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Abstract: Artificial intelligence (Al) has revolutionized modern weapon systems, offering increased speed, accuracy, and
efficiency in military operations. However, the use of Al-based weapon systems raises significant ethical, legal, and operational
challenges which needs to be fulfilled in development of Al based weapon system.

This System have a vast history from guided missiles to autonomous weapon system, which makes its background more
innovative. Also, these systems must comply with the principles and rules of IHL to ensure that they are used in a responsible
and safe manner and do not cause unnecessary harm to civilians or civilian objects.

The involvement of humans in the decision-making process is essential, there are limitations to this involvement that must be
addressed through effective human-machine interfaces and other technological solutions

It has a unended technological overview which consists of combination of machine learning algorithms, big data analytics, and
advanced sensor technologies. Autonomous operation is a key feature of Al-based weapon systems, posing important questions
regarding accountability and the risk of unintended consequences. The design of such systems must ensure they adhere to
international laws and norms, as well as being reliable and safe. Machine learning algorithms and advanced sensor
technologies, such as electro-optical and infrared sensors, are critical components of these systems, allowing them to analyse
data and track targets precisely.

There are certain operational challenges which are continuously reimbursed by investing in Research and Development.
Countries like the US, China, and Russia are heavily investing in Al-based weapon systems, with a range of advanced
autonomous drones and other weapons already developed. The use of such systems poses operational challenges, such as secure
communication systems and the ability to operate in complex and dynamic environments.

L. INTRODUCTION
Acrtificial intelligence has become an increasingly important part of modern weapon systems. From autonomous drones to smart
missiles. While Al-based weapon systems offer many benefits, they also pose significant ethical, legal, and operational challenges.
One of the key features of Al-based weapon systems is their ability to operate autonomously, without human intervention. This
raises important questions about accountability, as well as the risk of unintended consequences. Al-based weapon systems must be
designed to ensure that they are reliable and safe, and that they adhere to international laws and norms.
Machine learning algorithms play a critical role in Al-based weapon systems, allowing them to analyse vast amounts of data and
make decisions based on that data. Advanced sensor technologies, such as electro-optical and infrared sensors, are also important
components of these systems, enabling them to detect and track targets with great precision.
Most of the developed countries are investing heavily in Al-based weapon systems, and have already developed a range of advanced
autonomous drones and other weapons. While these systems offer many benefits, they also pose significant operational challenges,
such as the need for secure communication systems and the ability to operate in complex and dynamic environments.
Overall, Al-based weapon systems represent a significant technological advancement, but their use raises important ethical and legal
questions that must be carefully considered. As these systems continue to evolve, it will be important for policymakers and military
leaders to ensure that they are used in a responsible and accountable manner.
It has the potential to revolutionize the way that military operations are conducted. By providing faster and more accurate analysis
of data, Al algorithms can help military personnel make more informed decisions about where to focus their resources, and can
enhance the speed and effectiveness of military operations. However, the use of Al in weapon systems also raises a number of
ethical, legal, and operational concerns.
This paper provides an overview of the current state of Al in weapon systems, and considers some of the key challenges and
opportunities associated with this emerging technology.

©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 3361



International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 11 Issue IV Apr 2023- Available at www.ijraset.com

1. BACKGROUND
The use of Al in weapon systems is not a new phenomenon. For decades, military researchers have been exploring the use of Al
algorithms to enhance a range of military applications, including target identification, intelligence gathering, and logistics and
supply chain management. More recently, there has been a surge of interest in using Al to develop autonomous weapons, such as
unmanned aerial vehicles (UAVS) and drones, which can operate without direct human control. These weapons have the potential to
significantly enhance the speed and efficiency of military operations, but also raise a number of ethical, legal, and operational
concerns.
The history of Al in weapon systems dates back several decades, with early research focused on improving the accuracy and
efficiency of guided missiles. Here are some key milestones in the history of Al in weapon systems:
1950s-1960s: During the early days of Al research, scientists explored the use of computer simulations to improve the accuracy of
guided missiles. This led to the development of early Al algorithms for target tracking and guidance.
1970s-1980s: The development of expert systems, which used rules and knowledge bases to simulate human expertise, led to the
creation of more advanced Al algorithms for missile guidance and control.
1990s-2000s: The rise of machine learning and neural networks enabled the creation of more sophisticated Al algorithms for target
recognition and classification. This led to the development of autonomous drones and other unmanned aerial vehicles (UAVS) that
could operate without human intervention.
2010s-Present: Recent years have seen a growing interest in the use of Al for autonomous weapon systems (AWS), which can
operate without direct human control. While some experts argue that AWS could reduce the risk of human casualties in combat,
others have raised concerns about the ethical and legal implications of using Al in weapons.
Today, Al is being used in a wide range of weapon systems, including guided missiles, drones, and autonomous ground vehicles. As
Al technology continues to evolve, it's likely that we'll see even more innovative uses of Al in the defense industry.
Autonomous weapon systems (AWS) as we know them today did not exist in the 1900s, as the technology required to develop fully
autonomous weapons did not yet exist. However, there were some early attempts to develop automated weapons systems that could
operate with limited human intervention. Here are some examples:
Early unmanned aerial vehicles (UAVS): In the early 1900s, several inventors began experimenting with unmanned aerial vehicles
(UAVs) that could be remotely controlled to perform reconnaissance and surveillance missions. While these early UAVs were not
fully autonomous, they paved the way for future developments in drone technology.
Anti-aircraft guns: During World War 11, several countries developed anti-aircraft guns that could be remotely operated. These guns
used radar to detect incoming aircraft and could be controlled by a human operator using a joystick.
Mines and torpedoes: In the mid-20th century, several countries developed mines and torpedoes that could be programmed to
navigate to a specific location and detonate on their own. While these weapons were not fully autonomous, they represented an early
attempt to create automated weapon systems.
It's worth noting that these early attempts at creating autonomous weapon systems were relatively crude by modern standards, and
did not incorporate the same level of Al and machine learning that we see in contemporary AWS. However, they paved the way for
future developments in unmanned and autonomous military technology.

