
          International Journal of Advanced Research in  ISSN: 2349-2819  

          Engineering Technology & Science                    Impact Factor: 7.10 
                     ( Peer-Reviewed, Open Access, Fully Refereed International Journal) 
             Email: editor@ijarets.org       Volume-11, Issue-8 August – 2024        www.ijarets.org 

Copyright@ijarets.org                                                                                             Page  137 

 “ARTIFICIAL INTELLIGENCE METHODS FOR SECURITY AND 

CYBER SECURITY SYSTEMS” 

Virarkar Vishal Chandrashekhar 

Research Scholar, NIILM University Kaithal, Haryana 

Dr. Deepak 

Associate Professor, NIILM University, Kaithal, Haryana 

ABSTRACT  

The rapid expansion of digital infrastructure and the increasing sophistication of cyber threats have 

necessitated the integration of advanced technologies into cybersecurity frameworks. Among these, 

Artificial Intelligence (AI) has emerged as a transformative force, reshaping traditional security systems 

through its ability to analyze vast datasets, detect anomalies, and respond to threats in real time. This 

study explores the application of AI methods—particularly machine learning, deep learning, natural 

language processing, and neural networks—in securing digital environments and preventing 

cyberattacks. AI-driven models have proven highly effective in intrusion detection, malware 

classification, fraud prevention, and phishing attack mitigation, significantly enhancing the accuracy 

and speed of threat identification. The evolution of AI in cybersecurity is also marked by the rise of 

intelligent automated defense mechanisms that can learn from past breaches and adapt to evolving threat 

landscapes. However, implementing AI in cybersecurity systems poses challenges such as algorithmic 

bias, data privacy concerns, adversarial attacks, and the need for high computational resources. This 

research also delves into the socio-economic implications of AI-based security systems, including their 

impact on employment, ethical governance, and regulatory frameworks. Despite these challenges, the 

opportunities for advancement in AI-powered cybersecurity are vast, with ongoing innovations pointing 

toward self-healing networks, autonomous cyber defense agents, and the integration of AI with quantum 

and blockchain technologies. This paper aims to provide a comprehensive overview of how AI methods 

are revolutionizing cybersecurity, offering robust, scalable, and intelligent solutions to combat present 

and future cyber threats while also discussing the limitations and ethical considerations that accompany 

these technological advancements. 
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INTRODUCTION  

One of the factors that has led to the increased interest in artificial intelligence across a broad variety of 

industries is the extensive usage of automation systems and other technological advancements that have 

occurred in the 21st century. A number of reasons, such as the exponential rise of computer power, the 

pervasiveness of smart device integration, and the fast datafication-driven development of organisations, 

have brought to light the possibility of AI-centric solutions. However, as we go through this period of 
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progress powered by artificial intelligence, concerns over the safety and well-being of human civilisation 

are mounting. In light of the huge number of applications that are centred on artificial intelligence, this 

article focusses on the field of cyber security in order to investigate the possible dangers, possibilities, 

and developments that are associated with the application of AI in this field. The term "cybersecurity" is 

defined and pursued in a variety of ways by various organisations and standards operating all over the 

world.  

EVOLUTION OF AI IN CYBERSECURITY 

The rapid development of artificial intelligence in the 21st century has been made possible by the rapid 

advancement of technology. In spite of this, the current fast growth of artificial intelligence is the 

culmination of many decades of research. During the middle of the twentieth century, Alan Turin 

developed the Turing test as a method for evaluating artificial intelligence. John McCarthy, on the other 

hand, was responsible for establishing the framework for the generalisability of AI. In spite of the fact 

that tangible implementations of theoretical frameworks did not appear until a significant amount of time 

later in the century, continued progress has been made in this field. In the 1990s, the information 

technology sector was characterised by the prevalence of more powerful computers as well as exciting 

new developments in the processing and generation of data. The concept of machine learning started to 

acquire popularity in every industrial sector that could possibly exist. The birth of the internet and the 

exponential growth in computer capabilities in processing technologies both demonstrated the true 

potential of neural network (NN) architecture, which is characterised by its ability to do complex analysis. 

At the same time, in the latter part of the 20th century, the military of the United States of America 

emphasised the importance of artificial intelligence in the protection of the nation's national intelligence. 

