalWrite(vh, HIGH);

delay(t1);

digitalWrite(vh, LOW);

digitalWrite(ah, HIGH);

} delay(t2);
void loop() digitalWrite(rv, LOW);
{ digitalWrite(ah, LOW);

valh = digitalRead(sh);
valv = digitalRead(sv);
Serial.print("Horizontal: ");
Serial.println(valh);
Serial.print("Vertical: ");
Serial.printIn(valv);
Serial.printin();

int th1 = 3000;

}

void semaphoreVertical(int t1, int
2) {

digitalWrite(rh, HIGH);
digitalWrite(vv, HIGH);
delay(tl);

digitalWrite(vv, LOW);
digitalWrite(av, HIGH);

int th2 = 400; delay(t2);
int tvl = 3000; digitalWrite(rh, LOW);
int tv2 = 400; digitalWrite(av, LOW);

The project was built and tested in Tinkercad Circuits. The platform allows for the simulation
of electronic circuits and testing of code in real time. The traffic light behavior was correct,
with changes in the potentiometers being directly reflected in the duration of the green signal.p
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Fig. 3. Horizontal semaphore green light on — vertical semaphore red light

3. CONCLUSIONS
The project demonstrates the feasibility and efficiency of a simple smart traffic light

system. The use of Arduino and Tinkercad provides an accessible platform for learning and
testing. The model can be extended by including real sensors (IR, ultrasonic) or integrating into

an loT system.
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