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Abstract. Ambient Assisted Living (AAL) environments encompass
technical systems and the Internet of Things (IoT) tools to support
seniors in their daily routines. They aim to enable seniors to live inde-
pendently and safely for as long as possible when faced declining physical
or cognitive capacities. This work presents the design, development and
deployment of an AAL system in the context of smart cities. The pro-
posed architecture is based on microservices and software components.
We examined the requirements and specifications of AAL systems in
smart homes, in efforts to describe and evaluate how they would be
transposable in the case of smart cities. The system has been tested and
evaluated in the laboratory; it has been deployed in real life settings
within city and is still in use by five elderly people.

Keywords: Ambient Assisted Living · Internet of Things ·
Architecture · Smart homes · Smart cities · Aging in place ·
Microservices

1 Introduction

As defined by Marsal-Llacuna et al. [1], Smart Cities aim to improve urban per-
formance by using data, information and information technology (IT) to deliver
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more efficient services to citizens. IT must satisfy interconnected and smart
characteristics. On one hand, city services may be interconnected through a dis-
tributed computing platform allowing integration, collection and dissemination
of data; on the other hand, to become smart they must integrate information
from various sources, analyze model, optimize and help visualization of these
complex information to make better operational decisions.

The Centre of Regional Science at the Vienna University of Technology has
identified six main components of a smart city: smart economy, smart mobility,
smart environment, smart people, smart living, and smart governance [2]. The
city of Côte Saint-Luc, Canada, faces an increased number of seniors that forces
them to find solutions for promoting aging well at home, within the city. These
circumstances leads the city to adopt a smart city approach mainly characterized
by smart living for the aging population. Efficient and economical solutions may
provide peace of mind, safety and support to limit isolation and promote social
participation. Indeed, the administrative team of the city of Côte Saint-Luc
believes that its intelligence relies on investments in human and social capital,
as well as in technology infrastructure, sustainable growth and the quality of
senior’s life. These refer to the key components “smart living” of a smart city.
The smart cities services must be able to interact with most of the aging popu-
lation, offering non-complex interfaces that are well adapted to the abilities and
preferences of each elder while maintaining functional efficiency in the delivery
of services.

The needs of seniors and their state of health change over time as they age
and loss of autonomy sets in [3,4]. Thus, as activities of daily living become more
and more difficult to perform by the senior, increasing the number of situations
of handicaps, institutionalization sometimes becomes the only solution [5]. More-
over, social interactions, community living and communication are factors that
have an important influence on quality of life [6,7]. For seniors, interacting with
citizens and participating in social activities and entertainment are essential for
a good life [6,7]. Generally, seniors can communicate with family and friends by
phone, email, and mail. However, seniors with cognitive or physical impairments
have difficulty accessing social media and participating in social activities. This
leads to social isolation and aggravation of the state of health [8].

To delay institutionalization and limit isolation, Ambient Assisted Living
(AAL) systems build smart environment that provides assistance as well as
healthcare and especially rehabilitation to seniors with physical or cognitive
deficits. AAL systems include technology networks, heterogeneous information,
smart devices, products and services. It is an ecosystem of connected objects,
medical technologies, sensor networks and software applications for the monitor-
ing and home support of frail people. To make everyday life easier, they propose
to automate complex tasks and to monitor activities of daily living for facili-
tating independence. Above all, they offer continuous assessment of activities
carried out, and a reduction in caregiver burden [3,6].

To design AAL system that fulfills the user requirements, the City needs
action-oriented approach where research questions emerge through consultation
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and interaction among several disciplines and sectors to develop socially useful,
feasible, practical, effective and sustainable solutions [9]. Stakeholders must work
together in a transdisciplinary research approach and methodology. As defined
by Harvard transdisciplinary research “Transdisciplinary Research is defined
as research efforts conducted by investigators from different disciplines work-
ing jointly to create new conceptual, theoretical, methodological, and transla-
tional innovations that integrate and move beyond discipline-specific approaches
to address a common problem”. Indeed, transdisciplinary research provides an
opportunity to bring out AAL relevant and appropriate solutions [9]. However,
these solutions must be based on a reliable architecture to guarantee efficient
services. As the domain of IoT is emerging, lack of standardization leads to a
variety of products that provokes communication issues. It is then difficult to
propose a coherent AAL system for the users. The goal of this work is twofold:
(1) to identify the technical and technological requirements to be met to enable
the city to promote aging in place for older residents; and (2) to design a soft-
ware infrastructure that provides efficient and useful AAL applications that fulfill
these requirements.

