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INTRODUCTION

Electronic warfare (EW) covers a broad range of military activities
conducted within the electromagnetic spectrum with the aim of limiting
opponent forces’ use of electronic systems while preserving the
effectiveness of friendly forces. In practical terms, it represents a
continuous competition over radar, communication, navigation,

and command and control capabilities. This competition has become
increasingly visible in recent years. Large scale GPS interference, debiris
created by anti-satellite (ASAT) tests, and persistent jamming observed
in active conflict zones all point to the same conclusion:

Satellite communication (SATCOM) has long been considered a reliable
backbone for military operations, enabling long range transmission of
voice, imagery, video, and data without geographic limitations. As
dependence on SATCOM has grown, however, so has its vulnerability.
Modern conflicts have shown that satellite links are no longer immune
to disruption and are increasingly targeted as part of broader electronic
warfare strategies.




IMPORTANCE OF SATCOMIN
MILITARY OPERATIONS

For contemporary military forces, SATCOM is more than a supporting
capability. It underpins command and control, enables ISR missions,
supports precision navigation, and allows coordinated responses during
crises. When satellite communication is degraded or denied, the effects
are felt immediately across multiple operational functions.

In contested electromagnetic environments, the loss of SATCOM can quickly
translate into reduced situational awareness. Live UAV (Unmanned Aerial
Vehicle) video feeds may be interrupted, information flows may slow, and
decisions that depend on timely data may no longer be possible. These
challenges are not limited to unmanned systems.

As operations become more distributed and increasingly
joint and multinational, SATCOM dependence spans all operational domains.
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RECENT OPERATIONAL OBSERVATIONS

Over the past two years, interference with satellite based navigation and
communication systems has been observed on a scale that was previously
uncommon. In regions close to active conflict zones, long duration jamming
and intermittent spoofing have affected both military platforms and civilian
users. Air and maritime operators have reported sudden loss of GNSS

(Global Navigation Satellite System) availability, unstable positioning solutions,
and degraded timing references lasting hours or even days.

These effects were observed across a wide range of platforms, including
unmanned systems, commercial aviation, naval traffic, and military cormmand
nodes, and were caused by sustained electromagnetic activity rather than
equipment failure or space segment anomalies.

forcing operators to adapt procedures and rely on protected
communication links to maintain coordination and control.
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ELECTRONIC WARFARE ATTACK VECTORS
TARGETING SATCOM

Electronic warfare attack vectors describe the methods by which satellite
communication systems can be disrupted, degraded, or exploited.

seeks to deny access to the electromagnetic spectrum by
overwhelming receivers with interference. In simple terms, jamming prevents
receivers from accessing legitimate signals by introducing intentional
electromagnetic noise.

focuses on deception rather than denial. By introducing false but
credible signals, an attacker can cause systems to produce incorrect outputs
while appearing to function normally. Spoofing differs from jamming in that
the disruption may not be immediately apparent to operators.

involves the passive monitoring of electromagnetic emissions
without alerting the target. Unlike jamming or spoofing, interception does not
directly disrupt communication but enables intelligence collection and traffic
analysis.

attacks use refer to physical
concentrated electromagnetic or attacks against communication
optical energy, such as high-power infrastructure using conventional
microwaves or lasers, to disrupt or means. These actions target hardware
damage electronic components. rather than the electromagnetic
These effects may be temporary or  spectrum itself and are often
permanent depending on power coordinated with electronic
levels and exposure duration. warfare activities.

These attack vectors are increasingly employed together, placing sustained
pressure on systems that rely on fixed frequencies, predictable waveforms, or
limited protection mechanisms.
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OPERATIONAL CONSEQUENCES OF SATCOM
DISRUPTION

Command and control depends on the uninterrupted exchange of information
between decision makers and deployed units. When satellite links are disrupted,
this exchange becomes unreliable or may break down entirely. Orders can be
delayed, reports may arrive incomplete, and coordination across dispersed
forces can suffer. In fast moving operations, even brief communication gaps
can introduce uncertainty and undermine operational coherence.

