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Abstract. The increasing dependence on digital infrastructure has significantly expanded the 

cyber threat landscape, making organizations more vulnerable to sophisticated cyber-attacks. 

Traditional security mechanisms often rely on reactive defense strategies that struggle to iden-

tify emerging threats before they compromise critical assets. To address these challenges, this 

research proposes an intelligent Cyber Threat Intelligence (CTI) framework that utilizes tech-

nical threat indicators to strengthen proactive cyber defense. The proposed framework focuses 

on the collection, processing, correlation, and consumption of network-based indicators such as 

malicious IP addresses, suspicious domains, intrusion detection signatures, and vulnerability 

intelligence. Threat information is organized using standardized CTI formats and mapped to the 

MITRE ATT&CK framework to improve the understanding of attacker behavior and support 

effective defensive decision-making. The framework further integrates network intrusion detec-

tion systems, vulnerability repositories, Sigma rules, YARA signatures, and threat intelligence 

feeds to enable continuous monitoring and rapid detection of malicious activities. By combining 

structured intelligence with real-time security monitoring, the proposed solution enhances threat 

visibility, reduces response time, and supports proactive mitigation against advanced cyber 

threats. The framework also assists security analysts in prioritizing vulnerabilities, identifying 

attack patterns, and strengthening organizational cyber resilience through intelligence-driven 

security operations. 
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promise, Threat Detection, Network Security, STIX, TAXII, Intrusion Detection System, Sigma 
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I. Introduction 

The rapid digital transformation of modern organizations has significantly increased 

their dependence on interconnected information systems, cloud computing platforms, 

mobile technologies, and Internet-based services. While these technological advance-

ments have improved operational efficiency and enabled seamless communication, 

they have also expanded the cyber threat landscape, exposing organizations to increas-

ingly sophisticated and persistent cyber-attacks. Cybercriminals continuously develop 

new attack techniques that exploit software vulnerabilities, misconfigurations, and hu-

man errors to compromise critical infrastructure, steal confidential information, disrupt 

business operations, and cause substantial financial losses. Consequently, cybersecurity 

has evolved from being a purely technical concern into a strategic organizational prior-

ity that requires continuous monitoring, proactive defense mechanisms, and intelli-

gence-driven decision-making. Traditional security approaches that primarily rely on 

signature-based detection or reactive incident response are no longer sufficient to de-

fend against modern cyber threats, emphasizing the need for more adaptive and intelli-

gence-oriented security frameworks.  

 

The frequency and complexity of cyber-attacks have increased considerably in re-

cent years due to the widespread adoption of cloud services, remote working environ-

ments, Internet of Things (IoT) devices, and highly interconnected enterprise networks. 

Advanced Persistent Threats (APTs), ransomware campaigns, phishing attacks, bot-

nets, supply chain compromises, and zero-day exploits have become increasingly com-

mon, targeting both public and private organizations worldwide. Unlike conventional 

attacks that primarily focus on exploiting individual vulnerabilities, modern adversaries 

employ carefully planned attack campaigns involving multiple stages, sophisticated 

evasion techniques, and coordinated attack infrastructures. These evolving attack strat-

egies require organizations to move beyond conventional perimeter security and adopt 

proactive cybersecurity practices capable of identifying malicious activities before sig-

nificant damage occurs. Effective cyber defense therefore depends not only on detect-

ing attacks but also on understanding attacker behavior, motivations, infrastructure, and 

operational techniques. 

 

Cyber Threat Intelligence (CTI) has emerged as one of the most effective approaches 

for strengthening organizational cybersecurity by transforming raw security data into 

meaningful intelligence that supports threat detection, risk assessment, and incident re-

sponse. Rather than focusing exclusively on individual security events, CTI provides 

contextual information regarding attacker tactics, techniques, procedures (TTPs), infra-

structure, malware behavior, and Indicators of Compromise (IoCs). This contextual un-

derstanding enables security analysts to identify emerging threats, predict potential at-

tack patterns, prioritize defensive actions, and improve the overall effectiveness of se-

curity operations. By integrating intelligence collected from multiple internal and ex-

ternal sources, organizations can establish a proactive security posture capable of an-

ticipating attacks instead of merely reacting after compromise has occurred. Conse-
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quently, Cyber Threat Intelligence has become an essential component of modern Se-

curity Operations Centers (SOCs), threat hunting activities, and incident response pro-

grams. 

