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ABSTRACT

Abstract Ageing populations and under-resourced health systems in Nigeria expose critical gaps in
continuous, affordable elder care, exacerbated by language and cultural barriers in imported
digital health tools. This paper presents a case study and proof-of-concept Ambient Assisted
Living (AAL) platform that embeds culturally sensitive, indigenous-language communication within
a low-cost, locally manufacturable loT architecture. The system combines wearable and ambient
sensors (vital signs, motion, CO,, temperature, security) with edge analytics for real-time fusion,
anomaly detection, and context-aware decision support. A multilingual action layer delivers alerts,
reminders, and care coordination messages to older adults, families, and clinicians in Yoruba,
Igbo, or Hausa via voice, SMS, and app notifications, with role-based routing and privacy-
preserving data management. Built on open-source hardware/software and designed for
intermittent power and connectivity, the solution prioritises data sovereignty, maintainability, and
cost control. A day-in-the-life smart-home scenario demonstrates feasibility: synchronous sensor
fusion identifies health and environmental events, triggers appropriate responses (e.g.,
ventilation, secondary checks), and issues intelligible, language-adapted guidance that supports
timely action and user engagement. Contributions include: (1) a Nigeria-centric AAL reference
architecture integrating indigenous-language TTS/IVR; (2) edge-first analytics that reduce latency,
bandwidth, and privacy risk; and (3) a pathway for local fabrication and scale aligned with
national digital economy goals. Findings indicate that culturally adapted communication is pivotal
to the acceptance, safety, and effectiveness of elder-care technologies in multilingual African
settings.

Keywords: Ambient Assisted Living, loT, elderly care, indigenous languages, culturally sensitive
communication, edge computing, Nigeria, data sovereignty, low-cost design,
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I. INTRODUCTION

1.1 Background of Research

The global population is undergoing a profound demographic transformation, marked by an
unprecedented surge in the number of older adults. Projections by the United Nations indicate
that by 2050, the population aged 60 years and above will double to surpass 2 billion worldwide
[1]. In Nigeria, this trend is mirrored by a steady increase in the elderly demographic, now
constituting over 5% of the total population [2], a figure expected to rise further in the coming
decades.

This demographic shift is strongly associated with a heightened vulnerability to a range of age-
related diseases, including hypertension, diabetes, cardiovascular disorders, and mobility
impairments, all of which necessitate continuous monitoring and frequent medical intervention
[3]. The healthcare infrastructure for elderly care in Nigeria remains severely underdeveloped. A
significant proportion of senior citizens reside in rural or peri-urban communities with minimal
access to trained caregivers or adequately equipped medical facilities [4]. The public healthcare
system is often overstretched, and routine visits to healthcare centres for preventive care or
emergencies are cost-prohibitive for most families [5]. While cultural norms expect families to
care for elders, the absence of adequate awareness and access to appropriate diagnostic tools
hinders early recognition and management of medical complications.

The adoption of technology, particularly the Internet of Things (loT), offers promising avenues for
addressing these gaps [6]. In high-income countries, loT-enabled health monitoring devices have
demonstrated the capability to provide continuous surveillance of critical physiological sighals
such as heart rate, blood pressure, SpO,, body temperature, and physical activity [7]. These
systems are designed to trigger timely alerts to both family members and healthcare
professionals upon deviation from predefined health thresholds, thereby reducing response times
to medical crises and preventing adverse outcomes [8]. However, most commercially available loT
health devices are imported, expensive, and ill-suited to Nigeria’s unique challenges, including
unreliable network coverage, frequent power outages, low digital literacy among the elderly, and
scarce local support for maintenance or repairs [9].

A particularly important barrier is that much of this technology communicates with users and
caregivers primarily in foreign languages, typically English or the manufacturer’'s language [10].
For many elderly users in Nigeria who are often more fluent and comfortable in indigenous
languages such as Yoruba, Igbo, or Hausa this can significantly impede understanding and
acceptance of health technology [11]. The lack of culturally sensitive communication not only
increases the risk of misunderstanding vital instructions and alerts but also limits engagement
and compliance among both elderly users and their informal caregivers [12]. In addition,
imported health solutions pose ethical and data security concerns, with sensitive patient data
often stored on external servers, potentially compromising data sovereignty [13]. Consequently,
there is an urgent need to develop affordable, culturally relevant, and locally manufacturable
technological solutions, especially those that incorporate communication in native languages
tailored to the environmental and infrastructural realities of Nigeria’s elderly population.
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The current research addresses this gap by proposing the development and fabrication of a
smart, indigenous loT-based health monitoring device, leveraging local resources, open-source
platforms, and a user-centred approach. This study emphasises the integration of a culturally
sensitive communication module capable of delivering system alerts, reminders, and care
coordination messages to the subject, caregivers, family, and healthcare professionals in their
chosen indigenous language. By focusing on simplicity, inclusivity, cost-effectiveness, and
maintainability, the project is aligned with Nigeria’s National Digital Economy Policy and Strategy
2020-2030, which seeks to promote indigenous innovation and digital self-reliance [14].

1.2 Nigerian Smart Indigenous loT-Based Device: Economic Potential

The economic impact of developing and deploying an indigenous loT-based health monitoring
device is substantial, both for Nigeria and for the broader African continent. As the elderly
population expands and pressures on healthcare resources are intensifying, the demand for
accessible, affordable health technology continues to grow [15]. Introducing locally produced
smart health devices can stimulate economic diversification, generate employment, foster local
technical capacity, and advance national capabilities in digital health and manufacturing [16]. A
key competitive advantage of this project is the ability to reach previously underserved
communities through language-adaptive technology, making health communication effective for
most of Nigeria’s elderly who may speak little or no English [11], [17]. By minimising linguistic,
financial, and cultural barriers, the device increases both usability and impact, supporting wide
adoption in rural, peri-urban, and urban settings.

