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Abstract - The ICS Sentinel platform is a state-of-the-

art cyber threat intelligence (CTI) solution intended to 

protect Industrial Control Systems (ICS) against 

emerging cyber threats. It is developed with a 

contemporary web architecture, utilizing a React 18.2.0 

frontend with Vite, Tailwind CSS, and markdown 

rendering for user-friendly threat analysis and reporting. 

The platform includes a secure, role-based 

authentication mechanism with guarded routing, 

providing authorized access to key functionalities. Its 

RESTful API allows for hassle-free communication with 

a backend for real-time data retrieval of threats, user 

administration, and generation of reports. The main 

constituents are a threat dashboard, extensive analysis 

interface, and report generator, which provide security 

teams an effective means of monitoring, analyzing, and 

acting on ICS-specific threats. The system makes use of 

React Context API as a state management tool and 

Axios for strong API interactions, augmented by loading 

and error states that improve user experience. 

Containerized through a multi-stage Docker build 

(build: Node 20.9.0, prod: Nginx 1.25.3-alpine), ICS 

Sentinel promotes scalable, secure deployment. 

Engineered for use on critical infrastructure, it speaks to 

the singular cybersecurity concerns of ICS environments 

with actionable intelligence, responsive design, and 

alignment with best practice in component separation, 

secure communication, and sustainable styling. Through 

the combination of threat indicator management and 

technical analysis, ICS Sentinel enables organizations to 

enhance their cybersecurity stance, reduce risks, and 

safeguard critical industrial operations from advanced 

cyber attacks. 

 

Key Words: ICS, SCADA, IOC, MATLAB, SIEM, 

Cyber Threat. 

 

1.INTRODUCTION  

 

Industrial Control Systems (ICS) are pivotal in 

managing critical infrastructure, including energy grids, 

water treatment facilities, and manufacturing plants. 

Historically isolated, these systems now integrate with 

digital networks to enable remote monitoring and 

operational efficiency. This connectivity, however, 

exposes ICS to cyber threats like ransomware and 

targeted attacks (e.g., Stuxnet, BlackEnergy), which 

exploit vulnerabilities in legacy hardware and real-time 

operational constraints. [1] The growing complexity of 

ICS environments necessitates specialized cyber threat 

intelligence (CTI) to detect and mitigate risks 

effectively. 

 

The escalating frequency and sophistication of cyber-

attacks on ICS underscore the urgent need for tailored 

cybersecurity solutions. Disruptions to ICS can lead to 

catastrophic consequences, including economic losses, 

environmental damage, and threats to public safety. [2] 

ICS Sentinel addresses this critical gap by providing a 

dedicated CTI platform that empowers security teams 

with actionable insights. Its focus on ICS-specific 

threats enhances the resilience of vital infrastructure 

against evolving cyber risks. 

 

This study focuses on the design and implementation of 

ICS Sentinel, a web-based CTI platform for ICS 

environments. It encompasses a React-based frontend, a 

RESTful API for threat data management, and a Docker 

zed deployment pipeline. The platform supports threat 

monitoring, analysis, and reporting, tailored to ICS 

operational needs. [3] The research evaluates its 

effectiveness in addressing cybersecurity challenges 

unique to critical infrastructure. 

 

How can a specialized CTI platform improve the 

detection and mitigation of cyber threats in ICS 

environments? What architectural and functional 

features enable ICS Sentinel to address the unique 

constraints of ICS cybersecurity? How does its user-

centric design enhance security team efficiency? This 

study investigates whether ICS Sentinel can set a new 

standard for ICS threat intelligence. [4] 

 

The research employs malware analysis to evaluate ICS 
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Sentinel’s capabilities, focusing on ICS-specific 

malware like Havex and Black Energy. Simulated 

testbeds replicate ICS environments to assess the 

platform’s threat detection and reporting functionalities. 

[5] Real-time data from the platform’s API is analysed 

to validate its effectiveness against malware behaviours. 

Comparative analysis with existing CTI tools highlights 

ICS Sentinel’s advancements in accuracy and usability. 

 

2. LITERATURE REVIEW 

 

Wiem Tounsi, Helmi Rais, [6] Technical threat 

intelligence survey in an era of advanced cyber attacks. 

Modern cyber attacks call for a new wave of security 

shields. Traditional security that uses heuristic and 

signature in a static fashion does not keep pace with 

new-generation threats that are evasive, resilient and 

complex and known to be so. Organizations must collect 

and exchange real-time cyber threat data and convert it 

to threat intelligence in a bid to avoid attacks or at least 

perform timely disaster recovery.  

