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Abstract. A ubiquitous environment allows the system to infer the users’ needs 
and preferences, making adaptations to the interface. However, the best way to 
make such adaptations is still under debate by researchers. This paper proposes 
an architecture that supports the adaptation of user interfaces in ubiquitous envi-
ronments according to the users’ profiles. The proposed architecture is shown 
simple and low cost, has low implementation complexity and high extension 
capability. The user profile data are stored on the user’s mobile device for pri-
vacy. As the profile is defined by the user, it is expected that the interface adap-
tation occurs more accurately. A prototype is presented as a proof of concept. 
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1 Introduction 

The term ubiquitous computing, defined by [22], is used to describe systems which 
allow their resources to be available everywhere, in an intuitive and transparent way 
to the user. To achieve transparency of use, [17] computers should anticipate the us-
er's needs and act proactively to provide appropriate assistance. Systems that have this 
ability are called context-aware [16]. Therefore, in order to sustain the ubiquitous 
environment existence, the system must proactively oversee and control the context 
conditions and make the necessary changes by an adaptation process [21]. 

One of the inputs for the adaptation process should be the users’ needs and prefe-
rences [15]. In the literature, most of the works which focus on the user interface 
adaptation is related with the flexibility between different devices [13, 14, 18], but not 
on the interface adaptation to different types of users. In addition, it is possible to find 
researches about accessibility in ubiquitous environments that focus on restricted 
groups of users [1, 12, 20], without considering the interaction needs of different 
groups in a more universal and inclusive approach. 
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Alencar and Neris [3] have demonstrated that known ubiquitous environments par-
tially meet the interaction requirements of visually impaired people, people with low 
literacy and people with attention deficit and/or memorization problems. These au-
thors argued that ubiquitous environments must be able to adapt themselves to the 
diverse users’ capabilities, related to the physical and cognitive characteristics, and 
users’ interaction preferences. 

This paper proposes an architecture that supports the adaptation of user interfaces 
in ubiquitous environments according to the users’ interaction profiles. In this archi-
tecture, the users' characteristics and preferences are mapped into an ontology, and are 
available to ubiquitous applications in an eXtensible Markup Language1 (XML) file 
containing the user profile. Aiming to show that it is not necessary many resources2 
to offer adapted interfaces to supply the users’ needs and preferences, the proposed 
architecture is shown simple and low cost by using a Raspberry PI3 computer. As 
other advantage of this architecture, we can mention that the user profile data is stored 
on the user’s mobile device (and not in a web server) for privacy. Backup in private 
storage media is also provided. 

In order to prove the concept, a prototype was developed. Considering the emerg-
ing context of smart cities, the prototype is set in a bus stop. In this scenario, for in-
stance, a visually impaired person may find it difficult to take the correct bus. The 
same can happen to an elderly person. The prototype uses a monitor that displays the 
bus schedules as well as the next bus identification. The system shows the most suita-
ble user interface considering the user's profile. 

This paper is organized as follows: Section 2 summarizes the related work on 
modeling users’ profiles for ubiquitous environments. Section 3 shows how the user’s 
profile is mapped, in our proposal, using an ontology. Section 4 presents the proposed 
architecture for ubiquitous environments that supports adaptive user interfaces, detail-
ing their modules and communication flow. Section 5 presents the prototype build to 
develop the concept of the proposed architecture and the feasibility study. Finally, we 
highlight the contributions and limitations of this work and discuss future works in 
section 6. 

2 Related Work 

2.1 Architectures for User Diversity in Ubiquitous Environments 

In the literature, a few studies on the development of architectures that support the 
interface adaptation to different users can be found. The architecture proposed by [11] 
makes use of sensors in the environment to capture contextual information. Data on 

                                                           
1 http://www.w3.org/XML/ 
2 Considering that the user may already have a mobile device, the hardware involved in the 

architecture considers the Raspberry PI (at about US$30.00) and a Bluetooth device (at about 
US$ 8.00). The software solution is also simple and extensible, making it a low-weight  
architecture. 