1. ETHICAL AND LEGAL ISSUES
The use of Al in weapon systems raises a number of ethical and legal issues, including the potential for unintentional harm or
damage, the risk of malfunction or incorrect decisions, and the need for human oversight and accountability. For example, there is a
risk that Al algorithms could malfunction or make incorrect decisions, leading to unintended harm or damage. Additionally, the use
of autonomous weapons raises questions about transparency, accountability, and human oversight, as there is a risk that these
weapons could be used to conduct military operations without proper human input.

A. It Also Raises A Number Of Ethical Issues, Including

1) Responsibility: The use of Al in weapon systems raises questions about who is responsible for the actions of the system. If an
autonomous weapon causes harm or makes a mistake, who is responsible? Is it the manufacturer, the operator, or the system
itself?

2) Accountability: Related to the issue of responsibility, there is also concern about accountability. If an autonomous weapon
causes harm, how can those responsible be held accountable? Can an Al system be held accountable in the same way as a
human?
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3) Discrimination: There is also concern about discrimination in the use of Al-based weapon systems. Al systems may not be able
to distinguish between combatants and civilians or assess the proportionality of an attack, which could lead to violations of
IHL.

4) Human Control: Ethical concerns have been raised about the need for human control over Al-based weapon systems. Some
argue that humans should be involved in decision-making at all stages of the weapon system's development and deployment,
while others argue that the use of autonomous weapons removes human decision-making from the process entirely.

5) Unintended Consequences: The use of Al in weapon systems may also have unintended consequences. For example, an Al
system may be trained on biased data, leading to discriminatory outcomes. Alternatively, an Al system may be vulnerable to
hacking or malfunction, leading to unintended or even catastrophic consequences.

6) Proportionality: Finally, there are concerns about the principle of proportionality in the use of Al-based weapon systems. The
use of force must be proportionate to the military objective, and there is concern that Al-based weapons may not be able to
make this assessment accurately.

Given these ethical concerns, many experts argue that there is a need for clear ethical guidelines and regulations to govern the

development and deployment of Al-based weapon systems. These guidelines should be based on a clear understanding of the

principles of IHL and the need to ensure that the use of force is proportionate, discriminate, and necessary.

These Ethical issues surrounding Al in weapon systems can affect the development, deployment, and use of these systems in a

number of ways. Here are some of the key ways that ethical issues can impact the use of Al in weapon systems:

1) Stigma and public Perception: Ethical concerns surrounding Al in weapon systems can create negative public perception and
stigma around these systems. This can impact the willingness of governments and militaries to invest in the development of Al-
based weapons, and can create reluctance among soldiers and other personnel to use them.

2) Safety and Reliability: Ethical issues can also impact the safety and reliability of Al-based weapon systems. If these systems are
perceived as unethical or unreliable, they may not be trusted by military personnel, and could be more likely to fail in combat
situations.

3) Legal Liability: Ethical concerns can also have legal implications for the development and use of Al-based weapon systems.
For example, if a weapon system causes harm or violates international law, those responsible may face legal liability.

4) Military Effectiveness: Ethical concerns can also impact the military effectiveness of Al-based weapon systems. If these
systems are perceived as unethical or violate international law, they may not be effective in achieving their intended military
objectives.

5) Strategic Stability: Finally, ethical concerns surrounding Al in weapon systems can impact strategic stability and international
relations. If countries are perceived to be developing or deploying unethical or dangerous weapon systems, this could lead to
conflict and instability.

Given these potential impacts, it is important for governments, militaries, and other stakeholders to take ethical issues into account

when developing and deploying Al-based weapon systems

The use of Al-based weapon systems raises also a number of legal issues, particularly in relation to international humanitarian law

(IHL) and the laws of armed conflict. Here are some of the key legal issues associated with Al-based weapon systems:

1) Compliance with IHL: All weapons, including those that incorporate Al, must comply with IHL, which governs the conduct of
hostilities in armed conflicts. This includes rules relating to the distinction between combatants and civilians, the prohibition of
indiscriminate attacks, and the obligation to minimize harm to civilians.

2) Human Responsibility: The use of Al-based weapon systems raises questions about who is ultimately responsible for decisions
made by the system. Under IHL, humans must be in control of weapons at all times, and there must be clear lines of
responsibility for the use of force.

3) Discrimination and Proportionality: The use of Al in weapon systems raises concerns about discrimination and proportionality.
Al systems may not be able to distinguish between combatants and civilians or assess the proportionality of an attack, which
could lead to violations of IHL.

4) Accountability and Transparency: There are concerns about the lack of accountability and transparency associated with Al-
based weapon systems. It may be difficult to determine who is responsible for decisions made by the system, or to assess the
system's compliance with IHL.
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5) Liability for Harm: Finally, there are questions about liability for harm caused by Al-based weapon systems. If an autonomous
system causes harm, who is responsible for compensating the victims?

Given these legal issues, there is growing interest in developing ethical guidelines and legal frameworks to govern the use of Al in

weapon systems. Many experts argue that any such frameworks should be based on a clear understanding of IHL and the principles

of proportionality, distinction, and military necessity.