A low-cost, easy-to-maintain |oT health device helps reduce the long-term burden of chronic
disease management by facilitating early detection and continuous monitoring, thereby
preventing hospitalisation and reducing reliance on expensive, imported solutions [18], [19].
Such a device can be commercialised and distributed through a range of channels, including
hospitals, homecare providers, NGOs, and individual consumers. All components can be sourced
locally, minimising foreign exchange outflow and ensuring rapid, cost-efficient service [20].
Furthermore, the simple and modular device structure suits the realities of local users and
technicians, making it more attainable for widespread adoption and maintenance. Economic
benefits extend beyond healthcare savings. The project encourages local assembly, supports
related sectors such as electronics and communications, and has strong potential for export
within Africa, especially under the African Continental Free Trade Area framework [21]. Ultimately,
this initiative fosters innovation across engineering and health domains, driving further
advancements in telemedicine, digital health analytics, and indigenous technology research [22].
1.3 Statement of the Problem

The pronounced global shift towards an ageing society poses considerable challenges for many
lower- and middle-income countries, Nigeria included. Healthcare systems in Nigeria have not
evolved to address the specialised needs of the elderly. Most seniors lack regular access to
preventive care due to mobility limitations, poor infrastructure, a scarcity of geriatric services, and
the absence of continuous health monitoring solutions tailored to their needs [2], [4]. Chronic
diseases, which comprise the leading causes of morbidity and mortality in older adults, often go
undiagnosed or unmanaged until critical intervention is required [23].
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While the efficacy of wearable health monitoring technologies is well established in high-income
settings [24], their importation to Nigeria remains financially unsustainable and technologically
impractical under local conditions, including dependence on uninterrupted internet access, digital
expertise, and appropriate language communication [25]. The lack of local technical know-how
for maintenance, as well as the high replacement cost for imported components, further limits.

Thus, a critical research and innovation gap exists: the need for affordable, context-aware, and
locally sustainable loT-based health monitoring solutions for older adults in Nigeria, with a critical
need for communication tailored to local languages and cultures. Most current research focuses
on solutions developed outside Africa, often with limited regard for affordability, power usage,
cultural adaptation, or integration with local manufacturing [26]. Developing and deploying a
homegrown solution using indigenous components, open-source tools, energy-efficient
techniques, and culturally sensitive communication holds the potential to address this systemic
problem, advancing both healthcare equity and technological independence [27].

1.4 Justification of the Research

Developing a smart, indigenous loT-based device tailored to Nigerian conditions stands to deliver
a high community health impact at a fraction of the cost of imported equivalents. Regionally
produced digital health solutions can be manufactured and maintained at significantly lower
costs (as low as $30 per unit) compared to the $50-$300 range of most imported wearables,
especially when utilising open-source hardware and locally available materials [28], [29]. Equally,
by integrating multilingual communication modules that deliver actionable instructions, alerts,
and health reminders in users’ indigenous languages, the device will bridge both technological
and socio-linguistic gaps that limit the success of imported solutions [30], [11]. This approach
aligns with the United Nations Sustainable Development Goals (SDGs) 3 (Good Health and Well-
being), 9 (Industry, Innovation, and Infrastructure), and 10 (Reduced Inequalities) [1], [14].

With Nigeria’s older adult population surpassing five per cent and rising [2], the need for a
practical, inclusive healthcare solution is increasingly urgent. Most older Nigerians live far from
care centres, with many suffering from unmanaged chronic health conditions due to inadequate
access to diagnostics, continuous monitoring, or comprehensible health communication [5], [11].
Although developed countries equip their seniors with continuous health monitoring devices, such
technologies remain out of reach for most Nigerians due to cost barriers, technical support gaps,
and the absence of indigenous language adaptation [25]. Implementing a locally designed device
will help close this digital divide, provide scalable solutions for elder care, and reduce Nigeria’'s
dependence on expensive foreign technologies [16], [19].

1.5 Market Potential

Given the rising demand for affordable, reliable health diagnostics for seniors, the deployment of
a smart, indigenous loT health monitoring device is positioned to be indispensable for primary
healthcare centres, private and public hospitals, home care services, and telemedicine platforms
[15]. Its robust, open-architecture design, including language-sensitive communication, makes it
a suitable platform for capacity building in engineering, healthcare, and information systems,
thereby supporting training and research across educational and technical institutions [22].
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This, in turn, propels job creation, encourages industrial raw material demand in local electronics
industries, and supports economic growth in Nigeria’s emerging healthtech sector [21].

Once validated and approved, the device’s export potential, particularly to neighbouring African
countries, can be realised under the African Continental Free Trade Area, further enhancing
Nigeria’'s presence in global markets and contributing to foreign exchange earnings [21]. The
project also lays a foundation for wider research, innovation, and collaboration in the fields of
biomedical engineering, telemedicine, and digital health support systems, especially across
diverse cultures and languages [22].