The rest of the document is structured as follows; Sect. 2 describes back-
ground and related works. Section 3 discusses the requirements and challenges
an AAL system must satisfy in a smart city context. Section 4 describes the
design and the implementation of the AAL architecture. Section 5 shows how
the architecture was deployed in five participants home to fulfill their needs. A
discussion of the deployment results follows. Finally, Sect. 6 concludes the paper
and highlights the future work.

2 Background and Related Works

AAL is a multidisciplinary approach that leverages a wide range of technologies
from different fields to deliver personalized services. Deployed AAL systems deal
with many contextual information, based on a sensor/actuator information, user
actions, user profiles, and ambient information [3]. The different AAL technolo-
gies that accompany aging in place are applied in various domains [3,5,6]:

– Facilitate communication between the senior and caregivers;
– Monitor the health parameters of the senior;
– Monitor the environment and the activities of the senior’s daily life using

sensors to ensure greater comfort and safety;
– Facilitate the mobility of people out of their homes.

To offer adequate services to the seniors, the scope of the AAL systems
covers not only the measure, control and connection of the network of sensors
and actuators, it also requires understanding the habits and the behavior of
the inhabitants in order to react according to their needs, their state of mind
and their desires [4]. A user-centered approach is therefore required, involving
the elders themselves, as well as a transdisciplinary approach that includes the
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City’s administrators, computer engineers, geriatric specialists, caregivers and
clinicians [9].

Most AAL systems are moving towards the IoT platform paradigm with
programs to control devices, display monitoring recordings, adjust ambient set-
tings, lock doors and windows, and so on [10]. The Internet of Things (IoT) is
a technological paradigm derived from innovative concepts and developments in
information and communication technologies associated with ubiquitous com-
puting, and ambient intelligence [11,12]. Such an approach brings significant
improvements to the interaction of users, but is often based on the presence
of a monolithic architecture. Monolithic architecture is complex and costly in
deployment time, with many limitations in terms of scalability and component
reuse [13]. Yet, while connected to a wide range of independent devices and sys-
tems, the architecture of today’s AAL systems tends to focus on service resiliency
and software component integration.

The choice of a general structure has an impact on the reliability, perfor-
mance, maintainability and therefore lifetime of the AAL systems. It needs a
structure that is customizable, that could adapt to various features and react
to dynamic changes to devices. Therefore, among the various infrastructure pro-
posed, AAL middleware is mainly preferred to facilitate the homogenization of
different technologies and to satisfy the prerequisite characteristics [14]. Also a
microservices platform is favored because it makes possible to design an easy-
to-scale IoT system that quickly integrates new technological components and
allows each instance to be adapted to the profile of the user [13].

3 AAL Systems Requirements and Challenges

Designing AAL systems requires respecting several characteristics and norms.
The general architecture of AAL systems must fulfill the following requirements:
heterogeneity; interoperability; usability; security; accuracy; reliability; main-
tainability; efficiency and technological scalability [15]. In a smart city context,
the vast number of users reached necessitates to assure effective services delivery.
The scalability is then twofold. Its scope covers the increase of the number of
users reached and the number of devices to integrate because of the personaliza-
tion of the services offered to each senior.

