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Abstract—Quantum  computing has the
potential to transform several fields, including
earth observation satellites. This paper searches
the application of quantum algorithms and
guantum sensing techniques to improve the
competences of earth observation satellites. By
harnessing the principles of quantum mechanics,
guantum computing can significantly improve
data processing, image analysis, and sensor
performance. The projected approach aims to
leverage the computational power of quantum
computers to aid extra precise and effective
monitoring of Earth's environment, contributing to
better decision-making and addressing global
challenges.
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I. INTRODUCTION

Satellites are the primary technique to obtain a
complete view of what happens on the surface of the
earth through remote sensing to keep us informed of
global climate change, natural disasters, and all
aspects of human development based on how fast our
environment degradation. The size of satellite data
being produced occurs at an increasing rate; thus,
there are major difficulties that arise in processing,
analyzing, and interpreting this data. Furthermore,
additional parameters related to traditional sensor
techniques can delay their ability to process and
interpret visually acquired data, including but not
limited to atmospheric interference, relatively low
signal-to-noise ratios, and very low spatial or spectral
resolution. At this time, quantum computing continues
to progress rapidly and is applying various phenomena
based on the laws governing quantum physics with the
intent to assist in resolving existing problems,
especially satellite remote sensing of naturally
occurring phenomena. With respect to the concept of
guantum computing as presently being developed,
guantum computers would use atomic properties of
matter as per the principles of quantum theory and,
therefore, would complete all computations
significantly faster than conventional computing
methods, thus providing new opportunities for
accomplishing complex computer simulations and data
analyses [1].
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Il. CONTEXT AND RELEVANCE

Quantum computing can yield significant outcomes
when combined with Earth observation satellites.
First, quantum algorithms can be used to process and
analyse the massive volumes of data collected by
these satellites. Quantum algorithms that focus on
optimisation, machine learning, and signal processing
can improve the accuracy and effectiveness of real-
time data analysis, which is crucial for monitoring and
decision-making. Furthermore, quantum sensing
techniques can be used to improve the functionality of
satellite sensors. Quantum-based sensors will be able
to more successfully penetrate the atmosphere
because they are more sensitive, have a higher
spatial-spectral resolution, and can give precise
information about the Earth's surface, atmosphere,
and oceans.

A. Paper Objectives

The paper has three main objectives, which are to
discuss how quantum computers can be applied to
Earth observation satellites by using quantum
algorithms to process and analyze sensor data, and
provide insight into how quantum computing
technologies can be commercialized in satellite
systems through an exploration of subjects such as
power consumption, radiation hardening, and in-board
computing requirements. Additionally, this paper will
provide a roadmap for developing and implementing a
quantum computing solution for Earth observation
satellites by considering the current status of quantum
technologies available and provides insight on future
developments.

GLOBAL EARTH OBSERVATION SATELLITE SYSTEM

Figure 1. Quantum X — Satellites Earth Observation
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B. Theoretical background

The evolution from traditional computers to
guantum computers is a major milestone since
guantum computers utilise the laws of quantum
physics for their processing functions. The most
notable characteristic of quantum computers
compared with traditional computers is that quantum
bits (or qubits) may exist in a state of superposition (0
and 1) simultaneously; traditional computers can only
represent bits in a binary series (0 or 1). The
properties of superposition, quantum entanglement
and quantum parallelism enable quantum computers
to rapidly search vast numbers of states at once, which
can potentially provide a great deal of assistance with
certain types of problems. Additionally, certain
guantum algorithms have been shown to be
exponentially faster than classical algorithms;
examples include Shor’s algorithm (for prime
factorization) and Grover’s algorithm (for unstructured
searches). These algorithms take advantage of
guantum effects to improve the way in which their
respective problems are solved, thus creating new
uses of a computer's available resources to help
address complex tasks. In terms of application of
guantum computing with respect to Earth observation
satellites, the potential for use is massive. For
example, applications for processing data, enhancing
sensor performance, and performing image analysis
will see tremendous benefit from quantum algorithms
through improved computational resources.
Improvements to qualitative data analysis through
guantum algorithms using optimisation, machine
learning, and signal processing will ultimately create
more accurate and efficient processes which facilitate
real time monitoring and decision-making capabilities.