1.6 Objectives of Research

The principal objective of this research is to design an architecture and develop a context-aware,
indigenous loT-based device for monitoring the health of senior citizens in Nigeria, with a focus on
integrating culturally sensitive communication. The specific objectives are to:

e Identify and track essential vital signs (such as heart rate, blood pressure, oxygen
saturation, and body temperature) for elderly health monitoring.

e Propose and prototype locally adaptable, low-cost devices using indigenous materials and
open-source platforms.

e Develop accompanying software capable of real-time data gathering, local processing,
storage, and alerting.

e Implement a multilingual communication module capable of transmitting system alerts,
reminders, and information to the subject, caregivers, healthcare professionals, and
family in indigenous languages (e.g., Yoruba, Igbo, Hausa), selected by the user.

e Evaluate the accuracy, usability, cultural adaptability, and reliability of the developed
device in both clinical and home-care settings.

e Assess the impact of the device's indigenous-language communication approach on early
anomaly detection, user compliance, emergency responses, and the overall enhancement
of healthcare delivery for the elderly

2. LITERATURE REVIEW

The global demographic trend towards an increasingly aged population presents
multidimensional challenges for healthcare systems, especially in developing countries [1], [2].
The proportion of older adults requiring daily monitoring and specialised care is growing, leading
to escalating demand for effective and sustainable support solutions [3]. Ambient Assisted Living
Technology (AALT) has emerged as a promising framework, integrating sensors, autonomous
devices, and advanced networks to support independent living and enhance the quality of life for
seniors and those with disabilities [4], [5].

2.1 Ambient Assisted Living Technology and Its Evolution

AALT encompasses a spectrum of technologies, ranging from simple home modifications—such as
grab bars and stair lifts—to sophisticated digital systems including health monitoring sensors,
assistive robots, and virtual reality applications [6], [7].
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The literature identifies six principal categories of AAL solutions: home modifications, monitoring
technologies, surveillance and security systems, information and communication technologies
(ICT), social assistance robots, and immersive environments like virtual reality [8]. Each plays a
complementary role in promoting autonomy, safety, and participation for older adults, facilitating
medication management, enhancing mobility, supporting communication, and enabling proactive
interventions [9]. Within these categories, monitoring and surveillance devices such as fall
detectors, bed sensors, and activity monitors use sensor networks and data analytics to track
changes in behaviour or vital parameters [10]. These data streams aid in early detection of health
events and allow for timely responses, which can significantly reduce the risk of hospitalisation or
severe health outcomes [11]. However, surveillance for security purposes (e.g., cameras, alarms,
GPS) must be balanced with privacy and autonomy considerations [12].

ICT is fundamental to AALT, enabling both device interoperability and social engagement.
Platforms incorporating speech recognition, text-to-speech, and video conferencing mitigate
social isolation and foster connectivity, a key risk factor for deteriorating health among older
adults [13]. Social assistance robots and virtual reality solutions further extend support by
delivering companionship, promoting cognitive stimulation, and making daily activities more
accessible, even in resource-constrained settings [14], [15].

2.2 Smart Home Architectures and Health Monitoring

Smart home systems comprise three main architectural layers: hardware (sensors, actuators,
devices), software (automation logic, user interfaces), and network infrastructure (communication
protocols) [16], [17]. Hardware components such as environmental sensors, smart locks,
cameras, and health monitors form the backbone of data acquisition, while software provides
automation, device management, and user interaction capabilities. Network connectivity is
typically achieved via Wi-Fi, ZigBee, Bluetooth, or Z-Wave, forming secure communication
channels between devices and platforms [18]. Evidence shows that integrated smart home
systems can deliver energy management, safety, remote accessibility, and, critically, health and
social care to older users [19]. These benefits are at the heart of modern AAL deployments;
however, many efforts to date, particularly in developing regions, are limited by imported, high-
cost, and non-contextualised solutions that lack local support, are difficult to maintain, and may
inadvertently compromise user autonomy or privacy [20].

2.3 Approaches and Recent Innovations in AAL

Various methods and approaches have been trialled globally for implementing AAL. Early
deployments focused on telecare (remote monitoring and alarm systems), smart home
automation, and telehealth (remote medical consultations) [21], [22]. More recently, artificial
intelligence-based adaptive systems, smart home laboratories, and virtual wards, particularly
during the COVID-19 pandemic, have accelerated the mainstreaming of AAL [23]. These
innovations adapt to user preferences and routines, provide reminders for medication or
appointments, and, in advanced forms, can predict emergent health risks by analysing multi-
sensor data.



d
- pef J"“rnal " Belvioal Tuformati Y 4
c ro S sr Creative Research Publishers Digital Humanifies & Development Research
https://www.crossref.org/06members/50go-live.html Vol 11, No 2, June 2025 Series

In parallel, sensor fusion has been increasingly adopted to integrate data from multiple sources,
improving reliability and context sensitivity in health monitoring. Techniques such as Kalman
filtering and decision-level fusion allow for more accurate activity recognition and environment
adaptation [24]. Cost, however, remains a significant barrier, driving research interest in modular
wireless sensor kits, open-source platforms, and locally produced device strategies crucial for
system sustainability and scalability in low- and middle-income environments [25].

2.4 Contactless, Indigenous, and Context-Aware Sensing

Contactless monitoring, including radio frequency, infrared, and camera-based systems,
minimises invasiveness and user burden, which is especially valuable for older adults who may
resist wearable or intrusive devices [26]. Thermal and colour cameras, pressure mats, CO,
sensors, and heart rate monitors are examples of non-contact sensor technologies with growing
applications in real-world AAL systems [27]. However, most commercially available systems are
imported and do not accommodate the unique infrastructural, cultural, or economic realities of
the Nigerian context. Indigenous device fabrication and software development—using local
materials, open-source hardware, and tailored user interfaces—have been identified as practical
approaches to promoting adoption, affordability, and maintenance [28], [29]. Locally adapted
solutions also support data sovereignty and ethical management of sensitive health information,
assuaging privacy and security risks inherent to foreign-managed platforms [30].

