
 

 

International Journal of Innovative Research in 

Computer and Communication Engineering 
(A Monthly, Peer Reviewed, Refereed, Scholarly Indexed, Open Access Journal) 

 
 

         Impact Factor: 9.927 Volume 14, Issue 5, May 2026 
 



© 2026 IJIRCCE | Volume 14, Issue 5, May 2026                                          DOI: 10.15680/IJIRCCE.2026.1405046 

 

IJIRCCE©2026                                                 |     An ISO 9001:2008 Certified Journal   |                                                         4002 

Zero Trust Architecture: Never Trust,  

Always Verify 
 

Prof. Shegar S.R.1, Bhor Pratiksha Ganpat2 

Assistant Professor, Department of Computer, Samarth College of Engineering & Management, Belhe, Pune, 

Maharashtra, India 1 

PG Student, Department of Computer, Samarth College of Engineering & Management, Belhe, Pune,  

Maharashtra, India 2 

 

ABSTRACT:  The rapid growth of Internet of Things (IoT) devices has significantly increased cybersecurity risks due 

to weak authentication mechanisms, centralized trust models, and limited device security capabilities. Traditional 

perimeter-based security approaches are insufficient to protect distributed IoT environments from threats such as device 

impersonation, unauthorized access, data tampering, and privacy breaches. The objective of this project is to design a 

Blockchain-Enabled Zero Trust Architecture (ZTA) framework that ensures secure, decentralized, and privacy-

preserving communication in IoT ecosystems. 

 

The proposed methodology integrates blockchain technology with Zero Trust principles to eliminate implicit trust and 

enforce continuous authentication and authorization. A permissioned blockchain network is used to store tamper-proof 

device identities and access logs, while smart contracts automate policy enforcement. Zero Trust mechanisms such as 

least-privilege access, continuous monitoring, and strict identity verification are implemented. Additionally, encryption 

and cryptographic hashing techniques are applied to protect sensitive data. 

 

KEYWORDS: Internet of Things (IoT), Blockchain Technology, Zero Trust Architecture (ZTA), Privacy Preservation, 
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I. INTRODUCTION 

 

1.1 Background 

The rapid growth of the Internet of Things (IoT) has enabled billions of smart devices—such as sensors, wearables, 

smart appliances, industrial systems, and connected vehicles—to share data across networks. In computer engineering, 

IoT integrates hardware, communication, and intelligent software, but traditional perimeter-based security models that 

trust internal systems by default are inadequate for such distributed environments. To address these challenges, Zero 

Trust Architecture (ZTA) has emerged as a modern cybersecurity framework built on the principle of “never trust, 

always verify.” 
 

1.2 Importance 

Expanding IoT networks in domains like smart cities, healthcare, agriculture, transportation, and industry increase risks 

of cyberattacks and breaches. Many IoT devices, with limited resources and weak security, are vulnerable to unauthorized 

access. To address these challenges, integrating Blockchain with Zero Trust Architecture (ZTA) offers stronger identity 

management, secure communication, and privacy preservation. While several approaches exist, there is still a need to 

analyze current solutions, limitations, and future directions. This survey provides a comprehensive overview of 

blockchain-enabled Zero Trust models for enhancing IoT cybersecurity. 

 

1.3 Objectives 

1. Analyze IoT Security – study challenges and privacy issues in IoT environments. 

2. Study Zero Trust – examine principles and components of modern cybersecurity systems. 

3. Examine Blockchain Role – explore Blockchain’s contribution to IoT trust and security. 

4. Review Research – summarize existing Blockchain-enabled Zero Trust frameworks. 

5. Identify Gaps – highlight limitations, challenges, and future research directions. 
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1.4 Scope 

1. IoT Security Challenges – vulnerabilities and risks in connected environments. 

2. Zero Trust Principles – core concepts for modern cybersecurity. 

3. Blockchain Identity Management – secure communication and trust mechanisms. 

4. Privacy Mechanisms – safeguarding data in IoT networks. 

5. Applications – blockchain-enabled frameworks for IoT security 

 

II. LITERATURE REVIEW 

 

2.1 Overview of Existing Research 

Over the past decade, Zero Trust Architecture (ZTA) has gained strong attention in academia and industry. Early work 

focused on identity and access management (IAM), while later studies explored network segmentation, continuous 

authentication, and cloud-native integration. Research shows ZTA reduces insider threats, limits lateral movement, and 

strengthens compliance, with case studies proving its relevance in enterprise and government infrastructures. 

