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ABSTRACT

This paper focuses on enhancing the security of goods trains in suburban regions, a critical area often
overlooked in railway security measures. The majority of crimes related to goods trains occur in these regions,
underscoring the urgent need for improved safety measures. The study identifies several gaps in the existing
safety measures, such as the lack of Crime Prevention Through Environmental Design (CPTED) guidelines for
these areas and the absence of data related to freight/goods trains. The research employs a mixed-method
approach to understand and identify the crime rate and types of crimes. It evaluates detection and control
methods, with an emphasis on both human intervention and technology intervention, specifically Al and loT.
The study also analyzes the applicability of advanced technologies and CPTED guidelines for preventing crime
along railway tracks, particularly in the context of goods trains in suburban areas. It scrutinizes the RPF
guidelines and SOPs for Marshalling yards, Goods sheds & Freight Terminals, and identifies any existing gaps.
The paper proposes the use of advanced technologies, such as Artificial Neural Networks (ANN), in conjunction
with CPTED guidelines for crime reporting and mitigation. These technologies and guidelines are capable of
identifying patterns and predicting potential threats, thereby enabling proactive measures to enhance the safety
of goods trains. In conclusion, the paper advocates for the integration of advanced technology, innovative
design solutions, and CPTED principles to improve the safety of goods trains in suburban areas, contributing to
the efficiency and reliability of railway transportation systems. It emphasizes the need for addressing specific
challenges in crime prevention along railway tracks in suburban areas, and how technology can address these
challenges. The paper underscores the potential of technology and design solutions in transforming railway
security in suburban regions.
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1. INTRODUCTION

India, with one of the largest railway networks (68,160 km) in the world, primarily consisting of Broad Gauge
(63,949 km), Meter Gauge (2,402 km), and Narrow Gauge (1,809 km). The fleet includes over 14,800
locomotives, with 4,543 diesel, 10,238 electric, and 39 steam engines. It also has around 84,863 passenger
coaches and 365,491 freight wagons. Daily, Indian Railways transports about 23 million passengers and handles
approximately 4.1 million tons of freight (Table 1).

Table 1: Baseline information about Indian Railway’s Infrastructure with highlighted Freight Trains
information.

(Tt =T § Total route length: 68,160 km
i
A\ Broad Gauge (BG): 63,949 km
Total Route Length
A Meter Gauge (MG): 2,402 km

A Narrow Gauge (NG): 1,809 km

1
- 8 Diesel Locomotives: 4,543

Total Number of Locomotives/Engines - @8 Electric Locomotives: 10,238

&8 Steam Locomotives: 39

£ Passenger Coaches: 84,863
£ General Coaches
£ Sleeper Coaches
Total Number of Coaches
1AC, 2AC, 3AC
& Chair Car Coaches (AC 8 Non-AC)

B Executive Class Coaches

Average Number of Passengers per Day 8 Approximately 23 million passengers
L R
i Total Number of Wagons 3 Freight Wagons: 365,491 !
1 i
i '
} Average Tons of Freight per Day @ Approximately 4.1 million tons per day H

Source: Year Book 2021-22, Directorate of Statistics and Economics, Ministry of Railways (Railway Board),
Government of India, New Delhi
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The Indian Railway has a hierarchy of land-use along the railway tracks ranging from residential to agricultural.
These areas often face challenges related to safety and crime prevention. The need for research in these areas,
particularly in the sub-urban areas, is driven by several factors (Table 2).

Table 2: Factors driving the need for research in stretches ranging from residential to agricultural, particularly
in the sub-urban areas

- : XX Areas adjacent to railway tracks witness high rate of crime (theft, vandalism, etc)
1 High Crime Rate ——

XX Disrupts lives of residents and impacts railway operations

e A\ Inadequate infrastructure, lack of lighting, and absence of surveillance systems
% Safety Concerns }—‘

— /A Compromises safety of residents and passersby

~— [ Increase in settlements around railway tracks due to rapid urbanization

—}' Rapid Urbanization —|

m__ — [ Development of infrastructure and security measures lags behind growth
‘v— © Opportunity to develop innovative solutions using Al and loT
| Technological Advancements —

Application of these technologies in the Indian context remains unexplored

~— [E] Explore design solutions for crime prevention and improved safety

1‘7 Design Solutions 1L [Z) CPTED principles: natural surveillance, territoriality reinforcement,
natural access control, target hardening, etc.

[} Research can inform policy and regulation

L Policy and Regulanon J [ [ Shape effective strategies for crime prevention and safety improvement
in areas adjacent to railway tracks

Source: Author
The research explores the application of advanced technology and design solutions to enhance safety and reduce
crime along the railway tracks in sub-urban areas which are least monitored specially in the case of goods train.
The study acknowledges the challenges faced by people along these tracks, from small crimes to serious ones
like theft, vandalism, robbery, pilferage, sabotage, etc. (Table 3), often get worse due to inadequate
infrastructure and surveillance.

Table 3: Enhancing safety and reducing crime along the Railway Tracks
— Lack of surveillance

~[ Challenges faced by Sub-Urban areas along the railway tracks ]~

— Inadequate infrastructure

— Artificial intelligence
Enhancing Safety and Reducing Crime Leveraging Advanced technology and Innovative Design

along the Railway Tracks Solution — Intemet of Things (1]

— (PTED Guidelines

Effective prevention strategies

Goal: Creating a safer environment through detecting and

reducing criminal activities like sabotage, pilferage, theft, etc. .
Frequent monitoring

Source: Author
A detailed classification (Table 4) was undertaken to categorize the various types of stations within the Indian
Railways network, with a specific focus on those serving passenger trains and goods trains. A wide range of
criteria was analyzed, including the volume of passenger traffic, the frequency and types of trains serviced, the
facilities available at each station, and their strategic importance in the rail network.
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Table 4: Classification of Indian Railway’s various types of Stations for Passengers and Goods Train

— Non-Suburban Stations (NS): [Z] More facilities and amenities

% Types of Stations L Suburban Stations (S): & Fewer facilities
== : - “— Halt Stations (H): () Minimal facilities
Classification of Indian Railway g ' _ ' S
Passenger Train Stations ‘ | ‘* Terminus or Terminal: @ Tracks end, return in opposite direction
[ o :
| Spedific Types of Stations | _ Central Stations: g Major stations in the

