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Abstract

Artificial intelligence (Al), defined as the capacity of machines to learn and behave in ways
often associated with human intelligence. Artificial intelligence (Al) spans a wide range of
controversial topics, including those related to society, economy, public policy, technology,
law, ethics, and even national security. In the context of military operations and the
battlefield, notably with the employment of drones and, more controversially, Lethal
Autonomous Weapons Systems, the advancement of Al-based autonomous systems is of
equal relevance. Autonomous devices with the ability to make their own decisions and more
sophisticated services using extremely huge quantities of information from space are
projected to have a profound effect on space operations in the not-too-distant future. Reason
being, Al and ML will be crucial in these fields moving forward. Here, we'll take a look at
some of the ethical and legal concerns that have arisen because of its widespread use.
Existing international treaties are inadequate for finding and implementing solutions to these
moral and legal challenges. Therefore, a legal strategy must be developed to permit the
coupling of intelligent systems and services with an appropriate body of law. This article
discusses current artificial intelligence (Al)-based legal technologies that might be utilised to
make space law applicable, interoperable, and machine-readable for future compliance
instruments. Due to a variety of circumstances, space-based systems' ability to view and
interact with any specific spacecraft is restricted in comparison to that of ground-based
systems. Among them are the availability of personnel, the speed of communications, the size

of available power reserves, and the reliability of their link to the ground.
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Introduction

Spacecraft have a variety of inherent limitations that make them harder to observe and
manage than systems on the ground. Among them are the availability of personnel, the speed
of communications, the size of available power reserves, and the reliability of their link to the

ground.Incorporating more complex autonomous mechanisms has been found significantly.

Common Off-The-Shelf Products' Increasing Popularity (COTS)

Existing state of affairs is only possible because to the enhanced processing capacity of
today's components. So, developing processes and algorithms to provide spacecraft a higher
degree of autonomy and awareness is essential. This may also pave the way for missions that
call for the spacecraft to make autonomous judgements under hazardous conditions and carry
out its tasks with little or no input from Earth's inhabitants.However, the range of possible
uses for the many Al methods and variations described in the literature is equally as broad.

Specifics of artificial intelligence in space and the dynamics of space environments

The European Union, along with the vast majority of the globe, makes heavy use of space-
based resources right now. Space-based services and activities are crucial to the national
security and strategic interests of many countries. Europe wants to encourage cutting-edge
technology development and strengthen the inventive ability and competitiveness of the
space industry's enterprises by granting its people considerable autonomy in the space sector.
Europe's innovative use of Al has propelled it to the forefront of the global space industry.

Changing Dynamics in Spacetime

Examples of the proactive and open attitude towards technology disruption and opportunity
that characterises the modern Space 4.0 era include technological advancements in fields like

Al, ML, and the IoT have played a pivotal role in ushering in this new era (IoT).
Objectives

The combination of geospatial big data with "Big Data Analytics" allows for the creation of
"value" from massive datasets that are currently difficult to gather, store, manage, and
analyse with simply existing technologies due to their size, velocity, variety, veracity, and
value. There are several ways in which Al may be put to use in the space exploration
industry, and geospatial intelligence is only one of them. Geographical information on objects
on Earth, in the sky, and in between is gathered and analysed with the help of Al (AI). This

technique may be used to monitor natural disasters, refugee movements, and crop yields in
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real time, among other things. Section 3.2 of this chapter delves further deeper into these

concerns.
“Level Description Functions
El Mission execution Ream-time control
under ground control with limited on- | from  ground fornominal
board capability for safetyissues operations Execution  of time-
tagged commands forsafety issues
E2 Execution of pre- Capability to store
planned, ground- time-based commands in an on-board
defined, missionoperations on- scheduler
board
E3 Execution of adaptive Event-based
mission operations on-board autonomous operations
Execution of on-boardoperations control
procedures
E4 Execution of goal- Goal-oriented mission
oriented missionoperations on- re-planning”
board

Table 1: ECSS-defined degrees of autonomy in mission execution

To achieve autonomy, it is best to use a tiered design that reflects the many perceptual and
decision-making phases, from control-loops and other hardware operations to more abstract

objectives. There are three parts to such architecture:

» The deliberative layer, also known as the planning layer, focuses on strategic choices,
records high-level objectives, and creates long-term plans of action. The executive layer then

receives responsibility for carrying out these sequences.

