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Abstract: Artificial Intelligence (Al) is a vast field centred on creating machines that can perform tasks traditionally requiring human
intelligence, such as reasoning and problem-solving. They are used to perform advanced tasks. In defence, Al is used to make decisions,
monitor weapons, and autonomous vehicles, and detect targets. Artificial Intelligence (Al) has become a reality today with the rise of the 4™
industrial revolution, especially in the armed forces. Military Al systems can process more data more effectively than traditional systems. Due
to its intrinsic computing and decision-making capabilities, Al also increases combat systems’ self-control, self-regulation, and self-
actualisation. This paper aims to better understand current trends and developments and further possible avenues for Al in defence and the
military. The researcher gathered information using journal publications, government resources, and online resources to draw out suitable
information related to the subject. Artificial Intelligence (Al) has been at the centre of attention for its civilian and military applications in the
last decade. Even though nowadays it is referred to as “weak AI”, due to its narrow range of functions, in the long term Al has the potential to
play a critical role in every aspect of National Security. Recognising this potential, NATO Member States have already started to invest in this
technology and have incorporated it into their defence strategy.

IndexTerms - Artificial Intelligence, Application of Al in military, Cyber Security, Future applications

. INTRODUCTION

Artificial Intelligence (Al) is widely recognized as one of the most transformative technologies of our time, already creating significant
disruptions across both private and public sectors. Defence and security are no exceptions, as nations worldwide are investing substantial
resources to harness Al's potential in the Defence and Aerospace industries. In 2022, the government identified 75 priority Al-driven projects
for defence, with a focus on data processing, cybersecurity, simulation, and autonomous systems, especially drones. India is also actively
exploring Al applications in areas such as underwater domain awareness and border security. Additionally, ongoing efforts to integrate Al into
its civilian space program may lead to indirect benefits for defence applications.

Early Defence Efforts

In 2021, the Indian Army showcased an Al-enabled swarm of 75 aerial drones for intelligence, surveillance, and reconnaissance (ISR)
operations during the Dakshin Shakti military exercise. Although details of private Al programs remain classified, the government is actively
running projects focused on predicting atmospheric visibility, imagery analysis, drone collision avoidance, and ship tracking. These initiatives
are supported by Al application centres embedded within each of the three armed service branches: the Military College of Telecommunication
Engineering in Mhow (Army), INS Valsura (Navy), and Air Force Station Rajokri (Air Force).

India’s long-standing public-sector defence organizations, such as Bharat Electronics Limited (BEL) and the Defence Research and
Development Organisation (DRDO), Bharath Earth Movers Limited(BEML), Hindustan Aeronautics Limited(HAL), National Aerospace
Limited(NAL) play leading roles in advancing Al technologies. These organizations collaborate with military branches and civilian higher-
education institutions to drive innovation. However, public-sector research and development (R&D) in India often faces delays, with projects
failing to meet deadlines or service specifications—despite completing 26 out of 61 projects in 2022. Reforms at DRDO, including efforts to
establish new partnerships with academia and small businesses, could bolster Al research, but progress may be hindered by a recent decline in
R&D allocations within the defence budget. This budgetary shortfall has led to calls for reversing the trend, as R&D investment remains low
as a percentage of GDP in India.

Al being used in Defence
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THREAT MONITORING

Al plays a crucial role in threat monitoring and situational awareness by collecting and analyzing data to support various military
operations. Unmanned systems, such as drones, can be either remotely controlled or pre-programmed to follow a designated route. These Al-
powered systems enhance the ability of defence personnel to monitor potential threats, significantly improving situational awareness. Al-
equipped drones are particularly useful in border surveillance, as they can detect threats, recognize suspicious activity, and notify response
teams in real-time. Additionally, these systems can bolster the security of military bases and increase the safety of soldiers in combat by
providing advanced threat detection and alert mechanisms.

CYBER SECURITY

In today’s digital battlefield, even the most secure military systems are susceptible to increasingly sophisticated cyberattacks. These
attacks can result in catastrophic consequences, such as the compromise of classified data, disruption of communications, system failures, and
operational breakdowns, all of which can jeopardize national security, military personnel, and critical missions. Al has emerged as a powerful
tool in safeguarding military infrastructure from such threats, offering enhanced capabilities to protect networks, programs, and sensitive data
from unauthorized access and malicious actors.

AI’s Role in Proactive Defence

Al excels at analyzing vast amounts of data in real-time, detecting unusual behaviour, and identifying vulnerabilities before they can
be exploited. Unlike traditional cybersecurity methods, which often rely on pre-programmed responses, Al-based systems learn from previous
cyberattacks, constantly evolving to predict and mitigate future threats. Al can recognize subtle patterns that may indicate the early stages of
an attack, such as phishing attempts, denial-of-service attacks, or insider threats, allowing for rapid detection and response. Advanced Al
algorithms can pinpoint weaknesses in security protocols and provide automatic updates to patch potential entry points for attackers.

Malware Detection and Threat Hunting

Al’s ability to detect even the smallest deviations in system behaviour is vital for identifying malware that might otherwise remain
undetected. Through techniques like machine learning, Al can analyze the behavioural characteristics of files and processes to flag anomalies
that signal malware activity. This allows cybersecurity teams to respond to threats before they fully penetrate the network. Furthermore, Al-
driven tools for threat hunting allow military cybersecurity personnel to proactively search for hidden threats lurking within a network, reducing
the window of vulnerability.

