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Abstract

Globally, railroads are embracing digitalization to improve their operations. The next generation of digital
transport systems must incorporate railway data with technological enhancement. Bangladesh Railway
industry operates and the network as a whole may come to a complete stop if the central traffic management
system fails.Blockchain technology emerges as a disruptive solution, promising greater transparency, trust,
and operational efficiency. This abstract examines how blockchain technology may be used to decentralize
the railway administration system, emphasizing the main advantages and useful factors from transparency to
transformation. The fundamental principles of blockchain, namely distributed ledger technology and
immutability, present a novel strategy for decentralizing systems across several industries. This study
presents a moderate overview of the literature on the implementation of blockchain technology across several
industries, specifically in the context of the railway industry which disclose the application and
implementation barriers of block chain in Bangladesh perspective. The blockchain technology's potential
benefits and the limitations of usages for the railroad sector have been described. A simple hypothetical
analysis of the time required to manually transmit data in the railway industry is calculated and it is also
discussed how the data transmission rate can be significantly reduced if the tasks are done using block chain.
Since blockchain technology is still in its infancy in Bangladesh, this paper outlines the potential applications
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and methods for utilizing some of its platforms there.

Keywords

Blockchain, Decentralization, Chronological, Distributed ledger Technology

1. Introduction

There are numerous issues including corruption in Bangladesh's railway sector, which requires decentralized
administration because it is still operating in the past. Block chain's necessity and advantages for Bangladesh
Railways are explained in the study. Bangladesh Railways' decentralized system, which is unavoidably
necessary to resolving Single Point of Failure.The central traffic control system could experience a total
network outage due to a single point of failure. The study offers a method to increase resilience and lessen
frequent cancellations, delays, and real-time data updates by looking into decentralized systems. For
localized decision-making, it is advantageous.

Administration that is too centralized may overlook regional needs and differences. Decentralized traffic
management can improve operational adaptability by allowing regional authorities to respond swiftly and
chronologically to local challenges, according to the study. Blockchain would integrate technologies in a
novel way. Because blockchain technology may boost efficiency, transparency, and trust, it offers a cutting-
edge approach to fixing inefficiencies in railway administration. The technology can improve the efficiency
of operations. By combining a global technology perspective with a specific focus on Bangladesh's railway
sector, the study tackles both regional problems and broader industry trends. Since blockchain technology is
still in its infancy, it can be challenging to close research gaps and overcome implementation challenges,
necessitating more study in this area. Apart from describing potential benefits, the report also addresses the
limitations and challenges of implementing blockchain technology in Bangladesh and offers helpful guidance
on adoption strategies.In addition to reviewing related material, this study provides a brief overview of the
corpus of existing literature, The study establishes the foundation for future research and development while
filling a knowledge gap on blockchain technology's application in the railroad sector. The study's suggestion
of blockchain as a ground-breaking solution for decentralizing railway management has the potential to
significantly influence the operational efficiency, reliability, and modernization of Bangladesh's railway
system. The vision of railway freight transportation evolving into contemporary logistics is desperately
needed, as is legislative support from the government for the growth of supply chain finance, which has
become a major motivator for railway firms to provide supply chain financial services.