3 http://www.raspberrypi.org/ 
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the user's device are also captured and tests are performed during the interaction with 
the mobile interface to identify some of the user’s characteristics (e.g. disability).  
This information is sent to a server that queries an ontology to determine the best 
adaptation to the interface. The changes to be made are sent to the user's device in an 
XML file. 

The Project Aura4 uses an architecture to adapt the ubiquitous environment accord-
ing to user location and the tasks he is performing [18]. In this architecture, a Context 
Observer controls the physical environment and the collected information is sent to a 
Task Manager. Based on information about the environment and context, and the 
activity being performed, the Task Manager adapts the interface to the user.  

Abascal et al. [2] propose an architecture for adapting interfaces for people with 
disabilities. In this architecture, the user logs into the interface adaptation system 
through his mobile device. The system consults an ontology in order to identify the 
user and determine their needs and preferences. Then the system generates an adapted 
user interface in eXtensible Hypertext Markup Language (XHTML) and sends to the 
user's mobile device. 

The proposed architectures for [11] and [18] have a medium to high cost due to the 
use of sensors to identify the user context. Besides the cost, the architecture proposed 
by [18] has a high complexity in their implementation. In the presented architectures 
[11, 18, 2], the best interface adaptation is determined by the system, according to the 
user profile. Although these adaptations are guided by the user needs, the user prefe-
rences are not taken into consideration. In [11], the user profile is created during the 
interaction time. Therefore, in each new interaction, all the identification tasks have to 
be performed again. 

2.2 Modeling Users’ Profiles 

In this paper, user’s profile is defined as a set of characteristics that identifies the 
users’ needs and preferences. These characteristics can be physical (e.g., low vision, 
visual impairment), cognitive (e.g., attention deficit, memory problems), level of lite-
racy, interests (e.g., news, social networks, books), among others.  

In a ubiquitous environment, the details that compound the user’s profile may 
come from various sources, such as sensors, social networking profiles, mobile and 
semantic web technologies. Each of these sources provides details in different data 
models. To solve this problem, [10] propose the use of ontologies based on the Sim-
ple Knowledge Organization System for the Web5 (SKOS) in order to model the 
user’s profile with data from these different sources. To provide a standard model, 
SKOS makes use of Resource Description Framework6 (RDF), a framework that 
describes web resources. Using RDF allows the user’s profile to be shared among 
different applications in an interoperable way.  

                                                           
4 http://www.cs.cmu.edu/~aura/ 
5 http://www.w3.org/2004/02/skos/ 
6 http://www.w3.org/RDF/ 
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Intelligent learning environments also receive data from different sources to pro-
vide tailored services and resources to users. To model the user’s profile in such envi-
ronments, [5] propose the use of RDF as a standard model of the user's profile. The 
proposed architecture combines descriptions and performance requirements from a 
resource to a particular student in RDF format to make the necessary adjustments. 
The availability of a standard model allows this profile to be shared with other appli-
cations. 

Aiming to provide tailored interfaces with focus on the end user, [11] propose an 
architecture that uses the concepts of Pervasive Computing and a representation of 
user’s profile. The user’s profile takes into account their disabilities, preferences, 
experiences and demographic data. This profile is represented by an ontology ex-
pressed in OWL. The ontology is updated through preferences and deficiencies details 
that are passed by the user application and the data captured by sensors, all made 
available in an XML file. To perform the necessary adjustments, rules are executed 
crossing captured data from sensors, user’s profile and device profile. 

Heckmann et al. [7] propose a General User Model Ontology, an ontology 
represented in Web Ontology Language (OWL) to uniform interpretation of user 
models. The GUMO ontology divides the dimensions of the user model in three parts: 
auxiliary, predicate and range. This ontology makes use of the UbisWorld model [6] 
to identify the dimensions of the basic user model. The UbisWorld allows the user 
information representation, such as demographics data, interests, psychological and 
physiological states, personal characteristics etc.  