 

Among the various components of Cyber Threat Intelligence, technical threat indi-

cators play a particularly significant role because they provide measurable evidence of 

malicious activity occurring within organizational networks. These indicators include 

malicious IP addresses, suspicious domain names, file hashes, malware signatures, in-

trusion detection rules, command-and-control server addresses, vulnerability identifi-

ers, and other observable artifacts associated with cyber-attacks. Security devices such 

as firewalls, Intrusion Detection Systems (IDS), Intrusion Prevention Systems (IPS), 

Security Information and Event Management (SIEM) platforms, Endpoint Detection 

and Response (EDR) solutions, and threat hunting platforms continuously utilize these 

indicators to detect, analyze, and block malicious activities. The effectiveness of these 

defensive technologies largely depends on the accuracy, relevance, and timeliness of 

the threat intelligence consumed by the organization. 

 

To facilitate efficient sharing and utilization of cyber threat information, several 

standardized intelligence frameworks have been developed. One of the most widely 

adopted standards is Structured Threat Information Expression (STIX), which provides 

a structured representation for describing cyber threats, indicators, vulnerabilities, mal-

ware, attack patterns, and threat actors. STIX is commonly combined with the Trusted 

Automated Exchange of Intelligence Information (TAXII) protocol, enabling auto-

mated exchange of threat intelligence among organizations, government agencies, and 

cybersecurity vendors. Standardized intelligence formats significantly improve interop-

erability between different security platforms while reducing manual processing efforts 

and enabling real-time threat information sharing. These standards have become fun-

damental building blocks for collaborative cybersecurity defense initiatives across both 

public and private sectors. 

 

Another important advancement in intelligence-driven cybersecurity is the adoption 

of the MITRE ATT&CK framework, which provides a comprehensive knowledge base 

describing adversary behavior throughout the cyber kill chain. Instead of focusing 

solely on Indicators of Compromise, MITRE ATT&CK organizes attacker activities 

according to tactics, techniques, and procedures observed during real-world cyber in-

trusions. This structured mapping enables security professionals to identify detection 

gaps, evaluate defensive coverage, develop threat hunting strategies, and prioritize mit-

igation activities based on actual attacker behavior. By correlating technical threat in-

dicators with ATT&CK techniques, organizations gain deeper visibility into adversary 

operations and can design more effective detection and response mechanisms. 
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II. Literature Survey 

 
The rapid evolution of cyber threats has significantly influenced the development of 

Cyber Threat Intelligence (CTI) frameworks for proactive cybersecurity. Traditional 

security solutions primarily relied on signature-based detection techniques that identi-

fied previously known malicious activities. Although these methods were effective 

against well-documented attacks, they demonstrated limited capability when confront-

ing sophisticated threats such as Advanced Persistent Threats (APTs), ransomware 

campaigns, phishing attacks, and zero-day exploits. As cyber adversaries continuously 

modify their attack strategies, researchers have emphasized the importance of intelli-

gence-driven security approaches that combine threat analysis, contextual information, 

and behavioral monitoring to improve threat detection and incident response. Cyber 

Threat Intelligence has consequently emerged as a critical component of modern cy-

bersecurity operations by enabling organizations to understand attacker behaviors and 

strengthen their defensive capabilities. 

  

Several researchers have investigated the role of structured threat intelligence in im-

proving cybersecurity operations. Standardized intelligence-sharing frameworks such 

as Structured Threat Information Expression (STIX) and Trusted Automated Exchange 

of Indicator Information (TAXII) have become widely accepted for exchanging threat 

information among organizations. These standards enable security systems to share ma-

licious IP addresses, domain names, malware signatures, vulnerabilities, attack pat-

terns, and threat actor information in a structured format. Researchers have reported 

that standardized intelligence sharing significantly enhances interoperability between 

different security platforms while reducing the complexity associated with manual 

threat analysis. Furthermore, automated intelligence distribution enables security teams 

to receive updated threat indicators in real time, thereby improving organizational read-

iness against emerging cyber threats. 