» The executive layer, also called the task sequencing layer, coordinates and keeps tabs on
ongoing projects, using its perceptual powers to determine whether to launch more
fundamental projects or put them on hold. The functional layer is responsible for these
fundamental operations, with the shortest reaction time possible because to its focus on
executing simple activities according to established control loops or computations. These rely
on data collected from sensors and instructions sent to the underlying hardware. Figure 1
shows how information travels from the top to the bottom of the system in the form of

feedback and orders.
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Intelligence Simulation

Separating "weak" Al from "strong" Al is essential. Imitating or even surpassing human
intellect (including sentience, awareness, mind, and emotions) is at the heart of strong or
general Al research. But weak or applied Al is geared on accomplishing a single goal or

resolving a single issue. Weak artificial intelligence is the primary subject of this study since

Peqpaay

it is the extent of existing research in the space domain.In Al, there is a classification system
that divides issue statements into five groups Information about the world (or a model of it)
must be stored in a way that a computer can process it effectively, and this is the focus of
knowledge representation.The capacity to make inferences about the environment based on

sensory data is what we mean when we talk about perception.

As a result of applying logic and probability theory to existing information, conclusions may
be drawn via the process of reasoning and problem solving.It is the job of planners and
schedulers to devise and implement methods that will lead to the achievement of a target or
the maximisation of a predefined utility function.The term "machine learning" refers to the
process wherein a computer algorithm learns to perform better as it collects more data.Figure
shows a diagram of the machine learning process. For use in applications, a model is trained
from data or a knowledge base. Training the model for longer and with a larger dataset leads
to better results, regardless of the quality of the initial data, the data selection, or the
likelihood of overfitting. Figure: A High-Level View of the Machine Learning

Process.Modern spaceships include all of the aforementioned characteristics in various ways.
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Their primary applications include pattern recognition (using either time series or multi-
dimensional data, such as photographs), as well as the management of highly nonlinear

systems that may need continuous tuning in response to changing conditions (i.e. learning).
Recognizing Unusual Behaviors

This remains crucial for spacecraft to identify out-of-the-ordinary events and take corrective
action. As shown in Table the ECSS specifies two degrees of autonomy with respect to the
handling of on-board data seen by the spacecraft.Storage of critical mission data, such as
event reports, is covered at the D1 level. Such as images, are also analysed for anomalies in

order to identify potential scientific breakthroughs or to reduce the volume of data sent down.

Perils of Artificial Intelligence in Outer Space

Space Al hastens the break from "computer-assisted human choice and human-ratified
computer choice"20 by facilitating the move towards analysis, decision making, and action
execution by machines. When, not if, the use of such objects violates privacy rights, breaks
data protection rules, or causes injury due to a space object collision, this raises new

questions for the current space law system.

“Level Description Functions

D1

Storage on-board of
essential mission data

Storage and retrieval
of event reports

following a groundoutage or a failure

Storage management

situation

D2

Storage on-board of
all mission data, i.e.

As DI plus storage and
retrieval of all mission

the space segmentis independent

Data”

from
the availability of the
ground segment

Altitudes of mission-independent data handling are shown in Table 2.

For a comprehensive review of anomaly detection for discrete sequences, see. Techniques
that may be used in the space industry are discussed in Section 3, along with a representative
sample of applications in space missions, most of which involve health monitoring of

spacecratft.
Systematic Detection, Localization, and Resolution of Errors (FDIR)

As a prerequisite to the rest of this article, we must first agree on what constitutes a defect or

failure. This might be a temperature reading that's too high or too low, or it can be a flipped
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bit in memory caused by something called the Single Event Effect (SEE). In terms of how the
system really works, a failure is the (partial) loss of services provided by the system as a
direct result of a problem. This method, known as FDIR in spaceship design, is becoming
more popular. The capacity of a system to detect the occurrence of a defect is known as its
fault detection capability. This is followed by fault isolation, which pinpoints the specific site

of the error (in terms of subsystem, memory region, etc.).

DIFFERENTIATION OF ANOMALY

Adding autonomy to spacecraft means equipping them with a cognitive system that can
assess its surroundings and internal status, form judgements based on their objectives, and
take appropriate action without assistance from Earth.

“Level Description Functions

F1 Establish safe space | Identify  anomalies

segment configuration | and report to groundsegment

following an on-board | Reconfigure on-board systems to isolate failed equipment or
failure functions

Place space segment in a safe state

F2 Re-establish nominal | As FI, plus reconfig-

mission operations fol- | ure to a nominal oper-ation configuration Resume execution
lowing an on-board | ofnominal operations Resume generation ofmission

failure products”

the ability to spot deviations from the norm during mission operation relies heavily on the

observer's familiarity with patterns and anomalies.

