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EHEALTH INNOVATION FOR CHRONIC OBSTRUCTIVE PULMONARY DISEASE: A
CONTEXT-AWARE COMPREHENSIVE FRAMEWORK

ANAM IQBAL¥ SHAIMA QURESHI] AND MOHAMMAD AHSAN CHISHTT!

Abstract. Chronic Obstructive Pulmonary Disease (COPD) poses a significant global healthcare challenge. It is a progressive

lung disease that causes breathing difficulties and can significantly impact a person’s quality of life. COPD is primarily caused by
smoking, but other factors, such as air pollution and genetic predisposition, can also contribute to its development. This paper
introduces a novel Context-Aware Framework for the Diagnosis and Personalized Management of COPD. We discuss the limitations
of traditional COPD management, highlighting the importance of early detection and remote monitoring. Early detection and
remote monitoring are crucial in managing COPD as they allow for timely interventions and better disease management. In this
paper, we propose a framework based mostly on contextual data and other parameters of COPD as put forth by the World Health
Organization (WHO) in the form of the International Classification of Functioning, Disability, and Health.
Ontologies drive this architecture and incorporate dynamic contextual information from patient environments, user profiles, and
sensor data. In addition to the various obvious data items like patient personal details (gender, contact, medical history) and
COPD risks and symptoms, the COPD ontology also considers the details about the caregiver and healthcare professional. This is
in addition to the contextual data processed separately using the Context Ontology. The ontology we constructed using Protégé
serves as the framework for the structured representation and logical inference of contextual information. By harnessing dynamic
contextual data, our ontology enables real-time decision-making tailored to individual patient requirements. It empowers healthcare
professionals to make informed choices and deliver timely interventions, enhancing healthcare services by offering proactive care
to detect early signs of health deterioration and suggest preventive measures. This approach improves patient experiences and
optimizes resource allocation within the healthcare system. To uphold ethical standards and prioritize the needs of patients, we
emphasize the significance of safeguarding data, obtaining informed permission, and recognizing data ownership. The ontology-
based approach presented in this study offers a scalable and flexible framework that can be readily incorporated into existing
healthcare systems, redefining the management of COPD in response to evolving demands. Security poses one of the biggest threats
in context-based environments due to the different data formats acquired by the diverse sensors. Another essential consideration
is confidentiality because the data in hand is sensitive patient information.

Key words: COPD, Ontology, Context-Aware, Healthcare Management, Sensor Data, Personalization, Ethical Considerations,
Remote Monitoring.

1. Introduction.

1.1. Understanding COPD. COPD is an acronym that stands for Chronic Obstructive Pulmonary
Disease. It is a lower respiratory tract disease [1],[2]. It is a broad term to describe a widespread and relentless
chronic pulmonary disease characterized by irreversible airflow limitation and inflammatory disorders. It is an
umbrella term for certain chronic lung diseases [3]. It includes chronic bronchitis, emphysema, and refractory
asthma. COPD is life-limiting and irreversible; It can be prevented and some of its symptoms treated [4].
The repercussions of COPD are not limited to the individual patient but substantially burden the healthcare
system. COPD is a worldwide problem, affecting people of all ages and backgrounds [5],[6]. It ranks among
the leading causes of mortality globally [7],[8]. COPD is primarily caused by long-term exposure to irritants
that damage the lungs and airways [9]. The most common risk factors are tobacco consumption and smoking,
but environmental factors like air pollution and occupational dust exposure can also contribute [10]. Notably,
COPD primarily affects individuals in mid-life or later, with a disproportionately higher incidence among
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Table 1.1: Limitations of Traditional COPD Management Approaches.