 

Network-based threat intelligence has received considerable attention because net-

work traffic provides valuable evidence regarding malicious activities occurring within 

enterprise infrastructures. Various studies have demonstrated that malicious IP ad-

dresses represent one of the most frequently used technical indicators for identifying 

compromised systems, botnet communication, command-and-control servers, and ma-

licious scanning activities. Researchers have proposed IP reputation systems that com-

bine historical attack records, geolocation information, proxy detection, VPN identifi-

cation, TOR exit node classification, and abuse reports to improve threat detection ac-

curacy. Such reputation-based approaches allow organizations to prioritize defensive 

actions according to the severity and credibility of detected indicators while minimizing 

false-positive alerts.Domain-based threat intelligence has also become an important re-

search area due to the increasing use of malicious domains in phishing campaigns, mal-

ware distribution, and command-and-control communication. Cybercriminals fre-

quently utilize Domain Generation Algorithms (DGAs) to produce thousands of dy-

namically generated domain names, making traditional blacklist-based detection inef-

fective. Consequently, researchers have developed several machine learning and deep 
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learning techniques capable of identifying suspicious domains through lexical analysis, 

entropy measurements, statistical feature extraction, and neural network classification. 

Recent studies have shown that artificial intelligence significantly improves DGA de-

tection accuracy while reducing the computational overhead associated with maintain-

ing extremely large domain blocklists. Similarly, domain similarity analysis and ty-

posquatting detection have proven effective in identifying fraudulent websites designed 

to imitate legitimate organizations for credential theft and phishing attacks. 

 

Intrusion Detection Systems (IDS) and Intrusion Prevention Systems (IPS) remain 

essential components of network security infrastructures. Numerous researchers have 

investigated the integration of Cyber Threat Intelligence with IDS platforms such as 

Snort and Suricata to enhance real-time attack detection capabilities. Signature-based 

intrusion detection systems compare network traffic against predefined rules that rep-

resent known attack patterns. While these systems efficiently detect previously identi-

fied threats, they often struggle against new or modified attack techniques.  

 

III. Research Methodology  

 
The proposed research methodology presents a comprehensive Cyber Threat Intelli-

gence (CTI) framework for improving proactive cyber defense through the effective 

utilization of technical threat intelligence indicators. The methodology integrates threat 

intelligence collection, data standardization, network traffic analysis, indicator correla-

tion, vulnerability assessment, attack behavior mapping, and security monitoring within 

a unified cybersecurity architecture. The primary objective of the proposed framework 

is to assist security analysts in detecting, analyzing, and responding to cyber threats 

more efficiently by utilizing structured threat intelligence and standardized detection 

mechanisms. The methodology emphasizes the practical consumption of technical in-

dicators such as malicious IP addresses, suspicious domain names, intrusion detection 

signatures, malware indicators, and vulnerability intelligence to strengthen organiza-

tional security against evolving cyber-attacks.  

 

The first stage of the proposed methodology involves threat intelligence collection. 

Technical threat indicators are gathered from multiple trusted intelligence sources, in-

cluding public threat intelligence repositories, cybersecurity research organizations, 

commercial threat feeds, vulnerability databases, malware repositories, and open-

source intelligence platforms. These sources continuously provide updated information 

regarding malicious IP addresses, compromised domains, malware signatures, Indica-

tors of Compromise (IoCs), Common Vulnerabilities and Exposures (CVEs), and at-

tacker infrastructure. Collecting intelligence from multiple sources improves data di-

versity and increases the probability of identifying newly emerging cyber threats before 

they impact organizational networks. 

 

After intelligence acquisition, the collected threat information undergoes data nor-

malization and standardization using Structured Threat Information Expression (STIX). 

