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Abstract: This Roadway safety remains a critical concern worldwide, with millions of accidents occurring 

annually, leading to significant loss of life and economic damage. Conventional directional indicator 

systems, reliant on manual control or mechanical switches, often fall short in providing timely and accurate 

directional information to other road users, resulting in confusion and potential accidents. To address this 

challenge, the project "Advancing Roadway Safety through Intelligent Directional Vehicle Indicators" 

proposes a novel solution leveraging advanced technologies such as the ESP32 microcontroller and the 

ADXL345 accelerometer. This project aims to develop a robust system capable of accurately detecting and 

signaling left and right turns in real-time, thereby enhancing situational awareness and reducing the risk of 

accidents caused by signaling errors or ambiguity. The system integrates hardware components including 

the ESP32 controller, ADXL345 accelerometer, and OLED display, along with software components 

comprising firmware for the ESP32, algorithms for directional detection using accelerometer data, and 

display logic for the OLED display. Through a comprehensive methodology involving calibration of the 

accelerometer, data processing, and integration of hardware and software components, the system achieves 

enhanced safety, reliability, integration, and efficiency. Experimental results demonstrate the effectiveness 

of the proposed system in providing accurate and timely directional indicators, with minimal false positives 

or negatives under various environmental conditions. The project contributes to advancing roadway safety 

and lays the foundation for the widespread adoption of intelligent transportation systems, offering 

significant potential for reducing accidents and improving the efficiency of transportation networks 

 

Keywords: Roadway safety 

 
I. INTRODUCTION 

Roadway safety is a paramount concern globally, with millions of accidents occurring each year, resulting in significant 

loss of life and economic damage. Traditional vehicle indicator systems, while effective to some extent, often fail to 

provide timely and accurate directional information to other road users, leading to confusion, misinterpretation, and 

ultimately, accidents. In response to this critical issue, the project "Advancing Roadway Safety through Intelligent 

Directional Vehicle Indicators" proposes a novel solution leveraging advanced technologies such as the ESP32 

microcontroller and the ADXL345 accelerometer. 

Importance of Roadway Safety: Roadway safety is a fundamental aspect of modern transportation systems, 

influencing the lives of millions on a daily basis. Accidents on roads not only result in loss of life and property but also 

disrupt societal well-being and economic stability. Moreover, the impact of road accidents extends beyond 

immediate casualties, affecting families, communities, and healthcare systems. Therefore, enhancing roadway safety is 

not just a matter of regulatory compliance but a moral imperative and a societal responsibility. 

Need for Intelligent Directional Indicators: Conventional directional indicators, primarily relying on mechanical 

switches or manual control, are inherently limited in their ability to provide precise and timely directional information. 

Factors such as forgetfulness, distraction, or negligence can lead to delayed or incorrect signaling by drivers, 

contributing to confusion and accidents on the road. Furthermore, in adverse weather conditions or low visibility 

scenarios, traditional indicator systems may become less effective, exacerbating the risk of collisions. 
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The advent of intelligent transportation systems (ITS) has opened up new avenues for improving roadway safety 

through the integration of smart technologies. By leveraging sensors, microcontrollers, and data processing 

algorithms, intelligent directional indicators can provide real-time, automated, and reliable signaling, enhancing 

situational awareness and reducing the likelihood of accidents. Such systems not only benefit individual drivers but 

also contribute to the overall efficiency and resilience of transportation networks. 

Objectives of the Project: The primary objective of the project is to develop a robust and efficient system for 

intelligent directional vehicle indicators that can accurately detect and signal left and right turns in real- time. 

Specifically, the project aims to achieve the following goals: 

Enhanced Safety: Implement a system that significantly improves the safety of roadway users by providing timely and 

accurate directional indicators, thereby reducing the risk of accidents caused by signaling errors or ambiguity. 

Reliability: Develop a system that operates reliably under various environmental conditions, including different road 

surfaces, weather conditions, and vehicle speeds, ensuring consistent performance and minimal false positives or 

negatives. 

Integration: Seamlessly integrate the hardware and software components of the system to create a user- friendly and 

easily deployable solution that can be retrofitted into existing vehicles or incorporated into new vehicle designs. 

Efficiency: Optimize the system for efficient power consumption, computational resources utilization, and signal 

processing to minimize overheads and maximize the longevity of the vehicle's electrical system. 

By achieving these objectives, the project aims to make a significant contribution to advancing roadway safety and 

paving the way for the widespread adoption of intelligent transportation systems. 

