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Abstract:

Satellite communication stands as a linchpin of modern technology, underpinning diverse industries and sectors
worldwide. However, the omnipresent threat of cosmic rays, originating from the depths of outer space, casts a
shadow over the reliability and stability of satellite communication systems. These high-energy particles, upon
interaction with Earth's atmosphere, spawn secondary radiation streams, including neutrons, protons, and
gamma rays, capable of penetrating spacecraft and wreaking havoc on onboard electronics. Such interactions
give rise to single-event effects (SEEs), ranging from benign bit flips to catastrophic component failures,
Jjeopardizing the integrity of satellite systems. Moreover, cosmic rays introduce errors in data transmission and
reception, undermining the fidelity and precision of satellite communication links. Through meticulous analysis
of cosmic ray variations in 2022, leveraging data from The Pierre Auger Observatory, alongside the scrutiny of
DSCOVR satellite signal strength, a salient correlation emerges. Fluctuations in cosmic ray intensity directly
impact satellite signal robustness, with signal strength dwindling amidst heightened cosmic ray activity.
Additionally, a direct nexus between cosmic ray influx and the frequency of signal interruptions is unveiled,
highlighting the intricate dance between cosmic phenomena and satellite communication infrastructure. These
findings underscore the imperative for continued investigation and the formulation of robust mitigation strategies
to fortify satellite communication systems against the vagaries of cosmic influences, ensuring uninterrupted
connectivity in an ever-evolving technological landscape.
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I.  Introduction
Satellite communication

Satellite communication plays a pivotal role in modern technology, serving as a cornerstone for various
industries and sectors globally. At its core, satellite communication enables the transmission of data, voice, and
video signals over vast distances without the need for physical infrastructure like cables or wires. This capability
is especially crucial in remote or inaccessible areas where laying down traditional communication networks is
impractical or cost-prohibitive. Moreover, satellite communication facilitates seamless connectivity across
borders and continents, fostering global communication networks that are essential for international business,
diplomacy, emergency response, and scientific collaboration.

Furthermore, satellite communication serves as a backbone for critical sectors such as
telecommunications, broadcasting, navigation, and weather forecasting. In telecommunications, satellites enable
the provision of broadband internet services to rural and underserved regions, bridging the digital divide and
empowering communities with access to information and resources. Broadcasting industries rely on satellites to
distribute television and radio signals to millions of viewers worldwide, ensuring widespread access to
entertainment, news, and educational content. Additionally, satellites equipped with navigation systems like GPS
(Global Positioning System) facilitate precise location tracking for various applications ranging from civilian
navigation and transportation logistics to military operations and disaster relief efforts. Overall, the importance
of satellite communication in modern technology cannot be overstated, as it underpins a wide array of essential
services and facilitates global connectivity in an increasingly interconnected world.

Cosmic rays

Cosmic rays, which are high-energy particles originating from outer space, pose a significant threat to
satellite communication systems. When these charged particles interact with the Earth's atmosphere, they can
create secondary radiation, including neutrons, protons, and gamma rays, which can penetrate spacecraft and
interfere with onboard electronics. These interactions can cause single-event effects (SEEs) such as bit flips, latch-
ups, and even permanent damage to satellite components, leading to system failures or malfunctions. Moreover,
cosmic rays can induce errors in data transmission and reception, compromising the reliability and accuracy of
satellite communication links. As satellites operate in the harsh environment of space, they are particularly
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vulnerable to the effects of cosmic rays, which can pose challenges for maintaining the integrity and performance
of communication systems.

The potential impact of cosmic rays on satellite communication underscores the importance of
implementing robust radiation-hardened designs and mitigation strategies. Satellite manufacturers employ
various techniques such as shielding sensitive components, using radiation-tolerant materials, and implementing
redundant systems to minimize the effects of cosmic ray-induced radiation. Additionally, satellite operators
continuously monitor space weather conditions and radiation levels to assess the risk posed by cosmic rays and
adjust satellite operations accordingly. Despite these measures, cosmic rays remain a persistent threat to satellite
communication systems, requiring ongoing research and innovation to develop more resilient technologies
capable of withstanding the rigors of space environments. By understanding and addressing the challenges posed
by cosmic rays, the satellite industry can ensure the continued reliability and functionality of communication
networks critical for modern technology and global connectivity.

