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Abstract: Nowadays organizations gather process and derive value from massive volumes of structured and unstructured data 
differently due to the rapid expansion of big data platforms. Organizations that are increasingly operating in distributed ecosystems, 

consisting of cloud infrastructures, data lakes, real-time analytics pipelines, and third-party integrations, are facing security and 
privacy risks of big data and these risks have been increased drastically. For example, unauthorized access, data leakage, insider 
attacks, and compliance violations, among other threats, are making it so that perimeter-based security models are no longer able to 
protect sensitive data. The central message of this article is that instead of adding security afterward, we need to be embedding 
security mechanisms directly into the core of big data platforms in a security-by-design architecture. Considering the input of a Big 
Data and IT Security Specialist, the paper develops a secure big data architecture that, inter alia, includes data encryption, fine-
grained access control, identity and key management, secure data ingestion, and continuous monitoring as part of this comprehensive 
framework. The case of practical implementation featuring an enterprise-scale big data deployment served as the ground for the 
application of the proposed model, wherein the security controls were related to the working of practical operational workflows as 
well as regulatory requirements. Among the most important conclusions drawn is that applying security-by-design principles to data 
protection and compliance not only leads to better security and compliance but also improves the platform's reliability and 

stakeholder trust. The paper wraps up by highlighting the practical implications for architects and security practitioners, basically 
providing doable tools for them to construct strong, secure, and scalable big data platforms in today's enterprise environments. 
 
Keywords: Big Data Security, Secure Data Architecture, IT Security, Distributed Systems, Data Privacy, Zero Trust, Cloud Security, 
Compliance. 
 

1. INTRODUCTION 
Big data platforms are nowadays the backbone of enterprise systems as they help organizations to handle extremely large data 

volumes for their analysis, automation, and decision-making. The breakthroughs in distributed storage, parallel processing 
frameworks, and cloud-native architectures have unlocked the capability to get data-driven insights at a scale and speed never seen 
before. Yet, the rapid integration of these solutions has brought along serious security and privacy issues that standard info security 
models cannot cope with anymore. In contrast to typical intra-organizational systems, big data platforms span extensive locations, 
accept different types of data at the moment of the event, and are often available to a number of users and applications at the same 
time. Hence, the security of such setups calls for a totally different architectural perspective that places security at the heart of the 
data lifecycle. 
 

In addition, the increased dependency on big data in highly sensitive areas such as finance, healthcare, telecommunications, and 

government makes the negative impact of security breaches even more severe. Besides money, data breaches, unauthorized data 
access, and non-compliance with regulations also result in lost reputation and fines by the authorities.  
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1.1. CHALLENGES IN SECURING BIG DATA PLATFORMS  
One of the major problems with securing big data platforms is mostly due to the huge volume, velocity, and variety of data they 

handle. Data keeps being generated from such diverse sources as applications, sensors, logs, and user interactions, and usually it is 
coming quite fast and in different formats. Putting the same security measures like encryption, access policies, and auditing, onto 
each piece of this dynamic data landscape is a lot more challenging than doing it for traditional databases. 

 

The fact that storage and processing are distributed also makes security more difficult. Big data frameworks work on the basis of 
clusters of nodes that not only store the data redundantly but also execute parallel workloads. Although this arrangement is for 
increasing scalability and fault tolerance, it also means that the attack surface is larger. In case the node is vulnerable or is not 
properly configured, the exposure of a huge volume of sensitive data may be the result. 
 
1.2. PROBLEM STATEMENT  

Security is a major concern for big data environments, and yet many organizations are still using perimeter-based security 
models that were originally intended for centralized systems. Such models are primarily network boundary-focused and trust 
internal components and users once they have access. The assumption that the 'inside is safe' no longer really works in highly 
distributed and cloud-based big data platforms because threats can arise from both inside and outside the system. 
 

One of the biggest challenges is the disjointed security controls along the various stages of the data pipeline. Different security 
features like authentication, authorization, encryption, and monitoring are, most of the time, developed independently of one 
another rather than being integrated within a single architecture. Consequently, there are mismatches in the enforcement of policies, 
security loopholes, and even increased operational difficulties, especially when data flows between ingestion, processing, storage, and 
analytics stages. 
 
1.3. MOTIVATION AND RESEARCH OBJECTIVES  

This research is motivated by the increasing number and severity of data breaches resulting in massive losses of sensitive 
information from big data platforms of various industries. Several notorious cases showed that even tech-savvy organizations might 
be unprepared if they do not consider security as one of the core elements of the platform design. Such workplaces demand that the 
security architectures be more resilient and proactive. 

