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Visibility in
Rail Operations

Extending Connectivity Across the
Entire Rail Network




Rail remains one of the most critical components of the global supply chain. Freight rail networks
move enormous volumes of commodities, manufactured goods, energy resources, and agricultural
products across vast distances every day. In many regions, rail provides the most efficient way to
transport heavy cargo over land, connecting ports, distribution centers, and industrial hubs across
thousands of miles of track.

Yet while the scale of rail transportation continues to expand, the digital infrastructure supporting
rail operations has not always kept pace. Rail networks frequently cross remote corridors,
mountainous terrain, tunnels, and rural regions where traditional communications infrastructure is
limited or unavailable. As a result, maintaining continuous visibility into the location, condition, and
performance of rail assets remains a persistent challenge for operators.

At the same time, expectations for operational transparency are increasing. Shippers now expect
real-time updates on cargo location and condition. Requlators require detailed safety and compliance
reporting, particularly for hazardous materials. Rail operators themselves must manage increasingly
complex fleets, ensuring equipment availability while minimizing maintenance costs and operational
disruptions.

In this environment, access to reliable data has become essential. Continuous monitoring of railcars,
cargo conditions, and equipment performance allows operators to identify issues earlier, optimize
asset utilization, and respond quickly when problems occur. However, achieving this level of visibility
requires connectivity that extends beyond traditional terrestrial networks.
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Satellite-enabled IoT connectivity is helping address this challenge. By
providing infrastructure-independent communication across remote and
infrastructure-limited environments, satellite IoT enables rail operators to
maintain monitoring and reporting capabilities across entire routes, not just

within areas served by cellular networks or trackside communications systems.
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This eBook explores the role of connectivity in modern rail operations
and the growing importance of satellite IoT in extending visibility across
the rail network. It examines the operational challenges rail operators
face, the risks associated with connectivity gaps, and the ways satellite-
enabled monitoring solutions are helping organizations improve safety,
efficiency, and asset management across their fleets.

As rail transportation continues to evolve, continuous connectivity is
becoming a foundational element of data-driven rail operations.
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The Growing Demand for Visibility
in Rail Operations

Rail transportation plays a central role in the movement of goods across regional and
international supply chains. From energy products and industrial materials to consumer
goods and agricultural commodities, rail networks support industries that depend on
the reliable movement of large volumes of freight over long distances. As global trade
continues to evolve and supply chains become increasingly complex, the operational
demands placed on rail operators are also changing.

Historically, rail operations relied on fixed infrastructure, scheduled reporting, and periodic
inspections to monitor assets moving through the network. While these methods provided
basic operational oversight, they offered only limited insight into what was happening
between checkpoints. Railcars traveling across remote corridors or rural regions could
move for hours or even days without continuous monitoring of their location or condition.

Today, that level of visibility is no longer sufficient. Customers expect greater transparency
into the status of shipments as they move through the supply chain. Real-time tracking and
condition monitoring have become standard expectations in many transportation sectors,
and rail operators are increasingly under pressure to provide similar capabilities.

Operational efficiency is another major driver of increased visibility requirements.
Rail fleets represent a significant capital investment, and operators must carefully
manage asset utilization to maintain profitability.
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Without accurate, real-time information about railcar location and status,
equipment may sit idle for extended periods, leading to lost revenue and
inefficient fleet management.

Safety and requlatory compliance also place new demands on monitoring
capabilities. Transporting hazardous materials requires strict reporting and
oversight to ensure that cargo is handled safely throughout its journey.
Rail operators must be able to demonstrate compliance with safety
standards while maintaining the ability to respond quickly if conditions
change during transit.

At the same time, rail infrastructure itself continues to evolve. Networks are
expanding to support growing freight volumes, and operators are exploring
new ways to optimize logistics through data-driven decision-making. The
ability to gather and analyze operational data from across the rail network
is becoming increasingly valuable for improving maintenance planning,
identifying operational bottlenecks, and supporting predictive analytics.
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All of these factors point toward a common requirement: continuous
visibility into rail operations. Operators need reliable access to location,
equipment status, and environmental data from railcars moving across their
networks. Achieving this level of visibility requires connectivity solutions
that function consistently across both well-served urban corridors and
remote areas where traditional communications infrastructure is limited.

