International Journal for Research in Engineering and Emerging Trends (IJREET), Volume 7, Issue 2, September 2023
ISSN: 2545-4523 (Online)

A Review on Embedded Aerospace Software
Systems

ASHEE B BANSAAL!
1Scholar, Delhi Public School, Ghaziabad
asheebbansaal22@gmail.com?

Abstract— Embedded aircraft software systems are an
essential component of today's aviation and space
exploration industries. These systems make it possible to
operate, manage, and monitor sophisticated aerospace
vehicles and equipment. The purpose of this study is to offer
a complete overview of the present status of embedded
aerospace software systems. This evaluation will cover the
processes of designing, developing, testing, deploying, and
maintaining these embedded aerospace software systems.
The paper dives into the difficulties and gains that have
been made in software engineering methodologies unique to
aerospace applications. These include safety-critical
concerns, real-time performance requirements, fault
tolerance levels, and certification requirements. In addition,
the assessment investigates the incorporation of cutting-
edge technologies such as artificial intelligence, autonomy,
and cybersecurity into embedded software systems for
aircraft vehicles. This study gives insights into the changing
environment of embedded aeronautical software systems by
reviewing current research, industry practices, and case
studies. It also highlights major trends, developments, and
topics for further inquiry.
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l. INTRODUCTION

Embedded software systems have evolved to the point that
they are now necessary components of contemporary aircraft
technology. These systems play a crucial part in the
management, control, and monitoring of intricate aerospace
vehicles and equipment. Because embedded software systems
are able to offer real-time control, automation, data processing,
and communication inside aerospace applications, their
dependence has risen rapidly as aviation and space exploration
continue to make strides forward. This is mostly owing to the
fact that these capabilities were previously unavailable. These
systems make it possible to carry out essential functions like as
flight control, navigation, communication, the processing of
sensor data, and the making of decisions that are mission-
critical. Therefore, having a solid grasp of the complexities that
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are involved in embedded aircraft software systems is very
necessary in order to guarantee the safety, dependability, and
effectiveness of aerospace missions.

The development and design of embedded software systems
for aerospace applications provide one-of-a-kind problems that
set them apart from more traditional software systems. Failures
in software may have devastating effects, and so the aircraft
sector works in very safety-critical environments. As a
consequence of this, the development of software that satisfies
the highest standards of dependability and safety is of the utmost
significance. Software developers that work in the aerospace
industry apply specific development approaches, testing
procedures, and certification requirements in order to meet the
obstacles that they face [1]. These techniques guarantee that the
software satisfies stringent safety criteria and is able to resist
harsh operating circumstances as well as the possibility of faults
in the underlying hardware.

In addition, embedded aircraft software systems often
function in real-time contexts, which makes accurate timing and
a high degree of responsiveness absolutely necessary. Aerospace
vehicles, whether they be airplanes or spacecraft, need split-
second decision-making and control in order to maintain their
stability, maneuver through complicated surroundings, and carry
out mission-critical ~activities. Because of this, the
implementation of real-time computing concepts and methods is
required in order to guarantee that software activities are
completed within the allotted amount of time [2]. In the process
of developing these systems, one of the ongoing challenges is to
find a happy medium between the competing demands of real-
time performance and safety criteria.

The landscape of embedded aeronautical software systems
has undergone a sea change in recent years as a direct result of
the incorporation of developing technology. In flight control,
navigation, and decision support systems, artificial intelligence
(Al) and autonomy are finding applications, which enables more
flexible and intelligent responses to dynamic conditions [3].
Because Al-driven systems' decision-making processes are
often more complicated and less predictable than those of
conventional software, this integration presents problems about
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the validation and certification of Al-driven systems.
Additionally, as aircraft systems become increasingly linked to
one another and computerized, issues of cybersecurity have
risen to the forefront. It is necessary to protect embedded aircraft
software systems from potential cyberattacks in order to
guarantee the confidentiality, integrity, and availability of vital
systems and data [4].