Autonomous Security Monitoring

In a military environment, Al enables autonomous security monitoring, reducing the reliance on human operators for round-the-clock
threat detection. Al-powered systems can operate continuously, monitoring complex networks and providing real-time alerts on potential
breaches. Autonomous systems can identify patterns of attack that evolve, allowing military operators to respond dynamically as the threat
landscape changes. This continuous, automated monitoring strengthens the military’s defence posture, ensuring minimal downtime and
protecting critical infrastructure.

Generative Al in Cybersecurity

Generative Al, with its advanced capabilities in data analysis and scenario simulation, takes military cybersecurity to the next level.
By processing massive datasets in real time, generative Al models can detect and predict potential cyber threats that would be missed by
traditional systems. Predictive analytics allow for pre-emptive strikes against potential threats, providing early warnings of vulnerabilities that
attackers could exploit. Generative Al can also simulate various cyberattack scenarios, offering the military insights into how to fortify their
defences and improve their response strategies.
However, generative Al also poses significant risks if misused. Attackers can weaponize this technology to create sophisticated, hard-to-detect
phishing campaigns or launch Al-driven social engineering attacks to deceive military personnel and gain unauthorized access to systems. To
counteract this, militaries must implement rigorous countermeasures, including advanced training for cybersecurity teams and the development
of Al-specific security protocols to mitigate the risks posed by adversarial Al.

Al-Driven Incident Response

In addition to threat detection, Al is transforming incident response strategies in military settings. Al-driven systems can respond to
cyber incidents in real time, automatically isolating compromised systems, blocking unauthorized access, and neutralizing threats before they
spread. Al-enabled incident response tools streamline the decision-making process during a cyber crisis by quickly providing actionable
intelligence and recommending the most effective countermeasures.

Strengthening Cybersecurity with Al

To fully harness AI’s potential in cybersecurity, the military must develop robust frameworks that allow for secure integration across
its IT infrastructure. This involves embedding Al tools into existing cybersecurity frameworks while ensuring these systems are regularly
updated to keep pace with evolving threats. Al-based cybersecurity systems also need to work in tandem with human experts, who can provide
context-aware judgment that complements the algorithmic precision of Al systems. Combining human expertise with Al-driven automation
allows for faster, more effective responses to increasingly complex cyberattacks.
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Figure caption: Al and cybersecurity

The Most Useful Military Applications of Al in 2024 and Beyond

Artificial Intelligence in Defense Industry, Benefits Of Artificial Intelligence In The Military, Future of Al in Military, Use of Al in War,
Artificial Intelligence

The military applications of Artificial Intelligence (Al) have become a prominent topic of interest due to the significant potential Al
holds in supporting U.S. warfighters in their missions. Over the past year, Al has made tremendous advancements in both capability and
availability, particularly in the field of generative Al. With the general public now having access to generative Al, this means that adversaries
of the United States also have access, posing a new challenge. Consequently, the U.S. military must adapt to this evolving threat landscape to
maintain its security and technological edge.

With new Al applications constantly emerging, keeping up with how Al can enhance military operations can be challenging. As Al
becomes increasingly integral to military strategy, dominance on the battlefield will no longer be defined by the size of an army but by the
performance of its algorithms. This shift underscores the importance of examining how Al is currently being used in the military and exploring
its potential future applications.

BACKGROUND ON Al AND ITS MILITARY USES

Acrtificial Intelligence (Al) is defined as the development of computer systems capable of performing tasks that typically require
human intelligence, such as visual perception, speech recognition, decision-making, and language translation. As Al systems become more
advanced, they are proving increasingly useful in various aspects of life, from automated customer service to smart speakers.

Recently, there have been numerous highly publicized advances in Al. One of the most significant developments is the continued
progress in natural language processing (NLP), allowing humans to communicate with machines using typical grammar and syntax, rather than
inputting code. These models are reaching new levels of accuracy and fluency, especially in understanding and fulfilling requests for
customized text or images. Another area of substantial progress has been in computer vision, with new techniques in image and video analysis
achieving breakthrough results. Additionally, advancements have been made in Al-driven decision-making and autonomous systems. These
developments present opportunities for expanded military applications of Al.

The U.S. military has been utilizing Al for many years, even before it became widespread in civilian life. Over time, Al has evolved
to perform more complex tasks, in some cases minimizing the need for human input, although human oversight remains essential. From data
processing to combat simulation, Al can now be used to carry out a wide range of functions in the military.
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Military Applications
of AI Include:

Warfare Systems Threat Monitoring
Strategic Decision Drone Swarms
Making Cybersecurity
Data Processing and Transpoxrtation
Reseazxch Casualty Care and
Combat Simulation Evacuation

Target Recognition

Figure caption: Al can benefit the Military in numerous ways
WARFARE SYSTEMS

Warfare systems such as weapons, sensors, navigation, aviation support, and surveillance can employ Al to make operations more
efficient and less reliant on human input. This additional efficiency means that these systems may require less maintenance. Taking away the
need for full human control of warfare systems reduces the impact of human error and frees up humans’ bandwidth for other essential tasks.

