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ABSTRACT 

 

ARTICLE INFO 

In the near future, many elderly people will live alone, either by 

necessity or choice, requiring support from families and 

governments to maintain their health and quality of life. The senior 

population will represent a significant portion of the smart home 

market, benefiting from its technology, though its full potential 

won't be realized without proper design. Ontology can play a key 

role in this by organizing knowledge about entities, interactions, and 

qualities, which helps manage knowledge flow and reduces 

complexity in the smart home sector. Many ontologies have already 

been developed in this area. Studying ontologies' dimensions and 

comprehending their maturation curve and potential future 

directions are our objectives in this paper. We looked at 48 papers 

on the ontology of smart homes for elderly health in this systematic 

review. Keywords included elderly health, ontology, and smart 

home, which were examined in both healthcare and technology 

domains. PubMed, IEEE, Medline, Google Scholar, and Scopus 

databases were selected for the search, and two researchers 

reviewed all articles according to the inclusion and exclusion 

criteria. Ontologies are essential for generating, processing, and 

using health data, as well as advancing personalized care and 

medicine. By analyzing and comparing various ontologies, we 

identified future trends like precision medicine, tactile Internet, and 

feedback systems. We classified ontologies into three generations 

and found that recent ones include new dimensions such as 

nutrition, cognitive and mental health, social behavior, 

physiological status, and physical activity. ©authors. 
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1. Introduction 

The population of Iran has reportedly 

reached 83 million people, with the elderly 

population over 60 years old making up 8 

million 231 thousand people, or roughly 9.9% 

of the population, and the population over 65 

making up 6.4% of the population, according 

to a report posted on the website of the 

Ministry of Health and citing the country's 

Statistics Organization in 2019. The old 

population in Iran has grown at a pace of 3.62 

percent over the past two to three decades, 

which is about three times faster than Iran's 

general population growth rate of 1.24 

percent. According to projections, the 

proportion of the senior population will 

surpass 10% in 2021, 19.4% in 2041, and 

26.1% in 2051, which indicates that more 

than a quarter of the nation's citizens will be 

elderly. Compared to the world, the 

proportion of the population over 65 years old 

was about 9% in 2019 and is predicted to 

increase to 16% by 2050. It is observed that 

the rate of increase in the elderly population 

in Iran is higher than in the world. 

The topic of aging will rise to the top of the 

national agenda in the ensuing decades, based 

on the aforementioned facts and projections 

as well as the rising life expectancy and 

longevity brought on by bettering health care. 

It is especially crucial to prepare for the 

predicted situation and manage it properly. 

Many elderly people will live alone in the 

coming years, either out of necessity or 

choice, and will need help from their families 

and the government to manage and maintain 

their health and quality of life. Smartening 

and remote care are the first solutions that can 

be used in light of technological advancement 

and the decline in the active workforce ratio. 

The development of smart houses and their 

adoption by the elderly is one of these 

technologies. Smart home technology gathers 

data on visitors and shares it with family 

members as well as primary care providers. 

An environment where the equipment's 

capabilities are automated and the devices are 

connected is what is meant by the term "smart  

home," according to another definition. 

Because of their high vulnerability, the 

elderly currently presents a significant 

challenge to governments and the majority of 

families. The situation can be dangerous due 

to the statistic of 1 in 3 elderly people (Azadi 

& Bastami, 2021). Older people most 

frequently get injuries from falling at home 

because their environment is unsuitable for 

their needs, according to studies of hospital 

admissions. Burns from fires (often caused by 

failing to put out a fire) and drug poisoning 

are the other two home harm causes for older 

individuals. 

IoT applications will proliferate across a 

variety of industries due to the quick 

development of technology. On the other 

hand, a sea of data will be in front of us, and 

each of the aforementioned devices will 

greatly contribute to its creation by their 

specific objectives. This pool is filled with 

massive amounts of big data produced by 

sensors and IoT devices, providing an 

excellent opportunity to use this data for 

tactical and strategic decisions (Moubadi, 

2018). Health monitoring is one of the 

potential uses for data on the conditions of 

those residing in the house. Context 

awareness is one of the most important issues 

with pervasive computing. The smart house, 

a special instance of pervasive computing, 

has allowed every family to take advantage of 

living in a high-tech home today (Van 

Nguyen, Lim, Nguyen, Choi, & Lee, 2010). 

With the development of smart services and 

the advancement of smart home support 

infrastructure, it will be possible to use 

natural language instructions to simplify and 

improve our lives.  

The smart home concept model has been 

implemented to personalize and develop 

these services more effectively (Y. Chen, Liu, 

Huang, Hu, & Chen, 2019). Although 

conceptual models do a good job of 

expressing knowledge items, they lack 

relationships. A kind of semantic relationship 

is discovered when the user, activity, and 

contextual information are connected in the 

home environment. Ontology can therefore 

be used to represent these relationships so that 

semantic information can be deduced (Van 
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Nguyen et al., 2010). Technology is always 

improving, which raises living standards and 

makes life easier for people. Many of these 

advancements are aimed at healthcare 

systems, with a particular emphasis in recent 

years on assisting elderly people to maintain 

their independence in their homes. Data is 

collected continuously from various sensors 

and is used for contextual anomaly detection. 

As a result, the amount of sensor contextual 

data grows exponentially. However, the lack 

of syntactic or semantic integrity constrained 

these sensor data’s ability to be shared, 

reused, and interpreted (Nabli, Regaig, 

Djemaa, & Sliman, 2022). Globally, smart 

home technology has advanced significantly 

in recent years, and its use is growing. 

However, despite the large capacity 

described, little knowledge is processed and 

retrieved from them, and these enormous 

sources of data are being lost since the 

significance of data and the application of 

knowledge have been disregarded. 

Right now is the best time to create the ideal 

ontologies and models for creating smart 

homes that are tailored to the needs of certain 

customers. To monitor and manage health 

conditions, it is also the ideal moment to 

increase the knowledge value of the data that 

can be acquired through this technology. 

Beings that are conceptually tied to one 

another makeup existence. These 

relationships create a network of ideas that 

depicts the totality of existence. The 

philosophical idea of ontology was initially 

exploited by artificial intelligence in fields 

including knowledge engineering, natural 

language processing, and knowledge 

representation. The most widely used 

definition of ontology in the fields of 

information science and epistemology is 

Gruber's, which views ontology as the 

recognized definition of conceptualization 

(morady, ghaebi, & kamran, 2021). Ontology 

is generally regarded as the study of what is 

real in the world of philosophy. An ontology 

in information technology is a model of the 

operation of entities and their interaction in 

certain knowledge or practice domains. 

Ontology is "the concept of conceptualization 

used to let programs and humans share 

information," according to Tom Gruber 

(Gruber, 1993). The definition of classes and 

properties of entities, as well as the 

connections or similarities between classes, 

the hierarchical relationship between 

properties, or the connections between 

classes and properties related to constraint, 

cooperation, equivalence, differentiation, 

transition, or describe the symmetry of 

classes and properties, can all be found in 

ontologies. This rational and unambiguous 

image also makes it possible to infer new 

information from already known information 

(Kim & Choi, 2006). An explicit formal 

articulation of a common understanding is 

ontology. An invaluable tool for navigating 

the complexity of intelligence and the 

demand for transdisciplinary knowledge, 

ontology is a conceptual model of a portion 

of reality that incorporates interrelated 

concepts about a particular field of 

application (De Nicola & Villani, 2021). 

