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TATA ELXSI BUSINESS OVERVIEW

13.4%
YoY Growth

12000+

Engineers

33
Cities
Worldwide

32+

Years in
Business

Transportation

RAIL

* Smart Mobility
* Rolling Stock and Systems
* Wayside & Signalling

AUTOMOTIVE | OFF HIGHWAY

Passenger Experience
Connected &
Autonomous

Shared & Electric

CORE SERVICES

North America Troy, us.t\_mg

Q

Engineering

Atlanta, Irvine,

Santa Clara, Toronto
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Media & Communication

BROADCAST & MEDIA

¢ OTT Streaming
* RDK, Android TV, CPE
* QoE, QoS, Customer Experience -

COMMUNICATIONS

¢ 5G, SDWAN
* Network Transformation
« Digital Transformation

London, UK mo %

i Barcelona, Spain...._ Munich, Germany
@ Philadelphia, UsA o

Il Global Engineering Centres o Sales Offices ° Headquarters

Europe
Paris, Netherlands, Frankfurt
APAC

Hangzhou, Shanghai

o Qi Kawasaki, Japan

i

Q

Dubai

o

India

Bangalore (HQ), Trivandrum,
Pune, Chennai, Mumbai

Durban

Q

Near Shore Engineering Centre in Troy, Ml te support Automotive Clients

Healthcare

MEDICAL DEVICES

¢ Product Design

* Systems Engineering

* Regulatory
Compliance

PHARMACEUTICAL

) Safety
¢ Packaging & Labelling
¢ Pharmacovigilance

Global HQ

Bangalore

A/ A
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Established
1989
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Presenter Notes
Presentation Notes
Now..A quick introduction of Tata Elxsi as a company.  Established in 1987, We are part of the 100 Bn USD  Tata group Conglomerate which I believe most of you might have heard of. We are headquartered in India with operations in all major geographies. With a team of over 12,000 designers and engineers, we provide product design and digital solution services to our customers in primarily three verticals: Rail industry, Automotive and Off Highway as part of Transportation vertical ; in Media and telecommunications vertical and in Healthcare vertical. 


Global Pre

Headqguartered in Benge OPE & APAC

NORTH AMERICA

Atlanta, Canada, Irvine,
Naperville, Philadelphia, Santa
Clara, Troy, Toronto

EMEA

Dubai, France, Germany, Ireland,
London Digital Studio, Netherlands,
Poland, Portugal, South Africa, Spain,
UK

APAC

Japan, Malaysia

INDIA

Bengaluru (HQ), Chennai, Hyderabad,
Mumbai, Pune, Trivandrum

TATA ELXSI



Presenter Notes
Presentation Notes
We are spread across the globe to provide design led services to our clients. In India, we have our HQs in Bangalore and have presence in Chennai, Hyderabad, Mumbai, Pune and Trivandrum. So we are spread across all the major cities in India. We are growing rapidly and have just inaugurated new office spaces in Hyderabad and Trivandrum.


Our Focus In Rail industry

Asset inspection and operations — Safe and
Efficient Operations

Crunching the Vehicle product development
cycle — Quick time to market
(Competitive Advantage)

Object detection, Perception systems
(Autonomous Systems)

Seamless passenger experience, Passenger
security & Surveillance (Smart Mobility)

TATA ELXSI

Safety Systems Development
(Full Ownership)

loT/Cloud for asset management and preventive
maintenance (Rolling stock & wayside)



Presenter Notes
Presentation Notes

This slide conveys our focus areas in the rail industry. We engage with Rail operators and rail Infrastructure managers to design and develop Digital solutions to automate operations especially for the asset inspection and maintenance. We also work heavily with Train manufacturers in the design and development of autonomous systems as we leverage technologies for object detection, perception system development. We have deep experience in developing safety critical systems development for system suppliers supporting projects up to SIL 4 maturity including Cybersecurity requirements. We also work heavily with Train manufacturers and system suppliers  where we have a mature Model Based Development approach to reduce the product development  time (including Hardware, Software)  to help our customers develop new trains and systems faster. For passenger rail operations, our focus is on digital solutions to improve passenger convenience and lastly, we provide IOT/Cloud advisory services for asset management and preventive maintenance.



