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ABSTRACT 
The project highlights the technology that prevents train collisions using the distance measurement between trains on the line. The KAVACH system consists of RFID readers in locomotives plus radio frequency communication that transmits the data to the TCAS (Train Collision Avoidance System) at the station and the locomotive cabs. The report states one constraint of the current KAVACH system is that it cannot fetch the data for trains on loop or diversion tracks. To resolve this, the project proposes an upgraded system that uses sensors for detecting whether a train is on diversion or mainline track. This information will then be sent to the locomotive cabin and displayed on the dashboard as messages to take necessary actions. This project substitutes radio communication with WiFi-based wireless data transmission in SIMPLEX communication, where one ESP32 microcontroller is the transmitter while another one is the receiver. This is intended to improve railway safety by delivering real-time track information to locomotive operators, thereby saving them from accidents like the one that happened in Balasore.
Keywords – KAVACH, RFID, loop line,  ESP32  Microcontroller
INTRODUCTION      
It is a project that develops advanced systems of a train collision prevention system that would enhance the existing KAVACH technology used in Indian Railways. This is mainly done to further the scope of railway safety improvements, which currently have limitations in collision avoidance systems. 
The main principle of this technology is to measure the distance between trains using a single line and prevent the trains from colliding by using RFID readers installed in locomotives to gather and transmit data over radio frequencies through respective equipment installed at the railway stations as well as the Train Collision Avoidance System (TCAS) and cab relays in the locomotive cab so that the train operators can know the leading distance between trains and act accordingly in case of problematic situations. 
The existing KAVACH system has a major limitation of not being able to track the trains on their loop or diversion tracks. This also played a considerable role in the Balasore incident. 
Thus, we have proposed a system that identifies the diversion or track type of the train using extra sensors and sends this critical information to the locomotive cabin that directly translates into the dashboard for operators to take decisions as appropriate actions. 
This system adds one more innovative approach: it replaces traditional electromagnetic wave radio communication with WiFi for wireless data transmission. It uses a SIMPLEX communication system provision in such a way that one ESP32 microcontroller acts as a transmitter and another as a receiver. 
Thus, a further enhanced system would efficiently provide real-time track details directly to locomotive operators and prevent accidents or errors in operation through time-sensitive information.

METHODOLOGY
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Fig.1: The Project Layout
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Fig.2: Block Diagram / Flow Chart of Project

Point Status Detection:-
This system, which can obtain data from track switches (points) and trains in real-time, uses sensors (infrared and ultrasonic).

Data Transmission:-
ESP32 #1 reads the sensor data from the moving unit representing a rail locomotive and wirelessly sends the same data to a Wi-Fi station ESP #2. Communication is simply done over Wi-Fi within SIMPLEX type of communication.

Speed Control and Display:-
Depending on the data from the sensor, ESP32 #2 either maintains the current speed of the unit or lets the unit drop in speed if the situation calls for it. This data was then positioned to show on an LCD screen in the train driver’s cabin.

Point Setting and Signalling:-
We use an Arduino UNO to measure the current point and adjust the signal. It commands a servo motor at that point to set its position. LEDs are activated according to point position.

Data Processing and Action:-
ESP32 #1 sends a command '1' to ESP32 #2 when the sensor data satisfies given conditions. As soon as the command comes, the speed is controlled and displayed on the LCD.

Block Diagram Implementation:-
This project uses a block diagram that shows how the components are connected with each other. It illustrates, throughout, the two ESP32 microcontrollers that are helpful for handling the transmitting and receiving, and an Arduino UNO manages the position of the point and the signals.

DISCUSSION
1. Modern KAVACH Technology:-
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Fig.3: KAVACH TECHNOLOGY
Uses RFID readers and radio wave communicators. It follows the prevent-collision system for automobiles approaching each other.

2. The Current Framework: Its Limits:-
No visibility of trains on diversion or loop tracks. KAVACH is also part of the Balasore train accident story.

3. Suggested Enhancements:-
The second component of the proposed safety system is position-tracking sensors that will monitor trains throughout their journey including in the mainline, loops etc. Send real-time data to the locomotive cabin. It should be displayed in the locomotive's dashboard what is the operational status.
4. Upgrade of Communication Technology:-
The current framework, however, needs to upgrade its communication system from radio to Wi-Fi technology. Use SIMPLEX communication. An ESP32 microcontroller should be used for both the transmission and receiving processes.

5. Safety Implications:-
The system shows promise for stopping railway calamities like Balasore. It helps the loco pilot to gather information that is required for making better decisions.

6. Methodology and perpetration:-
-A methodical representation of the system design with inflow details will be handed.
- Combination of tackle factors.
- Software development and programming.