 
Besides, such a situation is very much in line with the regulatory framework requirements. Compliance frameworks like GDPR, 

HIPAA, PCI-DSS, and newly developed data protection regulations basically expect companies to put strong access controls, data 
protection mechanisms, and auditing capabilities in place.  
 

2. LITERATURE REVIEW 
Big data platform evolution has mainly been motivated by an ability to process exponentially growing data volumes with high 

efficiency, scalability, and fault tolerance. Initially, enterprise data systems were mostly centralized and used relational databases, 
which soon turned out to be insufficient for dealing with the scale, velocity, and heterogeneity of modern data.  
 
2.1. EVOLUTION OF BIG DATA ARCHITECTURES 

Apache Hadoop changed the big data processing game through the invention of a distributed file system (HDFS) and a batch-
oriented processing model via MapReduce. Hadoop was made with the idea of scaling and being fault-tolerant by spreading data on 
commodity hardware. However, at its early stage, there was hardly any built-in security in Hadoop deployments as they assumed 
trusted internal environments. With the help of in-memory processing, Spark not only sped up the process substantially but also 
allowed for advanced analytics and machine learning scenarios. Even though Spark took over many security features from the 
underlying Hadoop components, it also brought some new issues with memory-level data exposure and inter-process 

communication.  
 
2.2. EXISTING BIG DATA SECURITY MODELS AND FRAMEWORKS 

Research and industry efforts have proposed several security models that try to mitigate big data security risks. Initial 
frameworks were basically refactoring the traditional enterprise security practices to distributed systems. They mainly concentrated 
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on the aspects of authentication, authorization, and auditing. Later models gave layered security strategies that involved mapping 
controls at different stages of the data lifecycle, including ingestion, processing, storage, and consumption. 
 

Several frameworks recommend implementing a defense-in-depth strategy that combines network security, platform-level 
controls, and application-level protections. Some, however, highlight data-centric security in which policies are directly attached to 
the data rather than the infrastructure. Although these models offer excellent conceptual ideas, their implementation is usually quite 

piecemeal, especially in heterogeneous environments that combine multiple big data tools and services. 
 

Table 1. Summary of Literature on Secure Big Data Architectures 

Ref 
No. 

Author(s) & Year Focus Area Key Contribution Identified Gap 

1 Ardagna et al. 
(2021) 

Big Data Analytics-as-a-
Service 

Security models bridging security 
experts & data scientists 

Limited operational deployment 
guidance 

2 Bansal et al. 

(2022) 

Network Security 

Architecture 

Big data architecture for network 

monitoring 

Focused more on network than full 

lifecycle security 

3 Narayanan et al. 
(2022) 

Secure Authentication Secure cloud-based authentication 
framework 

Limited discussion on fine-grained 
authorization 

4 Rawat et al. (2019) Data-driven Security From securing big data to security 
using big data 

Conceptual, lacks enterprise case 
validation 

5 Awaysheh et al. 
(2021) 

Security-by-Design Security framework for cloud big data 
systems 

Limited real-world implementation 
metrics 

6 Ramesh (2015) Big Data Architecture Foundational big data architectural 
models 

Minimal focus on security 

7 Fetjah et al. (2016) Security Event 
Analytics 

Architecture for security event 
analytics 

Event-focused, not holistic 
platform security 

8 Anwar et al. 
(2021) 

Secure Ecosystem 
Architecture 

Secure big data ecosystem framework Complex integration challenges 

9 Wang et al. (2020) Big Data Service 
Architecture 

Service-oriented big data architecture 
survey 

Security discussed at high level 

10 Asch et al. (2018) Extreme-Scale 
Computing 

Convergence of data & high-
performance computing 

Security not deeply explored 

11 Gharaibeh et al. 
(2017) 

Smart Cities Security Data management & security 
challenges 

Domain-specific focus 

12 Nwaimo et al. 
(2019) 

Big Data Applications Technology overview & future 
prospects 

Security coverage limited 

13 Georgiadis & Poels 
(2021) 

GDPR & Enterprise 
Architecture 

GDPR alignment in big data 
environments 

Focus on compliance, less on 
architecture 

14 Hu & Vasilakos 
(2016) 

Energy Big Data 
Security 

Security challenges in smart grid 
analytics 

Sector-specific constraints 

15 Moorthy et al. 
(2015) 

Big Data Challenges Opportunities and limitations Security treated as secondary 
concern 

  

3. PROPOSED METHODOLOGY 
The methodology takes security not as a separate set of extra features but secures the entire data lifecycle, from ingestion to 

consumption, in a way that the security mechanisms being integrated are not a bottleneck for the scalability and performance 
features big data workloads require.  
 
