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Message from Director
(Operations & Services)

DMRC has made significant strides in digitalizing its services, enhancing commuter
convenience, and aligning with the Government of India’s ‘One India — One Ticket’ initiative.
DMRC partnered with IRCTC and CRIS to launch the beta version of a QR code-based
ticketing system for seamless travel across Main Line Railways and Metro. Further advancing
digital solutions, DMRC introduced a QR ticketing system in collaboration with Amazon Pay
for a quick, contactless experience. Additionally, the corporation launched international flight
check-in facilities at metro stations, partnered with Airtel Payments Bank for open-loop digital
payments, and signed MoUs with NCRTC and ASI to offer integrated travel and cultural
experiences through a unified ticketing platform. DMRC also introduced features like Multiple
Journey QR Tickets (MJQRT) and bike taxi bookings via the official app, making travel even
more accessible. By embracing innovation, DMRC continues to simplify commuting and
create amodern, digital travel ecosystem for its passengers.

Happy New Year 2025, to all DMRC Family

(Dr. Amit Kumar Jain)
Director (Operations and Services)
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From Principal’s Desk

Preface to a Technical Editorial

We are pleased to share with you, full technical edition of Adharshila from DMRC Academy, a premier academy that
stands as a beacon of excellence in the field of Metro Railway education. As the premier Metro Academy in India, we
are uniquely positioned to bridge the gap between cutting-edge Metro Railway technology and the skilled
professionals needed to build, operate and maintain.

The Delhi Metro Rail Corporation (DMRC) has long been a symbol of excellence in public transportation, and DMRC
Academy serves as a platform for those seeking to make impactful contributions to this dynamic sector. Our
approach blends rigorous academic training with hands-on technical experience, ensuring that trainees not only
master the principles of engineering but also understand how these concepts apply to the real-world challenges
faced by the rapidly expanding metro systems.

At DMRC Academy, we recognize that the future of metro systems depends on the adaptive integration from
automation to sustainable energy solutions. Both automation and sustainability play vital and integral role to the
future of metro railways. Automation helps streamline operations, improves safety, and can increase the energy
efficiency of train systems. One of the most ground-breaking technological advancements in metro systems is the
development of automated trains or driverless metro systems and Delhi Metro proudly possesses the technology in
around 100 km of its network. Sustainability, on the other hand, ensures that metro railways have a minimal
environmental footprint, reduce emissions, and are part of a broader strategy for sustainable urban transport.
Sustainability has become a buzz word globally of late and Delhi Metro stand tall to claim its status in the arena.

We at DMRC Academy are eagerly looking forward to the inauguration of “Centre of Excellence in Tunnelling” (CoE
in Tunnelling) including Tunnel Model and Cutter Head. “CoE in Tunnelling” will bring a unique learning experience
to the trainees. The Centre will run various Short-Term courses which are designed for professionals seeking to
upgrade their skills in areas such as tunnel boring machines (TBMs), risk management, etc.

We are truly thankful to all those who have contributed their insightful articles for this technical edition. Your valuable
expertise has played a crucial role in enriching our edition.

Thank you for being a part of this exciting journey. Together, we will continue to drive excellence in metro education
and shape the future of urban mobility.

Happy New Year 2025

/

(Mahendra Singh)
Principal, DMRC Academy
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Anil Patel
Professor/Civil

Bhaskar Jha
Asso. Professor/Civil

Tunnel Boring Machines (TBMs) are giant “Tunnel
Production Factory” with all parts of production line
installed within its 80 to 100 m length. The primary
function of TBM is to excavate tunnels through different
types of soil. However, these modern machines are
now self-equipped to remove the excavated soil into
the muck trolleys, install different segments of tunnel
ring (preferably in RCC) as per the alignment and carry
out the external grouting of tunnel linings, in a fully
automated process.

Fig. 1: Tunnel Boring Machine (TBM)

The Cutterhead is a single most critical component of
Tunnel boring machine (TBM), which has the functions
of excavation, stabilizing the tunnel face and stirring the
muck.

Panel scraper

Water jet nozzle

- Center cutter

4 ) -
__— Ny, = __— Panel cutter

Edge cutter
Disc cutter group

Edge

scraper
TBM

cutter head

Slag stone export

Direction of rotation

Fig. 2: Cutterhead.