As the demand for operational intelligence continues to grow, connectivity
is becoming a foundational element of modern rail operations. The
challenge lies in ensuring that this connectivity extends across the entire
network, not just the portions served by terrestrial infrastructure.
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The Connectivity Gap Across the Rail Network

Rail networks are among the most geographically expansive transportation systems in the world.
Freight trains routinely travel hundreds or even thousands of miles across a single journey, moving
through a wide range of environments that include urban hubs, rural plains, mountainous terrain,
and remote industrial corridors. While these networks are designed to move goods efficiently across
vast distances, the communications infrastructure supporting them is often far less continuous.

Unlike highways or urban logistics networks, rail routes frequently extend far beyond areas served by
reliable telecommunications infrastructure. Cellular networks may provide coverage along portions
of a route, particularly near population centers, but large sections of rail corridors still pass through
regions where connectivity is limited or inconsistent. Tunnels, mountain passes, dense forests, and
sparsely populated regions can further degrade or interrupt terrestrial communications.

In some areas, rail operators rely on trackside communications infrastructure to support signaling,
operational control systems, or localized monitoring. However, these systems are typically designed
for specific operational functions rather than continuous asset monitoring across entire rail routes.
Expanding trackside communications infrastructure across thousands of miles of rail corridors is
often impractical due to cost, terrain, and maintenance requirements.

As a result, rail operators frequently encounter gaps in connectivity that create blind spots in
operational visibility. Railcars may move through long segments of track without transmitting
updated location information or condition data. For operators attempting to maintain real-time
oversight of assets, these gaps can make it difficult to maintain accurate, continuous monitoring.
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These connectivity limitations also complicate the adoption of modern
monitoring technologies. Many digital solutions for asset tracking,
condition monitoring, and predictive maintenance rely on consistent
communication between field devices and centralized platforms. When
connectivity is intermittent, data may be delayed or unavailable during
critical periods of operation.

For example, monitoring systems designed to track cargo temperature,
brake system status, or environmental conditions depend on the ability

to transmit updates reliably as railcars move through the network. If
connectivity is lost for extended periods, operators may not receive alerts
until well after a problem has occurred. This delay can increase operational

risk, particularly when transporting sensitive cargo or hazardous materials.

Connectivity gaps also limit the ability to fully leverage the growing
ecosystem of data-driven logistics tools. Supply chain partners increasingly
rely on real-time data feeds to manage inventory planning, delivery
scheduling, and asset coordination across transportation networks.
Without reliable visibility into rail operations, integrating rail data into
broader logistics platforms becomes significantly more difficult.
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The challenge, therefore, is not simply tracking railcars within well-
connected regions. It is maintaining operational awareness across

the entire journey, including the remote and infrastructure-limited
environments that rail networks inevitably traverse. Achieving this level
of visibility requires connectivity solutions that are not dependent on
terrestrial communications infrastructure alone.

Closing the connectivity gap is becoming a critical step toward enabling
continuous monitoring and data-driven rail operations. As operators seek
to modernize their networks and improve asset intelligence, the ability to
maintain reliable communications across every mile of track will play an
increasingly important role in the future of rail logistics.
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Operational Risk in Low-Visibility Rail Environments

When connectivity gaps exist across the rail network, operators are often
forced to rely on incomplete or delayed information about the location and
condition of their assets. While trains continue moving across long distances,
the ability to monitor equipment performance, cargo conditions, and railcar
status may pause whenever communications infrastructure is unavailable.
Over time, these blind spots can introduce operational risks that affect safety,
efficiency, and service reliability.

One of the most immediate challenges is delayed asset visibility. Railcars
carrying freight may travel for long stretches without transmitting updated
location information, making it difficult for operators to maintain an accurate
understanding of where assets are at any given moment. For logistics
providers and shippers, this lack of real-time tracking complicates supply chain
coordination, particularly when shipments must connect with downstream
transportation modes such as trucks or ships.

Cargo condition monitoring presents another area where visibility gaps can
have significant consequences. Many rail shipments involve materials that
must be transported within specific environmental conditions. Temperature-
sensitive agricultural products, chemicals, and industrial materials may require
monitoring throughout transit to ensure quality and safety standards are
maintained. If connectivity interruptions prevent sensors from transmitting
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alerts when conditions change, operators may only discover problems after
a shipment has reached its destination, by which point the damage may
already be done.

Equipment performance and maintenance planning are also affected by
limited visibility. Railcars and onboard systems experience significant
physical stress as they travel across long distances. Brake systems,
mechanical components, and other critical equipment must function
reliably under harsh operating conditions. Without continuous monitoring,
maintenance teams may have limited insight into developing mechanical
issues until equipment is physically inspected or a failure occurs

during operation.