Limitations Detalils Resea.rch Solution
Questions
Lack of Personal- | The traditional treatment | The benefit of personalization, | Gather patient-specific and
ization plan does not consider the | parameters considered for per- | context data.
unique characteristics of ev- | sonalization, and technical sup-
ery individual patient. port required.
Dependency  of | The traditional treatment | Shifting from symptom-based | Use predictive analysis for
Occurrence of | plan relies on interven- | to proactive COPD manage- | early intervention in diagnosis
Symptoms tion when the symptoms | ment, biomarkers to identify | and treatment.
worsen. symptoms.
Dependency on | Patients may need to gain | Technology assistance required | Introduce remote support op-
Healthcare  pro- | the knowledge or tools to | for self-management. tions to patients.
fessionals and | manage their condition ef-
Lack  of  Self- | fectively and depend on sup-
management port from healthcare profes-
functionalities sionals.
Restricted Use of | Conservative treatment and | Identify technological support | Make [oMT an integral part
Technology diagnosis methods do not | that can revolutionize COPD | of our healthcare system while
utilize the full potential | management and identify the | taking due care of ethical con-
of newer available technolo- | privacy and ethical considera- | siderations, patient consent,
gies. tions when using patient data | and data protection.
for COPD management.

males [11]. The insidious influence of risk factors, such as tobacco, accelerates the decline of pulmonary
capacity, obstructs airways, and exacerbates symptoms [12]. These symptoms, including chronic cough, sputum
production, and dyspnea, introduce substantial functional limitations, disrupting patients’ day-to-day lives [13].
Health professionals use various tools, including questionnaires and lung function tests, to identify those at risk
or in the early stages of COPD. This early detection is vital for timely intervention [14]. Exacerbations, defined
as acute worsening of symptoms and lung function, are pivotal events in the trajectory of COPD [15]. They
Yield a significant influence, negatively affecting patients’ quality of life, hastening the rate of lung function
decline, and exacting a substantial socioeconomic toll [16]. The frequency of exacerbations escalates as the
disease progresses, increasing hospital visits and healthcare resource utilization.

1.2. The Need for Early Detection and Remote Management of COPD.. Highlighting the signif-
icance of early detection and management of COPD, particularly exacerbations, cannot be emphasized enough.
Early intervention at the onset of COPD prevents disease progression, preserves lung function, minimizes symp-
toms, and plays a pivotal role in reducing exacerbations [19]. These critical events, often triggered by infections
or environmental factors, can lead to severe health deterioration if not addressed promptly [26]. By detecting
exacerbations early, healthcare professionals can initiate timely treatments, such as antibiotics and steroids,
averting exacerbation-related hospital admissions and the associated decline in health status. Adopting such
guidelines will enable us to improve the patient’s quality of life by improving their health and reducing the costs
of maintaining a healthy life. During the last four years, since the onset of Coronavirus 2019 (COVID-19), a lot
of research has been conducted on respiratory disorders. In [27], authors discuss how, for conducting research
for COVID-19, a huge number of research laboratories have been set up and dedicated to pulmonary disorders.
Due to the pandemic, the interdisciplinary sciences saw a boost, with Artificial Intelligence (AI) and Machine
Learning (ML) rapidly becoming integrated into biomedical systems. Due to lockdowns worldwide, researchers
have collaborated over the cloud, utilising pooled resources. All these factors have immensely impacted the
research related to COPD as well. The E-learning tools that were not very prominent before COVID-19 were
adopted;hence, researchers from medical fields were also exposed to these tools. This enables them to use these
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better to collaborate and share the data regarding COVID-19 across domains. [28]

1.3. Significance. The main requirement of a sustainable healthcare system nowadays is to be more
personalized toward patient needs and require less intervention from the patient/caregiver. Both these can
be achieved by putting forth an architecture for COPD management that is contextually aware. It can be a
novel approach for real-time monitoring and personalization of COPD management. We have designed the
architecture to integrate dynamic contextual information from the environment and details about the patient
with actual patient data to make timely and more informed decisions specific to the particular patient’s needs.
The implementation will also alleviate the burden on healthcare professionals and the healthcare system.

