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Abstract
One major development in autonomous vehicle technology is the emergence of mobile-controlled
robotic cars and smart lane-following vehicles. To improve user control and vehicle autonomy, these
systems integrate mobile technology, computer vision, and machine learning. This review work
highlights the potential of mobile-controlled and smart lane-following robotic automobiles to transform
transportation and related sectors by examining their design, functioning, applications, and obstacles.
Autonomous driving relies heavily on smart lane-following technology, which allows cars to maintain
their lane boundaries without the need for driver interaction. Furthermore, the incorporation of mobile
control facilitates remote interaction and direction of these vehicles by users. This assessment covers
the future directions, existing applications, and technological underpinnings of robotic cars that can
follow a smart lane and be directed by a mobile device.
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INTRODUCTION

The potential of autonomous vehicles to increase transportation efficiency, safety, and convenience
has attracted a lot of interest in recent years. In the contemporary landscape of technological
advancement, robotics stands out as a field offering innovative solutions across various domains.
Among these solutions, the development of autonomous systems, such as line following robots, holds
significant promise for addressing complex challenges and enhancing productivity.

A line following robot, designed to navigate predefined paths autonomously, represents a compelling
solution for applications in industrial automation, logistics optimization, and educational exploration.
Its ability to track lines or markings on the ground using sensors enables precise navigation in dynamic
environments where manual control or fixed infrastructure may be impractical. Motivated by the
limitations of traditional navigation methods in
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These systems improve transportation's efficiency, convenience, and safety by utilising mobile
technologies, computer vision, and machine learning. Even though there are still obstacles to overcome,
continued progress should increase their potential and increase the range of uses. Smart robotic
automobiles are expected to play a major part in transportation and other areas in the future as research
and development continue.

LITERATURE SURVEY

Shivaraju et al. presented a Wi-Fi-controlled robot car for home automation, allowing users to control
it via an Android app or SMS commands. Tasks such as home security and object transportation are
facilitated. Future upgrades aim to integrate a spy camera and utilize solar power for sustainability [1].
Talele et al. developed a smartphone-controlled robot car with an ESP8266 at its core, allowing for
various tasks with minimal technology. It incorporates a front-mounted camera for live viewing on
smartphones and the capability for Wi-Fi-based control and video streaming. Challenges in surveillance
system development include ensuring dynamic functionality and mobility, especially for large areas.
The Internet of Things (loT) plays a crucial role, enabling seamless communication between the car
and mobile devices. This technology finds applications in tasks like animal rescue and zoo surveillance,
offering accessibility to otherwise restricted areas. The project utilizes an Arduino Uno motor driver
and an ESP32 camera module for efficient communication and control [2]. Dadoria proposed using a
microcontroller-based line-following robot equipped with IR sensors to deliver medicines within
hospitals efficiently. A proximity sensor detects obstacles and alarms accordingly. This system
streamlines material supply, reducing manual work and ensuring timely medication delivery, enhancing
patient care [3]. The system architecture of an autonomous car and its real-time adaptive vision system
for following roads is described by Kuan et al. The vehicle is a robotically controlled 10-ton armoured
personnel carrier [4].

COMPONENTS REQUIRED
The proposed system utilizes the following components [1]:
1. NodeMCU: Serves as the microcontroller unit, providing the computational power and
connectivity necessary for controlling the robot's operations.
2. IR sensors: These sensors are employed for line detection, enabling the robot to follow
predefined paths accurately.
3. L298 motor driver: Facilitates the control of DC maotors, allowing the robot to move along the
tracked path with precision and agility.
4. Geared DC motors: Responsible for propelling the robot forward or backward, as directed by the
microcontroller and motor driver.

FOUNDATIONS OF TECHNOLOGY
e Computer vision: The foundation of intelligent lane-following systems is computer vision. In
order to identify lane markers on the road, cameras and image processing algorithms are used.
Important methods consist of:
o Edge detection: The edges of lane markings are identified by algorithms such as Canny edge
detection.
o Hough transform: This method finds the image's straight lines, which are utilised to indicate
lane borders.
o Region of interest (ROI): To speed up processing and increase accuracy, focus on particular
regions of the image, such as the lower half where lanes are anticipated.
o Robotic learning: The ability of robotic automobiles to comprehend challenging driving settings
is improved by machine learning. Methods like:
o Convolutional neural networks (CNNs): CNNs aid in the identification of lanes, cars, and
people. They are used for object detection and image categorization [5].
o By teaching the vehicle to make judgements based on input from its surroundings,
reinforcement learning helps the vehicle become more adept at following lanes over time.
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o Robotic automobiles can communicate with mobile control systems through cell-phones or
tablets. Important technologies consist of:
= Bluetooth and Wi-Fi: Enable wireless connectivity between the automobile and the
mobile device.
= Mobile applications: Offer user interfaces for navigating, watching live video feeds, and
managing vehicle motions. Real-time tracking and navigation are made possible with
GPS integration.