7 Junction: [&] At least 3 railway routes — .
g y heart of a city, serve as central hub

............................ —— ————— o

— @ Facilities for loading and unloading goods

( n ; ) 1
{ —— Freight Terminals — 1
: ———— — [ Includes warehouses for storage :
1
: ——— — L Stations where goods trains are assembled and disassembled :
- —— Marshalling Yards —— i
I e — @ Crucial role in managing freight traffic :
- i
: ——  — @ Equipped with a large shed for loading and unloading goods !
( 1
: | Goods Sheds 1
1 > s —  ¢@ Typically located in areas with significant freight traffic :
I T . = ;
i CIassmcatfon ol !"dlan it ———————— [ {3 Stations for handling containerized freight !
Goods Train Stations ‘ : 1
: — Container Depots — i
I SO = Specialized equipment for loading and unloading containers -
I
: ~— (@ Dry ports for handling and temporary storage of containerized freight :
i 1 Inland Container Depots (ICDs) . -
: S /L (A Connected to seaports via rail H
1
: ~— [Z] Modern, well-equipped facilities for multiple modes of transport:
I
1
i —— Multi-modal Logistics Parks (MMLPs) ——— @8 Provide a range of logistics services !
I 9 9 9 H
1
‘\\ ‘— B Often connected to major railway lines 2

Source: CRIS (Centre for Railway Information Systems), Government of India, New Delhi
During the study, various types of stretches (Table 5) that exist between railway stations were identified.
Significant variations in both length and characteristics were exhibited by these stretches, influenced by factors
such as geographical locations, the terrain traversed, and the infrastructure available in those areas. For instance,
stretches in mountainous regions were found to be shorter and more complex due to challenging terrain, while
those in flat, urban areas were longer and more straightforward. Understanding these variations was deemed
crucial for optimizing railway operations and ensuring efficient connectivity across the network.

Table 5: Possible types of Stretches between the Stations for Passengers and Goods Train

(& They run through urban areas
—1 Urban Stretches H

L High passenger demand

( £ Connect suburban stations
—— Suburban Stretches H

£ Serve commuters to and from the ity

o Connect small towns and villages
—— Rural Stretches H
L Less frequent train services compared to urban and suburban stretches
Types of Stretches between the Stations : @ Connect major cties or regions
—— Long-Distance Stretches

L Used by long-distance trains
¢B Primarily used for transporting goods
—— Freight Stretches H
b £ Connect freight terminals, yards, sheds, depots, and MMLPs

/ H A Run through hilly or mountainous regions

1 Mountainous Stretches

£, Special infrastructure like tunnels and bridges

@ Run along the coast
—— Coastal Stretches H

- A Connect coastal cities and towns

Source: CRIS (Centre for Railway Information Systems), Government of India, New Delhi

The regions through which a goods train travels were examined, along with the crime monitoring scale for
different areas (Table 6). Various regions that goods trains cross have been identified, considering factors such
as geographical diversity, urban and rural settings, and the specific challenges posed by each area. Additionally,
the crime monitoring scale for these regions was assessed to understand the security landscape and potential
risks associated with transporting goods. By evaluating both the geographical routes and the crime monitoring
metrics, a comprehensive understanding of the safety and efficiency of goods train operations across different
regions has been achieved. This information is crucial for enhancing security measures and ensuring the smooth
transit of goods throughout the railway network.
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Table 6: Regions through which a Goods Train crosses

o i~

( Urban Regions \  [Z] Railway network used for transporting goods to and
L from industries, warehouses, and ports.
| |

. 1 Goods trains primarily serve industries located in the
——1 Suburban Regions —|—— & . a5 &
outskirts of cities.

ﬂ

H

& Goods trains transport raw materials to these areas and finished
goods from these regions to various parts of the country.

Regions through which a typical goods train crosses Industrial Regions

U

]

1

i

1

1

]

]

]

1

1

1

i . .

P i Goods trains transport agricultural products, raw
Rural Regions ; :

} Mmaterials, and other goods to and from villages and small towns.
1

i

]

i

]

]

1

1

1

i

i

1

2 ! Goods trains play a crucial role in transportin:
I~ Port Regions H é Py poring
I imported and exported goods to and from major seaports.

U

@ Goods trains transport a variety of goods, including

——— Coastal Regions |—— seafood, salt, and marine products, to and from regions along the

coast of India.

7
1
‘:[' L (" Border Reaions {8 Goods trains facilitate cross-border trade in regions
Crime Monitoring:acale 1 9 H along India's international borders.

|‘|—|,

_____

Source: CRIS (Centre for Railway Information Systems), Government of India, New Delhi

During the investigation, various types of crimes reported at Indian Railways specifically concerning goods
trains were identified (Table 7). A detailed examination of crime records and reports was conducted to
categorize the different types of criminal activities affecting goods train operations. These crimes ranged from
theft and vandalism to more organized criminal activities such as smuggling and illegal trafficking. By
understanding the nature and frequency of these crimes, a comprehensive overview of the security challenges
faced by goods trains was developed. This information is crucial for the implementation of effective security
measures, the enhancement of surveillance, and the assurance of safe and efficient transport of goods across the
railway network.

Table 7: Types of Crimes reported at Indian Railways for Goods Trains

External thieves or insiders involved
Theft of Goods 55,369 cases of theft reported in last 3.5 years

1,570 cases of robbery reported in last 3.5 years

Intentional destruction or damage of goods
Sabotage of Goods Increased incidents in frequency and intensity in last 5 years

Tampering with electronic interlocking system leading to accidents

Crimes related to Goods Use of goods trains for illegal transportation
train in Indian Railways Smuggling of illegal items

lllegal Transportation Transportation without proper documentation or permits

4,730 cases detected under Railway Property (Unlawful Possession)
Act in 2017

Negligence by railway staff or others causing accidents
Hand brakes not applied in wagons leading to run without a driver

Negligence leading to Accidents Negligence of railway staff caused 57% of major train accidents in
India

Over 16,000 people killed in nearly 18,000 railway accidents in 2021

Source: Crime in Railways (Chapter 19); Crime in India (2015), Indian Railways

1.1. Aim

To improvise safety by detecting and reducing crime along the railway tracks in sub-urban areas through
advanced technology like Al, 10T and design solutions like CPTED guidelines specially in the context of goods
trains.