Even though the paper focused on border security from the perspective of a spectrum of threats, ranging 

from internal to transnational attacks, and the interconnected nature of military, government, and civilian 

information systems, it is essential to improve measures to cope with constantly evolving technology in 

order to safeguard the continued relevance and effectiveness of the National Intelligence Initiative (NII).  

MODERN CORE AI TECHNIQUES IN CYBERSECURITY 

Different subcategories of artificial intelligence, which is a large field that encompasses cutting-edge 

technology, have been shaped to enable applications in the field of cybersecurity. The specialised models 

of artificial intelligence include, but are not limited to, Machine Learning (ML) methods, Deep Learning 

(DL), Neural Networks (NN), Expert Systems (ExS), and Natural Language Processing (NLP). The use 

of these AI-based algorithms has the potential to handle key issues related with unprecedented and 

polymorphic assaults in Cyber Space (CyS) in a manner that is far more effective than in the traditional 

ways that are now being utilised. For this reason, it is vital to investigate the underlying principles and 

operations that fuel these approaches in order to have a better understanding of how they might be used 

in computer science. This will allow one to properly comprehend their usefulness and influence. 

 Machine Learning Models 

 Deep Learning and Neural Networks 

 Expert Systems and their relevance 
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 Natural Language Processing 

THREATS AND VULNERABILITIES 

The applications of artificial intelligence provide considerable benefits to the creation and operation of 

secure networking and system monitoring; yet, the inherent dangers and weaknesses of the technology 

decrease the reputation of the technology, despite the rising interest in AI. The most notorious use of 

artificial intelligence is the negative deployment of the technology by bad actors in order to inflict damage 

to the automated industry as a whole using the exact same mechanisms that were supposed to secure the 

system. Instead of focussing on safety and dependability, the modular properties of artificial intelligence 

may be used to shape the operation into one that is dangerous and destructive. The weaknesses in the AI 

techniques, in addition to that, present many more security problems and offer a danger to exploitation. 

Attackers have the ability to alter the algorithms, cause anomalous behaviours in the mechanism, and 

launch assaults such as adversarial attacks against the system. It is common for hackers to redirect the 

legitimate goal of artificial intelligence in such a manner in order to get personal gains.  

 Adversarial Attacks Against AI Models 

 Privacy Concerns 

 Potential Misuse of AI 

CHALLENGES IN IMPLEMENTING AI 

Even if the prospects have not yet been fully realised, artificial intelligence technologies are becoming 

an increasingly integral aspect of the apps, algorithms, and even human civilisation that are now being 

developed. Artificial intelligence (AI) in cyber security presents a number of obstacles and constraints, 

which often impede development. The fact that the models and methods that are covered in this article, 

as well as those that go beyond the scope of the discussion, are extremely dependent on the quality of the 

data and the availability of a large quantity of data in order to develop representations of the best patterns 

is one of the most significant concerns. It is possible for artificial intelligence to be unable to adequately 

protect against unprecedented cyber attacks if it does not have enough understanding of the system via 

the collection of huge amounts of high-quality data. It is essential to have a solid understanding of these 

constraints in order to accomplish the effective functioning of AI. 

OPPORTUNITIES AND ADVANCEMENTS 

The extensive implementation of artificial intelligence concepts across a wide range of applications 

carries with it a significant promise for tackling a wide range of socioeconomic and environmental 

concerns.  Nevertheless, in order to fully realise this potential, it is absolutely necessary to give research 

activities that are focused at securing these technologies a higher priority.  The field of adversarial 

machine learning is one of the most important fields that is receiving a significant amount of research 

attention.  It is essential to maintain a focused and committed attention in this area since it is one of the 

most important factors in assuring the consistent dissemination of disruptive artificial intelligence 

technologies 
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 Anomaly Detection 

 Signature-based Detection 

 Cloud Security and Encryption 

 Incident Response & Mitigation 

 Threat Intelligence & Deception Technology 

OBJECTIVES 

1. To analyze the current state of artificial intelligence (AI) applications in security and 

cybersecurity systems. 