Standardization ensures that threat indicators originating from different intelligence 
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providers are represented in a common format, thereby improving interoperability be-

tween cybersecurity platforms. The standardized intelligence is stored within a central-

ized Cyber Threat Intelligence repository where it can be efficiently searched, updated, 

and correlated with organizational security events. The use of standardized CTI formats 

simplifies automated intelligence sharing while enabling seamless integration with var-

ious security monitoring solutions. 

 

The next phase focuses on network indicator analysis, where different categories of 

technical threat indicators are processed independently according to their characteris-

tics. Malicious IP addresses are evaluated using historical reputation information, geo-

graphical location, proxy detection, VPN identification, TOR exit node classification, 

and previous attack records. Suspicious domain names are analyzed through domain 

reputation databases, domain generation algorithm (DGA) detection, phishing identifi-

cation, and typosquatting analysis. Network intrusion signatures obtained from trusted 

rule repositories are incorporated into intrusion detection systems for identifying mali-

cious traffic patterns. Similarly, vulnerability intelligence is collected from vulnerabil-

ity databases and exploit repositories to identify software weaknesses that may be tar-

geted by attackers. 

 

Once technical indicators are processed, the framework performs network traffic 

monitoring using Intrusion Detection Systems (IDS) and Intrusion Prevention Systems 

(IPS). Security devices continuously inspect inbound, outbound, and internal network 

traffic while comparing observed communication patterns against the threat intelli-

gence repository. Signature-based detection rules are utilized to identify known attack 

behaviors, whereas anomaly-based monitoring assists in discovering suspicious activi-

ties that may not exactly match predefined signatures. This continuous inspection ena-

bles the organization to detect malicious communication involving compromised IP 

addresses, unauthorized domains, malware distribution channels, command-and-con-

trol servers, and lateral movement activities within enterprise networks. 

 

To improve malware detection capabilities, the methodology incorporates YARA 

rule-based analysis. YARA signatures provide pattern-matching mechanisms capable 

of identifying malicious files through textual strings, binary signatures, hexadecimal 

patterns, and behavioral characteristics. Network traffic and extracted files are exam-

ined against continuously updated YARA repositories to detect malware families, ran-

somware variants, exploit frameworks, and advanced persistent threat artifacts. The im-

plementation of Detection-as-Code principles further simplifies the maintenance and 

deployment of custom YARA rules, allowing security teams to rapidly respond to 

newly emerging malware campaigns. 

 

Another important component of the methodology is vulnerability assessment and 

prioritization. Organizational software inventories are compared against vulnerability 

repositories such as the National Vulnerability Database (NVD) and MITRE Common 

Vulnerabilities and Exposures (CVE) database. The detected vulnerabilities are further 

evaluated using the Exploit Prediction Scoring System (EPSS), which estimates the 
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probability of real-world exploitation based on historical attack behavior and exploit 

availability. This prioritization mechanism enables security administrators to allocate 

remediation resources more efficiently by focusing on vulnerabilities that pose the 

highest operational risk. Integration with exploit repositories further assists analysts in 

identifying vulnerabilities that already possess publicly available exploit code. 

 

To understand attacker behavior beyond simple Indicators of Compromise, the pro-

posed framework integrates the MITRE ATT&CK framework. Technical indicators 

identified during monitoring are mapped to corresponding attacker tactics, techniques, 

and procedures (TTPs), enabling security analysts to understand the complete attack 

lifecycle rather than isolated security events. The ATT&CK mapping supports threat 

hunting activities by identifying detection gaps, improving defensive coverage, and as-

sisting in the development of new security monitoring rules. Heatmaps generated from 

ATT&CK techniques further help prioritize defensive efforts by highlighting the most 

frequently exploited attack techniques relevant to organizational environments. 