V. INTERNATIONAL HUMANITARIAN LAW (IHL) OVER Al BASED WEAPON SYSTEM
International humanitarian law (IHL) plays a critical role in the use and deployment of Al-based weapon systems. The use of these
systems must comply with the principles and rules of IHL, which aim to protect civilians and combatants from the effects of armed
conflict.
One of the critical principles of IHL that applies to Al-based weapon systems is the principle of distinction. This principle requires
that parties to a conflict distinguish between civilians and combatants, and that attacks are only directed at military targets. Al-based
weapon systems must be designed to discriminate between civilians and combatants, and to ensure that only military targets are
attacked.
Another essential principle of IHL that applies to Al-based weapon systems is the principle of proportionality. This principle
requires that the harm caused by an attack must not be excessive compared to the military advantage sought. Al-based weapon
systems must be programmed to ensure that the use of force is proportional to the military objective sought.
Additionally, IHL requires that parties to a conflict take precautions in attack to minimize harm to civilians and civilian objects.
This includes ensuring that Al-based weapon systems are not programmed to cause unnecessary harm to civilians or civilian objects.
IHL also prohibits the use of weapons that are indiscriminate or cause unnecessary suffering. Al-based weapon systems must be
designed to comply with these rules and ensure that they are not indiscriminate or cause unnecessary suffering.
Furthermore, IHL requires that parties to a conflict respect and protect medical and humanitarian personnel, as well as civilian
objects that are necessary for the survival of the civilian population. Al-based weapon systems must be designed to comply with
these rules and avoid attacks on medical and humanitarian personnel, as well as civilian objects that are necessary for the survival of
the civilian population.
In conclusion, IHL plays a critical role in the development and deployment of Al-based weapon systems. These systems must
comply with the principles and rules of IHL to ensure that they are used in a responsible and safe manner and do not cause
unnecessary harm to civilians or civilian objects.

V. HUMAN CONTROL OVER Al BASED WEAPON SYSTEM
One of the primary concerns about Al-based weapon systems is the level of human control over these systems. The increasing
autonomy of these weapons has led to questions about whether humans will be able to maintain control over them, particularly in
situations where these weapons are making decisions that may have significant consequences.
To address these concerns, there have been ongoing discussions about the need for human control over Al-based weapon systems.
Many experts argue that humans should have ultimate decision-making authority over these weapons, particularly when it comes to
critical decisions such as the use of force. The involvement of human operators can also provide a level of accountability and
transparency that may be lacking in autonomous systems.
Several measures can be taken to ensure human control over Al-based weapon systems. One approach is to include a human-in-the-
loop (HITL) system, where a human operator is involved in the decision-making process. In this approach, the Al system can make
recommendations or suggestions, but the final decision rests with the human operator. Another approach is to use a human-on-the-
loop (HOTL) system, where the Al system makes decisions, but a human operator has the ability to intervene and take control if
necessary. In addition to these measures, there is ongoing debate about the extent to which humans should have control over Al-
based weapon systems. Some argue that there should be complete human control over these systems, while others suggest that
partial autonomy may be necessary in certain situations, such as when operating in complex or dynamic environments.
Ultimately, the level of human control over Al-based weapon systems will depend on a range of factors, including the specific
application of the weapon system, the operational environment, and the legal and ethical considerations. The development and
deployment of these systems must be carefully considered to ensure that they are used in a responsible and safe manner.
The level of human involvement in the working of Al-based weapon systems is a critical concern in the development and
deployment of these systems. While the involvement of humans in decision-making can provide accountability and transparency,
there are also limitations to the extent to which humans can be involved.
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One of the primary limitations of human involvement is the speed at which Al-based weapon systems can operate. In many cases,
these systems are designed to operate at speeds that exceed human reaction times, making it difficult for humans to keep up with the
system's decision-making processes. This can be particularly challenging in situations where the system needs to make split-second
decisions.

Another limitation of human involvement is the potential for human error. Even with the best training and expertise, humans can
make mistakes, which can have significant consequences when working with Al-based weapon systems. Additionally, the cognitive
overload associated with monitoring and controlling multiple systems can lead to fatigue and decreased decision-making
effectiveness.

There is also the risk of bias and subjectivity in human decision-making, which can impact the fairness and impartiality of the
decision-making process. This is particularly relevant in situations where the Al system is designed to operate in complex or
ambiguous environments.

To address these limitations, there is a need for the development of effective human-machine interfaces that can support human
involvement in the decision-making process. These interfaces should be designed to provide the necessary information to the human
operator, while also facilitating effective communication between the human and the Al system.

Overall, the level of human involvement in Al-based weapon systems must be carefully considered to ensure that these systems are
used in a responsible and safe manner. While the involvement of humans in the decision-making process is essential, there are
limitations to this involvement that must be addressed through effective human-machine interfaces and other technological
solutions.