 

Hansong Xu; Wei Yu; David Griffith; Nada Golmie, [7] 

A Survey on Industrial Internet of Things: A Cyber-

Physical The Industry 4.0 vision, or fourth industrial 

revolution, is the interconnection of enormously 

deployed intelligent computing and network 

technologies in manufacturing and production 

environments for automation, reliability, and control 

purposes, entailing the construction of an Industrial 

Internet of Things (I-IoT). In particular, I-IoT is 

committed to applying the IoT to make anything, 

anywhere, and at any time interconnected in the context 

of the manufacturing system to enhance the 

productivity, efficiency, safety, and intelligence.  

 

Derui Ding, Qing-Long Han, Yang Xiang, Xiaohua Ge, 

Xian-Ming Zhang. [8] A survey on security control and 

attack detection for industrial cyber-physical systems. 

Cyber-physical systems (CPSs), an integration of 

physical processes, networking, and computation, 

become more and more significant to government, 

critical infrastructure, and daily life. Under physical 

limitations, embedded networks and computers can 

introduce some other security threats, which lead to 

losses of abysmal economy values or social disorder.  

 

Nour Moustafa; Erwin Adi; Benjamin Turnbull; Jiankun 

Hu, [9] A New Threat Intelligence Scheme for 

Protecting Industry 4.0 Systems. Industry 4.0 is the 

fourth industry and manufacturing revolution phase, 

distinct from others in that it offers Internet-enabled 

smart systems, such as automated factories, 

organizations, development on demand, and `just-in-

time' development. Industry 4.0 encompasses the use of 

cyber-physical systems (CPSs), Internet of Things (IoT), 

cloud and fog computing paradigms to develop smart 

systems, smart homes, and smart cities.  

 

Olivier Cabana; Amr M. Youssef; Mourad Debbabi; 

Bernard Lebel; Marthe Kassouf; Ribal Atallah, [10] 

Threat Intelligence Generation Using Network 

Telescope Data for Industrial Control Systems. 

Industrial Control Systems (ICSs) are cyber-physical 

systems which provide enticing targets to attackers 

because of the amount of physical and cyber damages 

successful exploitation can yield. Accordingly, ICSs 

tend to become victims to reconnaissance campaigns - 

synchronized scanning behavior aimed at a broad subset 

of the Internet - whose purpose is to find exposed 

systems.  

 

Sagar Samtani, Maggie Abate, Victor Benjamin & 

Weifang Li [11] Cybersecurity as an Industry: A Cyber 

Threat Intelligence Perspective, The chapter presents an 

in-depth review of the history and present state of Cyber 

Threat Intelligence (CTI) as an industry within the 

cybersecurity space. It highlights the growing 

complexity of cyber-attacks and the resulting necessity 

for timely, contextual, and actionable CTI to drive 

effective cybersecurity decisions. 

 

3. PROPOSED METHODOLOGY 

 

The ICS Sentinel platform is developed based on a 

modular, security-focused methodology to provide 

resilience and flexibility in Industrial Control Systems 

(ICS) environments. The methodology emphasizes the 

creation of a scalable, real-time cyber threat intelligence 

(CTI) solution with robust authentication, effective data 

processing, and actionable threat analysis. The principal 

steps are laid out below: 
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Fig: 3.1 Architecture Diagram 

 

A. System Architecture and Design 

The system is designed with a layered architecture, 

distinguishing the user interface, business logic, and 

data access layers. The frontend is developed with 

React 18.2.0 and Vite for performance optimization 

and Tailwind CSS for responsive and uniform user 

experiences. Backend operations are surfaced 

through secure RESTful APIs for real-time threat 

intelligence fetching, user management, and report 

creation. 

 

B. Secure Authentication and Access Control 

Role-based access control (RBAC) is implemented, 

where users are authenticated by a secure login 

system, and access to platform functionalities is 

provided according to assigned roles. Guarded 

routing mechanisms defend critical resources by 

ensuring that only authorized users can access 

sensitive modules. 

 

C. Threat Intelligence Acquisition and Processing 

The platform collates threat intelligence from 

external threat feeds and internal monitoring 

sources. The indicators are processed, tagged, and 

presented via an easy-to-use dashboard, enabling 

security analysts to view threats relevant to ICS 

networks. 

 

D. State Management and API Communication 

React Context API is used for efficient and 

centralized state management throughout the 

application. API calls are processed using Axios 

with advanced error handling, retry policies, and 

timeouts to ensure strong robustness even in 

unstable networks. 