Consideration of the surrounding data points (context) is required before a data point may be
labelled as a contextual anomaly. For instance, a daytime high temperature would not be
deemed an abnormality if it were to be recorded at night. Even though individual data points
may seem normal when taken in isolation, when taken as a whole, an unusual pattern
emerges. The difficulty of identifying contextual and, more importantly, collective anomalies,

as opposed to single-point anomalies, is self-evident.

Point anomalies are often identified by performing Out-Of-Limit (OOL) tests on a range of
parameters that have been given fixed upper and lower limits. In order to report occurrences
at an early stage in the development of an abnormality, hard and soft boundaries are specified
nowadays. In a similar vein, one option is to utilise simply nominal data, which does not

need any specific domain expertise to label. The suggested method is likewise kernel-based,
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but it is "knowledge-free" in the sense that it does not rely on any previous expert knowledge.
Here, we take input data as a time series and turn it into a series of overlapping windows.
When performed, PCA yields linear combinations of the original characteristics that are
independent of one another and depict patterns in the underlying data. The PCA's principal
component direction (the principal component vector) is then calculated based on this
distribution. The distribution may now be compared to the main component vector of the
newly obtained windows. The window is deemed abnormal if its anomaly score, calculated
from its probability, is greater than some predetermined threshold. JAXA supplied simulation

data of an orbital transfer vehicle's thrusts, which was used to verify the findings.

x1 - e 10
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Model of a single artificial neural network neuron shown in Figure 3.

A\

Relies on shrinking data and grouping like items together. The first step in normalising
multidimensional data is to filter it for extreme values using just the th and (100 th)
percentiles of the same time period. One such method to extract multi-scale frequency
characteristics is using wavelet-based preprocessing . In this method, all of the mission data is
unsupervisedly grouped using Euclidean distances based on these attributes. Then, a
professional labels a group as "normal" if they find it in a cluster. Significant characteristics
that distinguish the anomalous clusters from the nominal cluster are created. The clusters are
then assigned to various nominal modes or classified as actual anomalies based on the
presentation of these key traits to a trained expert. However, the presented strategy is only
applicable for ground analysis since it requires access to all mission data obtained in the past.
Real-world data from the Lunar Atmosphere and Dust Environment Explorer's power system

confirmed the method's efficacy (LADEE).
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As we go from traditional statistical approaches to neural networks, we find a wide variety of
purpose-built designs. Multi-Layer Perceptron (MLP) is perhaps the most well-known.
Artificial neurons are used to construct this design, and they are meant to mimic the
performance of real brain cells. Figure depicts this model. People have been curious in
whether or not we share the cosmos with any other intelligent life forms since the dawn of
civilisation. There are now two scenarios possible: "Either we are alone in the cosmos or we
are not," Each one is just as terrible as the other. NASA has been exploring the solar system
and beyond for decades, and throughout that time it has created more sophisticated
instruments to answer this basic issue. Machine learning, cognitive automation, and Al can
help us better manage satellite communications and other forms of space technology. Earth

has thousands of satellites in orbit. There are others that capture images of Earth that are used

by meteorologists in their forecasting and hurricane monitoring efforts. Cloud, ocean, land,
and ice data are all gathered by satellites that gaze down at Earth. Some photograph the sun,
distant galaxies, black holes, and dark matter. Gases like ozone and carbon dioxide are
monitored, as is the amount of energy that Earth takes in and gives forth. Astronomers and
space researchers may get valuable insight from these images. To what extent does a less
intelligent satellite vary from a conventional satellite? The conventional one can do all of
those things and more, but the Al satellite can do everything that regular satellites do and
more since it runs Al software. We can now fix the increasingly complicated robotic systems
used in space research, even if they are millions of kilometres (or even light years) from

home thanks to this programme.

We need them to stay still long enough to scout out their locations and report back to us on
what they find. However, human participants in a robotic mission will be unharmed if the
operation fails.As an example, consider the Earth Observer 1 (EO-1) spacecraft. Figure
shows how the Al algorithms on board have improved the analysis and reaction to natural

disasters like floods and volcanic eruptions since the satellite was first launched in the early
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2000s. The capacity of Al to sift through massive volumes of data in search of patterns will

become more and more crucial to making the most of available information.

In the process of getting humans to Mars, Al has been utilised to optimise both the flight path
and the cargo. It's a little ironic[4] that NASA's next rover mission to Mars, the Mars 2020
Rover, is scheduled to arrive on the red planet in early 2021, but both are crucial preflight
tasks. In Fig (2). Onboard the current NASA rovers on Mars is a piece of artificial
intelligence known as AEGIS. It can manage autonomous camera aiming and decide what
needs to be looked at. Vehicle control, autonomous study selection aid, and dynamic
scheduling and execution of scientific assignments are just a few of the tasks that the future

generation of Als will be able to handle.

