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Abstract:

Ayurveda, an ancient Indian system of medicine, emphasizes personalized healthcare based on individual constitution and environmental factors. Traditional
diagnostic methods primarily depend on contextual factors such as Prakriti, Dosha imbalance, lifestyle patterns, and seasonal changes. However, the integration
of Ayurveda with modern intelligent systems remains limited. This paper proposes a context-aware Requirements Engineering (RE) framework for Ayurveda
Intelligence Applications. The framework incorporates loT-enabled context acquisition, context modelling, context processing and reasoning, decision making and
adptation to deliver personalized healthcare recommendations. The proposed approach bridges traditional Ayurvedic knowledge with modern computational
techniques, enabling scalable, adaptive, and context-aware healthcare systems.
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1. Introduction

Ayurveda, one of the world’s oldest systems of medicine with roots in India dating back thousands of years, adopts a holistic approach that integrates the mind,
body, and spirit in the healing process. As a holistic system of medicine that originated in ancient India, Ayurveda emphasizes the classical methods of diagnosis
and treatment, namely Roga Pariksha (disease examination) and Rogi Pariksha (patient examination), which include Nadi Pariksha (pulse diagnosis). At its core,
Ayurveda focuses on personalized, holistic healthcare tailored to an individual’s unique constitution (Prakriti) and imbalances in the Doshas.

Traditional Ayurvedic practice places strong emphasis on the practitioner’s direct observations, clinical expertise, and experiential knowledge in diagnosing and
treating patients. Despite their value, these methods face challenges related to standardization and effective integration with modern diagnostic approaches.

The use of Artificial Intelligence (Al) in Ayurvedic diagnosis presents a promising way to overcome these challenges, combining data-driven insights with greater
accuracy to deliver more personalized and effective healthcare.

The integration of Al techniques into Ayurveda has the potential to streamline and optimize various processes, leading to more accurate, personalized and effective
treatments as well as prevention from diseases. Moreover, the incorporation of Al into Ayurveda is reshaping the way doctors diagnose, treat, and manage a wide
range of health conditions. Evidence-based research using Al techniques can correlate herbs and health conditions, prediction of treatment efficacy, refining clinical
trials enhancing the applicability of Ayurveda in modern healthcare [1] [2] [3]. Following are some of applications where Al is integrated in Ayurveda treatment:
1. Ayurgenomics - Personalized Healthcare: Ayurgenomics is an evidence-based technique which is preventive healthcare technique for personalized
medicine based on traditional Ayurveda, modern genomics and molecular biology technique. This concept is applied based on unique constitution of a human
being named Prakriti. Ayurgenomics provide a personalized treatment plan by combining genetic markers with Ayurvedic profiles to predict disease risks, drug
responses, and lifestyle compatibility more accurately. [4]

2. Diagnosis and Prognosis: Ayurvedic diagnosis relies on assessing Doshas (Vata, Pitta, Kapha), Prakriti (constitution), and clinical examinations such as
pulse (Nadi Pariksha), tongue (Jihva Pariksha), and eye (Netra Pariksha) analysis, along with patient history. Al can enhance this process by analyzing large
volumes of historical data using machine learning and deep learning techniques. Al systems can identify subtle patterns in pulse diagnosis, monitor Dosha
imbalances, assess Vikriti, and support disease prognosis, enabling timely and personalized interventions. [4]

3. Preventive Care and Wellness Tracking: Al can strengthen Ayurveda’s preventive approach by continuously monitoring lifestyle patterns, environmental
factors, and genetic predispositions through wearable and home-based health monitoring systems. By analyzing real-time health data and integrating it with
Ayurvedic principles, Al can provide personalized recommendations on diet, exercise, stress management, Ayurvedic remedies, and lifestyle modifications, promoting well-
being and reducing the risk of chronic diseases.