2.5 Socio-Economic and Ethical Considerations

AAL technologies, while technically promising, introduce important challenges regarding user
privacy, data ownership, social equity, informed consent, and potential loss of autonomy [31],
[32]. Solutions must be inclusive, designed with and for older adults, and be available at price
points and complexity levels appropriate for their local settings [33]. There is a pressing need for
multidisciplinary research that combines technical innovation with cultural, economic, and ethical
sensitivity.

2.6 Summary and Research Gaps

In summary, literature establishes the critical role of ambient assisted living and smart home
architectures in responding to the health monitoring needs of an ageing global population. While
significant progress has been made in developed countries, a gap persists in the development of
contextually appropriate, affordable, and maintainable AAL technologies for developing countries
like Nigeria [3], [4], [20], [25]. The emerging opportunity for indigenous, loT-based AAL devices
designed for local realities and resource constraints forms the basis for the present research.

The current project, therefore, seeks to address the need for a low-cost, sustainable, and locally
produced health monitoring device for seniors, leveraging sensor fusion, indigenous fabrication,
and user-sensitive design principles to enhance independent living and equitable health
outcomes.
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3. METHODOLOGY

3.1 Overview and Design Rationale

Senior Citizen Well-being Monitoring System Architecture

Sensor Layer

Wearable Devices

Smart Watch
Vital Signs Patch
Med Reminder

Ambient Sensors

Motion Sensors

Air Quality Sensor
Smart Scale

Door/ Window Sensor
Occupancy Sensor
Camera system

Processing Layer

IoT Integration HUDb
(Raspberry Pi, etc.)

Data Collection & Processing
Al Patterns Recognition
Alert Generation
Privacy & Security

Local Storage / Backups

Action Layer

Multidisciplinary Team (MDT) &
External Services Including

Family/ Caregivers
GP/Healthcare Providers
Emergency Services

Indigenous Langusges
Communication Module
(e.g. Mozilla TTS, open-source NLP)

Yoruba, igbo , Hausa
or local dialet

Speed, Text, SMS
(User Option Set)

Cloud & External Services

Cloud Storage & Analytics
Family/ Caregiver Dashboard
Healthcare Provider API
Emergency Notification/ APP

The methodology for the proposed Senior Citizen Well-being Monitoring System is structured to
address the specific healthcare, cultural, and communication needs of older adults in Nigeria and
similar contexts. Uniquely, the architecture integrates indigenous language support for interaction
with subjects, caregivers, general practitioners (GPs), and family members, a feature seldom
considered in conventional health 0T solutions. The design ensures that vital health alerts,
reminders, and system-generated messages are contextually translated to local languages such
as Yoruba, Igbo, and Hausa, based on user preference.

The system architecture follows a three-layer design:

e Sensor Layer
e Processing Layer

e Action Layer (with a multilingual, multidisciplinary communication interface)
Each layer is described in detail below.
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3.2 Sensor Layer: Data Acquisition
This foundational layer comprises two main components:

Wearable Components:

Devices such as smart watches and vital signs patches worn by the subject provide continuous
measurement of physiological and behavioural parameters (e.g., heart rate, sleep, temperature,
physical activity, medication adherence).

Ambient Home Sensors: Architecture and Data Management

The ambient sensing subsystem comprises a strategically distributed array of contactless sensors
throughout the residential environment, engineered for multi-dimensional monitoring with
minimal user intrusion. The instrumentation includes:

e Motion Sensors: Deployed in critical zones to continuously monitor activity patterns,
occupancy status, and mobility trajectories, providing real-time data for both behavioural
analytics and safety protocols.

e Environmental Sensors: Integrated modules record air quality metrics such as CO,
concentration, ambient temperature, relative humidity, and particulate matter (PM) levels,
enabling dynamic assessment of respiratory and thermal risks.

e Visual Analytics (Camera Systems): High-resolution cameras, equipped with edge-
computing capabilities, facilitate advanced motion analysis and fall detection through
real-time video processing and machine learning-based event recognition algorithms.

e Smart Scales: Networked weight sensors facilitate longitudinal body composition
monitoring, contributing to chronic disease management and nutrition assessment.

e Door/Window Sensors: Entry-point monitoring devices generate event flags upon
unauthorised access or abnormal egress patterns, closing the loop between
environmental sensing and home security.

All sensory data streams are synchronised, time-stamped, and aggregated in a unified data
pipeline. This multi-modal fusion ensures both robustness and fidelity of the context-aware
monitoring system, while its non-intrusive design preserves the resident’s privacy and comfort.

Processing Layer: Edge Integration and Intelligent Analytics

Centralised around an loT Integration Hub, commonly implemented via a Raspberry Pi or
comparable edge gateway, this layer orchestrates the integration, integration, and advanced
analysis of all incoming sensor data. The workflow comprises:

e Data Fusion and Local Signal Processing: Incoming data packets from heterogeneous
sources are collated and subjected to noise filtering, feature extraction, and normalisation
routines at the edge. This realtime pre-processing reduces latency, bandwidth
requirements, and mitigates privacy risks by limiting raw data transmission to the external
cloud.

e Pattern Recognition and Al-driven Decision Support: Embedded machine learning models
and rule-based inference engines analyse sequential and concurrent data channels,
identifying deviations from established baseline patterns for the individual resident. Early
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anomaly detection algorithms flag occurrences such as abnormal vital sign trends,
prolonged inactivity, or hazardous environmental conditions.

e Adaptive Alert Generation: When operational thresholds are breached or aberrant
behavioural/physiological signatures are detected, the system dynamically generates and
prioritises status alerts and actionable messages for appropriate intervention.

e Secure Local Storage and Controlled Cloud Synchronisation: All critical event and sensor
logs are securely buffered in local encrypted storage, with scheduled and authenticated
transmission to a cloud platform for long-term analytics, backup, and reporting. Data
management protocols rigorously comply with health data protection standards, ensuring
resident confidentiality and regulatory adherence.