1.4. Research Objectives. The primary objective of this research setup is to put forth a context-aware
framework for real-time monitoring and personalized management of COPD. This requires comprehensively de-
tailing the architecture’s components, methodologies, and potential implications for COPD diagnosis and risk
assessment. The objectives include understanding context-aware systems and their application in healthcare,
particularly in COPD management; examining the structure and components of the scalable context-aware ar-
chitecture; and evaluating the effectiveness of ontology-based methods for reasoning and modeling in enhancing
COPD diagnosis and risk assessment. The forthcoming sections of this paper will delve deeper into the key
components and methodologies that underpin the scalable context-aware architecture. The following section is
the literature review, which explores the context awareness applications in COPD management and the details
of the International Classification of Functioning, Disability and Health (ICF) model. The Methodology Sec-
tion includes an in-depth examination of the ontology, implemented using Protégé in Web Ontology Language
(OWL) format. This project seeks to illuminate the architecture’s potential impact on COPD diagnosis and
risk assessment through systematic analysis.

2. Literature Review.

2.1. Comparative Analysis of Some Existing Works. Table 2.1 illustrates some of the existing works
on Ontologies for COPD.

2.2. The International Classification of Functioning, Disability and Health. The ICF is a compre-
hensive framework developed by the WHO([39]. It is used to classify various health conditions and understand
the disabilities related to such conditions. It is a universal language and conceptual basis for understanding
and measuring health and disability across various disciplines.

2.2.1. Framework Overview. The ICF emphasizes a shift from negative connotations like disability and
focuses on an individual’s function and positive abilities. It does not classify people but provides a framework for
assessing functioning, promoting better communication, facilitating data comparison, and serving as a coding
system for health information.

2.2.2. Fundamental Principles and Components. Four fundamental principles underlie the ICF: uni-
versality, parity, neutrality, and environmental influence. It categorizes functioning and disability into four main
components: Body Functions and Structures, Activities and Participation, and Personal and Environmental
Factors [41]. Figure 2.1 shows one of the representations of the disability model for any disease.

a. Body Functions and Structures: This component addresses the physiological functions of body systems,
including psychological functions and anatomical parts of the body [43].

b. Activities and Participation: Activities refer to the execution of tasks or actions by an individual [44].

c. Personal and Environmental Factors: Personal factors are considered but not classified within the
ICF framework. Environmental factors encompass the physical, social, and attitudinal environment in
which people live and conduct their lives [45].

2.2.3. ICF Core Sets. ICF Core Sets are practical tools developed for clinical practice to comprehensively
describe functioning in specific patient populations. They help healthcare professionals better understand the
needs of patients, particularly those with chronic diseases, and aid in clinical assessment and treatment planning.
In summary, the ICF is a versatile framework that promotes a positive, holistic approach to assessing health
and disability by considering various aspects of an individual’s functioning within their unique context [46].
It plays a crucial role in healthcare, disability services, education, social policy, and more, emphasizing the
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Table 2.1: Comparison of some existing Ontology Based Research’s.
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Paper Srt);:;)rf;}lt Approach Data E‘(?fh;it;;) n Conclusion

[29] Need for personal- | Rule-based ontol- | Rules based on | Confusion matrix | Context-aware sys-
ized COPD monitor- | ogy for COPD | biomarkers, in- | analysis, potential | tem for COPD
ing and recommenda- | patients door/outdoor con- | for telemonitoring
tions ditions, simulated | enhancement

dataset

[30] Enhancing COPD | COPDology for | Reuse of System- | Not provided A significant tool

patient management | proactive manage- | atized Nomenclature for COPD manage-

ment of  Medicine  Clin- ment
ical Terminology
(SNOMED CT) and
Global Medical De-
vice Nomenclature
(GMDN),  extensive
ontology