Knowledge processing can effectively 

analyze data generated by Internet of Things 

(IoT) sensors in smart home environments for 

elderly healthcare. With the use of 

appropriate ontologies, this data can play a 

vital role in optimal information 

management, timely diagnosis of diseases, 

and provision of personalized treatment 

recommendations. (Kalijehdouz & 

Tahmatan, 2025) 

Role of ontologies in data management: 

Ontologies help organize and classify 

information by defining concepts and 

relationships between data. In the context of 

healthcare, ontologies can help integrate 

different data from different sources, such as 

biosensors and wearable devices, and enable 

fast and effective access to medical 

information. 

Role of ontologies in disease diagnosis: By 

analyzing data collected by sensors and 

applying knowledge processing algorithms, 

patterns associated with specific medical 

conditions can be identified. This process 

helps in early diagnosis of diseases and 

providing preventive care for the elderly. 
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Role of Ontologies in Treatment 

Recommendations: Using analytical data and 

medical ontologies, systems can provide 

personalized treatment recommendations. 

These recommendations can include 

suggestions for medications, lifestyle 

changes, and other medical interventions that 

help improve the quality of life of the elderly. 

By utilizing knowledge processing and 

appropriate ontologies, it can help improve 

the quality of healthcare for the elderly in 

smart home environments. (Srivastava et al., 

2023) 

Analysis of data obtained from biological 

and environmental sensors can help improve 

decision-making processes in healthcare. 

This data is processed using machine learning 

and deep learning algorithms to help identify 

patterns and predict health events. 

Biosensor and Environmental Data 

Analysis: 

 Data Collection and Preprocessing: Data 

collected from wearable sensors, such as 

heart rate, respiratory, and optical 

sensors, are stored in a database after 

filtering and preparation to prepare for 

further analysis. 

 Feature Extraction: Using deep learning 

algorithms, effective features are 

extracted from the acquired signals to be 

used to predict health events. 

 Modeling and Prediction: By applying 

machine learning and deep learning 

models, such as LSTM and DBN neural 

networks, predictions about health 

events can be made and help in timely 

decision-making. (Bukharaini et al., 

2023)  

According to the previously mentioned 

statistics-based predictions, a major portion 

of the smart home market will be geared 

toward the older population in the next years, 

who will profit from this technology's 

capabilities but will be far from its optimal 

state without adequate design. On the other 

hand, one of the primary priorities of the 

healthcare system will be keeping an eye on 

the health and care of people who wish to live 

independently or would ineluctably find 

themselves in such a scenario. As was 

indicated before, using intelligent 

technologies and producing knowledge from 

the gathered data requires the development of 

an information system and conceptual 

framework. Ignoring it could result in the 

failure of crucial objectives including system 

integrity, accurate inference, and support for 

quick decision-making.  

Aging is a multifactorial physiological 

process, and the development of new IoT 

systems, tools and devices, specifically 

targeted at older people, should be based on a 

comprehensive framework based on strong 

scientific knowledge in different health 

domains. In addition, interoperability should 

be ensured using standard frameworks or 

approaches. These aspects are still largely 

lacking in the specific literature 

(Mastropietro et al., 2021). In this area, 

ontology can be useful as a modern, effective 

tool. Ontologies will greatly aid in managing 

the gathering, storing, creation, and flow of 

knowledge by generating knowledge about 

dimensions, entities, attributes, and 

relationships while minimizing the 

complexity of the multidisciplinary space of 

process intelligence. 

 

2. Literature Review 

An ontological model based on the 

environment was introduced in a paper 

written in 2006. The smart home ontology 

was created using the OWL (Web Ontology 

Language), and data and metadata were 

recognized in it. To test whether the created 

program can recognize the user's waking 

condition based on light sensor data, bedroom 

TV status, etc. and organize the wake-up 

settings, the scenario of waking up was 

performed in this work as an example 

utilizing the Jena computer design software 

(Kim & Choi, 2006). 

An ontological approach to administering 

smart home remote care (TSH) for the elderly 

who have lost their cognitive independence 

was proposed in a 2007 article which used 

Protege2000 to develop a modular design in 

OWL. This study's major goal was to fully 

characterize the domain using ontology to 
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offer a solid foundation for the creation, 

setup, and use of software applications (Latfi, 

Lefebvre, & Descheneaux, 2007). This 

study's approach is the most similar to the 

current design, with the exception that it was 

created exclusively for an elderly population 

and the model's effectiveness was not 

assessed. Due to the variety of house 

surroundings, equipment, and people, smart 

home applications must be adaptable and 

flexible. 

An ontology-based framework was 

suggested in a paper that was presented in 

2009 at the International Conference on 

Embedded Software and Systems as an 

alternative to planning for every household to 

automate the integration of the necessary 

apps. Depending on the equipment available 

in each particular household, this system 

automatically provides the relevant services. 

In addition, it dynamically modifies the 

environment's parameters to take into account 

the resources that are accessible and the 

customer's wants. Customers can 

differentiate themselves by altering their 

typical behavior patterns thanks to the 

provision for custom performance template 

customization. This paper introduces the 

SOC framework to allow the identification of 

semantic links among smart home device 

types (Xu et al., 2009). 

A novel method for context-based 

knowledge management in the smart sector 

was introduced in a paper in 2010. Devices in 

a smart space can communicate with one 

another and exchange data and services. 

Knowledge management in these systems 

enables the coordination of several 

institutional functions in a smart area. A 

knowledge structure and relationships model 

was proposed in this study using an 

ontological approach to context-based 

knowledge management in intelligent space. 

Knowledge resources are located in the lower 

layer, while the knowledge map is described 

in the upper layer. The appropriate action is 

chosen in the top layer based on the scenario 

and context, and feedback is delivered to the 

desired tool or saved in the user profile 

(Smirnov, Shilov, & Kashevnik, 2010). 

An ontology-based smart home system was 

introduced by Nagoyan et al. in 2010. They 

gathered background data from a variety of 

sources, including base explosion problems, 

devices, agents, sensors, ontology 

administration, and ontology search. 

Environmental information was mentioned as 

a problem in achieving the underlying 

ontological base (Van Nguyen et al., 2010). 

A network of embedded items that can 

perceive, interact, and communicate is known 

as the Internet of Things (IoT). Daily growth 

in the number of linked devices makes it 

possible to create a wide range of applications 

for the Internet of Things. IoT has been 

approached in a variety of methods up until 

this point, including non-IP solutions, IP-

based solutions, and more recently, high-end 

solutions known as firmware. In recent 

research, the issue of sensor diversity, data 

complexity, and heterogeneity has been 

resolved by utilizing ontology. 

The smart home sensor ontology, a 

customized ontology based on the ontology 

of semantic sensor networks, is presented in a 

paper written by Caesar et al. in 2015 (SSNs). 

The authors built a simulation environment 

for a smart home case using their ontology, 

and they provided early performance 

findings. The sensors were divided into 

categories for temperature, lighting, 

appliances, and security. 

