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PAPER

Electronic Prototype of Autonomous Learning for the 
Crossing of Pedestrians with Visual Disabilities in Lima

ABSTRACT
Difficulties related to vehicular chaos and obstacles in public spaces hinder the orientation 
of visually impaired individuals, limiting their autonomy and exposing them to potential 
accidents. Considering these factors, the objective was to develop a prototype that facilitates 
autonomous learning by utilizing different electronic components. The aim is to ensure the 
safe movement of blind pedestrians, promote self-reliance, and minimize the risk of accidents. 
The proposed prototype is based on the concept of implementing intelligent traffic lights that 
detect the presence of pedestrians, allowing for safe crossing for both pedestrians and vehicles. 
The proposed circuit utilizes two ESP32 modules. One module is placed in the traffic light and 
configured as a Bluetooth master to transmit signals. It is also equipped with an ultrasonic 
sensor. The other module is located in the user’s wristband and configured as a Bluetooth slave 
to receive signals. It is also equipped with a horn. The communication between the modules 
has been developed using the C programming language for microcontrollers in the Arduino 
IDE development environment. A master-slave communication system was implemented, 
resulting in the constant reporting of the distance between the pedestrian and the sidewalk 
within the pedestrian crossing by the ultrasonic sensor. This system controls the safe crossing 
by regulating the traffic lights. The HC-SR04 ultrasonic sensor can detect distances ranging from  
2 cm to 450 cm. Therefore, the prototype can be used as a foundation for future advancements in 
various cities and contexts, ultimately benefiting blind pedestrians by improving their mobility.
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1	 INTRODUCTION

Currently, Peru lacks projects that promote the self-sufficiency of visually impaired 
individuals, address the vehicular chaos that creates noise, and fix the potholes in 
sidewalks and lanes. All of these issues hinder their orientation and make it difficult 
for them to navigate the streets of Lima. Visually impaired individuals are unable to 
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detect crosswalks on their own, and the mentioned obstacles force them to rely on a 
companion, putting them at risk of accidents. Traffic lights are essential for improv-
ing orientation and preventing accidents. In Peru, more than 47,600 traffic accidents 
were recorded in 2022 due to the majority of traffic lights being out of service or, in 
some cases, unavailable [1].

Several research studies have been carried out on the needs of visually impaired 
individuals in terms of safety and self-sufficiency in navigating public spaces [2]. 
Developing prototypes and alternative solutions can help facilitate their inclusion in 
the labor market and society. One of these initiatives is proposed in the research [3], 
where a portable assistance system based on artificial intelligence was developed 
for visually impaired individuals. This system utilizes edge computing to process 
data in real time. This system includes a pair of smart glasses, a smart cane, a mobile 
application, and a cloud-based management platform. Based on edge processing, 
data is analyzed, and responses are generated instantaneously, providing support 
and enhancing their experience in the environment where they operate.

Similarly, the smart traffic lights mentioned in [4] aim to improve traffic flow 
using advanced technology. Both initiatives share the use of innovative approaches 
to improve social aspects, such as labor inclusion and road efficiency.

In [5], the opinions of blind users were collected regarding the accessibility of 
community services and information services. The study highlighted inconveniences 
in finding people and their lack of friendliness, which hinders interaction with busi-
nesses. In [6], it was proposed to implement an intelligent preventive signaling sys-
tem on the Serpentín de Pasamayo road. Through an exhaustive analysis of traffic 
volume, accident rates, and issues related to heavy vehicles on curves, we collected 
relevant information. Using Civil 3D’s Vehicle Tracking software, we simulated the 
curve-turning maneuver. The obtained results supported the need to implement the 
proposed system in order to reduce accidents and enhance safety on the Serpentín 
de Pasamayo road. In addition, efforts have been made to enhance the accessibility 
and mobility of individuals with disabilities in urban areas by constructing accessi-
ble infrastructure and raising public awareness [7]. In addition, it aims to investigate 
the activities conducted by individuals with visual impairments and identify the fac-
tors that impact their growth. It also aims to identify the urban architectural barriers 
that hinder the orientation and mobility techniques used by these individuals [8].

