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Abstract: The possibilities of the Ambient Assisted Living (AAL)/Enhanced Living Envi-
ronments (ELE) concept in the environment of a smart home were investigated to improve
accessibility and improve the quality of life of a person with disabilities. This paper focuses
on the concept of predictive information for a person with disabilities in a smart home
environment concept where artificial intelligence (AI) and machine learning (ML) systems
use data on the user’s preferences, habits, and possible incident situations. A conceptual
mathematical model is proposed, the purpose of which is to provide predictive user in-
formation from defined data sets. This paper defines the taxonomy of communication
technologies, devices, and sensors in the environment of the user’s smart home and shows
the interaction of all elements in the environment of the smart home. Through the integra-
tion of assistive technologies, it is possible to adapt the home to users with diverse types of
disabilities and needs. The smart home environment with diverse types of sensors whose
data are part of sets defined by a mathematical model is also evaluated. The significance of
establishing data sets as a foundation for future research, the development of ML models,
and the utilization of Al is highlighted in this paper.

Keywords: accessibility; artificial intelligence; assistive technology; ambient assisted living;
navigation

1. Introduction

According to the World Health Organization (WHO), an estimated 2.2 billion people
have some form of vision impairment (distance or near), while 1.3 billion people have a
significant vision disability, representing 16% of the world’s population. Vision loss can
affect a person’s ability to perform daily activities and affects people of all ages. However,
the majority of people with vision impairment and blindness are over 50 years old [1].
The implementation of assistive technologies can range from physical products such as
wheelchairs, glasses, prosthetic limbs, white canes, and hearing aids to modern IT solutions
and services such as speech recognition, smart home management, and the like. With
the aging of the global population and the increase in non-communicable diseases, it is
estimated that around 3.5 billion people will need assistive technology by 2050. Statistical
data predicts that the global number of smart home users in the smart home market will
continuously increase between 2023 and 2028 by a total of 424.5 million users (+117.69%),
which is an indicator of a trend that can certainly affect the possibility of applying the
smart home environment for people with visual impairments [2]. Everyday needs are
an integral part of a person’s life that affect its quality. The home and its environment,
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and the contents found in it certainly have a significant impact on the quality of life. The
development of information and communication technologies (ICT) and services opens the
field of creating a smart home, which with its functionalities can raise the level of quality of
life of the person living in it. Many years of work, as well as numerous pieces of research
conducted in the domain of assistive technologies and their adaptation to people with
visual impairments and other types of impairments, have shown that this field requires the
development of services tailored to the requirements of users. The above is based on the
fact that not all people have the same knowledge about the use of assistive technologies,
therefore, the individual adaptation of services is the basis for better future application.

Using the methods of analysis and synthesis, information and data from previous
research were collected and a taxonomy of communication technologies and services was
defined. Also, using the above methods, data sets were defined that are the basis for the
work of the mathematical model. The observation method was used to collect information
(phenomena and processes) surrounding a blind and visually impaired person who is in a
smart home environment.

The aim of this paper is to highlight the complex interdependence of the different
elements of a smart home system and underscore the importance of defining data sets and
creating user profiles depending on the type of impairment of the user.

2. Methodology

Today’s technological development in the field of assistive technology and the en-
vironment of people with disabilities brings significant changes in the way people with
disabilities live and participate in everyday life [3]. Figure 1 shows the research method-
ology in this paper. The research hypothesis is as follows: based on defined data sets,
it is possible to create user profiles of user behaviour for the purpose of predictive in-
formation. For this purpose, the literature covering the development and application
of assistive technologies (devices and services) was researched, the technical character-
istics of communication technologies that can work in the IoT environment of a smart
home were investigated, and user needs depending on the type of user impairment were
also investigated.

Aim and Hypothesis
v
Research of the Literature
+
.
[ L |
Device and Communication || ;
Services ‘ | Technologies oo Needs
( I J
‘ Taxonomy of Coumm.mc.ahon Technologies and Data cots Defined User Profiles
| Devices |
v
‘ Conceptual System Architecture ‘
‘f Testing the Efficiency of Data Collection and ‘
Storage

S/

Figure 1. Research methodology.
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Based on the methods used in the research, a conceptual architecture of the system will
be presented, the aim of which is to show the interaction of data collection, processing, and
storage. The defined data sets are presented mathematically and represent the basis for the
development of machine learning (ML) models and the creation of a user knowledge base.
Based on this, it is possible to develop user profiles necessary for predictive user information
using artificial intelligence (AI). Predictive information works in such a way that data and
information about user needs are collected daily in the smart home environment and
personalized user information is created using Al

2.1. Literature Review

Assistive technologies are not representation of only information and communication
devices and systems, but also services aimed at improving the functional abilities of people
with diverse types of disabilities [4]. Having a disability can impact a person’s ability to
conduct daily tasks and fully participate in various environments, including their own
home. However, everyday activities within their home such as cooking, cleaning, safe
movement around the home, or health monitoring can be integrated into a smart home
environment where users can control individual devices [5].

