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Abstract
As the global population of older adults continues to increase, there
is a growing need for innovative technology solutions to improve
their well-being and care. One prominent example is the Ambient-
Assisted Living (AAL) domain, which involves the connection of
many subsystems and heterogeneous devices to offer intelligent
services in the user’s living ambient. One of the main challenges in
developing AAL systems is the lack of interoperability, which can
occur at different levels (from integration between different systems
to the semantic level of the data). Although there are several solu-
tions and approaches to this problem, there is no organized body
knowledge about interoperability for AAL systems impacting deci-
sion making on which approach to use in developing this type of
system. This paper proposes a Non-Functional Requirements (NFR)
catalog dedicated to interoperability in AAL systems. This catalog
establishes relationships among technologic strategies, architec-
tural patterns, platform types, communication protocols, and data
semantic and syntactic aspects. We extracted data about interoper-
ability in AAL systems from the academic literature. We identified
25 studies focused on AAL systems prioritizing interoperability as a
critical requirement by conducting a systematic mapping followed
by a forward snowballing process. We then employed Grounded
Theory (GT) to extract information regarding the interoperabil-
ity characteristics specific to AAL from these documents, finding
41 softgoals and 29 operationalizations. Finally, we validate our
findings with two specialists.
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1 Introduction
The older adult population worldwide is experiencing gradual
growth. Recent studies indicate that by 2050, the proportion of
older adults is projected to reach approximately 20-25% [35] [21].
This demographic shift will mark the first time the more senior
population surpasses the younger population [27]. Consequently,
it’s expected to increase pressure on healthcare systems worldwide,
which need to adapt to meet the specific needs of this age group,
such as the treatment of chronic diseases and long-term care.

Numerous initiatives have emerged based on ambient intelli-
gence principles focusing on improving users’ well-being. One
notable example is Ambient-Assisted Living (AAL) [35] [21]. Ac-
cording to the AAL Active and Assisted Living Programme 1, AAL
is defined as “the use of Information and Communication Tech-
nologies (ICT) in a person’s daily living and working environment

1http://www.aal-europe.eu

to enable them to remain active, socially connected, and live inde-
pendently into old age” [27]. AAL focuses on developing solutions
for caring and monitoring older adults’ daily lives. AAL solutions
encompass a range of applications, from assistive robots [12] to
smart homes equipped with environmental sensors [13].

One of the most common requirements in AAL system develop-
ment is interoperability [10]. This is caused by the heterogeneity of
devices, communication protocols, programming languages used
by different manufacturers for purposes that should complement
each other. Interoperability is not a recent problem. In fact, there
are several mature solutions and approaches to solving it. However,
interoperability can occur at many levels, from the infrastructure
level (e.g., communication between disparate systems) to the appli-
cation level (e.g., information exchange between applications using
different protocols).

Nonetheless, the vast scope of interoperability presents a chal-
lenge with its myriad solutions, which, in turn, also becomes a
problem. Although there are several solutions and approaches to
this problem, there is no organized body knowledge about inter-
operability for AAL systems impacting decision making on which
approach to use in developing this type of system.

A common solution to this scenario is using Non-Functional
Requirements (NFR) catalogs. These catalogs enable the reuse of
validated solutionswhile providing insight into their interdependen-
cies and trade-offs [6]. In this work, we focus on creating a catalog
of interoperability solutions, which summarize existing methods
and technologies in the literature to mitigate this issue and identify
suitable use cases. Interoperability is an example of a requirement
with varying approaches depending on design decisions.

The need for interoperability arises due to the heterogeneity of
devices, communication protocols, and programming languages
used by different manufacturers, which should complement each
other. In the literature, mature solutions to the interoperability prob-
lem exist, employing concepts and technologies of IoT, pervasive
computing, and ubiquitous computing.

During the development of an AAL system, software engineers
may encounter interoperability challenges at various levels (e.g.,
platform, device, semantic). Each situation requires its own set of
solutions and design decisions that must align without being incom-
patible with one another. It’s why we propose an interoperability
catalog that characterizes the AAL landscape. Our catalog estab-
lishes correlations between the solutions offered for interoperability.
This entailed cataloging strategies, subcharacteristics, architectural
patterns, platform types, communication protocols, and semantic
and syntactic aspects. The catalog was constructed by analyzing
and extracting information from recent academic literature. In this
paper, we utilize the following research question as a guideline:
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R.Q.: What are the solutions in the literature that support
interoperability in AAL systems?