As can be seen in Table 1, the studies cited do not include all the users’ needs and 
preferences in the user’s profile templates. In addition, it is observed that there is a 
tendency towards the use of XML, either in pure form or as a form of writing in other 
languages or frameworks such as OWL and RDF. 

Table 1. User characteristics present in the user’s profile templates: (a) [10], (b) [5], (c) [11], 
(d) [7] 

Paper  
                                          Users’ 

Characteristics 
(a) (b) (c) (d) 

Physical X X X X 
Cognitive   X  
Literacy level  X  X 
Interests X X  X 
Interaction preferences   X X 

 
In our work, the user’s profile considers the physical and cognitive characteristics, 

interests and user’s interaction preferences. Furthermore, the proposed architecture 
makes use of the XML language to describe the user’s characteristics and preferences, 
because of its simplicity and standardization to enable data exchange between appli-
cations. 
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3 Mapping User’s Profile Based on an Ontology 

Considering that ubiquitous environments must adapt themselves to the different us-
ers’ characteristics, this paper proposes the use of a more comprehensive user interac-
tion profile that is mapped on an ontology. The GUMO ontology [7] was chosen to 
model the user profile as it is the most complete among those analyzed (see Table 1).  

The classes of the GUMO ontology to be used in modeling or the user profile were 
chosen based on the application of the UbiCARD technique [4]. The following classes 
(and their subclasses) were chosen: Basic User Dimensions and Domain Dependent 
Dimensions. Figure 1 shows the predicates that represent the characteristics, demo-
graphics data and user emotional states (Basic User Dimensions). 

 

Fig. 1. Predicates that represent the characteristics, demographics data and user emotional 
states 

 

 

Fig. 2. The XML file structure for the user profile representation 

 

 

<?xml version="1.0" encoding="UTF-8"?> 

<user-profile> 

 <statement   

  auxiliary = "" 

  predicate = "" 

  range = "" 

  object = "" 

  group = "" 

 /> 

</user-profile> 
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The UserML [8] is a markup language for ubiquitous environments divided into 
two levels: (1) simple XML structure, composed of twenty-five predefined attributes 
and (2) the ontology that defines the categories. This approach allows applications to 
use their own ontologies and the UserML language to map them. For this reason, the 
UserML was chosen as the language to structure XML file that contains the user 
model profile. 

Among the twenty-five attributes of UserML, the following were selected accord-
ing to the chosen GUMO ontology classes:  auxiliary, predicate, range, object, start, 
end, durability and group (see Figure 2). The attributes start, end and durability are 
used only for the predicates related to the emotional state. 

The next section describes an architecture to support adaptive user interfaces for 
ubiquitous environments and how an XML file, in the user mobile phone, used to 
represent the user’s interaction profile. 

4 An Architecture to Support Adaptive User Interfaces for 
Ubiquitous Environments 

This section describes the proposed architecture for adapting interfaces of ubiquitous 
environments that focuses on the application adequacy according to the user’s profile. 
In this architecture, the users' characteristics and preferences are mapped into an on-
tology, and are available to ubiquitous applications in a XML file containing the user 
profile. As the profile is defined by the user, i.e., it is not inferred/captured by sensors, 
it is expected that the interface adaptation occurs more accurately. Moreover, the 
stored profile in the mobile device provides greater privacy to the user. Besides the 
low cost highlighted in Section 1, the proposed architecture has low implementation 
complexity and high extension capability. 

Aiming to propose a simple and inexpensive architecture, we have adopted a 
Raspberry PI computer to execute the ubiquitous application. The Raspberry PI is a 
small computer (as the same size as a credit card) and cheap. It was designed by the 
Raspberry PI Foundation for children around the world to learn programming. De-
spite the small size, the Raspberry PI can be used for various tasks and performs as 
well as a desktop computer. 

