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ABSTRACT

CORREA, YANEY GOMEZ. A Product-Service Architecture to Design Assistive Smart
Homes. 2022. 159 f. Master dissertation (Master student em in Science. Area: Control
Engineering and Mechanical Automation) — Escola Politécnica (POLI/USP), Sdo Paulo.

The world of home automation and the smart home is changing. Population aging,
chronic diseases increase and the cost of health services increases meaning that houses
are considered a possible alternative to replacing (at least partially) hospitals and health
institutions. Smart homes offer facilities and features that improve the quality of life for
patients, the elderly, and people who need health assistance. Today, the technological
solutions available are no longer just synonymous with comfort and safety, expanding
the scope to include solutions for health systems.

Smart home technology is an emerging field of automation that integrates different areas,
including electrical, mechanical, and hydraulic automation subsystems and sensors
associated with sophisticated monitoring and control. Recently, these systems have
also received missions to assist specific users, such as the elderly or patients who need
intensive care, introducing the direction to Service Engineering. This challenge puts
enormous pressure on the development of engineering requirements that correspond to
the automation goals raised by telemedicine, treating these smart homes as a System
of Systems (So0S) with a global goal (social goal) that combines comfort, safety, and
flexibility with healthcare, protection, and telemedicine.

The proposal presented is based on a multilayer! approach where all the services
involved can be modeled and matched, respecting the limits of their specifications, in a
single system that achieves the proposed objective. Intelligent systems in these layers
justify the use of Artificial Intelligence (AI) planning, in which automated processes
achieve the objectives of each service. This substantially changes home automation
projects, which should be designed to be reused, and creates a link with health and
telemedicine.

The work focus is on goal-oriented requirements modeling (Goal Oriented Requirements
Engineering) which specifies processes subsequently transferred to Petri nets.

Key-words: Goal-oriented requirements engineering, service architecture, healthcare,

home automation, smart home.

1 Alayeris assigned to each service involved in the modeled system. For an Assistive Healthcare System,

different services can be involved (Hospitals, clinics, laboratories, pharmacies, home automation,
automated houses, or apartments) already implemented and that must be coupled.






RESUMO

CORREA, YANEY GOMEZ. A Product-Service Architecture to Design Assistive Smart
Homes. 2022. 159 f. Master dissertation (Master student em in Science. Area: Control
Engineering and Mechanical Automation) — Escola Politécnica (POLI/USP), Sdo Paulo.

O mundo da automagéo residencial e da casa inteligente estd mudando. O envelheci-
mento populacional, as doengas cronicas aumentam e o custo dos servigos de satide
aumenta, fazendo com que as casas sejam consideradas uma possivel alternativa para
substituir (pelo menos parcialmente) hospitais e instituicdes de satide. As casas inteli-
gentes oferecem facilidades e recursos que melhoram a qualidade de vida de pacientes,
idosos e pessoas que precisam de assisténcia médica. Hoje, as solugdes tecnolégicas
disponiveis deixaram de ser apenas sindnimo de conforto e seguranca, ampliando o
escopo para incluir solugdes para sistemas de satide.

A tecnologia de casa inteligente é um campo emergente de automacgdo que integra
diferentes dreas, incluindo subsistemas de automacéo elétrica, mecénica e hidrdulica
e sensores associados a monitoramento e controle sofisticados. Recentemente, esses
sistemas também receberam missdes para atender usudrios especificos, como idosos
ou pacientes que necessitam de cuidados intensivos, apresentando a dire¢do para a
Engenharia de Servicos. Este desafio pressiona enormemente o desenvolvimento de
requisitos de engenharia que correspondam aos objetivos de automacao levantados pela
telemedicina, tratando essas casas inteligentes como um Sistema de Sistemas (S0S) com
um objetivo global (objetivo social) que combina conforto, seguranca e flexibilidade
com satde, protecdo e telemedicina.

A proposta apresentada é baseada em uma abordagem multicamada? onde todos os
servicos envolvidos podem ser modelados e compatibilizados, respeitando os limites
de suas proprias especificagdes, em um tinico sistema que atinja o objetivo proposto.
Sistemas inteligentes nessas camadas justificam o uso do planejamento de Inteligéncia
Artificial (IA), em que processos automatizados atingem os objetivos de cada servico.
Isso altera substancialmente os projetos de automacéao residencial, que deveriam ser
projetados para serem reaproveitados, e cria um vinculo com a satide e a telemedicina.
O foco do trabalho é a modelagem de requisitos orientada a objetivos (Engenharia de
Requisitos Orientada a Objetivos) que especifica processos posteriormente transferidos
para redes de Petri.

Palavras-chave: Engenharia de requisitos orientada a objetivos, arquitetura de servico,

servico de satide, automacao residencial, casa conectada.
2

Uma camada é atribuida a cada servi¢o envolvido no sistema modelado. Para um Sistema Assistivo de
Satde podem estar envolvidos diversos servicos (Hospitais, clinicas, laboratdrios, farmacias, domética,
casas automatizadas ou apartamentos) ja implementados e que devem ser acoplados.
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CHAPTER

INTRODUCTION

After a period of a great rise in the 1990s, building and residential automation
went through several challenges (SILVA, 2003):

1. regarding design methods and their adaptation to methods already in use;

2. treating legacy systems and demands to automate buildings and residences al-

ready planned and even built;
3. to use the equipment inherited or adapted from industrial automation;

4. guarantees a return on investment in projects linked to comfort and, in some cases,

to safety, reducing the target users.

The evolution of the market had a good phase - with the growth in the number of new
approaches for home automation and the appearance of standards and new specialized
equipment. However, design methods still did not include user interactions explicitly.
In this century, especially in the last ten years, building and residential automation
returned to the scene, whether from an academic point of view - with the perspective of
innovation in design methods and equipment - or from a market point of view, with
new perspectives of incorporating buildings in the basic project and not only as comfort
options. In particular, the possibility of using digital convergence (NOF; SILVA, 2018) to
implement a modern version of home care °.

A discussion started at the beginning of this century involving academics and practi-
tioners about the role of home automation. A group advocated that home automation is
the provision of services, as it has happened since the last century. The prospect for the

tuture would be the sophistication of these services. Another group says that it is not

3 The first initiatives in-home care date from the first decade of the 20th century with visiting nurses in

the United States.
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just a question of sophisticated services, usually treated as superfluous items, but of
diversifying and democratizing the use of automated items. According to this group,
home automation issues would integrate naturally with other services in the scope of
general projects, such as the provision of water, energy, security, or air conditioning (as
a service clustered architecture and no longer as a client architecture). In both cases,
especially in the second, the prospect is for a major expansion in the design methods of
intelligent systems and residential automated services. This proposition expands the
degree of engagement between the residence and its users and proposes diversifying
and refining design methods, especially in the requirements phase (CHIABRANDO et
al., 2018).