We followed the CORRELATE process [5] to create the cata-
log based on a set of 25 literature papers resulting from forward
snowballing and systematic mapping studies. Data were extracted
and coded using the Grounded Theory (GT) method [42] and were
subsequently evaluated by two specialists.

At the end of the process, we developed the RECITAAL (REquire-
ment Catalog of InteroperabiliTy Ambient Assisted Living systems),
a Softgoal Interdependency Graphs (SIG) [6] for interoperability for
AAL, comprising 70 subcharacteristics. The RECITAAL presents
solutions found in the academic literature for each type of interop-
erability problem encountered in developing an AAL system. We
evaluated this version of RECITAAL with a group of ten AAL spe-
cialists. They evaluated it in terms of clarity, readability, relevance
and usefulness, as well as having space to suggest additions and
improvements.

The remainder of the paper is divided as follows: Section 2
presents the definitions of interoperability for AAL and lists other
requirements’ catalogs. Section 3 describes the methodology used
and its steps for building the catalog. In turn, Section 4 describes
the RECITAAL, in addition to presenting the interrelationship table
and an example of using the catalog. 5 presents the results of the
evaluation with the 10 specialists in AAL and the Section 6 high-
lights the research contributions to AAL system developers and
its threats to validity. Finally, Section 7 concludes the paper and
details future work.

2 Background
2.1 Interoperability in AAL
In various contexts, we encounter the need for communication
between systems, or even within the same system, built by differ-
ent manufacturers or employing different standards and languages.
The ability of these systems to establish connections and exchange
data is referred to as interoperability. However, this data exchange
process is often complicated due to multiple communication pro-
tocols and challenges related to semantics and syntax. According
to IEEE, interoperability is “the ability of two or more systems or
components to exchange information and to utilize the information
that has been exchanged” [1].

The challenge of achieving interoperability is not a recent issue.
The existence of heterogeneity in protocols, APIs, and platforms,
along with the necessity of establishing communication among
them, has been present since the early days of distributed computing
[4].

While several solutions have been proposed and developed over
the years, the evolution of computational systems and newparadigms,
such as Pervasive Computing and the Internet of Things (IoT), has
introduced an environment of extreme heterogeneity. However,
attempts to establish standards to enable universal interoperability
(e.g., OpenCCM and Web service standards) have faced significant
challenges due to their high complexity [4].

From a macro perspective of healthcare systems, the develop-
ment of strategies to address data interoperability problems in e-
Health scenarios has become even more crucial with the increased
integration between health systems [15] [17]. Such strategies are

being encouraged by government initiatives in countries like Aus-
tralia, Canada, the United Kingdom [17], and the United States
[9].

Specifically within the context of the AAL domain, interoperabil-
ity becomes a challenging issue due to the vast array of sensors and
actuators employed in this scenario. In most cases, these devices
come from different manufacturers and possess distinct internal
architectures and communication protocols.

Solutions for interoperability in the AAL domain must take
into account other requirements that are focused on the care and
needs of older individuals, such as privacy, reliability, bi-directional
communication, and mitigating false negatives. One commonly
employed solution is the development of middleware platforms
that centralize communication between sensors and other systems.
Several works have explored this approach [14] [32] [44], often
prioritizing different requirements [14].

2.2 Requirements Catalog
A requirements catalog is a valuable resource that organizes our
past experiences, standard techniques, and knowledge of specific
requirements. It captures the interdependencies, trade-offs, and
associated concepts and terminology, enabling software engineers
to navigate many development alternatives [6][5].

There are three types of requirements catalogs [6]: (i) Catalogs
that represent knowledge about specific requirement types, non-
functional requirements, or quality subcharacteristics, along with
their associated concepts and terminology; (ii) Catalogs that capture
implicit interdependencies (correlations, trade-offs) between soft-
goals. These are commonly referred to as correlation catalogs and
(iii) Catalogs that systematically organize development techniques
to assist software engineers in meeting specific requirements. These
are often referred to as method catalogs.