A rudimentary type of ontology was created 

in this study using the Protege program and 

contains sensors, objects, units, observations, 

physical entities, attributes, commands, and 

infrastructure, in accordance with the focus of 

the writers of this paper on hardware and 

infrastructure. In order to evaluate the 

performance of applications and ontologies, 

many situations with various hardware were 

taken into consideration. This shown that the 

results are not independent of hardware and 

operating system (Sezer, Can, & Dogdu, 

2015). 

To address smart home entities varied and 

bulky data, Tao et al. proposed semantic 

management and application of ontology-

based data in 2017. The smart home system 

model, collected from users' home actions, 
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was used to create a general ontology model 

containing correlation ideas and a semantic 

fusion model. User behavior analysis and a 

semantic matching rule were used to create 

ontology-based semantic inference for 

accurate and tailored home services. An 

inference testing system was then used to 

demonstrate that user behavior was 

appropriately recognized and inference was 

correctly conducted. The algorithm predicts 

each family member's behavior, such as what 

drink he would consume, based on his 

preferences (Tao, Ota, & Dong, 2017). The 

IoT architecture of the smart home care plan 

delivers common and transparent information 

to IoT devices, end users, relatives, health 

professionals, caregivers, and organizations. 

This study uses ontology to integrate 

measurable data from different sources to 

evaluate events semantically and 

contextually. The system's activity detection 

is tested in a smart home. Thus, the developed 

ontology may describe data at various 

abstraction levels and support inference and 

decision-making. This research indicates that 

data volume does not affect inference time. 

Today's commercial solutions provide sensor 

infrastructure but lack context awareness 

(Alirezaie et al., 2017). Some definitions 

perceive the context's information as 

knowledge, which can result in inference and 

decision-making when necessary. 

At the 17th International Semantic Web 

Conference in 2018, a publication introduced 

the smart environment ontology model, 

which uses semantic sensor network 

ontology. Sensor network ontology is used to 

illustrate intelligent and sensor environments 

by describing sensors, their observations, and 

related ideas. This article discusses smart 

home care strategies after presenting smart 

environment ontology. This project uses 

sensors, actuators, and the Internet to help the 

elderly live independently. Smart home care 

requires semantic interaction to link sensor 

data with patient background information to 

give a variety of services. These services 

contain patient status, event reason, and the 

system's next steps. Background information 

might be patient-generated health reports, 

informal patient caregivers, or home care 

services, primary care centers, or hospital 

data in the electronic health record (EHR). 

The variability of services, devices, and 

communication technologies makes applying 

standard IoT technology to ICT-supported 

senior services difficult. For instance, the 

home care system should alert the senior 

caregiver if their heart rate rises without 

apparent cause, such as exercise. The system 

analyzes high heart rates based on the user's 

health (gender, age, health history, etc.) and 

present condition using semantic linkages 

(rest or active exercise, etc.) (Alirezaie, 

Hammar, Blomqvist, Nyström, & Ivanova, 

2018). A 2021 study examined health 

monitoring using sensors, wearable sensors, 

and social media platforms that enable 

continuous patient monitoring and the 

generation of significant amounts 

of health data. Social media health data is 

also vast and unstructured. The study found 

that healthcare monitoring systems struggle 

to capture and analyze sensor and social 

network data. Traditional machine learning 

methods cannot predict anomalies in massive 

healthcare data. Thus, a new cloud-based 

healthcare monitoring framework and a huge 

data analysis engine for reliable healthcare 

data storage and analysis and increased 

classification accuracy are proposed. Two-

way data mining, ontology, and short-term-

long-term memory procedures underpin the 

big data analysis engine. Data mining 

efficiently preprocesses healthcare data and 

reduces dimensions. The proposed ontology 

provides semantic knowledge about 

institutions and their interactions with 

diabetes and hypertension. Bilateral short-

term and long-term memory properly 

classifies healthcare data to forecast drug side 

effects and abnormalities in patients. The 

suggested system categorizes patients' health 

status using diabetes, blood pressure, mental 

health, and medication review data. Protégé 

Web Ontology Language with Java produced 

this framework. The approach accurately 

handles heterogeneous data and enhances 

health status classification and drug side 

effect prediction (Ali et al., 2021). 
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Some studies with an ontology view for the 

healthcare of the elderly, along with their 

most important results, are given 

in Table 1. 
Table 1. Recent study's techniques and results 

Paper Insights Methods Used Results 

Karagiorgou 

(2018) 

The ontology-driven semantic 
interoperability agent showed 

robust accuracy in monitoring 

elderly people's activities, mobility 
patterns, and providing accurate 

recommendations for mobilization 

at home. 

 
Ontology-driven approach 

Semantic interoperability agent for 

personalized recommendations 

Agent provides personalized 

incentives for elderly people home 
mobilization. 

Agent accurately classifies activities 

and gives accurate mobilization 
recommendations. 

Ganesan, Paul, & 

Seo (2022) 

The accuracy of elderly people 
monitoring was improved to 

99.81% in training and 99.78% in 

testing using a smart Human 
Activity Recognition system with 

advanced machine learning 

algorithms. 

K-means++ clustering to identify 

outliers 

Ensemble classification techniques 
using stacking and bagging 

classifiers 

Best classification accuracy 

achieved: 99.81% 

Ensemble classification techniques 
(stacking and bagging classifiers) 

used. 

Sondes, Elhadj, & 
Chaari (2019) 

The ontology-based healthcare 

monitoring system in the Internet of 

Things showed feasibility and 
efficiency in semantic querying, 

indicating promising accuracy for 

monitoring elderly people. 

Ontology integration 

Semantic querying validation 

 

Feasibility and efficiency of 
proposed ontology validated. 

Capability to grow into specialized 

ontology for health monitoring 
shown. 

Nabli (2022) 

The paper develops a Context and 

Quality of Context (CQoC) 

ontology for accurate monitoring of 
elderly people, ensuring safety and 

early issue alerts in a health 

monitoring system. 

Development of CQoC ontology 

for handling contextual data. 
Creation of SQoCHMS for elderly 

health monitoring and alerts. 

Developed CQoC ontology for 
handling contextual data and 

interpretation. 

Created SQoCHMS for elderly 
safety with early issue alerts. 

Zulfiqar (2022) 

The elderly monitoring ontology in 
the study showed 100% sensitivity 

for geriatric risks with satisfactory 

positive and negative predictive 
values, indicating high accuracy in 

detecting health deterioration. 

MyPredi platform uses medical 
sensors for real-time feedback 

analysis. 

Alerts generated based on 
physiological information and 

medical ontology analysis. 

6,073 measurements made, 

averaging 253 per day 

110 alerts issued, with 15 mild, 31 
moderate, and 64 severe 

Bajenaru, Dobre, 

Ciobanu, & Balog 

(2019) 

 

Patient profile design using 
ontologies 

Personalized support for 

daily/medical activities in vINCI 
care 

Personalized assistance services for 

older adults in IoT-based ecosystem. 
Patient profile used for personalized 

support in daily/medical activities. 

Basori (2020) 
 

 

The deep learning algorithm 

achieved 76% accuracy in 

monitoring heart failure / disease in 
elderly using wearable IoT devices, 

showing potential for further 

improvement with suitable data 
sets. 