TBM cuts rock with a three-direction interaction
between the cutter ring blade and rock: (a) The normal
pushing force points to the excavation surface provided
by thrust of cutter head. (b) The tangential rolling
cutting force provided by the torque of cutter head and
(c) The lateral force on the edge of the disc cutter
generated by the squeezing force of the disc cutter on
the rock and the centrifugal force of the rotation of the
TBMroller cutter head.

When the cutterhead is working, the disc cutter first
contacts the excavation surface, and is pressed

Rotational speed of cutter

Cutter ring

Lateral force
Tangential force T

Vertical force
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against the rock surface under the action of thrust. With
the rotation of the cutterhead, the TBM disc roller cutter
revolves around the central axis of the cutterhead on
the one hand, and revolves around its own axis at the
same time.

TBM disk cutter cuts a series of concentric grooves on
the palm surface under the joint action of the thrust and
torque of the cutter head. When the cutter rotates and

Seal retainer > Hub
Shaft
Cutting ring Split ring

presses into the rock, the TBM disc cutter will produce
comprehensive effects such as extrusion, shear and
tensile cracking on the rock. The slag thus formed is
composed of crushed body and rock fragments, and

¢Penetmﬁon speed
Rolling speed

Penetration depth

SRR

e 28" I, TG, 2025

= ELGEUE: s il

DMRC

ACADENS

the proportion of each part depends on the rock
properties, cutter ring geometry, pushing pressure and
cutter spacing.

The TBM cutter disc usually has three types- single
disc, double disc and triple disc. The arrangement of
the TBM roller cutter on the cutter head should facilitate
the formation of sequential rock breaking.

Double disc cutters and the triple disc cutters cannot
well meet the requirements of rock breaking in
sequence, and are prone to uneven wear, resulting in
deterioration of cutter force and cutter waste, so the
face cutter and gauge cutter should choose single disc
cutter as far as possible. In order to save the space of
the cutter head, Tunnel boring machine are mostly
equipped with double disc cutters or triple disc cutters
in the centre of the cutter head.

Without a properly designed cutter head, production of
Tunnel can be slow or non-existent. Best results come
from a cutter head design that is specific to the project's
ground conditions.

o

Eccentric Disc Cutter

Accessories & Parts

Double Disc Cutter
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Panto Flashover Protection Relay

INTRODUCTION

Panto flashover protection relay is a protection relay
that is specifically provided for eliminating the risk of
flashover at insulated overlap at 25 kV feeding post on
the mainline.

REQUIREMENT

Whenever there is a tripping of the 25 kV feeder circuit
breaker due to an intermittent or transient fault on one
of the sides of the feeding post insulated overlap (IOL)
and an electric train enters (say from live to the dead
section) of the FP IOL, there will be a heavy flashover
when the pantograph leaves the IOL. Depending upon
the intensity of current being drawn by the pantograph
at that point of time, the extent of damage would be
cutting of a few strands of catenary or parting of the
contact wire.

BENEFIT

The pantograph flashover protection relay eliminates
the risk of damage to the insulated overlap and
pantograph of the train because of flashover at the 25
kV feeding post. Panto flashover protection relay is
employed in the protection scheme for a traction
network wherever insulated overlaps (IOL) are
involved.

FEEDING ARRANGEMENT

Mostly at 25 kV feeding posts on the main line, OHE is
divided into four sections from the electrical isolation
point of view and charging scheme, called sectors.
These sections of OHE can be further nomenclated as
UP-1, UP-2, DN-1, and DN-2. These sectors are fed
through the 4 distinct feeder circuit breakers installed
at the Traction Substation (TSS). At the feeding post
location, two insulated overlaps are formed, i.e., one
on the UP line and another on the DN line. 2 nos.
sectioning interrupters (normally open) are provided
on UP and DN lines to extend the feed from UP-1 to
UP-2 & vice versa and DN-1 to DN-2 & vice versa. In
addition to the above, UP and DN lines remain
electrically connected through paralleling interrupter
(normally closed) at SSP-1 &2 as shown infig. 1.

a

Chandra Kishor Prasad
Associate Professor/Traction
(DMRC Academy)

Bhanu Pratap
Lecturer/Traction
(DMRC Academy)

WORKING PRINCIPLE

In case of an intermittent or transient fault in any of the
sectors (say, on UP-1) on the 25 kV OHE, both UP-1
and DN-1 circuit breakers will trip, as both UP-1 and
DN-1 are connected through a paralleling interrupter,
and one side of OHE becomes dead and the other side
remains charged (i.e., UP-2 and DN-2) as shown in fig.
2. The problem arises when the train pantograph
bridges the charged and dead section and then leaves
the overlap portion. At that instant, a heavy flashover
occurs, resulting in the parting of the catenary wire or
contact wire and damage to OHE.