Opportunity Curiosity

Figure NASA already launched three Rovers

Use of Artificial Intelligence in These Rovers

The following is a list of all targets identified by the Al system: While red targets are kept,
blue ones are discarded in . The highest-priority objective is shown in green, while its nearest
competitor is shown in orange. Image contrast has been adjusted for these NavCam photos.
And as may be seen in Fig.NASA's Curiosity rover, equipped with artificial intelligence
software, is altering the way scientists explore Mars. Because of how helpful this programme
has proved to be, it will be used on NASA's future Mars 2020 mission. By way of long as
there are sufficient power reserves, it is employed on almost every drive. The bulk of these
applications included choosing locations to zap with Chem Cam's laser, which vaporises tiny
samples of rock or dirt for further analysis. The discovery of increased amounts of chlorine
and silica in surrounding rocks on different occasions aided the next day's scientific
preparations. Furthermore, AEGIS may be used for pinpoint aiming. Two times in the last
year, Curiosity's operators have used this feature to fine-tune the pointing because they

weren't convinced that Curiosity would strike a very small vein in a rock on the first attempt.
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AEGIS, a component of Chem Cam's successor, Super Cam, will be incorporated in the
future Mars 2020 rover. PIXL is a self-driving Al science instrument aboard the Mars 2020
Rover. The capabilities of the Mars 2020 rover's PIXL instrument will be greatly expanded in
comparison to those of comparable equipment dispatched to Mars in the past. Rather of
providing typical rock compositions spanning tens of centimetres, it will pinpoint exactly
where each element is located inside the rock. First of its kind, PIXL will use a spatial

resolution of around 300 micrometres to correlate elemental compositions with observable

rock textures, marking the beginning of petrology research on Mars.

The PIXL microscope is mounted on the end of the rover's arm and has to be positioned 14
mm from the object under investigation. Many cameras mounted on the rover make this
possible. Good analogy for the handover procedure and determining the precise location to
position the arm. Artificial intelligence is well equipped for this task. This is where Al comes

in handy, as it allows PIXL to operate autonomously all night long.

The moons of Jupiter have always piqued the interest of astronomers. In particular, Europa,
which may have an ocean under its roughly 10-kilometer-thick ice cover. If life exists
somewhere in the universe, it probably does too. In 2020, NASA hopes to put the James
Webb Space Telescope into an orbit around 1.5 million kilometres from Earth, so a future
mission like that might still happen. The entire deployment of the telescope's 705-kilogram
mirror will be monitored by Al-enhanced autonomous systems as part of the project.
Supplement and expand the discoveries made by the Hubble Space Telescope by providing

high-resolution images in the infrared spectrum. Coming in 2021.
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The James Webb Space Telescope as an Illustration

Because of this, it is crucial that the artisans have autonomy when making choices. The Mars
Rover project provides an example of how long it may take for a rover to communicate with
Earth due to the immense distance involved. The time it takes to send a message during a
voyage to Europa would be much higher. One of the biggest obstacles to using Al in space
travel is shown by both missions, although to various degrees. The more information artificial
intelligence systems have access to, the better they function. As the saying goes, "the more,
the merrier." However, there is a severe lack of information that might be used to train such a
system on what it could find on a voyage to Europa. Between 36% and 75% of Mars would

have been covered in seas, according to various estimates.
Transformation of Our New Home's Terrain

In the far future, we may look forward to moonshots like terraforming Mars. Without Al, it
would be difficult to undertake such endeavours as bringing other worlds up to Earth
standards. Terraforming by autonomous ships is already a reality on our home planet. Drones
are used by Bio-Carbon Engineering to plant as many as “100,000 trees in a single day. First,
drones scan and inspect the region, then an algorithm determines the best places to plant
trees”, and finally, a second swarm of drones actually plants the trees. There is much room

for synergy and convergence, as is so frequently the case with exponential technology. Take

the case of artificial intelligence and robots, or quantum computing and machine learning.
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EXOPLANET EXPLORATION WITH ARTIFICIAL INTELLIGENCE

Any planet outside of our solar system is known as an exoplanet. Two telescopes, KEPLER

and TESS, are now actively searching for planets.