Action Layer: Multidisciplinary Response and Culturally Sensitive Communication
a) Multidisciplinary Team (MDT) Integration: This layer transforms analytical insights into both
automated and human-mediated interventions. The platform interfaces with:

e Emergency Services for critical event escalation,

e Healthcare Providers via standards-based APIs for integration with electronic health

records and clinical dashboards,

e Family and Informal Caregivers through mobile and web dashboards,

e Cloud-based Analytical Engines for advanced decision support and reporting.
This design enables seamless, coordinated response workflows and empowers a multidisciplinary
team (MDT) comprising healthcare professionals, social workers, family members, and
emergency responders.

b) Indigenous Language Communication Module: A distinctive component of the action layer is
the culturally adaptive, multilingual interface. Leveraging open-source technologies such as the
Mozilla TTS engine, the system programmatically translates and vocalises system notifications
into the user's designated indigenous language (e.g., Yoruba, Igbo, Hausa), as set during
onboarding.

e Alert Routing: Context-specific notifications ranging from health reminders and anomalous
event warnings to lifestyle prompts are dispatched via multimodal channels (voice
announcements, text messages, mobile app push notifications, and SMS/IVR for
clinicians and emergency services).

e Language Selection and Adaptation: The residents and stakeholders preferred languages
are stored as profile attributes, ensuring all communications, regardless of recipient or
context, are delivered in the most accessible and culturally resonant form. This addresses
literacy barriers and promotes equitable engagement regardless of technical proficiency.

¢) Open Source, Extensible, and Secure Framework: The core logic, language translation modules,
and communication routing are underpinned by modular, open-source software, affording high
adaptability. The architecture accommodates custom language packs, dialect expansions, and
new communication modalities, allowing continual system refinement in response to user
feedback or evolving demographic needs. All components are engineered with security and
privacy best practices, including encrypted data exchanges and role-based access controls, to
safeguard both resident and provider.

10
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3.3 Technical Summary of Implementation Flow

The deployed system architecture is predicated on a robust, real-time data acquisition and
analytics pipeline that ensures comprehensive well-being management for elderly users. The
operational workflow proceeds as follows:

Continuous Multimodal Data Ingestion: The system orchestrates the seamless, high-
frequency collection of physiological indicators (via wearable devices) and contextual
environmental data (via ambient sensors) throughout the residential space. Each data
stream is tagged and time-synchronised to maintain integrity and accuracy for
downstream processing.

Edge Analytics and Pattern Recognition: Sensor streams are ingested by the edge
integration hub, where advanced pre-processing algorithms filter out noise and normalise
the data. Embedded Al and statistical models then perform real-time pattern recognition,
instantaneously identifying deviations from the user’s individualised health and activity
baselines. This real-time intelligence enables the system to detect critical health or safety
events—such as abnormal body temperature, irregular motion, hazardous air quality, or
unanticipated occupancy while minimising false positive rates.

Immediate, Multilingual and Contextualised Notifications: Upon anomaly detection or at
designated routine intervals, the system dynamically generates and dispatches actionable
feedback.

o To the subject: Notifications, alerts, and reminders are delivered in the user’s
preferred indigenous language (e.g., Yoruba, Igbo, Hausa), utilising both voice
announcements through in-home speakers and text-based messages to maximise
accessibility.

o To caregivers, healthcare professionals, and family: Context-aware messaging is
transmitted via secure dashboards, push notifications, and automated messaging
channels, linguistically adapted as per each recipient's preference profile
(ensuring both clarity and compliance).

o To clinicians and emergency services: Critical alerts are escalated through secure
APIs or SMS, providing both event context and real-time sensor data where
required.

Comprehensive Logging and Cloud-Supported Analytics: Each interaction and action—
whether automated or human-initiated—is logged with metadata and securely archived in
cloud storage. This enables ongoing auditing, detailed trend analytics, longitudinal health
records, and iterative model refinement as user needs or contextual parameters evolve.

3.4 System Uniqueness and Impact

The distinguishing innovation of this solution lies in its holistic fusion of, firstly, cost-effective,
readily available sensor technologies and, secondly, embedded real-time artificial intelligence for
proactive health analytics, with, thirdly, a culturally resonant communication protocol at the heart
of user interaction. Specifically:

Localised and Multilingual Communication: The integration of indigenous language
support at the action layer transforms the user experience, closing linguistic gaps that
have hindered previous digital health systems in Nigeria and similar multilingual contexts.
By delivering all system outputs (alerts, advice, escalation notices) in the user’'s or

11
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stakeholder’'s language of choice, the system significantly reduces risks of
misunderstanding, enhances health literacy, and increases compliance with behavioural
and medical recommendations.

Holistic and Inclusive Stakeholder Engagement: The system’s architecture is designed to
coordinate families, local caregivers, healthcare professionals, and emergency
responders through a multidisciplinary response network. This ensures that support and
intervention are not only timely and contextually appropriate but also personalised to the
social fabric of the user’s support circle.

Scalability and Adaptability: Built on modular, open-source software and standardised
hardware interfaces, the platform can be adapted for various living environments,
expanded with new sensor modalities or language modules, and scaled from pilot
deployments to community-level solutions throughout Nigeria and, by extension, across
Africa.