193] Inaccurate self- | A machine learning | Data collection, ma- | Exceptional accuracy, | A promising tool
identification of | algorithm for AE- | chine learning algo- | compared to pulmo- | for COPD triage
Acute exacerbations | COPD prediction rithm nologists
of chronic obstruc-
tive pulmonary
disease (AECOPDs)

(28] Reducing AECOPD- | Remote  telemon- | Data collection, on- | Mixed evidence on ef- | Potential for AE-
related hospitaliza- | itoring for AE- | tology development, | fectiveness COPD  prediction
tion COPDs structural aspects and management

[31] Handling diverse | Ontology-based Ontology develop- | Framework for data | Framework for Car-
Internet of Things | approach for IoT | ment, SPARQL Pro- | heterogeneity diovascular Disease
(IoT) healthcare | healthcare tocol and RDF Query Diagnosis
data Language (SPARQL)

queries

[32] Achieving semantic | Resource Descrip- | Data collection, RDF | Experiments using | RML-based ap-
interoperability  in | tion Framework | mapping, SPARQL | RDF mapping proach for IoT
IoT healthcare (RDF) and RDF | queries Healthcare Seman-

Mapping Language tic interoperability
(RML) for IoT
Healthcare Seman-
tic Interoperability

[33] Autonomous model | Machine learning | 61 attributes and | Area under the Re- | Promising au-
for predicting COPD | with Bayesian | 1985 COPD patients | ceiver Operating | tonomous  model
exacerbations networks, at- | dataset Characteristic (ROC) | for COPD exacer-

tribute selection, curve Area under the | bation prediction
discretization ROC Curve (AUC)

[34] Ontology, telemoni- | Efficient self- | Ontology-based tele- | Design, experiments, | Importance of
toring, COPD, phys- | management and | monitoring for COPD | evaluation, and valida- | validation, perfor-
iological data, en- | early detection of | patients tion mance measure-
vironmental parame- | exacerbations ment metrics
ters

[35] Dynamic detec- | Early detection of | Ontology-based dy- | Data from question- | Prototype results
tion model, ontol- | COVID-19 symp- | namic detection | naire answers, simula- | compared to actual
ogy, COVID-19 | toms in COPD | model tion, and implementa- | patient outcomes
symptoms, COPD | patients tion
patients

[36] IoT, Healthcare | Semantic Web in | Development of on- | Description and pro- | Not provided
Information Sys- | IoT-based health- | tologies for medical | cessing of data us-

tems, Semantic Web,
Ontology

care information

systems

devices and health do-
main [37]

ing ontologies, seman-

tic rules
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Fig. 2.1: International Classification of Functioning, Disability and Health Model by World Health Organization.
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Fig. 3.1: User interaction/intervention with a Generalised Self Adaptive Context Based System.

importance of ethical and patient-centered application. We have developed the COPD ontology based on the
ICF identified for COPD.

3. Proposed Framework. Figure 3.1 depicts a sequence of steps in operating a context-based person-
alized human activity recognition system. The main stages of the process are highlighted, showing the user’s
interaction with the application and how it learns and adapts over time. It shows a generalized process flow of
the user’s interaction with the application that a context-aware personalized human activity recognition system
can follow. It explains how the application adapts over time.

1. Initialisation (Time 0): We assume this is a first-time user who has never interacted with the system
in the scenario we consider. This means no context or any other data about the user is present in
the system. On interacting with the application, the user provides specific input, such as preferences,
behavior patterns, or other relevant data, which serves as the primary input, and other details like the
user profile and environmental details act as the contextual data.

2. Learning and Personalisation: The application processes this input and builds a personalized model
based on the user’s information, preferences, habits, and activity patterns. The responses provided by
the application are tailored to the user’s input and preferences.
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Fig. 3.2: Proposed Contextual Information Engine.

3. Adaptation to Changing Context (Time t+x): As time progresses, the user’s context changes. This
might include changes in location, behavior, or preferences. We assume that at the time (t+x), the
user engages in a new activity or behavior that differs from the initial input.