Software engineers can access catalogs from the beginning of sys-
tem development in typical scenarios. The catalogs can be extended
or modified throughout the development process to accommodate
new concepts or development techniques. Catalogs can take vari-
ous forms of representation. SIGs provide a graphical method to
structure the interdependencies of a given requirement [6].

Softgoals serve as the fundamental unit for representing require-
ments, non-functional requirements, and quality subcharacteristics.
Their purpose is to assist software engineers in dealing with require-
ments that may be subjective, relative, and interactive in nature.
Given that softgoals are interdependent, one method for address-
ing this challenge is the NFR Framework proposed by Chung. This
framework represents softgoals and their interdependencies in SIGs,
which serve as a graphical record of development decisions and
design rationale [6].

3 Characterizing Interoperability for AAL
3.1 Methodology Overview
Figure 1 presents the methodology we followed to define inter-
operability in AAL systems. This methodology was based on the
CORRELATE process [5]. This process supports the creation of
requirements catalogs, from selecting the NFR to setting up the
SIG. It consists of five steps: the first step starts with finding and
selecting, within the academic literature, the papers that would
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serve as the basis for the catalog. To do so, we began with a sys-
tematic mapping of AAL systems, and from there, we performed a
forward snowballing. From the selected papers, we extracted the
data related to interoperability for AAL.

We applied the GT method to perform the qualitative analysis of
the extracted data set [42]. Hence, the third step was open coding,
where the data was summarized into codes and text segments.
These codes were classified into four categories and evaluated by
two experts in pervasive computing. After refining the codes, we
performed the axial and selective coding steps. In this step, we
correlated the codes and built the SIG.

3.2 Forward Snowballing
Our research started with a systematic mapping of AAL systems
that were published in [10]. We found 35 papers that described AAL
platforms using IoT and Cloud Computing solutions. We identified
the essential needs of AAL, and its intended audience, and examined
the most widely used architectural standards in AAL systems. To
further investigate interoperability, we carried out a more focused
exploratory study. We used a forward snowballing technique to
identify studies that considered interoperability a requirement and
update the studied list of papers. Integrating systematic mapping
and the forward snowballing approaches form the basis for creating
our interoperability catalog.

3.2.1 Protocol. To maintain standardization with the first stage
(i.e., the systematic mapping), we decided to keep the same exclu-
sion criteria of the study presented in [10]. Our only adaptation was
to change the publication interval from 2018 to 2021. We aimed to
reduce noise and eliminate the possibility of papers already being
analyzed in the first stage reappearing.

We refined the inclusion criteria to suit the new scope better.
The inclusion criteria for forward snowballing were as follows:

(1) The paper must present AAL systems that have interoper-
ability as a requirement.

(2) The paper must address at least one of the following ques-
tions:

(a) What are the interoperability definitions?
(b) What necessitates the need for interoperability?
(c) How is interoperability characterized?
(d) How is interoperability implemented?

3.2.2 Execution. Figure 2 summarizes the results of each step of
our snowballing process. Of the 35 papers selected in the final
systematic mapping, 15 cited interoperability as an essential re-
quirement for their AAL system development. These 15 papers
served as the basis for our forward snowballing. Initially, we found
540 results that cited these papers. 162 papers were published after
the analysis we did in the systematic mapping.

Out of these 162 papers, 30 papers presented AAL systems that
required interoperability. Among these, 14 papers addressed at
least one of the four questions related to interoperability. During
the systematic mapping process, the initial 15 papers had already
gone through the exclusion and inclusion criteria. These papers
presented AAL systems that required interoperability. Therefore, in
this set, we only analyzed which documents addressed in detail any

Table 1: Example of softgoal

Code Text segments from extracted data

Integration with
major systems

“Interoperability with a standard for sensor
devices offers a great benefit for AAL
systems, enabling the integration of a
compatible sensor with little effort.” [38]

Different
communication
interfaces

“Smart devices in smart homes usually
come from different companies and do not
use a single communication protocol to
communicate their measurement and
sensing data. This is the main reason of
interoperability issue in smart home.” [26]

Flexible
“The ability to embrace new sensors as
well as actuators, and operate successfully
is imperative.” [2]

Use of standards

“However, to mandate the quality and
ensure a consistency in the process of the
development, standards gathering all the
interesting aspects of the field are required
to be available and considered.” [2]

of the four questions regarding interoperability. 11 papers passed
this step.