 

The methodology also incorporates Sigma rule-based detection engineering to im-

prove Security Information and Event Management (SIEM) capabilities. Sigma rules 

provide vendor-independent detection logic that can be translated into multiple SIEM 

platforms without modifying the original detection strategy. Security events collected 

from firewalls, intrusion detection systems, endpoint security solutions, authentication 

logs, and application logs are correlated with Sigma detection rules to generate action-

able security alerts. This standardized detection mechanism improves portability, sim-

plifies rule management, and enables efficient sharing of detection knowledge across 

different organizations. 

 

Following threat detection, the framework performs correlation and incident analysis 

by combining multiple technical indicators associated with the same security event. 

Instead of evaluating individual alerts independently, the system correlates malicious 

IP addresses, suspicious domains, malware signatures, vulnerabilities, ATT&CK tech-

niques, and SIEM events to construct a comprehensive threat profile. This contextual 

analysis significantly reduces false-positive alerts while improving the confidence level 

of generated security incidents. Security analysts can therefore prioritize incident re-

sponse activities based on the severity, credibility, and potential impact of detected 

threats. 

 

Finally, the effectiveness of the proposed methodology is evaluated through contin-

uous security monitoring and threat intelligence updates. Newly discovered indicators 

are periodically incorporated into the centralized intelligence repository, ensuring that 

detection capabilities remain synchronized with the rapidly evolving cyber threat land-

scape. Performance evaluation focuses on detection accuracy, indicator correlation ef-

ficiency, false-positive reduction, incident response improvement, and overall enhance-

ment of organizational cybersecurity posture. Continuous feedback obtained from se-

curity operations supports ongoing refinement of detection rules, intelligence sources, 
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and analytical models, thereby establishing an adaptive Cyber Threat Intelligence 

framework capable of responding to modern cyber threats. 

 

IV. Existing System 
 

Existing cybersecurity infrastructures primarily rely on conventional security tech-

nologies such as firewalls, antivirus software, Intrusion Detection Systems (IDS), In-

trusion Prevention Systems (IPS), Security Information and Event Management 

(SIEM) platforms, and signature-based detection mechanisms to defend organizational 

networks against cyber threats. These solutions generally identify malicious activities 

by comparing network traffic, files, and system events against predefined signatures, 

rule sets, or static blacklists of known Indicators of Compromise (IoCs). Although these 

approaches provide an essential layer of protection against previously identified at-

tacks, they are predominantly reactive in nature and often fail to detect sophisticated 

cyber threats that continuously evolve through new attack techniques, obfuscation 

methods, and zero-day vulnerabilities. Consequently, organizations relying solely on 

traditional security mechanisms experience increasing difficulty in defending against 

modern cyber-attacks that rapidly adapt to bypass conventional detection systems.  

 

Most existing cybersecurity environments utilize threat intelligence feeds containing 

malicious IP addresses, suspicious domain names, malware signatures, and vulnerabil-

ity information to strengthen network monitoring capabilities. These indicators are 

commonly integrated into perimeter firewalls, IDS/IPS devices, and endpoint security 

platforms to block or detect known malicious activities. However, many existing im-

plementations treat threat indicators as isolated data elements without sufficient con-

textual analysis regarding attacker behavior, attack progression, or adversary objec-

tives. Static blocklists frequently become outdated because cybercriminals continu-

ously modify their infrastructure by changing IP addresses, generating new domains, 

or deploying previously unknown malware variants. As a result, organizations often 

struggle to maintain current intelligence repositories capable of providing reliable pro-

tection against rapidly emerging threats. 

 

Another significant limitation of existing systems is their heavy dependence on sig-

nature-based detection techniques. Security solutions such as Snort and Suricata com-

pare network packets against predefined rule databases to identify malicious traffic pat-

terns. While these systems perform effectively when detecting known attacks, they ex-

hibit limited capability when confronted with novel attack strategies, polymorphic mal-

ware, encrypted communications, or advanced persistent threats. Maintaining large sig-

nature databases also increases computational overhead and requires frequent updates 

to ensure detection accuracy. Furthermore, manually creating and maintaining custom 

detection rules demands experienced cybersecurity professionals, making continuous 

rule management both time-consuming and resource-intensive. 