4. Model Adaptation The application’s model recognizes the changing context and adapts to the new
information. The personalized model is updated to incorporate the latest user behavior and preferences.
This adaptation ensures that the application’s responses remain relevant and accurate. Once the model
adapts to the changing context, the application provides accurate and personalized responses that align
with their current context and preferences without requiring further intervention from the user.

3.1. Context-Aware Model for COPD Management. The architectural diagram in Figure 3.2 rep-
resents the proposed Contextual Information Engine, the main processing system of the Context-Aware COPD
Model, and the workflow given in Figure 3.3. Context data is acquired from user data as well as sensed data.
This enables us to provide more personalized, dynamic, and effective healthcare services. This context data is
fed to a Context-Aware Monitoring Infrastructure.

1. Inputs from sensors and users/actors are sent to the Context-Aware Monitoring Infrastructure.

a. Sensors: These are data-gathering devices that capture data from the environment, like health-
related information, such as vital signs, environmental data, and patient activity.

b. User/Actor: These individuals interact with the healthcare system, such as patients, doctors, and
caregivers. They act as an important source of contextual data.

2. Context-Aware Monitoring Infrastructure: The Context-Aware Monitoring Infrastructure manages the
context information. It consists of two main components: Context Acquisition and Context Dissemi-
nation.

a. Context Acquisition: This component receives input from sensors and users/actors. It gathers
sensor data and captures user interactions, creating a holistic context.

b. Context Dissemination: The acquired context is processed and prepared for further analysis. This
component ensures that relevant contextual information is efficiently disseminated for subsequent
stages.

Current Context Data: The processed context data from the monitoring infrastructure is consid-
ered the "current context data.” This is stored in the Context Data Repository. This information
is essential for making informed decisions and providing context-aware services.

3. Context Data Repository (Context Data Delivery): The context data collected over time, called the
“current context,” is stored here, forming a repository of historical context information. This repository
is a centralized storage for the contextual information gathered from sensors and users. It ensures
data integrity and accessibility for downstream processes. The "Context Data Repository” feeds the
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Fig. 3.3: Workflow of the Proposed Context-Aware COPD Model

contextual information to the "Context Data Aggregator.”

4. Context Data Aggregator: This component processes and compiles context data, possibly from multiple
sources, before sending it forward. It helps consolidate information to view the patient’s state and
environment comprehensively. The compiled context data is forwarded to the "Context Modeling,
Reasoning, and Representation System for advanced processing.

5. Context Modeling, Reasoning, and Representation System: This crucial system processes the aggre-
gated context data. It performs modeling, reasoning, and representation using ontology methodology,
enabling a structured and organized way to interpret the context.

3.2. Ontology Methodology. This methodology is the foundation for modeling and organizing the con-
text information in a standardized and meaningful manner. It defines classes, properties, and relationships
among various contextual factors [47]. It creates a semantic model that captures the relationships between
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different context elements. Semantic interoperability enables data from different sources to be seamlessly in-
tegrated and understood [26], enabling effective reasoning and inference. This becomes crucial in healthcare,
where diverse data types and sources must be harmonized for comprehensive analysis. This involves structur-
ing the context data into meaningful entities, relationships, and attributes [48]. The output of the Context
Modeling, Reasoning, and Representation System can be used for various purposes. It can support decision-
making, provide insights, and facilitate personalized healthcare services based on the current context [49]. This
system transforms raw data into actionable information. This system does not operate in isolation. It feeds
its insights and conclusions to various parts of the healthcare service system, enabling dynamic adjustments
and improvements. This closed-loop approach ensures that the system continually refines its understanding of
context, leading to more accurate and relevant outcomes [50].

3.3. Advantages of Context-Aware COPD Model.

1. Intelligent Decision-Making and Personalisation: The gathered context data lays the basis for an intel-
ligent decision-making system since each patient’s context is very specific [51]. Ontological modeling
allows us to infer relationships between the context data gathered from different sources [53]. Collabo-
ration between healthcare experts and technology professionals is essential for designing an architecture
that aligns with medical best practices. Their combined expertise ensures that the context data col-
lected and processed aligns with clinical needs and priorities [52].