The AAL system designed and presented in this paper is part of a trans-
disciplinary methodological approach, which ensures that the issues emerging
from seniors and the city are satisfied. We will show in the following that design-
ing AAL on a middleware architecture that integrates microservices will realize
the pre-cited requirements and respond to transdisciplinary approach. These
requirements are grouped into four categories:

– Modularity: heterogeneity – interoperability – maintainability;
– Availability of services: scalability of technology – reliability – efficiency;
– Services delivery: scalability for seniors – security;
– Adaptability: adaptation to the senior profile – usability – accuracy.
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Indeed, scalability is required for the city to offer services to a large number of
citizens. However, modularity is a key requirement for the city to offer multiples
services that should evolve according to new services the city desires to offer and
new devices the IoT improvements will make available. Citizens expect also that
the city will comply with security, reliability and accuracy of the city services.

3.1 Modularity

Modularity is a concept that includes heterogeneity, interoperability and main-
tainability. Indeed, it expresses the fact that the technological components fit
together despite their differences. Due to the rapid evolution of the IoT domain,
no standard has yet emerged. Rather, a wide variety of IoT components appears
on the market including network connectivity options, proprietary or standards-
based protocols, and unknown communication methods. It is expected that for
years, new devices, new services and new protocols force IoT systems to accom-
modate various components and let them interact despite the diversity. Users
also ask to get access to IoT services irrespective to the medium used.

This heterogeneity requires interoperability without concession regarding
maintainability. Interoperability refers to the ability for the AAL system to pro-
pose interfaces that are understood by all the IoT components and to allow
access between them. Maintainability guarantees the ability of the AAL system
to continue to be interoperable in the future despite the evolution of the tech-
nology, the update of each component and the apparition of new components.

To respect heterogeneity, ensure interoperability and maintain it over time,
communication protocols as well as data format must be independent. Middle-
ware and software components address this heterogeneity issue. Middleware is a
feature that allows several devices to be managed by the platform. In general,
middleware can be considered as a software construct mediating between two or
more disparate software components [16]. The software components are part of
a system or application. It is a web service, a software package, a web resource,
or a module that encapsulates a set of functions or data. Components are a
way to break down the complexity of the software into manageable parts [14].
Each component hides the complexity of its implementation behind an interface.
This mechanism reduces the complexity of software development, maintenance,
operations, and support, and allows to reuse the same code in many systems. To
preserve this mechanism, the software components and the middleware for AAL
must be kept simple and offer broad compatibility and interoperability with most
of the IoT components. Excessive duplication of proprietary software must be
prevented. Overall, it is better to opt for solutions and initiatives that are open
source, easily to install, and quickly maintainable. Moreover, if the middleware is
built on microservices, it guarantees flexibility and ease of work in large systems,
reducing the amount of communication and coordination between entities [13].
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3.2 Availability of Services

AAL systems are intended to change according to the needs of seniors and the
configuration of the smart home that must integrate new IoT components. The
user profile and his preferences are unique, necessitating the use of personalized
sensors and actuators. Sometimes, it also requires to implement new services
or modify existing ones. Despite the scalability of the technology induced by
the changes, the AAL system must provide reliable and efficient services. This
is all the more important given that the final users are not comfortable with
technology. The software architecture must then be able to evolve with the senior
needs and inspire confidence among the seniors and the city.

Each microservice can be: deployed independently; independently designed,
developed and tested. As a result, this architecture style has a greatly increased
responsiveness to change. It makes it possible to respond better to the objectives
of responsiveness and adaptability of Agile approaches [13]. The individual com-
ponents can be run across a variety of platforms. A layered and non-monolithic
architectural organization makes it possible to promote the scaling up of compo-
nents and technical requirements in a transparent manner. Indeed, each layer is
responsible for the local management of a subset of information, while the overall
management lies with all components. To ensure the availability of services, the
system must be able to detect, to reason and act on the actions performed in the
environment. The ability to communicate and interact with the surroundings is
part of the AAL approach.

3.3 Services Delivery

The proposed architecture is intended for an entire city. It must then be able to
be deployed to multiple participants. This scalability according to the number
of seniors must not affect the quality of services offered. The AAL system must
also guarantee security as it covers private issues.