Besides, the aging of the world population, increased chronic diseases, inaccessibility,
and increased health services costs. Therefore, private homes must be considered a
possible replacement for hospitals and healthcare institutions. This alternative can also
reduce costs and internment time for those recovering from surgical procedures or sup-
ply automated monitoring for older adults. Thus, smart homes must provide facilities
and functionalities that improve patients” quality of life, both for the elderly and conva-
lescent people (ALAM; REAZ; ALI, 2012), (BDIC; BREZOVAN; BDIC, 2013), (CHAN et
al., 2008), (WILSON; HARGREAVES; HAUXWELL-BALDWIN, 2015): An even greater
demand is created for vulnerable patients, elderly or convalescent, especially in BRICS
countries, where it depends on public health services.

Thus, smart home technology is a promising field of automation that matches and
integrates sophisticated equipment with diverse measurement and control techniques.
Smart homes need security monitoring, remote control of domestic tasks, sound and
lighting control, energy management, well-being, harmonizing technologies with user
needs, respecting cultural issues, sustainability, and the capacity to regenerate the envi-
ronment and resources (MARTINS; ALMEIDA; CALILI, 2017). However, to achieve its
main social goal, residential automation systems must match requirements defined by
intelligent computational software directly concerned with integrating the system with

end-users.

This work proposes a multilayer architecture for healthcare services, matching
processes in health services to basic automated systems, reinforcing a service design
approach. Therefore, home automation issues link with health and telemedicine and
healthcare services. The matching is performed during requirements modeling, which
points to an approach goal-oriented instead of functional, formalized in Petri Nets.

1.1 The research problem

Many researchers and system developers have discussed formal methods to
represent requirements. Typically, they have an informal representation of needs from



1.2. Objectives 23

stakeholders interacting with one system as their starting point. Therefore, one of the
main challenges is to express the system’s needs, properties, and characteristics by re-
quirements schemas and transform them into formal representations to analyze, verify,
and validate the initial models.

Homecare services require a different approach compared to the traditional health-
care system. Population aging reinforces the necessity to use resources and medical
assistance without leaving home. This demand grows in quantity and by diversifying
pathologies, and medical treatments (DAIMI et al., 2010). On the other hand, homecare
resources are limited, and healthcare providers face significant challenges in designing
and operating efficient healthcare systems. In this context, homecare systems appear as
alternatives to improve the health services” performance (GUTIERREZ; GUTIERREZ;
VIDAL, 2013).

The main problem is to propose an architecture to enable matching requirements from

home automation and a healthcare service layer and its coupling with the end user.

1.2 Objectives

The general objective of this work is to propose a model for a two-layer design
architecture, integrating physical home automation and the service system directed
to intensive care processes, privileging the coupling with the end user. The specific

objectives are:

* To insert the layered requirements modeling in the Model-Based Requirements
Engineering (MBRE) method proposed by Design Lab (D-Lab).

* To create a method and algorithm for transferring semiformal Knowledge Ac-
quisition in autOmated Specification (KAOS), used to model objective-oriented

requirements, to Petri nets.

* To develop a formal matching process between the Petri nets of the assistive
service system and the residential automation base, supporting the analysis and

verification of requirements.

1.3 Contributions

The present work uses the possibilities offered by the method framed in the
requirements engineering process to design domotic healthcare systems.

Another contribution is the multilayer architecture for designing intensive health-
care systems over legacy residential automated houses. The proposed method allows
consistency and integration of service-oriented health systems without redundancies,
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replication of supplies and equipment, and the reuse of home automation systems
already implement.

1.4 Methodology

The methodology used in this research is theoretical documentary, which in-
cludes reviewing different models present by recent scientific literature, applying a

systemic approaches to the represent models for analyzing and verifying systems.

A sound bibliographic research covers the current scenario regarding methods,
architectures, and models of smart homes, focusing on healthcare services available in
databases of scientific production, to show the pertinence of the proposal.

For the development of the work and reaching the objectives proposed, it was
carried out a study on the main concepts of Requirements Engineering, Model-Based
Requirements Engineering, PSA (Product-Service Architecture), and the study of Mod-
eling and Design validated by Petri nets.The steps of the method applied in this work
are:

1. To develop theoretical aspects of the design of domotic Systems coupled with
healthcare services, using requirements engineering concepts based on objectives,
and exploring Product-Service Architecture (PSA).

2. Contribute to exporting documented requirements in eXtensible Markup Lan-
guage (XML) files that can be transferred into Petri Net Markup Language (PNML)
and Petri Nets.

3. Integration of the previous techniques to compose a closed design method for
matching an assistive service system and an existing residential automation model.

4. Application in a case study.

1.5 Work Organization

The content of the present work is organized as follows:

* Chapter 2: presents the literature review evidencing needs and research oppor-
tunities. Introduce background topics such as Requirements Engineering, Goal-
Oriented Requirements Engineering (GORE) methodology, KAOS method, Petri
net Modeling, Goal-Oriented requirements for telemedicine, Healthcare service in
Smart Home, and the Product-Service Architecture (PSA).
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¢ Chapter 3: presents a multilayered approach for the service design proposed in
this work.

* Chapter 4: presents a case study for a healthcare service.

* Chapter 5: presents the conclusions and further work followed by the bibliographic
references consulted.
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CHAPTER

BACKGROUND AND MOTIVATION

This chapter presents an approach to Requirements Engineering that fits the
goal-oriented method into systems design. The proposal is applied to model healthcare
services implemented in smart homes. The chapter starts with some basic concepts
of the GORE method, represented by KAOS diagrams. A summary of smart home
designs implemented by the academy and in the market, focusing on services. The
Petri net formalism is introduced for the formal analysis and modeling of requirements,
connecting the present work with the concept of PSA (Product-Service Architecture).

2.1 Requirements Engineering

Requirements Engineering (RE) (Figure 1), is a discipline that aims to ensure that
desired needs of stakeholders - including final users - could be satisfied. Its principal
activities can be enumerated as:

¢ A requirements elicitation phase that aims to discover the stakeholder’s needs
and user expectations and understand the context in which the system-to-be
will operate. Distinct techniques could be used: (i) traditional data gathering
techniques (e.g., interviews, questionnaires, surveys, analysis of existing docu-
mentation), (ii) collaborative techniques (e.g., brainstorming, Rapid Application
Development (RAD)/Joint Application Development (JAD) workshops, proto-
typing), (iii) cognitive techniques (e.g., protocol analysis, card sorting, laddering),
(iv) contextual techniques (e.g., ethnographic techniques, discourse analysis),
and (v) creativity techniques (e.g., creativity workshops, facilitated analogical
reasoning)(BENNACEUR et al., 2019).