This methodology thus offers a compelling template for future culturally sensitive, technology-
driven eldercare infrastructures, laying the groundwork for sustainable health innovation in
diverse, resource-constrained, and multilingual settings.

3.5 Implementation
Table 1: Smart Home Monitoring Activity Table

Time Activity/Event Room/Location Smart Home Communication
Action Initial Initial

07:00 Wakes up Bedroom BT-ABN-AL-ROBOT- VTA-Y
LOG

08:00 Breakfast Kitchen/Dining BT-AL-OPEN-LOG- REM-Y

NOTIFY
09:00 Reading Living BT-ABN-VENT- HAA-Y
room/Reading COMM-LOG
10:00 Reading Living BT-NML-LOG SU-AIW-Y
room/Reading
11:00 New person Living room/Hallway CO2-SPIKE-OA- VC-Y
enters CHK-NOTIFY-LOG

12:00 Cleaner present | Living room/Hallway | CO2-UP-2P-MON- CP-Y
LOG

13:00 Cleaner leaves Living room CO2-NML-1P-LOG CL-Y

14:00 Lunch Kitchen/Dining MONTEMP-NML- LN-Y
LOG

15:00 Nap Bedroom MOT-DROP-MON- NR-Y
LOG

Time Activity/Event Room/Location Smart Home Communication

Action Initial Initial
16:00 Post-nap Bedroom BT-ABN-ROBOT- CR-Y
VENT-LOG
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Time Activity/Event Room/Location Smart Home Communication
Action Initial Initial
17:00 Tea time Kitchen/Living ALL-NML-OPEN- SU-Y
Room LOG
18:00 Watching TV Living room MON-STD-LOG AR-Y
19:00 Cooking Kitchen ACT-DET-AT-DROP- ST-Y
activities LOG
20:00 Cooking/family Kitchen CO2-SPIKE-OA- WVA-Y
visit FAM-NOTIFY-LOG
21:00 Dinner/family Dining/Kitchen FAM-MON-LOG FTR-Y
call
22:00 Family leaves; Living CO2-DOWN-OPEN- GNF-Y
relax room/Entrance LOG
23:00 Watching TV Living room MON-STD-ENV- BR-Y
LOG
00:00 Pre-bed routine | Bedroom/Bathroom | MON-BT-AT-DROP- ER-Y
LOG
01:00 Asleep Bedroom MIN-ACT-NITE-LOG SM-EA-Y

Table 2: Smart Home Prototype Monitoring Scenario for Mr. Lagbaja Featuring Indigenous
Language Communication Module

Smart Action
Initial

Full Meaning

Communication
Initial

Full Meaning

BT-ABN-AL-ROBOT- | Body temp monitoring, abnormal | VTA-Y Voice/text alert in

LOG alert, window opened, robot Yoruba/Indigenous
contact reading, log event language

BT-AL-OPEN-LOG- | Continued body temp alert, REM-Y Reminder/alert in

NOTIFY windows open, log event, notify indigenous language
family/GP if needed

BT-ABN-VENT- Body temp out of range, HAA-Y Health advice alert

COMM-LOG ventilation continues, (indigenous
communicate with family/GP, log language)
event

BT-NML-LOG Body temp back to normal, log SU-AIW-Y Status update ("All is
event well", in chosen

language)

CO2-SPIKE-OA- CO, rate spike detected, VC-Y Visitor confirmation

CHK-NOTIFY-LOG occupancy anomaly, check visitor (indigenous
schedule, notify family, log event language)

Smart Action Full Meaning Communication | Full Meaning

Initial Initial
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Smart Action Full Meaning Communication | Full Meaning
Initial Initial
C0O2-UP-2P-MON- CO, rate elevated, 2-person CP-Y Notification ("Cleaner
LOG occupancy confirmed, standard present”, in
monitoring, log event language)
CO2-NML-1P-LOG | CO, normalises, return to 1- CL-Y Notification ("Cleaner
person profile, log change left", in language)
MONTEMP-NML- Monitoring body/ambient temp, LN-Y "Lunch time, all
LOG conditions normal, log event normal”, in language
MOT-DROP-MON- Activity/motion drops, NR-Y Nap reminder/"Nap
LOG environment monitored, log nap started", in the
start indigenous language
BT-ABN-ROBOT- Body temp abnormal post-nap, CR-Y Cooling/reminder in
VENT-LOG robot contact reading, ventilation, the indigenous
log event language
ALL-NML-OPEN- All vitals normal, windows open SU-Y Status update (in
LOG for ventilation, log event language)
MON-STD-LOG Standard monitoring, log event AR-Y Activity reminder if
needed (in language)
ACT-DET-AT-DROP- | Activity detected, ambient temp ST-Y Safety tip (in
LOG drops slightly, log event language, eg "Be
careful, hot surface")
CO2-SPIKE-OA- CO,, spike, occupancy anomaly, WVA-Y Welcome/Visitor
FAM-NOTIFY-LOG log family arrival, notify all alert (in language)
stakeholders
FAM-MON-LOG Family presence maintained, FTR-Y Family time/dinner
conditions monitored, log event reminder (in
language)
CO2-DOWN-OPEN- | CO, decrease, windows open, log | GNF-Y Good night/farewell
LOG event to family (in
language)
MON-STD-ENV- Standard monitoring, BR-Y Bedtime approaching
LOG environmental adjustments if reminder
needed, log event
MON-BT-AT-DROP- | Monitoring, minor drop in ER-Y Encourage a healthy
LOG body/ambient temp, log event routine ("Prepare for
bed")
MIN-ACT-NITE-LOG | Minimal activity detected, night SM-EA-Y Silent
monitoring, log status mode/Essential alert
(in language)
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Legend for Table 2
Keywor | Meaning Keywor | Meaning Keywor | Meaning
d d d
BT Body Temperature 2P/1P 2-person/1-person MIN- Minimal activity
occupancy profile ACT
ABN Abnormal UP/DO | CO, increase/CO, NITE Night time
WN decrease
AL Alert MON Monitoring FAM Family
presence/involve
ment
ROBOT | Robot contact MONTE | Monitoring STD Standard
reading MP temperature
(body/ambient)
LOG Log event MOT- Activity/motion drops Su Status Update
DROP
VENT Ventilation/Window | ALL All conditions normal REM Reminder
opened
COMM/ | Communicate/Notify | ACT- Activity detected HAA Health Advice
NOTIFY | (family, GP, DET Alert
stakeholders)
NML Normal AT- Ambient temperature | SU-AIW | Status Update -
DROP drops All is Well
CHK Check (visitor ENV Environment VC Visitor
schedule, (adjustments) Confirmation
confirmation)
CP Cleaner Present WVA Welcome/Visitor Alert
CL Cleaner Left FTR Family/Dinner Time Reminder
LN Lunch Notification GNF Good Night/Farewell
NR Nap Reminder BR Bedtime Reminder
CR Cooling Reminder ER Encourage Routine
AR Activity Reminder SM-EA | Silent Mode/Essential Alert
ST Safety Tip Y Yoruba/Indigenous Language
3.6 Overview