The purpose of this study is to offer a complete overview of
the present status of embedded aerospace software systems. This
evaluation will cover the processes of designing, developing,
testing, deploying, and maintaining these embedded aerospace
software systems. This study aims to provide insights into the
changing environment of embedded aeronautical software
systems by analyzing current research, practices in industry, and
case studies. This presentation will dig into the difficulties and
breakthroughs in software engineering methodologies that are
particular to aerospace applications. Topics that will be covered
include safety-critical concerns, real-time performance
requirements, fault tolerance, and certification criteria. In
addition, the assessment will investigate the incorporation of Al,
autonomy, and cybersecurity into embedded aircraft software
systems. Particular attention will be paid to the possible
advantages and difficulties associated with these technologies.
In the end, the purpose of this study is to provide a contribution
to a better knowledge of the potential and complications present
in the area of embedded aircraft software systems.

II.  RELATED WORK

The domain of embedded software systems for aerospace
has been the focus of substantial research and development
efforts for the purpose of tackling the one-of-a-kind issues that
are presented by applications in the aviation and space
industries. In the early research, the primary emphasis was
placed on the establishment of basic concepts for the
development of dependable and safety-critical software within
an aircraft setting [1]. These studies paved the way for the
adoption of specialized development approaches, such as formal
methods and model-based engineering, in order to guarantee the
accuracy and resilience of software systems [2].

In earlier research attempts, safety-critical issues have
consistently played an important role as a major topic. A number
of methods, including as redundancy, diversified redundancy,
and error-detection algorithms, have been investigated by
researchers as potential ways to improve the fault tolerance and
dependability of embedded aerospace software systems [3]. In
addition, the adoption of certification standards, such as DO-
178C for avionics software, has proven very helpful in directing
the processes of developing and validating integrated aerospace
software [4]. These standards offer a foundation for ensuring
that software systems comply with stringent safety criteria and
are tested and validated in depth to the greatest extent possible.

In addition, real-time performance has emerged as a central
theme across the relevant research. Previous studies have looked
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at various scheduling algorithms and methods for the purpose of
managing real-time jobs in embedded aeronautical software
systems [5]. To guarantee that crucial activities are completed
within the allotted amount of time, many scheduling strategies,
such as rate monotonic scheduling and earliest deadline first
scheduling, have been investigated. In addition, attempts have
been undertaken to maximize the efficiency with which
computer resources are used while also ensuring the timely
completion of tasks, particularly in the context of multi-core
processors [6].

In recent years, there has been an increased focus on the
incorporation of artificial intelligence and autonomy into the
embedded software systems used in the aircraft industry. The
use of machine learning algorithms to a variety of activities,
including anomaly detection, predictive maintenance, and
autonomous decision-making, has been investigated in previous
research [7]. Because of these changes, there are now more
opportunities than ever before to enhance the effectiveness and
malleability of aircraft systems. In spite of this, there are still
several obstacles to overcome when validating Al-driven
systems and making sure that they can interact safely with
human operators and other parts of the system [8].

As aircraft systems grow increasingly linked to one another,
it is very necessary to address issues around cybersecurity.
Previous research has looked at methods for protecting
embedded aircraft software systems from cyberattacks. These
methods include intrusion detection, cryptographic methods,
and secure communication protocols [9]. Key areas of attention
have been ensuring the authenticity of software updates and
guarding against the possibility of vulnerabilities in systems that
are linked to one another.

In conclusion, the research that has been done in the past on
embedded aerospace software systems has made a substantial
contribution to the understanding and solving of the difficult
issues that are intrinsic to aviation and space applications. As a
result of these investigations, specialized methodology, safety
standards, real-time scheduling approaches, and strategies for
integrating new technologies while maintaining the system's
stability and security have been developed.

