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Abstract: The increasing adoption of Internet of Things (IoT), wearable sensors, and telemedicine
platforms has transformed healthcare data generation from batch-oriented records to continuous real-
time streams. While Big Data Analytics (BDA) frameworks have demonstrated value in retrospective
healthcare analysis, their batch-centric design limits timely decision-making, particularly in developing
healthcare systems such as India. In parallel, large-scale real-time data collection intensifies ethical,
privacy, and governance challenges related to consent, secondary data use, and regulatory compliance.
This paper investigates the convergence of real-time Big Data Analytics and ethical data governance
within the Indian digital healthcare ecosystem. A layered real-time analytics architecture is proposed to
support streaming healthcare data from IoT devices and remote monitoring systems while embedding
governance mechanisms aligned with Indian regulatory initiatives. The study highlights gaps in existing
batch-based analytics models, analyzes ethical risks across healthcare datafication layers, and proposes
governance controls to ensure responsible data usage. The findings demonstrate that integrating real-
time analytics with ethical-by-design governance is essential for scalable, trustworthy, and patient-
centric digital healthcare in India.

Index Terms - Real-Time Big Data Analytics, Digital Healthcare, Data Governance, 10T Healthcare,
Ethics and Privacy, Indian Healthcare Systems.

|. INTRODUCTION

The rapid digital transformation of healthcare systems has led to the continuous generation of high-
volume, high-velocity data from electronic health records, telemedicine platforms, wearable devices,
diagnostic systems, and remote monitoring technologies. In India, national initiatives such as the
Ayushman Bharat Digital Mission and large-scale telemedicine services have accelerated the adoption of
digital healthcare infrastructure. As a result, healthcare systems increasingly rely on real-time data
streams to support clinical decision-making, patient monitoring, and operational management.

Real-time Big Data Analytics (BDA) plays a crucial role in enabling proactive interventions, early
anomaly detection, and dynamic healthcare service delivery. Unlike traditional batch-oriented analytics
systems, real-time architectures process streaming data continuously, allowing timely insights that are
particularly important in critical care, remote consultation, and population health surveillance. However,
the rapid expansion of real-time healthcare systems also introduces complex challenges related to data
privacy, ethical governance, consent management, and regulatory compliance.

Existing healthcare analytics frameworks are largely designed for batch processing environments and
often treat governance as a separate administrative or compliance layer. Such separation becomes
problematic in streaming environments where data is generated and processed continuously. Governance
mechanisms such as dynamic consent enforcement, auditability, access control, and regulatory
alignment must operate in real time alongside analytics pipelines. Without embedded governance
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controls, large-scale digital healthcare systems risk privacy violations, delayed compliance enforcement,
and erosion of patient trust.

Despite the significant growth of telemedicine platforms and loT-enabled healthcare monitoring in
India, there remains a structural gap in integrating real-time analytics with governance-by-design
principles. Most current architectures focus either on analytics performance or on regulatory compliance,
but rarely address both within a unified architectural framework tailored to heterogeneous and resource-
diverse healthcare environments.

This study addresses this gap by proposing a real-time Big Data Analytics architecture that integrates
ethical governance mechanisms as a cross-cutting and embedded system component. The proposed
framework is specifically contextualized for Indian digital healthcare systems, accounting for
infrastructural variability, regulatory considerations, and scalability requirements. By embedding
governance directly within the analytics pipeline, the framework aims to support secure, transparent, and
scalable real-time healthcare data processing.

The primary contributions of this work are threefold:

(i) identification of structural limitations in batch-oriented healthcare analytics under real-time streaming
conditions;

(ii) development of a layered real-time analytics architecture tailored to heterogeneous Indian healthcare
infrastructure; and
(iii) integration of governance-by-design principles, including dynamic consent and auditability, within
the core architectural structure.

Il. RESEARCH APPROACH

This study adopts a design-oriented and conceptual research approach to develop a real-time Big Data
Analytics (BDA) architecture integrated with ethical governance mechanisms for digital healthcare
systems. The research methodology combines structured literature synthesis, policy and regulatory
analysis, and architectural modeling.

First, an analytical review of existing batch-oriented healthcare analytics frameworks was conducted
to identify structural and operational limitations in real-time clinical environments. Particular attention
was given to latency constraints, streaming data handling, and governance integration gaps.