Figure. Two Space Telescopes (KEPLER and TESS)

Former NASA space telescope Kepler was designed to find Earth-sized “planets orbiting
other stars. The spacecraft, named after the scientist Johannes Kepler, was put into a
heliocentric orbit” that trails the Earth on March 7, 2009. In Fig (10) For NASA's Explorers
programme, “the Transiting Exoplanet Survey Satellite (TESS) is a space telescope that will
conduct transit-method exoplanet searches across an area 400 times greater than Kepler's™.
SpaceX has successfully launched it. In Fig . More than 2,900 potential planets have been
identified by NASA's Kepler telescope, and this number continues to grow. Having
discovered an eighth planet around Kepler-90, a Sun-like star 2,545 light-years from Earth,
our solar system is now matched for the maximum number of planets surrounding a single
star. Computers were trained to recognise planets by looking for signals from extrasolar
planets (exoplanets) in the Kepler telescope's data. Kepler-90 isn't the only promising
planetary system out there. Kepler-90i, which is around 30% the size of Earth, orbits so near
to its star that its surface likely reaches temperatures beyond 800 degrees Fahrenheit, which is
hotter than Mercury. Kepler-90h, its furthest planet, circles its star at about the same distance

that Earth orbits the Sun. To illustrate this point, consider Fig.
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TIME IN HOURS

Figure. The Kepler telescope, assisted by artificial intelligence, has identified a new planet,

Kepler90i.

The star system Kepler-90 may be thought of as a smaller counterpart of our own solar
system. A small number of inner planets and a larger number of outer planets are packed
together in a relatively tight space. The neural network was first taught to recognise transiting
exoplanets using a curated sample of 15,000 signals taken from the Kepler exoplanet
database. The neural network has a 96% success rate in separating genuine planets from false
positives in the test set. They reasoned that planetary systems with many planets would be the
most likely sites to find more exoplanets. Over the course of TESS's two-year survey of the
solar neighbourhood, the spacecraft will look for dips in star brightness that might be
produced by transiting planets. Discoveries made by the TESS mission demonstrate the wide

range of planetary types across the Milky Way. According to astronomers' predictions.

|'-‘.1'|::-|1'| Q0 Planets Orbit Clo:

EARTH
VEMLUS

. MERCLIRY

During its two-year main mission, TESS is predicted to discover some 20,000 exoplanets,
including several thousand Earth-sized worlds. More than 17,000 planets bigger than
Neptune will be discovered by TESS. Despite the aspirations, ambitions, and statistical
possibilities held by scientists and star-gazers, it is anyone's guess if NASA's newest space
observatory, once it goes into orbit, will detect intelligent life in the cosmos. Astronomers
may use Al to better interpret the data from TESS's telescope in a number of ways, including
reading the sky. TESS, like Kepler, will detect planets via a process called "transit." Because

of this, Kepler and TESS's development teams need to evaluate a great deal of data, and that's
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where Al comes in. Figure 2 illustrates this as an example. That kind of research has the
potential to increase TESS data's use in its extensive sky survey. It is likely to run out of fuel
and cease operations within the next few months. However, TESS's four cameras will scan an
area 400 times bigger than Kepler's. As observed from Earth, transiting extrasolar planets are
the only kind of extrasolar planets known to do so. Planets that were first discovered by

measuring their radial velocities fall under this group.

- Transiting Exoplanets

Kapiet
Pradicted TESS

The Functions of ML and DL in Paving the Way to Al

Machine learning (ML) enables Al since it trains computers to learn by themselves. ML
allows a relatively simple algorithm to be "trained" to take on increasingly complicated
behaviours. The system learns and improves as it is given ever more data. In ML, artificial
neural networks are created to allow computers to analyse data in a manner that mimics how
people do it. Since the advent of the internet, this branch of artificial intelligence has made
great strides. Deep learning (DL) is a subfield of machine learning in which the computer is
taught to do complicated tasks by using many artificial neural networks. Methods for doing
so include supervised learning, in which the network is given examples to learn from, and
unsupervised learning, in which the network is left to discover patterns on its own. And as

may be seen in Fig.
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| ARTIFICIAL INTELLIGENCE

Any technique which enables §
computers to mimic human I
behavior

Unsupervised data feeding and reinforcement learning are the two primary methods by which
deep learning systems acquire knowledge. Automatic landing, smart decision making, and
completely automated systems are just a few of the numerous uses for DL. The Advanced
Concepts Team (ACT) at ESA is hard at work on projects like these. In particular,
evolutionary computation, which entails programming in such a manner that all evolutions
are addressed, has lately been the subject of ACT research. Like in biological evolution, the
more favourable outcomes are preserved while the less favourable ones are discarded. The
orbital paths of the planets are only one area where this has been put to use. And as may be

seen in Fig.