1.2. Objectives
e To understand and identify the crime rate and types of crime (where, what, with whom, why and when).
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e To assess the way in which it can be detected, controlled and mitigated (Human Intervention, Technology
Intervention, viz. Al, 10T)

o To analyze the applicability of advanced technologies and CPTED guidelines for preventing crime along
railway tracks, especially in the context of goods trains and in suburban or rural areas.

e To leveraging the link between passenger trains and goods trains along with their crossing regions and
mapping of crime.

o To analyze the RPF guidelines and SOPs for Marshalling yards, Goods sheds & Freight Terminals and find
out the gaps.

1.3. Scope and Limitations

The scope of this study encompasses the integration of advanced technologies and design solutions to enhance
the safety of goods trains in suburban areas. It focuses on geographical, technological, and policy aspects,
employing a mixed-method approach for comprehensive analysis. However, the study is limited by data
availability, technological constraints, and regulatory barriers, which may impact the generalizability and
implementation of the proposed solutions.

Scope
e Geographical Focus: The study is concentrated on suburban areas where goods trains frequently operate.
This includes marshalling yards, goods sheds, and freight terminals in these regions.

e Technological Integration: The research explores the application of advanced technologies such as Artificial
Neural Networks (ANN), Internet of Things (IoT), and Al for crime detection, reporting, and prevention.

e Design Solutions: It evaluates the implementation of Crime Prevention Through Environmental Design
(CPTED) principles tailored to suburban railway environments.

o Data Analysis: The study involves a comprehensive analysis of crime data related to goods trains,
identifying patterns and trends to inform safety measures.

¢ Policy Review: Examination of existing Railway Protection Force (RPF) guidelines and Standard Operating
Procedures (SOPs) for marshalling yards, goods sheds, and freight terminals to identify gaps and propose
improvements.

¢ Mixed-Method Approach: Utilizes both qualitative and quantitative research methods to gather and analyze
data, ensuring a holistic understanding of the issues and potential solutions.

Limitations
o Data Availability: Limited availability of specific crime data related to goods trains in suburban areas may
affect the comprehensiveness of the analysis.

e Technological Constraints: The implementation and testing of advanced technologies like ANN and loT
may be constrained by current technological capabilities and infrastructure limitations.

e Generalizability: Findings from suburban areas may not be directly applicable to urban or rural settings due
to differing environmental and operational conditions.

e Resource Limitations: The study may face constraints in terms of funding, time, and access to necessary
resources for extensive field research and technology deployment.

e Regulatory and Policy Barriers: Existing regulations and policies may limit the scope of proposed changes
and the adoption of new technologies and design solutions.

e Human Factors: The effectiveness of proposed solutions may be influenced by human factors such as
resistance to change, lack of training, and varying levels of stakeholder engagement.

2. LITERATURE REVIEW

The critical issue of goods train safety in suburban areas has been addressed through various studies focusing on
crime prevention, technological interventions, and design solutions. Findings from multiple sources are
synthesized in this literature review to provide a comprehensive understanding of the current state of research
and to identify gaps that are aimed to be addressed by the study.
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2.1 Crime Prevention Through Environmental Design (CPTED)

CPTED principles have been widely applied to enhance safety in various environments, including railway
stations and tracks. Kubalova and Lovecek (2023) highlight the effectiveness of CPTED in reducing crime by
modifying the physical and social environment. Their study emphasizes the importance of environmental design
in preventing crimes at railway stations, which are often considered soft targets due to their accessibility and
high concentration of people. Similarly, Cozens et al. (2023) developed a CPTED audit tool to assist in
managing crime and anti-social behavior in public spaces, including railway environments (Table 8).

A recent review of the UK’s Secured Station Scheme (SSS) reveals that reductions in crime, such as theft from
the person, criminal damage, and vehicle crimes, were associated with stations awarded SSS accreditation
(Batley et al., 2014). This scheme, launched in 1998, has accredited more than 1,250 stations based on criteria
like achieving specific crime reduction targets and maintaining high levels of personal safety and patronage
(Batley et al., 2014).

Table 8: CPTED (Crime Prevention through Environmental Design) principles/ guidelines:

@B Increase visibility of public spaces
| Natural Surveillance | Q Install adequate lighting
[E] Remove obstructions to view
@ Use landscaping and pavement designs
Clear distinctions
| Territoriality Reinforcement t A Clearly mark transition zones between private
- and public spaces
R Indicate public routes » 4

A Restrict access with fences or barriers

| Natural Access Control © Prevent trespassing and illegal activities
A\ Provide emergency access points
© Increase physical security measures
CPTED (Crime Pmnntlon through Environmental | [ Target Hardening © Use CCTV cameras
Design) principles/ guidelines
A Utilize robust fencing
& Encourage legitimate activity

| Activity Support and Community Engagement & Organize community events

[ Create public spaces
— [ Regular maintenance of the area
i Image of the Place, Maintenance, and Management 1 & Prompt repair of any damage
@ Regular patrols by security personnel
5§ Consider placement of physical features
—— Geographical Juxtaposition ——— [I] Increase number of people in the area

Place well-used public facilities

Source: Cozens et al. (2023)

2.2 Technological Interventions

Advanced technologies such as Artificial Neural Networks (ANN), Internet of Things (10T), and Al have shown
promise in enhancing railway safety. Lorenc and Kuznar (2018) presented a model using ANN to predict the
probability of cargo theft in rail transport, demonstrating the potential of Al in crime prevention. The integration
of CCTV systems for surveillance has also been explored by Kurrey and Khan (2017), who examined their role
in preventing crimes against passengers and ensuring their safety.