By combining the two resulting sets, we obtained a total of 25
papers between 2013 and 2021 that described AAL systems in which
interoperability played an important role.

The 11 papers selected from the mapping study were: [39] [43]
[40] [18] [13] [20] [23] [7] [30] [8] [25]. 14 papers from the Snow-
balling were: [38] [11] [36] [19] [22] [24] [33] [26] [2] [3] [16] [37]
[41] [34].

3.3 Qualitative Analysis and Open Coding
Following the GT method, the next step was the collection of data
from the 25 papers [42]. One author selected excerpts from the
25 documents that answered one of the four questions. These text
segments were initially classified into four large groups, one for
each question. Thus, we acquired an initial set of 227 text segments
concerning the causation, definition, characterization, and imple-
mentation of interoperability for AAL.

The next step was coding, which we divided into three parts:
open, axial, and selective. In open coding, we started with text
segments and extracted the core concepts of the codes. A code
can contain a single word, an expression, or a phrase. These codes
represent the concepts extracted from each text segment and, as a
result, could be the same for several excerpts.

Table 1 illustrates an example of the code obtained for each
question. To facilitate the encoding process, we employed the QDA
Miner Lite tool. Its free version aided us in coding and analyzing
the data extracted from the 25 papers.

Initially, we obtained 42 codes from 227 text segments. Then, two
experts evaluated each of the codes and excerpts and classified them
individually between “agree”, “partially agree”, “neutral”, “partially
disagree” or “disagree”.

Those experts have Ph.D. and have researched pervasive com-
puting for over a decade. Text segments rejected by both experts
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Figure 1: Methodology process

Figure 2: Forward Snowballing process

were excluded, and those approved by both were classified. If a
code had all excerpts excluded, the code was excluded. A consensus
meeting was held to analyze each of the cases in which there was
disagreement between the two experts. At the end of this process,
one code was excluded. The complete list of codes and text seg-
ments that were extracted from the papers and approved by both
experts is at the following link: https://bit.ly/3MPkIRD

3.3.1 Axial and Selective Coding. The next step was axial coding.
We identify codes that present similar concepts and group them
into categories. Some codes from different questions were merged
into one. In certain cases, categories were based on codes obtained
in the previous step (ex: “Abstraction Layer” or “Message Protocol”.
In others, we create categories according to the grouped concepts.
We also analyze the relationships between codes and categories
using the contribution types provided in the SIG notation (AND,
OR, BREAK, HELP, HURT, MAKE and UNKNOWN).

Figure 3 exemplifies the axial coding process. Categories “Pro-
tocol Network” and “Interoperability Standards” were created to
group their respective codes. Then, the category “Communication”
was designed to group the correlated categories. Thus, we con-
structed a knowledge pyramid comprising codes related to the

solutions found in the literature for the various types of interoper-
ability that could arise in AAL system communication.

So we created a chain of categories until we got to the core
category, “Interoperability for AAL”. This stage of the process is
called Selective Coding, when all concepts (codes and categories)
are united and refined. In the end, we only use the SIG notations
AND (“—” over the line), OR (double “—” over the line), HELP (“+”),
and MAKE (“++”). This process was performed by one researcher
and evaluated by two specialists in pervasive computing and re-
quirements (the same experts from the previous step).

Then, we started the process of refining the catalog, adding soft-
goals and operationalizations that were not found in the papers.
Operationalizations are development techniques, operations, func-
tions, data or constraints of a NFR softgoal, corresponding to the
last levels of the catalogs [6]. This way, we can update the catalog
with technologies that were not mapped in our coding. In total,
in this version of the catalog, RECITAAL has 41 softgoals and 29
operationalizations.

