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Railroad Planning and
Operations Management

with Geospatial Technologies




In the rapidly evolving landscape of transportation infrastructure, geospatial technologies have emerged as

pivotal tools in the construction, planning, execution, operational management, and monitoring of
railroads. These technologies, encompassing geographic information systems (GIS), remote sensing, and
global positioning systems (GPS), offer unparalleled precision and efficiency, transforming traditional

methodologies and paving the way for innovative solutions.

The construction and maintenance of railroads are complex processes that
require meticulous planning and execution. Geospatial technologies provide a
comprehensive framework that integrates spatial data with real-time analytics,
enabling stakeholders to make informed decisions at every stage of the project
lifecycle. From initial site selection to ongoing maintenance, these technologies
enhance accuracy, reduce costs, and improve safety.
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During the planning phase, GIS and remote sensing technologies facilitate the analysis of topographical and
environmental data. This allows engineers to identify optimal routes, assess potential environmental
impacts, and design infrastructure that minimizes disruption to natural landscapes. High-resolution satellite
imagery and light detection and ranging (LiDAR) data provide detailed insights into terrain characteristics,

ensuring that designs are both feasible and sustainable.

In the construction phase, GPS and GIS technologies are instrumental in site surveying and layout. Real-time
data collection and analysis enable precise positioning of tracks and structures, reducing the margin of error
and ensuring adherence to design specifications. Additionally, these technologies support the efficient
management of resources, such as materials and labor, by providing accurate, up-to-date information on

project progress.

Once the railroad is operational, geospatial technologies continue to play a crucial role in its management.
GIS-based systems enable the monitoring of track conditions, signaling systems, and other critical
infrastructure components. This real-time monitoring allows for proactive maintenance, reducing the

likelihood of service disruptions and enhancing overall safety.

Geospatial technologies also facilitate the ongoing monitoring and maintenance of railroads. Remote
sensing and unmanned aerial vehicle (UAV) technologies provide high-resolution imagery and data,
enabling the early detection of potential issues such as track deformations or vegetation encroachment. This

proactive approach to maintenance ensures the longevity and reliability of the railroad infrastructure.

The integration of geospatial technologies in the railroad industry represents a significant advancement in
the way these critical infrastructures are planned, constructed, managed, and maintained. By leveraging the
power of spatial data and real-time analytics, stakeholders can achieve greater efficiency, safety, and
sustainability in their projects. As the demand for robust and reliable transportation networks continues to
grow, the role of geospatial technologies will undoubtedly become even more integral to the success of

railroad projects worldwide. SE
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Enhancing railroad planning
with GIS technology and LTIMindtree’s iNext solutions

Geospatial technology has numerous applications in the railroad sector, enhancing efficiency, safety, and
overall management. For instance, GIS can be used for spatial analytics, enabling rail companies to analyze
and visualize data related to track conditions, maintenance schedules, and asset management. This
technology also supports field mobility, allowing maintenance crews to access real-time data and updates
while on-site, which improves response times and reduces downtime. Additionally, geospatial data plays a
crucial role in land acquisition planning and geotechnical investigations. By integrating GIS with other digital
data, rail companies can streamline operations, improve decision-making, and enhance the overall safety

and reliability of their services.

[1. Construction planning

Site selection and analysis

S/ GIS technology, supported and implemented by LTIMindtree’ s geospatial solutions, allows us to
analyze various geographic and environmental factors to select optimal sites for new rail lines and
facilities. By overlaying data such as topography, land use, and environmental constraints, we can

identify the most suitable locations, minimizing environmental impact and construction costs.

_ Design and visualization
With GIS and LTIMindtree’ s advanced spatial technologies, we can create detailed 3D models of
proposed construction projects. This visualization helps in understanding the terrain, planning
the alignment of tracks, and designing infrastructure such as bridges and tunnels. It also aids in

stakeholder communication by providing a clear visual representation of the project.
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[2. Operational efficiency
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Resource management
LTIMindtree’ s geospatial platform enhances resource management by mapping the locations of
materials, equipment, and labor. This optimization ensures that resources are available where

required in a timely manner, improving project timelines and reducing delays.