VI. TECHNOLOGICAL OVERVIEW
The technology behind Al in weapon systems is based on a combination of machine learning algorithms, big data analytics, and
advanced sensor technologies.
The machine learning algorithms used in Al-based weapon systems are designed to analyse large amounts of data and learn from
patterns in that data to make predictions and decisions. These algorithms can be trained on vast amounts of data to recognize
patterns and identify targets, and they can continually learn and adapt based on new data inputs.
There are several different types of machine learning algorithms that are commonly used in Al-based weapon systems, including:
Supervised learning: This type of machine learning involves training the algorithm on a labelled dataset, where the correct outputs
are already known. The algorithm can then use this training data to make predictions on new, unlabelled data.
Unsupervised learning: In this type of machine learning, the algorithm is not given any labelled data. Instead, it is tasked with
finding patterns and structure in the data on its own.
Reinforcement learning: This type of machine learning involves the algorithm learning through trial and error. The algorithm is
given a task and is rewarded or punished based on its performance. Over time, the algorithm learns to take actions that maximize its
rewards. These Machine learning algorithms are used in a variety of ways. For example, they may be used to identify and classify
targets, predict the behaviour of potential threats, or determine the best course of action in a given situation.
To be effective, machine learning algorithms used in Al-based weapon systems require large amounts of high-quality data to train
on. This data may come from a variety of sources, such as sensors, satellite imagery, or social media. It also requires significant
computing power to process and analyse the data in real-time.
The big data analytics component of Al-based weapon systems involves the collection and analysis of large volumes of data from
multiple sources, such as sensors, satellite imagery, and social media. This data is then analysed using machine learning algorithms
to identify patterns and insights that can inform decisions about weapon systems deployment and operations.
Advanced sensor technologies play a critical role in Al-based weapon systems by providing real-time data on the environment and
potential targets. These sensors can include a range of technologies such as radar, sonar, infrared, and video cameras. By analysing
data from these sensors, Al-based weapon systems can make decisions about the best course of action, such as whether to engage a
target or avoid it.

These sensors can include a range of technologies such as:

1) Radar: Radar uses radio waves to detect objects and measure their distance, speed, and direction. This technology is commonly
used in both air and ground-based weapon systems.

2) Sonar: Sonar uses sound waves to detect objects and measure their distance, speed, and direction. This technology is commonly
used in underwater weapon systems.
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3) Infrared: Infrared sensors detect the heat emitted by objects and can be used to identify potential targets. This technology is
commonly used in missile guidance systems.

4) Video Cameras: Video cameras can be used to provide visual data on the environment and potential targets. They are
commonly used in drones and other aerial systems.

5) Lidar: Lidar uses lasers to measure distances and create 3D maps of the environment. This technology is commonly used in
autonomous vehicles and drones.

6) Magnetic Sensors: Magnetic sensors can be used to detect metal objects, such as vehicles or weapons. This technology is
commonly used in ground-based weapon systems.

By analysing data from these sensors, Al-based weapon systems can make decisions about the best course of action, such as

whether to engage a target or avoid it. The use of advanced sensor technologies in Al-based weapon systems allows these systems to

operate in a range of environments and conditions, providing greater situational awareness and decision-making capabilities.

Additionally, these sensors can be used to detect and track multiple targets simultaneously, increasing the effectiveness and

efficiency of the weapon system.

In addition to these core technologies, Al-based weapon systems may also incorporate other advanced technologies such as robotics,

autonomous vehicles, and drones. These technologies can be used to deploy and operate weapon systems in remote or hazardous

environments, or to provide additional situational awareness and decision-making capabilities.

Overall, the technology behind Al in weapon systems is highly complex and requires expertise in a range of fields, including

machine learning, big data analytics, sensor technologies, and robotics. It is a rapidly evolving field that is likely to continue to

advance and become more sophisticated in the years ahead.

These Systems communicate and respond to their environment through a combination of sensors, algorithms, and actuators. The

system's sensors detect changes in the environment, such as the presence of a target or changes in weather conditions. The system's

algorithms process the data from the sensors and make decisions about how to respond. Finally, the system's actuators, such as

motors or servos, execute the actions determined by the algorithms.

For example, a drone equipped with an Al-based weapon system may use a combination of cameras, radar, and other sensors to

detect a target. The system's algorithms analyse the data from these sensors and determine the appropriate course of action. This

could include firing a missile, dropping a bomb, or taking other defensive measures.

In addition to responding to specific events in the environment, Al-based weapon systems can also adapt to changing conditions

over time. For example, a drone operating in a dynamic environment may use machine learning algorithms to continually adjust its

flight path based on changing weather conditions, terrain, and other factors.

The ability of Al-based weapon systems to communicate and respond to their environment in real-time is one of their key

advantages. This allows them to make decisions quickly and execute actions with precision, even in complex and rapidly changing

environments. However, it also raises ethical and legal concerns about the use of autonomous weapons and the potential for

unintended consequences.

VII. SOME Al BASED WEAPON SYSTEM
It is important to note that many countries do not disclose detailed information about their Al-based weapon systems for national
security reasons. However, here are some examples of known Al-based weapon systems used by different countries and their
features:
United States - MQ-9 Reaper Drone: The MQ-9 Reaper drone is an unmanned aerial vehicle (UAV) used by the United States Air
Force. It is equipped with an Al-based weapon system that allows it to autonomously identify and engage targets. The drone has a
range of over 1,800 miles and can carry a variety of weapons, including Hellfire missiles and laser-guided bombs.
It is one of the most advanced and sophisticated UAVs in the world, equipped with state-of-the-art technology and an Al-based
weapon system. Here are some of the features and technological overview of the MQ-9 Reaper:
Design and Specifications: The MQ-9 Reaper has a wingspan of 66 feet and a length of 36 feet. It has a maximum take-off weight of
10,500 Ibs and can fly at a maximum altitude of 50,000 feet. The drone is powered by a Honeywell TPE331 turboprop engine and
can reach a maximum speed of 300 mph.
Sensors and Communication: The MQ-9 Reaper is equipped with a variety of sensors, including electro-optical/infrared (EO/IR)
cameras, synthetic aperture radar (SAR), and multi-mode maritime surveillance radar. It also has a satellite communication system
that allows it to communicate with ground stations and other aircraft in real-time.
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Al-Based Weapon System: The MQ-9 Reaper is equipped with an Al-based weapon system that allows it to autonomously identify
and engage targets. The system is called the "Gorgon Stare™ and uses multiple EO/IR cameras to create a wide-area surveillance
system. The system can track up to 12 different targets simultaneously and can automatically detect and classify vehicles, personnel,
and other objects.