DRONE SWARMS

One of the most exciting emerging military applications of Al involves leveraging swarm intelligence for drone operations. Drone
swarms are inherently more effective than individual drones for several reasons. When a drone within the swarm gathers critical information,
it can either act on it autonomously or relay the data to other drones in the network. These swarms can be utilized in both simulations and real-
world training exercises, demonstrating the ability to make decisions in a variety of scenarios. While the swarm operates under a collective
objective, each drone can independently and creatively contribute toward achieving that goal, enhancing flexibility and responsiveness on the
battlefield.

FIGURE CAPTION: Al-Powered Defence Drone
STRATEGIC DECISION MAKING

One of the best benefits of Artificial Intelligence in the military is in an area that military commanders might feel hesitant to let Al
contribute. That helps with strategic decision-making. AI’s algorithms can collect and process data from numerous different sources to aid in
decision-making, especially in high-stress situations. In many circumstances, Al systems can quickly and efficiently analyze a situation and
make the best decision in a critical situation. It is also able to neutralize prejudices that may come with human input, with the caveat that Al
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may not yet have a fully developed understanding of human ethical concerns and there is a danger of Al learning from the biases that may
exist in materials in its database. However, decision making under pressure is a critical part of being a service member, and Al and humans
can work together to make this process easier. The combination of humans’ ethical understanding and AI’s quick analytical abilities can speed
up the decision-making process.

DATA PROCESSING AND RESEARCH

Figure caption: Moldable Development for Processing Large Data VVolumes

In many cases, processing large volumes of data can be extremely time-consuming, but Al’s capabilities can add value in this area.
Al can be helpful for quickly filtering through data and selecting the most valuable information. It can also aid in grouping information from
various datasets. This can allow military personnel to identify patterns more efficiently, draw more accurate conclusions, and create plans of
action based on a more complete picture of the situation. Generative AI’s analysis capabilities mean that it can find connections in large
volumes of information that might escape humans’ notice or can find them faster than a human would. Thanks to their NLP abilities, generative
Al models can also communicate this information to humans in a conversational manner and engage in a dialogue to explain it.

COMBAT SIMULATION and Training

Military training simulation software has been used in the U.S. Army for quite some time. It combines systems engineering, software
engineering, and computer science to build digitized models that prepare soldiers with combat systems deployed during operations. In simpler
terms, military training simulation software is essentially a virtual “wargame” that is used to train soldiers.

TARGET RECOGNITION

Artificial Intelligence can aid in making target recognition more accurate in combat environments. Al can improve the ability of
systems like this to identify the position of their targets. It can also allow defence forces to acquire a detailed understanding of an operation
area by examining reports, documents, news, and other forms of information, aggregating and analyzing these sources much more quickly than
humans would be able to do so. With generative Al’s conversational abilities, there can be a two-way discussion about this information, so
military decision-makers can ask questions to make sure the most relevant information comes to the surface. Al systems can predict enemy
behavior, anticipate vulnerabilities, and weather and environmental conditions, assess mission strategies, and suggest alleviation plans. This
can save time and human resources, putting soldiers a step ahead of their targets, but as always requires humans to make the ultimate decision.

Artificial Intelligence in Defence and Strategies

Al has significantly expanded the potential for machines to reason and make decisions, enabling them not only to perform tasks but
also to execute critical decisions—sometimes with or without human supervision. Autonomous machines are now utilized across multiple
domains, including intelligence gathering, surveillance, reconnaissance (ISR), and cybersecurity. Al and machine learning (ML) serve as dual-
use technologies, effective for both defensive and offensive military applications. Leading military powers are increasingly employing
intelligent systems to enhance situational awareness, using cyber capabilities to structure and analyze data for better decision-making processes.
Technologically advanced nations are intensifying efforts to foster military innovation, aiming to maintain strategic superiority over adversaries
through Al-driven advancements. By incorporating Al and ML into their defence systems, these nations can counteract the threats posed by
less technologically advanced adversaries. A key focus has been on ensuring the interpretability of autonomous systems to prevent mishaps
and preserve freedom of action in combat. To maintain a competitive edge, other global powers have accelerated their development of Al and
ML technologies, envisioning military strategies that integrate autonomy and Al to create high-tech weapons capable of facing increasingly
sophisticated adversaries.

Al Development and Application in Military
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The Course of Development of Al went through three development stages since the concept came into existence somewhat seventy
years ago. In the first stage, the solutions focused on rules-based approaches like decision trees, Boolean and fuzzy logic and were generally
called expert systems. In the second stage, Al developers focused on the development and application of statistical methods which resulted in
the concept and methodology of machine learning. These were successfully coming up with solutions such as e-mail spam filtering and internet
search engines. The third stage of development, which is going on now, introduced the use of human-like learning methods such as neural
networks, defining the concept and technology of deep learning, and proved to be successful in sensing and perception (NATO Science &
Technology Organization, 2020).

Expectations for Al in Military

As for the expectations concerning Al in military application over the next decade, some of its techniques will define or redefine key
advanced military technologies. Al solutions will be first of all intelligent, exploiting the integration of Al knowledge-focused analytic
capabilities. Then the Al solutions will be interconnected to utilize the network of virtual and physical domains, including sensors,
organizations, individuals and autonomous agents, also exploiting the advantage of blockchain technology for data integrity. They will be
distributed to utilize decentralized and ubiquitous large-scale sensor networks, storage, and computation. Last but not least, they will be
digitally intermingling human, physical and information domains to support novel disruptive effects (NATO Science & Technology
Organization, 2020).