Route optimization
GIS technology enables us to analyze and optimize train routes based on various factors such as
track conditions, traffic density, and weather patterns. This leads to more efficient scheduling,

reduced fuel consumption, and improved on-time performance.

Asset management

With LTIMindtree’s GIS-based smart operation and maintenance (GISSOM) platform you can
maintain an up-to-date inventory of all railroad assets, including tracks, signals, and stations.
This spatially-enabled asset management allows for better maintenance planning, reducing

downtime and extending the lifespan of our infrastructure.

Real-time monitoring

LTIMindtree’ s geospatial solutions support real-time monitoring of train movements and track
conditions. By integrating GPS data, we can track the location of trains, monitor their speed,
and detect any deviations from the planned route. This real-time data helps in making informed

decisions and responding quickly to any operational issues.

Workforce management

LTIMindtree’s GISSOM platform enhances workforce management by tracking the location
and status of workers in real-time. This ensures that workers are on-site, on time, and
completing tasks efficiently. The platform also supports real-time tracking of progress

and resource allocation.
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[3. Security and safety

Risk assessment

@@\ GIS technology, combined with LTIMindtree’ s geospatial capabilities, aids in assessing risks
related to natural disasters, such as floods, landslides, and earthquakes. By mapping these
hazards and analyzing their potential impact on our rail network, we can develop mitigation
strategies and emergency response plans to enhance safety.

Incident management

ﬁ In the event of an incident, GIS provides a powerful tool for managing the response. By mapping
the location of the incident and integrating data from various sources, we can coordinate
emergency services, track the movement of response teams, and ensure that resources are
deployed effectively.

Leveraging strategic partnerships

Microsoft collaboration LTIMindtree’s strengthened partnership with Microsoft enables us to innovate and
offer a wide range of services, enhancing our GIS capabilities. This collaboration supports the integration of
advanced analytics and cloud solutions, providing robust and scalable GIS applications.

LTIMindtree and ESRI are partnered to innovate the world of possibilities by integrating GIS technology and
workflows in various industry solutions and accelerators. As a Silver partner to Esri, the global market leader
in GIS software, location intelligence and mapping, we have deep experience and expertise in using,
implementing, customizing and extending features of ArcGIS family products. Our solution and accelerators
are compatible with ESRI’s ArcGIS.

Additionally, our company has established strategic partnerships with leading original equipment
manufacturer (OEMs) such as Hexagon geospatial, Azure, AWS, and ServiceNow. Leveraging these
collaborations, we deploy innovative solutions on their cloud platforms, ensuring seamless integration with
various ERP and CRM systems. Furthermore, our team of skilled professionals excels in implementing
geospatial solutions, driving the complete transformation of standard operating procedures (SOPs) into
efficient, digital map-based workflows. This holistic approach not only enhances operational efficiency but
also fosters innovation and agility across all business processes.
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Incorporating open-source technology & ESRI GIS

Open-source technology LTIMindtree leverages open-source technologies to enhance our GIS solutions. By
utilizing platforms such as QGIS and integrating them with cloud-based solutions like Azure, we can provide
flexible, cost-effective, and scalable GIS applications. This approach allows for rapid innovation and
customization to meet specific project needs.

ESRI Integration LTIMindtree’ s partnership with Esri enables us to offer advanced GIS capabilities through
ESRI’s ArcGIS platform. This integration allows for comprehensive spatial analysis, real-time data
visualization, and robust mapping solutions. Esri’s tools enhance our ability to manage assets, optimize
routes, and improve overall operational efficiency.

