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Abstract— Railway transportation plays a vital role in providing efficient, reliable, and safe mobility. However, increasing 

train traffic density and higher operational speeds create challenges in ensuring safety against collisions. A critical aspect of 

rail safety is maintaining a safe distance between trains under varying operational conditions. This paper presents a 

theoretical study on train collision avoidance systems (TCAS) that secure safe train separation through advanced signaling, 

communication, and control mechanisms. The discussion focuses on system architecture, working principles, technologies 

used, safety logic, and potential benefits in enhancing operational reliability without practical implementation details. This  

paper analyzed problems of current operation method for safe operation of two trains in the close distance, and draw the 

method to solve them. 
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1. INTRODUCTION 

 

Railways have traditionally relied on block signaling 

systems, automatic train control (ATC), and 

automatic train stop (ATS) mechanisms to maintain 

train separation. These systems are designed to ensure 

that only one train occupies a block section at a time, 

preventing rear-end and head-on collisions. However, 

with the increasing demand for high-speed rail and 

urban transit networks, existing systems are often 

insufficient in addressing dynamic operational 

challenges such as mixed traffic, higher train 

frequency, and reduced headways. A train collision 

avoidance system aims to overcome these limitations 
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by continuously monitoring the location, speed, and 

braking distance of trains, thereby ensuring that trains 

always maintain a safe separation distance. This 

paper explores the theoretical foundation of such 

systems, their design concepts, and their importance 

for future railway safety. 

 

2. BACKGROUND AND NEED FOR 

COLLISION AVOIDANCE SYSTEMS 

2.1 Traditional Train Safety Approaches 

Conventional train safety relies on fixed block 

signaling, where tracks are divided into electrically 

isolated sections. A train entering a block prevents 

another train from entering until it is clear. While 

effective, this system restricts line capacity and does 

not adapt well to modern high-speed or mixed-traffic 

operations. 

 

2.2 Limitations of Existing Systems 

 Fixed blocks lead to inefficient utilization of 

track capacity. 

 Dependence on track circuits makes systems 

vulnerable to environmental and technical 

failures. 

 Limited adaptability to variable braking 

distances under different gradients and train 

loads. 
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 Manual driver intervention may introduce 

human errors. 

2.3 Emerging Needs 

With rising train speeds and density, ensuring safety 

solely through fixed blocks becomes impractical. 

Hence, advanced train collision avoidance systems 

are needed to dynamically monitor trains, calculate 

safe distances, and automatically intervene to prevent 

collisions. 

 

3. CONCEPT OF TRAIN COLLISION AVOIDANCE 

SYSTEM (TCAS) 

A train collision avoidance system is designed to 

prevent collisions by maintaining safe distance and 

speed regulation between trains. The system uses 

onboard sensors, wireless communication, and 

centralized or distributed control logic to 

continuously calculate relative positions and braking 

distances. 

3.1 Duplicate operation of domestic KTX Sancheon 

In case of the domestic KTX Sancheon, it performs 

train decoupling/coupling operation in the station 

building in the state where passengers are boarded. 

When coupling trains, the vehicle which tries to 

couple stops in the front two times and checks 

coupling situations by manual signal and radio, and 

has the train coupled at 5m in the front at the speed 

of 2km/h under the responsibility of driver. In this 

case, driver may be difficult to drive the coupler 

since he/she is dependent exclusively on the 

manual signal and radio regarding location of the 

front train and coupler status, etc., and it may lead 

to the accident. 

In addition, some problems occur such as, from 

the position of passengers, the increase in 

passenger time for journey according to the time 

required for train coupling, and from the position of 

operating agency, efficiency of operating expenses 

according to the increase in required personnel for 

train coupling, etc. 
 