* A Modelling and Analysis phase, which follows the elicitation activity, demanding

a more precise description. Many techniques and notations can also be used for
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this phase, ranging from informal to semi-formal visual approaches to formal
methods. The choice of the appropriate method often depends on the kind of
analysis or reasoning needed (BENNACEUR et al., 2019).

* Requirements quality assurance seeks to identify, report, analyze and fix defects
in requirements. It involves both validation and verification. Validation implies
checking the adequacy of the specified and modeled requirements and their
domain assumptions with the actual expectations of stakeholders. Verification
covers many approaches, implying quality criteria for specified and modeled
requirements demanding formal representations. (BENNACEUR et al., 2019).

* Requirements management is an umbrella term for handling changing require-
ments, reviewing and negotiating their scope and priorities, and maintaining
traceability between requirements and artifacts (BENNACEUR et al., 2019).

o Elicitation e Modelling & Analysis

» Scoping the problem » Selecting the appropriate technique
» Discovering the real needs of stakeholders » Constructing the model
« Exploring alternative specifications » Reasoning

o Management & Evolution @ e Assurance
» Managing conflicting requirements « Validation
» Reusing requirements - Adequacy of requirements and assumptions.
» Dealing with change - Specification meets the needs of stakeholders

- Verification
- Check quality criteria of the specification

Figure 1 — Main activities of Requirements Engineering. Source: (BENNACEUR et al., 2019).

Requirements can be classified as:

* Functional requirements: Describing input/output transformations represented
as functions mapping a domain to a co-domain. From a General Systems Theory
perspective, engineered systems are necessarily open, mapping the transformation
of an input into a different output.

* Performance requirements: Defining the necessary characteristics, properties, or

attributes associated with the inputs and outputs of the system’s transformations.
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Indeed, this condition is necessary because any attribute transparent to the inter-
action between the system and its external context should not be considered a

requirement and should not constrain the solution space.

* Resource requirements: Defining limits on resources consumed by the system.
Resources must therefore be inputted into the system and consumed to produce
something. Hence, any limitation on resource consumption is part of a functional

exchange and can be modeled accordingly.

¢ System environment: an abstraction for all elements composing the system ex-
ternal context. The environment provides certain conditions under which the
system must operate and imposes certain limitations on how it may affect the
environment. In other words, the environment provides specific inputs under
which the system must operate and imposes certain limitations on the outputs the
system may yield. An appropriate RE process can ensure correct definitions in the
domain description and the problem to be solved; in addition, the requirements

must meet quality conditions such as:

— Measurability: If a system solution is proposed, one must be able to demon-
strate that it meets its requirements. Agreement on such measures will then

reduce the potential dispute with stakeholders.

— Completeness: Requirements must define all properties and constraints of the
system-to-be. Completeness is achieved by defining requirements statements,

such as ensuring that there are no missing references, definitions, or functions.

— Correctness (sometimes also referred to as adequacy or validity): The stake-
holders and requirements engineers have the same understanding of what is
meant by the requirements. Practically, correctness often involves compliance

with other business documents, policies, and laws.

— Consistency: Multiple stakeholders hold different views of the problems to
be addressed, which might be contradictory at the early stages. Negotiating

conflicts between these requirements must converge to an agreement.

— Unambiguity: The terms used within the requirement statements must mean

the same to those who created and used them.

— Pertinence: Clearly defining the scope of the problem to solve. Requirements
must be relevant to the needs of stakeholders without unnecessarily restrict-

ing the developer.
— Feasibility: Requirements should be specified so that they can be imple-
mented using the available resources.

— Traceability: When requirements change or evolve, traceability can help to
identify the impact and assess how the change should be propagated.
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Figure 1 depicts a Model-Based Requirements Engineering;:

Elicitation

Requirements

Analysis &

Verification Requirements
Specification

Figure 2 — Model-Based Requirements Engineering Cycle. Source: (SILVA et al., 2021).

Figure 2 shows D-Lab cycle proposal, assuming that KAOS representation is
used to requirements modeling, formalized in Petri Nets. This proposal also assumes
that it is possible to detach invariant requirements.

At each “step” (a complete modeling cycle), a consistent model emerges, though
abstract, reflecting the basic requirements or invariant requirements for the entire process.
The analysis performed at the end of each cycle is based on the compliance with
these invariant requirements and on the consistency of the current model. Therefore,
a consistent partial model fully conservatively satisfies the invariant requirements.
The refinement should then lead to a final model that fully satisfies (correctly and
completely) all requirements. The requirements cycle is iterative and convergent. The
formal modeling is concerned explicitly with verification - preserving invariants and

the scope of requirements - and convergence (SILVA et al., 2021).

2.1.1 GORE methodology

(HORKOFF et al., 2016) defines the Goal-Oriented Requirements Engineering as
the study or application of goal models in Requirements Engineering. A goal model is a
model expressed in a goal-oriented language. Such languages include the concept of
goal as a first class object, are often graphical, and come with a visual syntax.
The GORE methodology approaches RE from a goal-oriented perspective using various
methods for this purpose. Objectives are usually conceptualized in some type of model,
and have been applied more broadly to advance the state of software adaptation, secu-
rity, legal compliance, and business intelligence, among other areas (HORKOFF et al.,
2019).
A goal is an objective that the system under consideration should achieve. Objectives
can be formulated at different levels of abstraction, ranging from high-level strategic
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concerns to low-level technical concerns. The objectives also cover different types of
concerns: functional concerns associated with the services to be provided and nonfunc-
tional concerns associated with the quality of service, such as safety, security, accuracy,
performance, etc (Van Lamsweerde, 2001).

According to (Van Lamsweerde, 2001), the importance of goals in the RE process
is given by:

* Achieving requirements completeness is a major RE concern. Goals provide a

precise criterion for sufficient completeness of a requirement specification.

* Avoiding irrelevant requirements is another major RE concern. Goals provide a

precise criterion for requirements pertinence.

* Explaining requirements to stakeholders is another important issue. Goals provide
the rationale for requirements and are closer to the goal registered in project

documentation.

* Goal refinement provides a natural mechanism for structuring complex require-

ments documents for increased readability.

* Requirements engineers are faced with many alternatives to be considered during
the requirements elaboration process.

* Managing conflicts among multiple viewpoints is another major RE concern.

* Separating stable from more volatile information is another important concern for
managing requirements evolution. A requirement represents one particular way
of achieving some specific goal; the requirement is therefore more likely to evolve
towards another way of achieving that same goal, than the goal itself.