2. To develop and evaluate AI algorithms for intrusion detection and prevention 

RESEARCH METHODOLOGY  

When contemplating a research technique that takes into account both quantitative and qualitative 

methods, the book written by Alan Bryman is a useful resource.  The expert system technique is an 

example of a deductive reasoning strategy, whereas the neural network method is an example of an 

inductive reasoning approach. These methods are significant to this study because artificial intelligence 

involves the application of deductive, inductive, and transductive reasoning approaches.  According to 

Bryman, the quantitative method is characterised as deductive, and it has the characteristics of being 

epistemologically directed to positivism and ontologically orientated to objectivism.  The qualitative 

method is also defined by Bryman as being inductive, with the characteristics of being epistemologically 

directed to interpretivism and ontologically orientated to constructivism.  Due to the fact that it employs 

already known information in a quantitative manner, this concept implies that the expert system technique 

might be considered deductive.  A further reason why this method is considered objective is that it has 

confined the inputs and outputs in the rule-base, while the rules themselves influence outputs as a 

consequence of the positivist approach.  The neural network technique, on the other hand, is an inductive 

and qualitative approach that involves the construction of a generalised model that generates outcomes 

based on interpretation from existing inputs and outputs in order to develop new knowledge.  Aristotle 

and Sir Frances Bacon support these research methodologies, which are congruent with their 

perspectives.  The term "deduction" is presented by Gill and Johnston as a hypothesis that is tested by 

observation, while induction is presented as the process of using observation to construct a theory.  

Towards the development of neuro-symbolic artificial intelligence, these concepts explore the 

philosophical logic behind the expert system and neural network methodologies.  Therefore, the purpose 

of this study is to investigate the present research output as well as the fundamental components of two 

basic methodologies.  The goal is to achieve a mixed-method approach, which involves integrating the 

conventional knowledge building blocks of neural networks and expert systems with experiments for the 

purpose of gaining an understanding of new information. 

Method 
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Both neurone approaches for machine learning (an inductive approach) and symbolic artificial 

intelligence in the form of an expert system (a human reviewable and deductive approach) are of interest 

to the Neuro-Symbolic AI approach when it comes to machine learning.  As a result, it incorporates both 

inductive and deductive methods in the process of evaluating the study field.  The research issue area is 

not the only thing that have these traits; the procedures that are used to conduct the study also have these 

qualities since they will employ those instruments. 

Research Focus 

In the process of formulating the research questions, the primary emphasis is on addressing areas in which 

the results may result in a greater understanding of the most effective or feasible techniques for 

contributions.  In the realm of EW threat analysis, which is both mission- and safety-critical, the major 

purpose of this project is to investigate the use of machine learning methodologies.  The questions that 

quickly followed were, "What Applications of EW threat analysis can these AI techniques apply to?" and 

"How can Machine Learning approaches have verification and validation with safety or mission-critical 

assurances?" Both of these questions were prompted by the first question.  A search of the relevant 

literature revealed that there has been an increase in interest in this field; however, it also revealed that 

ML approaches have difficulties in terms of certification, and that Symbolic AI methods face difficulties 

in comparison to ML.  A new field, known as neuro-symbolic artificial intelligence, is developing, and 

it is becoming more significant.  'How might neurone methods achieve safety or mission-critical 

assurances?' is a question that was prompted by the field of neuro-symbolic artificial intelligence.  and 

'How do methods to caSymbolic AI execute machine learning?'  Therefore, transferable learning and 

machine learning techniques are applicable. 
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Figure 1. Exploring the Research Theme and Questions 

Main Methods of an Architecture 

An approach to the approaches may consist of training a neural network, then extracting the formula rules 

from the weights and applying them to an expert system method as the rules. This would include the 

newly taught rules combining with the information that was already there.  In this approach, inductive 

and deductive reasoning would be integrated in a mixed-method approach, and it would be possible to 

argue that experience and knowledge would be combined.  All of these strategies are based on an 

algebraic language of knowledge that is universally understood.  Using the neurone approach in 

conjunction with formula extraction, the body of knowledge for the expert system knowledge rules will 

be extracted and presented in a common algebraic format.  Data is the driving force behind these 

methodologies, and a Synthetic Dataset Generator is required to provide the required data source. 
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Figure 2 Architectural Organisation Of Research Themes 