2. Improved Healthcare Services and Outcomes: Healthcare providers can offer proactive, personalized
care by incorporating real-time context data [53]. This approach leads to improved patient experiences
and better clinical outcomes. The healthcare system can allocate resources more efficiently by un-
derstanding the patient’s context [54]. This includes optimizing bed utilization, staffing, and medical
supplies based on anticipated needs [51].

3. Continuous Learning and Optimisation: The architecture also supports continuous learning and opti-

mization through data feedback loops [55]. As the system interacts with more patients and accumulates
data, it can refine its understanding of context and improve its decision-making capabilities [52]. Also,
feedback from healthcare professionals and system performance data is invaluable for refining the sys-
tem’s functionality and ensuring its relevance over time.
Machine Learning Integration [56]: As the architecture accumulates more data over time, the system
can integrate machine learning algorithms to recognize patterns and trends within the context data.
This can lead to better prediction of health events and further optimization of care plans. Telemedicine
Enhancement: The architecture can significantly enhance telemedicine capabilities. Patients can se-
curely share context data with remote healthcare providers, enabling accurate diagnoses and treatment
recommendations [57].

4. Long-Term Sustainability: By focusing on long-term sustainability, we ensure that the architecture
remains relevant, adaptable, and effective in addressing the changing needs of healthcare systems. This
includes planning for hardware and software upgrades, scalability, and maintenance.

5. User-Centered Design: The architecture should prioritize user needs and experiences. User-centered

design principles can lead to intuitive, user-friendly interfaces aligned with the diverse requirements of
patients, caregivers, and healthcare professionals [59]
The ”Context-Aware Architecture for COPD” presents a transformative approach to healthcare delivery.
It offers tailored, real-time, and data-driven healthcare solutions by harnessing the power of context
data from sensors and users. While implementation challenges exist, a well-designed, user-centric, and
ethically sound approach can lead to a future where healthcare is truly context-aware, improving patient
outcomes and overall well-being.

3.3.1. Implementation Challenges.

1. Interoperability: Integrating diverse sensors, devices, and data sources may present challenges in terms
of standardization and interoperability. Ensuring seamless communication and data exchange is crucial
for the architecture’s success.

2. Data Quality: The accuracy and reliability of the collected data impact the architecture’s effectiveness.
Measures to handle noisy or erroneous data, as well as calibration of sensors, must be considered.

3. Contextual Complexity: Contextual information can encompass a wide range of factors. Developing



1432 Anam Igbal, Shaima Qureshi, Mohammad Ahsan Chishti

Table 4.1: Different Ontology models and our identified contexts for COPD Ontology

Ontology Reference | Profile | Role | Space | Status | Environment
Context Broker Ontology (COBRAONT) [70] Yes Yes Yes No Yes
Context Ontology Language (CoOL) 71 Yes No No No No
Ontology server 72 Yes Yes Yes Yes Yes
Mobile sensor context ontology [73] Yes No No Yes Yes
Context-Driven Adaptation of Mobile Services | [75] Yes Yes Yes No Yes
(CoDAMos)
OWL encoded context ontology (CONoN) [75] Yes No Yes Yes No
Standard ontology for ubiquitous and pervasive | [76],[77] Yes No Yes No No
applications (SOUPA)
Situation Ontology [78] Yes No Yes No Yes
Delivery Context Ontology [79] No No Yes No Yes
Multidimensi- onal Integrated Ontologies | [80] Yes Yes Yes No Yes
(mlIO!)
PiVOn(n.a) [81] Yes No No No Yes
Health context ontology [82] Yes Yes Yes Yes Yes
PaISPOT(n.a) [83] Yes No Yes Yes Yes
Rover Context Model Ontology (RoCoMo) [84] Yes Yes Yes Yes Yes
Meta Context Ontology Model (McOnt) [85] Yes No Yes No Yes
Smarton tosensor [86] Yes Yes Yes No Yes
Context awareness meta ontology modeling | [87] Yes Yes Yes Yes Yes
(CAMeOnto)
Extensible Context Ontology for Persuasive | [88] Yes No Yes Yes No
Physical-Activity Applications (ECOPPA)
Multimedia Semantic Sensor Network Ontology | [89] Yes No Yes No No
(MSSN-Onto)