 

 

 

E. Containerization and Deployment 

In order to facilitate effective and secure 

deployment, ICS Sentinel is containerized with a 

multi-stage Docker process. Development utilizes 

Node.js 20.9.0 in the build process, and Nginx 

1.25.3-alpine for lean, production-level hosting. 

This provides portability across different platforms, 

such as on-premise servers and cloud platforms. 

 

F. Security Enhancements 

All communications are HTTPS-encrypted. Input 

validation, security headers, and secure web 

development best practices are utilized to prevent 

common attacks like Cross-Site Scripting (XSS) and 

Cross-Site Request Forgery (CSRF). 

 

G. Reporting and Analysis 

Markdown rendering is included for adaptable 

report writing. A built-in report generation module 

enables users to generate, personalize, and export 

detailed analysis reports, supporting strategic and 

operational decision-making processes. 

 

H. Continuous Improvement and Monitoring 

A feedback loop is integrated to gather user input 

and system performance metrics. Periodically, these 

inputs are analyzed to optimize threat detection 

capabilities, improve user experience, and respond 

to evolving threat environments. 

 

By this structured and security-focused approach, ICS 

Sentinel intends to provide a robust CTI solution that 

enhances the cybersecurity position of industrial 

operations and abates the dangers involved with 

advanced cyber threats. 

 

4. FINDINGS 

 

ICS Sentinel's assessment focused on its excellence as a 

specialized cyber threat intelligence solution for 

Industrial Control Systems (ICS). In targeting the 

precise requirements of ICS environments, the platform 

provided in-depth threat monitoring and exhaustive 

analysis. With its intuitive React-based frontend, 

security teams were able to manage intricate threat 

information with ease, facilitating quicker identification 

of threats and enhancing the efficacy of cybersecurity 

operations. 
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Fig: 3.1 Dashboard 

 

One of the strongest aspects of ICS Sentinel is its secure 

access control. Through a strong role-based 

authentication model, the platform ensured that sensitive 

threat intelligence features were only accessed by 

authorized users. Moreover, the implementation of a 

structured RESTful API facilitated smooth 

communication between the frontend and backend, 

rendering the retrieval and management of threat data 

structured and dependable. This cautious separation of 

functionality enhanced the overall security stance of the 

platform. 

 

 
 

Fig: 3.2 Analyze the Data 

 

With regards to system performance, ICS Sentinel 

utilized the React Context API and Axios in order to 

ensure seamless state management and data exchanges. 

The technologies helped increase the responsiveness and 

reliability of the platform, particularly during heavy 

threat analysis operations. Minimal lag and regular 

feedback were experienced by users during their 

activities, which helped facilitate a more efficient and 

user-friendly space for processing sensitive 

cybersecurity data. 

 

 
 

Fig: 3.3 Live monitoring 

 

In addition, ICS Sentinel's deployment plan facilitated 

its scalability and flexibility. Through a multi-stage 

Docker build process, the platform had secure and 

efficient containerized deployments. This architecture 

made it very appropriate for integration within various 

critical infrastructure environments without major 

overhead. Overall, ICS Sentinel aligned itself with 

contemporary cybersecurity best practices, enhancing 

threat visibility, improving readiness for operations, and 

enhancing defenses against complex attacks on 

industrial systems. 

 

 
 

Fig: 3.4 All in Single Dashboard 

 

5. CONCLUSIONS 

 

The growing complexity of cyber threats targeting 

Industrial Control Systems (ICS) demands advanced and 

specialized security solutions. ICS Sentinel addresses 

this need by offering a comprehensive Cyber Threat 

Intelligence (CTI) platform tailored specifically for ICS 
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environments. Through its modern web architecture, 

real-time data integration, secure access controls, and 

scalable deployment, the platform empowers security 

teams to detect, analyze, and respond to threats 

effectively. 

By combining a responsive, user-centric design with 

robust backend services, ICS Sentinel not only enhances 

threat visibility but also strengthens the overall 

cybersecurity posture of critical infrastructure sectors. 

Its alignment with industry best practices ensures 

sustainability, scalability, and resilience against 

sophisticated attacks. Ultimately, the deployment of ICS 

Sentinel contributes to safeguarding essential industrial 

operations, minimizing operational risks, and fostering a 

proactive defense against the evolving threat landscape. 

Looking ahead, future enhancements to ICS Sentinel 

could include the integration of machine learning 

models for predictive threat analysis, support for more 

diverse ICS protocols, and the development of 

automated response mechanisms. Expanding the threat 

intelligence database through collaborative threat 

sharing and incorporating advanced visualization 

techniques will further improve situational awareness 

and decision-making for security teams. 
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