Node MCU ESP8266

It is the device's central component. It offers the 10T platform. It is a Wi-Fi module with firmware for
the esp8266 inside of it. This microcontroller is connected to every other sensor. It receives the measured
values from them and uploads them all to the cloud for analysis. This board is developed by ESP8266
Opensource Community. XTOS is the name of its operating system. The ESP8266(LX106) is the CPU
[6]. This microcontroller is connected to every other sensor as shown in Figure 1 [3]. It features a 4 MB
storage capacity and 128 kb of built-in RAM.

IR Sensors (Infrared Sensor)

An IR sensor detects infrared radiation emitted or reflected by objects in their vicinity. It converts
these signals into electrical impulses for further processing. Commonly used for proximity sensing,
motion detection, and temperature measurement, IR sensors find applications in various fields,
including consumer electronics, security systems, and industrial automation, due to their reliability and
versatility as shown in Figure 2.

L298 Motor Driver

The L298 motor driver is a popular integrated circuit (IC) used to control the speed and direction of
DC motors as shown in Figure 3. It provides dual H-bridge configurations, allowing bidirectional
control of two motors or a single stepper motor. With built-in protection features such as thermal
shutdown and overcurrent protection, the L298 offers robust motor control for a wide range of
applications. It is commonly utilized in robotics, automation, and motor control projects due to its
simplicity, reliability, and versatility in driving DC motors efficiently.

Geared DC Motors

Geared DC motors are electric motors equipped with gears that reduce the motor's speed while
increasing its torque output as shown in Figure 4. These motors combine the benefits of DC motors, such
as simple control and high efficiency, with the advantages of gearing, which include increased torque and
improved precision. Geared DC motors find widespread use in applications requiring precise speed
control, high torque, and low-speed operation, such as robotics, automation, and consumer electronics.
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Figure 1. Node MCU ESP8266.
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Figure 2. IR sensor. Figure 3. Motor Figure 4. Geared DC
driver L298. motors.

PROBLEM STATEMENT

To address the challenges in modern industrial and healthcare industry, there is a need for a reliable
and autonomous system capable of navigating predefined paths with precision and efficiency. In
modern industrial and healthcare departments, the efficient management and distribution of resources
pose significant challenges. Manual handling of tasks such as material transport and medication delivery
often leads to inefficiencies, delays, and errors. Furthermore, the increasing demand for personalized
and timely patient care necessitates innovative solutions to streamline processes and enhance service
quality. In this context, the development of our line following robot presents a compelling opportunity to
address these challenges [7]. The primary problem statement revolves around the need for a reliable and
autonomous system capable of navigating predefined paths with precision and efficiency. Specifically,
there is a demand for a solution that can automate the delivery of materials, such as medication, within
healthcare facilities, ensuring timely access and minimizing reliance on manual intervention.

PROPOSED SYSTEM
Algorithm
o |Initialization:
o Setup pins and variables.
o Connect to Blynk server.
e  Setup function:
o Initialize components and Blynk.
e Blynk virtual pin handlers:
o Update mode and speed variables based on Blynk inputs.
e Main loop:
o Run Blynk tasks.
e Control car based on mode:
o In mobile control mode (0), respond to Blynk inputs for direction and speed.
o In line follower mode (1), adjust car movement based on IR sensor inputs [8-10].
e Motor control functions:
o Control car movement: left, right, forward, stop.
o Blynk inputs.

The flowchart of the proposed system is shown in Figure 5.

The block diagram of the proposed system is shown in Figure 6. The circuit diagram of the system
and its connections with the microcontroller to the sensor are shown in Figure 7 [7].
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Figure 5. Flow chart of the working algorithm.
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Figure 6. Block diagram of smart robotic car.
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Figure 7. Circuit diagram of smart robotic car.
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PROPOSED WORK
Here is a proposed work based on the project:
1. Hardware setup:
i. List the required hardware components: ESP8266 microcontroller, two IR sensors, L298
Motor driver, Toggle switch, Gear DC Motor, Jumper Wires.
ii. Provide a schematic diagram illustrating how the components are connected.
2. Software implementation:
i. Initialization:
e Set up pins and variables.
e Connect to Blynk server.
ii. Setup function:
e Initialize components and Blynk.
iii. Blynk virtual pin handlers:
e Update mode and speed variables based on Blynk inputs.
iv. Main loop:
¢ Run Blynk tasks.
e Control car based on mode:
o In mobile control mode (0), respond to Blynk inputs for direction and speed [11, 12].
o Inline follower mode (1), adjust car movement based on IR sensor inputs.
v. Motor control functions:
e Control car movement: left, right, forward, stop.
e Blynk inputs.
CODE
9#define BLYNK_PRINT Serial
#include <ESP8266WiFi.h>
#include <BlynkSimpleEsp8266.h>

#define ENA DO

#define IN1 D1

#define IN2 D2

#define IN3 D3

#define IN4 D4

#define ENB D5

#define S1 D6 // Assuming S1 pin of NodeMCU is connected to IR sensor 1
#define S2 D7 // Assuming S2 pin of NodeMCU is connected to IR sensor 2

int Speed=255; // Default speed
int mode=0; // 0 for mobile control mode, 1 for line follower mode

char auth[]="uxpEmykaQSPyWEjspp8wD-B9Z6JP7yhE"; //Enter your Blynk auth token
char ssid[]="Redmi 8A Dual"; //Enter your WIFI name

char pass[]="123456789"; //Enter your WIFI password

#define BLYNK_TEMPLATE_ID "TMPL3U5F20PZY"