LTIMindtree’s offerings

LTIMindtree’s geospatial platform handles the entire spectrum of geospatial services starting from
high-resolution image processing to mapping, modelling and geospatial data and insights sharing and
visualization via enterprise GIS applications. It further leverages GIS to optimize route planning, manage
logistics, and provide real-time tracking for transportation services and plays a critical role in enhancing
operational efficiency and customer experience in the travel, transportation, and hospitality (TTH) domain.

WebGIS-based smart maintenance system (GISSOM)

LTIMindtree’s WebGIS-based smart maintenance system (GISSOM) offers a comprehensive solution for
maintenance (proactive and reactive), incident handling, skill-based work allocation to resolve-issues, and—""
overall management of tasks and workforce and providing visibility in near-real time: "
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GIS for smart operations & maintenance

A cloud hosted secure solution for smart asset & field operations management

Asset Management Field Force Operations Reports and Dashboards
+ Asset data sheets and + Scheduling of routine maintenance  « Maintenance and incident reports
health data records & real-time incident resolutions « SLAdashboards
« Integration with asset + Location-based field force « Field-force productivity analysis
monitoring software assignment .
) ) . . « Configurable reports
+ Configurable alerts + Field force Mobile app, routing
& navigation

+ Spare workflow management

¥
Reduced manhours SLA adherence

¥
Reduced Asset downtime Field-force utilization

Figure 1: GIS for smart field operations management

GISSOM - product modules

Asset management Incident management
Operational Status of Static & Dynamic Ticketing module to execute
assets with geographical reference corrective actions for defective assets
Preventive maintenance Outage analysis

Aiding Scheduled or Random maintenance Outage Analysis module with business
activities with checklists and SLA reports intelligence to help increase Asset efficiency

Figure 2: Comprehensive suite of GISSOM product modules
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The benefits of the application include improved asset reliability, reduced costs, and better operational
efficiency via skill-based work allocation, network GIS-based navigational assistance and routine
maintenance improving assets lifespan. The product has specific modules to deal with dynamic and static
(IP-based) assets management, schedules routine maintenance and automatic work assignment based on
skill set for reported incidents. The major highlight of the solution is the WebGIS-based map dashboard that
is powered with locational analytics capabilities providing real-time visibility in terms of various KPIs in the
operation management domain.

Furthermore, our geospatial solutions intelligently fetch data from a wide range of advanced locational
technology sources, including global navigation satellite systems (GNSS), light detection and ranging
(LiDAR), drones, radar and other 3D scanning technologies plus all desktop and enterprise geographic
information systems (GIS). The selective and strategic integration of multiple data sources results in a more
accurate understanding of structure and terrains and movement of dynamic ascent over them in real-time.

Track Vehicle in Real-Time

L LTIMindtree VEHICLE TRACKING SOLUTION

Figure 3: Real-time vehicle tracking solution for better operational efficiency

Modular GNSS-based tracking application

Modular GNSS-based tracking application specifically designed to track a fleet of vehicles, with end-to-end digitized
workflows with real-time dashboards and reports. Some of the key benefits of the tracking solution include:

+ Near-real-time visibility of dynamic assets « Improved operational timelines
+ Improved productivity of the field staffs + Full command and control in movement of vehicles
- Optimized planning and utilization of resources in organizational and institutional segments

+ Increased cost savings in operations
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Elevate your warehouse management with our live tracking feature, offering a
dynamic and real-time perspective on forklift acti

Figure 4: Live module of real-time tracking and analytics for warehouse forklift operations

LTIMindtree’ s GeoRTLS-based indoor navigation
and personnel tracking solutions

Our GeoRTLS-based indoor navigation and personnel tracking solutions are designed to track a fleet of
vehicles, raw materials, high value assets, and employee and visitors in real-time in GNSS denied
environments such as inside buildings or premises, offering real-time dashboards with custom reports.

Key features

» Map-based live dashboard
+ End-to-end tracking
+ Easy web-based configuration

+ Timely alerts for geofence/route violations,
over-speeding, low battery, idle time, etc.