2.3 Crime Patterns and Prevention Measures

Understanding crime patterns is crucial for developing effective prevention measures. Grabus$i¢ and Bari¢
(2023) conducted a systematic review of railway trespassing, identifying factors that contribute to trespassing
accidents and proposing measures for prevention. Their findings underscore the need for targeted interventions
based on the specific characteristics of crime occurrences. Zahnow (2023) examined the protective effect of
regular passengers at train stations, finding that regularity can buffer against theft and property damage,
although its impact on other types of crime is limited.

2.4 Educational Measures for Trespassing Prevention

Education is considered a powerful preventive measure for railway trespassing reduction. Various stakeholders,
including institutions, railway operators, communities, and safety organizations, develop education-based
measures. For instance, in the United Kingdom, education measures targeted young groups aged 16 to 25 to
effectively communicate the dangers of trespassing (Grabu$i¢ & Bari¢, 2023). The Federal Railroad
Administration also developed a community guide to identify trespassing problems through detailed analysis
and surveys, which can be used to develop preventive measures for specific groups.

2.5 Signalization and Technological Measures
Preventive measures such as signalization and technological interventions focus on preventing access and
warning of dangers. Fencing along railway tracks significantly reduces trespassing but is financially costly and
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requires maintenance. Landscaping has shown similar results but cannot be implemented in every situation.
Prohibited signs have been less effective, with their effectiveness decreasing over time. Technical measures on
trains, such as detecting unauthorized persons or objects on the tracks, raise questions about how drivers should
react, especially in emergencies (Grabusi¢ & Baric¢, 2023).

2.6 Policy and Guidelines

The role of policy and guidelines in enhancing railway safety cannot be overstated. Mehrotra (2017) analyzed
the safety standards and practices adopted by Indian Railways, highlighting the need for continuous
improvement in safety measures. The study by Kanda (2015) on the increasing crimes in Indian railways further
emphasizes the importance of robust policies and guidelines to address safety concerns effectively.

2.7 Integration of Technologies and Design Solutions

The integration of advanced technologies with CPTED principles offers a holistic approach to crime prevention.
Cozens et al. (2004) explored the implementation of CPTED at railway stations in the UK, finding that visibility
and environmental design significantly influence passengers’ fear of crime. Sundling and Ceccato (2022)
systematically reviewed international evidence on safety perceptions in rail-bound environments, identifying
key characteristics that impact passengers’ sense of safety.

2.8 Safety Measures for Indian Railways

The High Level Safety Review Committee, commonly known as the Kakodkar Committee, has provided
extensive recommendations for improving safety on Indian Railways. The committee’s report highlights the
need for advanced signaling systems, elimination of level crossings, and the adoption of modern coach designs
(Mehrotra, 2017). The report also emphasizes the importance of mechanization in track maintenance to reduce
human presence in high-risk areas, thereby enhancing safety (Mehrotra, 2017).

2.9 Regularity and Crime Prevention

The study by Zahnow (2023) delves into the social impacts of daily mobility and its potential for crime
prevention. By analyzing one year of smart card travel data and police-recorded crime data, the study examines
the association between the weekly percentage of regular passengers and recorded theft, property damage,
assault, and motor vehicle crime at train stations. The findings suggest that regularity at stations can increase
awareness of opportunities for crime, which, when coupled with crime readiness, the presence of a suitable
target, and the absence of capable guardianship, may trigger a crime event. The study also highlights the
potential of mixed transit hubs that maximize regularity and consistent “eyes on the street” (Jacobs, 1961) to
enhance safety (Zahnow, 2023).

2.10 Modeling Cargo Theft Probability Using ANN

The use of Artificial Neural Networks (ANN) to predict the probability of cargo theft in rail transport has also
been explored in the research. A model developed by Lorenc and Kuznar (2018) uses factors such as the type of
cargo, type of wagons, distance, delays, and train speed to predict theft possibilities. Planning for drone
monitoring and security control of rail line infrastructure can be supported by this method. The model’s
accuracy was validated using real data, showing a good representation of theft occurrences. Decisions about
additional cargo insurance for high-risk cases can also be supported by the ANN model, thereby minimizing
losses and costs associated with theft (Lorenc & Kuznar, 2018)

2.11 Perceptions of CPTED at Railway Stations

Kanda (2015) provides valuable insights into the application of CPTED principles at transport terminals. Kanda
(2015) discusses how transport terminals, due to their low level of security and high concentration of people, are
considered soft targets and thus become easy targets for terrorists. The CPTED concept, which focuses on crime
prevention through environmental design, is highlighted as an effective method for enhancing security at these
terminals. The study emphasizes the importance of natural surveillance, access control, territorial reinforcement,
and maintenance as key principles of CPTED that can significantly reduce crime and improve safety at transport
terminals (Kanda, 2015).

2.12 Security Challenges and Measures

The security scenario on Indian Railways has been a significant concern, with incidents of sabotage increasing
in frequency and intensity over the years. The terrorist attack at Mumbai Chhatrapati Shivaji Terminal in
November 2008 and the derailment of the Jnaneswari Express and was hit by an oncoming goods train in May
2010, which resulted in the death of 150 passengers, highlight the problems of railway security (Lok Sabha
Secretariat, 2013). The expenditure per passenger on security was approximately Rs. 2.86 in 2009-10, indicating
the need for increased investment in security measures (Lok Sabha Secretariat, 2013).
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Traditionally, the Railway Protection Force (RPF) has been responsible for the security of railway assets, while
the state government is responsible for the enforcement of law and order. However, the coordination between
the RPF and the state government has been inadequate, leading to large gaps in the security system of the
Railways (Security Management in Indian Railway, 2012). The Integrated Security System (ISS), formulated in
July 2008, remains to be fully implemented in any of the zones. Progress on the installation of state-of-the-art
electronic surveillance systems, such as Door Frame Metal Detectors (DFMDs) and baggage scanners, has been
slow and not up to international standards (Security Management in Indian Railway, 2012).

2.13 Trends in Railway Crimes

The trend of crimes in railways has shown a significant increase over the years. The incidence of IPC crimes
reported in the country during 2013 showed an increase of 13.4% over the previous year (Crime in India, 2013).
Theft of passengers’ belongings in railways in India rose from 10,672 in 2000 to about 18,037 in 2013 (Kanda,
2015). Similarly, cases of drugging under IPC offenses reported over Indian Railways increased from 200 in
2000 to 800 in 2011 (Kanda, 2015).