 

Figure 1.Situatioin when coupling KTX Sancheon 

3.2 Collision avoidance system in other fields 

There are systems between mobiles for efficient 

utilization of infrastructure in the fields of space, 

aviation, vessel and road. In this case, examples 

include docking of the space field, unmanned aerial 

refueling of aviation field, mobile harbor of vessel 

field, and platooning driving of road field. Through 

case analysis of other fields, the collision avoidance 

system for safety when coupling between mobiles 

has been built. Collision avoidance system operates 

mobiles while maintaining safe coupling to the 

other mobile or securing safe distance with IT 

technologies such as the distance sensor, image 

technology and radio communications (V2V), etc. 
 

 

Figure 2. Application case of road field anti- 

collision sensor by distance 

Collision avoidance systems are not limited to 

trains but are widely used across various fields to 

enhance safety and efficiency. In the automotive 

sector, advanced driver assistance systems 

(ADAS) employ sensors, cameras, and radar to 

detect obstacles, pedestrians, and other vehicles, 

automatically applying brakes or steering 

corrections to prevent accidents. In aviation, 

Traffic Collision Avoidance Systems (TCAS) 

are integrated into aircraft to monitor air traffic 

and provide pilots with real-time alerts and 

maneuvers to avoid mid-air collisions. Maritime 

navigation also utilizes collision avoidance 

technologies through Automatic Identification 

Systems (AIS) and radar to prevent ship-to-ship 

collisions, especially in congested waterways. 

Similarly, in robotics and autonomous systems, 

collision avoidance algorithms are crucial for 

enabling drones, industrial robots, and 

warehouse automation vehicles to navigate 

safely within dynamic environments. Even in 

healthcare, robotic surgery systems and assistive 

medical robots apply collision avoidance 

techniques to ensure precise operations without 

unintended contact with surrounding tissues or 

instruments. Thus, collision avoidance systems 
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have become a vital component across multiple 

domains, ensuring safety, reliability, and 

operational efficiency. 

That is, it performs speed control of mobile for 

safe driving by interlocking with braking and 

propulsion devices of mobile through detection 

of relative distance to the mobile and relative 

speed. 

Figure 2 is the application case of anti-collision 

sensor applied to the smart car for platooning 

driving in the ITS (Intelligent transport system) 

field, and it showed a suitable optimum sensor in 

accordance with the distance of obstacles. 

Features of distant sensor are as shown in Table 

below. 

Table1. Features of distant sensors 
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3.3 Train Collision Avoidance System 

 

Train control system in railway field performs 

its function preventing against collision between 

the preceding train and following train. That is, the 

train control system is to control the speed of train 

presented for safety automatically, and it performs 

securement of safety in the fixed block method and 

moving block method. In the existing fixed block 

method, the safety of train is secured by keeping a 

fixed block (maximum block including a possible 

braking distance of following train) in accordance 

with the position of preceding train. It has a demerit 

such as an inefficient operation of track. The 

method like this is the train control method between 

stations. This method is based on the fact that 

operation of 2 trains in 1 block is impossible so as 

to avoid collision between trains. Therefore, there 

was no need to consider train control within the 

station building until now. Although there has been 

no case of changing train formation during the 

operation until now, the operation of train with 

variable formation is being actively used currently 

to utilize tracks and vehicles efficiently with 

Europe and Japan as its center, and at this time, it is 

being operated for high-speed railways in Korea 
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too. Therefore, it is our actual state that the study 

on train control technology to secure the safety of 

train within station building is necessary. 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Figure 3.A plan to apply anti-collision sensor for 

railways 

4. GLOBAL TRENDS IN TRAIN COLLISIONS 

 Liu et. al. (2019) conducted a comprehensive 

study on railway safety and found that over 

60% of train collisions worldwide occur due 

to human errors (miscommunication, 

fatigue) and signaling failures. The study 

emphasized the need for automated TCAS to 

reduce dependency on manual operations. 

 European Railway Agency (ERA, 

2020) reported that the European Train 

Control System (ETCS) reduced collision 

risks by 40%, primarily by preventing Signal 

Passed at Danger (SPAD) incidents. The 

study highlighted that automated braking 

systems significantly improved safety. 