7. Advantages and Limitations:-
- The system remains reliable during all types of adverse weather conditions.
- A similar system decreases the possibility of an outfit breakdown at a single point. Problems that might occur while operating in the field live.

8. Future Scope and Potential Applications:-
- A wider railway infrastructure line presents itself as a future opportunity for business expansion.
- Possibilities for integration with existing railway safety systems.



LITERATURE REVIEW
Point Switching Concept:-
The track change process is done by making use of a movable piece of rail that helps to determine the direction/path of the train. 
For example, the figure shown is an example of the point set for the straight path. For this, the movable piece of the rail cleared the path for the left main rail so that the wheel moves safely to the dedicated path (straight as shown here).
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Fig.4: Straight Path (Isometric View)
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Fig.5: Straight Path (Front View)
In cases where a point is set for diverting traffic onto a branch line or loop line, the movable rail is swung in the opposite direction in order to clear the right main rail's path and allow the wheel to divert safely.
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Fig.6: Diversion Path (Isometric View)
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Fig.7: Diversion Path (Front View)
Need for this system:-
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Fig.8: 2d View of Balasore Incident
The three trains suffered extensive damage, and the cause of the disaster—sometimes given to lack of synchronization between signals and the related points—wiped out many human lives in a horrible and unexplained June 2023 event in the Odisha area. Aside from the dire physical damage, the traffic was set for the loop despite the green signal. The blue train was designed to be shown in the diagram given, following a straight path crossing the yellow train going in the opposite direction. On the loop line, trains A and B rested still on account of the terrible environmental situations. The blue line train turned to the loop line at a speed of 130 km/h and crashed into train B. This collision resulted in the blue rail train being totally offline and the yellow train being partially offline. This event occurred beyond the limits of Kavach technology, as it did not foresee the peril since the trains operated on multiple tracks.
Our innovation:-
Developing a cutting-edge technology that enables point detection by sensors regardless of signal status. As the train approaches a switch point, the locomotive seamlessly receives real-time information about the point status on its dashboard. If necessary, the system will autonomously regulate and decelerate the train speed to prevent any potential mishaps.

APPARATUS
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ARDUINO CODES
The Code for Controlling the Point & Signal:-
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The Transmitter Code:-
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The Receiver Code:-
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RESULTS
Process Model Specification:-
The sensors (infrared & ultrasonic) acquire the data of the point & check the proximity of the train. This data is read by the ESP32 #1 and is wirelessly sent to another ESP32 #2 that is placed on the moving unit that represents a rail locomotive. Based on this sensor data, the ESP32 #2 helps maintain the current unit speed or reduces it if necessary. This data is displayed accordingly on the LCD.
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Fig.9: If point is set for diversion
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Fig.10: If point is set for mainline
The communication is done over WiFi that follows SIMPLEX type of communication.

Point Switching & Signaling;-
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Fig.11: Signal for Diversion
In the real world, the signal is always determined by the status of the point. The section engineer sets the point from his control panel, & accordingly, the line is given the signal. Here as well in our project, we have tried to imitate this scenario using LEDs, a servo motor, and some basic programming. The point is switched remotely by an IR remote, and accordingly, the signal is shown. As you can see in the figure, the line is given a red signal since the point is currently set for the diversion. Thus, no train can make use of the mainline, and it will be undergoing a track change.
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Fig.12: Signal for Mainline
In the above figure, the signal is green, which means the mainline is given a clearance. The point is set for the mainline, which means no train will undergo the diversion and will be moving straight.
This switching of the point is controlled by a servo motor. The turning ON of the red & green LED depends on the movement of the servo, which is programmed using Arduino.

Wireless Communication between ESP32 Microcontrollers:-
Not always can the projects be executed having two microcontrollers connected together. Thus, a wireless communication is established between the two ESP32 microcontrollers where 1 ESP32 reads the data collected from the sensor & the other ESP32 performs further actions based on the command sent by the 1st ESP32. Both these ESP32s are connected using a Wi-Fi network. For an experimental basis, a simple task of LED blinking is carried out based on the data acquired by the ultrasonic and infrared sensors. The concept is the LED will turn ON only when the object is sensed by both the ultrasonic and the infrared sensors. Else, the LED will remain OFF.
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Fig.13: Transmitter Side
As seen in the above figure, the transmitter side has ultrasonic & infrared sensors connected to an ESP32. This ESP32 will read the sensed data and will send command “1” or “0” based on the data.
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Fig.14: Receiver Side
The above figure shows the receiver end of this experiment where the LED is connected. This LED is connected to the 2nd ESP32 and, based on the received command “1” or “0”, will turn ON or will remain OFF, respectively.