I1l. QUANTUM COMPUTING FOR ENHANCED EARTH
OBSERVATION SATELLITES

The use of quantum computing in the field of
monitoring Earth’s satellites has seen significant
growth over the past number of years, with newly
discovered and documented uses of quantum
technologies to enhance this capability. One of the
main applications for quantum computing in this area
will be related to data processing and image analysis
(the two major components) that are required by
Earth-observing satellites. Earth-observing satellites
produce massive amounts of data and face many
challenges related to the storage, transmission, and
analysis of this data.

The use of quantum algorithms for the purpose of
data compression, pattern recognition and machine
learning can be utilized to solve many of the
challenges associated with processing of large
volumes of data from Earth-observing satellites.
Researchers estimate that quantum algorithms can
compress images up to [5] and significantly reduce
their size, therefore enabling the storage of data while
preserving valuable data.

Thus, these two advancements will provide
significant improvements in the ability to transmit and
store large amounts of data and will provide an

opportunity for enhanced improved data management
capabilities. Additionally, quantum machine learning
algorithms, such as Quantum Support Vector
Machines (QSVM) and Quantum Neural Networks
(QONN), can assist in image classification, object
detection and pattern recognition and their ability to
leverage the computational power of quantum
computers will provide very high levels of accuracy
and performance.

Quantum computing application in the sphere of
enhanced monitoring satellites on earth is
accumulating popularity during the last several years,
and researchers have discovered many possibilities to
exploit the potential of quantum technologies in the
sphere. Data Processing and Image Analysis: This is
one of the primary elements of quantum computing
that can happen be used in earth observation
satellites; data processing and analysis of images
Such satellites have huge volumes of data that are
challenging in terms of storage, transmission and
analysis.

Quantum algorithms of data compression, pattern
recognition and machine can solve these challenges
learning. The researchers have estimated quantum
algorithms to compress images [5], which can
considerably shrink the size, store data and save
valuable information.

The latter will provide an opportunity to better the
mass of data transmission and storage and this will
benefit the more qualified data management. In
addition, it is possible to classify images, detect
objects, and recognize patterns with the assistance of
quantum machine learning algorithms, such as
quantum support machine (QSVM) and quantum
neural networks (QNN) [6]. These algorithms will be in
position to harness the computational power of the
quantum computers and decide on elevated degree of
precision and performance in comparison to the
classical algorithms.

A. Sensor Enhancement

Quantum computing has the potential to enhance
satellite sensors for earth observation by utilizing new
quantum sensing technologies such as those that
utilize quantum-entangled particles and/or quantum
metrology. Scientists anticipate utilizing quantum-
entangled particles to increase the resolution of
satellite imaging systems (7), and therefore improve
their ability to detect small features and structures.
Additionally, because of quantum metrology's high
accuracy, it can be used for measuring atmospheric
gases or mapping gravitational fields (8) with great
precision. Since there are numerous satellites moving
back and forth over the same area of the earth as well
as multiple possible capture sites, quantum computing
will allow the scheduling of image captures via
quantum algorithms to resolve the complicated
optimization challenges related to managing satellite
passes as well as the priority of data collection. The
use of the quantum approximation optimization
algorithm may increase the ability to improve the
temporal resolution of images captured by satellites as
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well as enable the collection of recurring images with a
specific focus. By utilizing quantum-enhanced sensors,
it is estimated that there will be an increase in
environmental monitoring and scientific research
accuracy and sensitivity as shown in Figure 2.

Conventional image

Figure 2. Showing quantum-enhanced image processing
of a satellites

B. Quantum machine learning on Earth
Observation Data analysis

Quantum Machine Learning (QML) is a new era of
science with ties between machine learning and
guantum computing in an innovative way that provides
new approaches to the analysis of Earth Observation
datasets. QML algorithms have the ability to perform a
wide range of predictive analyses faster than
traditional machine learning approaches and can also
provide superior performance in comparison to
traditional machine learning approaches when applied
to large-scale/high-dimensional datasets. KML'’s
specific applications in Earth Observation datasets
include: Image Classification and Object Detection.
QML can be applied to image classification/object
detection problems in Earth Observation data using
Quantum Support Vector Machines (QSVM) and
Quantum Neural Networks (QNN), including, but not
limited to, land use/land cover classification, urban
mapping, and monitoring the environment. Processing
and classifying vast volumes of satellite imagery and
other Earth Observation datasets in one operation will
be greatly enhanced by the use of quantum algorithms
because of the ability of quantum computers to take
advantage of both quantum parallelism and quantum
interference. Time-Series Analysis and Forecasting.
Time-series analysis and forecasting are essential to
many Earth Observation applications such as weather
forecasting, climate modelling, and monitoring natural
disasters. Quantum algorithms for various techniques
(e.g., regression, clustering, etc.) can enhance the
accuracy and scalability of contributing to the analysis
of complex/dynamic Earth Observation datasets.