The proposed architecture is divided into two main areas – user’s mobile device 
and ubiquitous application - as we can see in Figure 3. The user's mobile device con-
tains the XML file describing the profile based on GUMO ontology. The ubiquitous 
application has the adaptation rules to be applied in the interface according to the 
user’s profile. The data exchange between these devices is controlled by an applica-
tion in the user’s mobile device and in the Raspberry PI. The mobile device applica-
tion sends the XML file containing the user’s profile and the ubiquitous application 
reads this file and obtains information about the user’s needs and preferences. 

The communication between the user’s mobile device and the ubiquitous applica-
tion is established via Bluetooth 7 . The data exchange between these devices is  
 

                                                           
7 http://www.bluetooth.com/Pages/Bluetooth-Home.aspx 
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Fig. 3. Proposed architecture for adapting user interfaces in ubiquitous environments 

controlled by an application in the user’s mobile device and in the Raspberry PI. At 
first, the mobile device application initializes the Bluetooth and sends a connection 
request to the application running on the Raspberry PI. After connecting, the mobile 
device application sends, via Bluetooth, the XML file containing the description of 
the user’s profile. The ubiquitous application reads the XML file and obtains informa-
tion about the user’s needs and preferences.  

From the data obtained from the XML file, the ubiquitous application queries that 
there are adaptations to be performed according to a set of rules defined in the appli-
cation. As an example, let’s consider that the user’s profile indicates the user has low 
vision. In the ubiquitous application there is an adaptation rule which states that when 
the user has low vision, the application should provide a sound output. If another user 
indicates in his profile that he prefers textual output and he is elderly, the application 
must adapt the textual output to the user preference, for instance, increasing the font 
size of the text. To cope with the concurrency between devices of different users, the 
ubiquitous application must implement a queue. The requests of each user are met as 
the progress of the queue. However, if there is no conflict between the requests, the 
server can attend more than one user at the same time (e.g.: a user needs an audio 
output and another user needs a visual output from the same information). 

5 Proof of the Concept 

In order to demonstrate the possibility to provide adaptive interfaces using the pro-
posed architecture, we have been developing a prototype. Considering the emerging 
context of smart cities, the prototype is set in a bus stop. In this scenario, for instance, 
a visually impaired person may find it difficult to take the correct bus. The same can  
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happen to an elderly person. The prototype uses a monitor that displays the bus sche-
dules as well as the next bus identification. The system shows the most suitable user 
interface considering the user's profile, for example, adjusting the font size consider-
ing the interaction profile of an elderly person. By identifying the elderly person 
needs through its interaction profile (XML), the system makes adjustments according 
to your needs and preferences. As the elderly person indicated in his/her profile that 
he/she has low vision, the system infers that the font size should be increased. 

To test the adaptability of the prototype, we used three different users’ profiles. 
The first profile represents a user with visual impairment, the second an elderly user 
and the third represents a teenager. The details for creating the users' profiles are 
based on the personas described by [3]. 

The visually impaired user is represented by the persona Patricia, the elderly is 
represented by the persona Francisca and the teenager is represented by the persona 
Danilo. Their interaction preferences are shown in Table 2. Because not all the infor-
mation needed for the instantiation of user’s interaction profile was available in the 
description of the personas, some other information was inferred. Based on the infor-
mation contained in Table 2, the three XML files have been created. Figure 4 shows 
how the XML file would be instantiated with Francisca’s profile.  

Table 2. Interaction preferences of the three user’s profiles 

           User 
 Profile 

Patricia persona Francisca persona Danilo persona 

Input Keyboard Voice Keyboard 
Output Sound Text Text 
Physical and/or 
Cognitive  
characteristics 