The microservice architecture structures an application as a collection of ser-
vices that are highly maintainable and testable, loosely coupled, independently
deployable and organized around business capabilities. The microservice archi-
tecture enables the continuous delivery and deployment of large and complex
applications. AAL system can be spread across multiple servers or even multiple
databases. The architecture has better fault isolation; if one microservice fails,
the others will continue to work. To evolve quickly, the system offers at least one
local cache. This is necessary to ensure the resilience of the system. For example,
if the microservice of the local user fails or is slow, other microservices will not
be affected, they should be able to work independently. In the worst case, the
remote information will be empty or classified with a default value. In this case,
the microservices will also be faster, because they will not need to join data from
a remote source to meet the demands of users.
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3.4 Adaptability

To ensure that the smart home fulfills the senior needs, the design of AAL system
must be participatory, transdisciplinary and user centered [9]. Interactions with
the smart home remain simple and integrated into everyday life to facilitate its
use by seniors. AAL systems should be able to anticipate the user’s needs as much
as possible and provide the necessary assistance in a non-intrusive and subtle
manner. The profiles, the health status of seniors and the habitats are mostly
different. The system must be organized to effectively manage these differences
and offers equal, adapted and accurate services despite the underlying differences
and the response of the users.

To ensure adaptability and ease of use, intuitive interfaces through voice
control and tangible interfaces must be offered to provide for the seniors, easy
ways to control the AAL system. At the reverse, the AAL system must put in
place mechanisms to notify caregivers using IoT components that are dispatched
into the home. Thus, the AAL architecture must share information between
the IoT components to monitor the senior anywhere, at any time, regardless of
the kind of action performed and assistance needed. Therefore, the information
shared between the IoT components is described at a high level of abstraction
in order for the IoT components to avoid specific implementation details and
rather exchange semantic information.

Fig. 1. AAL system logic architecture based on microservices.
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4 AAL Systems Design and Implementation

Deriving from the previous requirements, the AAL architecture proposed in the
City is based on a middleware that offers microservices described on a high level
of abstraction. The microservice architecture ensures interoperability between
distinct technologies over time. A microservice architecture is a specific software
system design process that structures an application as a collection of loosely
coupled services. The services work in cooperation to provide the features defined
in the system. With microservices, each application runs independently from the
others. Therefore, adding or changing features will affect only the service involved
without affecting the others.

4.1 Architecture Design

Figure 1 illustrates the logical architecture of microservices that defines the dis-
tribution and relationship between AAL systems, subsystems, and components.
This architecture, built as a set of independent microservice modular compo-
nents, is easy to test, maintain and understand. It enables organizations to
increase their agility while improving workflows and the time needed to enhance
production.

The access protocol management module provides an interface for the han-
dling of the different communication protocols based on the standard IEEE
802.15.x and 802.11. It usually acts as a driver for connected objects. Typically,
this module provides wireless mesh technology designed to carry small amounts
of data over short or medium distances.

The connectivity protocol module is designed as an extremely lightweight
published/subscribed messaging transport. It is useful for connections to remote
sites where a small code footprint is required or a reduced network bandwidth.
It implements a channel subscription mechanism. Whenever an event occurs, it
notifies all entities registered in the channel. Thus, when a new event occurs all
registered components are notified, avoiding an active standby.

The microservice of persistence and data management deals with data backup
in the appropriate databases. As part of this architecture, we deployed two
database management systems. One deals with raw data and the other with
processed data to increase efficiency in some monitoring operations.

The protocol bridge is a microservice that bundles devices and other tech-
nologies into a single solution. It provides a uniform user interface and a com-
mon approach to automating actions and rules across the system. It communi-
cates electronically with smart and not-so-smart devices, performs user-defined
actions, and provides high-level access to connected objects.

The asynchronous event driven is responsible for the web application server,
for presenting information and notifications in a client’s application. It commu-
nicates with the rest API by the PUT, GET, POST and DELETE commands.
It spreads the data to the upper layers. The Gateway API manages access, cer-
tificates, and security protocols.
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Physically, the proposed system is organized in six layers (Fig. 2). The lowest
layer is composed of connected objects, including all the sensors, equipment and
actuators that transform the habitat into a smart habitat.