A smart home can be defined as the interaction of information and communication
technologies and services with the user through the home network to create better liv-
ing conditions and environments for the user [6]. Today’s development of smart homes
and indoor environments intended for a person with disabilities is based on the concepts
of Ambient Assisted Living (AAL) and Enhanced Living Environments (ELE). The tech-
nologies and working principles used in the mentioned concepts are based on modern
information and communication technologies such as Cloud Computing (CC) (Fog, Edge,
Dew), the Internet of Things (IoT), Machine to Machine (M2M), and diverse types of sensor
networks and corresponding sensors [7]. Several different communication devices and
systems are currently in daily use, and in most cases, the devices are used for multiple
purposes and solve more than just one need [8]. The diversity of technologies available to
support the autonomy and independence of people with disabilities offers the possibility
of choosing a particular technological solution or set of solutions that are most suitable
for their functional abilities [9]. According to the data on the quantity of IoT devices
used in smart environments until the year 2025, there are 71 billion installed IoT devices
expected, whereas in smartphone environments 12.86 billion devices are expected [10].
Following the development trends in the field of AAL and ELE concepts, the need for the
application of diverse types of sensors, robotics, the IoT, and voice assistants to manage
them is increasingly emerging [11,12]. The context of the use of AAL and ELE concepts
is presented through a literature review, where the authors stated the possibility of use
and purpose in closed spaces and the importance of network heterogeneity [13]. The
AAL concept, whose aim is to help and provide real-time information to elderly people
and persons with disabilities, is also increasingly applied in the design of new services
based on decision support systems [14]. The older group of users is becoming increasingly
represented in numerous studies, based on the fact that the number of users aged 65+ is
increasing. This is also supported by data from the United Nations, where in 2021 there
were 761 million elderly people, and it is predicted that this number will reach 1.6 billion
in 2050 [15]. The aforementioned fact prompted the authors to design and evaluate the
SecurHome TV service, which is based on the interaction of elderly people with their TV
receivers as it is one of the most frequently used devices in everyday life [16]. SecurHome
TV represents an ecosystem, with a special emphasis on the algorithm for warning users
and detecting dangerous situations, contributing to monitoring the activities of an older
group of users. For modeling IoT services and delivering real-time information to persons
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with disabilities, it is possible to use a conceptual model of system architecture applicable to
an IoT environment [17]. According to a research paper [18], incorporating IoT technology
in a smart home can greatly benefit visually impaired individuals by facilitating their daily
activities. This, in turn, enhances the overall autonomy, safety, and comfort of users in their
own home environment.

The development of technology such as Al provides the ability to detect and monitor
the daily activities of people with disabilities (users) in their homes. In the user’s smart
home environment, the following system components are important: appropriate hardware
equipment for data collection (sensors and actuators), a communication network (sensor
autonomous network), a set of applications and tools for data processing and management,
and data storage equipment [5]. The e-care@home system defines certain data sets and
the modularity of the smart home system, which enables use regardless of the type of
impairment the user has [19]. Also, the application of Al technology and the 6G network
is applied in medicine as a closed user space where appropriate IoT services (IoMT) are
applied [20]. The application of autonomous and intelligent networks and systems is today
also increasingly used indoors, mostly in the field of eHealth and in providing services for
the senior persons and persons with disabilities [21,22].

In addjition to the application of Al technology and the environment of a smart home
for people with disabilities, it is also possible to use it for elderly users who also have
certain health problems, such as dementia and an increased risk of falling when moving.
For this purpose, the authors propose the improvement of data sets with the aim of a
more efficient system for detecting user falls and informing caregivers [23]. Al requires
the definition and use of certain types of data sets and thus the creation of user forms for
which it is also necessary to define user needs. Daily activities depend on the distinctive
characteristics or types of the user’s impairment and an individual approach to solving
daily needs is frequently required. For this purpose, to model innovative services in a
sustainable ecosystem, it is necessary to clearly define data sets, all to deliver accurate
information to the end user and the possibility of predictive information.

User needs are the basis for defining data sets, but also for designing a smart home
according to user requirements [8,24-26]. There are 624,019 persons with disabilities in
the Republic of Croatia, of which 353,550 are male (56.7%), and 270,469 are female (43.3%),
thus persons with disabilities make up about 16.0% of the total population. Groups of
users and their number in the Republic of Croatia, according to the type of impairment
that is the subject of this research, are locomotor system impairment 177,547, speech-voice
communication impairment 51,149, visual impairment 20,526, and hearing impairment
17,679 [27].