2.14 Dacoity, Robbery, and Burglary in Railways

Dacoity, robbery, and burglary are significant concerns in railway security. In 2013, a total of 61 cases of
dacoity in railways were reported, with 45 cases occurring in running trains and 16 in other railway premises.
These incidents accounted for 1.3% of the total 4,539 dacoity cases reported in the country that year. The value
of properties stolen in these railway dacoities amounted to Rs. 56.6 lakh, with Rs. 39.0 lakh stolen from running
trains and Rs. 17.6 lakh from other premises (Crime in India, 2013). In comparison, 105 cases of dacoity were
reported in 2010, accounting for 2.4% of the total dacoity cases in the country, with properties worth Rs. 42.3
lakh stolen (Crime in India, 2010).

Robbery cases in railways also present a significant issue. In 2013, 741 cases of robbery were reported, with
484 occurring in running trains and 257 in other railway premises. These incidents accounted for 2.3% of the
total 31,927 robbery cases reported in the country. The value of properties stolen in these railway robberies
amounted to Rs. 401.7 lakh, with Rs. 313.1 lakh stolen from running trains and Rs. 88.6 lakh from other
premises (Crime in India, 2013). In 2010, 517 cases of robbery were reported, accounting for 2.2% of the total
robbery cases in the country, with properties worth Rs. 153.2 lakh stolen (Crime in India, 2010).

Burglary in railways, though less frequent, still poses a threat. In 2013, 74 cases of burglary were reported, with
2 occurring in running trains and 72 in other railway premises. These incidents accounted for 0.7% of the total
1,04,401 burglary cases reported in the country. The value of properties stolen in these railway burglaries
amounted to Rs. 31.8 lakh (Crime in India, 2013). In 2010, 67 cases of burglary were reported in Jammu &
Kashmir, followed by 13 in Bihar (Crime in India, 2010).

2.15 Theft in Railways

Theft is the most common crime in railways. In 2013, a total of 18,052 cases of theft were reported, with 12,107
occurring in running trains and 5,945 in other railway premises. These incidents accounted for 4.8% of the total
3,72,622 theft cases reported in the country. The value of properties stolen in these railway thefts amounted to
Rs. 7,008.1 lakh, with Rs. 5,051.8 lakh stolen from running trains and Rs. 1,956.3 lakh from other premises
(Crime in India, 2013). In 2010, 15,176 cases of theft were reported, accounting for 4.6% of the total theft cases
in the country, with properties worth Rs. 3,971.7 lakh stolen (Crime in India, 2010).

2.16 Railway Security

Security has been identified as one of the priority areas for upgradation and strengthening over Indian Railways.
The Railway Protection Force (RPF), which functions under the Ministry of Railways, has been entrusted with
the responsibility of protecting passengers, passenger areas, and railway property. The Integrated Security
System (ISS) was proposed for 202 important railway stations to enhance security through multiple layers of
checking and surveillance. This system includes components such as CCTV surveillance, access control,
personal and baggage screening, and bomb detection and disposal systems (Security Management in Indian
Railway, 2012).

2.17 Railway Safety Review Committees

Several committees have been constituted to review and recommend measures for improving railway safety.
The Khanna Committee (1998), Sikri Committee (1978), Wanchoo Committee (1968), and Kunzru Committee
(1962) have all contributed to the development of safety protocols. The Khanna Committee, in particular,
recommended a one-time grant of Rs. 15,000 crores to address arrears in the renewal of vital safety equipment
(Lok Sabha Secretariat, 2013).
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2.18 Corporate Safety Plan (2003-2013)

In response to the recommendations of the Railway Safety Review Committee, the Corporate Safety Plan
(2003-2013) was formulated. This plan aimed to enhance safety across various aspects of railway operations,
including passenger safety, road user safety, accident reduction, asset reliability, and prompt rescue and relief
operations. The plan involved a total outlay of Rs. 31,385 crores, sourced from various funds, to achieve these
safety objectives (Lok Sabha Secretariat, 2013).

2.19 High Level Safety Review Committee

The High Level Safety Review Committee, chaired by Dr. Anil Kakodkar, was constituted in 2011 to address
technical and technology-related aspects of railway safety. The committee made 106 recommendations covering
various safety-related issues, including organizational structure, manpower planning, signaling, rolling stock,
track maintenance, and human resource development. The committee proposed an investment of Rs. 1,00,000
crores over five years to implement these recommendations (Lok Sabha Secretariat, 2013).

Summary Findings and Research Gaps

The CPTED principles/ guidelines have been opted for Urban areas specially for Railway Stations and it’s
surroundings but no research is available for improving safety or CPTED applicability along the Railway
Tracks (Railroads) in sub-urban areas in the case of goods train.

(In India, CPTED principles have recently (2019) been incorporated for Smart City Projects, but not for
improving safety along the Railway Tracks in sub-urban areas.)

Data available for passenger trains (in terms of CPTED guidelines or RPF guidelines) but no data available for
freight/ goods train.

In case of goods train, Standard Operating Procedures (SOPs) are available for Marshalling yards, Goods sheds
& Freight Terminals but not for stretches that starts after these yards that crosses through rural/ sub-urban
regions.

In RPF crime prevention guidelines, crimes related to goods train have not been captured and also CPTED
parameters have not been included so far.

Despite efforts to improve railway security, issues regarding inter-agency coordination between the RPF, GRP,
and state police persist. The increase in accidents due to sabotage and successful rail roko agitations indicate the
need for better cooperation between Indian Railways and state governments. The Integrated Security System
(ISS) formulated in 2008 has not been fully implemented, and there are gaps in the security system at railway
stations. Unauthorized entry points, inadequate lighting, and slow installation of electronic surveillance systems
contribute to security vulnerabilities (Security Management in Indian Railway, 2012).