In the implementation of case studies, the needed research topics may be deductive, which means that 

they are understandings derived from previously acquired information. The combination of the literature 

review with the interest areas and gaps results in a logical conclusion. There are obstacles, and as a 

component of the case study, there is a dearth of data that is characterised by datasets that are irregularly 

distributed and lacking in quantity. In addition, decreasing the need for preparatory analysis may raise 

the level of flexibility to changes in the environment and the capacity to deal with unexpected events. In 

addition, the application domain comes with a significant safety concern, and despite the fact that neural 

network techniques provide a machine learning approach, they have problems with review and repeatable 

determinism. A neurone technique, on the other hand, is compatible with the developing study field of 

neuro-symbolic artificial intelligence (NSI), which involves the use of a symbolic AI methodology.  

Additionally, the development of datasets is of importance, but it is contingent on the safety-critical base 

it is built upon. The challenges in neural methods were in repeatable determinism, and they are still in 

the validation and verification stages. The literature review highlighted the area of rule extraction, which 

was addressed as formula extraction. However, in this casestudy area, it was also necessary to address 

repeatable determinism in terms of the random influences that were used. The expert system technique 

also gives a captured knowledge that can be reviewed by humans, according to the literature evaluation 

of the symbolic artificial intelligence approach. 

RESULT AND DISCUSSION  

EW THREAT ANALYSIS, ELECTRONIC SUPPORT TO COGNITIVE 

COUNTERMEASURES 

In this study chapter, the emphasis is placed on EW and threat analysis inside the application domain, 

with processes and procedures being applied to machine learning techniques. These technologies provide 

automation, autonomy, and a quicker reaction to attacks. There have been advancements in threat 

technologies within the application domain, and these technologies deliver these innovations. There is 

also a development of Integrated Air Defence Systems (IADS), which has hypersonic engagements, 
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improved range, higher reach geographically, and more capabilities against stealth aircraft. Threat 

technologies also include AI approaches, but in addition to this, there is also an evolution of Integrated 

Air Defence Systems. As a result of these issues, commanders are concentrating their efforts on defeating 

threats against Anti-Access Area Denial (A2AD). These threats call for strategies to be provided prior to 

the launch and higher up the kill chain, with automation and adaptation via machine learning. 

Platform Protection and Threat Analysis 

The incorporation of Command and Control (C2) and Defensive Aids Suites (DAS) into the automation 

of contemporary air and sea platforms is a design trend that has become more prevalent.  These systems 

are based on Open Architectures (OA), which combine complicated software systems in larger roles, and 

they are modular in nature when they are constructed.  In the realm of the military, these systems are 

totally dependent on mission data; in the absence of mission data, they are likely to be less successful 

since they are dependent on it.  The first threat analysis is used in the operational support procedures via 

the utilisation of this mission data in order to generate countermeasure protection.  As a result, threat 

analysis is a delicate and confidential procedure that is mostly published in private.  However, with the 

permission of the United Kingdom Ministry of Defence, a paper was presented and published  at the 

Egyptian Military Technical College (MTC) in Cairo inside their library. Subsequently, the Institute of 

Physics (IOP) released the work in open access.  This study presented the ways in which threat analysis 

may be used to develop an understanding, as well as the ways in which diagramming methodologies can 

help that understanding in the context of modelling and simulation (M & S).  These techniques of 

diagramming provide assistance for the analysis that may be synchronised and coordinated across 

platforms in collaboration, which makes force protection easier to achieve.  The countermeasure 

description language, often known as C3L, is a markup language that may be used by it. This language 

has the capability to trade and store countermeasures in a common interface format.  An alternative to 

destructive military attack missions was presented in the study, and the overall concept is intended to be 

implemented further along an extended death chain.  In addition to being organised into layers of an 

onion of protection, which are mapped to a Venn diagram of countermeasure design goals with varying 

data requirements, another structure is being implemented.  As a result, the model that has been provided 

provides a measured reaction that protects critical data while mapping those countermeasures to be a 

direct countermeasure to the aim of the attack in each and every level of the extended kill chain.  Within 

the framework of the CEMA theory, this expansion of the death chain naturally incorporates cyber 

methods as well.  
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Figure 3.  Venn Diagram: Influence Spheres and Cm Design 