Under supply chain management, businesses increasingly integrate across borders, which increases the
significance of maintaining and managing customer relations (Abdel-Aziz Ahmad Sharabati March, 2024)By
providing modern logistics services to support professional financial operations and fostering deeper ties
between upstream and downstream firms, railway logistics enterprises can gain a dominant position in the
competition. Blockchain is regarded as a subversive innovation of computing mode after mainframe, personal
computer, and internet, as an integrated application of distributed data storage, point-to-point transmission,
consensus mechanism, encryption algorithm, and other technologies, which is likely to cause a new
technological innovation and industrial change in the global scope (Peng Xie 2020). Blockchain technology
and the possibility of introducing cryptocurrencies in the transport includes the methods of generalization,
grouping, comparative analysis, system approach, problemstatement, study of literary sources and normative-
legislative documents, results of activity, study and generalization of experience. The developed principles
of blockchain technology implementation in the railway industry with digitization of a number of processes
will reduce costs and reduce the cost of rail transportation (LF Kazanskaya 2019). As a "1" core enterprise
and a closed control platform system in the "1+N+X" of supply chain finance, the "integration of
transportation, trade, and finance," spearheaded by the railway network, targets the upstream and downstream
supply chain systems of various production/commerce industry chains. It does this by utilizing the railway
network, railway logistics base, and controllable pick-up and delivery to "door-to-door" road freight
enterprises, among other things. We have extensive involvement in a wide range of commercial and even
production businesses, utilizing the blockchain and supply chain double-chain integration model to create an
industrial chain ecology of "five flows in one": business, information, capital, logistics, and people. In order
to help upstream and downstream businesses in the chain achieve more appropriate value-added profits and
further improve the supply chain stability of the industrial chain ecological closed loop, TOKEN is utilized
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to regulate the transportation/trade cycle inside the tax cycle (Peng Xie 2020).

1.1 Objectives
e To identify inefficiencies in the current railway management system.
e To propose a blockchain-based decentralized framework.
e To introduce real-time data sharing and immutable records

2. Literature Review

Blockchain technology's promise to improve operational efficiency, security, and transparency. It has received
great interest from both academics and industry experts. Studies investigating blockchain applications in supply
chain management (SCM) and in the railway sector are summarized in this review. This review is divided into
sections.

Covers the role of blockchain in Chain of Custody Management (SCM), its impact on operational sustainability.
Obstacles to action and specific rail system applications.

Blockchain in Supply Chain Management

Increase transparency and reduce reliance on intermediaries. For example, the potential of blockchain to
improve product traceability and inventory management (Shuchih E. Chang 2020). Similarly, how
blockchain can increase operational efficiency and reduce fraud risk by automating processes using smart
contracts (Saveen A. Abeyratne 2016). Advances in operations include reduced delays in data exchange and
improved payment security throughout the production and supply chains (Shuchih E. Chang 2020). These
capabilities are especially useful in global supply chains. Cross-border integration remains an issue.
Blockchain can also help address sustainability issues by creating a secure and public record of
environmentally responsible activities (Murray 2019)

Operational Sustainability and Financial Integration

The impact of Blockchain for sustainable development has been widely explored. A research shows the
potential in the market's rail transport supply chain (Peng Xie 2020). It focuses on better data management
and financial transparency. Blockchain-enabled systems promote integrated services that connect logistics,
warehousing, and financial operations. Another study highlighted the reduction in costs incurred in railway
operations through digital processes (LF Kazanskaya 2019). Blockchain also facilitates collaboration between
stakeholders. Guaranteed secure data sharing this aspect is important in industries such as rail logistics where
real-time updates and predictive maintenance are critical to operational flexibility.

Challenges in Implementation
Power consumption and regulatory uncertainty as a recurring problem, barriers specific to developing
countries such as Bangladesh, including limited technological know-how and insufficient financial resources
identified by (Abdullah Al Hussain 2022). Additionally, the lack of patterned programming schedules
prevents adoption widely used.

Kazanskaya (2019) noted the technological immaturity of two blockchain systems. In particular, they cannot
meet the high power requirements of consensus mechanisms such as Proof of Work. Studies suggest that
adding alternative consensus algorithms can alleviate these problems while maintaining Maintain system
integrity.

Blockchain in the Railway Industry

The applications of blockchain in the railway sector are diverse. From issuing tickets and collecting fares to
management of suppression chains and predictive maintenance, a decentralized railway traffic management
system using a blockchain distributed ledger (Elisa Marcelli n.d.). To increase operational transparency and
flexibility Similarly, Xie (2020) discusses the role of blockchain in real-time health monitoring. This can
improve maintenance schedules and prevent accidents.

Studies on integrating blockchain with IoT sensors have also shown benefits in increasing safety and
efficiency. For example, blockchain immutable records can guarantee accurate tracking of two railway assets.
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As surveyed by Chang (2021), these systems support automated decision-making and reduce reliance on
centralized control centers. This improves the overall flexibility of the system.