Each data, each event, each action generating a stimulus is sent to the upper
layer, the layer of controllers. This layer deals with the management of con-
nected objects and the sensor network. It includes Sensors Controllers, Smart
Lamp Controllers and Voice Command Controllers. This layer allows bidirec-
tional communication between the connected objects and the middleware. The
controller layer is implemented logically in our architecture by the access proto-
col management module.

Interoperability, subscription, notification, heterogeneity, and command exe-
cution are operations performed in the middleware layer. This layer offers mostly
an abstraction to handle connected objects. It is just composed of few compo-
nents: OpenHab and MQTT servers. It is deployed in a server running on a
Raspberry Pi. Clients connect to an application server for data access. To ensure
security, the Rest API is the only API able to connect to the Rapsberry Pi for
data exploitation. All other layers consist of components that allow access and
exploitation of data via Rest APIs or rich clients.

Fig. 2. Physical architecture of the IoT components for AAL system design.



An IoT Architecture of Microservices 163

5 Architecture Deployment

The experimental evaluation of the proposed system was performed in two
phases. During the first phase, a functional test of the user’s system assistance
scenarios was run in the laboratory to establish the perceived usefulness of the
system. During this phase, we emphasized the robustness and scalability of the
system from a user and a technological point of view. During the second phase,
we conducted a home experiment. We deployed the AAL architecture in five
senior apartments in the city of Côte Saint-Luc, Canada.

The main objective of the proposed AAL system is to provide intelligent
assistance and detect changes in the behavior of the occupant. The rest of the
document focuses on the second phase experimentation that satisfies the require-
ments management on the heterogeneity, scalability and adaptation to the senior
profile.

5.1 Materials and Method

The five participants involved in the experiment were living alone and showed
quite diverse profiles (Table 1). They were between the age of 80 and 95. The
proposed architecture of the system did not require any particular configuration
for its deployment in different habitats. An installation at the participant’s house
required between one and two hours, depending on the layout of his apartment.
To this must be added two hours of configuration of each kit, then about five
minutes to adapt the services to the needs of a participant. The adaptation of
the services is done by activation or deactivation of the docker corresponding to
microservices.

Table 1. Profile of participants.

Participants Sex User profile

Participant 1 M Rheumatism, uses a cane to get around

Participant 2 M No physical and cognitive impairments

Participant 3 F Overweight person, difficulty moving

Participant 4 F Visual difficulties, poorly sighted

Participant 5 M Walking with a walker

First in the laboratory, several user experiences and robustness tests were
conducted to determine the behavior of software components in the face of pro-
file changes, partial updating and technological scalability. Secondly, during the
experience at home, a preliminary interview was conducted with each partici-
pant to explain technological tools. The participant was then invited during the
usability testing phase to create real-life scenarios. Each situation was accom-
panied by a possible adjustment of the system, efforts were put to change as
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less as possible the participants’ habitat. To meet the needs of the citizens, four
assistance mechanisms were proposed:

– Automatic lighting controlled by voice;
– Automatic lighting when the person comes out of the bedroom and goes to

the bathroom during night. A light path is installed between the bedroom
and the bathroom;

– Spotlight lighting system to remind activity (It’s time to take medication) or
objects (Do not forget the keys when going outside);

– Automatic notification of community and social information organized by the
town hall.

To illustrate the participation of seniors in the installation process, one of the
participants preferred that the light path was installed along the stairs, instead
of between the bedroom and the bathroom. He had expressed the need that the
path from the garage to the ground floor be lit when needed. Another participant,
presenting visual impairments, emphasized the advantage of ordering the turning
on of lights by voice, as soon as she entered her home.

At the end of the installation, a summative evaluation of acceptability was
requested from participants. Four of the five participants were satisfied with the
test and would be curious to go further. They found the use of voice commands
appropriate to their context.

The diversity of sensors and actuators used demonstrated the multiplicity
of protocols and the technological scalability put in place. The 80 sensors used
and distributed in about 20 devices per apartment materialize this part of the
scalability. The local cache used for each installation makes it easier to partition
the systems so that individual configurations and settings do not affect the entire
system.

Figure 3 shows, for each AAL system requirement, the elements used to per-
form the evaluation.