3.1. DESIGN PRINCIPLES FOR SECURE BIG DATA PLATFORMS 

The methodology proposed is supported by a set of basic design principles. First, security needs to be data-centric; thus, the 
protection must follow the data no matter where it is stored or processed. Second, least privilege and explicit trust boundaries must 



Sivadeep Katangoori / ICCSEMTI’26, 116-122, 2026 

 

119 

be enforced uniformly not only to users but also to services and infrastructure components. Third, the architecture should be able to 
support constant checking and monitoring, as it is known that new threats may arise at any time during the operation of the system.  
 

Besides that, the separation of concerns is another major principle, according to which the responsibilities for identity 
management, access control, encryption, and monitoring have to be clearly defined and isolated from one another. This, in turn, 
decreases the complexity of configurations and increases the level of maintainability. Moreover, the methodology puts an emphasis 

on security-performance co-design and ensures that the protective mechanisms are in line with the system throughput and latency 
requirements rather than being contrary to them. 
 
3.2. LAYERED SECURITY ARCHITECTURE 

The ingestion layer is all about authenticating data sources and protecting data that is being introduced to the platform. The 
storage and processing layers are the ones that ensure the implementation of encryption, isolation, and workload security. The 
access layer is the one that determines the interaction of the users and applications with data, and the monitoring layer is the one 
that delivers visibility and incident response capabilities.  
 

4. CASE STUDY 
A practical use case regarding an enterprise environment has been produced here to showcase how the proposed secure big data 

methodology can be implemented practically. The case study is an example of how security-by-design principles can be implemented 
in a giant big-data platform along with the fulfillment of the performance, scalability, and compliance needs. The goal is to confirm 
the viability of the proposed architecture and the experiences gained at the implementation stage. 
 
4.1. ORGANIZATIONAL AND SYSTEM CONTEXT 

The case study discusses a large company operating in a highly data-driven and regulated industry, where data analytics is one 

of the main uses of the company to optimize the operation and to make strategic decisions. The organization collects a tremendous 
amount of transactional, behavioral, and operational data ranging from its own internal systems and external sources, being a source 
of multiple applications and services.  
 

The company has a multiregional operation and, therefore, has to be compliant with regional data protection regulations. Before 
the proposed methodology was implemented, the organization was still doing business under the traditional perimeter-based 
security model and did not have much knowledge about data access and movement. Security measures were not very effective 
because of the inconsistent application of security controls to data pipelines, thus leading to high-risk exposure & compliance 
problems.  
 
4.2. BIG DATA PLATFORM ARCHITECTURE OVERVIEW 

The architectural framework of the large data technology platform that has been realized is distributed and cloud-enabled and is 
capable of supporting batch and real-time analytics workloads. Data ingestion pipelines are the ones that gather the information that 
comes from transactional systems, application logs, third-party feeds, and streaming sources.  
 

The architecture is divided into four layers: ingestion, storage, processing, and access, each layer can be scaled and managed 
independently. Cost and performance optimization are achieved by sharing the use of infrastructure resources; logical isolation 
mechanisms, however, guarantee the separation of business units and workloads.  
 

5. RESULTS AND DISCUSSION 
The findings are based on the insights, operational statistics, and security evaluations performed during and after the platform 

installation illustrated in the case study. The section of the paper reveals enhancements in the number and quality of security 
features with the addition of facilitator-to-facilitator communication and the pragmatic compromises experienced during the 
implementation of security features. 
 
5.1. SECURITY POSTURE IMPROVEMENT METRICS 

One of the major changes after the implementation was the clear improvement in the security of the whole big data platform. 
Before the deployment, security controls were not applied uniformly in different data pipelines, which caused the lack of monitoring 
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of who was accessing the data and not enforcing the policies. After the implementation, the establishment of centralized identity 
management and unified access policies led to a sharp decline in the number of unauthorized access attempts. 
 

Data from access logs & security audits showed that there was greater compliance with the principle of least privilege. The 
number of users who had extensive or unrestricted access to sensitive data was drastically decreased & access requests were more in 
line with roles & responsibilities. Moreover, integrating metadata-driven policies allowed the consistent enforcement of rules across 

ingestion, storage, and analytics layers, thus minimizing configuration drift. 
 