Safety and requlatory compliance add further complexity. Rail transport
frequently involves hazardous materials such as fuels, chemicals, and
industrial compounds that require strict monitoring and reporting
throughout the transportation process.
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Operators must be able to demonstrate that these materials are being
transported safely and that any incidents can be detected and addressed
quickly. Connectivity interruptions can delay the transmission of critical alerts,
slowing response times and increasing potential risk.

Limited visibility also impacts overall fleet utilization. Rail operators depend on
accurate information about railcar availability to ensure equipment is deployed
efficiently across the network. When location data is outdated or unavailable,
railcars may sit idle longer than necessary, or operators may struggle to
optimize routing and scheduling decisions. Over time, these inefficiencies can
reduce the overall productivity of a rail fleet.

As rail networks continue to modernize, the importance of continuous
operational data will only increase. Advanced logistics platforms, predictive
maintenance systems, and digital supply chain tools all rely on accurate, real-
time information flowing from assets in the field. Without reliable connectivity,
these technologies cannot deliver their full value.

The risks associated with low-visibility environments ultimately point to the
same underlying challenge: maintaining continuous access to operational data
across the entire rail network. Addressing this challenge requires connectivity
solutions capable of supporting monitoring systems in both well-connected
regions and remote corridors where traditional communications infrastructure
is unavailable.
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Extending Connectivity Beyond
Trackside Infrastructure

Closing the connectivity gap across the rail network requires solutions
that operate independently of traditional terrestrial infrastructure.
While cellular networks and trackside communications systems play an
important role in supporting rail operations, they cannot realistically
provide continuous coverage across every mile of track. Rail routes
inevitably pass through remote regions where deploying or maintaining
communications infrastructure would be prohibitively expensive or
technically impractical.
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Satellite-enabled IoT connectivity offers a complementary approach that helps
address these limitations. Rather than relying on ground-based towers or fixed

communications installations, satellite IoT systems communicate directly with
orbiting satellites, enabling devices in the field to transmit data from virtually
anywhere within network coverage. For rail operators, this infrastructure-
independent model makes it possible to maintain monitoring and reporting
capabilities across the entire rail network, including remote corridors where
terrestrial connectivity is limited.

One of the key advantages of satellite IoT is its ability to support low-power
devices that transmit small packets of operational data. Rail monitoring
systems typically do not require high-bandwidth communications; instead,
they depend on reliable delivery of short messages containing location
updates, sensor readings, or equipment status information. Satellite IoT
networks are well suited for this type of communication, allowing monitoring
devices to operate efficiently while maintaining long battery life across
extended deployment cycles.

This capability is particularly valuable in rail applications, where many
monitoring devices are installed on railcars that do not have continuous
access to line power. Low-power satellite architectures enable sensors and
tracking devices to operate for years without battery replacement, reducing
maintenance requirements and making it practical to deploy monitoring
systems across large fleets.
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Satellite connectivity also enables rail operators to maintain consistent
monitoring as railcars move through different connectivity environments.
When trains travel through urban or well-connected regions, terrestrial
networks may provide reliable communications. However, as routes

move into rural areas, mountainous terrain, or long-distance corridors,
satellite connectivity can continue supporting monitoring systems without
interruption. This layered approach helps ensure that data continues
flowing even when ground-based infrastructure is unavailable.

In addition to extending coverage, satellite connectivity can improve
operational resilience. Because satellite communications operate
independently of terrestrial network congestion or infrastructure outages,
monitoring systems remain functional even when local communications
systems experience disruptions. This resilience can be particularly
important during severe weather events or other incidents that affect
regional communications infrastructure.
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By extending connectivity beyond trackside infrastructure, satellite IoT
helps rail operators maintain continuous visibility across the entire journey
of their assets. Instead of relying on intermittent updates from isolated
segments of the network, operators can gather consistent operational data
from railcars moving across long-distance routes. This capability provides
the foundation for more effective monitoring, improved asset intelligence,
and more responsive operational decision-making.

As rail operators continue adopting digital monitoring technologies, the
ability to maintain reliable connectivity across every operating environment
will become increasingly important. Satellite IoT provides a practical and
scalable way to extend visibility across the rail network, ensuring that
monitoring systems remain connected wherever trains travel.
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[Improving Satety Through
Continuous Monitoring

Safety has always been a central priority in rail operations. Rail networks move large
volumes of freight across long distances, often transporting materials that require careful
handling and strict requlatory oversight. Maintaining safe operations across such expansive
systems depends on timely access to accurate operational information. When visibility into
rail assets is limited, identifying potential issues quickly becomes significantly

more difficult.