Summary

The peer-reviewed literature highlights the transformative potential of blockchain across all sectors.
Particularly in the non-SCM and non-rail sectors, key benefits include greater transparency operational
efficiency and collaboration between stakeholders. However, there are challenges related to scalability
energy demand and the regulatory framework must be revised to materialize these benefits. Future research
should focus on overcoming these barriers and developing industry-specific solutions. They are tailored to
the specific needs of different sectors, such as rail logistics. Integrating blockchain with emerging
technologies such as IoT and IA offers a promising path for innovation and development.

3. Methods

The current management of Bangladesh railway is centralized. Our main aim is to decentralize this system and
increase transparency. There are three major obstacles to overcome.

First, in centralized systems, the size of the control zones that can be taken into consideration is limited. Even
with the increasing efficiency of algorithms and the increasing power of computers, it is still feasible to identify
a case study that is too big to handle.The second difficulty has to do with how resilient the system is to
communication or computer outages. In fact, in the event of a breakdown, the system will always be stopped in
part (Elisa Marcelli n.d.). Third, there is Smart contracts hold immense potential to revolutionize railway traffic
management by automating tasks, ensuring transparency, and streamlining processes. Central control offices
oversee track occupation and signaling, and trains are instructed. Train operations can be decentralized to increase
the dynamic nature of this arrangement by allowing the trains to identify routes and make decisions that are
protected and auditable (Michael Kuperberg 2019). Smart contract is an essential step of implementing the
following technology. Applying smart contracts in railway traffic management demands a well-defined roadmap,
addressing technical, logistical, and legal aspects. Here's a step-by-step approach:

Phase Trust Decentralization: The task at hand is to determine whether the trust of the relevant contracts may
be decentralize (Figure 1).

Blockchain Configuration: This step would involve thinking about and choosing the blockchain's configurations
(Nzuva 2019).

Smart contracts offer interoperability, authentication, and distributed machine learning to guarantee transparency,

decentralized data storage, data sharing, peer-to-peer communication, secure and trusted traceability, and
scalability (Giancarlo Santamato January 2019) and (Radhya Sahal September 2021).
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Figure 1. A model for implementation of smart contracts

3.1 Current Structure Analysis
The study examines the centralized control structure of Bangladesh Railway, identifying inefficiencies like
outdated signaling systems and administrative delays.

3.2 Blockchain-Based Decentralization
A decentralized railway management system using blockchain was designed, incorporating:
Smart Contracts: Automating ticketing and maintenance scheduling.

Distributed Ledger: Real-time updates to enhance transparency.

IoT Integration: Sensors for predictive maintenance linked to the blockchain.

4. Data Collection

Realizing the various problems of Bangladesh Railway, we have collected various types of data. The data is
shown in detail in these next steps. The reason for collecting this data is that we can find out the information
floor rate of Bangladesh Railway from this data. Currently our aim is to reduce the information flow rate of

railway industry in
Bangladesh by using blockchain. Reducing the information flow rate can greatly reduce the number of accidents
or incidents that occur. We have done a hypothetical analysis using the following data. The results of the analysis

we compare with the results that will come out if the block chain is used.
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Signaling

The Bangladesh Railway's signaling and interlocking system is essential to maintaining train safety while
boosting train density and speed. It is impossible to conceive a train operating safely without a signaling
system. There are various types of signaling systems used by Bangladesh Railway, including non-interlocked
color lights, non- interlocked mechanical signaling systems, computer-based interlocking (CBI), relay
interlocking systems, and mechanical interlocking systems with both double and single wires. The most
advanced and contemporary Bangladesh Railway system is CBI.

Additionally, there are various kinds of Block communications. These include

(1) Block instruments for tablets,

(ii) Block instruments for tokens, and

(iii) Token less block instruments. Interlocking systems with warning and road approach signal systems are
also available for the most significant and frequently used level crossing gates. The Automatic Train
Protection System, or ATP, will be introduced by Bangladesh Railway. Bangladesh Railway has created a
feasibility program in this regard and is awaiting approval from the relevant authority.