* Goals drive the identification of requirements to support them; they have been
shown to be among the basic driving forces, together with scenarios, for a system-

atic requirements elaboration process.

2.1.2 KAOS diagrammatic modeling

KAOS (Knowledge Acquisition in autOmated Specification) is a semiformal
and diagrammatic goal-based requirement engineering method. KAOS’s specificity
is that it can implement goal-based reasoning. A goal defines an objective the system
should meet, usually through the cooperation of multiple agents such as devices or
humans. A goal (objective) model starts decomposing goals and subgoals until it reaches
a requirement or expectation. Software agents are responsible for these requirements
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or expectations. A transactional interface expresses the human agent’s relationship
with the system. This model is top-down - especially for systems - beginning with the
most abstract goal and refining it with sub-goals (WERNECK; De Padua Albuquerque
Oliveira; Do Prado Leite, 2009). KAOS differentiates between goals and domain proper-
ties, that is, descriptive statements about the surrounding environment such as physical
laws, organizational norms or policies, and others. KAOS, Figure 3, is composed of

several sub-models related through inter-model consistency rules:

¢ The goal model contains all the goals of a system and its relationship with the
environment. Goals are organized in a hierarchy obtained from refining higher-
level goals (the system goal) into lower-level ones using refinement patterns.
Higher-level goals are strategic and coarse-grained, while lower-level goals are
technical and fine-grained (more operational).

* The object model defines the agents (humans and machines), active or passive,
that contribute to the system’s functioning.

* Agent’s responsibility mode assigns goals to agents, allowing impact analysis and
proper negotiation in case of changes.

¢ The operation model sums up all the behaviors agents needs to have to satistfy
requirements. Those operations work on the objects described in the object model.
They can create objects, provoke state transitions, or trigger other operations by
sending and receiving events or messages (MATOUSSI; PETIT, 2009).

The KAOS concepts of obstruction, obstacles, refining, and resolution allow for defining
failure or crash scenarios for the goals and the associated risks. KAOS provides a
detailed basis for the description of tasks (actions), see that an action is related to a
constraint and to an object, which can be: an agent, an event, an entity, or a relation.
It also provides a more explicit mechanism to address risk analysis, with the concept
of obstacle (restriction) (WERNECK; De Padua Albuquerque Oliveira; Do Prado Leite,
2009). The KAOS graphic elements shown in Figure 3 are defined below:

* Objectives: An statement expressed by stakeholders describing the objective/goal
for which the system or sub-system is designed.

* Requirements: It is a low-level objective/goal type with clear criteria for user
satisfaction.

* Obstacle: It is an event or restriction unfavorable to the satisfaction of the system’s

objectives/goals.
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Figure 3 — KAOS models. Source: (RESPECT, 2007).

Agents: All those active physical objects (system agents), such as humans (for
example, suppliers), or logical objects (software agents), such as machines (for

example, routers), responsible for carrying out requirements and expectations.
y

Entity: Represent passive and independent objects. Passivity means that they
cannot carry out operations, and independence means that their descriptions do

not depend on other objects.

Domain-property: Description of the context or environment subject to change.
It can be a domain invariant or a domain hypothesis. The domain invariant is a
domain property that must be true in all system states. The domain hypothesis is
a type of property expected to be true to satisfy an objective/ goal.

Expectation: There are no clear criteria for its satisfaction. If requirements are

assigned to a software agent, expectations are just checked by a system agent.

Refinement (yellow link): It connects an objective/goal to other subgoals/subgoals.

Each connection contributes to the satisfaction of the objective/goal being refined.

Conflict: It is used to designate the existence of an object’s component that prevents

another goal satisfaction.

Assignment (pink link): Used to assign the agent responsible for satisfying re-
quirements, expectations, or objectives/targets.

Responsibility (red link): Used to connect the agent responsible for direct satisfying

requirements or expectations.

Operationalization (blue link): Used to connect operations with requirements or

expectations.



34 Chapter 2. Background and Motivation

2.2 Petri nets

The Petri net (PN) formalism was created in 1962 as part of Carl Adam Petri’s
doctoral thesis, presented at Darmstadt University of Technology. The initial goal was to
provide a clear and concise representation of inter-process communication in automated
systems.

The PN is a formalism for modeling, analyzing, and verifying discrete systems. Formal
analysis can reveal necessary information about the structure and dynamic behavior of
the modeled system and is applied to validate requirements satisfaction or to evaluate
improvements or changes.

Applications areas are: conceptual modeling and analysis of dynamic systems, dis-
tributed data on financial systems, concurrent programming and parallelism, flexible
manufacturing control, discrete event systems, computer networks, data-flow, fault-
tolerant systems, asynchronous circuits, compilers, and operational systems, formal
languages and logic programs (Murata, 1989).

Indeed, Petri net is a generic term used to designate a family of related discrete event for-
malisms sharing some basic relevant features such as a minimalist number of primitives,
non-determinism, locality of the states, and actions (with consequences over the model
building and structuring) or real-time. A system’s global state is a set of independent
local states. The occurrence or firing of a transition captures the basic notion of the
model’s behavior by its effect on the local states. A PN model can capture other notions
of system behavior when occurrences of sets of transitions are considered, expressing
concurrency, synchronization, choice, or total ordering. Local state variables (places),
state transformers (transitions), and the declared relations between them define the
structure of the Petri net model. The value of a local state variable is called its marking.
The global state or marking of the system is the concatenation of the marking of the
different places (SILVA, 2013).

In particular, a PN (Figure 4) has two types of nodes: conventionally, the circles represent
places, and the bars (or rectangles) represent transitions. In this way, we can say that a
PN is a relational representation composed of places (P) and transitions (7). Formally,
we denote it as a bipartite graph G = (P,T), where V=PUT and PNT = ¢.

Guided arches connect places and transitions: some arcs are oriented from place to

Figure 4 — A simple example of a Petri net graph.
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transition, and others from transition to place. An arc directed from a place P; to a
transition 7; defines the place as a pre-condition to that transition. When multiple arcs
enter a transition, this transition is said to have multiple inputs or pre-conditions, ex-
pressed by the input function /(7). Similarly, arcs that start from a transition 7; point to
places that constitute the exit of that transition and are represented by the function O(7}).
According to (Murata, 1989), a Petri net is formally defined as a 5-tuple PN = (P;T; F; W; M)

where:

* P={pi1,p2,P3,...pm} is the finite set of places;

o T ={t1,tr,1t3,...1,,} is the finite set of transitions;

F C (PXT)U(TXP) is the set of arcs (flow relation);

e W:F —1,2,3,... is the weight function;

My: P —0,1,2,3,... is the initial mark of the network.