We highlight the operationalizations with a stronger color. The
complete list of subcharacteristics that are part of this catalog can
be found in the following link: https://bit.ly/3R1XBpl



A Catalog of Interoperability Solutions for Ambient Assisted Living SBCARS’24, September 30 – October 04, 2024, Curitiba, PR

Figure 3: Example of axial coding grouping codes related to the Communication category

Table 2: Examples of codes from open coding

Framework

Description A standard structure that encapsulates
a set of functions for the system.

Type NFR softgoal

Positive
interrelationships

Modular Architecture; Plug-in; Gateway;
Wi-Fi; ZigBee; COAP; MQTT; Protocol
Buffers; JSON; XML; Knowledge Base;
Ontologies

Negative
interrelationships —

4 Catalog Interoperability for AAL
The RECITAAL, as depicted in Figure 4 2, is focused on interop-
erability for AAL and was created to support software engineers
who wish to develop AAL systems with interoperability as a key
requirement. Your primary target audience is those who have no
experience with interoperability.

The subcharacteristics of the RECITAAL cover various aspects
and stages of design and requirements elicitation where interoper-
ability issues may arise, along with commonly used solutions for
each problem. Table 2 presents an example of a subcharacteristic,
with its definition, type and what positive or negative interrelation-
ships it may have.

4.1 Interoperability for AAL
In the context of the AAL domain, from this study, interoperabil-
ity can be defined as “the ability to communicate, collaborate and
exchange data between different components of a single system or

2This figure is also available at the link: https://bit.ly/4cHr0gL

integrated systems”. The primary challenges related to interoper-
ability arise from heterogeneity, compatibility issues, and lack of
standardization. These challenges can manifest at the macro level
(integration between two systems) and micro level (semantic in-
terpretation of exchanged messages). As a result, interoperability
solutions can be categorized based on their type. This catalog has
classified them into three broad categories: integration, communi-
cation, and data. Below are some examples of Catalog elements.

4.2 Integration
The issue of interoperability arise from the challenge of integrating
diverse systems or internally distinct components within the same
system. The presence or absence of a hierarchy among systems (or
system components) influence themode of communication between
them. We identified two Types of Integration:

• Integration between different AAL systems: Integration
involves communication between two or more AAL systems.

• Integration between components of a single AAL sys-
tem: Integration involves communication between the com-
ponents of a single AAL system (e.g. sensors and the abstrac-
tion layer).

Such integrations must follow an Hierarchy of Integration,
i.e. how communication between AAL systems (or the components
of a single system) is done in architectural terms:

• Vertical Integration: The systems that must communicate
are at different architectural levels.

• Horizontal Integration: The systems that must communi-
cate are at the same architectural level.

Concerning the Architecture, we identified the architecture of
the AAL system impacts the data exchange between its components
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Figure 4: The Interoperability for AAL SIG
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or its communication with external systems. Examples of type and
strategies of architecture listed in the works:

• Type of Architecture: The type of architecture used by the
system.
– Client-Server Architecture; Distributed Architecture; Lay-
ered Architecture; Modular Architecture; REST; and SOA

• Architectural Strategies: The strategies used in the archi-
tecture to allow data exchange between parts of the system.
– Abstraction Layer: Cloud; Gateway; Middleware; and
Web Service.

– Framework:
∗ Use existing framework: UniversAAL3
∗ Create own framework

– Plug-in.

4.3 Communication
For two AAL systems, or two parts of a system, to exchange in-
formation, they need to be able to communicate with each other.
Thus, the systems must follow certain communication standards.
We identified three subcharacteristics of Communication: Network
Protocol, Interoperability Standards, and Message Protocol.

For Network Protocol, AAL systems must adopt a common
network protocol to allow communication between the subsystems
(e.g, sensors, actuators). We identified three protocols listed in the
papers (Bluetooth; Wi-Fi; and ZigBee4) and also added three other
protocols (CAT-M1; M2M; NB-IoT) to the catalog.

Also, e-Health Interoperability Standards must be adopted.
There are communication standards aimed at healthcare interoper-
ability for example. We identified: HL7 FHIR5; and IEEE10736.