C. Quantum enhanced data analysis and
enhanced computational technique

The enormous groups of data created by Earth
observation activities are usually too large for
traditional computers to be able to process effectively,
thus creating delays in the ability to analyze the data
and use it for practical purposes. Quantum computing
will improve the speed in which these large datasets
are processed through algorithms that use quantum
parallelism. For instance, quantum Fourier transforms
and quantum machine learning algorithms could
drastically increase the speed at which satellite images
are analyzed, improving the detection of changes in
environmental conditions and speeding up the ability to
make decisions. The amount of data generated by
Earth observation satellites represents an enormous
challenge for traditional computing platforms and
therefore results in significant processing delays that
impede our ability to interpret and apply important
environmental data. Quantum computing has the
potential to rapidly improve this environment by
executing quantum algorithms  with  quantum
parallelism, which, if executed successfully, could
dramatically improve the speed and effectiveness of
data processing.

Quantum parallelism refers to the capacity of
guantum computers to carry out numerous calculations
at the same time, compared to classic computers,
which complete one calculation before going to the
next one. This comes about because of quantum bits,
or qubits, which are able, because of superposition, to
be in many states at the same time (as compared to
traditional bits which can only be in a state of either 0
or 1). In addition to the quantum Fourier transform
(QFT), which is a quantum version of the discrete
Fourier transform, most quantum algorithms rely on
the QFT. QFT can be especially useful for
compressing and extracting features from images,
dynamically improving resolution and facilitating the
detection of temporal variability in the environment, in
the context of Earth observation. Ultimately, this use of
QFT will speed up the analysis of very large satellite
images, thereby allowing for faster updates and more
timely environmental monitoring.

D. Quantum technologies for navigation and
positioning / quantum advancements

Today's satellite navigation systems are
heavily dependent upon the accuracy of atomic clocks
to provide timing accuracy, which is essential for
determining position based on the speed of light travel
and satellite to earth signal transmission times.
However, many external events can adversely affect
these systems such as atmospheric accesses, space
weather, environmental events, etc. By using
guantum-enhanced atomic clocks and quantum
accelerometers in future navigation systems will allow
for a substantial increase in the accuracy and
reliability of satellite navigation systems.
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The timekeeping of quantum atom clocks takes
advantage of quantum physical properties of atoms,
such as superposition and entanglement. Traditional
atomic clocks use microwave frequencies to measure
the energy differences between cesium and rubidium
atoms; however, they perform poorly in environments
where microwaves are unstable. The time accuracy
provided by quantum atomic clocks is far greater than
that provided by traditional atomic clocks since
guantum atomic clocks employ optically based (optical
lattice) methods with strontium atoms with alternating
frequency structures [31]. As a result of these
developments, the accuracy of timing in satellite
navigation systems will increase significantly, since
they will be able to reduce their time measurement
from nanoseconds to fractions of nanoseconds. The
time measuring devices called guantum
accelerometers utiize a method of measuring
acceleration through the motion of super cooled
atoms, which are in a state of quantum superposition.
Quantum accelerometers measure acceleration in a
different manner than traditional accelerometers that
suffer from drift and require periodic calibration; rather,
guantum accelerometers operate based on the
principle of matter-wave interferometry and are not
impacted by external factors such as temperature and
electromagnetic interference [32]. As a result of their
reliability and accuracy, quantum accelerometers will
be a valuable addition to inertial navigation systems on
satellites where an accurate position must be
maintained without the use of an external reference.