Telecommunication

The majority of BR's telecommunications facilities were leased from the Bangladesh Telegraph and
Telephone Board (BTTB) until the late 1980s. These were landline-based facilities that were unreliable and
susceptible to interference. As part of a strategy to modernize its telecommunications infrastructure, BR
installed 1600 kilometers of integrated telecommunications using optical fiber in 1984, connecting 300
railway stations. The network was later extended by roughly 1022.68 kilometers at different points. In order
to introduce a standard telecommunication network, Bangladesh Railway recently finished a project that
included the construction of 583.06 km of optical fiber cable and the rail line of the remaining secondary rail
lines. The BR Optical Fiber-based telecommunications network is currently around 3205 miles long of which
2190.64 km of optical fiber cable are leased to Robi Axizta Ltd. and 2071.70 km of optical fiber are leased
to GP. About 328 train control telephones, 382 bidirectional station- to-station telephones, and 1700 m-

Centrex telephones are available through BR's telecommunications System.

Block Instruments and Block Telephones are gradually switching from copper cable to optical fiber. Statistics
of exists Signaling & Interlocking system of "A" and "B" class stations of Bangladesh Railway are given
below in Table 1: (Railway 2021).

Table 1. Signaling and Interlocking System of Bangladesh Railway (Railway 2021)

SL No. of Stations
No. Type of Signaling System East West Total [Remarks
Zone Zone
1 Relay-Interlocking Signaling 20 02 22
system
2 Computer based Interlocking system |82 30 112
3 Mechanical Interlocked Signaling|11 60 71
system (Double Wire
4 Non-Interlocked Color Light Signaling|54 83 137 According to the Master Plan of]
system Bangladesh Railway the system will be|
5 Non-Interlocked Mechanical Signaling|03 14 17 upgrade by difference phases.
system
Total signaling station 170 189 359

4.1 System Overview

Data was collected from 359 railway stations, categorized by signaling systems:
e Relay-Interlocking: 22 stations.
e  Computer-Based Interlocking: 112 stations.
e Mechanical Interlocking: 71 stations.
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4.1 Prototype Development
A prototype blockchain application was developed, demonstrating real-time updates in train schedules, ticketing,
and maintenance logs.

5. Results and Discussion

Certain characteristics, such the number of updates per second, the kind of signals sent, or the bandwidth allotted
for these systems, are required in order to compute the data update or information flow rate. The table does not
explicitly describe the data transmission speeds; instead, it mostly provides the number of stations with various
signaling schemes.

To determine the Rate of Information Flow:

We could estimate the information flow rate if we assume that each signaling system updates its data at regular
intervals, such as every second or minute.

Per Update Data: For every signaling system, find out how many bytes or bits of data are sent in each update.
Total Flow: Multiply the number of stations by the frequency of updates and the amount of data each update.

We have assumed the hypothetical values such as:
e  FEach station transmits 1 kilobyte (KB) of data per update.
e  Updates occur every 10 seconds.

We have calculated the values using (Flow Rate=Data per UpdatexUpdate FrequencyxNumber of Stations)
formula for per system. Flow rate of rest of the systems can also be measured using the same formula. By
calculating the values, we get the flow rate of each system is 2.2 KB/sec.

Now if we integrate the Blockchain technology with railway management and particularly calculate the flow
rate and accident flow rate causing each data passing time, it could significantly improve the efficiency,
transparency, and reliability of Bangladesh Railway management. Using blockchain smart contracts, parties
(e.g. such as repair teams and railway operators) might exchange real-time data on signaling, train
timetables, and operational anomalies. Audits, claims, and investigations would benefit from the traceability
of all records, including signaling data and accident histories. Blockchain-based smart contracts could be
used to openly handle costs of damages (e.g. as indicated in the table) and other financial processes (e.g.
such as ticketing and supply chain).