2.2. Defining User Needs in a Smart Home Environment

Research [28] has explored the lifetime home standards (LHTS) of individuals with
disabilities. The conclusions are mainly focused on the architectural adaptation of the
environment in which the user is located. The research also highlighted the importance of
incorporating technological solutions to enhance their living conditions. However, high-
tech solutions such as electronic doors and windows remain financially inaccessible to most
users. Nonetheless, users expressed that implementing such solutions would improve
their quality of life. Safety within the home was also emphasized, particularly the need
to detect electric shocks and gas leaks as well as the importance of lighting management.
Another piece of research has examined the benefits of home automation systems for
visually impaired individuals [29]. The research results point out that there is a strong
interest in home automation to increase the autonomy of visually impaired individuals,
with lighting control and heating systems being the most prominent areas of focus.
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To design the conceptual system architecture, the smart home environment for the

visually impaired can be considered through three segments: user needs, the home envi-

ronment or architecture, as well as the technology used in the home [5]. This approach can

also be applied to other groups of people with disabilities, where it is important to show

the characteristics of impairment as shown in Table 1.

Table 1. User characteristics according to the type of impairment.

Type of Impairmen

t

Characteristics

e slow and uncertain movement
e  difficulties with planning, organizing time, materials, and tasks
. . . o “fear” of light
Blind and partially sighted e inability to distinguish colours or shades of colours and letter sizes
e  spatial disorientation
e  limited living space
e physical and architectural barriers
Locomotive system e free space for wheelchairs to turn around in the room
e  limited living space
e  speech impairments
Speech-voice communication e  voice impairment
e the problem of reading, writing, and arithmetic
e limited and poor communication
e  problem using speech
e limited living space
Hearing e avoiding spaal activities
e  concentration difficulties
e weaker ability to maintain balance
e  weaker motor speed and coordination
Based on the type of user impairment, Table 2 defines increased risks depending on
the smart home usage scenario (kitchen—K, living room—LR, bedroom—SR, bathroom/
toilet—TWC, terrace/balcony—TB, and daily activities—DA).
Table 2. Display of increased risks depending on the type of impairment and the scenario of using
the smart home service.
Tyl?e of Usage: Increased Risks
Impairment Scenario
e fire during food preparation
e uncontrolled gas leakage
K e injuries and burns
] . . e flood
Blind and partially sighted e electric shock
e  obstacles and possible injuries
LR e  inability to locate individual elements
o fall
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Table 2. Cont.

Tyl?e of Usage. Increased Risks
Impairment Scenario
obstacles and possible injuries
SR inability to locate individual elements
flood
TWC electric shock
Blind and partially sighted injuries and falls
B e  injuries and falls
e  health status monitoring
DA . . . . . . .
e  incorrect information using the information service
e uncontrolled gas leakage
e  injuries and burns
K e flood
e  electric shock
e  unavailability of elements and injuries
e  obstacles and possible injuries
LR o fall
e  poor availability of elements
Locomotive obstacles and possible injuries
system SR fall
injuries and falls
TWC electric shock
flood
TB ° injuries and falls
health status monitoring
DA

incorrect information using the information service

Speech-voice
communication

All scenarios

panic and poor reaction to possible incident situations

Hearing

All scenarios

concentration

2.3. Defining Data Sets in a Smart Home Environment

Data sets will be defined as elements of the smart home management system based

on the above-mentioned increased risks for certain groups of users and usage scenarios.

It is also important to emphasize the communications segment that is necessary for the

operation of an automated system based on generative Al The sensors and function tags

used in the smart home environment are defined through three subsets, shown in Table 3.
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Table 3. The range of functional dependencies required to deliver information at the user’s request.

Range of Function

D User Health (Sy;) Incident Information (S;;) User Environment (S,;)
ependence
Pressure (Sp) Fire (Sy) Object detection (S,4)
Pulse (Spu) Gas (Sg) Air quality (indoor) (S)
Sugar (Ss) Fall (Sp) Food quality (refrigerator)
User’s temperature (S¢) Flood (Sy) (S)
Breathing (S;) Electric shock (S,;) Light intensity (S;)
Sensors and Burn (S,) Earthquake (Ser) Temp.er.ature (Ste)
function tags Fall (Sfa) Burn (Sp,) Humidity (Sy)
Electric shock (S,;) Dust (S,;)
Air quality (external) (Sg) Air quality (outside) (Sg)
Dust (S,) Open/close door (S,.4)
Fire (5¢)
Flood (Sp)
Electric shock (S,)
Fall (S5,)
Earthquake (Ser)

Within each subset, defined sensors collect the data needed to deliver the information
requested by the user. Sensors are defined as variables and have their labels, and they are
shown with a Venn diagram and a mathematical model (Figure 2) [17]. The conceptual
mathematical model for providing information (predictive information) to the user is
presented as a union of defined sets, i.e., data collected from around the smart home.