To avoid such a scenario, the Panto Flashover
protection Relay has been introduced in the traction
system. The relay continues to monitor the status of all
four feeder circuit breakers and output voltage through
potential transformers. Considering the above case, if
UP-1 and DN-1 OHE are dead and, the respective
circuit breakers are open, then zero/low potential is
shown by PT-UP1 and PT-DN1. This indicates the
OHE dead status of the respective side of the insulated
overlap. Now, if the pantograph of the train bridges or
tends to bridge the charged and uncharged portions,
the PT of the OHE dead section starts showing voltage,
if the PT voltage is >30% and the corresponding circuit
breakers are in open condition (it is only possible when
the pantograph enters at overlap portion), then relay
generates a trip command for UP-2 and DN-2 feeders
to make the OHE dead within 100 ms as shown infig. 3.
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All the main line feeders become open as shown in fig. 4, thereby eliminating the risk of flashover as voltage
disappears at complete feeding post.

The same logic of PFR protection holds for the other combination of breakers and direction of train traffic. This
scheme is employed in phase-1and2 TSS.

For any type of extension of Feed, PFR should be manually bypassed by Traction Power Controller (TPC) from
Operation Control Center (OCC) or through Receiving Sub Station (RSS) before power extension.
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(Fig 4: Complete OHE in Dead condition)

In phase-3, panto flashover scheme is modified and achieved by the below-mentioned logic as shown in fig. 5(a).
PFR protection will not be available when the feed is extended from other RSS.

The input/output to the Logic Gates shown below is '1' when the status as mentioned in the Logic Diagram comes
true, otherwise '0'. Considering the same case as discussed before, the logic will work as shown in the diagram
below, fig. 5(b).

o0 e

PP in Service (1S5

PR in Service (0C0)

(Fig. 5(a): PFR logic Diagram,under no fault condition)
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(Fig. 5(b): PFR logic Diagram, under fault condition)
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Introduction

Metro systems are the lifeline of any
metro city. The Signalling systems
used in Metros are highly complex in
design and functionality. These
systems are required to maintain high
reliability and availability under various environmental
conditions.

The metro signaling systems are modular in nature and
essentially include several Multilayer Printed Circuit
Boards (MPCBs) for ensuring smooth operations and
safety of metro trains.

These PCBs (cards) are inserted into a prewired
motherboard rack that makes it convenient to quickly
replace itin case of any failure.

Failure prediction in such systems is essential to
prevent operational disruptions and ensure passenger
safety.

A Cause for Concern:

The 'difficult to predict' nature of PCB failures is a
potential threat to the reliability and availability of
Signaling systems in metros and a cause for concern to
all signal engineers the world over.

This paper discusses the challenges and the difficulties
in predicting failures in multilayer PCBs within metro
signaling systems and explores potential methods for
effective failure prediction.

Difficulties and Challenges:

1. Complexity of Systems: Metro signaling
systems involve multilayer PCBs with intricate
circuitry and dense component placement. This
complexity makes it challenging to pinpoint
potential failure points and predict failures
accurately.

2. Environmental Factors: These systems are
exposed to harsh environmental conditions,
including temperature variations, vibrations,

humidity, and corrosive environments. Such
factors can lead to material degradation,
mechanical stress, and electrical failures.

3. Incomplete Technology Transfer: Often
these systems are provided by international
system suppliers without or incomplete transfer
of the technology. The absence of design
documents of these PCBs makes the testing
difficult evenin the labs.

4. Limitation in Developing Testing Facilities:
These complex PCBs require specific test
benches and facilities which are difficult to
develop in absence of proper technical
knowhow due to limited information sharing by
manufacturers and proprietary nature of these
PCBs.

5. Signal Integrity Issues: High-density
multilayer PCBs are prone to signal crosstalk
and electromagnetic interference (EMI), which
can degrade signal quality and cause
intermittent functional failures that are difficult
to predict.

6. Lack of Meaningful Data: The real time data
generated by these PCBs provide inadequate
and limited information on the cause of failure
and thus makes it difficult to analyze and
identify potential failures in real-time.

7. Detection Limitations: Early signs of failure
are often subtle and may go unnoticed until the
failure becomes significant. Additionally,
internal layers of multilayer PCBs can have
hidden defects that are not easily detectable
through conventional inspection methods.