Armament: The MQ-9 Reaper can carry a variety of weapons, including Hellfire missiles, GBU-12 Paveway Il laser-guided bombs,
and GBU-38 Joint Direct Attack Munitions (JDAM). It can also be equipped with an M134 minigun or GAU-19 Gatling gun for
close air support.

Ground Control Station: The MQ-9 Reaper is operated by a team of pilots and sensor operators from a ground control station
(GCS). The GCS consists of several workstations that allow the operators to control the drone and its various systems.

Overall, the MQ-9 Reaper is a highly advanced and capable UAV that has been used extensively by the United States in various
military operations. Its advanced sensors, communication systems, and Al-based weapon system make it a formidable asset on the
battlefield. However, its use has also raised ethical and legal concerns about the use of autonomous weapons and the potential for
unintended harm.

China - Sharp Sword UAV: The Sharp Sword is an unmanned combat aerial vehicle (UCAV) developed by China. It is designed to
carry out reconnaissance and combat missions and is equipped with an Al-based weapon system. The UCAV has a range of over
2,000 miles and can carry a variety of weapons, including air-to-surface missiles and guided bombs.

It is a stealthy unmanned aircraft designed to conduct long-endurance reconnaissance and strike missions in high-threat
environments. Here are some of its features and technological overview:

Design: The Sharp Sword UAV has a stealthy and aerodynamic design, with a wingspan of 14 meters and a length of 10 meters. The
airframe is made of composite materials and features a blended wing-body design that reduces radar signature.

Propulsion: The UAV is powered by a single turbofan engine, which provides a maximum speed of 900 km/h and a range of up to
4,000 km. It can operate at an altitude of up to 45,000 feet and has a maximum endurance of 20 hours.

Payload: The Sharp Sword UAYV is equipped with a variety of sensors and weapons. Its sensor suite includes synthetic aperture
radar (SAR), electro-optical (EO) and infrared (IR) sensors, as well as a laser designator. The UAV is also armed with air-to-surface
missiles and precision-guided bombs.

Autonomous Capabilities: The Sharp Sword UAV is designed to operate autonomously, without human intervention. It uses a
combination of advanced algorithms and artificial intelligence (Al) to perform tasks such as mission planning, target detection and
recognition, and weapon delivery. The UAV can communicate with ground stations and other aircraft in real-time to coordinate its
actions.

Communications: The UAV uses a secure, encrypted datalink to communicate with ground control stations and other aircraft. It can
also operate in a swarm configuration, allowing multiple UAVs to work together and share information.

Control: The Sharp Sword UAV is controlled by ground operators using a combination of manual and autonomous modes. The
UAV can be programmed with a pre-defined mission plan or given real-time commands by the operator. It also has a fail-safe
system that allows it to return to base or land safely in case of a communications or navigation failure.

Overall, the Sharp Sword UAV represents a significant advancement in drone technology, with its stealthy design, long endurance,
and autonomous capabilities. It is expected to play an important role in China's military modernization efforts and enhance its ability
to conduct reconnaissance and strike missions in contested environments.

Israel - Harpy Drone: The Harpy drone is an autonomous loitering weapon system developed by Israel. It is designed to fly over
enemy territory and detect and attack radar systems. The drone is equipped with an Al-based guidance system that allows it to home
in on radar emissions and autonomously destroy the target.

The Harpy is an unmanned aerial vehicle (UAV) developed by Israel Aerospace Industries (1Al). It is a loitering munition system
designed to detect, attack, and destroy radar systems and other electronic targets. Here are some of its features and technological
overview:

Design: The Harpy is a small and agile drone, with a wingspan of 2.5 meters and a weight of 135 kg. It has a cylindrical body,
which houses its propulsion system, sensors, and warhead. The drone is launched from a ground-based launcher and can be
recovered after a mission.

Propulsion: The Harpy is powered by an electric motor and can fly at a maximum speed of 185 km/h. It has a range of up to 500 km
and can loiter in the air for several hours.
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Payload: The Harpy is equipped with a seeker that uses a combination of radar and electro-optical sensors to detect and track enemy
radar systems and other electronic targets. Once a target is detected, the Harpy can be programmed to attack it autonomously, using
its warhead to destroy the target.

Autonomous Capabilities: The Harpy is designed to operate autonomously, without human intervention. It can fly pre-programmed
routes and search patterns, and can detect and engage targets on its own. The drone can also be controlled by a human operator, who
can intervene if necessary.

Communications: The Harpy communicates with ground control stations using a secure, encrypted datalink. It can also transmit
real-time video and sensor data to operators, allowing them to monitor the drone's activities.

Control: The Harpy can be launched and recovered from a ground-based launcher, which is operated by a human operator. Once in
the air, the drone can operate autonomously or be controlled by an operator using a joystick and computer interface.

Overall, the Harpy is an advanced loitering munition system that combines the capabilities of a UAV with those of a precision-
guided weapon. Its ability to detect and attack enemy radar systems makes it an effective tool for suppressing air defenses and other
electronic targets. The drone has been used by the Israeli military in several conflicts and has proven to be an effective tool for
disrupting enemy operations.