#define BLYNK_TEMPLATE_NAME "ultimatec3"

void setup() {
Serial.begin(9600);
Serial.printIn(Setup started...");

pinMode(ENA, OUTPUT);
pinMode(IN1, OUTPUT);
pinMode(IN2, OUTPUT);
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pinMode(IN3, OUTPUT);
pinMode(IN4, OUTPUT);
pinMode(ENB, OUTPUT);
pinMode(S1, INPUT);
pinMode(S2, INPUT);

Blynk.begin(auth, ssid, pass, "blynk.cloud", 80);

/I Attach a function to be called whenever the virtual pin changes
Blynk.syncVirtual(V4); // Sync initial state

Serial.printIn(""Setup completed.");
}

BLYNK_WRITE(V4) {
mode=param.asint(); // Update mode based on value received from Blynk
if (mode==0) {// Mobile control mode

Serial.printIn("Switched to Mobile control mode.");

¥

}
BLYNK_WRITE(V3) {

if (mode==0) {// Mobile control mode
Speed=param.asint(); // Update the speed based on the value received from the slider
Serial.print("Speed updated to: ");
Serial.printIn(Speed);
}

}

BLYNK_WRITE(V0) {
if (mode==0) {// Mobile control mode
int forwardState=param.asint();
if (forwardState==HIGH) {
carForward();
Serial.printIn("Car moving forward.");
}else {
carStop();
Serial.printIn("Car stopped.");
}
}
}

BLYNK_WRITE(V1) {
if (mode==0) {// Mobile control mode
int leftState=param.asint();
if (leftState==HIGH) {
carLeft();
Serial.printIn("Car turning left.");
}else {
carStop();
Serial.printIn("Car stopped.");
}
}
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}

BLYNK_WRITE(V2) {
if (mode==0) {// Mobile control mode

int rightState=param.asint();
if (rightState==HIGH) {

carRight();

Serial.printIn("Car turning right.");
}else {

carStop();

Serial.printIn("Car stopped.");

¥
¥
by

void loop() {
Blynk.run();

if (mode==1) {// Line follower mode

if (digitalRead(S1)==HIGH &&digitalRead(S2)==LOW) {
carLeft();
Serial.printIn("Line follower mode: Car turning left.");

} else if (digitalRead(S1)==LOW &&digitalRead(S2)==HIGH) {
carRight();
Serial.printIn(""Line follower mode: Car turning right.");

Yelse {
carForward();
Serial.printIn("Line follower mode: Car moving forward.");

¥
¥
¥

void carLeft() {
analogWrite(ENA, Speed);
analogWrite(ENB, Speed);
digitalWrite(IN1, LOW);
digitalWrite(IN2, HIGH);
digitalWrite(IN3, HIGH);
digitalWrite(IN4, LOW);
}

void carRight() {
analogWrite(ENA, Speed);
analogWrite(ENB, Speed);
digitalWrite(IN1, HIGH);
digitalWrite(IN2, LOW);
digitalWrite(IN3, LOW);
digitalWrite(IN4, HIGH);
}

void carBackward() {
analogWrite(ENA, Speed);
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analogWrite(ENB, Speed);
digitalWrite(IN1, HIGH);
digitalWrite(IN2, LOW);
digitalWrite(IN3, HIGH);
digitalWrite(IN4, LOW);
}

void carForward() {
analogWrite(ENA, Speed);
analogWrite(ENB, Speed);
digitalWrite(IN1, LOW);
digitalWrite(IN2, HIGH);
digitalWrite(IN3, LOW);
digitalWrite(IN4, HIGH);
}

void carStop() {
digitalWrite(IN1, LOW);
digitalWrite(IN2, LOW);
digitalWrite(IN3, LOW);
digitalWrite(IN4, LOW);
}

PROJECT OUTPUT

Figure 8 presents the proposed robotic car. The line follower mode is shown in Figure 9. Figure 10
represents the application interface by which we control the car in mobile control mode. Figure 11(a)
shows representation how to assign virtual pins. Figure 11(b) shows Website Dashboard Interface
Figure 12 shows Device Information Interface. Figure 13 shows utilization of e-yantra resource
development centre. Figure 14 shows Participation in Avishkar Competition.

Figue 8. Describe hardware of robotic car.

Figure 9. Describe how the robotic car follow line.
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Figure 11. (a) Website DataStream Interface, (b) Web dashboard.
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CONCLUSION

In conclusion, our proposed design for a line following robot offers a promising solution to the
challenge of autonomous navigation along predefined paths. By leveraging advanced control algorithms
and sensor technologies, the robot demonstrates efficient line tracking capabilities, with potential
applications in industrial automation, logistics, health care and education. Further development and
experimentation are necessary to validate the effectiveness and reliability of the proposed system in

real-world scenarios.
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Figure 14. Participation in Avishkar competition.
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