Probable Methods to Make the Prediction
Possible

1. Advanced Monitoring Techniques:
Implementing advanced monitoring
techniques such as X-ray imaging, acoustic
microscopy, and thermography can help

28" TBI, aaaﬁ 2025 @



detect hidden defects and anomalies in
multilayer PCBsin Labs.

- X-ray Imaging: Non-destructive testing
method to detect internal defects such as
cracks and voids.

+ Acoustic Microscopy: Uses high-
frequency sound waves to detect
delaminations and other defects within the
PCB layers.

« Thermography: Infrared imaging
technique to identify hot spots and potential
thermal issues in real-time.

Real Time In-Use Monitoring Techniques:
Using real time monitoring of various
environmental factors such as temperature,
humidity, mechanical stress, vibrations and
capturing the data for analytics can help predict
defects and anomalies in multilayer PCBs.

Predictive Maintenance Models: Using
predictive maintenance models that
incorporate machine learning and deep
learning algorithms can help predict failures
before they occur.

+ Machine Learning and Al: Developing
models that use machine learning and
artificial intelligence to predict failures
based on historical data and real-time
monitoring.

* Multi-Task Learning Models: Utilizing
models that can simultaneously identify
multiple failure modes and assess the
health of the system.

Data Analytics: Leveraging data analytics to
process and analyze the vast amounts of data
generated by sensors. Trend analysis can help
identify patterns and predict potential failures.

- Big Data Processing: Utilizing big data
analytics to manage and analyze large
volumes of data.
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- Trend Analysis: Identifying patterns and
trends in the data to predict potential
failures.

5. Regular Maintenance and High-Quality
Materials: Implementing regular
maintenance schedules and using high-
quality materials can reduce the risk of
failures.

« Scheduled Inspections: Regular
maintenance schedules to identify and
address potential issues before they lead to
failures.

« Quality Control: Using high-quality
materials and rigorous testing procedures to
ensure the reliability and durability of PCBs.

6. Proper Storage: Since the PCBs are sensitive
to electrical and magnetic stresses even when
not in use, their proper storage in anti-
electrostatic bags can help reduce the failures
of PCBs.

Conclusion

Failure prediction in multilayer PCBs of metro signaling
systems is crucial for ensuring the reliability and safety
of metro operations. While there are significant
challenges and difficulties in predicting failures,
advanced monitoring techniques, predictive
maintenance models, data analytics, regular
maintenance and proper storage can help overcome
these challenges and improve the reliability of metro
signaling systems.

By adopting these methods, itis possible to predict and
control the PCB failures to some extent, thus helping
the metro systems to enhance their operational
efficiency and ensure passenger safety.

Pankaj Saxena,
Professor /Signaling and Telecommunications,
DMRC Academy
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The paper titled "Delhi Metro and Digital India: Driving the
Transition to a Cashless Future" has been published in the
International Journal of Research in Finance and Marketing
(IJRFM). Authored by Ritesh Gupta, Meghendra Singh, and
Yogesh Chandra Tiwari, the paper explores the pivotal role of
Sh-Ritesh Gupta  Sh. Weghendra Singh  Sh. Yogesh Twarl  nyalhi Metro in driving the transition to a cashless future within
rof./OPS Head SC/TO Asst. Superintendent
urban transit systems.
The move to cashless transactions in Mass Rapid Transit Systems (MRTS) is a key element of the global shift
towards digital economies. This paper highlights Delhi Metro's leadership in adopting innovative digital payment
methods, in line with the objectives of the Digital India initiative. The Metro has integrated several advanced
technologies, including smart cards, mobile payments, QR codes, and contactless systems. These innovations not
only enhance commuter convenience but also help reduce operational costs and improve the overall travel
experience.
The study examines the technological, policy, and operational factors that have contributed to Delhi Metro's
success in this transition. It also delves into the broader impacts of these advancements on urban mobility, financial
inclusion, and sustainability. Furthermore, the paper addresses the challenges of seamless digital integration and
explores the potential for further expansion of cashless payment systems across the network.
The shift from cash to cashless transactions reflects the broader global adoption of digital payment methods, driven
by technological advancements, changing consumer preferences, and the growing demand for convenience,
security, and efficiency in financial transactions. A table in the paper illustrates the year-on-year progress in the
adoption of these payment methods.
The accompanying graph vividly demonstrates the growing trend of digital adoption, highlighting the rising
preference for cashless payment methods. The decline in cash transactions, coupled with the steady increase in
cashless transactions, underscores a significant shift in consumer behaviour and signals the broader
transformation of financial ecosystems.
Delhi Metro's adoption of digital payment Extrapolated Share of Cash & Cashless (2021-2030)
technologies reflects its commitment to the Digital | * = < —
India vision, promoting inclusivity, efficiency, and | » = o
digital empowerment. Innovations such as smart | .| P I
cards, QR payments, UPI, and the National
Common Mobility Card (NCMC) have set a
benchmark for modern urban transit, enhancing
convenience and supporting a cashless economy. | |
Despite challenges like digital literacy gaps and | x|
cybersecurity risks, Delhi Metro's infrastructure | |
upgrades and initiatives to encourage digital
adoption showcase the transformative potential of
cashless systems. Its success serves as a scalable model for other urban transit networks, emphasizing
technology's role in fostering a digitally inclusive future.
To access the complete paper online, please follow these steps:
1. Visit http://euroasiapub.org
2. Gotothe Journals section.
3. Select the Current Issue of the “International Journal of Research in Finance and Marketing”.
4. Navigate to Volume 14, Issue 12, December 2024.
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A step towards Indigenization of Train Driving
Simulators: The Make in India Initiative