 

2.2 Thematic Analysis 

• Identity-Centric Security: Authentication, MFA, and role-based access control. 

• Network Segmentation: Fine-grained segmentation to contain breaches. 

• Continuous Monitoring: Real-time enforcement, anomaly detection, and AI-driven automation. 

 

2.3 Critical Evaluation 

Strengths include ZTA’s superiority over perimeter models and adaptability to cloud environments. Weaknesses involve 

limited large-scale validation, overlooked user experience and cost issues, and underexplored interoperability across 

diverse platforms. 

 

2.4 Gaps and Opportunities 

Future research should focus on: 

• AI-driven ZTA for adaptive enforcement. 

• Interoperability frameworks for hybrid/multi-cloud integration. 

• Cost-effective strategies for SMEs. 

• User experience optimization balancing security with usability. 

 

III. METHODOLOGY 

 

3.1 Survey Design 

This survey follows a systematic literature review of Zero Trust Architecture (ZTA) research, focusing on peer-reviewed 

studies from 2015–2025 related to identity management, network segmentation, continuous monitoring, and architectural 

models. Databases such as IEEE Xplore, ACM Digital Library, and Scopus were selected for their relevance in computer 

engineering and cybersecurity. 

 

3.2 Data Collection 

Structured keyword searches (e.g., “Zero Trust,” “ZTA,” “cybersecurity architecture,” “identity management”) identified 

over 100 papers. Inclusion criteria required theoretical frameworks, empirical evaluations, or case studies, while 

non-peer-reviewed sources, duplicates, and low-depth works were excluded. 

 

3.3 Analysis Techniques 

Collected literature was examined using qualitative thematic analysis, grouping studies into identity-centric security, 

network segmentation, and continuous monitoring. Comparative evaluation assessed models like microsegmentation and 

software-defined perimeter, while quantitative trend analysis tracked publication growth. Strengths, weaknesses, and 

limitations were critically reviewed to highlight research gaps and future opportunities. 
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IV. SYSTEM DESIGN AND ARCHITECTURE 

 

4.1 Overview of System Architecture 

Definition: In Zero Trust Architecture (ZTA), system architecture is the design of computing environments that enforce 

strict identity verification, continuous monitoring, and dynamic access control. Unlike perimeter-based models, ZTA 

assumes no user, device, or application is inherently trustworthy, requiring every access request to be authenticated, 

authorized, and encrypted. 

 

Importance: A robust system architecture is vital for ZTA’s effectiveness. It ensures consistent security policies across 

hardware, software, and networks, reducing the attack surface and preventing insider threats or lateral movement. Proper 

architecture also supports scalability, modularity, and resilience against evolving cyber risks, while enabling 

interoperability across hybrid and cloud-native environments. Without this foundation, Zero Trust principles cannot be 

fully implemented. 

 

4.2 Architecture Diagram 

 

.  

 

FIGURE 1. Architecture of the ZTA. 

 

ZERO-TRUST ARCHITECTURE (ZTA) 

ZTA is a security framework that requires all users—inside or outside the network—to be continuously authenticated, 

authorized, and validated before accessing applications or data. The architecture typically consists of three layers: control 

plane, data plane, and identity management infrastructure. 

1. Control Plane – Includes the policy engine and administrator that validate user requests. Authentication tickets are 

issued by the authorization server, and logs are maintained through the log server. 

2. Data Plane – Executes access decisions once authentication is confirmed, allowing clients to use system resources. 

3. Identity Management Infrastructure – Provides identity and device management, registration and certification 

authorities, key generation, and audit services. This layer is central to privacy-preserving authentication in ZTA. 