4. Digital Consultation and Health Literacy: Al-powered chatbots and virtual assistants can support both practitioners and patients by providing reliable
information, addressing queries, and offering guidance on Ayurvedic practices. Al-powered platforms can provide initial consultations, answer patient queries and
offer preliminary health advice based on Ayurvedic principles in remote and underserved areas. [4]

Intelligent Ayurveda Applications refer to the integration of traditional Ayurvedic knowledge with modern technologies like Artificial Intelligence (Al), Internet
of Things (IoT), data analytics, and context-aware computing to enhance diagnosis, treatment, and preventive healthcare. Unlike conventional systems, Ayurveda
diagnosis is highly context-dependent, making it suitable for integration with context-aware computing and artificial intelligence. However, there is a lack of
structured frameworks that incorporate Ayurveda principles into modern software engineering practices.

This paper proposes a Requirements Engineering framework with contextualization to design Ayurveda-based intelligent applications. The LR focuses on concept
of Internet of Medical Things(IoMT), Context Aware Healthcare System and necessity ofAdaptive Requirements Engineering Framework. Section III proposes
Requirements Engineering framework with contextualization for Ayurveda Intelligent application. Section IV explores how Agentic Al can be used to implement
proposed framework and section V concludes the research study.

2. Literature Review

2.1 Internet of Medical Things (IoMT):The Internet of Medical Things (IoMT) is an advanced extension of IoT specifically designed for healthcare. It refers
to a connected ecosystem of medical devices, applications, and healthcare systems that communicate with each other over the internet to improve patient care,
monitoring, and operational efficiency. IoMT is a network of interconnected medical devices and software applications that collect, analyze, and transmit health
data in real time to healthcare providers. [oMT applications assure sustainable advancement in smart healthcare.
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Figure 1: Architecture of oM T System
As shown in figurel, Data acquisition occurs through sensors/wearables of the system. After preprocessing of data, data is sent to cloud storage through
communication gateways. At cloud, data is used for further analysis and specific indicators are generated for the patient’s health.
2.2 Context Aware Healthcare System: A Context-Aware Healthcare System is an intelligent healthcare framework that not only collects patient data but also
understands the situation (context) in which the data is generated, and adapts its behavior accordingly to provide personalized and timely healthcare services.
Context aware healthcare system is based on the concept on context aware computing where systems can sense, interpret, and respond to dynamic contextual
information such as Patient condition, Location, Time, Activity and Environment.
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Context-Aware Computing is a paradigm in which computer systems can sense, interpret, and respond to their environment and user situation automatically,
enabling intelligent and adaptive behavior. Context is any information that characterizes the situation of an entity (user, device, or environment). There are following
types of contexts: [6]

. User Context — covers preferences, health status, behavior

Location Context — GPS, indoor positioning

Temporal Context — time, date, schedule

Activity Context — walking, sleeping, working

Environmental Context — temperature, noise, light

The context management lifecycle plays a critical role in context-aware healthcare systems by enabling intelligent, adaptive, and patient-centric services through
the integration of sensors and wearable devices. This lifecycle comprises four fundamental stages: context acquisition, context modeling, context reasoning, and
context dissemination. As shown in figure 2, context acquisition involves the continuous collection of healthcare data from context sources such as physiological sensors, wearable
devices, and environmental sensors, capturing parameters like location, activity, and vital signs. The acquired data is then transformed into structured representations during the context
modeling phase using ontologies and models to ensure efficient data management . In the context reasoning stage, advanced techniques such as rule-based systems, machine learning,
and context-aware inference mechanisms are applied to derive meaningful insights, detect anomalies, and predict potential health risks. Context interpretation identifies health conditions,
risks and anomalies. Decision making and adaptation will generate personalized recommendations, alerts and implement automated actions. Recent studies highlight that IoT-enabled
context-aware healthcare architectures significantly enhance real-time monitoring and automated decision support, particularly in chronic disease management and clinical environments
. Furthermore, the integration of cognitive and context-aware decision-making systems has been shown to improve adaptability, accuracy, and scalability of healthcare solutions, while
addressing challenges such as data heterogeneity and system interoperability . Additionally, research on wearable sensor-based context fusion demonstrates the effectiveness of continuous,
real-time monitoring in improving patient outcomes and enabling proactive healthcare interventions . These advancements collectively reinforce the importance of the
context lifecycle in ensuring accurate, real-time, and contextually relevant information, thereby facilitating automated monitoring of chronic conditions and enhancing clinical
decision-making processes.
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Figure 2: Context Aware Healthcare System
2.3 Need for Adaptive Requirements Engineering Framework:
Adaptive Requirements Engineering (Adaptive RE) extends conventional RE by enabling systems to modify requirements dynamically according to environmental
and contextual changes. Adaptive RE supports runtime monitoring, reasoning, and evolution of requirements.
Research on self-adaptive systems has significantly contributed to adaptive RE concepts. Self-adaptive systems are designed to autonomously modify their behavior
in response to environmental changes while maintaining system goals and quality attributes. [7]
According to studies in [8] and [9], adaptive RE is necessary in healthcare systems because of:

o Runtime uncertainty
D Dynamic patient conditions
D Continuous stakeholder involvement
. Real-time monitoring requirements
D Context-sensitive decision-making
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Figure 3. Self-adaptive software with Adaptation Engine

Self-adaptive software dynamically adapts its behavior or architecture at run-time and possesses capabilities such as self-healing, self-protection, self-optimization,
and self-configuration to achieve higher-level goals. [11][12]. Such self adaptive systems can be used for ubiquitous, user centric intelligent applications. To handle
changes in requirements or the environment, the system analysis phase is carried out continuously and in parallel, enabling ongoing adaptation. If the adaptation
plans are implemented at runtime by the system, then it is dynamic adaptation. As shown in figure 3, The architecture of self-adaptive software consists of two
main components: the adaptation engine, which executes the MAPE-K cycle to manage adaptation logic, and the adaptable software, which encapsulates domain
knowledge and handles the functional aspects of the software system. [13].

Self-adaptive systems identified context-awareness as a core property of adaptive systems that enables systems to sustain operational goals despite environmental
changes. [9] To make e-healthcare system context aware, context information can be gathered from

. Wearable sensors

o Mobile devices

. Electronic health records
. Environmental sensors

. User interactions
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Goal-Oriented Requirements Engineering (GORE) and Model-Based Requirements Engineering (MBRE) are the requirements engineering framework suitable
for adaptive systems but they have limitations for context aware healthcare system due to limited runtime adaptation support, inadequate context integration and
weak uncertainty management.

Thus, there is a strong need for an Adaptive Requirements Engineering Framework specifically designed for context-aware healthcare systems. Such a framework
should:

D Dynamically capture changing healthcare contexts
D Support runtime requirement evolution
D Manage uncertainty and variability

3. Proposed Framework Overview

The proposed framework integrates Requirements Engineering with a context lifecycle approach to support Ayurveda Intelligence Applications. The requirements
engineering framework with context lifecycle approach can consists of following components:

Context Acquisition Layer

Context Repository

Context Modeling Engine

Reasoning Engine

Adaptation Manager

. Requirement Management Module

Figure 4 describes Context Lifecycle Components with Requirements Engineering activities.
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Figure 4: Context Lifecycle Components with Requirements Engineering activities
As shown in figure 4, Context Acquisition component collects contextual information from various sources such Ayurveda practitioners (Vaidyas), Patients and
end users, Healthcare institutions, Wearable/IoT devices and Classical Ayurvedic literature etc. This contextual information defines context requirements.
Requirements are gathered from multiple stakeholders:Context plays a critical role in Ayurveda-based decision-making. The Context Modeling component
represents and structures context information using techniques such as Ontology-based modelling, Key-value models, graph-based representation or Semantic
models. This helps to define context entities and relationships, establish context schemas and specify constraints and dependencies. Following contexts are useful
for Ayurveda Intelligent application:

. User Context: Prakriti, age, gender, medical history
. Environmental Context: Climate, season, location
. Behavioral Context: Diet, sleep, activity, stress

. Physiological Context: Sensor-based health data

The Context Reasoning component interprets and analyzes contextual data to derive meaningful insights using rule-based reasoning, machine learning, fuzzy
logic or knowledge graphs. This helps to define adaptive requirements and identify decision-making rules. It transforms raw contextual data into meaningful
knowledge and actionable healthcare recommendations. In Ayurveda-based intelligent systems, reasoning helps interpret patient conditions according to Ayurvedic
principles such as Prakriti, Dosha imbalance, Agni, lifestyle, and environmental influences.