Sh. Ritesh Gupta Vatsal Bhardwaj  Sh. Sanjay Kumar  Sh. Amit Sharma  Sh. S.B.Sharma Sh. Sandeep
Prof./Ops. Asso.Prof./Ops. Lect./Ops. Lect./Ops. Lect./Ops. Lect./Ops.

In a country where rapid urbanization and technological advancements are shaping the future, the Delhi Metro
Rail Corporation (DMRC) has taken a bold step towards self-reliance by launching the first prototype of an
indigenous train-driving simulator. This initiative is not just a milestone in India's metro rail operations but also a
significant contribution to the Make in India campaign, aiming to indigenize critical technologies and reduce
dependence on foreign suppliers.

The Role of Simulators in Metro Operations

Driving simulators play a critical role in metro rail operations. They offer a range of benefits that enhance safety,
efficiency of trainers and effectiveness of training. They offer a safe, controlled, and cost-effective environment to
train drivers on a wide range of scenarios, including emergencies, technical failures and complex track layouts.
Unlike the traditional training methods, simulators allow trainees to practice extensively without the risks or
expenses associated with live train operations.
Since 2007, DMRC has relied on advanced train-driving simulators supplied by international companies such as
M/s CORYS (France) and M/s Hensoldt (Germany). While these systems provided state-of-the-art training
capabilities, they also created a long-term dependency on foreign Original Equipment Manufacturers (OEMs) for
commissioning, maintenance, and eventual refurbishment of driving simulators.
Breaking the Dependence: The Indigenous Simulator
To address this reliance, DMRC has partnered with Bharat Electronics Limited (BEL), to develop an indigenous
rolling stock driver training system (RSDTS) at DMRC Academy. This "Made-in-India" simulator is a breakthrough
in metro technology, offering advanced features tailored to India's unique operational needs.
The indigenous simulator stands out for its flexibility. It features a universal core software system capable of
adapting to various combinations of rolling stock, signaling systems, and line profiles. By simply modifying input
data files and making minor adjustments to the driving desk hardware, the same simulator can be customized for
different metro systems. This adaptability makes it a cost-effective and efficient solution for operator training.
Why Indigenization matters?
The benefits of adopting indigenous train-driving simulators are both practical and far-reaching:
1. Enhanced local expertise: By developing and deploying indigenous systems, India is building a pool of
skilled engineers, software developers, and metro professionals.
2. Cost savings: Indigenous solutions eliminate import duties, licensing fees, and exchange rate risks,
making them more affordable in the long run.
3. Tailored to local needs: These simulators are designed to replicate India's unique track layouts, signaling
systems, and weather conditions with greater accuracy than foreign systems.

@ SRR

28" I, TG, 2025




AcApEN

4. Improved maintenance: With local developers readily available on hand, maintenance, troubleshooting,
and updates can be carried out quickly and efficiently thereby minimizing downtime.

5. Boosting the economy: The initiative supports local industries, generates employment, and promotes
innovation in engineering and manufacturing.

6. Operational independence: Reduced reliance on foreign OEMs ensures long-term sustainability and aligns
with the vision of Atmanirbhar Bharat (Self-Reliant India).