+ Cloud-based deployment

» Customized reports: Trip reports, vehicle
summary, alerts reports, etc.

+ ERP/SAP integration

+ Access-based modules Figure 5: LMNOP ZONO: A WebGIS-based application for
geofence-enabled workforce management
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Benefits

nventory mproved ower risk Optimized workforce
visibility security of accidents management
Greater Optimized Lower operating
productivity space expenses

SAFETY & SECURITY €

$0S MODULE WEATHER INTEGRATION INCIDENTS MODULE

8 . E5

Additionally, LTIMindtree has developed WebGIS-based application for field workforce (FSEs) management
i.e. LMNOP ZONO which is a geofence-based GPS application designed to accurately monitor the movements
of deskless workers across various projects, increasing transparency and accountability between the project
and site teams. Zono assists organizations in greatly simplifying scheduling, gaining visibility into and
control over job scheduling and workforce utilization. It deals with workforce management by addressing
these three main operating areas: Manage, engage and analyze.

The key features and functionalities of the application include the following.

+ User can raise an SOS call to the safety officer, or find the closest medical center based on proximity
« Automatic mail and message with user location and contact information sent to safety officer

« Helps the users fetch the real-time weather forecast for a particular project

« Weather module: Helps the admin set the maximum threshold values for wind speed, precipitation and
temperature, beyond which alerts will be raised accordingly via mobile

11
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+ Real-time tracking of workplace risks and incidents like crash, hazard and places
« Incidents reported previously can be viewed, edited, updated and removed accordingly
+ Keep the mobile team informed about his location with respect to his allocated job area

+ Restrict movement of workers in no-go zone during project hours and alert user by voice and visual aid
through Raksha app

+ Mark the user’s location based on his allocated location as green and red

« Raksha’s analytics dashboards offer effective availability of location-based day-wise attendance
+ Download reports as separate spreadsheets and PDFs

« Day-wise user availability report

+ Day-wise user report

+ Landmark summary report

« Landmark activity report

« Session summary report

« Day-wise route playback of a particular user with session-wise time stamps

« Heat map visibility across the route playback

« Speed control and time slider

Geospatial GeoBIM and digital twin
use cases in the railroad sector

Digital twin technology plays a pivotal role in optimizing maintenance strategies in the railroad sector by enabling
real-time monitoring and predictive maintenance. By creating a digital replica of physical assets such as tracks,
trains, and signaling systems, digital twins allow for continuous data collection from sensors and historical
information. This data is then analyzed to identify patterns, detect anomalies, and predict maintenance needs
before they become critical issues.

For instance, in the metro rail system, digital twins can monitor the condition of tracks and trains in real-time,
providing insights into wear and tear, and potential failures. This proactive approach helps in scheduling
maintenance activities more efficiently, reducing downtime, and extending the lifespan of assets. Additionally, the
integration of Al technologies with digital twins enhances the predictability and resilience of the system, enabling
smart decision-making and further optimizing maintenance strategies. Further, loco pilots can be trained using
AR/VR models. Passenger navigation apps can be designed to help navigate within large railway junctions.

12
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LTIMindtree’ s digital twin solution

This entails a virtual replica of a physical asset, system or process allowing better visualization, collaboration,
monitoring and control to support the entire life cycle of project along with features for preventive
maintenance of equipment.

Features

+ View photorealistic and georeferenced 3D BIM model with actual geometry and metadata.
« Common datum environment with multi-disciplinary cloud collaboration.

« View BIM properties, integrate all paper documentation, and drawings with the model as single source of
information in cloud platform.

+ Add custom tags and attributes to assets to monitor historical progress data.
« Attach photos and construction data to the assets.
+ Incident management with GISSOM integration.