sophisticated algorithms and models for context representation and reasoning is essential to capture
this complexity accurately.

4. Ethical, Security, and Privacy Considerations: Amid the sensitive nature of healthcare data, the ar-
chitecture strongly emphasizes ethical regulations, security, and privacy [60] Robust security measures
ensure that patient information remains confidential and protected from unauthorized access [62].

e Informed Consent: Users should be informed about the data collection and usage practices and
give their consent. Transparent communication builds trust between the healthcare system and
its users. [64].

Data Ownership [65].

Data Encryption [61], [64], [66]

Access Control [67].

Data Privacy [65],[68]

Unauthorized Access to Patient’s Data [69].

4. Methodology Used. As discussed in the previous subheading, ”Context-Aware Model for COPD
Management,” we use Ontology Modeling to implement the Context-Aware COPD Model. In most ontology-
based models, the context features considered are tabulated in Table 4.1. We identify an additional contextual
feature, which is cognitive support. The two contextual features always taken into account are location and
time. We devise certain competency questions to retrieve desirable information after the ontology’s development
[32]. For example, can our ontology provide insights about a patient’s COPD progression, what risk factors the
ontology can detect, or what emergency guide is available for addressing critical COPD patients?

Figure 4.1 represents the taxonomy of our Context-Aware COPD model. It gives a snapshot of the
different classes related to COPD and the context classes we have identified, i.e., profile, role, status, space,
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Fig. 4.1: Taxonomy of Context-Aware COPD Ontology Model

and environment.

4.1. Dataset. For our application, setting up an environment for data acquisition from sensors is difficult
due various practical limitations like ethical and privacy issues, cost actor, and deployment time. The alternative
method is to use an intelligent simulation method. This simulation is based on the ICF designed for COPD by
the WHO. Even though a data availability statement is not required, [97],[98], and [99] helped us to design the
COPD ontology. We also used [100], for designing the Context-aware ontology.

4.2. Ontology Development.

4.2.1. Purpose of the Developed Ontology. We identify why we are developing this ontology and
identify its primary functions. We also point out the focus of the ontology. Purpose Implemented: Patient Self-
Management The idea of patient self-management came to light during COVID-19 when there were quarantines,
and there was no access to caregivers for the patients. [95] The purpose is to allow the patients and caregivers
to take an active role in managing their COPD. So, a context-aware ontology is prepared to encompass two
ontologies based on the ICF of COPD, categorizing raw data and context data inputs separately. By enabling
the patients to know their condition better, we allow them to make informed decisions about their choice of
activities and self-care strategies. Other purpose scenarios to be considered:

1. Healthcare Professional Support: The ontology’s function is to support the clinician in tailoring a
treatment plan based on the patient’s context.

2. Research Analysis: The ontology is research-friendly and used to identify and analyze the patterns in
COPD data management; the focus is interventions required in different contexts.

3. Education and Awareness: This is also a patient-centered and patient-friendly ontology, focusing on
proactive self-management under changing contextual factors.

4.2.2. Goals of the Developed Ontology. We identify the outcome within the context of our ontology’s
purpose. Goals associated with our purpose are:
1. Providing Personalized Recommendations: Since the purpose is self-management, the ontology must
provide patient-centered recommendations based on their context.
e Treatment recommendations
e Activity recommendations
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Table 4.2: COPD Ontology Development.