Sshome = Sni U Sii U S,; or if it is an expansion with additional subsystems (1)
S
Sshome = U S; (2)
i=1
from which:
St = {Sps SpusSss St Sty Shus Sfar Sets S Suo | 3)
Sii = {S¢ g SparSpis Sets Sers St} @
Sei - {Sod/ Sﬂi/ ng/ Sl/ Ste 7 Sh 7 sd/ Sao 7 Socd/ Sf/ Sfl/ Sel’ Sfa/ SL’I’}' (5)

Dependence of individual variables in several subsystems is as follows:

Spi()Sii[ ) Sei = {Sfarsel} (6)

Sui () Sii = {Seu} 7)
Sii[)Sei = {Sf, St Ser} (8)
Shi ﬂ Sei = {Sam Sd} )

The graphical representation in Figure 2 shows the inclusion of individual data (vari-
ables) from all these subsystems. Fall detection (Sg;) and electric shock (S,) are connected
to all three subsystems because the delivery of information about the user’s health (state in
which they are and type of impairment) and location must be real-time according to the
emergency services or the caregivers if this has been previously defined. Burn detection
(Spy) on the user is identified by sensors from the subset of user health (S;,;) and incident
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information (S;) to call emergency services. When a flood (Sp), fire (Sy), and earthquake
(Ser) are detected from the environment where the user is located, a call to the emergency
services or the caregiver is also made. To preserve the user’s health (allergic reactions), the
sensor of dust (S;) and air quality in the external environment (Sz) informs the user about
this. All defined variables represent a set of user data necessary for the creation of real-time
information and the possibility of predictive user information.

Shi

G )

Sei

Figure 2. Representation of variables in subsets.

The concept of a smart home for person with disabilities and associated sensors is
shown in Figure 3. The figure shows all the sensors listed in Table 3. Inside the smart
home, the user can be informed by voice about the time (hours and minutes), reminder
management, and environmental detection based on data on incidents such as vibrations
(earthquake), flood, etc. The device can be used to control TV and radio devices, refrigera-
tors, vacuummn cleaners, air conditioners, front doors, blinds, cameras, and other available
IoT devices. It is also possible to provide information to the user about health, during
which it is possible to monitor the user’s pulse, pressure, temperature, and the amount of
sugar and oxygen in the blood. For this purpose, the user should have a smart bracelet
that is equipped with the appropriate sensors. The smart bracelet, with its characteristics,
can be modular, i.e., adaptable to the user’s type of impairment. Depending on the type of
impairment, appropriate sensors are activated and the format of providing information to
the user is adjusted [30]. The connection of the bracelet with the smart home system is also
required to create a user base.

Inside the smart home, there are sensors for a safer and more comfortable execution of
everyday activities. The virtual assistant provides voice control of smart IoT devices and
provides the user with information collected from sensors. Sensor information is delivered
upon user request. For the mentioned concept, it is important to use an application solution
made according to the guidelines of universal design. The idea of the presented concept is
to enable the creation of a user base of the user’s needs to provide accurate and real-time
information and predictive user information.
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Figure 3. Concept of a smart home for a person with disabilities.

2.4. Taxonomy of Communication Technologies and Devices

To apply Al technology, i.e., perception of the environment in which the user is located
and for the provision of relevant information, a taxonomy of communication technologies
and devices shown in Figure 4 is proposed. The purpose of using Al is to ensure, based
on collected data from sensors that monitor everyday situations and movements, that the
user’s behaviour and obligations are created by appropriate user patterns as a basis for
predictive user information. User forms creation (depending on the type of impairment)
defines the basis for modeling IoT services based on Al technology, all to develop a
predictive model for information delivery.

For service delivery to the user, the smart home environment is divided into four
layers of automation: Perception and Actuations, Network/Transmission, Preprocessing
and Middleware, and Applications and Devices. The Perception and Actuations layer
represents physical objects that serve to collect information from the user’s environment.
The user’s environment is made up of defined scenarios in which they find themself every
day (kitchen, living room, bedroom, toilet, and outdoor balcony/terrace), as well as the
user’s health and daily needs.
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The user’s health condition is monitored via a smart bracelet equipped with body
sensors. Body sensors are a group of sensors that collect data on heart rate, pressure,
sugar, temperature, and breathing. Also, to monitor the user’s health, a sensor is used
to detect burns, electric shock, and sensors that can indicate possible allergic reactions
(dust sensor and air quality in the external environment) are used. Sensors that are used to
warn about the possible occurrence of an accident and belong to the group for providing
incident information have the role of detecting the following: a fire, gas (CO;), user fall, a
flood, electric shock, an earthquake, and burns. To monitor user activity in all scenarios,
sensors are used for objects/obstacles detection, the monitoring of air quality in the indoor
environment, food quality, the detection of light intensity, temperature measurements in
the home, and measurements of the amount of moisture and dust.