In [9], a proposal was made to develop an AI-based cane that would assist visu-
ally impaired individuals. This cane would utilize a combination of camera and 
visual recognition technology. The integration of artificial intelligence and computer 
vision into this device could have a positive impact on the quality of life for visually 
impaired individuals.

In addition, as documented in [10], an advanced traffic light system was imple-
mented to address the problem of traffic congestion in Kurt, Iraq. This system uti-
lizes electronic components, including an Arduino microcontroller, a camera, and an 
infrared sensor. The system succeeded in reducing waiting times at all intersections 
and effectively coordinating traffic flow at a four-lane intersection. This coordination 
involves precisely adjusting the duration of the green light based on the volume of 
cars in each lane. This strategic adaptation facilitated the achievement of the project’s 
main objective. In [11], an intelligent traffic control system is developed based on 
density principles to effectively regulate vehicular traffic. This system utilizes multi-
ple components, such as ultrasonic sensors, an ESP8266 Wi-Fi module, an Arduino 
microcontroller, a Raspberry Pi3, an infrared sensor, a low-power microcontroller, a 
comparator, a radio communication module, and a cloud server. The implementation 
incorporates various testing methodologies, including functional, unit, integration, 
compatibility, and system testing. The objective of this system is to optimize traffic 
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flow, alleviate congestion, and minimize waiting times at traffic lights. The obtained 
results validate the system’s ability to accurately detect traffic density. Furthermore, 
the system demonstrates its capability to dynamically adjust traffic light priorities 
based on the number of vehicles in the queue, thereby enhancing its efficiency.

These initiatives collectively demonstrate a dedication to addressing the require-
ments of individuals with visual impairments. They aim to enhance their indepen-
dence, safety, and overall well-being within urban settings while also promoting 
their inclusion in different facets of society.

Therefore, the objective is to conceptualize and implement a prototype for traffic 
control. This prototype aims to help visually impaired pedestrians cross crosswalks 
safely, enabling them to develop autonomous skills. First of all, there is a need for 
a system of loudspeakers or sound devices that emit a distinctive sound to indicate 
when it is safe to cross the street. This system would allow users to autonomously 
learn to differentiate traffic light signals. In addition, a highly sensitive sensor sys-
tem has been implemented to detect the presence of pedestrians in the crosswalk 
and enable them to cross when the corresponding traffic light for automobiles is on. 
This prototype of an electric autonomous learning system can enhance road safety 
and enable safe crossing for pedestrians who are blind.

2	 METHODOLOGY

2.1	 System design

The prototype utilizes two ESP32 modules with integrated Bluetooth: an ESP32 
master that emits the control signal and another ESP32 slave that acts as the receiver. 
The operation of the traffic light is implemented using code written in the C language 
for Arduino. It involves the use of LEDs and 220-ohm resistors, a piezoelectric trans-
ducer known as a buzzer that can emit continuous tones, intermittent tones, or more 
complex sound patterns, and an ultrasonic sensor (HC-SR04) to measure the distance 
between the sensor and an object. This measurement is based on the principle of 
echolocation, as shown in Figure 1.

Fig. 1. System block diagram

The traffic light circuit we propose utilizes an HC-SR04 sensor to detect pedestri-
ans in the crosswalk and adjust the timing of the traffic lights accordingly. Figure 2 
and Table 1 show the characteristics of the sensor and its image.

The sensor works by emitting ultrasonic sound waves through its transducers 
and then detecting the resulting echo when these waves bounce off a nearby object. 
The echo is picked up by the second transducer. The distance is determined by mea-
suring the time it takes for the echo to return to the sensor [12].
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Fig. 2. Sensor HC-SR04

Table 1. Features of HC-SR04 sensor

Characteristics Sensor HC-SR04 Technical Specification

Measuring range 2 cm–450 cm

Voltage 5 VDC

Minimum trigger pulse time (TTL level) 10 μS

Output echo pulse time (TTL level) 100–25000 μS

Communication time 20 milliseconds

Detection angle 15°

Precision +- 3 mm

Ultrasonic frequency 40 Khz

Fig. 3. ESP32 module

The ESP32 module enables wireless communication between devices, such as 
smartphones, computers, laptops, and other devices, using Bluetooth communica-
tion technology. It efficiently and securely transmits data [13]. Figure 3 and Table 2.