Continuous monitoring technologies are helping rail operators strengthen safety programs
by providing real-time insight into the condition and status of assets moving across the
network. Instead of relying solely on scheduled inspections or manual reporting, connected
monitoring systems allow operators to receive alerts and operational data while railcars
are in transit.

One important application of continuous monitoring involves brake system visibility.

Brake systems are critical to safe rail operation, yet traditional monitoring approaches may
only identify issues during inspections or after a mechanical problem has already occurred.
Monitoring devices installed on railcars can transmit status information and alerts when
abnormal conditions are detected, allowing operators to identify potential issues earlier
and take appropriate action before safety risks escalate.
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Real-time alerts also support more effective incident detection and response.
Railcars moving across remote regions may encounter mechanical failures,
environmental hazards, or operational disruptions that require immediate
attention. Monitoring systems that transmit alerts when certain thresholds are
exceeded enable operations teams to respond faster and investigate potential
problems while trains are still in transit.

In addition to equipment monitoring, connected safety systems can support
worker safety programs. Rail operations often involve personnel working in
remote areas, rail yards, or along long corridors of track where immediate
assistance may not be readily available. Satellite-enabled GPS safety devices
allow workers to share their location and communicate emergency alerts when
needed, helping improve situational awareness and response times during
safety incidents.

Regulatory compliance is another area where improved monitoring
contributes to safer rail operations. Transporting hazardous materials requires
strict documentation and oversight throughout the journey. Continuous
monitoring systems can provide location data, environmental readings,

and system alerts that help operators demonstrate compliance with safety
standards and respond quickly if conditions change.

Perhaps most importantly, continuous monitoring reduces the delay between
when an issue occurs and when it is detected. In low-visibility environments,
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problems may remain unnoticed until the next scheduled inspection or
until a train reaches a rail yard. By enabling earlier detection of equipment
issues, environmental changes, or safety concerns, monitoring systems
allow operators to address problems before they escalate into larger
operational incidents.

As rail networks continue to modernize, safety programs are increasingly
incorporating connected monitoring technologies to enhance operational
awareness. The ability to gather real-time data from assets across the
entire rail network allows operators to strengthen safety oversight, reduce
response times, and maintain greater control over conditions affecting both
cargo and equipment.

Continuous visibility into rail operations ultimately supports a more
nroactive approach to safety. By identifying issues earlier and maintaining
petter situational awareness across remote corridors and infrastructure-
imited environments, rail operators can respond more effectively to
potential risks and maintain safer operations across their networks.
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One-Way and Two-Way Communications in
Rail Monitoring

Rail monitoring systems rely on efficient data transmission to provide visibility into the location and
condition of assets moving across the network. The architecture of these communication systems can
vary depending on the operational needs of the application. In many rail deployments, monitoring
solutions use either one-way or two-way satellite communication models, each offering advantages
depending on the type of data being transmitted and the level of interaction required with the device
in the field.

One-way satellite communication is commonly used for applications where devices primarily
transmit status updates or sensor data back to a central monitoring platform. In these deployments,
monitoring devices send periodic messages containing location information, environmental readings,
or system status updates. Because the device only transmits data and does not receive commands,
the communication process is highly energy-efficient and well suited for long-term deployments
where battery life is a priority.

For many rail applications, one-way monitoring provides sufficient operational visibility. Location
tracking, cargo condition monitoring, and basic system reporting can often be achieved through
periodic transmissions that provide operators with a consistent flow of data about assets moving
across the network. The simplicity of one-way communication allows monitoring devices to operate
for extended periods with minimal maintenance, which is particularly valuable for railcars that may
remain in service for years without direct access to power infrastructure.
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At the same time, some rail monitoring scenarios benefit from the
additional capabilities provided by two-way satellite communication.

In two-way systems, devices can both transmit data and receive commands
from a central platform. This capability allows operators to interact with
devices remotely, enabling configuration changes, system diagnostics,

and confirmation of device activity.

Two-way communication can support functions such as adjusting reporting
intervals, initiating diagnostic checks, or confirming that alerts have been
received and processed. In certain situations, it may also allow operators to
request updated data from a device when unexpected conditions occur. This
additional level of interaction enables monitoring systems to move beyond
passive reporting toward more responsive operational management.