The Network layer or Transmission layer is responsible for the secure transmission of
data obtained from the sensor devices to the processing system, i.e., to the Preprocessing
and Middleware layer through various network technologies. It consists of an access
sublayer that has the role of collecting data from the Perception layer and of sending it to
the Internet sublayer. In the access sublayer, which is in the part of the core network, the key
role is played by the technologies Z-Wave, Zigbee, Bluetooth BLE, GPS, and RFID. Wi-Fi
technology is used to transfer the obtained information from the access sublayer to the
next layer, which is Preprocessing and Middleware [5]. GPS technology has the function of
determining the user’s position if the user is in the external environment of the smart home
or if the user moves away from the home in which they are located (shown in Figure 3).
The above is important if the user has some form of dementia or similar impairments.

The Preprocessing and Middleware layer is a software layer that can directly synchro-
nize the services with the appropriate requirements and has a connection to the database.
It performs processes such as preparing the information for further processing, data clean-
ing, standardization, values of data within a dataset, balancing, intelligent routing, and
translating network addresses. It is based on CC because of the great benefits it provides,
such as scalability and flexibility. In the proposal of this paper, the user data are saved in
the user database that is stored in the CC infrastructure. The preparation of information for
delivery in the appropriate form is enabled using M2H (Machine-to-Human) and M2M
technologies. The ML (machine learning) algorithms enable the intelligent adaptation of
applications to changes in the environment, and the AI technology helps to collect data
from the devices, predict the user behaviour within the smart home environment, and help
to improve data security [5].

Based on the processed data in the Preprocessing and Middleware layer, the Appli-
cation and Devices layer is responsible for providing end-user services and the proper
operation of applications and devices. The identification, processing, and storage of data
are performed in CC models depending on the level of service used. In addition to sensors
and actuators (Sy4+1 and A1), devices (Dy41) are also used, which by their characteristics
belong to the group of IoT devices and have been integrated into the smart home system.
Devices include smart robots, air conditioners, automatic doors at the home and room
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entrances, a smart TV, a refrigerator, cameras, a virtual assistant, and smart home man-
agement systems. Application solutions on smartphones and smart home management
systems are also used. An API (Application Programming Interface) is used to provide
the appropriate form of information that is defined through the user profile (degree of
impairment, etc.).

3. Conceptual System Architecture

According to the defined sensors and the communication network used in the smart
home environment, and the defined scenarios of the application of the smart home service,
Figure 5 shows the conceptual architecture of the data collection and processing system.
The communication of the elements is based on the AAL/ELE concept, the main purpose
of which is to work in closed spaces adapted to user needs [12,13,31].

Sensors — 81
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Figure 5. Conceptual architecture of the data collection and processing system.

The role of sensors and actuators (S; 41 and A, 41) is to collect data from the user’s envi-
ronment depending on the scenario in which the smart home service is used. Devices (D +1)
used in the smart home environment also generate data sets in the IoT hub and forward
them to the CC, whose role is to collect, identify, and process data. The interaction between
all levels of communication towards the CC depends on the service-level agreement (SLA),
which must satisfy the corresponding level of service. The data are stored in the database
depending on the identification of the associated set (function dependencies—S5y;, S;;, and
Sei)- An example of detecting an elevated pressure level in a user and performing tasks is
shown in Figure 6.

When detecting pressure, it is important to set the pressure levels (normal-high).
The mentioned levels also represent a weighting factor that is crucial for the execution of
tasks and activities. One of the tasks called emergency call consists of several activities
(activities such as contacting emergency services in case of fire, flood, fall, injury) that can
be performed in different usage scenarios (K, LR, SR, TWC, TB, DA) depending on the type
of user impairment. At the same time, the activities represent the way and the possibility
of delivering information to the user or one of the defined stakeholders, and their sets are
defined as tasks that are performed through specific devices.

Through the Application Programming Interface (API), information is displayed to
the user/stakeholder in a specific format. Each piece of information is adapted to the user
(depending on the type of impairment) using M2H communication in an acceptable form.
To collect data on users, it is possible to use a separate database where the user data needed
to define user profiles (type of impairment and method of data delivery) are located. The
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content is adjusted based on the user’s characteristics and the functionalities selected by
the individual user and is presented in Table 4.

Figure 6. The process of detecting an increased level of pressure in the user.

Table 4. Form of providing information depending on the type of disability.

Type of Impairment Form of Providing Information

Easy to use

Designed according to universal design guidelines

Using accessibility options for text and background customization
Adaptable for TXT option

Enabled access to use voice control

Recognition of objects through the camera

SOS option

High accuracy in voice recognition in text

Visually impaired person

Adaptable content for visual information

Through video visual content,

Possibility of using sign language
Voice-speech communication Adjusting the intensity of the speaking speed

difficulties Easy to use
Designed according to universal design guidelines
Easy to provide technical assistance

SOS option

Adaptable content for visual information

Through video visual content

Possibility of using sign language

Easy to use

Designed according to universal design guidelines
Adjusted for the possibility of using light effects
SOS option

Hearing-impaired person

For persons with locomotor impairments, it is important to consider all the above-
mentioned guidelines if it is an additional type of impairment; however, for persons
who move with the help of wheelchairs, the aspect of providing accurate information and
communication with the caregiver or emergency services is important. When identifying an
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incident situation, a person must have the simplest viable way out of the home environment.
People who do not have speech or hearing problems but have a visual impairment or are
physically impaired and use a wheelchair can use the services of a voice assistant in a smart
home environment. Its role is the ability to manage IoT devices in the home and predictive
user information.