The prototype leverages a three-level architecture comprising:

1. Sensor Layer - Real-time acquisition of health and environmental data

2. Processing Layer - Parallel analytics, anomaly detection, and decision-making

3. Action Layer - Response execution and multidirectional communication (including indigenous
language alerts)

Each layer functions as part of an integrated, real-time system, ensuring that all relevant well-

being factors, physiological, environmental, and contextual, are simultaneously monitored and
acted upon.
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Sensor Layer: Multi-Modal, Real-Time Data Collection

Throughout Mr. Lagbaja's home, ambient sensors (motion, door/window, CO,, smart scale,
camera) and wearable components (vital sign patch, smart watch) are deployed. All devices
continuously stream their readings at pre-determined intervals (e.g., every minute). Data on body
temperature, movement, air quality (CO,), and ambient temperature are synchronously collected
and timestamped, ensuring a complete, temporally matched dataset for parallel analytics.

Processing Layer: Synchronous, Context-Aware Analytics
Raw data from all sensors is transmitted to a local IoT hub (e.g., Raspberry Pi or similar edge-
computing device).

Parallel Data Analytics: Instead of processing signals one after the other, the hub analyses
all sensor streams concurrently. This allows for cross-verification (e.g., an uptick in CO,
occurring at the same time as two detected heat signatures and new motion, confirming
visitor arrival).

Intelligent Pattern Recognition: Al algorithms and rule-based engines interpret current
readings relative to personalised baselines (e.g., mean and standard deviation for Mr.
Lagbaja’s body temperature, established typical CO, rates).

Anomaly and Event Detection: The system detects deviations, such as high body
temperature, sudden CO, surges, or abnormal lack of movement, and determines the
most plausible contextual explanation (e.g., post-nap, visit, or possible health event).

Action Layer: Multidisciplinary, Culturally Sensitive Response
Upon detecting an anomaly or a routine that requires intervention (e.g., medication reminder,
visitor arrival, health event):

a) Multidisciplinary Communication and Decision-Making

The system determines the appropriate responders from the care network:
o Subject (Mr. Lagbaja)

Family/caregiver(s)

General practitioner (GP)

Emergency services (as escalation)

o O O

b) Indigenous Language Communication
Unigque to this architecture, the system incorporates a multilingual communication module in the
action layer.

Message Preparation: Alerts, reminders, or instructions generated by the system (such as
“Please take your medication,” “Your body temperature is too high,” or “A visitor has
arrived”) are passed to a language processing engine (e.g., open-source Mozilla TTS).
Language Selection: During initial system setup or anytime later, Mr. Lagbaja (or his
representative) selects a preferred language from available indigenous options (e.g.,
Yoruba, Igbo, Hausa) for all communications. This preference is stored in the system
profile.
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Translation & Delivery: The communication module translates the system actions (alerts
or prompts) into the selected indigenous language, synthesising them as:
o Voice announcements (e.g., played through in-home speakers or personal
devices)
o Text messages (for mobile notifications)
o Mobile app push notifications (for caregivers and family, in their preferred
language)
Bidirectional Interaction: Mr. Lagbaja can receive guidance, reminders, alerts, and
confirmations in his chosen language, increasing comprehension, reducing anxiety, and
supporting timely response. For example, if an elevated body temperature is detected, the
system says (or texts): "E jowo, igbona ara yin ga ju. Jowo jokoo ati mu omi, a ti pe ebi
yin." (Yoruba for: “Please, your body temperature is high. Sit down and drink water; your
family has been notified.”)
Family, GP, and MDT Notifications: Information is relayed to respective stakeholders in
their chosen language formats, ensuring coordinated response and removing linguistic
barriers.

¢) Multichannel Execution and Logging

Parallel Execution: Windows may be opened automatically, the robot dispatched for
secondary readings, diary logs updated, and notifications sent out—all concurrently.
Real-Time Audit: Every action, alert, and intervention is documented, maintaining a secure
log accessible to the care team for review and follow-up.

3.7 Application in a Real-Life Scenario
For example, in the parallel monitoring day, if at 8:00 AM the system detects Mr. Lagbaja has an
abnormal body temperature but a normal CO, rate:

An automatic action is triggered: windows remain open, and the robot is sent for contact
reading.