Seven Patterns of Al

There are many applications for Al, including chatbots, automated drones, facial recognition, virtual assistants, cognitive automation,
fraud detection, autonomous vehicles, and applications for predictive analytics. However, regardless of how Al is applied, each of these
applications has something in common. Despite the variety of applications, people who have created hundreds or even thousands of Al projects
know that every Al use case falls into one or more of seven categories, as shown in Figure

FIGURE CAPTION: The Seven Patterns of Al — Key frameworks illustrating the diverse applications of artificial intelligence

Hyperpersonalization

The hyperpersonalization pattern is a way to use machine learning to create an individual profile and then have that profile learn and
adapt over time for various purposes in processing, such as displaying relevant content, recommending appropriate products, and giving
personalized recommendations. Treating each person individually is hyperpersonalization’s main aim and objective. The four components of
a hyperpersonalization plan are decision-making, data foundation, designing, and dissemination. The data foundation is the most crucial
component because a hypercustomization approach depends on customer feedback to provide experiences, even though these components are
important. A hyperpersonalization approach helps in building a client database. This will enable the delivery of hyperpersonalized experiences
in the future.

Pattern Recognition

Pattern recognition (PR) is a powerful computational method for objectively assessing visual data. In short, supervised machine
learning is a distinctive machine-learning strategy in which the algorithm looks for significant patterns that divide into some divisional groups
after being taught on samples. On the other hand, the unsupervised learning process is a technique used in machine learning and Al
augmentation where the computer learns new types of patterns without relying on any examples from earlier training or operations. Typically,
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it is carried out by applying a set of predefined and predetermined rules. Unsupervised pattern recognition learning techniques clustering
divides a dataset into different groups according to predetermined operations criteria, eventually developing a cluster or several clusters [29].
PR has a lot of advantages over other processes. Compared to a manual image processing setup, using PR process full images to identify image
tiles on a grid without any preceding region identification phase is far more advantageous. It can be employed with segmentation algorithms
to optimize the advantages of both strategies. In a limited sense, it is like evaluating confusion matrices in classification experiments. The
quantitative data produced by these PR techniques differ from those produced by segmentation algorithms, which are better, more
advantageous, and more efficient. Unlike the segmentation algorithm, PR can result in a better qualitative experimental finding, such as
identifying the “hits” on a screen [30]. Because it is free from assumptions on the nature or existence of morphological changes in the imaging
experiment, it is a suitable exploratory imaging test. The use of PR based on these advantages is trending right now in business and other
industries. For example, let us see the utilizing stages of regions of interest (ROIs) to process PR.

Conversational Pattern

Over the years, various cutting-edge solutions have been created based on one of the most general conversational Al patterns. The
modern workplace of the twenty-first century is filled with social robots and Al-augmented living helpers. In many industries, including the
military, the significance of interactions between humans and robots is becoming increasingly apparent. With Al technology’s help, this
interaction is termed a conversational pattern. This is characterized as conversational forms of engagement and information spread across
various mediums, including voice, text, and image formats, between machines and humans. This covers the interaction between humans and
machines and their back-and-forth communication. This pattern’s goal is to make it possible for machines to interact with people in the same
way that people do. Over the years, one of the significant advancements has been the development of conversational agents based on
conversational patterns, speech and object recognition, and natural language understanding.

Human: Men ae ol dlive
izt In what wawy ?

Human: Thay'te slwey Bugging o aboul something specific o
other

Biza: Con you think of & spocic example !

Muman: Wel, my Sosfrend mades me come heee

Bl Your poyfrend made you come here?

Muman: e seys |'m deprwased much of the tme

BItea: | am sorry 0o M de you e depressod

Hamani it's srue. 'm unhapiny

Bliea: 0o yoru thizk comirg heee wil help you nat 30 be unhapey?
Humani | need some help, that such seema certain

Plies: Waat would it mean to you If you got same heip?
Human: Porhags | coddd fnanm 0o got 2ong with sy mothe:

Miea: Tell me moce about your Samily

ot

FIGURE CAPTION: Various Conversation patterns

Predictive Analytics

It was estimated that by 2025, the price of software for business information and data analytics in the United States alone might reach
a maximum of USD 191.60 billion [42]. American firms are spending more on this money because one of the seven patterns of Al, predictive
analysis, is ensuring a new dawn on the eve of Industry 4.0. Because of the massive development in digital data generated by consumers and
the resulting services sector now holds the highest part of the market for predictive analytics software due to the necessity to extract strategic,
vital information, investors are focusing more and more on this prospect of Al. For businesses to analyze consumer behaviour and develop
niche marketing strategies, predictive analytic Al is more essential than ever. Also, people can create fruitful, enduring friendships if loT
(Internet of Things) technology, another predictive analytic software prospect, is used to obtain engagement insights. 10T has already shown a
great prospect of application in the military sector.

Goal-Driven Systems Pattern

One of the core patterns of Al is the “goal-driven systems pattern” out of the seven patterns of Al. Like the others, this type of artificial
intelligence is used to address a common set of issues that would otherwise require human cognitive ability. Finding the best answer to an
issue is the challenge that machines must deal with in this specific pattern. The issue could be navigating a maze, streamlining a supply chain,
or minimizing idle time and travel routes. Regardless of the precise need, the power we seek is discovering the greatest solution through trial
and error, even if it is not obvious.