Russia - Uran-9 UGV: The Uran-9 is an unmanned ground vehicle (UGV) developed by Russia. It is equipped with an Al-based
weapon system that allows it to engage targets autonomously. The UGV is designed for use in urban combat and can be armed with
a variety of weapons, including machine guns, rocket launchers, and anti-tank missiles.

The Uran-9 UGV (Unmanned Ground Vehicle) is a Russian unmanned combat vehicle designed for a wide range of military
operations, including reconnaissance, fire support, and patrol missions. Here are some of its features and technological overview:
Design: The Uran-9 UGV has a tracked chassis that provides high mobility and stability over rough terrain. It is equipped with a
30mm automatic cannon, anti-tank missiles, and a machine gun for effective firepower. The vehicle is 3.4 meters long, 2.4 meters
wide, and 1.3 meters tall.

Sensors: The Uran-9 UGV is equipped with a range of sensors, including thermal imagers, laser rangefinders, and day and night
cameras, which provide a clear picture of the surrounding environment. These sensors enable the vehicle to operate effectively in
low visibility conditions and identify targets accurately.

Communications: The Uran-9 UGV uses a secure wireless communication system to transmit data and commands between the
vehicle and the control center. The communication system is designed to operate in a variety of environments and conditions,
including urban areas, forests, and deserts.

Autonomy: The Uran-9 UGV is equipped with a highly autonomous system that allows it to operate without human intervention. It
uses artificial intelligence (Al) algorithms to detect and track targets, plan routes, and execute tasks. The Al system can also learn
from previous missions to improve its performance.

Control: The Uran-9 UGV can be controlled by a human operator from a remote-control station or operate autonomously. The
operator can monitor the vehicle's sensor data and issue commands to the onboard weapons and systems. The control station is
equipped with a range of interfaces that enable the operator to control the vehicle using a joystick or a mouse.

Protection: The Uran-9 UGV is designed to operate in high-risk environments and is equipped with armor to protect it from small
arms fire and shrapnel. The vehicle is also fitted with a smoke grenade launcher that can create a smoke screen to conceal it from the
enemy.

Overall, the Uran-9 UGV represents a significant advancement in unmanned combat vehicle technology, with its high autonomy and
advanced sensor systems. It is expected to play an important role in Russia's military modernization efforts and enhance its ability to
conduct reconnaissance and fire support missions in contested environments.

Turkey - Kargu Drone: The Kargu is an autonomous loitering weapon system developed by Turkey. It is designed to operate in
swarms and can be used for both reconnaissance and attack missions. The drone is equipped with an Al-based guidance system that
allows it to autonomously identify and engage targets.

The Kargu drone is an autonomous loitering munition developed by Turkey-based company STM Defense Technologies. Here are
some of its features and technological overview:

Design: The Kargu drone has a quadrotor design, with four rotors mounted on a carbon fiber frame. It is small and lightweight,
weighing only 2.5 kg, and can be easily transported by a single person. The drone is designed for outdoor use and can operate in a
wide range of weather conditions.

Propulsion: The Kargu drone is powered by an electric motor, which provides a maximum speed of 72 km/h and a range of up to 6
km. It can operate at an altitude of up to 3,500 meters and has a maximum endurance of 30 minutes.
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Payload: The Kargu drone is equipped with an explosive warhead and a seeker system. The seeker system includes electro-optical
(EO) and infrared (IR) sensors, as well as a laser designator. The drone is also equipped with GPS and inertial navigation systems,
which allow it to navigate and target accurately.

Autonomous Capabilities: The Kargu drone is designed to operate autonomously, without human intervention. It uses a combination
of advanced algorithms and artificial intelligence (Al) to perform tasks such as mission planning, target detection and recognition,
and weapon delivery. The drone can communicate with ground stations and other aircraft in real-time to coordinate its actions.
Communications: The Kargu drone uses a secure, encrypted datalink to communicate with ground control stations and other aircraft.
It can also operate in a swarm configuration, allowing multiple drones to work together and share information.

Control: The Kargu drone is controlled by ground operators using a combination of manual and autonomous modes. The drone can
be programmed with a pre-defined mission plan or given real-time commands by the operator. It also has a fail-safe system that
allows it to return to base or land safely in case of a communications or navigation failure.

Overall, the Kargu drone represents a significant advancement in loitering munition technology, with its lightweight design,
autonomous capabilities, and seeker system. It is expected to play an important role in Turkey's military modernization efforts and
enhance its ability to conduct reconnaissance and strike missions in contested environments.

Overall, these Al-based weapon systems represent a significant advancement in military technology, allowing for more precise and
efficient targeting of enemy forces. However, they also raise ethical and legal concerns about the use of autonomous weapons and
the potential for unintended harm.

VIIl. OPERATIONAL CHALLENGES
There are several operational challenges that need to be addressed when using Al-based weapon systems, including:
Data availability and quality: Al systems rely on data to learn and make decisions, so one of the key challenges is ensuring that there
is sufficient and accurate data available. This can be especially difficult in military contexts, where data may be limited or
unreliable.
Robustness and reliability: Al systems need to be reliable and robust in order to operate in challenging environments and under
adverse conditions. This requires rigorous testing and validation to ensure that the system can function effectively and safely.
Cybersecurity: Al-based weapon systems may be vulnerable to hacking or cyber-attacks, which could compromise their operation or
lead to unintended consequences. Robust cybersecurity measures are essential to ensure the safety and security of these systems.
Explainability and transparency: Al systems can be difficult to understand or interpret, which can be problematic in situations where
human oversight or intervention is required. Ensuring that Al systems are transparent and explainable is critical to building trust and
accountability.
Human-machine interaction: The effective integration of Al-based weapon systems with human operators is critical to ensuring their
safe and effective operation. This requires careful design and testing of human-machine interfaces, as well as training for operators
on how to interact with the system.