 Federal Railroad Administration (FRA, 

USA, 2021) documented that Positive Train 

Control (PTC) prevented 150+ potential 

collisions in the U.S. since its mandatory 

implementation in 2018. The report stressed 

the role of real-time GPS tracking in 

accident prevention. 

 

4.1 Train Collisions in India: Key Findings 

 The Kanchanjunga Express collision 

near New Jalpaiguri, West Bengal (June 

2024) exposed flaws in signaling and human 

error. Research highlights urgent needs: 

automation, infrastructure upgrades and 

stricter safety audits to prevent such disasters 

in India’s overburdened rail network. 

 Indian  Railways  Safety  Report 

(2023) revealed that 48 major train 

collisions occurred in the past decade, 

with 70% attributed to signaling failures 

and human errors. The report strongly 

advocated for the nationwide adoption 

of Kavach (India’s indigenous TCAS). 

 Singh & Sharma (2021) analyzed level- 

crossing  collisions in  India  and 

identified poor maintenance, outdated 

signaling and lack of automation as primary 

causes. They recommended AI-based 

predictive systems for early collision 

detection. 

 Mishra et. al. (2020) studied the impact of 

Kavach in South Central Railway and 

observed a 30% reduction in near-miss 

incidents post-implementation, proving its 

effectiveness. 

 

4.2 Emerging Technologies in Collision 

Avoidance 

 Zhang et al. (2018) proposed a machine 

learning-based collision prediction 

model using real-time sensor data, 

achieving 95% accuracy in detecting 

potential collisions. 

 Ghosh & Roy (2022) compared ETCS 

(Europe), PTC (USA) and Kavach 

(India), concluding that hybrid systems 

(GPS + RFID + AI) offer the best 

protection against collisions. 

5. CASE STUDIES OF RECENT TRAIN COLLISIONS 

(2023-2024) 

 

5.1 The Odisha Train Collision (June 2023) – India’s 

Deadliest Rail Disaster 

In June 2023, India witnessed its deadliest railway 

accident in two decades near Bahanaga Bazar, Odisha. 

The collision involved three trains — the Coromandel 

Express, the Bengaluru-Howrah Superfast Express 

and a stationary freight train — and led to 293 

fatalities and over 1,200 injuries. Investigations 

revealed a failure in the electronic interlocking 

system, compounded by human error and the absence 

of Kavach (TCAS) along the route. This exposed 

critical gaps in signal monitoring, inter-departmental 

coordination and emergency response readiness. 

Incident Overview 

 Location: Bahanaga Bazar, Odisha, India 
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 Trains Involved: 

o Coromandel Express (passenger 

train) 

o Bengaluru-Howrah Superfast 

Express 

o Stationary Goods Train 

 Casualties: 293 deaths, 1,200+ injuries 

Root Cause 

1. Human Error: 

o Wrong  signal  indication due 

to manual override in electronic 

interlocking system. 

o Lack of coordination between 

station master and signal operators. 

2. Technical Glitch: 

o Failure in track circuiting led to 

incorrect signal status, directing the 

Coromandel Express onto the 

wrong track. 

3. Systemic Failure: 

o Kavach (TCAS) was not 

installed on this route despite 

previous recommendations. 

o Delayed emergency response due 

to inadequate disaster management 

protocols. 

 

Lessons Learned 

 Urgent need for TCAS deployment across 

high-density rail corridors. 

 Stricter enforcement of signal safety 

protocols. 

 Improved training for railway staff on 

emergency response. 

5.2 West Bengal Train Derailment (January 2024) 

This tragic event occurred near New Jalpaiguri in 

West Bengal in January 2024, involving a collision 

between a passenger train and a freight train in foggy 

conditions. This incident, which caused 12 deaths and 

over 50 injuries, resulted from misread signals due to 

low visibility, delays in automatic braking and lack of 

advanced monitoring. The derailment re-emphasized 

the urgent need for weather-sensitive safety 

technologies and mandatory TCAS integration across 

vulnerable zones. 