Autonomous Systems Pattern
Autonomous intelligence, or the autonomous system pattern, is the most sophisticated type of Al, in which procedures are automated

to produce the intelligence that enables computers, bots, and systems to behave independently of human interaction. This Al class may have
the most use in the military sector worldwide. Autonomous systems are capable of carrying out a task, achieving a goal, or interacting with
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their surroundings with little human intervention. These systems must also be able to anticipate events, make plans, and be aware of their
surroundings, which makes more sense as to why these are used to fulfil military aims and objectives. This covers both physical hardware and
autonomous software systems (software “bots”).

Identifying Patterns and Anomalies

The patterns and anomalies are one of the seven Al patterns which are most frequently used in different industries worldwide, and the
military sector is no different. Anomaly detection for advanced military aircraft with the help of Al-augmented neural networks and machine
learning is very common now. Machine learning is especially adept at swiftly shifting through huge amounts of data to detect patterns,
abnormalities, or outliers. One of those Al uses, known as “pattern-matching,” tends to crop up repeatedly, and with good reason—it has a
wide range of uses. The basic aim and objective of Al’s patterns and anomalies pattern are to understand patterns in the data and find higher-
level connections between that data using machine learning and other cognitive approaches. Finding what fits with the current data and what
does not requires determining whether a given data point matches an existing pattern or is an outlier or anomaly. There are numerous ways to
apply this design, one of the more popular patterns.

Al in Defence: Navigating Concerns, Seizing Opportunities

Artificial Intelligence continues to shape the defence landscape, bringing unprecedented opportunities alongside an array of concerns.
As the nation advances toward a future increasingly dominated by Al, there’s growing apprehension around how current and future propagation
might impact areas such as weaponization, alignment, enfeeblement, eroded epistemic, value lock-in, deception, biases and potential job loss.
Nevertheless, these challenges coexist with immense potential benefits, including improved efficiency, accuracy and strategic advantage in
defence applications. Al is a broad term that refers to computer systems designed to mimic human intelligence. It can be programmed to learn,
reason, problem-solve, perceive and even interpret language. Two prominent subsets of Al are machine learning, where systems learn from
data to improve their performance, and deep learning, a more complex form of machine learning modelled on the human brain.

Al’s potential in defence is vast. It can streamline operations, enhance decision-making and increase the accuracy and effectiveness
of military missions. Drones and autonomous vehicles can perform missions that are dangerous or impossible for humans. Al-powered
analytics can provide strategic advantages by predicting and identifying threats. Currently, several key advancements in Al and machine
learning have been showing significant potential to reshape the military and defence sectors. They are:

Autonomous Systems:

The development of autonomous systems, particularly drones and unmanned vehicles, has been a key area of progress. These systems
can handle a range of tasks, from reconnaissance missions to logistics support, and even direct combat scenarios. They can navigate hazardous
environments, reducing risk to human soldiers.

Predictive Analytics:

Advanced AlI/ML models are used for predictive analytics to forecast potential threats or maintenance needs. They can analyze vast
amounts of data to spot patterns and trends that might be impossible for human analysts to discern, thereby contributing to proactive defence
strategy and efficient resource allocation.

Cybersecurity:

Al and machine learning are becoming crucial in the fight against cyber threats. These technologies can identify and respond to
potential threats faster than traditional methods, often in real-time. They can also learn from each attack, continually improving their defensive
capabilities. Al is also being used to create highly realistic combat simulations for training purposes. These virtual environments can replicate
a wide range of scenarios and conditions, providing soldiers with a diverse and comprehensive training experience.

With intelligent systems for command and control, the technologies can assist in processing and interpreting the huge data volumes
generated in modern warfare. This can provide commanders with a comprehensive, near real-time picture of the battlefield, aiding decision-
making and strategic planning.

As illustrated in the preceding examination of Al’s potential, the transformative opportunities for the defence sector are profound,
signifying a future of increased efficiency, strategic superiority and precision. However, as we transition to the realm of these promising
prospects, society must also squarely confront the array of concerns brought about by this revolutionary technology. Developing a
comprehensive understanding of these potential challenges is equally vital as harnessing the opportunities to ensure secure, responsible and
balanced integration of Al in our defence systems. With that perspective, the notable concerns associated with the adoption of Al in defence
are defined.

Preventive Military Attack

A preventive military attack is a military action taken to prevent a future threat, rather than an imminent attack. Preventive military attacks are
different from preemptive strikes, which are taken in response to an imminent attack.

Here are some characteristics of preventive military attacks:

Motivation

Preventive military attacks are based on the belief that a military conflict is inevitable and that delaying action would be riskier.
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Target
Preventive military attacks are aimed at a party that has a latent threat capability or has shown an intention to attack in the future.

Goal
Preventive military attacks aim to prevent a shift in the balance of power.
Legality

Preventive military attacks are generally considered unacceptable in international law because they are based on speculation rather than an
imminent threat.

Difficulty

Preventive military attacks are difficult because it is hard to assess an enemy's future intentions and abilities. It is also difficult to convince the
public that a preventive military attack is a justifiable act of self-defence.