Wearable IoT devices attached to 

patient's cloth for monitoring. 
Deep learning analysis for heart 

failure detection with 76% 

accuracy. 

Deep learning analysis for heart 

failure with 76% accuracy. 

System sends alerts in emergency 
states for elderly monitoring. 

Paraschiakos et 
al. (2020) 

 

The accuracy of elderly people 

monitoring ontology reached over 
93% by merging different walking 

paces, enhancing activity 

recognition in wearable sensor data. 

Random Forest AR models with 

varying sensor set-ups 

LARA algorithm for activity 
granularity in predictions 

Best model accuracy >85% with 

additional physiological information. 

7-class model optimal for accuracy 
and granularity in free-living data. 

 

In this section, we provide a comparative 

analysis of several studies related to 

ontologies in e-health, the Internet of Things 

(IoT), and their application to smart homes, 

particularly focusing on elderly health. The 

aim is to highlight the strengths and 

weaknesses of the approaches used in each 

study, categorizing them by their 

methodology or focus, and identifying gaps in 

the literature that justify further research. 

Ontology-based Approach for Healthy Lifestyle 

Management: (A. Chatterjee, A. Prinz, M. 

Gerdes, & S. Martinez, 2021) 
Chatterjee et al. conducted a literature 

review to examine the use of ontologies in 

three domains: e-health, IoT, and medicine, 

with a particular focus on how they support 

healthy lifestyle management. The authors 

present a systematic approach to organizing 

data for health monitoring through the use of 

ontologies. 
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Strengths: This study offers a clear 

categorization of ontologies in e-health, IoT, 

and medicine, offering valuable insights into 

their interrelations and potential applications 

for health management. It highlights the 

importance of ontologies for logical data 

representation, making complex health data 

more accessible and interpretable. 

Weaknesses: The study’s focus on general 

e-health applications overlooks more specific 

areas, such as smart homes and elderly care. 

Additionally, it does not delve deeply into the 

limitations of current ontology-based 

systems, particularly in real-time health 

monitoring for aging populations. 
Machine and Cognitive Intelligence for Human 

Health: (X. Chen et al., 2022) 

This study provides a thorough analysis of 

how Web intelligence and AI can be applied 

to health, with a focus on ontology mining, 

machine learning algorithms (e.g., support 

vector machines and convolutional neural 

networks), and their potential in disease 

detection, monitoring, and diagnosis. 

Strengths: The study offers a 

comprehensive review of various AI 

technologies in healthcare, highlighting the 

potential of ontologies in supporting clinical 

outcomes and enhancing informatics-enabled 

brain research. It also covers a wide range of 

applications, from clinical text mining to 

disease diagnosis. 

Weaknesses: While the study emphasizes 

AI’s potential in healthcare, it is heavily 

focused on algorithmic advancements and 

less on the practical challenges of 

implementing these technologies in real-

world settings, particularly for the elderly in 

smart homes. There is also a lack of 

discussion regarding the scalability and 

integration of these systems into existing 

healthcare infrastructures. 
Innovative Assisted Living Aids and Remote 

Monitoring for Aging Societies: (Sapci & Sapci, 

2019) 

This review analyzes studies on remote 

monitoring technologies, AI-driven 

solutions, and robotic systems for elderly 

care. The focus is on how technological 

advancements, like home telemonitoring, 

have the potential to reduce readmissions and 

improve the quality of care for aging 

individuals. 

Strengths: The study provides an extensive 

review of assistive technologies and their 

impact on elderly care, offering valuable 

insights into how telecare and smart home 

systems can improve health outcomes. The 

use of multiple databases ensures a broad 

coverage of relevant literature. 

Weaknesses: A significant limitation 

identified in the review is the lack of critical 

appraisal in many of the included studies. 

This weakens the reliability of the findings 

and limits the generalizability of the 

conclusions. Furthermore, while the study 

identifies key technological themes (e.g., 

robotics, AI), it does not provide a detailed 

comparison of these technologies or discuss 

their practical challenges in implementation, 

particularly for older adults with varying 

health conditions. 
Human Activity Model for Smart Homes: (Ni, 

Pau de la Cruz, & Garcia Hernando, 2016) 

Ni et al. propose a human activity model 

based on ontologies, divided into three 

categories: user ontologies, smart home 

context ontologies, and activities of daily 

living (ADL) ontologies. This model is 

designed to support user, context, and activity 

modeling in smart homes. 

Strengths: The study provides a structured 

approach to activity modeling in smart 

homes, offering clear categories for 

understanding user behavior, context, and 

daily activities. This segmentation helps in 

developing specific applications for 

monitoring and supporting elderly 

individuals. 

Weaknesses: While the study offers a 

structured approach to activity modeling, it is 

limited in scope. It focuses primarily on 

ontology categorization and does not fully 

explore the integration of these ontologies 

into functioning smart home systems. 

Additionally, the study does not address the 

challenges in terms of scalability and the 

dynamic nature of elderly care needs in real-

world applications. 
Comparative Analysis and Gaps in Literature 
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Across the studies reviewed, several 

common themes and gaps emerge. 
 Strengths 

Many studies emphasize the importance of 

ontologies for managing complex health 

data, particularly in the context of smart 

homes and elderly care. The integration of 

AI and machine learning is highlighted as 

crucial for improving the effectiveness of 

health monitoring and decision-making 

systems. 
 Weaknesses and Gaps 

o Practical Implementation: Few studies 

address the real-world challenges of 

implementing these technologies, 

especially in diverse elderly 

populations with varying health 

conditions. For example, Sapci & Sapci 

(2019) identify a gap in critical 

appraisal, which affects the reliability 

of evidence supporting the use of 

telecare in elderly care. 

o Integration of Ontologies: While 

ontologies are proposed as valuable 

tools for structuring data, studies like 

Chatterjee et al. (2021) and Ni et al. 

(2016) do not delve deeply into how 

these ontologies can be seamlessly 

integrated into existing healthcare 

systems or smart home devices. 

o Personalization and Scalability: There 

is a need for more research on the 

scalability of these systems, 

particularly in terms of adapting to the 

personalized needs of aging 

individuals. The challenges of tailoring 

smart home systems to fit specific 

medical and lifestyle needs of elderly 

users remain underexplored in the 

reviewed literature. 

This critical comparison highlights the 

strengths of existing studies in developing 

ontologies and AI solutions for elderly care in 

smart homes. However, gaps remain in the 

practical integration, personalization, and 

scalability of these technologies. Further 

research should focus on overcoming these 

challenges, particularly in designing systems 

that are adaptable, reliable, and effective in 

supporting elderly individuals' health in real-

world settings. 

Given this context, we are currently dealing 

with several different ontologies developed in 

the field of smart homes. Therefore, gaining 

an awareness of the different dimensions of 

ontologies, as well as the stages of maturation 

and the tendencies for the future, might be 

beneficial in this sector.  

 

3. Method  

The current study is a systematic review that 

was conducted to investigate the studies that 

were designed to develop an ontology for a 

smart home that can monitor the health of 

senior citizens. 