 

Domain-based threat detection within existing systems also presents several opera-

tional challenges. Traditional blacklist approaches simply block previously identified 
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malicious domains without considering newly generated or dynamically created do-

main names. Modern malware families frequently employ Domain Generation Algo-

rithms (DGAs) that automatically produce thousands of unique domains, making con-

ventional blacklist techniques ineffective. Similarly, phishing attacks increasingly uti-

lize domain impersonation and typosquatting methods that closely resemble legitimate 

organizational websites. Many existing detection systems lack advanced analytical 

mechanisms capable of identifying these sophisticated domain manipulation tech-

niques, resulting in delayed detection and increased exposure to phishing campaigns 

and malware distribution. 

 

Vulnerability management represents another area where conventional approaches 

demonstrate important shortcomings. Existing systems typically identify software vul-

nerabilities using vulnerability scanners and compare detected weaknesses against pub-

licly available vulnerability databases. However, remediation prioritization often de-

pends solely on severity scores without adequately considering exploit availability, at-

tacker activity, or the actual probability of exploitation. Consequently, organizations 

frequently allocate security resources inefficiently by attempting to remediate all iden-

tified vulnerabilities equally, regardless of their practical risk. This approach increases 

operational complexity while delaying remediation of vulnerabilities that pose the 

greatest threat to organizational security. 

 

V. Proposed System 

 
The proposed system introduces an intelligent Cyber Threat Intelligence (CTI) 

framework that enhances organizational cybersecurity through the effective collection, 

analysis, correlation, and utilization of technical threat intelligence indicators. Unlike 

conventional security mechanisms that primarily depend on static signatures and reac-

tive detection strategies, the proposed framework adopts a proactive intelligence-driven 

approach capable of identifying potential cyber threats before they significantly impact 

critical information systems. The framework integrates multiple sources of threat intel-

ligence, including malicious IP addresses, suspicious domain names, intrusion detec-

tion signatures, malware indicators, vulnerability repositories, and attacker behavioral 

information into a centralized security architecture. By combining these diverse intel-

ligence sources, the proposed system provides comprehensive visibility into emerging 

cyber threats while enabling rapid detection, efficient analysis, and timely incident re-

sponse.  

 

Initially, the framework continuously collects threat intelligence from trusted cyber-

security repositories, open-source intelligence platforms, commercial threat feeds, vul-

nerability databases, malware repositories, and security research organizations. The 

collected information includes Indicators of Compromise (IoCs) such as malicious IP 

addresses, compromised domains, malware signatures, Common Vulnerabilities and 

Exposures (CVEs), exploit intelligence, and attacker infrastructure. To ensure interop-

erability among various security platforms, the collected intelligence is standardized 

using Structured Threat Information Expression (STIX) and securely maintained within 
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a centralized Cyber Threat Intelligence repository. This structured storage mechanism 

enables efficient threat searching, automated intelligence updates, and seamless infor-

mation sharing across different security components. 

 

The proposed framework performs continuous monitoring of enterprise network 

traffic through Intrusion Detection Systems (IDS) and Intrusion Prevention Systems 

(IPS). Network packets, DNS requests, email communications, and internal traffic are 

continuously inspected and compared against the threat intelligence repository to iden-

tify malicious activities. Suspicious IP addresses are analyzed using reputation infor-

mation, geolocation, proxy identification, VPN detection, TOR exit node verification, 

and historical attack records. Similarly, suspicious domain names are evaluated using 

domain reputation analysis, Domain Generation Algorithm (DGA) detection, phishing 

identification, and typosquatting detection techniques. This comprehensive inspection 

process enables the framework to recognize malicious communication channels before 

attackers successfully compromise organizational resources. 

 

To improve malware detection capabilities, the proposed system incorporates 

YARA rule-based analysis, allowing security devices to identify malicious files 

through advanced pattern matching techniques. Network traffic and extracted files are 

scanned using continuously updated YARA rule repositories capable of recognizing 

malware families, ransomware variants, command-and-control tools, exploit frame-

works, and advanced persistent threat artifacts. The implementation of Detection-as-

Code principles further enables cybersecurity teams to develop and deploy customized 

detection rules rapidly in response to newly emerging attack techniques. This flexible 

detection strategy significantly improves malware identification while reducing de-

pendency on traditional antivirus signatures. 