Military Target Detection and Recognition

The traditional target detection method mainly realizes the extraction of features such as image color and shape through feature
selection, and subsequently classifies the features through a classifier, but this method requires high pixel quality of the image, and due to the
images acquired in complex combat environments usually lose some of the key features, thus leading to an average detection effect.

Compared with it, deep learning-based target detection methods are based on convolutional neural networks, which correct the
problem of information loss caused by incomplete image features and can effectively achieve accurate target detection in complex battlefield
environments, but at the same time, deep neural networks cannot be effectively deployed on general unmanned system platforms due to the
problems of more model parameters and more complex models. For the effective application of such methods in unmanned systems, researchers
in the field of engineering have conducted a lot of exploration. Lee et al. (2019) empirically evaluated underwater sonar images by stylized
transmission and used a deep learning-based target detection method. Zeng et al. (2021) designed a multi-target detection of underwater visible
images based on improved Fast-RCNN and generative adversarial networks, with potential military applications. Xu et al. (2020) used Fast-
RCNN and YOLOv3 models to train on UAV image data and achieved fast detection of multiple types of targets on the battlefield.

In complex military combat environments, especially in urban counterterrorism operations, three main reasons constrain unmanned
system platforms from conducting efficient target Recognition and detection: (1). Due to the complexity of the environment, the quality of the
images acquired by the sensors receive the influence of uncertainties such as light, smoke, and occlusion, which can easily generate large data
noise. (2). Due to the specificity of anti-terrorist operations, the existing number of training samples is seriously insufficient, which restricts
the learning ability of image detection networks. (3). Current unmanned system platforms are more towards miniaturization and lightweight,
and their dedicated mission computers are not strong enough to perform complex neural network calculations, often making it difficult to
perform complex neural network calculations, resulting in low efficiency of image detection models in applications. To address the above
problems, this paper proposes a fast detection method for battlefield military targets based on generative adversarial networks and EfficientDet.
This approach establishes the foundational recognition framework using the lower computational power-dependent EfficientDet-D0 network.
It utilizes GAN networks to enhance the higher-level features of EfficientDet, effectively combating the issue of small-sample datasets. This
results in achieving elevated recognition accuracy without compromising recognition speed during practical application. The method is further
implemented on real embedded platforms. The specific research contributions of this paper are as follows.

Proposed a generative adversarial network-based higher-order feature reuse method to further strengthen the feature extraction
network to address the problem of relatively lower accuracy of the first-stage model detection.
Considering the requirement for algorithm application to be lightweight and adaptable to low computational power embedded platforms, a
lightweight improvement method based on EfficientDet is proposed to use higher-order features for adversarial learning, as a way to achieve
fast feature extraction of unknown targets.

Aiming at the lack of a dataset for the current target detection model in the military counter-terrorism field, a dataset of military target
images in visible light mode is designed and constructed.

Finally, this improved network is deployed on an existing unmanned vehicle to validate the ability to recognize military targets in
real-time in a real, complex environment. The results show that the detection model based on this method has higher detection speed and
accuracy on the unmanned vehicle, and is more effective for rapid detection of enemy targets in complex environment-oriented tasks.

Future Applications of Defence Mechanism

Unmanned Vehicles

These could be used for logistical support, such as transporting supplies between bases and deployed forces.
Additive Manufacturing

This technology could revolutionize military logistics by allowing for the quick and inexpensive production of supplies, parts, and equipment.

Biotechnologies
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These could improve the ability of soldiers to fight and survive on the battlefield.

New Energy Technologies

These could reduce the amount of fuel needed to operate equipment and facilities, and could also power directed energy weapons.
Avrtificial Intelligence (Al)

Al could be used to optimize defence operations and increase military efficiency.

Machine Learning

This is a subset of Al that allows algorithms to learn without being explicitly programmed.

Large Language Models (LLMs)

These models can automate text-based interactions, such as writing reports, and can also help with analyzing and summarizing documents.
Space

By 2040, all global powers are expected to have fully established space forces.

Extended and Augmented Reality

The merger of brain-computer interfaces and augmented reality could lead to a robotized battlefield.

Hybrid Human-Machine Teaming

By 2040, there is expected to be a seamless integration between humans and machines.

Impacts of Al in Defence :

1. Enhanced Decision-Making and Speed

Al-driven systems allow for faster and more informed decision-making by processing large amounts of data quickly. In high-stakes combat
scenarios, Al can analyze complex variables in real time, offering predictive insights and helping commanders make more accurate
decisions. This accelerates response times and can provide a tactical advantage during critical moments in warfare.

2. Improved Surveillance and Reconnaissance

Al enhances Intelligence, Surveillance, and Reconnaissance (ISR) by automating data collection and analysis from multiple sources, such
as drones, satellites, and ground sensors. Al algorithms can detect anomalies, identify targets, and monitor potential threats more efficiently
than human operators, allowing for continuous and more accurate surveillance.

3. Autonomous Systems and Robotics

Al enables the development of autonomous systems, such as drones, unmanned vehicles, and robotic combat units. These systems can
operate independently or semi-independently in hazardous environments, reducing the risk to human soldiers. Autonomous systems are
capable of conducting missions like reconnaissance, logistics, and even offensive operations, all while minimizing human involvement in
dangerous areas.