To address these challenges, several strategies can be employed:

Data management: Ensuring that data is available and of high quality requires careful planning and management. This may involve
data sharing agreements, data cleaning and reprocessing, and the development of new data sources.

Testing and validation: Rigorous testing and validation are essential to ensure the reliability and robustness of Al-based weapon
systems. This requires testing in realistic scenarios and under challenging conditions.

Cybersecurity measures: Robust cybersecurity measures, such as encryption and firewalls, are essential to protect Al-based weapon
systems from cyber-attacks.

Explain ability and transparency: Developing Al systems that are transparent and explainable requires careful design and testing.
This may involve the use of techniques such as explainable Al, which provides insight into the decision-making processes of the
system.

Human-machine interaction: Designing effective human-machine interfaces and providing training for operators are essential to
ensure the safe and effective operation of Al-based weapon systems.

In summary, addressing the operational challenges of Al-based weapon systems requires a multi-faceted approach that incorporates
careful planning, testing, and validation, as well as robust cybersecurity measures, transparency and explainability, and effective
human-machine interaction.
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The use of Al in weapon systems also presents a number of operational challenges, including the need to ensure that these
technologies are integrated effectively with existing military infrastructure, and the need to develop new training and education
programs for military personnel. Additionally, the use of Al in weapon systems raises questions about the future of military strategy
and decision-making, as these technologies have the potential to significantly alter the way that military operations are planned and
executed.

In addition to the general operational challenges of Al-based weapon systems, there are several specific challenges that arise in
military execution, including:

Situational awareness: Al-based weapon systems must be able to operate in complex and dynamic environments and respond to
changing situations in real-time. This requires advanced situational awareness capabilities that can detect and interpret a wide range
of signals, such as radar, sonar, and other sensor data.

Target recognition and identification: Al-based weapon systems must be able to accurately recognize and identify potential targets,
while also avoiding friendly or neutral targets. This requires sophisticated algorithms that can analyse data from multiple sources
and make complex decisions quickly and accurately.

Rules of engagement: Al-based weapon systems must be able to operate within the rules of engagement established by military
commanders. This requires sophisticated algorithms that can take into account a wide range of factors, such as the legal and ethical
implications of different actions.

Human oversight: While Al-based weapon systems are designed to operate autonomously, human oversight is still necessary to
ensure that the system is operating as intended and to intervene if necessary. This requires a well-trained and experienced team of
operators who can monitor the system and take appropriate action when needed.

To address these challenges, several strategies can be employed:

Advanced sensing capabilities: Developing advanced sensing capabilities that can detect and interpret a wide range of signals is
critical to improving situational awareness and target recognition.

Machine learning algorithms: Sophisticated machine learning algorithms can be developed to analyse data from multiple sources
and make complex decisions quickly and accurately.

Rules of engagement training: Training Al-based weapon systems to operate within the rules of engagement established by military
commanders is essential to ensuring that the system operates safely and ethically.

Human-machine interfaces: Developing effective human-machine interfaces that allow operators to monitor and intervene in the
system as needed is critical to ensuring that the system operates as intended.

Testing and validation: Rigorous testing and validation are essential to ensure that the system operates safely and effectively in a
wide range of scenarios.

In summary, addressing the operational challenges of Al-based weapon systems in military execution requires a multi-faceted
approach that incorporates advanced sensing capabilities, sophisticated machine learning algorithms, rules of engagement training,
effective human-machine interfaces, and rigorous testing and validation.

IX. CONCLUSION
Acrtificial Intelligence (Al) has brought about a significant transformation in the military industry, especially in the development and
deployment of weapon systems. The integration of Al in weapon systems has led to increased efficiency, speed, accuracy, and
reduced human error. The use of autonomous weapon systems is an essential component of Al-based weapons, offering the military
the ability to perform highly complex and precise operations.
However, the use of Al-based weapons also poses ethical and legal challenges. Concerns about accountability, safety, and
unintended consequences have arisen, leading to debates on the regulation and governance of Al-based weapons. The increasing
autonomy of these weapon systems and their ability to operate without human intervention raises questions about the ability to
maintain control over them.
To develop and deploy Al-based weapon systems responsibly, policymakers and military leaders need to consider ethical, legal, and
operational challenges. Adherence to international laws and norms, transparency, and accountability are vital to ensure that Al-
based weapon systems are used in a responsible and safe manner.
Advanced sensor technologies and machine learning algorithms form the backbone of Al-based weapon systems. The use of sensors
enables these systems to gather and analyse data from their environment, while machine learning algorithms allow them to make
decisions based on that data. The continued development and integration of these technologies are critical in ensuring that Al-based
weapon systems remain relevant and effective.
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We have a lot of innovations in this field still we have operational challenges such as secure communication systems and the ability
to operate in complex and dynamic environments that need to be addressed.
In short, Al-based weapon systems offer many advantages, but their development and deployment must be carefully considered to
address the ethical, legal, and operational challenges they raise. The responsible use of Al-based weapon systems is vital to ensure
their safety and effectiveness, and to minimize the risk of unintended consequences.
The use of Al in weapon systems presents both opportunities and challenges for military organizations around the world. While
these technologies have the potential to enhance the speed and effectiveness of military operations, they also raise a number of
ethical, legal, and operational concerns. To ensure that these technologies are used in ways that are safe, ethical, and effective, it is
important for military organizations to develop clear guidelines and policies for the use of Al in weapon systems, and to ensure that
these technologies are subject to appropriate oversight and accountability.