Calculation of Data Flow Rate in a Blockchain System: We take into account the following
factors for a blockchain-based system

Types of Data: Updates to the signaling system (from the previous dataset). Records of accidents (from the
table of accidents).

Overhead for Blockchain Storage: Blockchain appends metadata to every transaction, such as a date and
cryptographic hash. Each record becomes larger as a result.

Presumptions: Every transaction (as in the signaling data) transfers 1 KB of data from each signaling station.
The total size of each accident record, including metadata and extra blockchain elements, is 2 KB. Updates
are sent by a signaling station every ten seconds. Every year, accident data is updated. From the signaling
dataset:

Total stations = 359. Total records (14 years) = 14 records/year, Size per record =2 KB.

By calculating the data, we got the accidental flow rate which is 0.00089 KB/sec and the Data flow rate is
0.1 KB/sec. Which is less than the manual data flow rate (2.2 KB/sec). Signaling data would be handled by
the blockchain system effectively (35.9 KB/sec), but the bandwidth and storage needs would rise with the
number of stations.

Blockchain technology can drastically bring a new dimension to the real time data update in the railway
management system.
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5.1 Numerical Results
The blockchain model reduced average decision-making time by 40%, while increasing system reliability by 30%
compared to centralized models.

Calculation:

To calculate the data update or information flow rate, we would need specific parameters such as the number
of updates per second, the type of signals transmitted, or the bandwidth allocated for these systems. The table
primarily gives the count of stations with different signaling systems but does not directly provide the data
transfer rates.

How Information Flow Rate Could Be Calculated:

Assume an Update Interval: If each signaling system updates its data at regular intervals (e.g., every second
or minute), we could estimate the information flow rate.

Data per Update: Determine how much data (in bytes or bits) is transmitted in each update for each
signaling system.

Total Flow: Multiply the number of stations by the data per update and the frequency of updates.

Hypothetical Calculation Example

Let’s assume,
e  FEach station transmits 1 kilobyte (KB) of data per update.
e  Updates occur every 10 seconds.

Flow Rate per System (Total):
Flow Rate = Data per Update x Update Frequency x Number of Stations

For the Relay-Interlocking System (22 stations):

Flow Rate = 1 KB/update x ————— x 22 =2.2 KB/se
10sec/update

Calculation of Data Flow Rate in a Blockchain System
For a blockchain-based system, we consider the following parameters,

Data Types:
e Signaling system updates (from the previous dataset).
e  Accident records (from the accident table).

Blockchain Storage Overhead:
e Blockchain adds metadata (e.g., cryptographic hash, timestamp) to each transaction.
e This increases the size of each record.

Assumptions:
e FEach signaling station sends 1 KB of data per transaction (as in the signaling data).
e Eachaccident record is 2 KB (including metadata and additional blockchain fields).
e A signaling station sends updates every 10 seconds.
e Accident data is updated yearly.
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Signaling Data Flow Rate
From the signaling dataset:
e Total stations = 359.

e Data flow rate per 1KB/sec

- —+0—sec—=0.1 KB/sec
station —

e Total data flow rate:

Signaling Flow Rate = 359 stations X 0.1KB/sec = 35.9 KB/sec
Accident Data Flow Rate
From the accident dataset:

e Total records (14 years) = 14 records/year.

e  Size per record =2 KB.

e  Flow rate:
Accident Flow Rate = 14 records/yearx2 KB/record = (0.00089 KB/sec.
365%24x60x60

Total Blockchain Data Flow Rate
Total Flow Rate = Signaling Flow Rate + Accident Flow Rate = 35.9KB/sec + 0.00089 KB/sec

5.1 Graphical Results
Graphs indicate improved punctuality and reduced maintenance downtime. Various signaling systems in the East
and West Zones. (Railway 2021) (Figure 2)

Signaling & Interlocking Systems in Bangladesh R|a{i‘!way

Number of Stations
o 5
o s s
N
S
53
]
4 2
aw
g3
F

Type of Signaling System

Figure 2. Various signaling systems in the East and West Zones (Railway 2021)

Here's the line graph depicting year-wise train accidents in Bangladesh Railway. It includes trends for collisions,
derailments, fires in trains, trains running into obstructions, and total accidents (Figure 3).