The choice between one-way and two-way communication often depends
on operational priorities such as power consumption, device complexity,
and the level of remote control required. Many rail monitoring systems are
designed to balance these considerations by using efficient transmission
schedules and configurable reporting parameters that align with the needs
of the deployment.
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As rail operators continue expanding the use of connected monitoring
technologies, both one-way and two-way communication architectures
will play important roles in supporting operational visibility. Each model
provides a flexible approach to collecting and managing data across rail
networks that span diverse environments and connectivity conditions.
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Designing Monitoring Systems
for Harsh Rail Environments

Rail environments present some of the most demanding operating
conditions for connected monitoring devices. Railcars travel long
distances across diverse climates and terrain, often experiencing
extreme temperature variations, constant vibration, and exposure to
dust, moisture, and other environmental stressors. Monitoring systems
deployed in these environments must be engineered to withstand these
conditions while maintaining reliable operation over extended periods.

Globalstar.com
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One of the most significant design considerations for rail monitoring devices
is durability under vibration and mechanical stress. Railcars experience
continuous vibration as they move across track systems, and the mechanical
forces generated during acceleration, braking, and coupling operations

can place additional strain on onboard equipment. Devices used in rail
monitoring must therefore be designed with ruggedized components and
secure mounting systems that allow them to operate reliably despite constant
physical movement.

Environmental exposure also plays a critical role in device design. Railcars
frequently operate across regions with wide temperature fluctuations,
ranging from extreme cold in northern climates to intense heat in desert
regions. Monitoring devices must be capable of operating within these
temperature ranges without experiencing performance degradation or
hardware failure. In addition to temperature extremes, devices may also
encounter moisture, dust, and debris, particularly in industrial environments
or during severe weather conditions.

To address these challenges, monitoring systems are often housed within
sealed enclosures designed to meet environmental protection standards, such
as IP-rated enclosures that protect internal electronics from water ingress and
particulate contamination. These protective designs allow devices to remain
operational even when exposed to rain, snow, dust, or other environmental
hazards encountered during rail operations.

globalstar.com

Another key consideration is power management. Most railcars do not
provide direct electrical power for monitoring equipment, meaning devices
must operate using battery power for extended periods. Low-power system
architectures and efficient communication protocols allow monitoring
devices to transmit operational data while conserving energy. This approach
enables devices to remain in service for multiple years without requiring
battery replacement, reducing maintenance requirements across large
fleets.

For rail applications involving hazardous materials, devices may also
require intrinsically safe design certifications to ensure they can operate
safely in environments where flammable substances may be present.

These certifications help ensure that monitoring systems meet requlatory
requirements while maintaining safe operation under potentially hazardous
conditions.

Designing monitoring systems capable of functioning in harsh rail
environments requires careful consideration of both physical durability and
energy efficiency. By combining rugged hardware design with low-power
connectivity technologies, rail operators can deploy monitoring systems
that remain reliable across the diverse conditions encountered throughout
the rail network.

‘
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Connecting the Entire Rail Network

Rail networks operate across vast and diverse environments, connecting major industrial
hubs, ports, and distribution centers through corridors that often extend far beyond the
reach of traditional communications infrastructure. While these networks play a vital role in
global supply chains, maintaining continuous visibility into rail operations has historically
been difficult due to connectivity gaps across remote regions.

As rail operators modernize their operations, the demand for real-time data and continuous
asset monitoring continues to grow. Improved visibility into railcar location, cargo
conditions, and equipment status enables organizations to optimize fleet utilization,
strengthen safety programs, and respond more effectively to operational challenges. At

the same time, supply chain partners increasingly expect access to reliable tracking and
monitoring information as shipments move through transportation networks.

Addressing these needs requires connectivity solutions capable of supporting monitoring
systems across the entire rail network, not just the segments served by terrestrial
infrastructure. Satellite-enabled IoT connectivity provides a practical way to extend
communications beyond trackside networks, enabling rail operators to gather operational
data from assets moving through remote and infrastructure-limited environments.

By combining durable monitoring devices with low-power satellite connectivity, rail
organizations can maintain continuous visibility across long-distance routes while
minimizing maintenance requirements for field devices.
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This approach allows operators to close connectivity gaps and support the
growing ecosystem of digital monitoring technologies that are shaping the
future of rail logistics.

As rail transportation continues to evolve toward more connected and data-
driven operations, reliable connectivity will remain a critical enabler of
operational intelligence. Extending visibility across the entire rail network
allows operators to manage assets more effectively, improve safety outcomes,
and build more resilient transportation systems capable of supporting the
demands of modern supply chains.

Learn more at globalstar.com.
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