4. Cybersecurity and Threat Detection

In the age of digital warfare, Al plays a critical role in defending against cyberattacks. Al systems can monitor networks, detect anomalies,
and identify potential threats faster than traditional methods. Al-driven tools enhance military cybersecurity by identifying malicious
activity, blocking threats before they cause damage, and even predicting future cyberattacks based on patterns of behavior.

5. Cost Efficiency and Resource Optimization

The use of Al can reduce the operational costs of military activities by optimizing logistics, resource allocation, and maintenance
schedules. Al-based predictive analytics help minimize equipment downtime, automate supply chains, and improve overall resource
management, leading to more efficient use of defence budgets.

6. Ethical and Security Concerns
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The integration of Al in defence raises significant ethical concerns, especially regarding the use of lethal autonomous weapons. The
possibility of machines making life-and-death decisions without human oversight brings up issues related to accountability, legality, and
morality. Moreover, the use of Al in warfare could escalate arms races and increase geopolitical tensions if not properly regulated.

Goals of Al in Defence :

1. Maintaining Technological Superiority

One of the primary goals of incorporating Al in defence is to maintain technological superiority over adversaries. By investing in cutting-
edge Al technologies, militaries can ensure they stay ahead in terms of capabilities such as autonomous systems, decision-making speed,
and cybersecurity. Al helps nations gain an edge in modern warfare, where technological advancements play a critical role in achieving
strategic dominance.

2. Autonomous Warfare Capabilities

The future of warfare may see an increasing reliance on autonomous systems for combat operations. The goal is to create Al-driven
systems that can autonomously conduct missions such as targeting, surveillance, and reconnaissance without human intervention. These
systems would enhance combat effectiveness while reducing the need to place soldiers in harm's way.

3. Enhanced Situational Awareness

Al aims to improve situational awareness on the battlefield by integrating and analyzing data from various sources, such as sensors,
satellites, and drones. The goal is to create a comprehensive, real-time understanding of the battlefield, enabling military forces to make
more informed decisions, anticipate threats, and respond more effectively.

4. Increased Operational Efficiency

Another key goal is to enhance the overall efficiency of military operations. Al can automate various aspects of logistics, such as supply
chain management, transportation, and maintenance, leading to better resource management and cost reduction. The military can optimize
its operations through predictive analytics, ensuring that equipment is always combat-ready and resources are used efficiently.

5. Cyber Resilience and Defence

Strengthening cyber defences is a crucial goal in modern warfare, where cyberattacks can cripple critical infrastructure. Al systems are
designed to enhance the military’s ability to detect, respond to, and mitigate cyber threats in real time. The goal is to create resilient
networks that can protect sensitive information, ensure mission continuity, and prevent adversaries from exploiting vulnerabilities.

6. Minimizing Human Casualties and Risk

One of the primary objectives of Al in defence is to minimize human casualties by reducing the need for direct human involvement in
dangerous missions. Autonomous systems can take on high-risk tasks such as bomb disposal, surveillance in hostile areas, and combat
support, ensuring the safety of military personnel while maintaining mission success.

7. Interoperability and Multinational Collaboration

The global nature of modern military alliances, such as NATO, means that Al systems need to be interoperable between different nations.
A goal of Al in defence is to ensure that systems can seamlessly operate across various platforms and environments, enabling multinational
forces to collaborate effectively during joint operations and missions.

Conclusion

Artificial Intelligence (Al) is rapidly transforming the defence sector, reshaping military operations and national security strategies.
The integration of Al into various defence domains—such as intelligence, surveillance, reconnaissance (ISR), autonomous weapons systems,
and cyber defence—has introduced unprecedented capabilities for improving operational efficiency, decision-making speed, and situational
awareness. Al enables machines to perform critical tasks autonomously, reducing human workload while enhancing real-time responses to
complex threats, ultimately providing a significant strategic advantage in modern warfare.

One of the major strengths of Al in defence is its ability to process vast amounts of data quickly and with precision. This allows
military forces to improve situational awareness, anticipate enemy actions, identify emerging threats, and make informed decisions based on
data-driven insights. The use of Al for predictive analytics also helps optimize the deployment of resources, streamlining logistical and tactical
planning, which in turn can lead to greater operational effectiveness.

Moreover, the role of Al in autonomous systems and weapons technology is reshaping combat operations. Al-powered autonomous
vehicles, drone swarms, and smart weapons have proven to be game-changers, offering greater flexibility and efficiency in both offensive and
defensive operations. These systems enable militaries to operate in high-risk environments with reduced human intervention, minimizing
casualties while maximizing mission success.

The impacts of Al in defence are vast, transforming military strategies, enhancing operational efficiency, and reshaping how nations
approach national security. The goals of integrating Al into defence systems revolve around maintaining technological superiority, improving
situational awareness, and minimizing risk to human life. However, the responsible deployment of Al technologies, with a focus on ethical
considerations and proper oversight, will be essential in shaping the future of warfare.

IJ]NRD2409309 International Journal Of Novel Research And Development (www.ijnrd.org) d104



http://www.ijrti.org/

© 2024 IJNRD | Volume 9, Issue 9 September 2024 | ISSN: 2456-4184 | INRD.ORG

However, the rise of Al in defence comes with challenges that require careful attention. As Al systems gain more autonomy, ensuring
their reliability, transparency, and accountability becomes critical to preventing unintended consequences, such as misidentifications or
accidents in combat situations. Ethical concerns regarding the deployment of fully autonomous weapons and Al-driven decision-making
processes also need to be addressed, alongside the development of international norms and regulations to govern their use responsibly.