Table 2. Features of ESP32

Characteristics ESP32

Platform IoT development module

Microcontroller Tensilica LX6 dual-core microcontroller

Inputs and Output Increased number of digital and analog pins

Communication Wi-Fi, Bluetooth, Arduino communication

Clock speed Up to 240 MHz

Memory Increased amount of RAM and flash storage

Operating voltage 3.3 V

https://online-journals.org/index.php/i-joe
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2.2	 Algorithm development

Fig. 4. Flowchart showing the development of the algorithm

The programming begins with the Bluetooth configuration of the ESP32 modules, 
and the operating modes and connection parameters are defined [14].

The transfer of proximity sensor data is initiated. The ESP32, acting as a Bluetooth 
master, collects sensor distance data to make decisions for traffic light control. 
Through programming, it can also detect nearby objects by receiving sensor data 
over the Bluetooth connection from the ESP32 slave. 

The ESP32 slave receives sensor data in this function and utilizes that informa-
tion to control the three light settings of the green, amber, and red traffic lights. 
These lights will be activated based on the data received from the Bluetooth slave. 
For example, if the proximity sensor detects an object nearby, the ESP32 slave will 
send a signal to the traffic light to activate the red light. If no object is detected, the 
green light will be activated [15]. To perform proximity reading with the sensor, we 
will utilize the following mathematical logic, along with their corresponding nota-
tions, as shown in equation 1 and Table 3.

	 v
d

t
d y m d y n� � � � �

2
; ; 	 (1)
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Table 3. Notations

Notation Meaning

d The distance traveled is twice from pedestrian to traffic light in centimeters.

y The distance required at a crosswalk is in centimeters.

t Ultrasound travel time to pedestrian.

v The speed of sound is 340m/s.

m The red LED of the vehicle traffic light will remain on and the green LED of the pedestrian 
traffic light will remain on until the reading indicates d > y = n.

n The vehicle and pedestrian traffic light LEDs will perform their regular sequence.

This creates a continuous cycle where the traffic light is updated in real time 
based on the sensor data.

The combination of the ESP32 and the proximity sensor enables the creation of 
an intelligent traffic light that adjusts to the surrounding conditions in real-time. 
This is shown in Figure 4.

2.3	 Programming

The traffic light system with Bluetooth communication consists of two parts: the 
ESP32 Master and the ESP32 Slave. It is illustrated in the ESP32 master code config-
uration (see Figure 5).

Fig. 5. ESP32 master code
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Each step in programming the ESP32 master mode is detailed below.

Fig. 6. Library inclusions and Bluetooth verification

This section includes the “BluetoothSerial.h” library that allows Bluetooth to be 
used in the ESP32. Next, it checks if the Bluetooth configuration is enabled. If it is not, 
an error message will be displayed (see Figure 6).

Fig. 7. Definition of pins and variables for ultrasonic sensor and traffic light

This section defines the pins used for the ultrasonic sensor and the LEDs of the 
traffic lights for both blinds and vehicles. A Bluetooth object named “BT” is also 
created, and a Boolean variable named “connected” is defined to verify whether 
a Bluetooth connection has been successfully established as illustrated in Figure 7.

Fig. 8. Setup() function
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The setup() function is executed only once at the start of the program. Here, the pins 
are configured as input or output as required. In addition, the Bluetooth connection 
to the remote device is established using the name “ESP32_client”. If the connection is 
successful, a success message will be printed. If the connection cannot be established 
within 10 seconds, an error message will be displayed, as shown in Figure 8.

Fig. 9. Loop() function
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The loop() function runs continuously after the setup() function. Here, it reads 
the data from the ultrasonic sensor and calculates the distance in centimeters using 
echolocation. The distance is displayed on the serial monitor, and a one-second delay 
is performed before continuing. Next, the blind traffic light control is performed 
using the pins that were defined above. The state of the LEDs is adjusted based on 
the specified order and duration for each phase of the traffic light. If a Bluetooth 
connection is established, a while loop is activated to continuously check the dis-
tance of the ultrasonic sensor. If the distance is less than 7 cm, the “ultra()” function 
is executed, and the distance is displayed on the serial monitor. Afterward, there is a 
two-second delay, and a Bluetooth reconnection attempt is made, as seen in Figure 9.