To perform this step, the method of Okoli 

and Shabram was used, which provided a 

framework to show the steps of conducting a 

systematic review. This framework has been 

used in various studies as a guide to 

conducting systematic studies. The different 

stages of this method are: 

1) Planning: Determining the purpose of 

conducting a systematic review and 

extracting underlying categories 

2) Selection: Identifying articles from 

reliable databases, reading the abstract and 

title, reading the introduction and conclusion, 

evaluating the articles, selecting eligible 

articles 

3) Extraction: Creating a data recording 

form and extracting the desired information 

4) Implementation: Analyzing the findings 

(Okoli & Schabram, 2015) 

The search via the available literature was 

carried out in 25 Augut 2024. Our access at 

Tarbiat Modares University led us to select 

the following literature repositories and 

databases for the search: Scopus, IEEE, 

PubMed, Medlin, NLM, and Google Scholar. 

Additionally, we focused on studies about 

elderly health, ontology, and smart homes. 

Using Google Dictionary, a number of 

different concepts that are synonymous with 

one another were combined, and the final set 

of keywords consisted of a combination of 

four different sets of keywords: (1) elderly, 

(2) health, (3) smart home, and (4) ontology.

.  
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Table 2. Keywords and synonyms 

Keywords Synonyms 

elderly Elder, old, aging, aged, senile, senescent, gray, senior 

health Wholesome, safety, security, wellness, wellbeing 

smart home Smart environment, internet of things, iot 

ontology conceptual model, semantic model 

All of the publications were reviewed by 

two co-authors who applied the inclusion and 

exclusion criteria to each one. 

Inclusion criteria: 

 Published full text in English 

 Peer-reviewed journal articles and 

published conference papers 

 Studies that focused on the modeling and 

suggested an ontology 

 Studies set in smart homes on elderly 

health 

Exclusion Criteria: 

 Published in a language other than English  

 The full text was not available in any way 

 Literature reviews and systematic reviews 

 Book chapters, theses, magazine articles, 

reports, letters and working papers 

 Articles that did not clearly address the 

relationship of the research conducted 

with ontology, aging, and smart homes. 

  Articles whose data were duplicated and 

published in more than one journal. 

The data search and screening are illustrated 

in Figure 1. 

 

 

 

Figure 1. Data search and screening steps 

 

4. Finding 

As can be seen in Figure 1, we were finally 

able to extract our findings from a total of 48 

papers. We analyzed the article's study 

technique, the purpose of using IoT, the 

utilized IoT tools and technologies, the used 

language and software to construct the 

ontology, as well as the most important 

results that were given. 

We discovered 28 publications that made use 

of an ontology in the process of designing a 

smart home, in addition to 20 articles that 

proposed a new ontology. Ontologies were 

developed with a variety of domains and 

dimensions, all of which were based on the 

various health monitoring requirements of 

individuals. Also, the designs that were based 
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on ontologies often led to the construction of 

a system or an application that can be said to 

be an optimal program for gathering, 

processing, and reusing data when used in 

conjunction with this technique. 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 2. Studies main approach 

  

The monitoring of the health and safety 

circumstances of older participants was by far 

the most common reason for utilizing IoT 

solutions in research. 

In this regard, it is important to keep in mind 

that owing to the rising and expanding nature 

of this sector, it is evident that most studies 

have been done on the simplest form of 

utilizing the Internet of Things in the health 

field. This is something that should be kept in 

mind. However, the observation of fields that 

require machine analysis and calculations, 

such as prediction and diagnosis, in recent 

studies promises that in the future, the use of 

ontologies will lead to a change in the 

direction that telehealth services take. 

 

 
Figure 3. The main purpose of using IoT in healthcare 

 

Out of a total of 48 research studies that 

were examined, 18 publications investigated 

the suggested ontology or an ontology-based 

architecture. The study case, reasoning 

performance, and experimental setup are 

some of the most common ways to evaluate 

the suggested ontologies, as demonstrated in 

Figure 4. In addition, an example scenario is 

a type of simulation, and if the testing 

technique were to include a complete 

simulation, it may be considered acceptable.  

 

 

 

 

 

4

4

4

4

57

4

4

17

0 10 20 30 40 50 60

Activity Recognition

anomaly detection

Healthcare

Manage Human and Ecological Health Risks

monitoring

physical exercise

pridiction

rehabilitation

Used IoT for

percent

28

20

Study Approach

Ontology Based Design Ontology



Nazeri et al./ Ontologies for Smart Homes in Elderly Healthcare: A Systematic Review 

137 

 
Figure 4. Ontology testing method (Percentage) 

 

The following chart presents published 

articles up to the date of the search (March 

2020) as a function of time. By the time 

designed ontologies are mature, they will 

have a great deal of dimension diversity and 

will have gone through the maturation 

process. Additionally, as is evident from 

looking at Figure 5, there has been a rising 

trend in the total number of articles that have 

been published in this sector. 

 

 
Figure 5. Count of articles each year 

 

Articles claimed that sensors, such as 

environmental sensors, biosensors, and 

wearable sensors, were the most common 

kind of Internet of Things instruments 

deployed (Bialas, 2016), (Calvaresi & 

Calbimonte, 2020), (Evchina, 

Dvoryanchikova, & Lastra, 2012), (Garcia-

Valverde, Muñoz, Arcas, Bueno-Crespo, & 

Caballero, 2014), (Hamidi & Fazeli, 2018), 

(Hong & Nugent, 2011), (Ivașcu & Negru, 

2021), (Jin & Kim, 2018), (Kymäläinen, 

Plomp, Tuomisto, Heinilä, & Urhemaa, 

2017), (Meng et al., 2018), (Paganelli, 

Spinicci, & Giuli, 2008), (Salguero, Espinilla, 

Delatorre, & Medina, 2018), (Spoladore & 

Sacco, 2018), (Vergari et al., 2011). 

An emerging and potentially fruitful area of 

application for smart homes for the elderly is 

the participation of robots in social activities. 

An important study was conducted using 

three different social robots named Buddy, 

ASTRO, and RoboHon to help older persons 

maintain their independence while living at 

home and increase their socializing. The 
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robots are programmed with three different 

emotional-based applications: mobility, daily 

life, and conversational. These applications 

were conceived using the Listen, Innovate, 

Field-test, and Evaluate (LIFE) co-creation 

methodology for the Internet of Things. This 

methodology integrates human factors to 

cater to the requirements of elderly people. In 

addition to this, they have outlined the 

knowledge API to reuse expertise from 

communities that span several domains (for 

example, robotics, IoT, health, and emotional 

sciences) (Gyrard et al., 2021). This aspect of 

the ontology of smart homes will be 

appealing and will continue to evolve. 

Using Kinect for monitoring and 

rehabilitation (Anton, Berges, Bermúdez, 

Goñi, & Illarramendi, 2018) (Baldassini, 

Colombo, Spoladore, Sacco, & Arlati, 2017) 

was an attractive application. 

 

 
Figure 6. Used IoT tools and technologies 

 

Some ontologies are designed for a specific 

group of people or disease control of a 

specific disease such as Chronic obstructive 

pulmonary (Ajami, Mcheick, & Mustapha, 

2019) or just daily life activities (Bae, 2014), 

(Khattak, Khan, Pervez, Iqbal, & Lee, 2016), 

(Zolfaghari, Zall, & Keyvanpour, 2016) or 

specific services (Huang, Yi, Zhu, & Chen, 

2016) which naturally will be limited to the 

topic. 