Development Stage

Details

Data Source

[90], [91], [92], [93], [94].

Ontology Structure

Figure 4.1

Ontology Tools

Protégé

Class Definitions

Figure 4.3, 4.4, 4.5

Semantic Relationships

Figure 4.7

Table 4.3: Context-Aware Ontology Development.

Development Stage

Details

Ontology Structure

Figure 4.8

Ontology Tools

Protégé

Class Definitions

Figure 4.9

Semantic Relationships

Figure 10
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2. Symptom Prediction: For self-management, it is crucial to anticipate the potential symptoms based on
historical data, current patient information, and contextual factors.
3. Administration and monitoring of medicines: This needs to consider the daily activities and medication

schedules.

4. Response Planning in Critical Conditions / Emergency Response: We design rules to address COPD-
related emergencies, checking available resources, including medications, caregiver support, healthcare
professionals’ availability, and emergency treatment preparedness.
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5. Seamless Lifestyle Integration: The lifestyle recommendations are closely related to the activity recom-
mendations. This includes incorporating lifestyle choices and social and professional status as contex-
tual factors.

6. Long-term Monitoring: We monitor the patients’ symptoms over a long time to make informed decisions
about any treatments required or modifications in the medication, treatment, or lifestyle.

7. Cognitive Support: We aim to support psychosocial well-being like anxiety management, and behavioral
changes, like smoking cessation.

5. Conclusion. In conclusion, our research addresses the pressing challenges of managing COPD by devel-
oping a Context-Aware Ontology. COPD, a complex and pervasive pulmonary condition, demands innovative
solutions beyond traditional approaches. Our paper has elucidated the limitations of conventional COPD
management, emphasizing the critical need for personalized and proactive healthcare interventions. The core
contribution of our work is the creation of a sophisticated Context-Aware Ontology designed to revolution-
ize COPD management. This ontology harnesses dynamic contextual data from patient environments, user
profiles, and sensor inputs, enabling real-time decision-making that caters to individual patient requirements.
Developed using Protégé, this ontology provides a structured framework for representing and reasoning about
the multifaceted contextual elements influencing COPD care. The advantages of our context-aware COPD
model are manifold. It facilitates intelligent decision-making by considering the unique context of each patient,
empowering healthcare professionals to make informed choices and deliver timely interventions. Moreover, it
enhances healthcare services by offering proactive care to detect early signs of health deterioration and suggest
preventive measures. This approach improves patient experiences and optimizes resource allocation within the
healthcare system.

Our architecture is not static; it supports continuous learning and optimization. As the system accumulates
more data, it can integrate machine learning algorithms to recognize patterns and trends within the context
data, leading to better predictions and further care plan optimization. Additionally, the architecture enhances
telemedicine capabilities, enabling secure context data sharing with remote healthcare providers for accurate
diagnoses and treatment recommendations. We underscore the importance of data security, informed consent,
and ownership to ensure our context-aware COPD model’s ethical and patient-centred application. These
considerations are paramount in the sensitive realm of healthcare data, where maintaining patient privacy and
security is non-negotiable. Our Context-Aware Ontology for COPD offers a trans-formative path forward in
healthcare delivery. By embracing the power of context data from various sources, our approach provides
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tailored, real-time, and data-driven healthcare solutions. At the same time, we acknowledge the challenges
associated with interoperability, data quality, and ethical concerns; a well-designed, user-centered, and ethically
sound implementation can propel healthcare into a future where patient care is genuinely context-aware, leading
to improved patient outcomes and overall well-being. Our research contributes significantly to the evolving
landscape of COPD management, introducing an innovative ontology-based solution that aligns seamlessly
with the evolving needs of modern healthcare systems. For future research, this ontology will be validated
through real-life implementation. Comparison with existing techniques is to be considered in future papers.
Additionally, this framework can be expanded by implementing it for other chronic diseases.
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