Additionally, AAL systems must be capable of interpreting the
sameMessage Protocol, so the communication between the sub-
systems could be effective. Examples of message protocol solu-
tions: AMQP RabbitMQ7; COAP8; gRPC9; MQTT10; RESTful11; and
SOAP12.

4.4 Data
Between two systems that need to share data, it is necessary that
the exchange of messages is understandable for both sides. In this
case, the Message Syntax, i.e., the structure of the message, must
be interpretable by both systems. Message Syntax includes:

• Data Format: Use of data format standardized by the sys-
tems.
– GraphQL13; JSON; Protocol Buffers14; and XML.

• Data Interface: Use of a standard for the body of the mes-
sage (interface) that can be interpreted by both systems.

3https://www.universaal.info/
4https://csa-iot.org/
5https://www.hl7.org/fhir/
6https://standards.ieee.org/ieee/1073/1568/
7https://www.rabbitmq.com/tutorials/amqp-concepts.html
8https://datatracker.ietf.org/doc/html/rfc7252
9https://grpc.io/
10https://mqtt.org/
11https://aws.amazon.com/en/what-is/restful-api/
12https://www.w3.org/TR/soap/
13https://graphql.org/
14https://protobuf.dev/

For theMessage Semantics, i.e., the meaning of the message,
should also be interpretable by both systems. For that, we identified
as solutions:

• Data Representation Model: Use of data representation
models, standardized among systems that exchange data, for
mutual understanding of the meaning of each part of the
message.

• Knowledge Base: Use of knowledge bases to interpret raw
data.

• Ontologies: Use of ontologies for representation and infer-
ence of the exchanged data.
– Use existing ontology: LODE15; Ontonym; SEM16; SOSA17;
and WADM.

– Create own ontology
∗ Ontology Languages: OBO18; OWL19; and RDF20.
∗ Ontology Tools: Protegé21.

4.5 Interrelationship Table
We also build a table of interrelationships between subcharacter-
istics. The purpose of this table was to map the interrelationships
between subcharacteristics, that is, when the choice of one could
affect the choice of another in a positive or negative form. To do
so, initially, we returned to the 25 papers and mapped the subchar-
acteristics that tended to be used together in more than one study.
Therefore, we classify these relationships as positive.

In the second part, we add the positive and negative interrelation-
ships based on our experience with AAL and distributed systems in
general. The third part consisted of requesting the AAL specialists
who evaluated the catalog to add or remove interrelationships as
they deemed appropriate. The current version of the interrelation-
ship table is available at the link: https://bit.ly/3zKydyg

4.6 Usage Example
4.6.1 Motivating Scenario. Before we present an usage example
of the RECITAAL, we need to define a motivating scenario and an
application-example. The scenario is a hypothetical smart home
with a living room, dining room, kitchen, bedroom and bathroom.
This smart house had several sensors, actuators, and AAL systems,
all with different manufacturers and communication protocols.

Six infrared presence sensors are distributed throughout the
rooms. Developed in Java, each time they detect a movement, the
sensors send a signal to the computer that controls the system. A
Java application in the host computer needs to be responsible for
decoding the message. The entire house uses smart lamps. The lamp
control system has been developed in Python and is independent
of the infrared sensor system. Three carpets are positioned in the
living room and kitchen, with pressure sensors that communicate
with the serve to a gateway encapsulated in a Raspberry Pi. This
gateway also has a fall detection system developed in MatLab. The

15https://github.com/essepuntato/LODE
16https://semanticweb.cs.vu.nl/2009/11/sem/
17https://www.w3.org/TR/vocab-ssn/
18https://obofoundry.org/
19https://www.w3.org/OWL/
20https://www.w3.org/2007/OWL/wiki/RDF-Based_Semantics
21https://protege.stanford.edu/
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entire communication system with the pressure sensors was devel-
oped in C and is independent of the systems presented above. In
this scenario, the main systems were developed using equipment
from various manufacturers, each with their own communication
protocols and programming languages.

4.6.2 Example of Use. Based on this motivating scenario, we de-
signed an application-example with interoperability as the main
requirement. This application-example should allow transparent
interaction between the user and all sensors and actuators.