There are three important aspects of the 

aging process: (1) Physiological Status and 

Behavior, (2) Nutrition, and (3) Cognitive 

and Mental Status and Social Behavior 

(Mastropietro et al., 2021). The ontological 

representation of the domains of knowledge 

that are engaged within a smart home aids the 

residents in conducting some Activities of 

Daily Living; this allows users to regulate 

indoor comfort metrics and provides them 

with support in meal preparation (Spoladore, 

Mahroo, Trombetta, & Sacco, 2022).  

Recent research has resulted in the 

development of a meaningful, context-

specific ontology for the modeling of 

massive, unintuitive, raw, and unstructured 

observations for health and wellness data 

(such as sensors, interviews, and 

questionnaires). This ontology is used to 

annotate these observations with semantic 

metadata to produce a compact, 

understandable abstraction for health risk 

predictions that can be used for the generation 

of individualized recommendations (Ayan 

Chatterjee, Andreas Prinz, Martin Gerdes, & 

Santiago Martinez, 2021). As a result, we 

need to conduct ever-more-detailed 

investigations on the medical information and 

models now available for forecasting and 

diagnosing the illness. 

The detection of activity and the 

combination of visual and sensor modalities 
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are both current trends in the future. The 

semantic system still has some unfinished 

business to take care of, including the 

application of more advanced reasoning rules 

and the upgrading of the ontologies to reflect 

additional information (Mavropoulos et al., 

2021).  

The use of ontology-based systems in the 

evaluation of the danger of older persons 

falling, the detection of abnormalities, the 

management of diabetes, and emergencies is 

becoming an increasingly common 

occurrence (Gayathri, Easwarakumar, & 

Elias, 2020) (El-Sappagh, Ali, Hendawi, 

Jang, & Kwak, 2019) (Rhayem, Mhiri, Drira, 

Tazi, & Gargouri, 2021) (Bennasar et al., 

2019) (Sfar & Bouzeghoub, 2018). 

In one of the articles, we come across a 

proposed algorithm by a Contextual-based 

strategy that makes use of the ontology 

method to anticipate emotions based on the 

problems experienced by elderly folks. The 

progressive estimation provides the 

assessment data to the doctor or caregiver for 

them to provide the appropriate treatment 

based on the scores obtained in the older 

adult's mood to provide the appropriate 

treatment based on the scores obtained in the 

older adult's mood prediction (Harish & 

Gayathri, 2019). In light of the high 

prevalence of depression and diseases related 

to it among the elderly population, the use of 

such innovative approaches calls for 

additional research but has the potential to be 

of great benefit in terms of mood. 

The Smart Home Care Project (Alirezaie et 

al., 2017) has been a valuable research for the 

use of ontology with the aim of integrating 

measured information from heterogeneous 

sources and interpreting the semantics of 

events and context awareness, and the results 

of the implemented experimental scenario 

demonstrate the system's ability to identify 

activities and provide a suitable basis for 

inference and decision-making regarding 

activities. In this project, as mentioned in the 

researcher's subsequent research, the elderly 

can be considered as a special group that 

needs home care (Alirezaie et al., 2018). In 

this project, which has been implemented in 

Sweden, the greatest focus is on the 

connection of the data produced with the 

electronic health record, which has a 

significant history in Sweden as an integrated 

system. 

Among the articles we reviewed, a number 

of articles clearly mentioned classes, entities, 

and measurable variables in the smart home. 

Based on the dimensions of health, we 

categorized these variables in the table 3. 
Table 3. Published Ontologies 

Ontology 
Name 

Physical Health Mental Health Social Health Ref. 

NESTORE 
Physiological status and behavior of physical 

activity, nutrition 

Psychological and 

cognitive status 
social behavior 

(Mastropietro et al., 

2021) 

NeON 
Daily activity pattern (feeding, sleep , indoor 

activities, personal care, medications ) 
_ _ (Ni et al., 2016) 

EHA Physiological information _ _ 
(T. C. Chiang & W. 

H. Liang, 2015) 

_ 

Daily functions (motion tracking , eating ) , 
medical information ( consultation system , 

reminder ) , daily habits (cigarette sensor , bed 

sensor) 

_ _ 
(Miori & Russo, 

2012) 

_ 

Human tissue information (medical file, personal 

information, health status), Information Wearable 

sensors ( temperature and heart rate) 

_ _ 

(Nugroho, 

Lazuardi, & Non-

alinsavath, 2015) 

Bi-LSTM Documents , medical and biological information _ _ 
(Alti, Laborie, & 

Roose, 2015) 

_ 
Activities Residents ' daily life , residents ' 

personal condition , including physical conditions 

The personal condition 

of the residents 
including mental states 

_ 

(Trinugroho, 

Reichert, & Fensli, 
2012) 

DOMUS 
Individual health status (including sub- domains of 

body functions , bad structures ) 
_ 

Individual health 

status (activity 

and participation) 

(Spoladore et al., 
2022) 

_ Patient information, physical health information _ _ 
(Rhayem et al., 

2021) 
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UiA 

eHealth 
Ontology 

behavioral habits, basic information on health and 

physical condition, nutrition, personal and 

demographic information, environmental 
conditions, physical activity, sleep status, 

physiological information 

_ _ 
(A. Chatterjee et al., 

2021) 

_ 
Body function and structure, activities, daily 

habits, personal information 
_ _ (Ajami et al., 2019) 

_ 
Physiological information, basic information, 

information on diseases and drugs 
_ _ 

(Sondes et al., 
2019) 

_ Activities, risks _ _ (Huang et al., 2016) 

_ Nutrition _ 

Social activity, 

amount of 
interaction, place 

of interaction 

(Khattak et al., 
2016) 

RADL Daily life activity including individual activities _ 

Daily life 

activities 
including social 

activities 

(Bae, 2014) 

 

Ontologies in healthcare are evolving to 

better manage and process complex health 

data, ultimately aiding in the prediction of 

health status and enhancing care. Initially, 

ontologies were used to standardize medical 

terminology and organize data across 

different systems. Over time, their role has 

expanded to include more dynamic, real-time 

applications in healthcare. 

The evolution of healthcare ontologies is 

driven by several key factors: 

•Incorporation of New Dimensions: Modern 

ontologies are increasingly incorporating new 

dimensions beyond traditional clinical data. 

These include mental health, nutrition, social 

behavior, and lifestyle factors. This broader 

scope allows for a more holistic view of a 

patient’s health and well-being. 
•Personalized and Precision Medicine: 

Ontologies are evolving to support precision 

medicine, which tailors’ treatments to 

individuals based on their genetic, 

environmental, and lifestyle factors. They 

enable the integration of various types of data 

(e.g., genomic, environmental, behavioral) to 

predict health outcomes and provide 

personalized care recommendations. 

•Integration with Advanced Technologies: 

The use of ontologies is expanding with the 

integration of technologies like the Internet of 

Things (IoT), wearable health devices, and 

artificial intelligence (AI). These 

technologies collect real-time health data, and 

ontologies help structure and interpret this 

data to support predictive health systems. 
•Knowledge Processing and Decision Support: 

Ontologies are becoming central to creating 

advanced knowledge processing systems that 

analyze complex health data and predict 

future health events. By structuring health-

related knowledge in a formalized way, 

ontologies enable the development of 

intelligent systems that can assist in early 

diagnosis, disease prevention, and treatment 

recommendations. 