Fig. 10. Ultra() function

The ultra() function is used to perform a single measurement of the ultrasonic 
sensor. It performs the same procedure explained in the loop() function to calculate 
the distance and display it on the serial monitor (see Figure 10).

The ESP32 slave mode configuration is shown below.

Fig. 11. ESP32 slave code
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Each step in the programming of the ESP32 slave mode, as shown in Figure 11, 
is detailed below.

Fig. 12. Library import

This line includes the “BluetoothSerial.h” library, which enables Bluetooth com-
munication on the ESP32. Figure 12.

Fig. 13. Verification of the Bluetooth configuration

These lines check whether Bluetooth is enabled in the ESP32 configuration. If it is 
not enabled, an error message will be displayed as seen in Figure 13.

Fig. 14. Pin statement

These variables represent the pins to which the LEDs and the buzzer are con-
nected. Figure 14.

Fig. 15. Object of the BluetoothSerial class

An instance of the “BluetoothSerial” class called BT, is created to enable Bluetooth 
communication as seen in Figure 15.

Fig. 16. Configuration in the setup() function

In the setup() function, the components are initialized and the pins are config-
ured. The serial communication is initiated at a baud rate of 9600, which is followed 
by the activation of Bluetooth with the name “ESP32_LED_Control.” Additionally, the 
LED and buzzer pins are set as output pins, as shown in Figure 16.
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Fig. 17. Main loop loop()

In the main loop(), it checks if data is available via the Bluetooth connection. If 
data is available, the received value is read and stored in the incoming variable, as 
shown in Figure 17.

Fig. 18. LEDs and buzzer control
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Depending on the value received in “incoming”, specific actions are taken to con-
trol the LEDs and the buzzer. If the incoming value equals 48, the green LED will be 
turned on and off, and a beep tone will be emitted. If the incoming value is equal 
to 49, a similar control is performed for the yellow LED. If the incoming value is 
equal to 50, a similar control is performed for the red LED, as illustrated in Figure 18.

Fig. 19. Buzz() function

This function is used to generate sound tones using the buzzer. It takes three argu-
ments: the buzzer pin (target), the frequency of the tone in hertz (frequency), and the 
duration of the tone in milliseconds (length). It utilizes the on/off cycles of the buzzer 
pin, along with calculated delay times, to generate the desired tone (Figure 19).

2.4	 System design and implementation

The ESP32 master module transmits information via Bluetooth to the ESP32 slave 
module, which then receives the information. Additionally, the HC-SR04 ultrasonic 
sensor will establish a connection with the ESP32 master, which will verify if there 
are no pedestrians crossing the road. In addition, the buzzer will emit a unique 
sound when the corresponding-colored LEDs illuminate. Both ESP32 master-slave 
circuits can be seen in Figures 20 and 21. On the other hand, if pedestrians are 
crossing the road, the vehicular traffic light will remain on the red LED because the 
sensor detects the presence of a pedestrian at a close distance. If the sensor does not 
detect the presence of a pedestrian, the vehicular traffic light can continue its normal 
process by turning on the green LED and allowing vehicles to proceed. This system 
improves both pedestrian and vehicular safety.

Fig. 20. ESP32 master circuit
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Fig. 21. ESP32 slave circuit

3	 RESULTS AND DISCUSSION

The prototype was developed using two ESP32 master-slave modules that have 
integrated Bluetooth. This eliminates the need for an additional Bluetooth HC-05 
module. The master ESP32 emits the signal, which is then received by the slave 
ESP32. We implemented the operation of the traffic light using code in the Arduino 
IDE application. The prototype also includes a piezoelectric transducer that emits 
continuous and intermittent tones [16]. You can observe the simulation and the 
mode of use in Figures 22–25. To measure the distance, we utilize an ultrasonic sen-
sor (HC-SR04). This sensor operates on the principle of echolocation to calculate the 
distance between the sensor and an object. It is used to control the crossing of cars, 
allowing or restricting their movement. If the sensor detects pedestrians crossing the 
road when the traffic light is green, it triggers a code process, as shown in Figure 9. 
Overall, the project demonstrates the feasibility of enhancing the quality of life and 
promoting self-sufficiency among individuals by facilitating their daily activities. 
Electronic boards, such as Arduino and HC-05, can also be used because this smart 
traffic light technology is related to road safety. These boards incorporate sensors, 
cameras, and fiber optic networks to prevent possible accidents.