Incident Overview 

 Location: Near New Jalpaiguri, West 

Bengal 

 Trains Involved: 

o Passenger Train (Sealdah-bound) 

o Freight Train 

 Casualties: 12 deaths, 50+ injuries 

Root Causes 

1. Human Error: 

o Driver misread signals due to foggy 

weather conditions. 

o Lack of real-time monitoring by the 

control room. 

2. Technical Failure: 

o Delay in automatic braking system 

activation. 

o Outdated signaling infrastructure 

unable to handle low-visibility 

conditions. 

Preventive Measures Suggested 

 Installation of AI-based fog detection 

systems. 

 Upgrading signaling infrastructure with IoT 

sensors. 

 Mandatory TCAS implementation in fog- 

prone zones. 

I.  STATISTICAL ANALYSIS OF TRAIN COLLISIONS 

 

6. TRAIN COLLISION TRENDS IN INDIA 

(2000-2024) 

An analysis of train collisions and associated 

accidents from the year 2000 to 2024 reveals notable 

trends in railway safety both globally and within 

India. The total number of train collisions combined 

with other railway accidents has shown a steady 

increase over the years. In 2000, only 13 incidents 

were recorded, whereas this number rose significantly 

to 57 in 2023 and slightly declined to 48 in 2024. This 

long-term upward trend may reflect either a rise in 

actual incidents or improved data collection and 

reporting mechanisms in recent years. 

When focusing on the total number of train 

collisions (irrespective of region), the data 

demonstrates a relatively stable pattern between 2000 

and 2022, typically ranging between 3 to 4 collisions 

annually. However, a deviation from this trend is 

observed in the last two years of the dataset, with the 

number of train collisions increasing to 5 in 2023 and 

further to 6 in 2024. This sharp rise in recent years 

indicates a possible decline in global railway safety or 

emerging operational challenges that require further 

investigation. 

Specifically examining the context of India, the 

number of train collisions largely remained consistent 

at one incident per year throughout the early 2000s, 

with occasional years showing two incidents. A 
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notable improvement appears during the years 2021 

and 2022, where no train collisions were reported in 

India. This temporary decline could be attributed to 

enhanced safety protocols, technological upgrades, or 

reduced railway operations due to external factors 

such as the COVID-19 pandemic. However, this 

positive trend did not sustain, as the data from 2023 

and 2024 shows a resurgence, with 2 and 3 collisions 

respectively—the highest count for India in the 25- 

year dataset. This recent increase may point toward 

systemic issues such as inadequate infrastructure 

modernization, operational overload, or lapses in 

safety compliance. 

 Key Observations: 

o 2023 saw the highest fatalities due to 

the Odisha crash. 

o 2024 incidents indicate recurring 

signaling issues. 

 

7. GLOBAL COMPARISON OF TRAIN 

COLLISIONS (2000-2024) 

The analysis of train collisions across various 

countries highlights significant disparities in railway 

safety management and infrastructural robustness 

worldwide. The highest number of reported train 

collisions was observed in India (n=40), followed by 

the United States (n=25). These two countries not only 

possess extensive railway networks but also serve a 

massive volume of daily passengers and freight, 

which increases the operational complexity. The high 

number of collisions in these regions may be 

attributed to factors such as aging infrastructure, 

insufficient automation in signaling systems, 

overcrowded routes and human error. 

Germany, a country known for its technological 

advancement and engineering precision, reported 6 

train collisions, which is relatively high compared to 

other European nations such as Italy and Belgium, 

each reporting only 2 incidents. This contrast suggests 

that even technologically developed countries are not 

immune to such incidents and that periodic risk 

assessment and preventive maintenance are crucial 

regardless of existing standards. 