The Context Adaptation component allows Dynamic modification of system behavior according to context changes. It helps to define adaptation policies, specify
dynamic workflows and model adaptive scenarios. In Ayurveda intelligent apps, adaptation policies are defined based on Prakriti (body constitution), Vikriti
(current imbalance), Seasonal changes (Ritucharya), Daily routine (Dinacharya) and Age, diet, and environmental conditions. Thus, context adaptation plays a
central role in building intelligent Ayurveda systems capable of delivering personalized, adaptive and real-time healthcare support.

The Context Storage and Evolution component stores historical context data and allows continuous updating of requirements. This allows Feedback
incorporation, Continuous learning, requirement traceability and requirement evolution. In Ayurveda intelligent apps, he Context Storage and Evolution component
performs the following functions:

. Stores historical and real-time context information

D Maintains user health profiles

D Tracks changes in Dosha patterns and health conditions
. Supports continuous learning and personalization

. Enables adaptive requirement evolution

D Improves prediction and recommendation accuracy

The Context Repository is a central component of the Context Management Lifecycle in Ayurveda Intelligence Applications. It serves as a structured storage and management system
for contextual information collected from users, sensors, healthcare records, environmental sources, and Ayurveda knowledge bases. [14]
When the requirements engineering framework integrated with context management life cycle for designing Ayurveda Intelligent application, the goal model is described in figure 5.
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Figure 5: Goal Model for Ayurveda Intelligent application
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Figure 5 described functional requirements in terms of goal model. These functional requirements can be mapped with actors, tasks and soft goals are described in figure 6.
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Figure 6: Actor Model for Ayurveda Intelligent application
Figure 6 represents the actor diagram for contextualized requirement engineering for Ayurveda Intelligence Application. The actor diagram consists of agents,
tasks, hard goals and soft goals. As shown in diagram, there are hard goals are functional requirements which are clearly described and soft goals can be achieved
at runtime. Reliability and adaptability are important soft goals for any intelligent application. Due to adaptable nature of software, the case base is updated
dynamically based on new scenarios of Doshas or Prakritis. The actor diagram can be transformed into a class diagram and directly utilized for implementation and coding.
4. Implementation of Proposed Framework
Ayurveda Intelligence Applications require dynamic decision-making, personalization, contextual awareness, and adaptive healthcare recommendations.
Traditional Al systems are often limited to static predictions and predefined workflows, making them less suitable for highly adaptive healthcare environments. To
address these limitations, an Agentic Al Framework can be employed. Agentic Al systems comprise autonomous intelligent agents capable of perceiving contextual
information, reasoning independently, making adaptive decisions, learning continuously, and collaborating with other agents.
Figure 5 illustrates the proposed multi-agent architecture for the system implementation. The framework can be developed using Al orchestration platforms such
as CrewAl and AutoGen. Context modeling can be implemented using OWL-based ontologies, while contextual and healthcare data can be stored using databases
such as MongoDB and Neo4;j. Integration with wearable sensors and IoT devices can be achieved through MQTT and Node-RED. Secure and scalable cloud-based
storage and processing services can be supported using Microsoft Azure and Google Cloud. [15][16]
5. Conclusion
This paper presents a context-aware Requirements Engineering framework for Ayurveda Intelligence Applications. By integrating contextual modeling, Al-
based reasoning, and traditional Ayurvedic principles, the framework enables intelligent, adaptive, and personalized healthcare solutions. The paper describes goal
model and actor model for proposed system. The proposed approach offers significant potential for advancing digital Ayurveda and smart healthcare systems.
Overall, Al offers a transformative pathway for advancing personalized and preventive Ayurvedic medicine, fostering its global acceptance and integration with
modern healthcare systems. The context can be defined in terms of ontologies for Ayurveda Intelligence applications and can be updated due proposed adaptive
requirements engineering framework.
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