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Abstract. The increasing digitization of engineering environments has heightened 

exposure to complex and evolving cyber threats. Digital engineering systems, including 

industrial control systems, cloud-based platforms, and Internet of Things infrastructures, 

require proactive security strategies beyond traditional reactive measures. Cyber threat 

modeling is a structured methodology for identifying, analyzing, and prioritizing potential 

threats, enabling early implementation of effective security controls. This study examines the 

role of threat modeling in digital engineering environments and demonstrates how systematic 

threat assessment enhances the resilience and security of critical engineering infrastructures. 

The findings emphasize that integrating threat modeling into cybersecurity strategies 

improves risk management, reduces vulnerabilities, and strengthens overall system 

protection. 
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Introduction 

Digital transformation in engineering systems has brought significant efficiency and 

automation advantages but has also increased the risk of cyberattacks [1, 2]. Industrial control 

systems, smart manufacturing, cloud platforms, and IoT infrastructures are interconnected 

and exchange large volumes of data, making them attractive targets for malicious actors [3]. 

Traditional security mechanisms, primarily based on predefined rules and signature detection, 

are insufficient to address sophisticated threats, such as zero-day attacks, polymorphic 

malware, and advanced persistent threats [4]. 

Cyber threat modeling provides a proactive approach to information security. It involves 

systematically analyzing system components, data flows, and potential attack vectors to 

identify vulnerabilities and prioritize risks [5]. By anticipating threats during system design 

and deployment, organizations can implement effective preventive measures, enhance 

resilience, and reduce potential economic and operational consequences [6]. This study 

focuses on the significance of cyber threat modeling for ensuring information security in 

digital engineering environments and examines its practical application in enhancing system 

protection. 

 Main Part 

Cyber threat modeling typically follows structured methodologies such as STRIDE, 

PASTA, and Attack Trees [7, 8]. These frameworks enable the systematic identification of 

threats based on system architecture, data sensitivity, and attack likelihood. For example, 
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STRIDE categorizes threats into Spoofing, Tampering, Repudiation, Information Disclosure, 

Denial of Service, and Elevation of Privilege, providing a comprehensive framework for 

evaluating vulnerabilities [9]. PASTA (Process for Attack Simulation and Threat Analysis) 

focuses on risk-centric modeling, integrating business impact, threat intelligence, and attack 

simulations [10]. 

In digital engineering environments, threat modeling involves several key steps: 

1. System Characterization – Mapping system components, interfaces, and data flows. 

2. Threat Identification – Recognizing potential threats based on known attack patterns 

and emerging threats. 

3. Vulnerability Assessment – Evaluating system weaknesses that could be exploited. 

4. Risk Analysis and Prioritization – Estimating potential impacts and likelihood of 

attacks to focus resources on critical areas. 

5. Mitigation Planning – Designing preventive and detective controls to reduce 

identified risks [11]. 

Application of threat modeling in engineering systems has been shown to reduce 

vulnerabilities, improve security awareness, and support compliance with international 

standards such as ISO/IEC 27001 [12]. By integrating modeling with continuous monitoring, 

organizations can dynamically adapt to evolving cyber threats and improve overall resilience. 

Additionally, threat modeling facilitates collaboration between engineering, IT, and security 

teams, ensuring a holistic approach to information protection [13]. 

Conclusion 

Cyber threat modeling plays a pivotal role in ensuring information security in digital 

engineering environments. Structured methodologies enable early identification of 

vulnerabilities, risk prioritization, and implementation of effective security measures. This 

proactive approach not only mitigates potential cyber threats but also enhances system 

resilience and operational continuity. Integrating threat modeling into cybersecurity strategies 

is essential for sustainable and secure operation of modern engineering systems. Future 

research should focus on automating threat modeling processes, improving predictive 

capabilities, and adapting methodologies for emerging engineering technologies such as 

Industry 4.0 and IoT-enabled infrastructures. 
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