Objectives

The purpose of the research topic, "The Impact of Cosmic Rays on Satellite Communication: A One-
Year Analysis using Satellite and Observatory Data" is to investigate and analyse the effects of cosmic rays on
satellite communication systems over the course of one year. This research aims to provide insights into the extent
and nature of cosmic ray-induced disruptions and their implications for satellite communication reliability and
performance.

The objectives of this research include:

1. Quantifying the frequency and severity of cosmic ray events affecting satellite communication systems during
the one-year study period.

2. Assessing the correlation between cosmic ray activity and disruptions in satellite communication links.

I1.  Methodology
DSCOVR satellite

The DSCOVR satellite, launched in 2015, gracefully orbits around Lagrange point 1, situated
approximately 1.5 million kilometres from Earth, serving as a sentinel of our celestial neighbourhood. DSCOVR's
primary mission is to diligently monitor the ceaseless flow of charged particles emanating from the Sun, known
as solar winds. These observations are indispensable for space weather alerts and forecasts, safeguarding both
spacefaring missions and critical terrestrial infrastructure.

NISTAR, an advanced instrument nestled aboard DSCOVR, revolutionizes our understanding of Earth's
radiant energy dynamics. By meticulously measuring the outgoing radiation from our planet, NISTAR provides
unparalleled insights into Earth's energy budget, enabling groundbreaking studies in climate science. With its
unique vantage point, NISTAR conducts the first continuous daylight observations of Earth's surface, scrutinizing
the intricate interplay of infrared, visible, and ultraviolet wavelengths. This comprehensive analysis not only
facilitates the monitoring of seasonal changes but also enhances our comprehension of the Earth's climate system.

Operating as if Earth were a distant exoplanet, NISTAR employs cutting-edge technology developed
through a collaborative effort spearheaded by Ball Aerospace and Technologies Corporation, in conjunction with
NIST, the Scripps Institute of Oceanography, and NASA. This consortium of expertise ensures the instrument's
precision and reliability, enabling groundbreaking scientific discoveries.

The signal strength of DSCOVR is meticulously analysed at the receiving station located at Pennsylvania
39.9N, underscoring the dedication and rigor of the scientific community in unravelling the mysteries of our
cosmic environment.IThe signal strength of DSCOVR was meticulously analysed over the course of the calendar
year 2022 by scrutinizing the data obtained from the receiving station situated in Pennsylvania. Through rigorous
examination, the average signal strength for each month was calculated, providing a comprehensive
understanding of its fluctuations and patterns.

Pierre Auger Observatory

The cosmic ray variations throughout the calendar year of 2022 are meticulously analysed, drawing upon
the wealth of data gathered from The Pierre Auger Observatory. Nestled amidst the expansive expanse of the
Pampa Amarilla (yellow prairie) in western Argentina, at coordinates 35°12'24"S 69°18'57"W, this observatory
stands as a beacon of scientific inquiry, probing the mysteries of the cosmos. Here, amidst the serene landscape,
researchers scrutinize the highest-energy particles known to humanity, cascading from distant corners of the
Universe to impinge upon Earth's atmosphere—these enigmatic entities, aptly termed cosmic rays, serve as
cosmic messengers, bearing secrets of the cosmos within their energetic onslaught.

In tandem with the terrestrial endeavours at The Pierre Auger Observatory, the cosmic ballet of particle
interactions is further elucidated through the analysis of DSCOVR data, meticulously curated and disseminated
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by NASA's Atmospheric Science Data Centre. Through the lens of cutting-edge technology and collaborative
scientific endeavours, researchers glean insights into the dynamic interplay between cosmic phenomena and
Earth's atmospheric environment, unveiling the intricate tapestry of cosmic ray variations that shape our cosmic
neighbourhood.