IV. FUTURE PROSPECT AND
QUANTUM  COMPUTING  FOR
OBSERVATION SATELLITES

CHALLENGES OF
ENHANCED EARTH

A. Challenges

Creating QML algorithms that are efficient and can
be used for a variety of purposes to perform analysis
of earth observation data (including classification of
images, detecting objects, and making predictions
over time). Overcoming the current limitations of
guantum hardware, such as very low numbers of
gubits, noise, and decoherence can negatively affect
the performance and accuracy of QML algorithms.
Demonstrating that QML algorithms for earth
observation data are robust enough and can apply to
a wide range of such data due to their inherent
diversity and exposure to many types of
environmental and sensor-related effects. Integrating
QML algorithms into current classical data processing
pipelines and allowing them to work in conjunction
with existing legacy systems and legacy data formats.
Building a qualified workforce that is well-versed in
both quantum computing and machine learning and
provides a bridge between these two rapidly evolving
domains. Quantum sensors are being developed to
be radiation resilient and suitable for use in the harsh

conditions of space and to continue to perform
quantum logic and execution.

Because quantum sensors require substantial
power to operate properly. Thus, the amount of power
consumed by these sensors must also include any
necessary cooling for quantum sensor operation and
any required support systems. Quantum sensors must
also be incorporated into other existing satellite
sensors while ensuring compatibility with existing data
formats and processing pipelines. Quantum sensors
have many challenges to achieve long term reliability
and durability in a space environment. Finally, ways
must be developed to effectively process and analyze
the high quality and very high-resolution data
produced by quantum sensors.

B. Prospects

Earth-monitoring  satellites  will benefit the
characteristics and methods of their sensors through
the use of quantum sensing methods. A few examples
of quantum phenomena include superposition,
entanglement and quantum interference. Quantum
sensors provide the highest possible standards of
resolution, magnitude, and precision than any other
sensor available today. For example, quantum-
improved imaging techniques in earth monitoring will
allow for surpassing diffraction-limited resolution using
gquantum entanglement to image objects at previously
undetectable distances and allowing for imaging to
extract more detailed images of properties and
structures located on the Earth's surface. In addition,
quantum sensor technologies, such as quantum
magnetometers and quantum gravimeters, can provide
one-to-one mapping of the Earth's magnetic and
gravitational  fields. These sensors  provide
unprecedented levels of accuracy and sensitivity,
enabling extensive studies of geophysical processes,
the exploration of natural resources, and the
monitoring of our environment.

V. CURRENT RESEARCH AND DEVELOPMENTS IN QUANTUM
COMPUTING FOR ENHANCED EARTH OBSERVATION
SATELLITES

With the rapid expansion of quantum
computing as a viable technology since early 2020, its
applications are being intensely pursued for how it can
ultimately revolutionize earth observation satellite
capabilities through improved data acquisition,
processing, and analysis. Current research and
development activities aim at mitigating the various
hurdles posed by the massive volumes of data
created by EO satellites along with the complicated
computations needed to process this data. As such,
significant progress is also occurring with respect to
how quantum algorithms may be applied to enhance
satellite mission planning and image acquisition
efficiency. One key area of focus is the optimization of

satellite  mission  planning through  quantum
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algorithms, which can be utilized to mitigate the
numerous challenges associated with scheduling and
planning satellite tasks both of which are crucial for
maximizing the extent of potential coverage and the
level of utility provided by EO satellites.

Recent studies have demonstrated how
guantum computing may ultimately improve various
types of imaging acquisition approaches. By encoding
the programming challenges as binary variables and
applying quantum annealing techniques, researchers
are attempting to reduce the computational overhead
associated with satellite imaging operations while
simultaneously increasing the value of such
operations.

An additional aspect of core development is
the use of squared measurements for Synthetic
Aperture Radar (SAR) calculations using Quantum
computing. There are Quantum algorithms currently
being developed to assist with the squared SAR
calculations in a more efficient manner through the
ability of Quantum computing to complete complex
Fourier calculations at a phenomenal rate when
compared to classical computing approaches. In
addition, Quantum clustering algorithms can be used
to combine data points from satellite imagery; as a
result, there is more efficient handling and analysis of
spatial and temporal data. This method can be
extremely beneficial to mission planning since a study
of physical characteristics (e.g., distance) is
necessary for optimising the position and time of
satellite operations.