 

An important feature of the proposed framework is its intelligent vulnerability man-

agement mechanism. Organizational software inventories are automatically compared 

with information obtained from the National Vulnerability Database (NVD), Common 

Vulnerabilities and Exposures (CVE) repository, and other trusted vulnerability intelli-

gence sources. Each identified vulnerability is further analyzed using the Exploit Pre-

diction Scoring System (EPSS) to estimate the probability of real-world exploitation. 

This risk-based prioritization enables security administrators to focus remediation ef-

forts on vulnerabilities most likely to be exploited by attackers, thereby improving 

patch management efficiency and reducing organizational exposure to cyber threats. 

 

The proposed system also integrates the MITRE ATT&CK framework to provide 

behavioral analysis of attacker activities. Instead of evaluating Indicators of Compro-

mise independently, detected events are mapped to corresponding attacker tactics, tech-

niques, and procedures (TTPs). This behavioral correlation enables security analysts to 

understand the complete attack lifecycle, identify defensive gaps, improve threat hunt-

ing activities, and develop more effective mitigation strategies. Furthermore, 
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ATT&CK-based heatmaps assist organizations in visualizing the most frequently ex-

ploited attack techniques, allowing security teams to prioritize defensive measures ac-

cording to realistic threat landscapes. 

 

To strengthen security monitoring, the framework utilizes Sigma rules for vendor-

independent event detection across multiple Security Information and Event Manage-

ment (SIEM) platforms. Security logs generated by firewalls, endpoint protection sys-

tems, authentication servers, application servers, and network monitoring devices are 

continuously correlated with Sigma detection rules to generate accurate security alerts. 

The vendor-neutral design of Sigma enables organizations to share detection rules 

across heterogeneous environments while simplifying rule management and reducing 

dependency on proprietary SIEM technologies. 

 

VI. System Architecture  
  

 
 

The proposed Cyber Threat Intelligence (CTI) system architecture is designed to 

provide a comprehensive, intelligence-driven framework for detecting, analyzing, and 

responding to modern cyber threats. The architecture integrates threat intelligence col-

lection, data standardization, centralized intelligence management, network monitor-

ing, behavioral analysis, and automated incident response into a unified cybersecurity 

platform. The overall objective of the framework is to continuously collect technical 

threat intelligence indicators, correlate them with organizational security events, and 

generate actionable intelligence that enables proactive protection against emerging 

cyber-attacks. By combining multiple cybersecurity technologies within a single archi-

tecture, the proposed system improves threat visibility, accelerates incident response, 

and enhances the overall resilience of enterprise networks. 

 

The architecture begins with the Threat Intelligence Sources, where cybersecurity 

information is gathered from multiple trusted repositories, including open-source threat 
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intelligence feeds, commercial intelligence providers, malware repositories, vulnerabil-

ity databases such as the National Vulnerability Database (NVD) and Common Vul-

nerabilities and Exposures (CVE), security research laboratories, Computer Emergency 

Response Teams (CERTs), and Open-Source Intelligence (OSINT) platforms. These 

sources continuously provide updated information regarding malicious IP addresses, 

suspicious domain names, malware signatures, Indicators of Compromise (IoCs), at-

tacker infrastructure, vulnerabilities, and exploit intelligence. Collecting information 

from diverse intelligence providers ensures that the framework maintains a comprehen-

sive and up-to-date understanding of the evolving cyber threat landscape. 

 

Once the threat intelligence is collected, it enters the CTI Ingestion and Standardi-

zation module. In this stage, the raw intelligence data is parsed, normalized, and trans-

formed into a structured format using Structured Threat Information Expression (STIX) 

and Trusted Automated Exchange of Intelligence Information (TAXII) standards. 