Second, regulatory and policy documents relevant to Indian digital healthcare, including national
telemedicine initiatives and emerging data protection regulations, were examined to identify governance
requirements related to consent management, transparency, accountability, and data minimization.

Third, insights from the literature and policy analysis were synthesized to derive architectural design
requirements. These requirements informed the development of a layered real-time analytics architecture
that embeds governance controls as an integral, cross-cutting component rather than as an external
compliance mechanism.

Finally, the proposed framework was validated conceptually through case-based analysis using the
eSanjeevani national telemedicine platform as an illustrative example. This validation demonstrates the
applicability of the architecture in large-scale, real-world digital healthcare deployments.

111. BACKGROUND AND RELATED WORK

Big Data Analytics has been widely applied in healthcare for retrospective analysis, predictive
modeling, and operational optimization. Existing studies demonstrate improvements in clinical decision
support, disease prediction, and hospital resource management using historical electronic health records
and administrative datasets. These approaches are largely batch-oriented, relying on periodic data
aggregation and offline processing.

With the emergence of Internet of Things (I0T) devices and wearable sensors, researchers have begun
exploring streaming and near real-time analytics for healthcare monitoring. Prior work highlights the
potential of stream processing frameworks to detect anomalies in physiological signals and generate
alerts for critical conditions [8], [9]. However, most contributions emphasize technical feasibility while
giving limited attention to ethical implications, patient consent, and long-term governance of
continuously collected data.

In the Indian context, literature predominantly focuses on digital health initiatives, telemedicine
adoption, and policy-level discussions. There is a lack of integrated studies that combine real-time
analytics architectures with ethical and regulatory considerations tailored to India’s healthcare
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ecosystem. This paper addresses this gap by unifying real-time analytics design with governance-by-
design principles.

IV. LIMITATIONS OF BATCH-ORIENTED HEALTHCARE ANALYTICS

Batch-oriented healthcare analytics frameworks process data at predefined intervals, which introduces
latency between data generation and insight generation. In time-critical healthcare applications such as
cardiac monitoring or respiratory surveillance, such delays can significantly reduce clinical
effectiveness.

Batch processing also struggles with high-velocity data streams produced by loT devices, often
resulting in data loss, buffering delays, or excessive computational overhead. In Indian healthcare
settings, where network reliability and computational infrastructure vary widely, these limitations are
further amplified.

From a governance perspective, batch-based systems complicate transparency and consent
management. Data may be reused for secondary analytics long after collection, reducing patient
awareness and control. These limitations motivate the transition toward real-time, ethically governed
analytics systems.

To further clarify these structural differences, a comparative analysis between batch-oriented and real-
time healthcare analytics systems is presented in Table 1.

Table 1: Comparison Between Batch-Oriented and Real-Time Healthcare Analytics Systems

Feature Batch-Oriented Systems | Real-Time Streaming Systems
Data Processing Mode Periodic / Scheduled Continuous / Event-Driven
Latency High (Delayed Insights) Low (Immediate Response)
Suitability for Telemedicine Limited Highly Suitable
Consent Enforcement Static / Periodic Dynamic / Real-Time
Governance Integration External Compliance Layer | Embedded Governance-by-Design
Scalability Under Streaming Load | Limited Designed for High-Velocity Data
Clinical Responsiveness Retrospective Proactive / Predictive
Regulatory Alignment Post-processing Checks Continuous Enforcement

As shown in Table 1, the limitations of batch-oriented systems extend beyond processing latency to
governance enforcement, scalability, and regulatory alignment, reinforcing the necessity of integrated
real-time analytics architectures.

V. REAL-TIME HEALTHCARE DATA SOURCES AND CHARACTERISTICS

Real-time healthcare data is generated from wearable sensors, implantable devices, remote diagnostic
equipment, mobile health applications, and telemedicine platforms [3]. These data streams capture
physiological signals, behavioral patterns, and contextual information at fine temporal resolutions.

Such data is characterized by high velocity, temporal sensitivity, and variable reliability. Unlike
traditional clinical records, real-time data is often generated outside controlled hospital environments,
leading to increased noise and inconsistencies. Furthermore, data formats and communication protocols
vary across device manufacturers and service providers.

These characteristics necessitate continuous validation, filtering, and adaptive analytics mechanisms.
They also increase the importance of governance controls, as data is generated continuously and often
without explicit user interaction at each collection point.