The appealing characteristics of Petri nets include: (1) the ability to represent concur-
rency, causality, synchronizations, resource sharing, conflicts, bulk or lot-based services
and arrivals, in a natural way; (2) a formal graphic representation, which facilitates
their use as a means of communication; (3) a clear representation of the paradigm state-
transition by locality of states and actions that leads to distributed and structured state
representations; (4) adequacy for representing essential features using the appropriate
abstraction level; (5) schematic interpretability, providing the possibility to associate
graphs to a wide range of meanings connected to different applications; (6) formal/pre-
cise semantics, which allows the undertaking of rigorous analysis of control automation;
and (7) an easy translation of the formal model to executable code, allowing simulation,
rapid prototyping, and detailed code generation (eventually becoming fault-tolerant)
(SILVA, 2013).

2.2.1 Functional properties

Depending on initial marking (Murata, 1989), some behavioral properties are:

* Reachability: Marking M, is achievable if there is a sequence of triggers leading
from My to M,. Reachability is a fundamental property for the dynamic analysis

of any system.

¢ Limitation: A PN is limited or k-limited if the number of marks in each place
does not exceed a finite number k for any mark reachable from M, that is, that
M (p) < k for every place p. If the PN is 1-limited, then the network is called secure.
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* Liveness: Is related to the absence of deadlocks. Thus, a PN is called live if every

marking reachable from M, enables at least one transition. Liveness is considered
a desirable property for any system; however, directly verifying its reverse -
deadlock - can be combinatorially explosive.

Reversibility: A PN is reversible if, for each marking MinR(MO0), M is reachable
from M.

Persistence: A PN is persistent if, for any pair of transitions, triggering one of them
does not disable the other. Every network is considered persistent if, every time a
transition is enabled, it remains enabled until triggered. Persistence is a property
that is related to conflict-free networks.

2.2.2 Structural properties

Structural properties do not depend on the initial marking but the structure of

the network (Murata, 1989):

Structural Limitation: A PN is structurally limited if it is limited to any finite
initial mark My, that means if there is an m-vector x of positive integers such that:
ATx<0, A is the incidence matrix;

Conservative: A PN is conservative if there is a mark weight vector x, where x(p)
is a positive integer for every place p. That is, if and only if there is an m-vector x

of positive integers such that: A”x=0, A is the incidence matrix, and x # 0;

Repeatability: A PN is repetitive if there is a marking M, and a firing sequence s

from My so that each transition happens infinite times in s;

Consistency: A PN is considered consistent if there is an M, mark and a firing

sequence s from M, to M, such that each transition happens at least once in s;

Structural Liveliness: A PN is structurally alive if there is an initial live mark for
the network;

Invariants: Represent the conservative and repetitive components of the network.
There are two invariants: place invariants (representing the conservative compo-

nents) and transition invariants (representing the repetitive components).

2.3 Goal-oriented requirements for telemedicine

Telemedicine is closely connected to remote healthcare systems. It was proposed

almost 30 years ago to provide affordable medical services for places with insufficient
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health infrastructure. Indeed, physicians can interact with patients located in remote
and rural areas using information technology, and telecommunications (PRAMANIK;
PAREEK; NAYYAR, 2019).

Telemedicine is based on systems that require data from equipment, software, and
web applications, provided by local/remote clinics or medical centers and transmitted
to specialized doctors and care centers connected to different hospitals (PRAMANIK;
PAREEK; NAYYAR, 2019). Among the main activities related to telemedicine telemetry,
teleconsultation relates to medical recommendations and telemonitoring. Teleintercon-
sultation enables the exchange of information between doctors and health agencies.
Therefore, a complete telemedicine environment is a service system and deserves a
service design approach.

As in any other area of engineering, telemedicine systems must emerge from a process
of model-based requirements engineering (SILVA et al., 2021), as proposed in the next
chapter. The increasing demand forces enormous growth and interest in home health
care systems to fit the need to reduce the pressure on the hospitals. Technological ad-
vances in computing, networking, medical devices, sensors, and the pharmaceutical
industry has their tangible impact on improving the home health care processes (DAIMI
et al., 2010).

There is a continuing need for well-designed, acceptable Home Care Systems. However,
the requirements complexity of individuals and the network of contributing subsystems
surrounding people in their homes makes providing home care solutions difficult. Each
person involved in the system and its development is likely to have very different needs,
perspectives, and accountabilities, possibly changing over time as the person’s condition
and the system’s possible behaviors change (MCGEE-LENNON; GRAY, 2007).

The domain of action of home care is the set of services directly connected to healthcare
or not that function to offer assistance to the user or patient at home, taking into account
a series of needs of various stakeholders categorized according to (MCGEE-LENNON;
GRAY, 2007) in the cared, the carer(s), the visitors, the remote users, the technology
provider(s), the institutional stakeholders and other stakeholders (this might include
members of the family and neighbors who are worried about the potential effect of
"special” technology on their own home.)

(MCGEE-LENNON; GRAY, 2007) distinguish between:

¢ The social and professional aspects of home care, including the people being cared for,
the carers, and any external stakeholders playing a role in the care taking, their respec-
tive roles and interactions with one another, which we call the "'Homecare Network’.

¢ The technology used to support and realize activities of the Homecare Network, pro-
viding the means to collect, distribute, analyze and manage related information. Such
technology typically includes sensors, devices, displays, data, networks, and computing

infrastructures.
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Home care systems have multiple users, multitask, and contain multiple collaborative
and distributive stakeholders such as doctors, hospitals, caregivers, nurses, insurance
companies, home care agencies, and pharmacies; all influencing system’s behavior and
functionality (DAIMI et al., 2010). Home care systems tend to have dynamic needs due
to the variety of services distributed by devices, which allow the user to choose different
modalities for a particular task.

Many viewpoints call for a set of requirements the system must meet to deliver a fi-
nal service. The dynamic relationships generated significant changes in the system’s
behavior, which becomes a challenge to model and design homecare systems. The
requirements raised evolve and change during elicitation, negotiation, and modeling
due to changes in the viewpoints. Therefore, the home care system requirements must
be adapted during the modeling to achieve the established goal.

Some examples of requirements affected by changing viewpoints are:

* Functional requirements concerning the doctor and his interaction with the user,
which involve measures and information taken by the doctor and communicated

to the patient; patient monitoring through medical equipment sensors;
¢ data uploads to hospital records (electronic medical records);

* communication with the entities responsible for paying home care services (insur-

ance, company, government).

Regarding non-functional requirements, we have as general examples performance re-
quirements, usability, security, privacy, maintenance, and reliability (MCGEE-LENNON,
2008).