Fig. 3. Elements used by each requirement to make the assessment.

Many factors affect the performance of the AAL system, such as the per-
formance of connected objects, the amount of available memory, the communi-
cation mode, the response time, the architecture and operating system of each
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component, the support of communication between the IoT, the algorithms used
and the primary need of the system. In particular, heterogeneity induced by the
disparity between IoT components may contribute to other factors, such as addi-
tional downtime while some components are waiting for others. It is therefore
important to calibrate all relevant IoT components to provide information about
events, such as communication time, system time, input output time and idle
time. The six communication protocols and the eight services were interoperable
to ensure the heterogeneity of the system.

The design of the modules in microservices brings a loosely coupling between
component and a fault isolation these translate the reliability. Efficiency trans-
lates into the ability to perform non-atomic deployments and individually update
components. For the moment, the number of five participants is too small to eval-
uate the capacity of our AAL infrastructure to support scalability. It is expected
to deploy with more than 20 participants for better assessing this requirement.

6 Conclusion

This paper presents the design, development and deployment of an AAL envi-
ronment which supports independent living in smart home for seniors. The sys-
tem is based on a middleware that merges many different technologies to build
the smart environment. The backbone of the system is its modular architecture
based on microservices where different bundles (independent pieces of code) are
in charge of providing the required functionalities. It allows adding easily new
devices and new features, or replacing some devices without disrupting the sys-
tem and minimizing the adaptation effort.

Another advantage of the proposed microservice architecture is its insulation
quality and resilience. If one of the components fails, if the technology becomes
obsolete or the code is out of date, the team can design another one without
impacting the rest of the applications, which continue to operate independently.

The installation and evaluation of the AAL system in five seniors’ home has
shown that the system developed meet seniors needs. The seniors have expressed
also how it is easy to use.

Ongoing research is currently conducted for analyzing the collected data and
proposing new applications for satisfying new user requests. It has also shown
that a middleware architecture based on microservices fulfills the requirements
necessary for connecting citizens to smart city services. More technical investi-
gations are planned to evaluate the scalability of the architecture and to deliver
city services to the seniors thanks to the connected devices installed at home.

Acknowledgments. The authors want to thank all the partners and participants
involved in the project. A special thanks to the Côte Saint-Luc city administrators.
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1. Marsal-Llacuna, M.-L., Colomer-Llinàs, J., Meléndez-Frigola, J.: Lessons in urban
monitoring taken from sustainable and livable cities to better address the Smart
Cities initiative. Technol. Forecast. Soc. Change 90, 611–622 (2015)

2. Giffinger, R., Gudrun, H.: Smart cities ranking: an effective instrument for the
positioning of the cities? ACE Archit. Environ. 4, 7–26 (2010)

3. Cook, D.J., Augusto, J.C., Jakkula, V.R.: Ambient intelligence: technologies, appli-
cations, and opportunities. Pervasive Mob. Comput. 5, 277–298 (2009). https://
doi.org/10.1016/j.pmcj.2009.04.001

4. Hwang, A.S., et al.: Co-designing ambient assisted living (AAL) environments:
unravelling the situated context of informal dementia care. Biomed Res. Int. 2015,
1–12 (2015). https://doi.org/10.1155/2015/720483

5. Blackman, S., et al.: Ambient assisted living technologies for aging well: a scoping
review (2016). https://doi.org/10.1515/jisys-2014-0136

6. Rashidi, P., Mihailidis, A.: A survey on ambient assisted living tools for older
adults. IEEE J. Biomed. Heal. Inf. PP, 1 (2013). https://doi.org/10.1109/JBHI.
2012.2234129

7. Valkanova, N., Jorda, S., Vande Moere, A.: Public visualization displays of citizen
data: design, impact and implications. Int. J. Hum Comput Stud. 81, 4–16 (2015).
https://doi.org/10.1016/j.ijhcs.2015.02.005

8. Li, R., Lu, B., McDonald-Maier, K.D.: Cognitive assisted living ambient system:
a survey. Digit. Commun. Networks. 1, 229–252 (2015). https://doi.org/10.1016/
j.dcan.2015.10.003