An alert is immediately generated and delivered to Mr. Lagbajain his preferred
indigenous language (via speaker/mobile/app).

Family or GP receives a notification in their chosen language about the detection and
actions underway.

All actions and alerts are simultaneously logged for accountability and future care review.

If, later in the evening, a spike in CO, is detected (indicating a family visit), the system welcomes
guests and notifies Mr. Lagbaja in his language of expected visitors and logs this social
interaction as part of his well-being record. Through this three-layer architecture, the smart home
provides an intelligent, inclusive, and context-aware monitoring environment. The innovative
integration of indigenous language communication ensures that Mr. Lagbaja and all parties
receive timely, understandable, and actionable health and safety information, closing not just the
digital divide, but the cultural and linguistic divide as well, delivering truly person-centred
technology-driven care.
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4. DISCUSSION, FUTURE WORK, AND CONCLUSION

4.1 Discussion

The prototype demonstration of the Senior Citizen Well-being Monitoring System of the article
highlights both the technical strengths and the real-world impact of a culturally sensitive,
technology-driven ambient assisted living (AAL) solution. The three-layered architecture
comprising sensor, processing, and action layers functioned cohesively to deliver seamless, real-
time monitoring of Mr. Lagbaja’s physiological status and daily living environment. The combined
use of wearable devices (for vital signs, activity, and adherence tracking) and ambient sensors
(for CO,, temperature, and home security) ensured that Mr. Lagbaja’s health and environment
were monitored unobtrusively and comprehensively. By collecting multiple data types, the system
achieved a holistic, accurate understanding of his well-being.

Parallel streaming and edge analytics meant that anomalies were detected without delay.
Synchronous processing allowed the system to distinguish, for instance, between natural
variations in movement and potential medical emergencies, minimising false alarms and enabling
more nuanced, context-aware decision-making. A defining strength of this system was its
indigenous language communication module. Throughout the day, Mr. Lagbaja received real-time
alerts and guidance in his chosen language regarding medication, abnormal sensor readings, or
environmental changes. This feature dramatically improved user comprehension, reduced
anxiety, and supported rapid, compliant responses to urgent situations. Caregivers, GPs, and
family members were also notified in their language of choice, ensuring an inclusive,
multidisciplinary safety net.

By relying on open-source technologies for both analytics and multi-language communication
(e.g., with Mozilla TTS), the system remained adaptable, maintainable, and extensible. The robust
event log automatically generated by the system provided an audit trail for continuous care
monitoring and later analysis. The scenario table demonstrated that the system responded
appropriately to both routine (e.g., nap, meals) and unexpected (e.g., occupancy anomalies, post-
nap fever) events. When consecutive abnormal readings were detected in the morning, the
system-maintained ventilation and escalated the response through robot-initiated contact
measurement and family notifications.

At all times, communication barriers were effectively addressed with language-adapted alerts.
Holistic monitoring, rapid anomaly detection, and true end-to-end inclusivity for non-English-
speaking elders. The need for further tuning to local dialects, expanded language sets beyond the
main three (Yoruba, Igbo, Hausa), and regular validation of culturally appropriate phrasing.
Furthermore, occasional limitations in network connectivity or inconsistent sensor placement can
still hinder performance.
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4.2 Future Work
Building on these outcomes, several areas for advancement are evident:

e Expanded Language Support: Future iterations should incorporate additional Nigerian and
African languages, as well as dialectical variations, to serve an even broader user base
and accommodate migration and multi-lingual households.

e Adaptive Personalisation: Leveraging Al-driven user profiling for more granular adaptation
of communication style, urgency cues, and care routines based on individual habits,
literacy level, and cognitive status.

o Integrating More Sensors: Incorporating additional physiological measures (e.g., blood
glucose, oxygen saturation) and advanced behavioural analytics (e.g., mood or stress
detection) to provide a fuller picture of elder well-being.

e Longitudinal Field Trials: Extended real-world deployments, particularly in rural and semi-
urban areas, will help validate usability, user acceptance, durability, and the health
outcomes of the system over long periods.

e Caregiver and Clinician Interfaces: Development of more sophisticated dashboards and
responsive tools for remote caregivers, with Al-based action recommendations and
seamless, secure integration into local health record systems.

e Privacy and Security: Ongoing updates to data encryption, access controls, and ethical
frameworks for shared access in family or community care situations.

4.3 Conclusion

This research article has demonstrated that a thoughtfully engineered, multi-layered smart home
architecture, particularly one that integrates indigenous language communication, can
significantly enhance the safety, autonomy, and quality of life for older adults in Nigeria. Through
the fusion of real-time sensor data acquisition, parallel data processing, immediate and context-
aware system responses, and multilingual messaging, the developed system effectively
addresses prevalent barriers related to language, technology adoption, and cultural mismatch.

The successful deployment of the prototype and the scenario-based simulations confirms that
indigenous language communication is not merely an optional feature but rather a central pillar
for fostering user engagement, trust, and the overall efficacy of elder care technology in Africa.
The proposed approach offers a scalable and adaptable framework that can be extended to other
regions and minority populations worldwide where similar linguistic and cultural challenges exist.
As the global population continues to age and cultural diversity grows, it becomes increasingly
critical for digital health solutions to be not only technologically robust but also culturally
competent. This research provides a strong foundation for the development of inclusive, culturally
sensitive, and technology-driven elder care solutions, pointing the way forward for sustainable,
equitable, and impactful healthcare ecosystems in Nigeria and across the African continent.
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