 

III. BLOCK DIAGRAM 

Fig: Block Diagram 

 

Problem Statement 

Highlight statistics and trends related to road accidents and fatalities. Discuss common causes of accidents (e.g., 

distracted driving, impaired driving, poor road conditions) 

 

COMPONENTS USED IN PROJECT  

 ESP32 Dev Module 

 ADXL345 Accelerometer 

 5V Converter 

 Oled Display 
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 Relay 

 LED 

 Battery 

 Buzzer 

 Diode 

 Resistor 

 Switch 

 Header Strips 

 Connectors 

 Connecting wires 

 

IV. SOFTWARE SPECIFICATIONS 

 Arduino IDE 

 MC Programming Language: Embedded C 

 

V. INTRODUCTION TO ARDUINO 

 

ESP32 is a low-cost System on Chip (SoC) Microcontroller from Espressif Systems, the developers of the famous 

ESP8266 SoC. It is a successor to ESP8266 SoC and comes in both single-core and dual-core variations of the 

Tensilica’s 32-bit Xtensa LX6 Microprocessor with integrated Wi-Fi and Bluetooth. 

The good thing about ESP32, like ESP8266 is its integrated RF components like Power Amplifier, Low-Noise Receive 

Amplifier, Antenna Switch, Filters and RF Balun. This makes designing hardware around ESP32 very easy as you 

require very few external components. 

Another important thing to know about ESP32 is that it is manufactured using TSMC’s ultra-low-power 40 nm 

technology. So, designing battery operated applications like wearables, audio equipment, baby monitors, smart 

watches, etc., using ESP32 should be very easy. 

 

Specifications of ESP32 

 ESP32 has a lot more features than ESP8266 and it is difficult to include all the specifications in this Getting 

Started with ESP32 guide. So, I made a list of some of the important specifications of ESP32 here. But for 

complete set of specifications, I strongly suggest you to refer to the Datasheet. 

 Single or Dual-Core 32-bit LX6 Microprocessor with clock frequency up to 240 MHz. 

 520 KB of SRAM, 448 KB of ROM and 16 KB of RTC SRAM. 

 Supports 802.11 b/g/n Wi-Fi connectivity with speeds up to 150 Mbps. 
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 Support for both Classic Bluetooth v4.2 and BLE specifications. 

 34 Programmable GPIOs. 

 Up to 18 channels of 12-bit SAR ADC and 2 channels of 8-bit DAC 

 Serial Connectivity include 4 x SPI, 2 x I2C, 2 x I2S, 3 x UART. 

 Ethernet MAC for physical LAN Communication (requires external PHY). 

 1 Host controller for SD/SDIO/MMC and 1 Slave controller for SDIO/SPI. 

 Motor PWM and up to 16-channels of LED PWM. 

 Secure Boot and Flash Encryption. 

 Cryptographic Hardware Acceleration for AES, Hash (SHA-2), RSA, ECC and RNG. 

 

Different Ways to Program 

A good hardware like ESP32 will be more user friendly if it can be programmed (writing code) in more than one way. 

And not surprisingly, the ESP32 supports multiple programming environments. 

Some of the commonly used programming environments are: 

 Arduino IDE 

 PlatformIO IDE (VS Code) 

 LUA 

 MicroPython 

 Espressif IDF (IoT Development  Framework) 

 JavaScript 

As Arduino IDE is already a familiar environment, we will use the same to program ESP32 in our upcoming projects. 

But you can definitely try out others as well. 

 

ESP32 DevKit – The ESP32 Development Board 

Espressif Systems released several modules based on ESP32 and one of the popular options is the ESP-WROOM-32 

Module. It consists of ESP32 SoC, a 40 MHz crystal oscillator, 4 MB Flash IC and some passive components. 

The good thing about ESP-WROOM-32 Module is the PCB has edge castellations. So, what third-part manufacturers 

do is take the ESP-WROOM-32 Module and design a break-out board for this module. 

One such board is the ESP32 DevKit Board. It contains the ESP-WROOM-32 as the main module and also some 

additional hardware to easily program ESP32 and make connections with the GPIO Pins. 

 

Pin out 

I will make a separate dedicated tutorial on ESP32 Pinout. But for the time being, take a look the pinout diagram of the 

ESP32 Development Board. 

 
This pinout is for the 30 – pin version of the ESP Board. In the pinout tutorial, I will explain the pin out of both the 30 – 

pin as well as the 36 – pin version of the ESP Boards. 
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Introducing the 0.96 inch OLED display

The organic light-emitting diode (OLED)

0.96-inch display with 128×64 pixels as shown in the following

The OLED display doesn’t require backlight,

its pixels consume energy only when they

with other displays. 

The model we’re using here has only four

There are models that come with an extra RESET pin. There are also

communication. 