As global powers continue to compete for technological dominance, Al will play an increasingly central role in military capabilities.
The nations that successfully integrate Al into their defence strategies will have a clear advantage, shaping the future of warfare and national
security. However, this technological race must be balanced with an emphasis on ethical considerations, proper oversight, and collaborative
efforts to mitigate risks. In conclusion, Al has the potential to redefine military power and strategy, making it a cornerstone of modern defence
in the 21st century.

REFERENCES

[1] https://www.ddpmod.gov.in/sites/default/files/ai.pdf

[2]https://www.iiss.org/en/online-analysis/online-analysis/2024/01/early-steps-in-indias-use-of-ai-for-
defence/#:~:text=1n%202022%2C%20the%20government%20published,domain%20awareness%20and%20border%20security.

[3]https://sdi.ai/blog/the-most-useful-military-applications-of-ai/#:~:text=THREAT%20MONITORING,-
Threat%20monitoring%2C%?20as&text=There%20are%20unmanned%20systems%20that,be%20used%20in%20these%20situations.

[4] https://sdi.ai/wp-content/uploads/2022/02/red-photo.jpg

[5] https://sdi.ai/blog/the-most-useful-military-applications-of-ai/

[6] https://sdi.ai/wp-content/uploads/2022/02/military-applications-of-Al.png

[7] https://sdi.ai/wp-content/uploads/2022/02/Drone-Swarm-1.jpg

[8] https://sdi.ai/wp-content/uploads/2022/02/blue-photo.jpg

[9] https://link.springer.com/chapter/10.1007/978-3-030-70740-8_17

[10] https://www.jstor.org/stable/487322667seq=4

[11] file:///C:/Users/bhavi/Downloads/Artificial_Intelligence_in_Military_Application_-_.pdf

[12] Artificial Intelligence in the Military: An Overview of the Capabilities, Applications, and Challenges - Rashid - 2023 - International
Journal of Intelligent Systems - Wiley Online Library

[13]https://www.nationaldefensemagazine.org/articles/2023/7/25/defense-department-needs-a-data-centric-digital-security-organization

[14]https://lwww.google.com/search?q=preventive+attack+military&rlz=1C1RXQR_enIN1124IN1124&oqg=military+attack+preven&gs
_lerp=EgZjaHIvbWUqDAgBEAAY CBgNGA8YHjIGCAAQRRg5MgwlIARAAGAgYDRgPGB4yDQYCEAAYhgMYgAQYigUyDQg
DEAAYhgMYgAQYigUyDQQEEAAYhgMYgAQYigUyDQYFEAAYhgMYgAQYigUyCggGEAAYgAQYogQyCggHEAAYJAQYog
QyCgglEAAYgAQYogQyCggJEAAYgAQYogTSAQoyNDASMmowajEL1gAIAsAIA&sourceid=chrome&ie=UTF-8

[15]https://www.sciencedirect.com/science/article/abs/pii/S095219762400054 X#:~:text=The%20traditional %20tar get%20detection%20
method,images%20acquired%20in%20complex%20combat

[16]https://www.google.com/search?q=Future+application+of+defence&sca_esv=b6443705119e5022&rlz=1C1RXQR_enIN1124IN11
24&biw=1366&bih=641&sxsrf=ADLYWILLY ZbJoq6zRXNdFXv7UEZ4nlvILQ%3A1726555298926&ei=0iTpZsufOl2gseMPvunl-
AY &ved=0ahUKEwjL-
Jvar8mlAXUNUGwWGHb50GW8Q4dUDCA8&uact=5&oq=Future+application+of+defence&gs_lp=Egxnd3Mtd2I6LXNIcnAiHUZ1dH
VyZSBhcHBsaWNhdGIvbiBvZiBkZWZIbmNIMgQQIxgnMgQQIxgnMggQABiIABBIiBDIIEAAYgAQYogQyCBAAGIAEGKIEMgg
QABIABBIIBEjNGICUBVjtC3ABeAGQAQCYAY0CoAHSCKoBBTAuMIi4zuAEDYAEA-
AEBmMAIDOALKA8ICChAAGLADGNYEGEeY AwCIBgGQBgiSBwUXLjAUMgAHSCA&sclient=gws-wiz-serp

IJ]NRD2409309 International Journal Of Novel Research And Development (www.ijnrd.org) d105



http://www.ijrti.org/
https://sdi.ai/wp-content/uploads/2022/02/red-photo.jpg
https://sdi.ai/wp-content/uploads/2022/02/Drone-Swarm-1.jpg
https://sdi.ai/wp-content/uploads/2022/02/blue-photo.jpg
https://link.springer.com/chapter/10.1007/978-3-030-70740-8_17
https://www.jstor.org/stable/48732266?seq=4
file:///C:/Users/bhavi/Downloads/Artificial_Intelligence_in_Military_Application_-_.pdf
https://onlinelibrary.wiley.com/doi/10.1155/2023/8676366
https://onlinelibrary.wiley.com/doi/10.1155/2023/8676366