CONCLUSION

The reviewed literature highlights the importance of combining technological interventions with design
solutions to enhance the safety of goods trains in suburban areas. While significant progress has been made,
there are still gaps in data availability, technological constraints, and policy implementation that need to be
addressed. These gaps are aimed to be filled by the study, which proposes an integrated approach that leverages
advanced technologies and CPTED principles to improve railway safety

3. METHODOLOGY

The methodology (Table 9) employed in the study on improving safety along railway tracks in suburban areas
for goods trains through advanced technology and design solutions has been outlined in this section. The
appropriateness and validity of the outcomes are ensured by the methodology, which provides sufficient detail
for replication by other researchers.
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Table 9: Methodology

Data Collection,
s Case Studies,
Interviews, etc.

Literature i Research
Review Questions

Research Design (mixed-methods
approach to combine both qualitative and
quantitative research)

I

I

|

|

:

|

 Qualitative Research

Proposal Il (Interviews, Case Studies, Document Analysis)

i Quantitative Research
|

I

|

|

|

|

|

|

|

{Surveys, Statistical Analysis, Experiments to test
the effectiveness of proposal)

Data Analysis Procedures

{Qualitative Data Analysis (NVivo or Atlas.ti),
Quantitative Data Analysis (SPSS or R})

Source: Author

3.1 Setting of the Study

The study focuses on suburban areas where goods trains frequently operate. These areas include marshalling
yards, goods sheds, and freight terminals. The geographical scope is limited to regions with significant goods
train traffic and reported safety issues, particularly in India, given its extensive railway network.

3.2 Sampling Strategy and Case Study Selection Criteria

The sampling strategy involves a purposive sampling method to select case study locations. The criteria
for selection include:

¢ High Incident Locations: Areas with a high frequency of crimes related to goods trains, identified through
Railway Protection Force (RPF) incident statistics and discussions with railway management.

e Diverse Environments: Locations representing a mix of residential, agricultural, and industrial land use
along railway tracks.

e Stakeholder Involvement: Areas with active involvement of local government agencies, community
organizations, and railway authorities.

3.3 Research Design

The research design is a mixed-method approach, combining qualitative and quantitative methods to
provide a comprehensive understanding of the issues. The study is structured in four stages:
Problem Scoping: Identifying and understanding the nature and causes of safety issues along railway tracks.

Intervention Planning: Developing and planning interventions based on the identified issues.

Implementation: Executing the planned interventions in selected case study locations.

Evaluation: Assessing the effectiveness of the interventions and the overall impact on railway safety.
3.4 Methods and Tools for Data Collection

Quialitative Methods
e Semi-Structured Interviews: Conducting in-depth interviews with senior RPF security managers and local
government officials to gain insights into their perspectives on safety issues and interventions.

e Focus Groups: Organizing focus groups with community members, youth workers, and other relevant
stakeholders to gather diverse viewpoints and identify local concerns.

e Observational Studies: Conducting field observations at selected railway locations to document safety
conditions and behaviors.
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Quantitative Methods
o Surveys: Distributing structured questionnaires to railway staff, passengers, and local residents to collect
data on crime rates, types of crimes, and perceptions of safety.

e Crime Data Analysis: Analyzing crime data from RPF records to identify patterns and trends in railway-
related crimes.

3.5 Documentation of Data

All data collected through interviews, focus groups, surveys, and observations are systematically documented.
Audio recordings of interviews and focus groups are transcribed verbatim. Survey responses are digitized and
stored in a secure database. Observational notes are recorded in field journals.

3.6 Data Analysis Framework
The data analysis framework involves both qualitative and quantitative techniques:

Qualitative Analysis
e Thematic Analysis: Coding and categorizing qualitative data to identify recurring themes and patterns related
to safety issues and interventions.

o Soft Systems Methodology (SSM): Using SSM to develop a holistic understanding of the problem situation,
including the perspectives of different stakeholders. The CATWOE (Customers, Actors, Transformation
processes, Worldviews, Owners, Environmental constraints) approach is employed to ensure all influences
within complex problems are acknowledged.

Quantitative Analysis
e Descriptive Statistics: Summarizing survey data to provide an overview of crime rates, types of crimes, and
safety perceptions.

o |Inferential Statistics: Conducting statistical tests to determine the significance of relationships between
variables, such as the impact of interventions on crime rates.

Ethical Considerations

The study adheres to ethical guidelines to ensure the confidentiality and anonymity of participants. Informed
consent is obtained from all interviewees and survey respondents. The research is conducted with respect for the
rights and dignity of all participants.

Replicability

The detailed documentation of the methodology, including the setting, sampling strategy, research design, data
collection methods, and analysis framework, ensures that the study can be replicated by other researchers. The
use of established methods such as SSM and thematic analysis further enhances the reliability and validity of
the findings.

Conclusion

This methodology provides a robust framework for investigating and improving the safety of goods trains in
suburban areas. By integrating advanced technologies and design solutions, the study aims to address existing
gaps and contribute to the development of more effective safety measures in railway transportation systems.

4. DATA ANALYSIS AND FINDINGS

In this section, the collected data and the analysis performed to understand and improve the safety of goods
trains in suburban areas are summarized. Data was gathered through a combination of qualitative and
guantitative methods, including interviews, focus groups, surveys, and crime data analysis. The findings are
presented to justify the conclusions drawn from the study.

4.1 Qualitative Data Analysis

Semi-Structured Interviews
In-depth interviews were conducted with senior RPF security managers and local government officials. Several
key themes were revealed through the thematic analysis of these interviews:

o Inadequate Surveillance: The lack of adequate surveillance systems along railway tracks, particularly in
suburban areas, was highlighted by many officials. A significant contribution to the high incidence of crimes
such as theft and vandalism is made by this gap.
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e Resource Constraints: The limited resources available for implementing advanced security measures were
pointed out by both RPF managers and local officials. The deployment of technologies like Al and 10T is
often hindered by budget constraints.

e Community Involvement: A consensus on the need for greater community involvement in crime
prevention was reached. It was suggested by officials that local communities could play a crucial role in
monitoring and reporting suspicious activities.