 

4.3 Architectural Components 

Zero Trust Architecture relies on a combination of hardware, software, and secure interconnections. Servers manage 

authentication, policies, and monitoring, while IoT devices such as sensors and mobile endpoints require constant 

verification. Network devices like firewalls and routers enforce segmentation. On the software side, operating systems 

provide encryption and access control, applications integrate enterprise and cloud services, policy engines enforce 

least-privilege rules, and monitoring tools such as SIEM ensure real-time visibility. Interconnections are secured through 

protocols (TLS/SSL, HTTPS, VPNs), APIs for system integration, and microsegmentation to isolate workloads. The 

design principles guiding ZTA emphasize scalability to support growing users and devices, modularity for flexible 

upgrades, security through continuous authentication and encryption, and performance optimized with load balancing, 

caching, and lightweight protocols. Together, these components and principles create a resilient, adaptable, and 

future-ready security framework. 
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4.5 Case Studies or Examples 

4.5.1 Real-World Applications 

• Google BeyondCorp: Replaces VPNs with user/device-based access; continuous verification and posture checks. 

• Microsoft Zero Trust Framework: Applies Zero Trust across identity, endpoints, apps, and data; widely used in 

hybrid/cloud setups. 

• U.S. Federal Agencies (NIST SP 800-207): Adopt Zero Trust to secure critical infrastructure and sensitive data. 

4.5.2 Analysis of Effectiveness 

• Performance Metrics: Reduced attack surfaces, faster anomaly detection, improved resilience; BeyondCorp boosted 

productivity by removing VPN bottlenecks. 

• User Feedback: Microsoft’s model improved experience with SSO and MFA; despite high costs, long-term benefits 

included fewer breaches and easier compliance. 

• Comparative Effectiveness: Zero Trust outperforms perimeter models in preventing credential theft and lateral 

movement; challenges remain with legacy integration and skilled workforce needs. 

 

4.6 Future Trends 

4.6.1 Emerging Technologies 

Zero Trust will evolve with new technologies: 

• Cloud Computing – Security must extend across multiple cloud platforms. 

• Artificial Intelligence (AI) – Enables anomaly detection and automated threat blocking. 

• Edge Computing & 5G – Requires securing data closer to its source with faster networks. 

• Blockchain – Provides tamper-proof identity management and secure transactions. 

4.6.2 Adaptability 

Future ZTA designs must remain flexible: 

• Work seamlessly with both legacy systems and modern cloud platforms. 

• Make context-aware decisions based on identity, behavior, and device health. 

• Adopt Zero Trust gradually to avoid disrupting daily operations. 

. 

V. FINDINGS 

 

5.1 Summary of Results 

1. Identity-Centric Security was the most studied theme (35 papers), emphasizing authentication and access control. 

2. Continuous Monitoring (30 papers) and Network Segmentation (25 papers) were also major focus areas, 

highlighting real-time enforcement and containment. 

3. Case Studies & Implementations were fewer (10 papers), showing limited empirical validation compared to 

theoretical work. 

4. Publication Growth rose steadily from 5 papers in 2015 to 50 papers in 2025, reflecting increasing adoption and 

relevance of Zero Trust 

 

Visual Aids 

 
 

• The bar chart shows the distribution of research themes. 

• The line chart illustrates the growth in ZTA publications over the last decade. 

 

 

 



© 2026 IJIRCCE | Volume 14, Issue 5, May 2026                                          DOI: 10.15680/IJIRCCE.2026.1405046 

 

IJIRCCE©2026                                                 |     An ISO 9001:2008 Certified Journal   |                                                         4006 

5.2 Trends and Patterns 

• Shift to Practice: Research moved from conceptual models to real-world applications like Google BeyondCorp and 

Microsoft’s Zero Trust. 

• Automation Growth: AI and machine learning are increasingly used for anomaly detection and adaptive policy 

enforcement. 

• Limited Validation: Few case studies provide performance metrics or user feedback, showing a gap in practical 

evaluation. 

• Publication Growth: Steady rise in ZTA publications reflects its growing importance in securing cloud-native, IoT, 

and hybrid infrastructures 

 

VI. CONCLUSION 

 

In my survey, I found that Zero Trust Architecture is becoming the backbone of modern cybersecurity. Most research 

focuses on identity security, continuous monitoring, and network segmentation, and publications have grown rapidly in 

the last decade. Real-world examples like Google BeyondCorp and Microsoft’s Zero Trust framework show that it works 

well, but challenges remain in scaling and integrating with older systems. The significance is clear—Zero Trust is 

replacing traditional perimeter-based models and is vital for cloud, IoT, and hybrid environments. For future work, 

researchers should explore AI-driven enforcement, cost-effective solutions for smaller enterprises, and ways to make 

Zero Trust more user-friendly. 
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