Fig. 22. Watch with ESP32 slave
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Fig. 23. The function of the Esp32 master in the traffic light

Fig. 24. Model

Fig. 25. Simulation
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Fig. 26. Esp32 master sending information to Esp32 slave 

Fig. 27. Esp32 slave receiving the information sent from the Esp32 master

The implementation of the circuit has proven to be beneficial for individuals 
with visual impairments. It works using ESP32 technology, facilitated through a 
Bluetooth-enabled circuit. This is illustrated in Figures 20 and 21. When the traffic 
light LED displays red, green, or yellow signals, the slave ESP32 receives the cor-
responding data from the master ESP32 and generates an audible signal to indi-
cate the color difference using a buzzer. Concerning the pedestrian detection test, 
fast communication is established as the master ESP32 transmits its signal to the 
slave ESP32. This is evident in the graphs presented in Figures 26, 27, 28. When 
the LED signal is red for vehicles, they stop, while a green LED activates pedestrian  
traffic. These states are maintained until the last person finishes crossing the cross-
walk. Subsequently, when no pedestrians are detected, the sensor resumes the reg-
ular sequence of traffic light changes for vehicles. The sequence ensures proper 
synchronization in the data flow.
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Table 4. Module comparison

Characteristics Arduino ESP32

Platform Electronic development board IoT development module

Microcontroller ATmega328P (Arduino UNO) Dual-core Tensilica LX6 microcontroller

Inputs and Outputs Limited digital and analog pins Increased number of digital and analog pins

Communication UART, SPI, I2C, serial port Wi-Fi, Bluetooth, Arduino communication

Clock speed Up to 20MHz Up to 240MHz

The ESP32 is a more powerful and versatile option compared to the Arduino UNO, 
as shown in Table 4. It features a dual-core microcontroller, a larger pin count, Wi-Fi 
connectivity with a second core for handling more complex IoT projects, Bluetooth 
capability, and compatibility with the Arduino development environment.

Fig. 28. Detection graph in centimeters

Table 5. Results table

Metrics Result

Functionality Tactile and auditory feedback based on simulated lights with Bluetooth.

Detection accuracy 85% accuracy in the detection of simulated traffic light states via Bluetooth.

Bluetooth connection Stable and reliable connection between the traffic light and the simulated device.

Usability Intuitive and accessible design and interaction for blind users.

Feedback Positive feedback on the usefulness and effectiveness of tactile and auditory feedback.

Social impact Improved road safety and accessibility for the visually impaired.

The system in question is a solution that provides tactile and auditory feedback 
based on simulated traffic lights through a Bluetooth connection. Its detection accu-
racy reaches 85% in identifying simulated traffic light states, and the Bluetooth 
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connection is characterized by its stability and reliability between the traffic light 
and the simulated device [17]. Table 5 highlights its usability, intuitive and accessible 
design, and interaction for blind users. The comments received have been mostly 
positive, with many highlighting the usefulness and effectiveness of tactile and audi-
tory feedback. In addition, this system has a significant social impact by enhancing 
road safety and accessibility for individuals with visual impairments.

4	 CONCLUSION

•	 The technology based on microcontrollers facilitates learning by providing nec-
essary orientation for blind people.

•	 This prototype focuses on portability, as the bracelet is adaptable and inter-
changeable among pedestrians who require orientation.

•	 It also has a positive impact on traffic and in areas with high transportation 
demand. Additionally, it helps ensure the safety of pedestrians, which is par-
ticularly important in densely populated cities that face congestion and traffic 
accidents.

•	 Digital wireless communication converts visual signals into auditory signals that 
a blind person can interpret and understand.

•	 In short, this technological solution addresses the prevalent lack of technology in 
the country, thereby assisting visually impaired individuals. At the same time, it 
emphasizes the significance of including citizens, ensuring their safe transit and 
benefiting them.
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