[t
[2]
(3]
[4]
[5]
[6]
[’
(8]
[9]

[10]

[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]

[21]

REFERENCES
Artificial Intelligence in Military Operations: Technology and Ethics Indian Perspective
https://usiofindia.org/publication/usi-journal/artificial-intelligence-in-military-operations-technology-and-ethics-indian-perspective/
Ethics of autonomous weapons systems and its applicability to any Al systems
https://www.sciencedirect.com/science/article/abs/pii/S0308596120300458
Artificial Intelligence in Autonomous Weapon Systems
https://link.springer.com/chapter/10.1007/978-3-030-28285-1_8
Integrating Artificial Intelligence into Weapon Systems
https://arxiv.org/abs/1905.03899
The Intersection of Artificial Intelligence in Autonomous Weapon Systems with International Humanitarian Law
https://heinonline.org/HOL/LandingPage?handle=hein.journals/harvardnsj8 &div=11&id=&page=
Legal evaluation of the attacks caused by artificial intelligence-based lethal weapon systems
https://www.sciencedirect.com/science/article/abs/pii/S0267364921000376
Artificial Intelligence, Weapons Systems and Human Control
https://www.e-ir.info/2021/02/16/artificial-intelligence-weapons-systems-and-human-control/
MACHINE LEARNING WEAPONS AND INTERNATIONAL HUMANITARIAN LAW: RETHINKING MEANINGFUL HUMAN CONTROL
https://www.law.georgetown.edu/international-law-journal/wp-content/uploads/sites/21/2020/03/GT-GJIL200015.pdf
A Comparative Analysis of the Definitions of Autonomous Weapons Systems
https://link.springer.com/article/10.1007/s11948-022-00392-3
Debating Lethal Autonomous Weapon Systems
https://www.researchgate.net/profile/Ajey-Lele-
2/publication/330534643_Debating_L ethal_Autonomous_Weapon_Systems/links/5¢c46d9f792851c22a3870del/Debating-Lethal-Autonomous-Weapon-
Systems.pdf
Lethal autonomous weapon
https://en.wikipedia.org/wiki/Lethal_autonomous_weapon
Artificial Intelligence and National Security
https://a51.nl/sites/default/files/pdf/R45178.pdf
Al weapon systems in future war operations; strategy, operations and tactics
https://www.tandfonline.com/doi/abs/10.1080/01495933.2021.2017739
Governance of artificial intelligence
https://academic.oup.com/policyandsociety/article/40/2/137/6509315
The Evolution of War: How Al has Changed Military Weaponry and Technology
https://montrealethics.ai/the-evolution-of-war-how-ai-has-changed-military-weaponry-and-technology/
5 Al Tools For Modern Warfare
https://analyticsindiamag.com/5-ai-tools-for-modern-warfare/
Al-Influenced Weapons Need Better Regulation
https://www.scientificamerican.com/article/ai-influenced-weapons-need-better-regulation/
Meaningful Human Control over Autonomous Systems: A Philosophical Account
https://www.frontiersin.org/articles/10.3389/frobt.2018.00015/full
Can Al Weapons Make Ethical Decisions?
https://www.tandfonline.com/doi/full/10.1080/0731129X.2021.1951459
Operations of power in autonomous weapon systems: ethical conditions and socio-political prospects
https://link.springer.com/article/10.1007/s00146-020-01048-1
Ethics and autonomous weapon systems: An ethical basis for human control?
https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=&ved=2ahUKEwif5fmmp-X9AhWa2XMBHc-

MD44QFnoECA4QAQ &url=https%3 A%2F%2Fwww.icrc.org%2Fen%2Fdownload%2Ffile%2F69961%2Ficrc_ethics and autonomous weapon_systems rep

ort 3 april 2018.pdf&usg=A0vVaw3UzODXxCKjJDOJSMPJhOVx

©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 |

3371



International Journal for Research in Applied Science & Engineering Technology (IJRASET)

ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 11 Issue IV Apr 2023- Available at www.ijraset.com

[22] Al-Influenced Weapons Need Better Regulation
https://www.scientificamerican.com/article/ai-influenced-weapons-need-better-regulation/
[23] Weapons powered by artificial intelligence pose a frontier risk and need to be regulated

https://www.weforum.org/agenda/2021/06/the-accelerating-development-of-weapons-powered-by-artificial -risk-is-a-risk-to-humanity/
[24] What you need to know about

https://www.icrc.org/en/document/what-you-need-know-about-autonomous-weapons
[25] US Defence Department Issues New Directive: Autonomy In Weapons Systems With Al Policy Guidance

https://www.forbes.com/sites/cindygordon/2023/01/30/us-defence-department-issues-new-directive-autonomy-in-weapons-systems-with-ai-policy-
guidance/?sh=363f6fc4308

©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 3372



d lIsRA

ef n\m
cross’ COPERNICUS

10.22214/1JRASET 45,98 IMPACT FACTOR: IMPACT FACTOR:
7.129 7.429

INTERNATIONAL JOURNAL
FOR RESEARCH

IN APPLIED SCIENCE & ENGINEERING TECHNOLOGY

Call : 08813907089 (V) (24*7 Support on Whatsapp)