I1l.  AEROSPACE SOFTWARE SYSTEM

Aerospace software systems represent a specialized class of
embedded software that plays an essential role in the operation,
control, and management of aerospace vehicles, ranging from
commercial airplanes to spacecraft. These systems are
characterized by their unique requirements, stringent safety
standards, real-time performance demands, and the integration
of cutting-edge technologies.
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A. Requirements and Safety Standards

Aerospace software systems are developed under the
umbrella of stringent safety and reliability requirements due to
the critical nature of their applications. These requirements are
often defined by aviation authorities such as the Federal
Aviation Administration (FAA) or the European Union Aviation
Safety Agency (EASA) for commercial aircraft and by
organizations like NASA for space missions. One of the notable
standards in the aerospace industry is DO-178C/ED-12C, which
outlines the software considerations for airborne systems and
equipment certification. This standard provides guidelines for
software development processes, verification, and validation,
emphasizing rigorous documentation, testing, and traceability to
ensure safety and compliance.

B. Real-Time Performance:

Aerospace software systems operate in real-time
environments where precise timing is crucial for mission success
and safety. Real-time systems must meet strict deadlines for task
execution, often in the microsecond to millisecond range, to
ensure that critical operations occur within specific time
constraints. This requirement is especially prominent in flight
control, navigation, and communication systems, where split-
second decisions can influence the stability and trajectory of an
aircraft or spacecraft. Techniques like rate monotonic
scheduling and earliest deadline first scheduling are employed
to manage task priorities and ensure that critical tasks are
executed on time.

C. Avionics and Spacecraft Software:

Avionics software, found in aircraft, encompasses a wide
range of systems, from flight control and navigation to
communication and entertainment systems. Avionics software is
designed to handle real-time data processing, monitor sensor
inputs, and provide accurate information to pilots and crew. On
the other hand, spacecraft software systems are responsible for
coordinating various subsystems, conducting scientific
experiments,  executing  maneuvers, and  managing
communication with ground control. Both avionics and
spacecraft software require fault tolerance mechanisms,
redundancy, and error detection to ensure reliability in the face
of hardware failures.

D. Emerging Technologies:

The aerospace industry is embracing emerging technologies
to enhance the capabilities of software systems. Artificial
intelligence (Al) and machine learning have found applications
in tasks such as predictive maintenance, anomaly detection, and
autonomous decision-making. Al algorithms can analyze vast
amounts of data from sensors and instruments to identify trends
and potential issues, enabling proactive maintenance and
reducing downtime. Autonomy is also gaining traction, enabling
aircraft and spacecraft to make intelligent decisions based on
environmental conditions and mission objectives. However, the

1026 |Page

integration of Al and autonomy introduces challenges related to
validation, explainability, and the potential for unforeseen
behaviors.

E. Cybersecurity Considerations:

With the increasing digitization of aerospace systems and
their connectivity to external networks, cybersecurity has
become a critical concern. Ensuring the security of software
systems against cyber threats is essential to protect sensitive
data, maintain system integrity, and prevent unauthorized
access. Encryption, secure communication protocols, intrusion
detection systems, and robust authentication mechanisms are
among the cybersecurity measures implemented to safeguard
aerospace software systems.

Aerospace software systems are a subcategory of embedded
software that play an important part in the operation, control, and
management of aerospace vehicles. These vehicles include
anything from commercial aircraft to spaceships. These systems
are distinguished by their one-of-a-kind prerequisites, severe
safety criteria, real-time performance needs, and the
incorporation of innovative technological components.

Due to the crucial nature of their applications, requirements
and safety standards for aerospace software systems are quite
demanding. As a result, the development of aerospace software
systems takes place under this umbrella. When it comes to
commercial airplanes, these standards are often outlined by
aviation authorities like the Federal Aviation Administration
(FAA) or the European Union Aviation Safety Agency (EASA),
however when it comes to space missions, they are typically
outlined by organizations like NASA. DO-178C/ED-12C is an
important standard in the aerospace sector since it describes the
software considerations for airborne systems and equipment
certification. This makes it one of the most prominent standards.
This standard defines standards for the procedures of software
development, verification, and validation. Particular emphasis is
placed on stringent documentation, testing, and traceability in
order to guarantee both safety and compliance.