+ Highly secured platform to prevent unauthorized data access with user-based login credentials and
role-based access restriction.
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Figure 6: AR-assisted navigation

13



&p LTIMindtree

AR-assisted navigation

Standalone VR360, VR, AR and MR-based web and mobile application for immersive experience of site
conditions for different kinds of industry specific use cases.

Features

«  BIM photorealistic, navigable walkthrough on collaborative AR/VR cloud platform.

« Immersive VR experience of the plant with exact geometrical arrangement to visualize site from remote
location using VR headset, web and mobile platform.

+  Common datum environment for integrating IOT sensors, documents and site-specific Instructions with
asset tags.

« The new construction and modifications at plant can be visualized virtually in an immersive
environment before the actual start of construction.

+  Capturing of plant for site tour, training, as-built documentation, insurance, and planning assistance for
further design and engineering.

« Enhanced rendering of site with seamless integration of both indoor and outdoor geometry with
geospatial basemap.

e

ADMIN HUII’ DING

Figure 7: Enhanced rendering of site with seamless integration of indoor and outdoor geometry
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Future trends in GIS technology for railroads

The future of GIS technology in the railroad industry is promising, with several emerging trends set to

transform the way railroads operate and plan their infrastructure. Here are some key trends to watch out for:

&>

Artificial intelligence and machine learning

The integration of Al and machine learning with GIS technology will enable more accurate predictive
analytics and decision-making. These technologies can analyze vast amounts of data to identify
patterns and trends, helping railroads optimize routes, predict maintenance needs, and improve
overall efficiency.

Internet of things (loT)

loT devices, such as sensors and smart infrastructure, will provide real-time data on various aspects
of railroad operations. This data can be integrated with GIS systems to monitor track conditions, train
movements, and environmental factors, allowing for proactive maintenance and improved safety.

Augmented reality (AR) and virtual reality (VR)

AR and VR technologies will enhance the visualization and planning capabilities of GIS systems.
These technologies can create immersive simulations of railroad projects, allowing stakeholders
to experience and interact with the proposed infrastructure in a virtual environment.

Big data analytics

The increasing availability of big data will enable more comprehensive and detailed analysis of
railroad operations. GIS systems can leverage big data to provide insights into passenger behavior,
freight patterns, and operational performance, helping railroads make data-driven decisions.

Cloud computing

Cloud-based GIS solutions will offer greater scalability, flexibility, and accessibility. Railroads can store
and process large datasets in the cloud, enabling real-time collaboration and data sharing across
different departments and locations.

5G connectivity

The rollout of 5G networks will enhance the connectivity and data transfer capabilities of GIS systems.
This will enable faster and more reliable communication between loT devices, GIS platforms, and
other systems, improving the overall efficiency and responsiveness of railroad operations.

15



&p LTIMindtree

Conclusion

The integration of geospatial technologies in the railroad industry represents a significant advancement in
the way these critical infrastructures are planned, constructed, managed, and maintained. By leveraging the
power of spatial data and real-time analytics, stakeholders can achieve greater efficiency, safety, and
sustainability in their projects. As the demand for robust and reliable transportation networks continues to
grow, the role of geospatial technologies will undoubtedly become even more integral to the success of
railroad projects worldwide.

As we look towards the horizon, the adoption of innovative technologies will continue to propel the railroad
industry into an era of unprecedented innovation and efficiency. These advancements in GIS technology will
not only transform how we manage and operate our rail networks but also redefine the customer experience,
making it more seamless and enjoyable.

Moreover, the integration of these technologies will foster a more sustainable and environmentally friendly
approach to railway operations. By optimizing routes, reducing fuel consumption, and minimizing
emissions, we can contribute to a greener future while maintaining our commitment to delivering
industry-leading services.

In conclusion, the future of GIS technology in the railroad industry is bright and full of potential. Embracing
these trends will ensure that we remain at the forefront of innovation, continuously enhancing the safety,

efficiency, and reliability of our rail networks. Together, we can build a smarter, more connected, and
sustainable transportation system for generations to come.
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