4. Defining User Profiles

Based on the defined data sets and depending on the type of user impairment, user
profiles are defined as shown in Table 5. The information is crucial for the design and
development of personalized user services with the aim of providing accurate and real-time
information in the user’s home environment.

Table 5. User profile elements.

e  Accessibility

User Characteristics User Needs Dat;/[(efto}gedcstlon Type of Personalized Messages

. . e  Personalized reminders
Type of impairment Daily activities e Automated devices and
Leve% of support e  Use of medical elements in the home
(pa_rtlal or full ersonnel ° Activity trackin; environment
assistance) b y & icipati i

Prone to falls or sensors *  Anticipation of potential
e Level of }(nowledge other forms of risk e  Behaviour e problems (falls, etc.)
about using Need for different tracking * Notifications about
technolpgy . forms of e Health planned events
Heal.t}.l 1nformat.1c_)r1 e  communicators monitoring e  Warning messages about
Addltlon.al specific Mobility and capabilities e potential dangers
mforma'tlon navigation e  Voice and visual messages
depending on the type e Communication with a
[ ]

of impairment

caregiver or another person

The user profiles shown in Table 5 are divided into four categories: user characteristics,
user needs, methods of collecting data and information, and the possibility of personalized
messages. In the group of user characteristics, it is important to know what type of
impairment is involved and what level it is (e.g., 75% vision impairment or less with no
colour recognition). In this group, it is also important if, for example, it is a case of a deaf-
blind person for whom it is necessary to additionally provide communication modules.
Also important is the user’s level of IT literacy, how much they use today’s smartphones,
etc. In this section, the required level of assistance support is also important, whether it is
fully automated or partial, e.g., for full automation in a smart form, voice, visual, and tactile
information are required, while for partial automation, the user could perform certain
activities. Additional specific information relates, for example, if the user has a problem
holding the device or speaks more slowly, so that adaptation is also required in that area.

Information about user needs is focused on monitoring daily activities (morning, day,
night) in a 24 h time interval or at a specific time, the possibility of using medical staff or a
caregiver requested by the user themself and communicating with them, and monitoring
the increased risk of other forms of injury (falls or something similar). If the user requires
the ability to use diverse types of communicators, for example sign language, this is also
essential information in creating the profile. The user’s level of mobility, navigation, and
accessible environment are information that increase the user’s autonomy in their home.

Data and information can be collected from the sensors shown in this paper and
depending on the example in the smart home at the Figure 3. In addition, it is possible to
collect data on user behaviour and use data from health records if available.
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For creating predictive information, the way of personalized messages is important.
Personalized reminders aim to provide information based on the user’s daily routines,
e.g., taking medication, rest, exercise, etc. Working with automated devices implies the
possibility of voice or some other form to be used with devices in the home to provide
information about planned events, e.g., if a trip to the doctor is planned, etc., with the user
receiving a notification about it.

When delivering information in real time, it is necessary to consider the mechanisms
for providing notifications, and to enable:

o  The possibility of synchronizing the information delivery system, which must be
consistent with the environment in which the user is located,;

e  The possibility of providing information (notifications) in different modalities depend-
ing on the type of user impairment (visual, audio, or haptic);

e That the user information service is designed according to the principles of univer-
sal design, which allows avoiding straining the user with excessive or distracting
notifications.

The importance of using individual mechanisms in the system of providing informa-
tion to users is also stated by the authors in the paper [32]. In the paper, an analysis of user
perceptions regarding the provision of information used by users in different scenarios was
made, during which various measurement variables were used (engagement, distraction,
awareness, and emotional effort). With the approach, the authors tried to create a balanced
user experience in the observed scenario (delivery of synchronized information related to
TV content, and informing users via visual, audio, and haptic stimuli).

5. Testing and Performance Results of Sensors in a Smart
Home Environment

To verity the effectiveness of the proposed mathematical model, which aims to de-
fine information for users that are in smart home environment, specific sensors and IoT
equipment were utilized. The data were collected and processed in the Thingspeak cloud
environment for data storage and continuous monitoring of information from the user’s
environment. Figure 7 shows the Thingspeak environment and the data collection time
in laboratory conditions. Data were collected at average intervals of 15 [s]. Each record
includes a unique identifier (id), time interval between measurements, sensor value, lati-
tude, longitude, elevation, and status (2023-08-29T16:14:05+02:00, 15, 28.00000, 82.39999,
40.00000).