Synchronisation and analysis

Subsequently, both datasets were meticulously synchronized in time to unveil the intricate relationship
between cosmic ray fluctuations and satellite signal strength. This meticulous analysis facilitated the extraction
of meaningful correlations, shedding light on the nuanced interplay between these phenomena

I1l.  Result And Discussion
Satellite signal strength measurements

Satellite signal strength measurements are commonly expressed in decibels (dB), providing a
standardized and concise representation of signal power levels. This logarithmic scale enables precise
quantification and comparison of signal strengths across varying conditions and environments.

Decibels serve as a versatile metric, facilitating seamless communication and analysis within the realm
of satellite communication and navigation. By leveraging dB measurements, engineers and researchers can assess
signal quality, optimize antenna configurations, and diagnose potential interference or attenuation issues with
remarkable accuracy.

In the intricate domain of satellite communication, where signals traverse vast distances and encounter
diverse atmospheric and environmental factors, dB measurements emerge as an indispensable tool for ensuring
reliable and robust connectivity. Whether it's assessing link budgets, calibrating ground stations, or monitoring
signal fluctuations in real-time, dB measurements empower stakeholders to navigate the complexities of satellite
communication with precision and confidence.

Through the lens of dB measurements, the intricacies of satellite signals are distilled into tangible,
actionable insights, guiding the evolution of communication technologies and unlocking new frontiers in
connectivity and exploration.

Total Electron Content (TEC)

Total Electron Content (TEC) holds a pivotal position within ionospheric science and global navigation
systems, exerting substantial influence over the propagation of radio waves crucial for modern communication
and navigation infrastructure. This fundamental metric serves as a comprehensive measure of the collective free
electron density within a specified unit area along a precise line of sight between a transmitter and receiver on
Earth's surface, as they navigate through the complex layers of the ionosphere. Beyond its foundational role, TEC
also serves as a key indicator of cosmic ray activity strength, providing invaluable insights into the dynamic
interactions shaping our atmospheric environment.lTEC is conventionally quantified in Total Electron Content
Units (TECU), with 1 TECU equivalent to 1016 electrons per square meter, providing a standardized measure
for the abundance of electrons within the ionosphere

Cosmic ray activity 2022
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Figure(1) : The cosmic ray variations for different months in 2022 with monthly average, Pierre Auger
Observatory.
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Satellite Signal strength of 2022
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Figure(2): Average Satellite signal strength in dB, DSCOVR satellite earth station Pennsylvania 39.9N.

Satellite signal strength variations by cosmic rays
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Figure(3): Satellite signal strength variation by cosmic rays.

Figure(1) shows the cosmic ray variations for different months in 2022 with monthly average from
Pierre Auger Observatory. Figure(2) shows the average Satellite signal strength in dB collected from the
DSCOVR satellite earth station at Pennsylvania 39.9N.Figure(3) shows the relation between satellite signal
degradation and cosmic ray fluctuations,

Figure(4) shows the percentage of interception occurred on the satellite signals during the examination
period and it’s relation to the cosmic ray changes.
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Interruption on Satellite signals by Cosmic variations
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Figure(4): The percentage of interception occurred on the satellite signals during the year 2022and it’s
relation to the cosmic ray changes.

Result

It becomes evident that fluctuations in cosmic ray intensity significantly influence the robustness of
satellite signals, as observed decreases in signal strength align with heightened levels of cosmic ray activity.
Furthermore, our analysis unveils a direct correlation between the frequency of interruptions in satellite signals
and the intensity of cosmic ray influx. Specifically, instances of signal interruption occur at a notably higher
frequency during periods characterized by elevated rates of cosmic ray events.

IV.  Conclusion

From our comprehensive study, a notable correlation emerges between cosmic ray variations and satellite
signal strength. It becomes evident that fluctuations in cosmic ray intensity exert a discernible impact on the
robustness of satellite signals, with an observed decrease in signal strength coinciding with heightened levels of
cosmic ray activity. Moreover, our analysis reveals a direct relationship between the frequency of interruptions
in satellite signals and the intensity of cosmic ray influx. Specifically, instances of signal interruption manifest at
a notably higher frequency during periods characterized by elevated rates of cosmic ray falls. These findings
underscore the intricate interplay between cosmic phenomena and satellite communication systems, necessitating
further investigation and the development of mitigation strategies to ensure uninterrupted connectivity in the face
of cosmic influences.
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