Performance in Real Time: Aerospace software systems
work in real-time contexts, which means that accurate timing is
essential to both the success and safety of missions. Real-time
systems have stringent deadlines for task execution, which are
often measured in the range of microseconds to milliseconds.
This is done to guarantee that key actions are carried out within
the allotted time frame. This need takes on a particularly
important role in flight control, navigation, and communication
systems since these are the areas in which choices made in
fractions of a second may have a significant impact on the
trajectory and stability of an aircraft or spacecraft. Methods such
as rate monotonic scheduling and earliest deadline first
scheduling are used in order to effectively manage task priorities
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and guarantee that vital jobs are completed within the allotted
time frame.

Software for Spacecraft and Avionics Avionics software,
which is found in aircraft, comprises a broad variety of systems,
ranging from flight control and navigation to communication
and entertainment systems. Spacecraft software also falls into
this category. The software used in avionics is developed to
manage real-time data processing, monitor sensor inputs, and
provide reliable information to pilots and crew. On the other
hand, it is the job of the software systems aboard the spacecraft
to manage communication with ground control, carry out
scientific experiments, carry out maneuvers, and coordinate the
activities of the many subsystems aboard the spacecraft. In order
to maintain dependability in the face of hardware failures, fault
tolerance techniques, redundancy, and error detection are
essential components of avionics and spacecraft software,
respectively.

Emerging Technologies: The aerospace industry is actively
pursuing the adoption of emerging technologies in order to
improve the functionalities of software systems. Applications of
artificial intelligence (Al) and machine learning have been
discovered in a variety of fields, including predictive
maintenance, anomaly detection, and autonomous decision-
making, to name a few. Algorithms powered by artificial
intelligence are able to examine huge volumes of data collected
by sensors and equipment to spot patterns and possible
problems. This paves the way for preventive maintenance and
cuts downtime. Autonomy is also gaining popularity, which
enables air and space vehicles to make intelligent choices
depending on the circumstances of their surroundings and the
goals of their missions. Nevertheless, the combination of Al
with autonomy presents obstacles in the form of validation,
explainability, and the possibility of unexpected actions.

Considerations Regarding Cybersecurity With the ever-
increasing digitalization of aircraft systems and the coupling of
such systems to external networks, cybersecurity has become an
extremely important issue. It is very necessary to safeguard
sensitive data, preserve the integrity of the system, and prevent
unauthorized access by taking precautions to ensure that
software systems are secure against cyberattacks. Some of the
cybersecurity methods that have been deployed to protect
aerospace software systems include encryption, secure
communication protocols, intrusion detection systems, and
rigorous authentication processes.

The development of aerospace software systems adheres to a
well-defined process known as the software development life
cycle (SDLC), which places an emphasis on safety,
dependability, and traceability. The Software Development Life
Cycle (SDLC) generally includes a number of stages, such as
requirements analysis, software design, coding, testing, and
validation. The primary stages and their respective goals are
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outlined in Table 1, which provides an overview of the
development of aeronautical software systems.

Table 1 Overview

Phase Objectives

Requirements | Define the system's functional and safety requirements.

Develop high-level and detailed designs that meet

Design requirements.
. Implement software modules in compliance with coding
Coding
standards.
. Conduct various testing levels, including unit and
Testing . .
integration.
Validation Verify software against requirements and assess system

safety.

Certification Obtain certification from relevant authorities.

In conclusion, aerospace software systems are a sophisticated
blend of engineering expertise, safety consciousness, real-time
performance optimization, and cutting-edge technology
integration. These systems enable safe and reliable operation of
aircraft and spacecraft, and their development involves
addressing challenges related to safety standards compliance,
real-time performance, integration of emerging technologies,
and cybersecurity. As the aerospace industry continues to
evolve, the advancement of aerospace software systems will
remain integral to achieving new heights in aviation and space
exploration.

Real-time performance is an essential component of aerospace
software systems, and real-time scheduling algorithms are an
essential component of this. The most popular real-time
scheduling algorithms and the qualities that distinguish them are
shown in Table 2.

Table 2 Algorithm Characteristics

Algorithm Characteristics

Assigns priorities based on

Rate Monotonic .
task periods.
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Earliest Deadline Prioritizes tasks based on
First their absolute deadlines.