”

(Observer Work Station) (Driving Desk)

(Indigenous Simulator being developed at DMRC Academy)
Aglimpse into the Future

The indigenous simulator is more than just a technological achievement; it's a symbol of India's growing self-
reliance. With this system, DMRC has set a benchmark for other metro operators in the country, showcasing how
local expertise can drive innovation and efficiency.

This project also paves the way for India to become a global player in simulator technology. By leveraging its
engineering talent and aligning with the government's Make in India initiative, the country can develop advanced
systems for domestic use and export.

Conclusion

The journey toward indigenization is not without its challenges, but the rewards far outweigh the effort. DMRC's
indigenous train-driving simulator exemplifies the perfect blend of innovation, self-reliance, and economic foresight.
While foreign systems may have dominated the past, the future clearly belongs to solutions designed, developed,
and builtin India.

As DMRC continues to innovate, this initiative serves as an inspiring example for other sectors to follow. It's not just
about reducing costs or breaking dependencies—it's about shaping a future where India leads with its expertise and

vision.
28" TBI, aaaﬁ 2025 a
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Implementation of Axle Bearing Temperature Alerting and
Monitoring System (ABTAMS) in Delhi Metro
\

@ Monitoring the temperatures of axles in bearing area of train is essential

for safe operation of metro trains. An elevated or sudden rise in
temperature is an indication of problems of bearing that could lead to
unsafe operating conditions.
A new innovative approach has been adopted for all trains of line 7 of
Delhi Metro that combines the best of all solutions: precision and
= reliability of sensor systems, and practicality of wayside systems. With
Mukesh Kumar Ram Kishor Singh the adaptation of this system real time monitoring of all axle temperature
Professor/RS/DMRC sse/Rrs/DMRc  Of alltrains of line 7 is possible automatically.
Academy Academy Previously the readings were taken manually using the temperature gun.
Butin UTO (Unattended Train Operation) depots, it is time taking process
astoenterin UTO enabled areai.e. on SBLs, staff has to go through the process of taking PTW (Permit to Work) and
operation of SPK (Staff Protection Key).
The system is based on wireless temperature sensors interrogated by wayside readers. The sensors are battery-
less and are energized by the electromagnetic field of the reader antenna.
This approach eliminates not only the need for costly electrical installations on trains, but also the problem of limited
battery life of conventional sensor systems. Unlike infrared systems, it's unaffected by sunlight, dirt and
environmental factors. Further, the add-on mechanical design means that no altering and fragilization of train’s axle
parts are necessary.
Components used for Axle Bearing Temperature Alerting and Monitoring System (ABTAMS):
Temperature Sensor:
Temperature measurement sensors are mounted on the surface of axle covers
near the bearing area without interference of the existing TCMS (Train Control
and Management Syatem) configuration and architecture. Temperature Sensors
are fitted on each axle of the train in both sides (Driving as well as Non-driving).
These sensors are passive, that means, they do not contain any battery and are
energized by the electromagnetic field of the antenna of way side reader. Once
energized, the sensors perform a temperature measurement and send the
temperature value with a unique sensor identification number to the wayside reader. There are 24 axles in one
train of line 7. So total 48 temperature sensors are fitted in 1 train (24 numbers in one side).
It is an independent and non-interfering with existing system of TCMS. No power and data is required from
existing wiring of the train. The sensor are mounted by using the existing axle cover fasteners, hence it is a
customized solution for retro fit.
Reader Antenna:
Reader Antena is installed on selected location on track side. There are 3 locations of reader antenna in line 7
as well as in line 8. These locations in line 7 are:
« ESI(E)
+ BHIKAJI CAMA (E)
« IP extension (E)
Locations in line 8 are:
+ JASOLA VIHAR (E)
« CHIRAG DELHI(UG) 1 g I
« SADAR BAZAR (E) s A I L e
There are two set of reader antenna at each location for driving side and non-driving side sensor of each axle.

@ SRR

28" I, TG, 2025

2
P "
i Y



AcApEN

The antenna works on dual frequency scheme. It has low

frequency link which is radiated by a magnetic loop antenna Metal body
and energises the sensor located on the top of the loop of train l:>
antenna. The operating frequency is 133 Khz.
The antenna does not have a UHF(Ultra High Frequency) \\
transmitter, only a passive UHF receiver. The operating
frequency is in the band of 865-867MHz. Train detection is / L+dl /
achieved by the same low frequency (LF) loop antenna that
energizes the sensors. Normally, the LF antenna is in idle / >
mode and its inductance is monitored by the reader. An LF energy transmit /
antenna (loop) to reader

approaching train causes an increase in inductance.