The collected values are shown in Figure 7, for example, the temperature value
from 26 °C to 28 °C, the humidity amount from 20% to 40%, fall detection (motion), and
recognition of objects at a certain distance from 3 [m] to 15 [m]. The equipment used for
simulation and testing is shown in Table 6. The test was conducted in the Laboratory of
Development and Research of Information and Communication Assistive Technology at
the Faculty of Transport and Traffic Sciences, University of Zagreb.

The sensors collected various values including fire, burn, CO,, earthquake, object,
temperature, humidity, and fall. These values were then stored in the Thingspeak cloud
environment and later in the MYSQL database, as shown in Figure 8. The database was
created based on the mathematical model that described the type of data and values. The
tables that collected the sensor data were linked to the table responsible for storing and
delivering information to the end user.
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Figure 7. Thingspeak environment for monitoring collected data from sensors.

Table 6. Display of equipment used for the purpose of simulating data collection in a smart home.

Equipment

The Role

Sensor LM393—Adafruit Industries, New York, NY, USA

Detection of fire in the apartment or burns

Sensor MQ-2—Arduino, Monza, Italy

CO, gas level detection

Sensor SW-420—Arduino, Monza, Italy

Earthquake detection

Sensor HC-SR04—Arduino, Monza, Italy

Object detection

Sensor DHT11—Arduino, Monza, Italy

Measurement of temperature and humidity levels

Sensor PI-HCSR501—Arduino, Monza, Italy

Fall detection

Arduino Mega 2560Rev3—Arduino, Monza, Italy

Microcontroller for connecting sensors and computers

Arduino Ethernet Shield—Arduino, Monza, Italy

A component for connecting and sending data to the Cloud

Thingspeak—The MathWorks, Inc., Natick, MA, USA

Data collection, storage, and real-time monitoring

BB gas_tbl
ARg id_gas

ABC time
ABC value

EB objects_tbl [®
ARgid_ob

ABC time

FB earthquake_tbl

Agg id_earth

ABC time
RBC value

Figure 8. Relations within the database.
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To deliver information in a suitable format for a specific user, such as a blind or partially
sighted person with unique characteristics, an appropriate API must be defined in the
middleware layer. In this case, an API can be used to receive data and send configuration
values to an API that delivers information in the appropriate format for the user’s device,
regardless of the device type.

Testing of sensor performance and storage of collected data according to defined sets
Shi, Sii, and S,; showed the importance of storing individual values in precisely defined sets.
These sets are essential for defining user profiles, which are necessary for the development
of ML models. For instance, in a 15 day period, 80,398 data points were collected. Using a
conceptual mathematical model and defined variables, the value of generating information
about the fire is shown:

Sinfo_fire ={Siis Seir Shil- (10)

Based on the information above, when reporting a fire, incident information (S;;) is
provided along with the ability to call emergency services. The user’s environment (S,;)
also provides information about the user’s location within different scenarios (K, LR, SR,
TWC, TB, DA) and whether the user is in danger (Sy;). This method has been found to be
highly successful in storing data based on distinct variables and sets, enabling efficient
delivery to the user and possible interest groups (stakeholders).

Based on the defined mathematical model for providing predictive information, data
collection and storage testing according to the proposed model was conducted. In addition,
an in-depth analysis of the papers presented through the literature review was also con-
ducted (Table 7). At the end of the table, the contribution of the conducted research and
testing to this paper is presented.

Table 7. In-depth analysis of research methods.

. Importance of  Database
. Data Collection User Data
Papers Research Topic Method Identification API Structure
Development Overview
[3] Overview and categorization of Analysis of previous Yes No No
existing devices (AT) research results (partially)
[6] Analysis of device operation and Analysis of previous Yes No No
smart home functionality research results (partially)
Analysis of communication Analysis of previous .
(8] technologies for the smart home research results Yes (no details) No No
Analysis of the application of Analvsis of previous
[9] assistive technologies in a smart resyearch isults Yes (no details) Yes No
home
Development of a service for the Collecting data from
(1] rehabilitation of users sensors Yes Yes No
Overview of architectures for Analysis of previous .
[12] assisted living research results Yes (no details) Yes No
Development of AAL .
[13] environment and presentation of Collectsl‘r;r%sgista from Yes Yes No
technologies
[16] Development of a notification Data collection via Yes Yes No
service in a smart home forms
Exploring the challenges and Analvsis of previous
[18] opportunities of a smart home for Y p Yes (no details) Yes No
. - . research results
the visually impaired
Development of an e-care system  Collecting data from
(1] for the elderly sensors Yes Yes Yes
Development of a framework for IoT device data
[20] the applicatiinorel I?Ii ;ﬁ% computing collection No No No
[23] Activity classification for elderly Data collection from No No No