These data characteristics necessitate an architectural approach capable of supporting continuous
processing, adaptive privacy controls, and embedded governance mechanisms, as presented in the
following section.
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V1. PROPOSED REAL-TIME ANALYTICS ARCHITECTURE

The proposed real-time analytics architecture adopts a layered design to support continuous healthcare
data processing while ensuring scalability and resilience. The Data Acquisition Layer collects streaming
data from 10T devices, wearables, and telemedicine systems using secure communication protocols.

The Stream Preprocessing Layer performs real-time data cleaning, noise reduction, missing value
handling, and temporal alignment. This layer ensures that analytics modules receive reliable and
standardized data streams.

The Analytics and Inference Layer applies streaming analytics techniques such as anomaly detection,
trend analysis, and early warning generation [8], [9]. Lightweight machine learning models are
employed to balance responsiveness and computational efficiency.

The Decision Support Layer translates analytical outputs into actionable insights for clinicians,
caregivers, or automated alerting systems. Finally, the Governance Enforcement Layer embeds consent
management, access control, audit logging, and policy compliance across all processing stages.

6.1 Architectural Distinction and Design Rationale

While the layered structure resembles conventional streaming architectures, the proposed model
differs in its structural integration of governance mechanisms and contextual adaptability. In traditional
healthcare analytics systems, governance controls such as consent validation, audit logging, and
regulatory checks are typically implemented as external compliance modules. In contrast, the
Governance Enforcement Layer in the proposed framework operates concurrently with all processing
stages, ensuring that ethical and regulatory constraints are enforced in real time rather than
retrospectively.

Furthermore, the architecture is designed to function under heterogeneous infrastructural conditions
characteristic of Indian healthcare environments. The separation between ingestion, preprocessing,
analytics, and decision layers enables modular deployment, allowing healthcare institutions with varying
technological maturity to adopt components incrementally.

The integration of lightweight machine learning models within the Analytics and Inference Layer
ensures that real-time responsiveness is preserved even in resource-constrained settings. By embedding
governance-by-design principles and contextual flexibility within the core architectural flow, the
framework addresses both technical scalability and ethical accountability simultaneously.

Data Acquisition Layer
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Figure 1. Proposed real-time Big Data Analytics architecture with embedded governance-by-design for
digital healthcare in India.
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VII. ETHICAL AND GOVERNANCE FRAMEWORK FOR REAL-TIME HEALTHCARE
DATA

Ethical governance is critical in real-time healthcare analytics due to continuous data generation and
potential secondary usage[5], [7]. The proposed governance framework is structured around a layered
datafication model encompassing data collection, aggregation, processing, sharing, and reuse.

Key principles include informed and dynamic consent, purpose limitation, data minimization,
transparency, and accountability [6]. Patients are provided with mechanisms to control data sharing
preferences over time, while healthcare providers are held accountable through auditability and role-
based access control.

The framework aligns with Indian digital health initiatives and emerging data protection regulations,
emphasizing privacy-by-design and ethics-by-design approaches. By embedding governance
mechanisms directly into system architecture, ethical compliance becomes an integral part of analytics
operations rather than an external constraint.

7.1 Alignment with Indian Digital Health Regulations

The governance mechanisms embedded within the proposed architecture are aligned with key Indian
digital health and data protection initiatives. The Ayushman Bharat Digital Mission (ABDM)
emphasizes interoperability, digital health identity management, and secure data exchange across
healthcare institutions. The proposed architecture supports these objectives by incorporating consent
enforcement, access control, and auditability within the analytics pipeline.

Furthermore, the Digital Personal Data Protection (DPDP) Act of India reinforces principles such as
purpose limitation, data minimization, and accountability in personal data processing. By embedding
governance as a cross-cutting architectural layer, the framework operationalizes these regulatory
principles in real-time environments. Dynamic consent management, selective anonymization, and
traceable access logging ensure that compliance requirements are not treated as external constraints but
as integral components of system design.

Through this alignment, the proposed architecture bridges the gap between technical analytics
infrastructure and evolving national regulatory mandates, thereby enhancing trust, transparency, and
institutional accountability in digital healthcare systems.

VIIIl. CASE STUDY: eSANJEEVANI TELEMEDICINE PLATFORM

eSanjeevani is the national telemedicine platform implemented by the Ministry of Health and Family
Welfare, Government of India, to provide remote healthcare services through real-time audio—video
consultations. The platform facilitates doctor-to-patient and doctor-to-doctor consultations across public
healthcare facilities, enabling continuous healthcare delivery, particularly in rural and underserved
regions.