EMERGENCY
| 1

NS

¥ LANDING ¥

Investigated the use of large groups of tiny robots that communicate with one another over a
network: if one robot discovers via trial and error that a specific manoeuvre is successful, the
rest of the swarm would quickly pick up on this knowledge. Hive learning describes this kind
of situation. Several investigations on the potential of Al in space-based contexts and

spacecraft management have been conducted as part of ESA's core activities. Like in Figure
1.
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Telemetry data from spacecraft and the important scientific data gathered by a spacecratft,
only two examples of the vast amounts of data generated by space technology and space
applications. Moreover, ML may be used to analyse all this data. One research conducted as
part of ESA's Basic Activities fed previously completed missions' worth of data into ML
algorithms to identify undiscovered characteristics that may be used to improve the quality

assurance of telemetry, command verification, and procedure authoring in the future.
Space exploration with Al
Mobile robots that can explore on their own

Autonomous NASA rovers showcase the potential of Al. The rovers must make split-second
decisions, navigate around obstacles, and plot the most time and energy-saving routes as they
investigate the Martian surface. Autonomous rovers have produced some of the most

important discoveries concerning Mars.
Robots and mechanical aides

The core of the work scientists are conducting to construct intelligent-based assistants that

will help future space exploration voyages to the Moon, Mars, and beyond is focused on
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sentiment analysis, commonly known as emotion artificial intelligence (AI) or opinion
mining.Sentiment analysis may be used to extract and identify opinions expressed in a wide
variety of textual data sources (reviews, forums, social media postings, and so on). These
aids, with their understanding of mental health and emotions, will be able to gauge the team's
mood and provide appropriate assistance in a crisis.Robots might be useful for a variety of

physical tasks, including docking, spacecraft navigation, and more.
System for intelligent navigation

While Google Maps makes use of satellite navigation systems like GPS to provide precise
maps of Earth, there is currently no equivalent service for extraterrestrial places. Without
GPS satellites, scientists will need to be creative if they wish to explore Mars or the Moon.A
team of NASA researchers and engineers worked with Intel to develop a state-of-the-art
navigation system in 2018. With the help of artificial intelligence, this planetary exploration
system created its own digital map of the Moon from millions of photographs collected by

different missions.
Data processing for satellites

With the help of satellites, Maxar Technologies, a space technology company located in
Colorado, has amassed over 110 petabytes of image data, and is adding over 80 terabytes
daily. Processing this kind of data in a timely and precise manner is made possible by
computerised artificial intelligence systems.With the help of recent developments in machine
learning, it is now possible to analyse millions of images in a matter of seconds and monitor
changes as they occur in real time. Artificial intelligence (AI) automates these processes,
allowing satellites to take photos without human involvement when sensors detect certain
signals.Scientists at Leeds University in the United Kingdom used machine learning methods
to discover almost 2,000 new protostars, or newborn stars still in the process of developing
within clouds of gas and dust.Remote monitoring of satellites using Al might provide early

warning of performance issues and allow for preventative maintenance.
Preparation and execution of missions

Space missions benefit from Al's ability to automate formerly laborious processes. The
Italian firm AIKO developed the software library MiRAGE, which is essential to the success
of space missions. With this, ESA hopes to further its mission of disseminating cutting-edge

technology.To avoid having decisions made on Earth compromise the spacecraft's ability to
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accomplish its mission, this feature enables autonomous re-planning and the detection of both

internal and external events.

The use of Al and ML has the potential to enhance operational risk assessments and mission
prioritising. Risk-reduction systems may make advantage of the massive volumes of data
created by regular activities and historical results. Models may be trained to automatically

analyse and classify emerging threats.
Mission planning

Scientists and engineers believe that AI might help in scheduling, saving time and money
compared to traditional techniques. Spacecraft may be programmed to use their own
judgement while carrying out directives, taking into account their own past experiences and

the conditions in their immediate environment.
Location of Space Debris

It is estimated by the European Space Agency that there are 34,000 items larger than four
inches that pose a risk to the current space system. One possible solution to the space debris
issue is to deploy satellites in the low Erath orbit with the intention of initiating their
controlled disintegration.Scientists are putting in long hours to develop methods to make
space trash safer. It is possible to improve spacecraft decision-making and develop strategies
for avoiding collisions using machine learning by sending trained models to satellites in
orbit.Similar to how pre-trained networks aboard spacecraft might assure the safety of space
travel by minimising the chances of orbital accidents and opening up new possibilities for

satellite design, such networks could also be used to improve space travel safety.
Colecting Information