person using ML

radar sensors
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Table 7. Cont.
. Importance of  Database
. Data Collection User Data
Papers Research Topic Method Identification API Structure
Development Overview
[24] Analysis of user needs in nursing Analysis of previous No No No
homes research results
Online infrastructure design for Conducting survevs
[25] collecting data on people with di g survey Yes No No
disabilities and interviews
[28] . Analy S18 qf the lifestyle of Conducting interviews Yes (no details) No No
visually impaired people at home &
Research of technologies in the Online survev and
[29] function of home automation for intervi ewys Yes No No
visually impaired people .
Defining user profiles for the Analysis of the results
Our purpose of predictive information of previous research Yes Yes Yes
Research and collection from

in a smart home

sensors

The analyzed papers show the following categories: data collection methods, user
data identification, the need for API development, and the existence of a database structure.
The analyzed categories are important from the aspect of creating user profiles, all with
the aim of creating a sustainable ecosystem in which the service of predictive informing of
smart home users is developed. It is evident from the analyzed papers that some papers do
not have clearly defined data necessary for the development of the service, or at least data
sets, and only some works emphasize the importance of using APIs, which have a clear role
in providing relevant information. It is also evident that only one paper has a presentation
of the database structure. Also, as shown in Table 7, the article [19] has similarity to this
research in all categories. However, the contribution of this paper is manifested through
the following:

e  The literature review enabled the identification of insights and methodological ap-
proaches that are the basis for understanding the issues of data collection and pro-
cessing. The above is crucial for defining the user profiles and data sets presented in
the paper;

e  The data sets use relevant data from the user’s environment, and the data are collected
from a larger sensor database, which is shown by a mathematical model;

e  The mathematical model allows the display of all data regardless of the type of user (a
person with disabilities, an older user group, etc.), which enables the modularity of
the service’s operation to provide predictive information to the end user.

The above contributions can provide flexibility and long-term scalability to the system
and show how the proposed architecture allows for rapid adaptation to different scenarios
and end-user needs. Data collection in this paper was performed with the aim of ensuring
the accuracy and reliability of the system, and the focus is on validation in laboratory
conditions, which is shown by testing the operation of the sensors and the database.
This approach allows for the identification and resolution of potential technical issues
before implementation in real-world conditions and creates a solid foundation for later
experiments in real-world conditions. The use of APIs in this research is the basis for
providing predictive information depending on the type of user. The database must contain
key data about user needs (shown in Table 1) in which the provision of real-time information
is delivered via the API interface.

6. Conclusions

This paper proposes a method of data collection as a basis for creating a user knowl-
edge base for the purpose of predictive user information. From the presented data collection
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testing, it is possible to store data in precisely defined databases, which is the basis for
designing new innovative services. With an innovative approach, it is possible to cre-
ate individual or personalized information depending on the user profiles presented in
this paper.

The development of assistive technologies and the application of Al to help people
with disabilities today can be said to be not just a type of device, but a set of methods,
services, and an entire ecosystem that must be sustainable and accessible. Services based
on IoT technology and Al can raise the user’s level of quality of life, which increases
the degree of mobility and involvement in all spheres of social life and everyday life.
Designing and modeling such systems should be viewed according to user needs and
based on that, to create a sustainable and accessible ecosystem. The possibilities provided
today by information and communication networks, and technologies such as Al, ML,
and autonomous systems, can create a faster and more efficient system for the user. Such
possibilities provide predictive user information and interaction with the environment in
which they are located.

Based on the proposed taxonomy from this paper, it is possible to create a smart
home for a person with disabilities depending on the type and degree of impairment,
which aims to achieve a more pleasant and safer everyday life. Based on the displayed
interaction between all elements, it is possible to provide the user with all information
from the home environment, information about the user’s health (pulse, temperature,
pressure, sugar, etc.), and the possibility of calling the emergency services or the caregiver
in case of incident. Management of sensors, actuators, and devices in the home is possible
through speech using a virtual assistant, which has the potential to improve the mood
of the user in his home, if it is a person with impaired vision or a person with physical
disabilities. People with voice-speech difficulties and people with a hearing impairment
must receive adapted video—visual information to also provide them with a higher quality
of life and independence.

The solution described in this paper is an assistive technology model that includes a
device, user, service, and environment, providing a personalized smart home experience.
With relevant devices and sensors gathering specific data sets, defined by a mathematical
model, this solution serves as a vital sub-log for potential application of Al technologies.
Laboratory testing has confirmed the significance of defining data sets in generating user-
friendly information to the end user. In future development, an API interface should be
defined for the sensor to segment and merge data based on user requirements. Future
research will be focused on the development of ML models, verification of model effective-
ness (simulation and validation), and the creation of a user knowledge base, all to model
new loT services for predictive user information. Future research should also contribute to
creating a higher level of quality of life, and thus an improved mood, which can be proven
by appropriate methods of measuring user satisfaction. By using different multi-criteria-
decision-making approaches, it is possible to select the appropriate IoT components in a
smart home and the personalized services themselves.
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