5.2. PERFORMANCE OVERHEAD ANALYSIS 

An important issue when securing big data platforms is what performance overhead security controls might cause. The 
performance tests that were part of the case study indicated that some overhead was inevitable but it was still at a level that most 
workloads could accept. Because of the use of highly efficient cryptographic implementations and the system's parallel processing 
capabilities, encryption at rest and in transit only caused a very small increase in the latency. The initial overhead that took place 
when data was ingested could be reduced by grouping the operations and transferring encryption tasks to the appropriate devices 
 

The more strict access control policy resulted in additional authorization checks. However, the use of caching and the efficiency 
of the policies greatly lessened their influence on the time of query execution. The security measures at runtime for in-memory 

processing were on the same level as the security measures at runtime for other operations, besides the security ones that lead to 
stronger isolation and more detailed logging, which caused a slight increase in resource utilization. The overall throughput, however, 
after tuning, was still in line with the pre-deployment benchmarks. 

 

Table 2. Security Controls Vs Performance Impact 

Security Mechanism Performance Impact Mitigation Strategy Observed Result 

Encryption at Rest Low latency increase Hardware acceleration Acceptable overhead 

Encryption in Transit Minimal TLS optimization Negligible delay 

Fine-Grained Authorization Moderate query delay Policy caching Optimized performance 

Continuous Logging Increased storage usage Log aggregation Controlled overhead 

Runtime Isolation Slight CPU overhead Resource tuning Within SLA limits 

  
5.3. COMPLIANCE AND AUDIT READINESS OUTCOMES 

The execution of the suggested approach made a big difference in compliance and readiness for audits. By centralizing policy 
management and thorough logging, we were able to satisfy regulatory equally requirements of data protection, access control, and 
auditability. 
 

Audit trails have recorded all the details of who, what, when and how data was accessed, changed, or manipulated, along with 
other administration actions in the platform. This kind of transparency has made it very easy for compliance report preparation and 
the time spent answering audit requests has also reduced significantly. Proper alignment with all the requirements of regulatory 
through automated enforcement of data retention and access policies has been achieved. 
 

On the other hand, from the internal operations side, the platform was ready for audits not only by the company but also by 
external parties. Because the same criteria were always followed and controls were regularized, audits can be carried out more 
quickly. These examples demonstrate that it's far more beneficial to give compliance issues space in the architectural design from the 
start rather than seeing them as unwanted burdens to be dealt with later. 
 

6. CONCLUSION AND FUTURE SCOPE 
6.1. CONCLUSION  

This work responds to the challenge of securing massive data platforms of enterprises surrounded by distributed architectures, 
cloud adoption, and regulatory requirements that are becoming more and more strict. The main point of this work is a security-by-
design approach that is the embedding of security controls at every stage of the big data lifecycle rather than the usage of them as 
reactive or peripheral measures.  
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The secure architecture's capacity for change was shown through a case study of the real-world scenario; thus, the security 
posture, visibility, and governance were really improved. Implementation via the study prevented the risk of unauthorized access, 
enhanced the ability to detect threats, and brought compliance readiness to a higher level without a performance penalty that would 
be unacceptable.  
 
6.2. FUTURE SCOPE  

Besides this, confidential computing and secure enclaves, which allow the data to be kept safe even when it is being processed, 
are another huge opportunity. When these technologies get fully developed, they will likely bring the extension of encryption-in-use 
to a much wider range of big data operations, thus making it harder for attackers who target memory and insiders with privileged 
access to compromise the data. 

 
However, it could be decided that future research works should concentrate on automated compliance and policy-as-code 

approaches wherein legal and corporate rules are defined in the form of policies that can be run like programs. This way, not only 
can compliance be checked all the time, but regulatory changes can also be implemented more swiftly and the manual work involved 
in audits can be kept to a minimum. 
 

Furthermore, securing data pipelines that are real-time or streaming is yet another issue especially when organizations are 

increasingly inclined towards event-driven architectures and low-latency analytics. Future studies can move towards pinpointing 
security measures that are both lightweight and strong enough for data flows at very high speeds not compromising the system's 
ability to respond. 
 