CONCLUSION
The proposal overcomes KAVACH technology limitations through real-time detection of points with ESP32 microcontrollers that use wireless communication. Detection devices that include infrared sensors with ultrasonic sensors enable precise track switching point observation to detect mainline and diversion track conditions. The Wi-Fi-based SIMPLEX wireless communication system ensures efficient data exchanges between transmitter and receiver units that provide essential track position data for locomotive cabins.

Track operators benefit from better situational awareness capability thanks to this improvement which also decreases the risk of incidents such as the Balasore accident caused by limited tracking of loop line activity by traditional systems. The proposed setup shows affordability alongside scalability and it adapts well to current safety frameworks to deliver a stronger collision warning system in railway operation. The system can be improved through full-duplex communication technology along with AI decision algorithms to enhance its reliability and adaptability to different railway conditions alongside wide-scale testing protocols.
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12 | 3D Printed Wheels & Bogie frame 4 wheels
To replicate a railway bogie & wheel set 1 bogie frame
LCD with 12C Module 1
13 | To display the track status and speed control
instructions
1 Breadboards 5

To mount the circuitry & enable hardware connections
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Sr.No

Component

Quantity

Jumpers/ Wires
Used to connect the sensors, servo motors and
LEDs with the microcontroller on a breadboard.

- B

As per required

ESP-32 (Microcontroller)
ESP-32 (Wroom-32) as the microcontroller for
sensor, LED and unit wheel interfacing.

Arduino UNO
The microcontroller for interfacing point switching
With the help of servo motor
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LEDs
For railway signal representation & initial
concept testing purpose

Servo Motor
For point switching

Sensors:

TCRTS5000 (IR Sensor): To check for the obstacle
and fetch the data accordingly.
data accordingly

HCSR04 (Ultrasonic Sensor): To check if the unit

enter the expected range or not.

1 each

IR Receiver and IR Remote
For controlling the point switch

1 each





image12.png
8 External Power supply (Power Bank) 1
To provide power supply for the uC
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10 | Laptop & Arduino IDE (Software) 2 Laptops.
For the programming purpose

11 | Dual Shaft DC Motor, L298N Driver & Batteries 1

DC Motor: To move the unit, L298N Motor Driver to
control the DC motor speed & batteries to supply the
driver
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14

Breadboards
To mount the circuitry & enable hardware connections
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15 | 3D printed Unit
For representing it as a rail unit.
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int servoPosition = sl.read();

if (IrReceiver.decode())

{
String ir_code = String(IrReceiver.decodedIRData. connand, HEX);
Serial.println(ir_code);

if(ir_code == "c1"){
SLurite(68);
i#(servoPosition == 68){
digitalirite(LED_RED, HIGH);
¥
¥
else(
digitalWrite(LED_RED, LOA);
¥
i£(ir_code == "98"){
SLurite(8);
i#(servoPosition == 8){

digitalurite(LED_GREEN, HIGH);}
;N
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by Shreesh Kolhatka:

1
2

3. #include <IRremote.h>
4. #include cservo.h>
s

s

7

s

const byte IR_RECEIVE_PIN = 2;
Servo s1;

. #define LED RED &

o. #define LED_GREEN 12

11.v0id setup()
12.¢

13.  Serial.begin(115200);

14.  Serial.printin("IR Receive test");

15.  IrReceiver.begin(IR_RECEIVE_PIN, ENABLE_LED_FEEDBACK);
16.  pintode(LED_RED, OUTPUT);

17.  pinvode (LED GREEN, OUTPUT);

18.  sl.attach(1e);

26. }
21. v0id loop()
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int servoPosition = sl.read();

if (IrReceiver.decode())

{
String ir_code = String(IrReceiver.decodedIRData. connand, HEX);
Serial.println(ir_code);

if(ir_code

SLurite(68);

i#(servoPosition == 68){
digitalurite(LED_RED, HIGH);

"e1t)(

b
b
elsef
digitalurite(LED_RED, LOW);
b
$#(1n_code == "99"){
sl.urite(@);
if (servoposition a{
digitalurite(LED GREEN, HIGH);}
¥
else(
digitalWrite(LED_GREEN, LOW);
b
i (ir_code == "ce"){ //Setting up 3

SLurite(68);
i#(servoPosition == 68)(
digitalkrite(LED_GREEN, HIGH);
b
¥
b

IrReceiver.resume();

ignal
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Code edited by Husain Sakarwala and Shreesh Kolhatkar
[#include <wirs.h>

const int trigpin Trig pin of omected to GPIO 12
const int echopin Echo pin o omected to GPIO 14

const int pinIRd

int TRvalueD = 0;

const char® ssid = 5 //Hidden due to privacy reasons

const char® password 5'; //Midden due to privacy reasons
const char* serverAddress "5 //Midden due to privacy reasons
const int serverport 5 //Widden due to privacy reasons

wiFiclient Tcpelient;