Several developing countries, including Egypt and 

Pakistan (n=5 each), as well as Bangladesh, Indonesia, 

Russia and Spain (n=4 each), reported moderate 

frequencies. These nations often face limitations in 

terms of investment in railway modernization, which 

may result in inadequate safety mechanisms, outdated 

control systems and limited staff training. 

Furthermore, socio-economic constraints might delay 

implementation of new safety protocols, making these 

regions more vulnerable to such accidents. 

Interestingly, the data also show that countries 

such as the United Kingdom, China and Argentina 

reported relatively lower incidents (n=3 each). Despite 

high-density traffic, particularly in China, the low 

collision rate may be a reflection of advanced 

automated systems, strong regulatory oversight and 

regular infrastructure upgrades. Similarly, countries 

like Tunisia, Italy and Belgium, with the lowest 

reported incidents (n=2 each), demonstrate that 

smaller rail networks with efficient safety protocols 

can achieve better collision prevention outcomes. 

 India has the highest collision rate, attributed 

to aging infrastructure and delayed TCAS 

adoption. 

 Europe and USA report fewer accidents due 

to advanced TCAS (ETCS, ATC). 

 

8. CONCLUSION & RECOMMENDATIONS 

The Odisha (2023) and West Bengal (2024) 

collisions underscore the critical need for TCAS 

adoption and modernization of railway safety 

systems. While Kavach shows promise, its delayed 

implementation remains a concern. AI-driven 

predictive models, automated signaling and better 

staff training can significantly reduce accidents. 

Future research should focus on cost-effective TCAS 

solutions for developing nations. 

 Odisha (2023) and 2024 collisions prove 

that human errors and technical failures 

remain major risks. 

 Kavach (TCAS) implementation must be 

accelerated to prevent SPAD incidents. 

 AI-based predictive systems can enhance 

real-time decision-making. 

 Regular audits of signaling systems and 

automation of braking should be 

prioritized. 

In conclusion, the study of Train Collision 

Avoidance Systems (TCAS) reveals the urgent need 

for advancements in railway safety to prevent 

catastrophic accidents. The increasing frequency of 

train collisions, especially in regions like India, 

emphasizes the need for comprehensive safety 

mechanisms, including the implementation of 

systems like Kavach. Our analysis of collision trends 

from 2000 to 2024 shows a rising number of 

incidents, with a notable spike in the years 2023 and 
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2024, which underscores the critical challenges in the 

current railway safety framework. 

While the Kavach system has demonstrated 

promise in mitigating accidents, especially in regions 

with frequent signaling failures, it is clear that its full- 

scale adoption is vital. The comparative analysis of 

train collision statistics from various countries 

highlights the disparity in accident rates, with 

countries like the United States and Germany 

benefiting from more advanced TCAS technologies, 

such as ETCS and PTC. These systems have proven 

to be effective in reducing collision risks, suggesting 

that India and other nations should invest in similar 

technologies. 

This paper also stresses the importance of 

integrating artificial intelligence (AI) for predictive 

collision modeling and real-time decision-making. AI 

can enhance situational awareness and help prevent 

accidents before they occur. Additionally, improving 

signaling systems, providing comprehensive staff 

training and fostering inter-departmental 

collaboration are key steps toward reducing human 

error—the leading cause of train collisions. 

To achieve the desired reduction in train 

accidents, there must be a concerted effort to 

modernize existing infrastructure, adopt cutting-edge 

technologies and ensure rigorous implementation of 

safety systems across the railway network. Further 

research is needed to evaluate the long-term 

effectiveness of TCAS implementations, especially in 

varying geographical and operational contexts. 

Ultimately, the widespread deployment of TCAS, 

specifically Kavach and other innovative safety 

technologies, combined with an enhanced regulatory 

framework, will be instrumental in minimizing train 

collisions and ensuring safer rail travel worldwide. 
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