Detection of incoming train by monitoring the inductance of the low frequency loop antenna

1. sensor enters field 2. sensor harvested enough 3. sensor detects end of field
and starts harvesting energy for T measurement and starts UHF communication
LF energy and RF communication

-—0 - I—

/

/ )

) UHF dala receive

LF energy transmit / antenna (dipole)
antenna (loop)

to reader

»

Antenna Driver Unit (ADU): It contains two units ADU 1 & ADU 2

Antenna Driver Unit (ADU) 1: Detects the train arrival and reads the sensors under the
command of the controller. ADU1 is installed in such a way that it sees the train first.
Antenna Driver Unit (ADU) 2: reads the sensors on the other side of train once ADU1
has detected the train presence.

ADU works as an interface between reader(controller) and antenna.

Reader Box / Controller:

The reader is installed at metro station TER (Telecom Equipment Room). There is first
Reader for up line and second Reader for down line. The reader interrogates the
sensors automatically up to a train Speed of 50kmph. It collects the data sent by
sensor through ADU and transmits the raw sensor data to the data base server
through DMRC Intranet.

Central Data Base Server:
It is located at depot. The data base server processes data gathered by all wayside readers and generates user
information such as data collection, analysis and customised information and warning.
Conclusion: This Remote Axle bearing temperature system will help to diagnose the axle temperature while
train is in revenue service and through server, Rolling Stock personnel can not only watch it for every train but
also get warning signal if any axle temperature reaches a predefined limit. So it will help us to plan for its
investigation in advance and finally it will reduce breakdown maintenance.
28" TwH, aaaﬁ 2025 @
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Challenges & Solutions of Urban mobility systems
integrating Internet of Things (loT)

Urban mobility systems face several challenges and integrating Internet of Things (loT) technologies can
provide effective solutions. Here are some challenges and potential loT-based solutions in Micro
mobility:

Adapting to Evolving Government Regulations:

Challenge: As population growth and market competition intensify, deploying micromobility fleets
becomes increasingly complex. Compliance with varied city and state regulations, covering speed limits,

parking standards, and vehicle caps, poses significant challenges. Moreover, many municipalities lack
clear guidelines for these vehicles, leading to uncertainties regarding licensing, insurance, and liability.

Solution: To address these hurdles, companies must monitor vehicle metrics such as speed, route adherence, and
parking locations. This can be achieved by integrating loT-enabled devices like GPS trackers and sensors into vehicles.
These solutions enable wireless compliance with city regulations, facilitate locating nearby charging stations for electric
scooters, and guide riders to proper parking spots.

Vehicle Tracking and Management:

Challenge: Ensuring real-time tracking such as speed, time taken to reach the destination, which route is being followed,
where the vehicle is parked and efficient management of vehicles.

Solution: loT-enabled GPS trackers and sensors can be installed on vehicles to provide accurate location data. Using
these solutions, the vehicle can be wirelessly controlled to abide by city regulations, it helps in finding the nearest charging
stations for electric scooters. When it comes to parking, loT-based devices can notify the rider about the correct parking
space and prompt them to park their vehicles in place. This information can be used for management, optimizing vehicle
distribution, and monitoring vehicle health.

User Authentication and Security:

Challenge: Ensuring authenticated access to secure and Micro mobility vehicles. Providing secure transportation
services is the most widely experienced challenge in Micro mobility. It becomes the responsibility of Micro mobility as a
service provider to keep their riders and drivers safe. Furthermore, Micro mobility vehicles are vulnerable to accidents,
collisions, and other safety hazards. Riders may also be at risk from other vehicles and pedestrians. Ensuring the safety of
Micro mobility users is a key challenge for the transportation service providers.

Solution: Implementing loT-based authentication systems, such as RFID cards, mobile apps, or biometric sensors, to
ensure that only authorized users can access and operate the vehicles. The connected sensors ensure safer navigation
foran e-bike and help a rider reach the desired destination quickly and effectively. Additionally, loT security measures can
protect against hacking and unauthorized access.

Battery Management:
Challenge: Managing the battery life of electric Micro mobility vehicles.