The first step is to define how communication should be between
the sensors, actuators and the application. Given the relatively com-
pact scale of the environment, consisting of a single house, we
decided to use vertical integration, where the application has con-
trol of communication, and to adopt a layered architecture. To allow
this communication between sensors/actuators and the application,
an abstraction layer approach was chosen. In this context, Gateways
serve as intermediaries responsible for transmitting and receiving
data from sensors/actuators. And middleware functions as a layer
that standardizes the data received by the application.

• Integration:
– Types of Integration: Vertical Integration.
– Type of Architecture: Layered Architecture.
– Architectural Strategies: Abstraction Layer; Gateway;
Middleware.

The next step involved determining the communication method-
ology. Given that home had a Raspberry Pi, to serve both as sensor
gateways and as an application host, and our choice for a middle-
ware, we decided to use AMQP RabbitMQ as message protocol.
Due to the small scale of the project, we decided that, for this
application-example, interoperability standards would not be used.

• Communication:
– Network Protocol: Wi-Fi.
– Interoperability Standards: No use.
– Message Protocol: AMQP RabbitMQ.

Each sensor used its own unique patterns and vocabularies. Con-
sequently, it is necessary to standardize syntax and semantics to
understand the data. We choose to employ a data representation
model. This model would encapsulate essential information from
each sensor/actuator (e.g. entity identifier, timestamp, and raw data)
into a unified data format within the application. In this case, Pro-
tocol Buffers was the selected data format.

• Data:
– Message Semantics: Data Representation Model.
– Message Syntax: Data Format; Protocol Buffers.

Thus, the RECITAAL comprehensively addresses all aspects of
decision-making levels of the application-example. From the archi-
tectural choices to selection on the technologies and protocols used
in communication and data exchange.

To support RECITAAL users, we created a template in the form of
a questionnaire in which they fill out their decisions. The template
is available at the link: https://bit.ly/3Y5l4Ki

5 Evaluation
To evaluate the catalog, we created a presentation about RECITAAL
and an evaluation questionnaire. The presentation, in slides, pre-
sented the basic concepts about requirements catalogs, what the
purpose of RECITAAL was and who its target audience was. At
the end of the presentation, evaluators had access to the evaluation
questionnaire link and the catalog artifacts (the SIG, the interrela-
tionship table, the template and the table with the definitions of
each subcharacteristic).

The evaluation questionnaire was based on the catalog evalu-
ation by Moreira et. al.[28] and evaluated the catalog in terms of
clarity, readability, relevance and usefulness. The questionnaire
had a part with the demographic profile and self-assessment of the
participants and a second part consisting of questions asked about
the catalog.

There were four closed questions on a Likert Scale followed by
five open questions where participants could suggest changes and
improvements in each of the three main categories (integration,
communication and data), for the interrelationship table and for
the catalog as a whole.

The questionnaire was distributed using Google Forms, and par-
ticipants were selected by convenience from personal contacts and
lists of authors associated of related working documents about AAL.
As our objective was for only specialists to evaluate, we eliminated
participants who had less than one year of experience in the field.
A total of 10 evaluators with more than one year of experience with
AAL took part in the evaluation.

5.1 Profile of the Evaluators
The first part of the questionnaire was aimed at analyzing the profile
of the evaluators. Thus, 80% of the evaluators had a doctorate, 10%
had a master’s degree and 10% were master’s students. 80% of
evaluators worked on developing at least one AAL system. Mainly
in the areas of design, requirements and software development.
Regarding experience with AAL, 20% of evaluators stated they
had up to 3 years of experience. 30% said they had 3 to 5 years of
experience in the area. 20% said they had 5 to 8 years of experience.
Finally, 30% said they had more than 10 years of experience working
with AAL.

5.2 Results
Figure 5 summarizes the results of Likert scale questions to partici-
pants. Adding up the positive responses (e.g., “agree” and “totally
agree”), we obtained 90% approval for the criteria readability, rel-
evance and usefulness. However, we received criticism about the
clarity and usefulness of the catalog for the intended target audi-
ence. All evaluators made suggestions for improvement, mainly
in the addition of new technologies in the Communication and
Data categories. They made some suggestions, also considering
the relationship between interoperability and other requirements,
such as security. One of the evaluators, with more than ten years
of experience in the area, also criticized the terms "positive" and
"negative", believing that replacing them with more direct terms
could better help catalog users to understand.