•Interdisciplinary Applications: Healthcare 

ontologies are also evolving to facilitate 

interdisciplinary collaboration, particularly in 

areas like elderly care, where factors like 

cognitive health and social behavior are as 

important as physical health. These 

ontologies support the development of 

integrated care systems that can predict and 

respond to various health issues across 

different domains. 

In summary, healthcare ontologies are 

evolving from simple data structures to 

advanced tools that enable predictive health 

models and personalized care, thus improving 

the ability to foresee health status changes 

and provide proactive interventions. 

5. Discussion  
Ontology development processes are not 

insignificant, given the inherently complex 

nature of knowledge acquisition and 

management. As well as the need to provide 

a structured and methodical approach to the 

process methodology to be accepted and 

usable. If we intend to develop an ontology 

for multidimensional concepts, such as well-

being, aging, and health, it is clear that 

knowledge from multiple domains must be 

included. (Belani, Šolić, Perković, & 

Pleština, 2023) Comparative to other smart 
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health care services integration systems, the 

ontological model provides more 

cohesiveness (Naqvi et al., 2023). The 

investigation of ontology models that were 

presented in the studies reveals that the 

dimensions of ontologies experience a great 

deal of variation and mature through a 

process over time. 

The first ontological models focused on the 

taxonomy of devices and their functionalities, 

as well as the taxonomy of home furniture, 

the ontology of the environments within 

which devices and furniture can be 

positioned, and the definition of words that 

specify the positions of objects and devices 

within the environment (Miori & Russo, 

2012) (T.-C. Chiang & W.-H. Liang, 2015). 

After that, people and their status were added 

to the ontologies, and the activities of the 

inhabitants, the personal state of the 

inhabitants, the location of the inhabitants, 

and the surrounding ambient smart home 

states formed parts of the defined ontology 

(Trinugroho et al., 2012). 

We can see that the components of ontology 

have evolved into dimensions such as users, 

sensors, places, physical objects, temporal 

information, activities, and ADL patterns as a 

result of an evolutionary process (Ni et al., 

2016). The human context characteristic that 

was added consists of feedback, preference, 

medical reference, personal information, 

additional information, position, and medical 

record. This characteristic describes 

information about the user's surrounding 

environment. In addition to that, the Machine 

Learning Context, the Bio Context, and the 

Medical Context emerged (Nugroho et al., 

2015) (Alti et al., 2015). 

In more recent ontologies, newer 

dimensions such as nutritional status, 

cognitive and mental status, and social 

behavior have been observed. Examples of 

these include physiological status and the 

behavior of engaging in physical activity 

(Mastropietro et al., 2021). 

As can be seen in figure7, there have been 

three distinct generations of ontologies 

developed for the topic of healthcare in the 

smart home for older people. 

 

 

 

 

 

 

 

 
Figure 7. Proposed ontologies generation 

 

Aged care monitoring, chronic patient 

healthcare monitoring, Human Activity 

Recognition (HAR), Clinical Applications, 

Emergency conditions, Mental Health, 

Movement disorders, Rehabilitation, 

Preventive measures, Accessibility to 

healthcare services, and Accessibility for 

caregivers are some of the areas of 

application for the internet of things in elderly 

healthcare (Tun, Madanian, & Mirza, 2021).  

Another important issue is the accuracy of 

ontology-based systems when monitoring the 

elderly. The ontology-driven semantic 

interoperability agent showed robust 

accuracy in monitoring elderly people's 

activities, mobility patterns, and providing 

accurate recommendations for mobilization 

at home (Karagiorgou et al., 2018). The 

ontology in the Arduino-based health 

monitoring system ensures accurate 

monitoring of elderly people, enabling 

remote patient monitoring and fast response 

in critical situations. it Allows remote 

monitoring of patients by doctors and family 

members (Costanzo & Pino, 2014). The 

ontology-based healthcare monitoring system 

in the Internet of Things showed feasibility 

and efficiency in semantic querying, 
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indicating promising accuracy for monitoring 

elderly people (Sondes et al. 2019). In 

addition, the elderly monitoring ontology in 

Zulfiqar’s study showed 100% sensitivity for 

geriatric risks with satisfactory positive and 

negative predictive values, indicating high 

accuracy in detecting health deterioration 

(Zulfiqar et al., 2022). Also, the ontology-

based system for monitoring independent 

seniors aims to accurately detect potential 

dangers without wearable devices, enhancing 

their safety and independence at home 

(Blaya, Palma, Villa, Perez, & Iborra, 2009). 

In the not-too-distant future, it is anticipated 

that the traces of all of these applications 

will be visible within the ontology of smart 

homes. 

Future Trends 

According to what has been discussed, it 

would appear that, as time has passed, 

ontologies have evolved toward greater 

personalized service and have begun to pay 

more attention to the human and social needs 

of their users. On the other hand, the future of 

IoT applications in healthcare will include the 

following trends: blockchain1, tactile 

internet2, online social networks, big data 

analytics, service quality, and the internet of 

nano things (Kashani, Madanipour, 

Nikravan, Asghari, & Mahdipour, 2021). As 

a result, the following areas are good places 

to look for emerging tendencies in the 

ontology research of smart homes, 

particularly about the monitoring of the 

health of the elderly: 

Precision Medicine3 

With the advent of the Internet of Nano 

Things (IoNT), numerous applications can be 

identified by IoNT for the field of healthcare. 

These applications include nanorobots that 

can deliver drugs to specific organs with high 

precision, nanosensors, precision medicine, 

minimally invasive surgery, and a multitude 

of nanorobots for human body parts that are 

not currently available. In the end, IoNT is 

leading the charge in the revolution of 

 
1 A system in which a record of transactions, especially those made in a cryptocurrency, is 

maintained across computers that are linked in a peer-to-peer network. 

https://en.wikipedia.org/wiki/Blockchain 
2 The Tactile Internet refers to a communication framework that enables real-time, 

interactive experiences with sensory feedback, such as touch and feel, over the internet. It 

combines ultra-low latency and high-speed networks (like 5G) to allow users to remotely 

interact with objects and environments, perceiving tactile sensations like texture, pressure, 

nanoscale networking, which will ultimately 

have applications in sensing and precision 

medicine as a future trend. 

Tactile Internet 

The next revolutionary generation will be 

the Tactile Internet, which will allow us to 

control Internet of Things (IoT) equipment in 

the physical world and in real time. The use 

of TI in healthcare can be put to use in a 

variety of different ways, including the 

suppression of tremors in Parkinson's disease, 

telesurgery, interactive medical education, 

trauma rehabilitation, education and 

rehabilitation based on virtual and augmented 

reality, and so on. Therefore, TI applications 

have the potential to be used in HIoT, which 

can result in promising opportunities in the 

future and will add a new dimension to 

ontologies. 
Feedback System 

There is potential for new dimensions to be 

introduced into ontologies, such as the 

launching of interactive systems and the 

receipt of feedback regarding service quality. 