The Goal-oriented approach (GORE) is suitable for modeling and analyzing
requirements of healthcare systems because it delays a separated definition between
functional and non-functional requirements and presupposes a formal representation.
Consequently, this approach is reliable in reinforcing the developed system’s integrity,
correctness, relevance, consistency, traceability, and uniqueness. All that features are

crucial for automation, and particularly for healthcare automation.

The basic concepts of GORE are in Appendix A, based on its practical imple-
mentation (used in this work) in KAOS diagrams, which can be used as an alternative
to schematic modeling usually done in Unified Modeling Language (UML). Practical
use was directed to a software tool called ObjectivER, which formalizes requirements
in Linear Temporal Logic (LTL). However, our focus is on workflow and automated
systems. Thus, this work participated in a global research work of D-Lab to synthesize
a KAOS Markup language (KML) to capture the requirements diagrams and translate it
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to a formal model in Petri nets (PN) place/transition (P/T). Formal verification will be
performed in PN.

2.4 Healthcare services in Smart Home

Telemedicine is closely connected to remote healthcare and indirectly with home
care. It appeared almost 30 years ago to provide affordable medical services for places
with insufficient health infrastructure. Indeed, physicians can interact with patients
located in remote and rural areas using information technology and telecommunica-
tions (PRAMANIK; PAREEK; NAYYAR, 2019). In the last decade, smart homes have
become possible replacements for hospitals and health institutions. The aging of the
world population, the increase in chronic diseases, inaccessibility, and the increase in
the demand for costs of health services are pressuring public services, preventing their
rational use.

Smart homes are alternatives to reduce costs and hospitalization time for those recover-
ing from surgical procedures and provide automated preventive monitoring for older
adults and those who need it.

New functionalities are being incorporated into smart homes to improve the users’ qual-
ity of life, starting by incorporating home automation services integrated with home
care services. We enumerate some essential issues required from home automation to
support healthcare systems:

¢ Comfort: providing automated environments and equipment to enable tasks’
programming and remote activation. Technological advances in home automation
are achieved by using sensors and actuators, communication protocols through
platforms on the internet, and intelligent interfaces activated by voice or gestures -
essential to intensive home care (ALAM; REAZ; ALI, 2012), (CHAN et al., 2008).

* Security: requiring user authentication, antivirus protection, encrypted data, video
surveillance, remote monitoring, alarm, and emergency response to the user. The
main reason is to detect abnormal situations inside the house: fire, floods, falls of
disabled or old adults, and the detection of invasion (WILSON; HARGREAVES;
HAUXWELL-BALDWIN, 2015).

* Energy management and sustainable use of natural resources: usually, modern
houses depend just on electricity, and energy expenditure increases with the use of
computers, smartphones, appliances, air conditioners, and medical equipment in
home care. One of the concepts used in smart homes consists of using sustainable
energy and relying on a Smart Grid network (SAPONARA; BACCHILLONE,
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2012). Automated home systems should also manage the consumption and waste

of water, natural ventilation, and illumination.

* Healthcare: Smart homes for old adults’ care applications are growing at high
speed worldwide as a response to the aging of the population. The smart home
concept is a promising and cost-effective way of improving access to home care,
intensifying preventive health instead of health recovering (CREAN; MCGEOUGE;
O’KENNEDY, 2012), as well as the technologies (WACKS, 2002), (HASAN et al.,
2018), (TOSCHI; CAMPOS; CUGNASCA, 2017), reducing hospital contamination
risk.

Traditionally, a family responsible for caring for old adults or convalescents often suffers
from functionally disabling problems. This practice is becoming obsolete for social and
economic factors of the modern way of life, making medical institutions and care houses
more attractive.

Smart homes integrate technological solutions combining comfort with home care for
convalescents, old adults, and people with special needs. Thus, many projects have
been implemented around the world for these purposes in the academy (BAL et al.,
2011): WellAWARE, AlarmNET, AWARE, GatorTech Smart House, Georgia Tech Aware
Home, Assisted Living Project (I-Living), Assisted Cognition Environment, CASAS,
ORCATECH, MavHome, TAFETA Project, Gerontological Smart Home Environment,
Casattenta Project IntelligentHouse, SOPRANO, CareWatch. The characteristics of these
projects are described below:

e AlarmNET: Has been developed at the University of Virginia to provide health-
care at home, residential monitoring, and independent living (Center for Wireless
Health 2011) by using heterogeneous wearable and stationary wireless sensing
devices, combined with a user interface, database, and decision logic program.
Mobile body warning sensors provide physiological sensing for blood pressure,
pulse rate, and movement (accelerometer) data. Stationary sensors collect envi-
ronmental data such as ambient temperature, air quality, light, and user location
(AL-SHAQIL MOURSHED; REZGUI, 2016). Data is collected, aggregated, pre-
processed, stored, and acted upon according to the needs and conditions of the
residents. The network can be tailored to the patient’s medical needs and provide
notifications (e.g., alerts to take medicine) using an in-network wearable interface.
AlarmNet system is reported to support dynamically appending new devices to
the network, which registers their capabilities and is initialized. This flexibility
allows the system to change over time, including new sensors or if new required

monitoring pathologies (BAL et al., 2011).
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¢ Assisted Cognition Environment: The Assisted Cognition Project is an interdisci-
plinary effort between many organizations with expertise in Computer Science
for caring for Alzheimer’s patients. The first category includes the University of
Washington’s Dept. of Computer Science and Engineering, the Dept. of Electrical
Engineering and Intel Research. The the second includes the Alzheimer’s Dis-
ease Research Center (ADRC), the UW schools of Nursing, Health and Public
Policy, and Medicine, and the UW Medical Center. Assisted Cognition aims to de-
velop computer systems that can provide such active assistance to an Alzheimer’s
patient (KAUTZ et al., 2000). It involves the ability to sense the location and sur-
rounding environment, interpret behavioral patterns, offer help via verbal and
physical interventions, and alert caregivers during emergencies. Two concrete
examples of Assisted Cognition systems are: an Activity Compass that helps re-
duce spatial disorientation both inside and outside the home and an Adaptive
Prompter that helps patients carry out multi-step everyday tasks (BAL et al., 2011).

Client Server Sensors
Decision Making
User Interface
(graphics, speech) Plan Recoguition
Data Fusion
Data Collection

1

Figure 5 — Architecture of Assisted Cognition systems. Source: (KAUTZ et al., 2000).