A Catalog of Interoperability Solutions for Ambient Assisted Living SBCARS’24, September 30 – October 04, 2024, Curitiba, PR

Figure 5: Catalog Evaluation

6 Discussions
6.1 Contributions
Through the CORRELATE process, we perform the RECITAAL, a
SIG definition for interoperability in theAAL context. This RECITAAL
acts to fill a gap in knowledge about interoperability for this do-
main. So we mapped interoperability types to this area. There are
taxonomic studies on interoperability for IoT[31] and theoretical
framework for context-aware software systems (CASS) [29], but
there are no specific studies for the AAL domain.

In addition, it is important to use a more specific study for the
AAL domain instead of approaches that analyze IoT more generally.
A study analyzing the requirements of AAL systems concluded that
the main requirement was the needs of the elderly population, also
the main target audience of the systems [10]. The same study also
observed that AAL systems did not use reference architectures for
IoT. The analysis of subcharacteristics focused on healthcare, such
as interoperability standards for healthcare, helps to differentiate
between this catalog and one geared towards generic IoT systems.

The requirements catalog was produced to support software
engineers interested in the development of AAL systems. The
RECITAAL covers all the steps in which communication between
parts of the system (or between different systems) can cause diffi-
culties, pointing out the solutions commonly used in the literature
for each situation.

6.2 Threats to validity
Although this research followed a specific process for creating a
requirements catalog, there are threats to validity that must be
considered. The first one concerns the group of papers considered
in the research. Our research did not cover the entirety of the liter-
ature on AAL systems that have interoperability as a requirement.
However, to mitigate this problem, we evaluate a set of papers,
which started from a systematic mapping followed by a forward
snowballing, which presents a portrait of literature between 2013
and 2021. Furthermore, the results have not yet been evaluated
and/or refined by other experts in AAL systems. As the process
of data extraction and coding using GT was performed by only
one researcher, there is a possibility of bias. To mitigate this, we
conduct an evaluation and refinement with pervasive computing
and requirements experts during the coding stages. The objective

is for the catalog to be constantly evolving. New technologies and
approaches must be included, as well as technologies that have
fallen into disuse must be removed. Therefore, although the base
of the catalog consists of articles until 2021, the RECITAAL contin-
ued to be constantly updated, adding new items as feedback was
received, both from authors and from evaluators and volunteers
with experience in the area. Finally, another threat to validity is
evaluation participants who had personal contacts with the authors.
One way to mitigate this was to limit the evaluation to participants
with a minimum amount of experience in AAL.

7 Final Considerations and Future Work
Interoperability is not a new issue in the context of software devel-
opment in general. Indeed, several solutions and standards have
been proposed over the last few decades. However, this caused
another type of problem: there are several types of interoperability
and not all solutions are compatible with each other. The RECITAAL
serves as a catalog of requirements for the AAL domain. It maps
the possible types of interoperability that can occur during the
development of an AAL system and points out the most commonly
used solutions for each situation.

The 25 papers that served as the basis for the construction of
this catalog were obtained through a forward snowballing resulting
from a systematic mapping, thus covering the academic literature
on AAL systems between 2013 and 2021. Data extraction, coding,
analysis of subcharacteristics and SIG assembly were carried out
following the GT method and the CORRELATE process for pro-
ducing requirements catalogs. Based on this core, the catalog was
expanded with the addition of new softgoals and technologies that
were not present in the papers.

In this way, through this SIG we answered the research question,
“What are the solutions in the literature that support interoperability
in AAL systems?”.

As future work, we plan to continue expanding and refining
RECITAAL with additions from new sources beyond academic liter-
ature. The first step will be to make the catalog available on GitHub
and encourage other researchers and developers to give their sug-
gestions and improvements. The goal is to make RECITAAL more
comprehensive for the types of interoperability possible during the
development of AAL systems and to keep it up to date.
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