Threat Analysis for a Countermeasure Process 

It is possible for the military Threat Analysis techniques to be a part of the Intel Life Cycle. These 

approaches are highly data-driven and use specialised collectors, exploitation equipment, and tools. The 

papers that were presented in Cairo presented a method for threat analysis that was presented in three 

main views: the operational view, the system view, and the recommendations. In addition, this method 

utilised modelling and simulation for exploitation, analysis, and diagramming methods to assist in the 

process of creating a digital twin software threat model. This system, which is known as the Ministry of 

Defence Architecture Framework (MODAF), provided two perspectives. Although there are seven 

different perspectives included in MODAF, they are as follows: strategic, operational, service-oriented, 

systems, acquisition, technical, and all perspectives. It might be argued that within the realm of threat 

analysis, five perspectives are equivalent for any work, given that the task is limited to threat analysis 

alone. The 'Operational View' that was provided in Cairo is able to capture the composition of the system 

and will be used to prioritise components in the succeeding 'System Views.' MODAF has been 

superseded by NAFv4, which stands for NATO Architecture Framework version 4, and instead makes 

use of architectural frameworks. However, the 'Overarching Architecture' translates to the Cairo provided 

threat analysis 'Operational View' as the "What" in NAFv4. The 'Reference Architecture' corresponds to 

the 'System View' in NAFv4 as the "How" view. The 'Target Architecture' corresponds to the 

'Recommendations' in NAFv4 and serves as the "With What" Developing an appropriate countermeasure 

and conducting threat analysis within a compact sized company is the overarching idea behind the 

strategy that was presented in Cairo. 
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Figure 4 Lumps and Bumps Snr-75 Imagery Discriminators [J5] 

 

Figure 5  S-75 Rainbow Spectrum Plot  
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Figure 6 Extended Kill Chain  

 

Figure 7 'Phases Of Flight' Illustration  

The mode lines, signal processing chain, phases of flight, and state model may all be represented using a 

modelling environment such as CounterWorX-PROTECT. This allows the analysis and diagramming 
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that is offered to be realisable at that level of realism.  Part of the research that is being done for this 

dissertation is the software model creation process that is being provided here. This technique is used to 

arrive at the software model via the threat analysis.  Additionally, the C3L episodic-countermeasures 

specification language was included into the threat modelling program that CounterWorXPROTECT 

used. This software was then expanded in this dissertation to incorporate threat emitter descriptions with 

the associated countermeasures.  For more information on the approach of creating synthetic datasets by 

using an emitter classification algorithm 

NEURAL EXPERT SYSTEM METHOD, A STEP TOWARD NEURO-SYMBOLIC AI 

When it comes to the application domain, threat data that is available to the public is often incomplete, 

unstructured, unbalanced, and of undetermined confidence. This is comparable to Big Data and comes 

into play when developing datasets. In this scenario, threat data may also be subject to varying security 

precautions depending on the origin and discretion of the data. Therefore, this neuron-based Expert 

System that has been proposed makes it possible to program rules in an algebraic form for threat analysis 

and known physics formulas with imbalanced irregular inputs. This allows for an estimation of the 

unknown values to be completed and rebalanced within the dataset, while also providing an estimate of 

confidence. 

 

Figure  8 Step Intelligence Life Cycle [229] 

It would be beneficial to have a consistent format for the representation of knowledge that could be reused 

for the six phases of the intelligence life cycle that are shown in Figure 4.10 as well as the data 

compartments that are discussed in section 4.2.2. 

4.3 FORMULA EXTRACTION TOWARDS NEUROSYMBOLIC AI 
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This chapter is about formula extraction, which is more particularly connected to rule extraction as part 

of an Explainable AI theme. The topic of this chapter is related to rule extraction.  This study lends 

support to the neural expert systems technique that is discussed in section 4.2; nevertheless, when paired 

with section 4.2, this chapter constitutes the backward chaining component of a neuro-symbolic artificial 

intelligence method.  For the purpose of providing a new rule in the neural expert system technique of 

4.2, the approach that is shown in this chapter has resulted in the learning of a new formula rule from a 

neural network.  The information contained inside a neural network is not yet completely understood.  

Nevertheless, there has been progress made in the field of Rule Extraction via the use of perceptron and 

Recurrent Network layers. 