Considers task urgency by

Least Laxity First . .
analyzing laxity.

Fixed Priority
Preemptive

Simple priority-based
scheduling.

In conclusion, aircraft software systems are an expert
combination of technical knowledge, a focus on safety, real-time
performance optimization, and integration of cutting-edge
technology. These systems make it possible for airplanes and
spacecraft to be operated in a secure and dependable manner,
and the process of developing them necessitates tackling issues
associated with the compliance with safety requirements, real-
time performance, the integration of new technologies, and
cybersecurity. The development of aerospace software systems
will continue to play an essential role in attaining new heights in
the fields of aviation and space exploration as the aerospace
sector continues to undergo disruptive change.

Embedded microcontrollers serve as the backbone of
aerospace devices, providing the required intelligence and
control for a broad variety of operations that are crucial to
aviation and space exploration. Embedded microcontrollers
serve as the backbone of aerospace devices because they provide
the necessary intelligence and control. These tiny but powerful
integrated circuits are strategically incorporated into aircraft
systems to provide real-time data processing, precision control,
sensor interface, and communication operations. These activities
are crucial to the operation and safety of the vehicles, thus
having them is essential.

Microcontrollers are selected for use in aerospace
applications according to a set of features that must be in
accordance with the specific requirements of the environment.
Reliability is an important factor to take into account, since
aeronautical gadgets need to operate perfectly despite the
difficult circumstances. In order to circumvent this issue,
redundancy is often included into microcontrollers in the form
of numerous processors that run in parallel. Due to the
architecture of the system, it is able to identify defects and
failures, which guarantees that mission-critical operations will
continue to operate normally even in the event that hardware
problems occur.

Because exposure to cosmic rays and solar radiation may
have an effect on electronic components, radiation tolerance is
an essential quality for applications that take place in space.
Microcontrollers are developed with radiation-hardened
materials and manufacturing procedures that limit the impacts of
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ionizing radiation when they are utilized in these types of
situations. Because of this, the lifespan and dependability of
systems based on microcontrollers are maintained even
protracted space missions.

Microcontrollers need to be able to perform consistently
throughout a wide range of temperatures because aerospace
vehicles are subjected to a wide range of temperature extremes.
These temperature extremes range from the freezing cold of high
altitudes to the searing heat during reentry. These gadgets are
able to continue functioning normally even in the most hostile
of conditions since they are equipped with sophisticated heat
management technologies and microcontrollers that are built to
survive such extremes.

Especially in the context of space exploration, aerospace
systems often have restricted access to their power sources. In
order to increase the lifespan of missions and save energy,
microcontrollers that have been tuned for power efficiency are
absolutely necessary. While carrying out their duties, these
microcontrollers have a very low power consumption, which
helps to contribute to the overall sustainability and durability of
the mission.

In the aircraft industry, where split-second judgments and
control are important, real-time processing is a defining
characteristic of the technologies used. Embedded
microcontrollers that have specialized real-time processing
capabilities and high-speed interfaces make it easier to carry out
vital duties, which helps to ensure that tasks are completed
within the allotted amount of time. When it comes to flight
control, navigation, and communication systems, where timing
precision is of the utmost importance, this is of special
significance.

When it comes to aircraft applications, safety and conformity
with industry standards are non-negotiable requirements. These
microcontrollers are compliant with safety-critical standards
such as DO-178C for avionics and ECSS-Q-ST-80C for space
systems, which are employed in the devices in question. These
requirements for development, testing, and certification are
provided by these standards with the purpose of ensuring that
systems based on microcontrollers reach the highest possible
levels of safety and dependability.

Applications for microcontrollers that are crucial to the
functioning and performance of aircraft vehicles may be found
in a variety of aerospace sectors, including the following:

Microcontrollers interpret inputs from pilots and sensors in
flight control systems. This allows them to change control
surfaces, regulate propulsion systems, and stabilize the vehicle's
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flight trajectory. They run complicated control algorithms in real
time so that the flight will always be safe and steady.