Inspection scope areas in Railroad operations

N

&

VNG
Track Inspection

——

Rolling stock

Geometrical

e Curvature
e Gapsin assemblies
e Measurements

Geometrical

e Couplers
e Structural deformation

Structural
¢ Signage Health

Structural

e Signage Health
e Overhead Vegetation

Structural

e Missing, loose parts

Damages

e Rail end batter
e Cracks on rail
e Broken, damaged crosstie

Structural

e Door/ lid status
e Container contents

Surveillance

e Theft
e (Cleanliness, spillage

Civil Structures

e Bridges
e Tunnel

Identification

e Engine/ wagon ID
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Environment

e Landslide
e Object on track



Presenter Notes
Presentation Notes
This slide is to convey the various scope areas associated with Rail asset inspection at railroads. Broadly speaking, the assets type could be clubbed into four categories; Rail tracks including various components making up the rail track, Rolling stock including locomotive and wagons or coaches, yards whether a hump yard or depot and the rest clubbed under the category wayside. The inspection teams are typically looking for issues associated with geometrical aspects of the assets to check whether the geometry is correct as per standard/design or they are checking for completeness whether something is missing or loose Or they are looking for damages such as cracks, breakages. Additionally, one may also be looking at other aspects pertaining to surveillance for theft monitoring or cleanliness or spillages. I have shown some scenarios here under the four broad categories, but the list of scenarios is much larger in the real world, but it represents the scope areas where an automated inspection solution adds value. In the next few slides, I will be showing some scenarios for better understanding of what needs inspection before showing some of our solutions and capabilities we have.


®)

Significance of Track Inspection

*  Safety *  Asset management *  Early Detection of »  Customer satisfaction
e Maintenance e Performance Issues +  Enhanced Reliability
Planning monitoring * Operational efficiency ~ «  Financial impact

* Legal and Regulatory <+ Continuous * Risk mitigation «  Reputation and
Compliance Improvement Public Perception
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Presenter Notes
Presentation Notes
This slide is to convey the various scope areas associated with Rail asset inspection at railroads. Broadly speaking, the assets type could be clubbed into four categories; Rail tracks including various components making up the rail track, Rolling stock including locomotive and wagons or coaches, yards whether a hump yard or depot and the rest clubbed under the category wayside. The inspection teams are typically looking for issues associated with geometrical aspects of the assets to check whether the geometry is correct as per standard/design or they are checking for completeness whether something is missing or loose Or they are looking for damages such as cracks, breakages. Additionally, one may also be looking at other aspects pertaining to surveillance for theft monitoring or cleanliness or spillages. I have shown some scenarios here under the four broad categories, but the list of scenarios is much larger in the real world, but it represents the scope areas where an automated inspection solution adds value. In the next few slides, I will be showing some scenarios for better understanding of what needs inspection before showing some of our solutions and capabilities we have.


Rail Track Elements

Ballast
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Presenter Notes
Presentation Notes
This slide is to convey the various scope areas associated with Rail asset inspection at railroads. Broadly speaking, the assets type could be clubbed into four categories; Rail tracks including various components making up the rail track, Rolling stock including locomotive and wagons or coaches, yards whether a hump yard or depot and the rest clubbed under the category wayside. The inspection teams are typically looking for issues associated with geometrical aspects of the assets to check whether the geometry is correct as per standard/design or they are checking for completeness whether something is missing or loose Or they are looking for damages such as cracks, breakages. Additionally, one may also be looking at other aspects pertaining to surveillance for theft monitoring or cleanliness or spillages. I have shown some scenarios here under the four broad categories, but the list of scenarios is much larger in the real world, but it represents the scope areas where an automated inspection solution adds value. In the next few slides, I will be showing some scenarios for better understanding of what needs inspection before showing some of our solutions and capabilities we have.
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Rail Joint Bar

Joint bars are an essential component of rail infrastructure used to
connect two distinct rail tracks without the need for welding.

-

Holes

Bolt head

Joint Bar with two Missing Bolts Captured by the System
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Presenter Notes
Presentation Notes
This slide is to convey the various scope areas associated with Rail asset inspection at railroads. Broadly speaking, the assets type could be clubbed into four categories; Rail tracks including various components making up the rail track, Rolling stock including locomotive and wagons or coaches, yards whether a hump yard or depot and the rest clubbed under the category wayside. The inspection teams are typically looking for issues associated with geometrical aspects of the assets to check whether the geometry is correct as per standard/design or they are checking for completeness whether something is missing or loose Or they are looking for damages such as cracks, breakages. Additionally, one may also be looking at other aspects pertaining to surveillance for theft monitoring or cleanliness or spillages. I have shown some scenarios here under the four broad categories, but the list of scenarios is much larger in the real world, but it represents the scope areas where an automated inspection solution adds value. In the next few slides, I will be showing some scenarios for better understanding of what needs inspection before showing some of our solutions and capabilities we have.


