
Satellite Spectrum Monitoring System

In just a few years, high-throughput satellite constellations have revolutionized global communications. 
Today, these satellites—now comprising the majority of active objects in orbit—play a pivotal role in 
delivering broadband internet to remote and underserved communities, while also supporting disaster 
management and defense applications. Their strategic importance is undeniable.
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Traditional monitoring approaches struggle to keep pace with the 
new satellite constellations because of two main challenges:

• Number of satellites in orbit: Dozens—and soon potentially 
hundreds—of satellites may transmit over the same ground 
area simultaneously. Their unpredictable scheduling makes 
comprehensive monitoring di�cult.

• Narrow beam sizes: Advanced constellations use phased array 
antennas to dynamically generate narrow, user-directed beams, 
which often evade detection by traditional centralized 
monitoring stations.

Distributed Monitoring Network

To tackle these challenges, we developed CelesGuard—a distributed 
network of maintenance-free, “deploy-and-forget” nodes. These 
compact, interconnected devices feature electronically steerable 
antennas and edge computing capabilities for on-site signal 
processing. Whether installed in �xed locations or mounted on 
mobile platforms, they o�er broad and adaptable coverage.

LEO and MEO constellations operate within strict technical and 
regulatory con�nes, notably the scarcity of available radio spectrum. 
This limited spectrum forces the sharing of frequency allocations 
among LEO, MEO, and GEO satellites. CelesGuard empowers users to 
swiftly identify interference issues that arise from the coexistence of 
multiple satellite networks.

Interference Detection and Identi�cation



Regulatory Compliance Veri�cation

Given the intricate international and historical context, LEO and 
MEO satellite constellations are governed by a stringent regulatory 
framework. CelesGuard assists in monitoring satellite operators' 
adherence to licensing agreements and international regulations, 
operating in both cooperative and non-cooperative modes.

Several large satellite constellations set for launch will soon enable 
their operators to establish covert, high-speed communications 
from any location on Earth, potentially without detection. 
CelesGuard supports the defense and intelligence community in 
gaining a more comprehensive understanding of RF activity in 
LEO and MEO.

Intelligence Gathering
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6.4! NGSO Channel Activity

The NGSO Channel Activity feature provides a timeline view of channel usage over time, displaying
how many satellites are using a specific channel at any given moment. The visualization uses a
color gradient to represent the number of satellites, allowing for an intuitive understanding of
channel occupancy.

By cross-referencing detected channel activity with other event indicators, such as spikes in Bit
Error Rate (BER), users can investigate and pinpoint the root causes of performance issues.

This feature is also particularly useful for monitoring Nco (the number of satellites in a constellation
transmitting on the same frequency, over the same area, at the same time), enabling operators to
assess frequency usage and ensure compliance with regulatory limits, namely the Article 22
Equivalent Power Flux Density (EPFD) limits that protect GSO networks from unacceptable
interference.

Additionally, the NGSO Channel Activity feature can be used to monitor activity in prohibited or
problematic channels, such as the first channel of Starlink and OneWeb constellations, which is
close to the radio astronomy band. Activity in this channel can lead to undesirable out-of-band
emissions that may interfere with sensitive scientific observations.

6.5! GEO Scan (option)

The GEO Scan feature offers a comprehensive overview of activity in the geostationary orbit. By
rapidly scanning the visible geostationary arc in 0.1° longitude increments and capturing the
Power Spectral Density (PSD) at each step, it provides a detailed snapshot of all transmitting
geostationary satellites, independent of known ephemerides.

In the resulting visualization, carriers typically appear as "rectangles," where the width represents
the carrier's bandwidth and the height corresponds to the beamwidth of the monitoring antenna
(approximately 2°).

Geostationary arc displayed in GEO Scan

6.6! Sky Scan (option)

The Sky Scan feature performs a blind scan of the entire sky to detect unexpected transmitters. It
is designed to identify unanticipated activity: UAVs, jammers, etc. Users can configure the system
to schedule scans during periods when no activity is expected, based on the known ephemerides
of satellites.

Detected activity is visually displayed on a sky view, providing a clear representation of
transmission sources across the scanned area. This feature helps uncover anomalies or
unauthorized transmissions in the monitored spectrum.
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