Pin wiring 

Because the OLED display uses I2C 

Pin 

Vin 

GND 

SCL 

SDA 
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VI. CIRCUIT DIAGRAM 

Fig: circuit diagram 

OLed Display 

display 

diode (OLED) display that we’ll use in this tutorial is the SSD1306 model: a monocolor, 

with 128×64 pixels as shown in the following figure 

display doesn’t require backlight, which results in a very nice contrast in dark environments. Additionally, 

they are on, so the OLED display consumes less power 

four pins and communicates with the Arduino using I2C

come with an extra RESET pin. There are also other OLED displays that

Wiring to Arduino Uno 

5V 

GND 

A5 

A4 
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SSD1306 model: a monocolor, 

environments. Additionally, 

 when compared 

and communicates with the Arduino using I2C communication protocol. 

that communicate using SPI 
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communication protocol, wiring is very simple. You just need to connect to the Arduino Uno I2C pins as shown in the 

table below. 

If you’re using a different Arduino board, make sure you check the correct I2C pins: 

Nano: SDA (A4); SCL (A5); 

MEGA: SDA (20); SCL (21); 

Leonardo: SDA (20); SCL (21); 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Libraries 

To control the OLED display you need the adafruit_SSD1306.h and the adafruit_GFX.h libraries. Follow the next 

instructions to install those libraries. 

Open your Arduino IDE and  go to Sketch > Include Library > Manage Libraries. The Library Manager should open. 

Type “SSD1306” in the search box and install the SSD1306 library from Adafruit. 

After installing the SSD1306 library from Adafruit, type “GFX” in the search box and install the library. 

After installing the libraries, restart your Arduino IDE. 

 

VII. RELAY MODULE 

Relay is one kind of electro-mechanical component that functions as a switch. The relay coil is energized by DC so that 

contact switches can be opened or closed. A single channel 5V relay module generally includes a coil, and two contacts 

like normally open (NO) and normally closed (NC). This article discusses an overview of the 5V relay module & its 

working but before going to discuss what is relay module is, first we have to know what is relay and its pin 

configuration. 

 

What is a 5V Relay? 

A 5v relay is an automatic switch that is commonly used in an automatic control circuit and to control a high- current 

using a low-current signal. The input voltage of the relay signal ranges from 0 to 5V. 

 

VIII. ADVANTAGES 

The advantages of the relay module include the following. 

 A remote device can be controlled easily 

 It is triggered with less current but it can also trigger high power machines 

 Easily contacts can be changed 

 At a time, several contacts can be controlled using a single signal 

 Activating part can be isolated 
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 It can switch AC or DC 

 At high temperatures, it works very well 

 

IX. DISADVANTAGES 

The disadvantages of the relay module include the  following. 

 When contacts of relay modules are used  overtime then they may damage 

 Noise can be generated through the opening & closing of the contacts. 

 Time taken for switching is High 

 

X. APPLICATIONS 

Relay modules are used in different applications which include the following. 

 Used in over voltage/under voltage protection system 

 Mains Switching 

 Speed control of motors through start-delta converters 

 Automatic electrical appliances 

 Electrical isolation in between high & low power sources 

 Lights 

 AC voltage load switching using less voltage DC 

 Delivery of Isolated power 

 Home automation projects 

 Switching with High Current 

 

XI. FUTURE SCOPE 

In the future, there will be very large scope, this project can be made based on AI. The system holds promising future 

scope, with potential advancements in AI, sensor technologies, and connectivity. Integration with autonomous vehicles, 

real-time traffic data, and enhanced predictive analytics could further improve road safety by providing timely and 

accurate information to drivers. 

Additionally, the system could evolve to incorporate smart infrastructure, facilitating better traffic management and 

reducing accidents through proactive hazard detection. Continued research and development may lead to a more 

comprehensive and adaptive safety system for future roadways. Also it will be 

 Improving Turn Signal Accuracy: The system will ensure that vehicle turn signals are activated at the right 

time and for the appropriate duration, reducing the likelihood of accidents due to misunderstood or missed 

signals. 

 Lane Change Assistance: The system will provide real- time assistance to drivers when changing lanes, 

helping them make safe and well-informed decisions. 

 Integration with Surroundings: It will incorporate data from other vehicles and infrastructure, enabling 

vehicles to communicate and cooperate with each other, further enhancing road safety. 
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 Alerts and Warnings: The system will provide audible and visual warnings to drivers in critical situations, 

such as potential collisions or unsafe lane changes. 

 Data Analysis and Reporting: The project will collect and analyze data to identify patterns and trends in road 

safety, helping authorities make informed decisions for traffic management and safety improvements 
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