In addition, technologies such as machine 

learning and automatic inference can be 

improved by receiving these feedbacks and 

analyzing them. 
 

Role of Data Processing and Advanced 

Analytics for Precision Medicine in Smart 

Homes for the Elderly 

Precision medicine is an approach to 

healthcare that considers individual 

differences in genes, environments, and 

lifestyles to provide tailored treatments and 

prevention strategies. Data processing and 

advanced analytics play a critical role in the 

development and application of precision 

medicine, particularly in smart homes for the 

elderly. These technologies help process vast 

amounts of health-related data, predict 

disease risk, and deliver personalized care. 

Below is an explanation of how these 

technologies contribute to precision medicine 

and movement. This technology is crucial for applications like remote surgery, virtual 

reality, and remote robotic. (Rajesh et al., 2024) 
3 Precision medicine is an innovative approach to healthcare that tailors medical treatment 

and interventions to individual patients based on their genetic makeup, lifestyle, and 

environmental factors. Unlike the traditional "one-size-fits-all" approach, precision 

medicine aims to provide more effective treatments by considering personal differences in 

genes, environment, and lifestyle. (Purnomo & Sanjaya, 2024)  
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and their application in smart homes for aging 

populations. (Morita, Sahu, & Oetomo, 2023)  
1. Data Processing in Precision Medicine 
Data processing in precision medicine 

involves collecting, storing, and analyzing 

large volumes of health data from various 

sources, such as medical records, wearable 

devices, and environmental sensors. 

Advanced data processing techniques, 

including machine learning (ML) and 

artificial intelligence (AI), are used to extract 

meaningful insights from this data. These 

insights help predict potential health risks, 

understand disease progression, and 

recommend personalized treatments or 

preventive measures. 

Health Data Integration: In smart homes, 

various devices (e.g., wearables, sensors) 

continuously collect health data, such as heart 

rate, blood pressure, and physical activity 

levels. This data, combined with other 

information such as medical history, can be 

processed to identify patterns and trends that 

may indicate a health problem. Advanced 

analytics techniques can recognize early 

signs of diseases like cardiovascular issues or 

dementia, enabling timely intervention 

(Sicilia, Sánchez-Alonso, García-

Barriocanal, & Pontikaki, 2009). 

Disease Prediction: Precision medicine relies 

on predictive models that analyze data to 

forecast the likelihood of diseases. Advanced 

analytics, including AI and deep learning 

algorithms, can analyze genomic data, 

lifestyle factors, and environmental 

exposures to predict the onset of chronic 

diseases such as diabetes, Alzheimer’s 

disease, and hypertension. In elderly 

populations, early detection of these 

conditions allows for personalized 

intervention, helping to slow disease 

progression or improve quality of life 

(Alowais et al., 2023). 
2. Advanced Analytics in Disease Prediction 

Advanced analytics methods like machine 

learning and AI are crucial in the context of 

smart homes for the elderly, as they can detect 

early symptoms and predict health risks in 

real-time. These technologies use a 

combination of historical data, sensor inputs, 

and demographic information to create 

predictive models for disease diagnosis and 

treatment optimization. 

Real-Time Monitoring: In a smart home, 

continuous monitoring via IoT devices can 

track daily activities and health metrics of 

elderly individuals. Data collected by sensors 

(e.g., fall detection, movement patterns, room 

temperature, sleep quality) is analyzed in 

real-time to detect abnormal patterns, which 

might indicate early-stage health issues such 

as a fall risk, cognitive decline, or other 

physical impairments (Shukla, 2023). 

Personalized Interventions: By analyzing 

these patterns, advanced analytics can 

personalize health interventions for elderly 

individuals. For instance, if an individual 

shows early signs of a health issue like high 

blood pressure or irregular heart rate, an alert 

can be sent to caregivers or healthcare 

providers. This allows for personalized 

interventions that are tailored to the 

individual's needs, improving outcomes and 

reducing unnecessary hospital visits (Winter, 

2019). 
3. Applications of Precision Medicine and 

Data Analytics in Smart Homes for the Elderly 

Smart homes, equipped with IoT devices 

and sensors, can create an integrated 

environment where elderly individuals are 

continuously monitored for health status and 

safety. Data processing and advanced 

analytics contribute significantly to the 

healthcare and well-being of elderly 

residents. 

Chronic Disease Management: For elderly 

individuals managing chronic conditions, 

smart homes equipped with health 

monitoring devices can provide ongoing 

health tracking. Advanced analytics can 

process this real-time data to detect changes 

in health status that may require medical 

attention. For example, continuous blood 

glucose monitoring can help predict episodes 

of hypoglycemia in diabetic patients, 

prompting immediate care (Esch, 2013). 
Cognitive Health and Mental Well-being: 

Dementia and cognitive decline are common 

concerns among the elderly. Smart home 

systems can track behavioral patterns, sleep 
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quality, and daily routines to detect subtle 

changes in cognition. Data analytics can 

analyze these patterns to predict cognitive 

decline or depression, providing early 

intervention and supporting personalized care 

strategies (Majumder et al., 2017). 

Fall Prevention: Falls are a significant risk 

for elderly individuals and often lead to 

severe injuries. Smart homes use motion 

sensors, accelerometers, and fall detection 

algorithms to identify falls in real-time. 

Predictive analytics can also assess the risk of 

falling based on gait patterns, previous fall 

history, and environmental factors, thus 

preventing accidents before they happen 

(Karar, Shehata, & Reyad, 2022). 

Data processing and advanced analytics 

play an essential role in enhancing precision 

medicine, particularly in the context of smart 

homes for the elderly. By leveraging real-

time data collection, machine learning, and 

predictive models, these technologies enable 

disease prediction, early intervention, and 

personalized care. Smart homes can offer 

elderly individuals more autonomy, safety, 

and improved health outcomes by 

continuously monitoring their well-being and 

responding to emerging health risks. This 

integration of healthcare with smart home 

technologies marks a significant 

advancement in both elderly care and 

precision medicine. 

 

6. Conclusion 

In this article, we take a look at the research 

that has been done in the area of ontology 

regarding the benefits of smart homes for 

elderly people's health. These types of 

ontologies are particularly important from the 

perspective of assisting in the generation, 

processing, and utilization of data about 

people's health as well as the development of 

care and personalized medicine. We 

classified three generations of ontologies by 

studying the designed ontologies and 

comparing their dimensions and 

characteristics. Based on our findings, we 

predicted that future trends in this field will 

include precision medicine, the tactile 

internet, and feedback systems. Nutrition, 

cognitive and mental status, and social 

behavior have all been identified as new 

dimensions in recent ontologies. 

Physiological status and the behavior of 

engaging in physical activity also fall into this 

category. 

One of the limitations of our research was the 

limited number of studies that were 

conducted. By including original articles that 

were presented at conferences, we attempted 

to make up for this deficiency to some degree.  

A study that provides an overview of related 

work on ontology-based cybersecurity shows 

the dual need for ontologies in such 

systems—first to structure the meaning of 

well-being and health data, and second to 

structure the meaning of approaches, 

practices, techniques, and etc. cyber security 

to protect this data (Belani, Šolić, & Perković, 

2022). This topic has recently appeared in 

ontology and is an important and attractive 

field for future research. 
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