From an analytics perspective, eSanjeevani represents a large-scale real-time healthcare data source.
Each teleconsultation generates multiple data streams, including patient demographics, clinical notes,
timestamps, audio—video interaction metadata, and follow-up records. The continuous and high-velocity
nature of these data streams necessitates real-time processing, monitoring, and governance mechanisms,
aligning directly with the objectives of the proposed real-time analytics and ethical governance
framework.

The rapid adoption of eSanjeevani highlights the limitations of batch-oriented healthcare analytics
systems, which are unable to support timely clinical insights, dynamic consent enforcement, and real-
time policy compliance. Instead, scalable streaming analytics architectures are required to handle the
increasing volume and velocity of teleconsultation data while ensuring patient privacy, transparency, and
accountability.

[JCRT2602730 ] International Journal of Creative Research Thoughts (IJCRT) www.ijcrt.org \ g361


http://www.ijcrt.org/

www.ijcrt.org © 2026 IJCRT | Volume 14, Issue 2 February 2026 | ISSN: 2320-2882
Table 2: Growth of Teleconsultations on the eSanjeevani Platform

Year / Date | Cumulative Teleconsultations
Dec 14, 2020 1,000,000
Aug 24, 2021 10,000,000
Dec 06, 2022 80,000,000
Jul 21, 2023 139,161,458
Mar 31, 2024 216,000,000
Jul 09, 2024 266,200,000
Nov 2024 ~276,000,000

Table 2. Growth of teleconsultations on the eSanjeevani national telemedicine platform (Source:
Ministry of Health and Family Welfare, Government of India; Press Information Bureau releases and
MoHFW Annual Reports).

The exponential growth from 1 million consultations in 2020 to nearly 276 million by 2024 illustrates
not only increasing service adoption but also the scale of streaming healthcare metadata that must be
processed and governed in real time.

Within the proposed framework, teleconsultation metadata would be processed through the Stream
Preprocessing Layer, while consent preferences would be enforced through the Governance
Enforcement Layer. Real-time monitoring of consultation patterns could enable anomaly detection while
ensuring regulatory compliance. This demonstrates the applicability of the architecture to large-scale
national telemedicine deployments.

IX. DISCUSSION

The integration of real-time analytics with ethical governance enables proactive, patient-centric digital
healthcare systems. For India, such systems support scalable remote care, early intervention, and
improved healthcare access while mitigating risks associated with continuous data collection.

The findings suggest that ethical governance should be treated as a first-class design requirement
rather than a post-deployment consideration. Embedding governance within analytics architectures
enhances trust, regulatory compliance, and long-term sustainability.

The transition toward governance-aware streaming architectures represents a foundational shift in
digital health system design rather than a mere technological upgrade.

X. LIMITATIONS

While the proposed real-time Big Data Analytics framework integrates governance-by-design
principles within a layered architectural model, this study has certain limitations. First, the validation of
the framework is primarily conceptual and case-based rather than empirically implemented within a live
hospital or telemedicine deployment. Although the eSanjeevani case study illustrates large-scale
applicability, real-world operational validation across diverse healthcare institutions would further
strengthen the framework’s practical evaluation.

Second, the governance mechanisms described in this study are aligned with current regulatory and
policy environments in India. As digital health regulations evolve, particularly with the implementation
of emerging data protection laws, governance requirements may require architectural adaptation.

Third, infrastructural heterogeneity across Indian healthcare institutions may affect the uniform
deployment of real-time analytics solutions. Resource-constrained facilities may require phased or
modular implementation strategies.

Future work will focus on pilot deployments, quantitative performance benchmarking under streaming
conditions, and evaluation of patient trust and compliance outcomes in operational environments.
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XI1. LIMITATIONS

This paper presented a real-time Big Data Analytics and ethical data governance framework tailored
for digital healthcare in India. By addressing technical limitations of batch-based analytics and
embedding governance mechanisms into system design, the study provides a pathway for responsible
real-time healthcare analytics deployment.

Future work will focus on empirical validation using live streaming datasets, integration with
federated learning across healthcare institutions [4], and assessment of patient trust and system adoption
in real-world settings.
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