These developments give rise to a future time
frame where EO satellites will see tremendous
enhancements in performance, resulting in improved
performance and storage capabilities and greater
accuracy and speed of data collection. The result will
consequently include more accurate weather
predictions, improved monitoring of environmental
changes, and improved mitigation of natural disasters.
Current research is focused on developing practical
applications; some studies indicate that minor cases
of problems may be solved using quantum techniques
by 2025. However, solving large-scale problems using
guantum computers could take 10 to 15 more years,
depending on advances in quantum hardware and
errors correction methods. These findings reveal an
ongoing rapidly changing environment in which
guantum computing has the potential to fundamentally
change the way EO satellites are utilized; however,

Figure 3. Quantum X — Satellites Earth Observation

V1. RELATED WORKS

Many different scientists and organizations have
shown interest in how quantum computing can
improve the performance of earth-observing satellites.
[24] have created a complete plan, including future
directions, for how to use quantum computing to
enhance earth observation. They outline many
possible applications, as well as potential issues and
areas needing further investigation. They describe
how quantum algorithms can be used for processing
earth observation satellite data, enhancing images,
and improving sensors, as well as integrating
quantum-enabled technologies into current satellite
systems. [25] explored the unique capabilities of
quantum metrology with respect to measuring objects
related to earth observation (e.g. measuring the
gravity or magnetic fields around Earth) using
quantum-enhanced sensors. The author outlines the
advantages of using quantum-based sensor
technologies compared to using traditional sensor
technologies while mentioning challenges associated
with using quantum-based sensors in a space
environment. [26] also discovered that quantum
communications have many applications
(authentication and encryption) with regard to secure
and efficient data transmission between earth
observation satellites. They propose the use of
quantum key distribution (QKD) in conjunction with
quantum teleportation techniques to establish secure
communication channels or to build shared distributed
quantum computing architectures for processing of
earth observation data. [27] examined various
applications of quantum machine learning algorithms
in relation to analyzing earth observation data for
purposes that include (but are not limited to)
identifying objects in an image or classifying images.

practical scalability presents future research
challenges. VIIl. CONCLUSION
Combining quantum technologies and quantum
computing with Earth observation satellites offers
tremendous potential to enhance our understanding of
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Earth systems and processes. Quantum computing
uses the power of quantum mechanics to
revolutionize data processing, image analysis, and
sensor performance (enabling us to better track and
monitor our planet). Although quantum computing
applications in earth observation are relatively new,
they hold great promise. Quantum algorithms for data
compression, machine learning, and signal processing
will  significantly increase the productivity and
accuracy of data analysis, while new types of
guantum sensors will enhance existing satellite
sensor(s) resolution and sensitivity allowing
unprecedented detail and accuracy.

However, realising the full potential for quantum
computing to impact Earth observing satellites
requires overcoming several significant challenges.
These include developing a scaleable and fault-
tolerant quantum hardware platform; developing
efficient quantum algorithms specific to Earth
observing applications; integrating guantum
technologies into existing satellite systems; and
addressing the needs of space-based applications
(i.e., radiation hardening and power limitations).

VIII.DiIscuUsSION

IX. FURTHER WORK

The Quantum Computing and Quantum Technology
for Earth Observation (QC-QT4EOQO) Iinitiative
emphasizes that further research and development
are necessary within several key areas, such as:

a. Development of quantum algorithms -
designing and optimizing quantum algorithms
that are specifically created for processing EO
datasets (images), analyzing EO images and
fusing data.

b. Engineering of quantum hardware -
developing compact, power efficient and

radiation  tolerant quantum  computing
hardware that can be deployed into EO
satellites.

c. Development of guantum sensing

technologies - advancing quantum sensing
techniques (i.e., quantum imaging and
guantum metrology) for improving the
performance of satellite sensors.

d. Development of quantum communications
technologies - investigating quantum key
distribution and quantum teleportation for
secure and efficient data transmission, as well
as developing a distributed architecture for
implementing quantum computing.

e. Integration of guantum computing
technologies into EO satellites - establishing
standards and guidelines for the integration of
quantum computing technologies into EO
satellite systems that allow for interoperability
and compatibility.

f. Fostering of interdisciplinary collaborations -
fostering collaborations between quantum
physicists, computer scientists, aerospace
engineers and EO scientists to promote
technological innovation and  address

multidisciplinary challenges.

By addressing these challenges through significant
research and international partnerships, the
integration of QC/QTs with EO satellites will open new
frontiers in our ability to understand and monitor the
Earth’'s environment and offer improved decision-
making and strategies to address global issues such
as climate change, resource management and
environmental sustainability.
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