Figure 5 shows a layered architecture for the ACTIVITY COMPASS and ADAP-
TIVE PROMPTER based on linking sensor data to behaviors, behaviors to plans,
and plans to potential interventions. Each layer takes in noisy and uncertain
information, abstracts and fuses the data to reduce (not necessarily eliminate)
uncertainty, and passes this higher-level view of the world to the next layer. Feed-
back from the effects of invention down through the layers improve the accuracy
and effectiveness of the underlying models (KAUTZ et al., 2000).

* AWARE: The project aims to conceptualize the living context of the elderly by in-
troducing ubiquitous computing to provide important information to their family

members who are concerned about them living alone. The key innovation is the
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ability to distinguish a particular individual from others by detecting the person’s
location using force-sensitive load tiles on the floor that record footstep patterns,
called ground reaction force (GFR), which consists of a metal plate supported
by four industrial load cells to create a model of a unique footstep pattern for
each individual (AL-SHAQI; MOURSHED; REZGUI, 2016). In this environment,
human-home symbioses become essential to provide as seamless interaction as
possible with the home. Wearable computers and intelligent environments deliver
timely, personalized information and entertainment services at almost any time
and in any context. The Aware Home infrastructure is an excellent chance to obtain
general information about a user while at home, and a wearable computer can
gather data wherever the user may go. The data gathered on the wearable might
then be filtered and released to the environmental infrastructure as appropriate.
On the other hand, the wearable may draw on the house’s data resources to cache
important information for the mobile user when away from the house. One of the
applications of the tracking and sensing technologies in the Aware Home will be
a system for finding Frequently Lost Objects (FLOs), such as keys, wallets, glasses,
and remote controls. The system will use small, radio-frequency tags attached
to each object the user would like to track and a long-range indoor positioning
system to track these objects (KIDD et al., 1999).

CASAS uses machine learning techniques to identify behavioral patterns of the
elderly suffering from cognitive decline using data from motion sensors. Tests
involving cognitive health and dementia subjects showed that the implemented
learning algorithm was able to identify the differences in activities; however, it
could not distinguish the cause of differences, whether confusion was due to
dementia or it is a simple mistake (AL-SHAQI; MOURSHED; REZGUI, 2016). One
application that uses activity recognition is health-assistive smart homes and smart
environments. Individuals need to be able to complete Activities of Daily Living
(ADLs) such as eating, dressing, cooking, drinking, and taking medicine to reach
an independent behavior at home. Automating the recognition of activities is an
essential step toward monitoring the functional health of an smart home residents
or intervening to improve their functional independence. The main contribution of
this project is the introduction of an unsupervised learning algorithm to discover
activities in raw sensor event sequence data and the combination of ACTIVITY
RECOGNITION AND ACTIVITY DISCOVERY (AD+AR) to create patterns of
patient behavior within the home (COOK; KRISHNAN; RASHIDI, 2013).

Casattenta: Initiated by the Laboratory for ICT Technology Transfer in Bologna,
Bologna, Italy to demonstrate a research project on Ambient Intelligence, Sensor
Fusion and Wireless Sensor Networks (WSN). Aimed at integrating ambient intel-
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Figure 6 — Flowchart for the AD+AR algorithm. Source: (COOK; KRISHNAN; RASHIDI, 2013).

ligence technologies, sensor fusion, and wireless communication in the form of a
set of fixed and wearable sensors distributed alongside the monitored environ-
ment connected through a communication platform. The system was designed to
support independent living by enabling the tracking and identification of critical
situations such as the danger of falls and immobility conditions.

The Casattenta system implements the concept of an indoor environment aware
of significant events related to the ambient and/or its inhabitants and capable of
communicating remotely with interested observers. The system is based mainly
on WSN technologies, which can be easily deployed in existing and even historical
buildings without significant renovations or the need for advanced infrastructures.
Furthermore, WSN suffers the advantages of self-organization, scalability, low
power consumption, and relatively low cost. The system of this work is flexible
and easily adaptable to different requirements in terms of sensors’ type, number,
and functionality. In addition, it makes use of low-cost standard heterogeneous
technologies. The Casattenta system makes the domestic environment interactive
and safer for its “interactive guests”, i.e., people particularly exposed to risk of do-
mestic accidents (such as elderly, but also impaired people, children) (FARELLA;
FALAVIGNA; RICC, 2010).

GatorTech Smart House: Developed by the Mobile and Pervasive Computing
Laboratory at the University of Florida in collaboration with the university’s
College of Public Health and Health Professions, and with federal funding from
the National Institute on Disability and Rehabilitation Research (NIDRR) (HASAN

et al., 2018). The GatorTech is based on several features such as smart floors for
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location tracking; smart plugs with Radio Frequency Identification (RFID) readers
to detect connected appliances; a smart microwave oven to detect what food
is being cooked; and the plug-and-play of sensors and actuators in the sensor
platform. The overall system runs a generic Smart Space middleware built around
the OSGi platform that stores service definitions for all hardware (sensors and
actuators) inside the home, essentially turning the Smart Home into a software
library and a runtime environment (BAL et al., 2011). Figure 8 shows some points

developed in the Gator Technological smart house.

GatorTech Smart House has a generic reference architecture applicable to any
pervasive computing space. Figure 9 depicts the middleware containing differ-
ent physical sensor platforms, service, knowledge, context management, and
application layers (HASAN et al., 2018).

Georgia Tech Aware Smart Home: The Aware Home Research Initiative (AHRI) at
Georgia Tech is devoted to the multidisciplinary exploration of emerging technolo-
gies and services for residences. Since 1998, a home was designed from the ground
up with accessibility, computing, and sensing balanced with aesthetics. These
applications cover the themes of aging in place, busy families, and children with
special needs (KIENTZ et al., 2008). The significant technologies developed are:
“Digital Family Box”, “Cook’s Collage,” “Gesture Pendant,” and “Context- Aware
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Figure 8 — GatorTech Smart House. Source: (HASAN et al., 2018).

Universal Remote”. Some multimedia technologies have been utilized to enhance
the communication of elderly residents with their families. In addition, indoor
location tracking services were developed, which range from relatively simple
and robust low-resolution strategies, such as RFID, to more sophisticated and
higher resolution, state-of-the-art computer vision solutions. Except engineering
sensing systems to detect specific events (for instance, a fall), the research group
has developed activity recognition methods to monitor the general activities of
the occupants such as reading a newspaper, watching TV, preparing a meal, or
using a blood glucose monitor (BAL et al., 2011).