Massive data sets are collected by scientific missions like deep space probes, Earth-observing
satellites, and rovers, and they may be improved with the help of Al automation. It will also
be easier to assess the data's usefulness and share it with the public.Artificial intelligence (Al)
deployed aboard spacecraft can automatically distinguish normal qualities, like typical
weather patterns, from abnormal patterns, such smoke from volcanic activity, allowing for
the creation of datasets and maps.What is unclear, however, is how to choose which datasets
to make available to people. Artificial intelligence (AI) technology may filter or remove

useless data to enhance network efficiency while transporting enormous amounts of data.
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The finding of extrasolar planets

This convolutional neural network (CNN) might be used to confirm whether or not a signal
picked up by the Kepler Telescope comes from a transiting exoplanet.Many of the primary
fields of space engineering, including the construction of intelligent space agents, need
significant improvements in order to meet the lofty short- and long-term objectives set out by
the different national space agencies. The result has been a growing fascination in Al among
aerospace experts in recent years. Still, some unresolved problems and roadblocks may be
identified at the present time. In this chapter, we examine the ways in which Al has been used
to space engineering and technology and we highlight the areas where more study is needed.
Three specific areas distributed Al, augmented situational awareness, and decision assistance

for spacecraft system design are highlighted and addressed.
Agreements and Principles in Space Law

Environmental preservation, spacecraft and astronaut safety, the utilisation of space
resources, and the settlement of disputes are only a few of the many topics addressed by these
five agreements.Each agreement stresses the importance of enhancing human well-being and
fostering worldwide peace via the responsible use of space, space activities, and all

advantages obtained from space.
SPACE JURISPRUDENCE

The abbreviation "space law" refers to the collection of rules and regulations that control
human activity in outer space. Space law consists of many U.N. resolutions, treaties,
conventions, and agreements between various international bodies. There are additional
national laws in place at the national level that regulate space-related activity in various
countries in addition to these international processes. The freedom of all countries to freely
explore and exploit space surrounding them, as well as the notion of non-appropriation, are
among the core ideas that regulate space activities.Mission of the Office of Space Law is to
facilitate the understanding, acceptance, and implementation of international space law
accords reached under United Nations auspices by providing information and assistance to

governments, non-governmental organisations (NGOs), and the general public.
Problems with Current Space Law

As was previously said, there are now five important treaties that provide the international

legal framework guiding the development of space. Unfortunately, throughout the last 40
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years, the space industry and its players have experienced considerable changes, necessitating
quick amendments to present legislation to account for variables like property rights and the

conduct of commercial organisations.
Conclusion

With a particular emphasis on the space domain, this review provides a jumping off point for
understanding the notion of artificial intelligence and machine learning as well as its
potential, needs, and limits.We have provided a primer on Al and machine learning
terminology as it relates to the space industry. Using this jargon as a foundation, we
presented critical anomaly detection and FDIR algorithms applicable both in-flight and on-
the-ground. Finally, we looked at current and planned space missions to see how Al has been
used to demonstrate notions of (at least) autonomous mission operations. To minimise risks,
save costs, and speed up responses, future missions are likely to depend heavily on Al In
addition to aiding in mission operations, planning, and scheduling, artificial intelligence and
machine learning techniques offer promise in enabling novel missions that call for quick
deed. As Per Dr.Naveen Prasadula This article examines the legal challenges brought forth by
"intelligent" systems and services, beginning with the necessary laws, problems. For
resolving lawful issues, the current international treaties do not provide adequate tools. As a
result, a legal strategy is presented that might connect the right laws to the right intelligent
systems and services. In addition, we provide legal informatics materials that may be used in
the study of space law. Due to a variety of circumstances, space-based systems' ability to
view and interact with any specific spacecraft is restricted in comparison to that of ground-
based systems. Among them are the availability of personnel, the speed of communications,
the size of available power reserves, and the reliability of their link to the ground. A growing
number of ships are looking to artificial intelligence as a means to achieve autonomous flight.
However, the range of possible uses for the many Al methods and variations described in the

literature is equally as broad.

REFERENCES

[1] A. K. Jo'nsson, R. A. Morris, and L. Pedersen, “Au- tonomy in space: Current capabilities and
future chal- lenge,” Al Magazine, vol. 28, pp. 2742, 2007.

[2] “Spacecraft On-Board Control Procedures (ECSS-E- ST-70-01C),” European Cooperation for Space
Stan- dardization (ECSS), Tech. Rep., April 2010.

[3] “Space Segment Operability (ECSS-E-ST-70-11C),” European Cooperation for Space Standardization

(ECSS), Tech. Rep., July 2008.
[4] S. J. Russell and P. Norvig, Artificial Intelligence: A Modern Approach. Malaysia; Pearson Education
Lim- ited,, 2016.