Microcontrollers interpret data from sensors such as GPS
receivers and inertial measurement units to calculate the
location, orientation, and trajectory of the wvehicle. This
information is used for navigation and guiding purposes. These
computations are necessary for correct navigation as well as the
successful completion of tasks that have been planned.

Microcontrollers are essential to the operation of
communication systems since they are used to encrypt, decrypt,
and handle data flows to and from ground stations or other
vehicles. These microcontrollers provide a trustworthy
interchange of data and strict adherence to the protocol.

Microcontrollers make it easier to operate the onboard
equipment and payloads in the context of scientific study and
exploration. They are in charge of the collecting of data, the
management of the instruments, and the processing of the data,
which makes it possible to obtain significant scientific data.

Microcontrollers are used in unmanned aerial vehicles
(UAVs) for the purpose of autonomous flight control, the
detection of obstacles, and the completion of missions. These
gadgets can independently explore, carry out activities, and
interact with their surroundings thanks to the microcontrollers
embedded inside them.

Recent developments in microcontroller technology are
congruent with prevailing tendencies in the electronic industry.
Continuous downsizing results in microcontrollers that are both
more powerful and smaller, taking up less space while providing
better computing capabilities. This is a win-win situation.
Streamlining the architecture of a system and reducing its
complexity may be accomplished by improving the integration
of peripherals into a single chip.

In addition, the development of multicore microcontrollers
has made it possible to execute parallel processing, which paves
the way for the implementation of complex algorithms and the
concurrent management of a number of different
responsibilities. Security considerations are increasingly being
included into the design of microcontrollers in aeronautical
systems as they become more networked and computerized. The
use of secure boot procedures, encryption, and authentication
systems all work together to guard against threats to
cybersecurity and illegal access.

In conclusion, embedded microcontrollers are components that
are essential to aeronautical systems because they provide the
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computational intelligence and control that is necessary for safe,
efficient, and accurate functioning. Their combination offers a
solution to the one-of-a-kind problems presented by the
aerospace environment, making a significant contribution to the
development of aviation and the exploration of space.
Microcontrollers will continue to play a critical role in
determining the capabilities of aerospace devices, spurring
innovation and opening up new avenues for the advancement of
aerospace technology as the technology continues to advance.

IV. CONCLUSION

Embedded aircraft software systems provide the foundation
for contemporary aviation and space exploration. These systems
make it possible to operate complex aerospace vehicles in a way
that is both safe and effective. This in-depth analysis has thrown
light on the complexities of these systems by bringing to light
their unique characteristics, the problems they face, and the
technical improvements that have been made.

Aerospace software systems work in an environment in
which accuracy and dependability cannot be compromised for
any reason, including but not limited to safety-critical factors
and expectations for real-time performance. These systems are
guaranteed to be of the highest possible grade of safety and
quality as long as they are certified in accordance with stringent
safety standards and procedures, such as those outlined in DO-
178C/ED-12C.

The incorporation of burgeoning technologies like artificial
intelligence and autonomy, for example, paves the way for
exciting new possibilities in the realm of expanding the
capabilities of aerospace software systems. However, along with
these potential come obstacles, particularly in the areas of
validation, explainability, and cybersecurity. In light of the
growing interconnection and digitalization of aerospace
systems, it is of the utmost importance to make certain that these
systems can continue to function in a safe and reliable manner
despite the existence of cyberattacks.

The software development life cycle has been discussed,
which illustrates the systematic method that is utilized in the
construction of aeronautical software systems. In addition, the
study of real-time scheduling algorithms has revealed insights
into the manner in which these systems handle essential jobs that
have severe criteria for timeliness.

The importance of integrated aircraft software systems is
only going to grow as other aspects of aerospace technology,
such as aviation and space exploration, continue to progress. The
continuous research, technical breakthroughs, and industrial
practices in this subject will influence the future of aerospace
technology. This will enable humankind to explore new frontiers
while yet maintaining the greatest standards of safety and
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the end, the paper highlights the

multidisciplinary character of aerospace software systems,

which

is where engineering, safety, technology, and

inventiveness come together to drive forward the aerospace
sector.
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