ISR (Intelligence, Surveillance, Reconnaissance) activities rely heavily on
SATCOM to transmit sensor data and full motion video from platforms
operating far from command centers. If these links are compromised, real time
intelligence may be delayed or lost, reducing situational awareness. While UAVs
are often the most visible users of satellite enabled ISR, similar dependencies
exist across manned intelligence aircraft, maritime surveillance assets, and
ground based sensor networks.

Many military platforms depend on satellite based navigation and timing
services for accurate positioning and synchronization. Jamming or spoofing
can deny or manipulate these signals, leading to navigation errors, degraded
targeting accuracy, and increased operational risk, particularly during
coordinated maneuvers in complex environments.

Reliable commmunication is especially critical during crisis situations, whether
military or humanitarian. SATCOM disruptions can slow information sharing,
complicate coordination, and limit command oversight. In time sensitive
scenarios, these delays can significantly reduce the effectiveness of response
efforts.
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THE NEED FOR PROTECTED SATCOM AND
ELECTRONIC PROTECTION MEASURES

Sustained interference environments demonstrate that satellite
communication systems must be designed to operate under hostile
electromagnetic conditions. When navigation signals are unreliable and
conventional satellite links are disrupted,

In such environments, maintaining command connectivity and data exchange
often matters more than restoring full navigation accuracy, as it enables forces
to adapt and continue operating despite ongoing disruption. Systems equipped
with standardized electronic protection measures are therefore better
positioned to preserve coordination and decision making under pressure.

Key protection measures include techniques designed to preserve satellite
communications under disrupted electromagnetic conditions.

techniques reduce the likelihood that
transmissions can be intercepted or exploited by unintended receivers by
minimizing signal observability and predictability.

measures aim to prevent transmissions from
being detected in the first place by ensuring signals blend into the surrounding
electromagnetic environment and are difficult to distinguish from background
activity.

capabilities focus on maintaining communication availability in
the presence of deliberate interference through methods such as frequency
hopping, adaptive waveforms, and resilient error correction.

and Network Security (NETSEC) measures
protect satellite coommunications against interception, traffic analysis, and
unauthorized access by safeguarding both the signal characteristics and the
transmitted information. These measures are implemented in accordance with
NATO standards, including STANAG 4606, to ensure interoperability and secure
operation.
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EXAMPLE OF A FIELDED PROTECTED
SATCOM MODEM

Operational experience indicates that electronic protection measures must
be implemented at the terminal level and provided through fielded,
interoperable systems rather than remaining theoretical concepts. In this
context, , as it directly determines
how effectively a platform can maintain connectivity under sustained
electronic attack.

One example of such an approach is the SecureARX jamming resistant
SATCOM modem, developed by CTech. SecureARX is designed specifically
for operation in contested electromagnetic environments and integrates
anti-jamming techniques with transmission and network security functions
within a single modem architecture. By concentrating electronic protection
at the point where platforms interface with the satellite network, the system
reduces vulnerability to jamming, interception, and traffic analysis without
requiring changes to the space segment.

SecureARX employs adaptive anti-jam mechanisms based on Orthogonal
Frequency Hopping Multiple Access (OFHMA), enabling continued operation
under wideband and narrowband interference. Its software defined
architecture, developed by CTech with an emphasis on long term adaptability,
allows waveform updates and configuration changes in response to evolving
threat conditions. Compliance with STANAG 4606 Edition 3 ensures
interoperability within NATO SATCOM networks and alignment with established
security and electronic protection requirements.

The selection of protected SATCOM modem solutions developed by industry
providers such as CTech by military users and NATO agencies reflects a
broader recognition that modem level electronic protection has become

a foundational requirement rather than an optional enhancement for modern
satellite commmunications.
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CONCLUSION

The increasing contestation of the electromagnetic spectrum has
fundamentally changed how satellite communications must be designed
and protected. Electronic warfare threats to SATCOM are persistent, adaptive,
and operationally significant. Satellite links can no longer be treated as
inherently reliable or uncontested.

Ensuring resilient satellite communications therefore requires the integration
of advanced electronic protection measures at the terminal level.

in sustaining command and control, situational awareness, and
operational continuity in contemporary military operations.
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