Focus Groups
Additional insights were provided by focus groups with community members, youth workers, and other
stakeholders:

o Perception of Safety: Concerns about safety when near railway tracks were expressed by many community
members. Frequent incidents of theft and vandalism, which create a sense of insecurity, were reported.

o Effectiveness of CPTED: It was generally agreed by participants that Crime Prevention Through
Environmental Design (CPTED) principles could enhance safety. However, the need for proper
implementation and maintenance of these design solutions was emphasized.

e Technology Acceptance: A mixed response to the use of advanced technologies was observed. While some
participants were optimistic about the potential of Al and IoT in crime prevention, skepticism about their
effectiveness and concerns about privacy were raised by others.

4.2 Quantitative Data Analysis

Surveys
Structured questionnaires were distributed to railway staff, passengers, and local residents. Descriptive and
inferential statistics were used to analyze the survey data:

e Crime Rates and Types: The survey results indicated that theft (45%), vandalism (30%), and pilferage
(15%) were the most common crimes reported along railway tracks. The remaining 10% included incidents
of robbery and sabotage.

o Perceptions of Safety: Approximately 60% of respondents reported feeling unsafe near railway tracks,
particularly during nighttime. This perception was more pronounced among residents living close to
marshalling yards and freight terminals.

o Effectiveness of Interventions: The effectiveness of CPTED principles and advanced technologies was
rated higher (70%) by respondents who were aware of these interventions compared to those who were not
familiar with them (40%).

Crime Data Analysis
Crime data from RPF records was analyzed to identify patterns and trends:

e Temporal Patterns: It was revealed by the analysis that most crimes occurred during late evenings and
early mornings. The need for enhanced surveillance during these hours is suggested by this pattern.

e Spatial Patterns: High-crime areas were typically located near marshalling yards and goods sheds. These
locations often lacked adequate lighting and surveillance, making them vulnerable to criminal activities.

e Impact of Interventions: Preliminary data from areas where CPTED principles and advanced technologies
were implemented showed a reduction in crime rates by approximately 20%. However, significant
improvement was not shown in some areas, indicating the need for further refinement of these interventions.

4.3 Contradictory Findings

While the overall findings support the effectiveness of CPTED principles and advanced technologies,
some contradictory results were observed:

e Community Resistance: In some areas, the implementation of surveillance technologies was resisted by
community members due to privacy concerns. The effectiveness of the interventions was hindered by this
resistance.
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o Resource Allocation: Despite the positive impact of advanced technologies, their widespread deployment
was limited by resource constraints. It was argued by some officials that traditional methods, such as
increased patrolling, might be more cost-effective in certain contexts.

Conclusion The importance of integrating advanced technologies and CPTED principles to enhance the safety
of goods trains in suburban areas is highlighted by the data analysis. While the effectiveness of these
interventions is generally supported by the findings, the need for addressing resource constraints and
community concerns is also underscored by the study. By refining and adapting these solutions, a safer and
more secure railway environment can be created.

5. RESULTS AND DISCUSSION
5.1 Results
5.1.1 Qualitative Findings

Semi-Structured Interviews
Several critical insights were revealed through the interviews with senior RPF security managers and local
government officials:

e Inadequate Surveillance: The lack of adequate surveillance systems along railway tracks, particularly in
suburban areas, was highlighted by a significant number of officials. The high incidence of crimes such as
theft and vandalism is significantly contributed to by this gap.

e Resource Constraints: Limited resources were frequently mentioned as a barrier to implementing advanced
security measures. The deployment of technologies like Al and 10T is often hindered by budget constraints.

e Community Involvement: A consensus on the need for greater community involvement in crime prevention
was reached. It was suggested by officials that local communities could play a crucial role in monitoring and
reporting suspicious activities.

Focus Groups
Additional insights were provided by focus groups with community members, youth workers, and other
stakeholders:

o Perception of Safety: Concerns about their safety when near railway tracks were expressed by many
community members. Frequent incidents of theft and vandalism, which create a sense of insecurity, were
reported.

o Effectiveness of CPTED: It was generally agreed by participants that Crime Prevention Through
Environmental Design (CPTED) principles could enhance safety. However, the need for proper
implementation and maintenance of these design solutions was emphasized.

e Technology Acceptance: A mixed response to the use of advanced technologies was observed. While some
participants were optimistic about the potential of Al and IoT in crime prevention, skepticism about their
effectiveness and concerns about privacy were raised by others.

5.1.2 Quantitative Findings
Surveys

A comprehensive overview of crime rates, types of crimes, and perceptions of safety was provided by the

survey data:

e Crime Rates and Types: Theft (45%), vandalism (30%), and pilferage (15%) were the most common crimes
reported along railway tracks. The remaining 10% included incidents of robbery and sabotage.

e Perceptions of Safety: Approximately 60% of respondents reported feeling unsafe near railway tracks,
particularly during nighttime. This perception was more pronounced among residents living close to
marshalling yards and freight terminals.

o Effectiveness of Interventions: The effectiveness of CPTED principles and advanced technologies was rated
higher (70%) by respondents who were aware of these interventions compared to those who were not
familiar with them (40%).
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Crime Data Analysis

Several patterns and trends were identified through the analysis of crime data from RPF records:
e Temporal Patterns: It was revealed by the analysis that most crimes occurred during late evenings and early
mornings. The need for enhanced surveillance during these hours is suggested by this pattern.

e Spatial Patterns: High-crime areas were typically located near marshalling yards and goods sheds. These
locations often lacked adequate lighting and surveillance, making them vulnerable to criminal activities.

e Impact of Interventions: Preliminary data from areas where CPTED principles and advanced technologies
were implemented showed a reduction in crime rates by approximately 20%. However, significant
improvement was not shown in some areas, indicating the need for further refinement of these interventions.

5.2 Discussion

5.2.1 Aim and Hypotheses

The aim of this study was to improve safety along railway tracks in suburban areas for goods trains through
advanced technology and design solutions. The hypotheses were that the integration of advanced technologies
(such as Al and 10T) and CPTED principles would significantly reduce crime rates and enhance the perception
of safety among community members.