9. Boger, J., et al.: Principles for fostering the transdisciplinary development of assis-
tive technologies. Disabil. Rehabil. Assist. Technol. 12, 480–490 (2017)

10. Yachir, A., Amirat, Y., Chibani, A., Badache, N.: Event-aware framework for
dynamic services discovery and selection in the context of ambient intelligence
and Internet of Things. IEEE Trans. Autom. Sci. Eng. 13, 85–102 (2016)

11. Gubbi, J., Buyya, R., Marusic, S., Palaniswami, M.: Internet of Things (IoT): a
vision, architectural elements, and future directions. Futur. Gener. Comput. Syst.
29 (2013). https://doi.org/10.1016/j.future.2013.01.010

12. Dohr, A., Modre-Osprian, R., Drobics, M., Hayn, D., Schreier, G.: The Internet of
Things for ambient assisted living. In: ITNG2010 - 7th International Conference
on Information Technology: New Generations, pp. 804–809 (2010). https://doi.
org/10.1109/ITNG.2010.104

13. Alshuqayran, N., Ali, N., Evans, R.: A systematic mapping study in microservice
architecture. In: Proceedings - 2016 IEEE 9th International Conference on Service-
Oriented Computing and Applications, SOCA 2016, pp. 44–51. IEEE (2016).
https://doi.org/10.1109/SOCA.2016.15

14. O’Grady, M.J., Muldoon, C., Dragone, M., Tynan, R., O’Hare, G.M.P.: Towards
evolutionary ambient assisted living systems. J. Ambient Intell. Humaniz. Comput.
1, 15–29 (2010). https://doi.org/10.1007/s12652-009-0003-5

15. Memon, M., Wagner, S.R., Pedersen, C.F., Aysha Beevi, F.H., Hansen, F.O.:
Ambient assisted living healthcare frameworks, platforms, standards, and quality
attributes (2014). https://doi.org/10.3390/s140304312

16. Albano, M.F., Ferreira, L.L., Pinho, L.M., Alkhawaja, A.R.: Middleware for smart
grids. Comput. Stand. Interfaces 38, 133–143 (2015)

https://doi.org/10.1016/j.pmcj.2009.04.001
https://doi.org/10.1016/j.pmcj.2009.04.001
https://doi.org/10.1155/2015/720483
https://doi.org/10.1515/jisys-2014-0136
https://doi.org/10.1109/JBHI.2012.2234129
https://doi.org/10.1109/JBHI.2012.2234129
https://doi.org/10.1016/j.ijhcs.2015.02.005
https://doi.org/10.1016/j.dcan.2015.10.003
https://doi.org/10.1016/j.dcan.2015.10.003
https://doi.org/10.1016/j.future.2013.01.010
https://doi.org/10.1109/ITNG.2010.104
https://doi.org/10.1109/ITNG.2010.104
https://doi.org/10.1109/SOCA.2016.15
https://doi.org/10.1007/s12652-009-0003-5
https://doi.org/10.3390/s140304312


An IoT Architecture of Microservices 167

Open Access This chapter is licensed under the terms of the Creative Commons
Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0/),
which permits use, sharing, adaptation, distribution and reproduction in any medium
or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were
made.

The images or other third party material in this chapter are included in the
chapter’s Creative Commons license, unless indicated otherwise in a credit line to the
material. If material is not included in the chapter’s Creative Commons license and
your intended use is not permitted by statutory regulation or exceeds the permitted
use, you will need to obtain permission directly from the copyright holder.

http://creativecommons.org/licenses/by/4.0/

	An IoT Architecture of Microservices for Ambient Assisted Living Environments to Promote Aging in Smart Cities
	1 Introduction
	2 Background and Related Works
	3 AAL Systems Requirements and Challenges
	3.1 Modularity
	3.2 Availability of Services
	3.3 Services Delivery
	3.4 Adaptability

	4 AAL Systems Design and Implementation
	4.1 Architecture Design

	5 Architecture Deployment
	5.1 Materials and Method

	6 Conclusion
	References