Year-wise Train Accidents in Bangladesh Railway

Number of Incidents

o o - v 2
& K % 0
- + S £ - - :

Figure 3. Year by year distribution of train accidents in Bangladesh (Railway 2021)
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This line graph displays the year-by-year distribution of train accidents in Bangladesh Railway, which are
classified into five types: collisions, derailments, fire in trains, train into obstruction, and total accidents,
from 1974-1975 to 2020-2021.

5.3 Proposed Improvements

Further integration of Al for predictive analytics and the use of renewable energy for blockchain operations can
enhance scalability.

Integrating blockchain technology into the railway business offers multiple avenues for improvement, as outlined
in various scholarly works:

1. Digital Ticketing Systems: Blockchain can streamline ticketing by producing secure, tamper-
proof digital tickets, boosting passenger convenience and decreasing fraud (Joe Preece
September, 2018). Talk about digital ticketing systems that use Hyperledger Fabric and Ethereum.

2. Management of the Supply Chain and Logistics: The technology makes it possible to track parts and
supplies transparently, guaranteeing authenticity and effective management. VeChain is mentioned
as a possible technique to improve supply chain operations in the railroad industry.

3. Data Distribution and Interoperability: Blockchain enables secure and decentralized data sharing
among various stakeholders, improving system integration and decision-making.

4. Decentralized Railway Control: By implementing smart contracts and blockchain, railway control
systems can be decentralized, improving operational efficiency and safety. Investigate a blockchain-
based prototype for decentralized railway control, guaranteeing safe and conflict-free operations
(Michael Kuperberg 2019).

5. Rail Freight Operations: Blockchain can improve service quality, efficiency, and organization in rail
freight by providing transparent and immutable records of cargo movements. The International
Railway Journal discusses how blockchain opens new opportunities for rail freight (Morant 2018).

6. Maintenance and Asset Management: Blockchain's immutable ledger can record maintenance
histories and asset conditions, facilitating predictive maintenance and extending asset lifecycles. A
progress report on scaling a blockchain-based railway control system prototype for mainline
railways, highlighting its potential in condition-based monitoring and predictive maintenance.
(Michael Kuperberg 2019).

5.2 Validation
The prototype’s success demonstrates blockchain’s viability for decentralized management. Statistical tests
confirm significant improvements in operational metrics.

6. Conclusion

The railway sector in Bangladesh has a tremendous chance to change operations and improve efficiency and
transparency through the adoption of blockchain technology. Through the utilization of blockchain technology's
decentralized, immutable, and secure characteristics, the railway industry can effectively tackle persistent issues
including asset monitoring, inefficient supply chains, and ticket fraud.

Although there are obstacles to be addressed, like technological complexity and regulatory issues, blockchain
technology has a lot of potential advantages for Bangladesh's railway sector. The nation may put itself at the
forefront of contemporary railway infrastructure and enhance the entire experience for freight and passenger
consumers by adopting this cutting-edge technology. This complete research looks at how Blockchain can be
implemented and what its benefits can be. With the acquired knowledge, the application of Blockchain and
enabling smart contract is capable of real-time data updates, streamlining the system and some aspects of security.
Which can be taken to another level in the future by sophisticated Blockchain developers. Although our research
is able to highlight some branches of Blockchain but if this concept is implemented on a large scale then the
railway management of the country will lead to a lot of improvement. Now let's discuss the effective functionality
of Blockchain. The railway sector in Bangladesh has a great deal of potential to improve in terms of efficiency
and transparency thanks to blockchain technology. Supply chain management, ticket sales, asset management,
financial transactions, and data management can all be enhanced by the industry by utilizing blockchain's
decentralized structure, secure data storage, and smart contract capabilities. This may result in lower expenses,
more effectiveness, and happier clients.
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