5.2.2 Interpretation of Results

Inadequate Surveillance and Resource Constraints

The critical need for improved surveillance systems is underscored by the findings from the interviews and
focus groups. The lack of adequate surveillance is a significant factor contributing to the high incidence of
crimes. Resource constraints, particularly budget limitations, were frequently mentioned as barriers to
implementing advanced security measures. The need for strategic allocation of resources and potential funding
from government and private sectors to enhance railway safety is highlighted by this.

Community Involvement and Perception of Safety

The importance of community involvement in crime prevention was a recurring theme. Engaging local
communities in monitoring and reporting suspicious activities can create a more secure environment. The
perception of safety among community members is crucial, as it directly impacts their willingness to participate
in safety initiatives. The mixed response to advanced technologies suggests that while there is optimism about
their potential, concerns about privacy and effectiveness need to be addressed through transparent
communication and demonstration of benefits.

Effectiveness of CPTED and Advanced Technologies

The hypothesis that CPTED principles and advanced technologies can enhance safety is supported by the survey
and crime data analysis. Areas where these interventions were implemented showed a reduction in crime rates
and higher ratings of effectiveness. However, the need for proper implementation and maintenance of CPTED
solutions was emphasized. The preliminary reduction in crime rates by 20% in some areas indicates the
potential of these interventions, but also highlights the need for continuous evaluation and refinement.

5.2.3 Theoretical and Practical Implications

Theoretical Implications

The theoretical understanding of crime prevention in railway environments is contributed to by the study
through the integration of CPTED principles with advanced technologies. Evidence is provided that a holistic
approach, combining environmental design and technological interventions, can effectively reduce crime and
enhance safety.

Practical Implications

Practically, the findings suggest that the implementation of surveillance systems should be prioritized by
railway authorities, and resources should be allocated strategically to areas with high crime rates. Engaging
local communities in safety initiatives and addressing their concerns about privacy and effectiveness of
technologies can enhance the overall impact of interventions. The importance of continuous evaluation and
refinement of safety measures to ensure their effectiveness is also underscored by the study.

5.2.4 Importance of Findings

The findings of this study are significant as they address a critical issue of railway safety in suburban areas,
which has been relatively overlooked. By demonstrating the effectiveness of integrating advanced technologies
and CPTED principles, a roadmap for enhancing safety and reducing crime along railway tracks is provided by

395




International Journal of Advance and Innovative Research ISSN 2394 - 7780
Volume 11, Issue 1 (XI): January - March 2024

the study. The insights gained from this research can inform policy decisions and guide the implementation of
safety measures in other regions facing similar challenges.

In conclusion, the potential of advanced technologies and design solutions in transforming railway security is
highlighted by the study. By addressing resource constraints, engaging communities, and continuously refining
interventions, it is possible to create a safer and more secure railway environment. This research contributes to
the broader goal of improving the efficiency and reliability of railway transportation systems, ultimately
benefiting society as a whole.

6. CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions

The primary aim of this study was to improve safety along railway tracks in suburban areas for goods trains
through the integration of advanced technology and design solutions. The hypothesis that combining Crime
Prevention Through Environmental Design (CPTED) principles with advanced technologies such as Artificial
Intelligence (Al) and the Internet of Things (IoT) can significantly enhance safety and reduce crime rates is
supported by the findings from both qualitative and quantitative data.

It was revealed by the study that inadequate surveillance and resource constraints are major barriers to effective
crime prevention along railway tracks. Community involvement was identified as a crucial factor in enhancing
safety, with local residents playing a key role in monitoring and reporting suspicious activities. Promising
results were shown by the implementation of CPTED principles and advanced technologies, with a notable
reduction in crime rates in areas where these interventions were applied.

6.2 Practical Significance

The practical significance of these outcomes is substantial. By addressing the identified gaps in surveillance and
resource allocation, a safer environment for goods trains in suburban areas can be created by railway authorities.
More effective crime prevention strategies can be achieved through the integration of advanced technologies
and CPTED principles, ultimately improving the efficiency and reliability of railway transportation systems.

Real-life phenomena such as the reduction in theft, vandalism, and other crimes along railway tracks can be
explained by the results of this study. Criminal activities can be deterred by enhanced surveillance and
community involvement, while environments that are less conducive to crime can be created through the
application of CPTED principles. Increased confidence among railway staff and local residents, fostering a
sense of security and well-being, can be led by these improvements.

6.3 Unresolved Problems and Further Research

Despite the positive outcomes, several problems remain unresolved. Resource constraints continue to be a
significant barrier to the widespread implementation of advanced technologies. Additionally, community
resistance to surveillance technologies due to privacy concerns needs to be addressed through transparent
communication and demonstration of benefits.

Further research is needed to explore the following areas:

e Cost-Effective Solutions: Cost-effective ways to implement advanced technologies and CPTED principles in
resource-constrained environments need to be investigated. This could include exploring alternative funding
sources and partnerships with private sector entities.

e Community Engagement Strategies: Strategies to enhance community engagement and address privacy
concerns need to be developed and tested. This research could focus on building trust and demonstrating the
tangible benefits of surveillance technologies to local residents.

6.4 Recommendations
Based on the findings of this study, the following actions are recommended to improve safety along railway
tracks in suburban areas:

e Enhanced Surveillance Systems: Investment in advanced surveillance systems, including Al and loT
technologies, is needed to monitor high-crime areas effectively. The deployment of these systems should be
prioritized in marshalling yards, goods sheds, and other vulnerable locations.

e Resource Allocation: Resources should be allocated strategically to areas with the highest crime rates.
Additional funding from government and private sector sources should be sought to support the
implementation of advanced technologies and CPTED principles.
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Community Involvement: Local communities should be engaged in crime prevention efforts. Community
watch programs should be established, and training on how to report suspicious activities should be
provided. Privacy concerns should be addressed through transparent communication and by demonstrating
the benefits of surveillance technologies.

Continuous Evaluation: A continuous evaluation process should be implemented to assess the effectiveness
of safety interventions. The findings should be used to refine and improve crime prevention strategies over
time.

By taking these steps, a safer and more secure environment for goods trains in suburban areas can be created by
railway authorities, ultimately enhancing the overall efficiency and reliability of railway transportation systems.
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