Solution: 0T sensors on vehicles can monitor battery levels and send alerts when they are low. Charging stations can be
equipped with 1oT technology to schedule charging during off-peak hours, optimize energy consumption and provide real
time status updates. Lithium-titanate (LTO) battery chemistry was designed to move energy quickly and provide users
with lightning-fast charging times. The batteries also offer greater safety against fires and are far more sustainable — up to
20 years. This reinvented tech can provide micro-mobility operators with improved revenues and reduced downtime while
providing greater safety to riders. In addition, reducing the swap-and-replace of batteries helps operators significantly
reduce the number of battery purchases.

Traffic and Route Optimization:
Challenge: Addressing traffic congestionand optimizing routes for micro mobility vehicles.

Solution: 0T devices can collect data on traffic patterns, road conditions, and usage patterns. This data can be analyzed
to optimize routes, improve traffic flow, and enhance the overall efficiency of micro mobility services.
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Data Privacy and Compliance:

Challenge: Ensuring compliance with data privacy regulations and protecting user information.

Solution: Implementing robust loT security measures to safeguard user data and ensuring compliance with privacy
regulations. This may include data encryption, secure communication protocols, and transparent data usage policies.

User Experience and Accessibility:
Challenge: Providing a seamless and accessible experience for users.

Solution: 0T can enhance the user experience by offering features such as real-time vehicle availability information,
personalized recommendations, and integration with other transportation services through smart city platforms.

Data Sharing with Traffic Authorities:

Challenge: The majority of micro mobility operations take place through a mobile app, security issues and bugs in the
software are the usual concerns, especially in electric bikes and scooters. These bugs cause several issues, for example,
ending the ride midway, charging extra after the ride ends, not being able to navigate properly through the route.

Solution: To overcome these issues, the micro mobility service providers are now implementing over-the-air (OTA)
firmware that remotely updates the code on a digital device. It helps in consistently updating the software and its behavior
in order to improve the product and safeguard important data.

Rider Behavior:

Challenge: Here's a simple example to clear up, Mr. 'Q' rides a scooter to his workplace. As a responsible citizen, he is
expected to drive consciously, within the speed limit and designated lane. However, Mr. ‘Q’ is not always in his best form
and sometimes rides rashly. This rash riding becomes a problem not only for him but also for the micro mobility firms.

Solution: With loT at their disposal, companies can keep track of vehicle behavior. In case of any discrepancies, they can
send notifications on the app or the connected device to draw riders' attention. Put simply, if a scooter is cutting the lane, or
wobbling, the internal loT sensor detects it and prompts the rider to ride within the lane and lane change penalty has been
deducted. This feature is helpful for new riders who tend to be a bit unstable on the roads for the first few times.

Vandalism/Theft Preventing and Reporting:

Challenge: A significant challenge in micro mobility is preventing vandalism and theft due to the public accessibility of
vehicles. Riders need education on securing vehicles using locks in well-lit areas. Reporting incidents are also
challenging, requiring clear guidance for riders on whom to contact and reporting procedures.

Solution: [oT sensors play a crucial role in preventing micro mobility theft by enabling features like loT-enabled locks and
anti-theft alarms. These sensors detect unusual activity or theft attempts, allowing for the disabling of vehicle movement.
Additionally, they facilitate remote tracking, notifying authorities and riders of any potential damage when the vehicle is
idle. Power tracking features can activate a kill switch in case of power loss, preventing scooter parts from being stolen.
Utilizing loT apps enhances rider education, providing interactive content and real time feedback on securing micro
mobility vehicles effectively.

Allocating Extensive Land for Car Parking:

Challenge: Extensive parking space can lead to traffic gridlock, especially during peak hours, as vehicles circulate in
search of parking spots. Allocating vast amounts of land for car parking contributes to urban congestion, as more space is
dedicated to stationary vehicles instead of efficient mobility solutions.

Solution: Use IoT sensors to implement dynamic pricing for parking spaces. Prices can vary based on demand,
encouraging more efficient use of available parking and discouraging unnecessary car usage during peak times.
Implement loT-based smart parking systems that provide real-time information about available parking spaces. This
helps reduce the time spent searching for parking and improves overall traffic flow. Cars take up more space on roads and
in parking areas compared to smaller micro-mobility vehicles like electric scooters. This size difference contributes to
congestion, parking challenges and environmental impacts. Micro-mobility options, being smaller, offer a more space-
efficient and sustainable solution, particudarly for short-distance travel in urban areas.

Anand Kumar Tiwari
General Manager cum Nodal Officer/DMRC/Dhaka
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