PAGE NO: 20



Journal of Engineering and Technology Management 64 (2022)

[5] M. D. Watson, S. B. Johnson, and L. Trevino, “System engineering of autonomous space vehicles,” in
Prog- nostics and Health Management (PHM), 2014 IEEE Conference on. IEEE, 2014, pp. 1-8.

[6] A. Jones and J. Straub, “The Application of Deep Learn- ing to Space Missions,” in 68th International
Astronau- tical Congress (IAC), 2017.

[7] P. Dagum, A. Galper, and E. Horvitz, “Dynamic net- work models for forecasting,” in Proceedings of
the Eighth International Conference on Uncertainty in Ar- tificial Intelligence, ser. UAI’92. San Francisco, CA,
USA: Morgan Kaufmann Publishers Inc., 1992, pp. 41— 48.

[8] V. Chandola, A. Banerjee, and V. Kumar, “Anomaly de- tection for discrete sequences: A survey,”
IEEE Trans- actions on Knowledge and Data Engineering, vol. 24, no. 5, pp. 823—839, May 2012.
[9] J.-A. Mart'mez-Heras and A. Donati, “Enhanced teleme- try monitoring with novelty detection,” Al

Magazine, vol. 35, no. 4, pp. 37-46, 2014.

[10] J. Martinez, “New telemetry monitoring paradigm with novelty detection,” in SpaceOps 2012, 2012.
[11] H.-P. Kiriegel, P. Kro"ger, E. Schubert, and A. Zimek, “LoOP: local outlier probabilities,” in
Proceedings of the 18th ACM conference on Information and knowl- edge management. ACM, 2009, pp. 1649—
1652.

[12] M. Kirsch, “Cage Instability of XMM-Newton’s Re- action Wheels Discovered during the
Development of an Early Degradation Warning System,” in SpaceOps 2012, 2012, p. 1275204.

[13] D. DeCoste and M. B. Levine, “Automated event de- tection in space instruments: A case study using
ipex-2 data and support vector machines,” in SPIE Conference on Astronomical Telescopes and
Instrumentation, 2000.

[14] M. B. Levine, “Interferometry program flight exper- iments: IPEX I and II,” in Proceedings of SPIE -
The International Society for Optical Engineering, vol. 3350, 1998, pp. 3350 — 3350 — 12.

[15] R. Fujimaki, T. Yairi, and K. Machida, “An approach to spacecraft anomaly detection problem using
kernel fea- ture space,” in Proceedings of the 11th ACM SIGKDD

international conference on Knowledge discovery in data mining. ACM, 2005, pp. 401-410.

[16] T. Yairi, N. Takeishi, T. Oda, Y. Nakajima,

N. Nishimura, and N. Takata, “A data-driven health monitoring method for satellite housekeeping data based on
probabilistic clustering and dimensionality reduction,” IEEE Transactions on Aerospace and Electronic
Systems, vol. 53, no. 3, pp. 1384—-1401, June 2017.

[17] Dr.Naveen Prasadula (2021) Review of Literature on survey of artificial intelligence research for space
missions: achievements and persistent obstacles

[18]  W. S. McCulloch and W. Pitts, “A logical calculus of the ideas immanent in nervous activity,” The
bulletin of mathematical biophysics, vol. 5, no. 4, pp. 115-133, Dec 1943.

[19] https://scholar.google.com/citations?user=99wmG2IAAAAJ&hl=en

[20] T. Kohonen, “Self-organized formation of topologically correct feature maps,” Biological Cybernetics,
vol. 43, no. 1, pp. 59—69, Jan 1982.

[21] S. Haykin, Neural networks. Prentice hall New York, 1994, vol. 2.

[22] S. Hochreiter and J. Schmidhuber, “Long short-term memory,” Neural Comput., vol. 9, no. 8, pp.
1735-1780, Nov. 1997.

[23] F. A. Gers, J. A. Schmidhuber, and F. A. Cummins, “Learning to forget: Continual prediction with
Istm,” Neural Comput., vol. 12, no. 10, pp. 2451-2471, Oct. 2000.

[24] K. Hundman, V. Constantinou, C. Laporte, I. Colwell, and T. Soderstrom, “Detecting spacecraft
anomalies using Istms and nonparametric dynamic thresholding,” in Proceedings of the 24th ACM SIGKDD
International Conference on Knowledge Discovery &#38; Data Min- ing, ser. KDD *18. ACM, 2018, pp. 387—
395.

[25] T. Kieu, B. Yang, and C. S. Jensen, “Outlier detec- tion for multidimensional time series using deep
neural networks,” in 19th IEEE International Conference on Mobile Data Management (MDM), June 2018, pp.
125-134.

PAGE NO: 21