Variable to track the last sent command
Initialize with a value that's different from

char lastsentComnand
and ‘1

void setup() {
Serial..begin(9600)
pintode(trigPin, OUTPUT);
pintode(echoPin, TNPUT);
pintode(pinIRd, INPUT);

Serial.println("ESP32: TCP CLIENT + SENSOR DATA");

nnect to Wi-Fi

WiFi.begin(ssid, password);

while (WiFi.status() |= WL_CONNECTED) {
delay(1008);
Serial..printIn("Comecting to WiFi

1
Serial.println(*Connected to WiFi");

0%

onnect to TP server

if (TCPclient. connect(serverAddress, serverort)) {
Serial.println(*Connected to TCP server”);

} else
Serial.println

)

duino

Failed to comect to TCP server”);
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void oop() {
4f (ITCPclient. connected()) {
Serial. println(*"Comection is disconnected");
Tepelient. stop();

reconnect to TCP server (Arduino
(TcPclient.connect (serveraddress, serverport)) {
Serial.printin(*Recomected to TCP server”);
} else {

Serial.println(*Failed to reconnect to TCP server");

}
¥

digitalRead(echopin);
digitalirite(trigPin, LOW);
delayMicroseconds (8);

digitalirite(trigPin, HIGH);
delayMicroseconds (8);
digitalirite(trigPin, LOW);

long duration = pulseln(echoPin, HIGH);
Calculate distance in centimeters
loat distance = duration * 0.234 / 2;

TRvalued = digitalRead(pinIRd);
Serial.print("Digital Reading is
Serial.println(IRvalueD);

Check for changes in conditions

(distance <= 30 & TRvalueD == LOW && lastSentCommand 1= '1') {
TePclient.unite('11');
lastSentConmand = '1';

TcPelient. flush();
Serial.println("sent command: 1');
} else if (I(distance <= 30 88 TRvalueD == LOK) 8& LastSentComand 1= @) {
TCPClient.urite('60');
lastsentComnand = '0';
TcPelient. flush();
Serial.println("sent command: 0");

3}
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Edited by Husain, Shreesh, Vedant & Harshit

[#include <uirs.h>
[#include <uire.h>
#include <LiquidCrystal_12c.h>

[#deine server porT 4080
Liquidcrystal T2c lcd(ex27, 16, 2);
int ena = 27;

int in1 = 26;

int in2 = 25;

int receivednata;

int parityBit;
const char® ssid
const char® password

CHANGE TO YOUR WIFI SSID
5 CHANGE TO YOUR WIFI PASSWORD

wiFiserver TcPserver(SERVER PORT);

void setup() {
Serial.begin(9508);
pinode(ena, OUTPUT);
pinfode(in1, OUTPUT);
pinfode(in2, OUTPUT);
Serial.printin("ESP32 #2: TCP SERVER + AN LED");
led. init(); initialize the LD
Led. backlight(); Turn on the blacklight // Conect to Wi-Fi

WiFi.begin(ssid, password);

while (WiFi.status() I= WL_CONNECTED) {
delay(1008);
Serial..printIn("Comecting to WiFi

}
Serial.printin(*Connected to WiFi");

Print your local Ip address
Serial.print("ESP32 #2: TCP Server IP address: ");
Serial.println(WiFi.locallP());

Serial.printin(*EsP32 #2: -> Please update the serveraddress in ESP32 #1|
code’);

Start listening for a TCP client (from ESP3
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TePserver.begin();

}
void loop() {

Wait for a TCP client from ESP32 #1:
WiFiClient client = TCPserver.available();

if (client) {
Read the command from the TCP client
char command = client.read();
Serial.print("ESP32 #2: - Received command: ");
Serial.println(connand);

int sum = o
int tempbata = receivedData; // Store a copy for later comparison

while (receivedbata > 8) {
sum = (sum + receivedData % 10) % 2; // Calculate the sum modulo 2
receivednata /= 10;

(sum == parityBit) {
printf("Received data is error-free.\n");
printf("Received message: %d\n", tempData);

} else {
printf("Received data contains errors.\n");

}

if (receiveddata == '1'){
digitalurite(in1, HIGH);
digitalWrite(in2, LOd);
analoghrite(ena, 134); //Setting the speed of the motor
led. clear();
led.setCursor (3, 6);
Lcd.print("Diversion!"); // printing the message
led.setcursor (1, 1);
led.print("Control Speed");
¥

Turn L
else if (receiveddata

‘6'){
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digitalurite(inl, HIGN);
digitalirite(in2, LOW);
analogurite(ena, 180);
led.clear();
led.setCursor (4, 8);
Led.print("Mainline");
led.setcursor (2, 1);
Led.print("Maintain MPS");
¥
client.stop();
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CHAPTER 3 - METHODOLOGY

Block Diagram/ Flow Chart of the project
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