Standardization eliminates inconsistencies among different intelligence feeds and ena-

bles seamless interoperability between various cybersecurity tools. This process also 

simplifies automated intelligence sharing, allowing security systems to exchange struc-

tured threat information efficiently without requiring manual data conversion or inter-

pretation. 

 

The standardized intelligence is then stored within the Central Threat Intelligence 

Repository, which functions as the core knowledge base of the proposed architecture. 

The repository maintains structured information related to Indicators of Compromise, 

malware families, threat actors, attack patterns, vulnerabilities, campaigns, and security 

tools. In addition to storing threat indicators, the repository continuously enriches the 

collected information by incorporating reputation scores, geographical location data, 

WHOIS records, passive DNS information, abuse intelligence, and contextual 

metadata. This enrichment process improves the quality and reliability of threat intelli-

gence, enabling more accurate threat assessment and informed security decision-mak-

ing. 

 

The enriched intelligence repository supports the Analysis and Correlation Engine, 

which serves as the intelligence processing component of the architecture. This module 

performs IP reputation analysis, domain reputation verification, Domain Generation 

Algorithm (DGA) detection, phishing detection, YARA rule matching, vulnerability 

assessment using the Exploit Prediction Scoring System (EPSS), MITRE ATT&CK 

mapping, Sigma rule correlation, and security event risk scoring. Instead of analyzing 

individual threat indicators independently, the correlation engine combines multiple 

technical indicators associated with the same security event to construct comprehensive 

threat profiles. This contextual analysis significantly improves detection accuracy 

while reducing false-positive alerts commonly generated by conventional security sys-

tems. 
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The proposed architecture further incorporates a dedicated Detection and Monitor-

ing Layer responsible for continuously observing network activities throughout the en-

terprise infrastructure. This layer monitors inbound, outbound, and internal network 

traffic using Intrusion Detection Systems (IDS), Intrusion Prevention Systems (IPS), 

firewalls, DNS monitoring systems, proxy servers, endpoint security solutions, and ap-

plication logs. Network packets and security events are continuously compared against 

the centralized threat intelligence repository and predefined detection rules to identify 

malicious communication, unauthorized access attempts, malware propagation, com-

mand-and-control activities, and suspicious network behavior. Continuous monitoring 

enables the framework to detect attacks during their early stages, thereby minimizing 

organizational risk. 

 

VII. Conclusion 
 

The proposed Cyber Threat Intelligence (CTI) framework presents an effective and 

proactive approach for strengthening modern cybersecurity by integrating technical 

threat intelligence indicators with advanced threat detection and analysis mechanisms. 

Unlike traditional security solutions that primarily depend on static signatures and re-

active defense strategies, the proposed framework combines structured threat intelli-

gence, network traffic monitoring, vulnerability assessment, behavioral analysis, and 

automated event correlation to provide comprehensive protection against evolving 

cyber threats. By utilizing standardized intelligence formats such as STIX and TAXII, 

the framework enables efficient collection, sharing, and management of cyber threat 

information across multiple security platforms, thereby improving interoperability and 

accelerating defensive decision-making. Furthermore, the incorporation of malicious 

IP analysis, domain reputation verification, intrusion detection signatures, YARA-

based malware detection, vulnerability intelligence, and MITRE ATT&CK mapping 

provides security analysts with valuable contextual information regarding attacker tac-

tics, techniques, and procedures. The integration of Sigma rules and centralized threat 

intelligence repositories further enhances security monitoring by improving event cor-

relation, reducing false-positive alerts, and supporting rapid incident response. Contin-

uous threat intelligence updates and automated security actions enable the framework 

to adapt effectively to the constantly changing cyber threat landscape while improving 

organizational resilience against sophisticated attacks. Overall, the proposed system of-

fers a scalable, intelligence-driven, and practical cybersecurity solution that enhances 

threat visibility, accelerates detection and response capabilities, supports proactive 

threat hunting, and significantly strengthens enterprise security operations through the 

effective utilization of Cyber Threat Intelligence.  
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