 

Figure. 9 Dense Layer Neural Network Node Structure 

 

Figure 10 Neural Network Structure In The Paper [237] With Scalar Inputs 

SAFETY-CRITICAL AI FOR NEURAL METHODS AND TRANSFERRED LEARNING 

Providing an explanation of the contents of a neural network might be difficult in order to make neural 

networks more appealing in the application domain; nonetheless, some insights can be found in section 

4.3. In addition, neural networks need a quality that is both repeatable and predictable; hence, testing and 

certification must be repeatable. Random weight initialisations have a big influence on this, therefore it 

is necessary to seek out an alternative non-random technique that has performance that is comparable to 

or even superior to that of the random weight initialisations that are now in use. The nonrandom weight 

initialisation strategies for dense and convolutional layer types are something that are investigated in this 
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chapter. The adversarial assault using the Fast Sign Gradient Method (FSGM) will also be used in this 

chapter for the purpose of assessing the influence of weight initialisation on transferred learning across 

two datasets. This evaluation will take place in the context of one dataset having a controllable distortion 

from the FSGM technique in comparison to the other dataset.  

 

Figure 11 Architecture Of The Baseline Model  
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Figure 12 Accuracy Of Highest Scoring Schemes, Single Epoch Left 10 Epochs Right 

 

 

Figure 13  Emitter Identification Model Architecture 
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Figure 14 Example C4l Script For Generating Time-Varying Radar Behaviour 

Synthetic Dataset Generation with Emitter Identification 

The dataset that was generated (SD_CMRM_Iv1), when applied to an image classifier, achieved 99.8 

percent accuracy in identity classification between the 14 emitters, which contained the same or similar 

exchanged parameters; this is a very high level of disambiguation. This was accomplished during the 

testing of the synthetic emitter dataset generator against emitter ambiguity.  It is possible that some people 

will characterise it as non-traditional disambiguation in comparison to the conventional template 

techniques.  It is possible for the machine learning algorithms to give a high degree of disambiguation 

due to the large dimensionality of the template learning process.  Furthermore, the matching of PRI 

patterns from PD and PRI modulations is made easier in this image format. This is due to the fact that 

the individual pixels in the Blue and Green channels are sensitive to the presence or absence of PRI 

modulations. Additionally, the Red Channel is responsible for capturing progressive scan beam and side-

lobe gains.  Furthermore, the scan speed, beamwidth, and PRI time basis of the radar enable the ability 

to differentiate between radar modes that have either a fast or slow scan outfitting configuration.  In this 

regard, the suggested picture format has the ability to provide templates with a larger dimensionality that 

are created from a machine learning approach. This method is more agreeable when it is paired with the 
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discoveries in Chapter 7 about repeated determinism.  In addition to being able to catch additional CW, 

ICW, or Pulsed emitters that may act in conjunction as a mode discriminator, this approach is considered 

to be broadband since the pictures encompass 16 GHz of the spectrum as 2-18 GHz in the spectrogram.  

That the strength of the broadband connection is equally important when it comes to recognising military 

radar groups of IADS and civilian emitter networks on aircraft or port approaches, particularly when the 

emissions are time or scan synchronized.  On the other hand, this approach is now an ML method for 

identifying emitters via the use of picture classification. In order to develop an ML de-interleaving 

method, it would be necessary to enhance this method to include object recognition and segmentation 

methods.  In addition to this, the approach of generating the dataset has the potential to become a standard 

that has an extraordinarily high disambiguation potential. 

CONCLUSION  

This study explored advanced AI techniques for cybersecurity and electromagnetic activities (CEMA), 

focusing on mission- and safety-critical scenarios with limited and uncertain data. Key contributions 

include a non-random initialization method for neural networks, enhancing determinism, learning 

efficiency, and transferability; a neuron-based expert system offering interpretable decision-making in 

data-scarce environments; and a hybrid neuro-symbolic AI approach combining logical reasoning with 

pattern recognition for explainable cybersecurity solutions. Additionally, a synthetic dataset generator 

extending C3L to C4L enabled high-accuracy classification of radar signals without relying on classified 

data. Overall, these innovations provide robust, consistent, and explainable AI methods for operational 

cybersecurity and civilian platform defense.  
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