REFERENCES 
[1] Ardagna, Claudio A., et al. "Big Data Analytics-as-a-Service: Bridging the gap between security experts and data scientists." Computers & 

Electrical Engineering 93 (2021): 107215. 
[2] Bansal, Bijender, et al. "Big data architecture for network security." Cyber Security and Network Security (2022): 233-267. 
[3] Narayanan, Uma, Varghese Paul, and Shelbi Joseph. "A novel system architecture for secure authentication and data sharing in cloud enabled 

Big Data Environment." Journal of King Saud University-Computer and Information Sciences 34.6 (2022): 3121-3135. 
[4] Rawat, Danda B., Ronald Doku, and Moses Garuba. "Cybersecurity in big data era: From securing big data to data-driven security." IEEE 

Transactions on Services Computing 14.6 (2019): 2055-2072. 
[5] Awaysheh, Feras M., et al. "Security by design for big data frameworks over cloud computing." IEEE Transactions on Engineering Management 

69.6 (2021): 3676-3693. 
[6] Ramesh, Bhashyam. "Big data architecture." Big Data: A Primer. New Delhi: Springer India, 2015. 29-59. 
[7] Fetjah, Laila, et al. "Toward a big data architecture for security events analytic." 2016 IEEE 3rd international conference on cyber security and 

cloud computing (CSCloud). IEEE, 2016. 
[8] Anwar, Memoona J., et al. "Secure big data ecosystem architecture: challenges and solutions." EURASIP Journal on Wireless Communications 

and Networking 2021.1 (2021): 130. 
[9] Wang, Jin, et al. "Big data service architecture: a survey." Journal of Internet Technology 21.2 (2020): 393-405. 
[10] Asch, Mark, et al. "Big data and extreme-scale computing: Pathways to convergence-toward a shaping strategy for a future software and data 

ecosystem for scientific inquiry." The International Journal of High Performance Computing Applications 32.4 (2018): 435-479. 
[11] Gharaibeh, Ammar, et al. "Smart cities: A survey on data management, security, and enabling technologies." IEEE communications surveys & 

tutorials 19.4 (2017): 2456-2501. 
[12] Nwaimo, CHIOMA SUSAN, OLUCHUKWU MODESTA Oluoha, and O. Y. E. W. A. L. E. Oyedokun. "Big data analytics: technologies, applications, 

and future prospects." Iconic Research and Engineering Journals 2.11 (2019): 411-419. 
[13] Georgiadis, Georgios, and Geert Poels. "Enterprise architecture management as a solution for addressing general data protection regulation 

requirements in a big data context: a systematic mapping study." Information Systems and e-Business Management 19.1 (2021): 313-362. 
[14] Hu, Jiankun, and Athanasios V. Vasilakos. "Energy big data analytics and security: challenges and opportunities." IEEE Transactions on Smart 

Grid 7.5 (2016): 2423-2436. 
[15] Moorthy, Janakiraman, et al. "Big data: Prospects and challenges." Vikalpa 40.1 (2015): 74-96. 
[16] Reddy, R. R. P. (2024). ZERO TRUST-BASED SECURE CREDENTIAL PHISHING DETECTION FRAMEWORK USING Ellsigm-GRU. Journal 

Homepage: http://www. ijmra. us, 14(04). 
[17] Jonnalagadda, R. R., Reddy, K. K., Gunupati, K., Kumar, M., Reddy, P. R. R., & Julakanti, R. (2025, September). Design and Implementation of a 

Novel AI-Based Cyber Security Architecture for IoT Devices and Networks Using Machine Learning and Big Data Analytics. In 2025 
International Conference on Computing and Communications (COMPUTINGCON) (pp. 1-6). IEEE. 



Sivadeep Katangoori / ICCSEMTI’26, 116-122, 2026 

 

122 

[18] Gali, V. K., & Vashishtha, S. (2024). Data governance and security in Oracle Cloud: Ensuring data integrity across ERP systems. International 
Journal of Research in Humanities & Social Sciences, 12(10), 77–100. Resagate Global-Academy for International Journals of Multidisciplinary 
Research.  

[19] Vemula, V. R. (2024, December). Intelligent Security Scheme for Backdoor Attacks in High Speed Heterogeneous Communication Network. In 
2024 IEEE 2nd International Conference on Innovations in High Speed Communication and Signal Processing (IHCSP) (pp. 1-8). IEEE.  

[20] Nidamanuri, S., Tirumalasetty, P., Kilari, N. S., & Lu, J. (2023). MSI-Multi-Step Interaction Networks for Spatial-Temporal Forecasting. IJSAT-
International Journal on Science and Technology, 14(2). 

   
 
 