¢ Gerontological Smart Home Environment: this project was started by a network of
research partners, led by the CTSB (Centre Scientifique et Technique du Batiment)
and the Research Centre for Construction Techniques in France. The overall sys-
tem has been designed to enhance independence of the people in loss of autonomy
or at risk. GERHOME utilizes software solutions for automatic recognition and
interpretation of human behaviors using real-time video images and real-time

sensor data. The research initiative aims to design a communication platform,
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allowing the easy integration of sensors of various natures, coupled or not with
existing equipment, within a total system, based on the existing standards (BAL et
al., 2011). The intention was to improve the feeling of independence of the elderly,
complaining about the loss of autonomy. GERHOMEs project presented a com-
munication infrastructure based on intelligent agents allowing easy integration
of different types of sensors within an existing system structure, based on an
intelligent agent architecture (AL-SHAQI; MOURSHED; REZGUI, 2016).

* Assisted Living Project (I-Living): The University of Illinois at Urbana-Champaign
has been designing, implementing, and evaluating with testable hypotheses an
assisted-living supportive software architecture that allows disparate technolo-
gies, software components, and wireless devices to work together at a low cost,
dependable, and secure fashion to enable older adults to regain their capacity
for independent living. The assisted living system architecture attends: Activity
Reminder, Vital Sign Measurement, Personal Belonging Localization, Personal
Behavior Profiling, Emergency Detection (QIXIN et al., 2006).

* MavHome: The name of MavHome comes from “Managing and Adaptive Versa-
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tile Home,” and the focus is to maximize the comfort of its users and minimize
operating costs. Developed at the University of Texas at Arlington, MavHome
attempts to view the smart home as an intelligent agent that uses sensors and
actuators to achieve its purposes. The agent architecture consists of four layers:
a decision layer for executing actions based on information obtained from other
layers; an information layer that gathers, generates and saves information that
could be beneficial later; a communication layer that manages the information
exchange between layers; and a physical layer, which consists of physical devices
in the smart home space (BAL et al., 2011). Figure 11 shows the architecture of
a MavHome agent. The technologies within each agent are separated into four
cooperating layers.

It is a bottom-up process where sensors monitor the environment (e.g., lawn mois-
ture level) and, if necessary, transmit the information to another agent through the
Communication layer. The database records the information in the Information
layer, updates its learned concepts and predictions accordingly, and alerts the
Decision layer of the presence of new data. During action execution, information
flows top down. The Decision layer selects an action (e.g., run the sprinklers) and
relates the decision to the Information layer. After updating the database, the
Communication layer routes the action to the appropriate effector to execute. If
the effector is another agent, the agent receives the command through its effector

as perceived information and must decide upon the best method of executing the
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desired action. A specialized interface agent provides interaction capabilities with
users and external resources such as the Internet. Agents can communicate with
other agents using the hierarchical control flow and information (COOK et al.,
2003).
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Figure 11 — MavHome agent architecture. Source: (COOK et al., 2003).

* MIT House Project: The MIT House-n resulted from research at the Massachusetts
Institute of Technology, focused on design elements and associated technologies
for smart homes implemented in a laboratory facility equipped with sensors. A
living laboratory facility called PlaceLab was constructed near MIT in order to
facilitate experiments related to the project. The PlaceLab is a 93 square meters
single bedroom condominium, equipped with hundreds of sensors that can be
used to develop innovative user interface applications that help people easily
control their environment, save resources, remain mentally and physically active,
and stay healthy. The sensors are also used to monitor activity in the environment
so that researchers can carefully study how people react to new devices, systems,
and architectural design strategies in a complex context. Sensors are embedded
in various locations in the lab. For example, cabinets in the lab contain sensor
modules for measuring environmental quantities, infrared transmitters, and mi-

crophones. Video cameras and biometric sensors capture data about the users
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and their movements. Data visualization and user interfacing were established by
PDAs (BAL et al., 2011).

* ORCATECH: (ORegon Center for Aging, Technology, Education and Commu-
nity Health) is a collaboration of academic, industry, and community partners,
tinanced by the National Institutes of Health. Devoted to the development of
technologies supporting independent living for a wide range of requirements for
older adults health monitoring and home care support. The system comprises
intelligent bed sensors to track sleeping patterns and prevent the elderly from
falling by turning on room lights automatically when the system detects that
a person has awakened from sleep (AL-SHAQI; MOURSHED; REZGUI, 2016).
Some significant technology studies related to senior independent living are as

follows:

— Intelligent bed that tracks sleeping patterns; preventing falls by turning on
lights when getting up

— Enabling the use of home-based technology for independent living
- Home monitoring and cognition of Congestive Heart Failure (CHF)
— Monitoring the seniors outside the home

— Remote controlled telepresence in seniors” homes

— Monitoring and information needs of the elderly

- Technologies for monitoring health in the home

— Social health monitoring and support (BAL et al., 2011).

Figure 12 shows the domain for an integrated system concept for living assistance.

* SOPRANO: The SOPRANO project is developing supportive environments for
old people based on the concept of “ambient assisted living,” using pervasive
ICTs to enable older Europeans to live independently in their own homes. It
is based on a combination of ontology-based techniques and a service-oriented
device architecture. By separating system aspects such as sensors and actuators;
context information and system behavior, SOPRANO provides a contract-centric
framework for different solutions utilizing semantic technologies (AL-SHAQI;
MOURSHED; REZGUI, 2016). The following SOPRANO scenarios of use have
been developed (MULLER; SIXSMITH, 2008):

— “Medication reminding” dealing with how to improve the situation of a

person forgetting to take medicine;

- “Open door” dealing with enhancing safety and security at home;
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Figure 12 - Living Assistance Domain. Source: (NEHMER et al., 2006).

— “Safe,” monitoring activity for signs of problems;
— “Fall,” adjusting care to increasing frailty;

— “Easy to use home automation” demonstrating smart home components

supporting independent living;
— “Exercise,” helping older people to do rehabilitation independently.
— “Active,” monitoring signs of problems and supporting good routines;
- “Remembering,” coping with cognitive aging;
— “In Touch,” combating social isolation;

— “Entertained,” countering boredom.

o TAFETA: Technology Assisted Friendly Environment for the Third Age (TAFETA)
has been developed by the Department of Systems and Computer Engineering,
Carleton University, Canada. The project was built as a smart apartment, loaded
with various sensors and actuators to detect and control environmental parameters
(AL-SHAQI; MOURSHED; REZGUI, 2016). The project used and developed house
technologies such as:

— Motion sensors — track the presence and motion of the resident throughout

the apartment;

- Lighted pathway — illuminate the walkway from the bedroom to the bath-

room to assist clients at night;
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— Fridge sensor — provide audible cues to patients when the fridge door is open,
sending an alarm to indicate potential distress and/or food spoilage;

— Pressure-sensitive mats — located under beds and chairs, these mats (made by
Tactex Controls Inc.) integrate with custom software developed by Carleton
University engineering students, which