Defects in joint Bars

Joint Bar Integrity

Few versions of missing bolt

Joint bar .
Few versions of crack
e e , Rail fastener Defects
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Conventional Approaches

Inspection Vehicles

Shortcomings of Manual Inspection

* Human Error

* Disruptions to the smooth functioning of railways.
* Time-consuming and Labor-intensive

* Limited geographic coverage

Manual Inspection

Shortcomings of Inspection Vehicles
* High Capital Cost

* Limited Accessibility

* Operator Dependency
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Joint Bar inspection

Significance of Image-Based Solutions

* Research gap in image-based solutions
Lack of literature work on defect detection, gap
measurement from camera images

Track gage Inspection

TATA ELXSI



Inspection with Drone Technology

/ Reliability in processing the experimental
field data and defects

Localization of defect in a particular area
using latitude and longitude

GUI based approach for method and
results

l_’.\_l High-quality images that contain large
(Q) information for monitoring and analysis

TATA ELXSI [ 14 ]



Solution Flow

Inspection Solution is Executed in Edge Computer

Cascaded Approach: Step-by-step detection of target component to eliminate errors

Hybrid of Computer Vision & Al/ML algorithms to achieve high accuracies

TATA ELXSI


Presenter Notes
Presentation Notes
This slide is to convey the various scope areas associated with Rail asset inspection at railroads. Broadly speaking, the assets type could be clubbed into four categories; Rail tracks including various components making up the rail track, Rolling stock including locomotive and wagons or coaches, yards whether a hump yard or depot and the rest clubbed under the category wayside. The inspection teams are typically looking for issues associated with geometrical aspects of the assets to check whether the geometry is correct as per standard/design or they are checking for completeness whether something is missing or loose Or they are looking for damages such as cracks, breakages. Additionally, one may also be looking at other aspects pertaining to surveillance for theft monitoring or cleanliness or spillages. I have shown some scenarios here under the four broad categories, but the list of scenarios is much larger in the real world, but it represents the scope areas where an automated inspection solution adds value. In the next few slides, I will be showing some scenarios for better understanding of what needs inspection before showing some of our solutions and capabilities we have.


Data Set Creation

Synthetic Data Generation

3D CAD

Field Data models & Physical models

simulations

|

Image Generation using Image Generation by GAN
Computer Vision Techniques (Generative Adversarial Network)
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Development Approach — Synthetic Data Generation
Best Practices/ Innovations

Synthetic Data Generation tool — Able to generate millions of fraining data from limited parent set

Customized Generative Al models Automated 3D Model Generation

Source :

Loose
bolt
conditio
ns
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Multi-Component Detection

Nut_and _Bolt

Bolt head

Missing _nut
_and_bolt
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Multi-Component Detection-YOLO V5

The YOLO network consists of three main pieces.
1.Backbone: A convolutional neural network that aggregates and forms image features at different granularities.

2.Neck: A series of layers to mix and combine image features to pass them forward to prediction.
3.Head: Consumes features from the neck and takes box and class prediction steps.

______________ | ==
Input Baekbone Meck : Dense Fredietion Sparse Predietion '

i
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https://blog.roboflow.com/glossary/#:%7E:text=backbone
https://blog.roboflow.com/glossary/#:%7E:text=neck%20-
https://blog.roboflow.com/glossary/#:%7E:text=head%20-

Experimental Results and Inferences
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The training procedure took an average of 10 seconds for 86 batches during one epoch, and the evaluation process
took an average of 9 seconds for 22 batches. Total execution time was 0.435 hours i.e. 26.1 minute for 100 epochs.
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Experimental Results and Inferences

Hyper parameters Values used | Model Training Results Class name Precision value Recall value Accuracy (%)
for training -Prediction (%)

Nut 829 08.9 97.0
Learning Rate [Ir-Final one cycle LR] 0.0001 Yolo5s.pt Nut -97 Bolt head 0.1 94,8 04.6
Momentum 0.984 Bolt head - 93
Classification Loss gain 0.5 Holes - 87 Holes 7.1 89.6 87.6
Object loss gain 1.0 Missing Nut - 80 Mi‘i\'iﬂg ot 0.64 087 80.0
Learning Rate [Ir{ -Final one cycle LR] | 0.001 Yolo5s.pt Nut - 96
Momentum 0.937 Bolt head - 89

Hyper parameter tuning constructed based on the learning
rate and momentum and further optimized using the
Adaptive Moment Estimation (ADAM) optimizer

Holes - 82
Missing Nut - 80

Learning Rate [Ir] 0.01 YoloSs.pt Nut - 08
Learning Rate [Irf -Final one cycle LR] 0.01 Bolt head - 83
Classification Loss gain 0.3 Holes - 89
Object loss gain 0.7 Missing Nut - null

=\RSC
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Conclusion

RAILSPECT

SAVES TIME SAVES COST

-

HIGHLY AUTOMATED ‘ ‘ ENHANCES SAFETY

NO IMPACT ON OPERATIONS

IMPACT:

50x times savings in time for inspecting the same length of track compared to manual method.

KEY DIFFERENTIATORS

AUTONOMOUS

NON-INVASIVE

HIGH FIDELITY

NEXT GEN RAIL ASSET INSPECTION SOLUTION OPENS UP NEW BUSINESS MODELS

:@ \o<r

TINes
Souri Armica
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Presenter Notes
Presentation Notes
Our architecture and approach is easily scalable for the future as rail assets have a very long life spanning over decades…
Railspect with its multiple innovations is well positioned to address the requirements Rail industry has as we move into future. 
7.15
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