Visual  
impairment 

Low vision, atten-
tion deficit, prob-
lems memorizing 

- 

Interests 
Books, Songs, 

Social Networks 
Novels Games 

Literacy level Higher Basic Secondary 
Age 20 80 13 

 
A preview of the proposed scenario, considering the three defined profiles and the 

adjustments to be made are available in Figure 5. The prototype has been imple-
mented in Java language on the Raspberry PI and Java on Android platform in the 
mobile device. The ubiquitous application runs in a Raspberry PI model B in which 
an adapter to enable communication via Bluetooth was plugged (see Figure 5). The 
mobile device application is running on a smartphone with Android operational sys-
tem in version 2.3.5. The ubiquitous application output is made on a TV via HDMI. 
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Fig. 4. Francisca's profile mapped into XML 

<?xml version="1.0" encoding="UTF-8"?> 

<user-profile> 

 <statement   

  auxiliary = "has" 

  predicate = "AbilityToSee" 

  range = "low-medium-high" 

  object = "low" 

  group = "Abilities" 

 /> 

 <statement 

  auxiliary = "has" 

  predicate = "Age" 

  range = "years" 

  object = "80" 

  group = "Demographics" 

 /> 

 <statement 

  auxiliary = "has" 

  predicate = "EducationLevel" 

  range = "basic-primary-secondary-higher" 

  object = "basic" 

  group = "Demographics" 

 /> 

 <statement 

  auxiliary = "hasPreference" 

  predicate = "Voice" 

  range = "primary-secondary" 

  object = "primary" 

  group = "InterfacePreferences" 

  subgroup = "Input" 

 /> 

 <statement 

  auxiliary = "hasPreference" 

  predicate = "Visual" 

  range = "primary-secondary" 

  object = "primary" 

  group = "InterfacePreferences" 

  subgroup = "Output" 

 /> 

</user-profile> 
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Fig. 5. Proposed scenario 

The ubiquitous application has the following modules:  

1. Bluetooth Connection Manager; 
2. Command Receiver: responsible for receiving the XML file with the user’s interac-

tion profile, decoding and making it available to the Command Processor; 
3. Command Processor: responsible for performing the adaptation according to the 

user’s profile and the adaptation rules defined in the application. 

The mobile device application provides a screen for the user to start or stop the 
service. When initializing the service, a connection is established between the user’s 
mobile device and the Raspberry PI. The various user requests are placed in a queue 
and adjustments are performed one by one. In Figure 4 we can see how it is done, for 
example, adjusting the font size for the interaction profile of Francisca’s persona. By 
identifying the persona Francisca through her interaction profile (XML), the system 
makes adjustments according to her needs and preferences. In Figure 6, we observe  
 

 

Fig. 6. Adapting the application interface to the persona Francisca 
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that the font size of the text is increased, since the persona Francisca has indicated 
that she prefers output as text. However, as the persona has low vision, the system 
inferred that the font size should be increased. 

6 Conclusions and Future Work 

This paper presented an architecture for adapting user interfaces of ubiquitous envi-
ronments considering the user’s interaction profile written in an XML specification. 
As the main contributions of this work, it is possible to highlight: 

1. The proposed architecture shows that it is possible to provide adapted user inter-
faces in a simple, low-cost and extensible approach using a Raspberry PI; 

2. Unlike the architectures found in the literature, this allows that the user profile is 
defined by the user himself, allowing him/er to set his/er needs, preferences and in-
terests; 

3. The profile goes with the user (mobility of the profile). As the profile is on the us-
er’s mobile device, when the user moves, he/s carries the defined profile. Thus, 
other applications can easily read it; 

4. Furthermore, one of the advantages of this architecture is that the user profile data 
is stored on the user’s mobile device for privacy; 

5. This paper contributes to overcoming the challenge indicated by [9]: acquire know-
ledge of user needs, and provide appropriate solutions for different combinations of 
users’ characteristics and functional limitations. 

The prototype developed shows the feasibility of processing different interaction 
profiles and providing outputs adapted to diverse users. Initially, the treatment of 
different profiles is done by the simplistic use of a queue. In future work, this issue 
will be addressed to provide a better solution, for instance considering the user mobile 
as an output device to deal with the common output device problem. Moreover, future 
works consider the extension of GUMO ontology to contemplate, for example, infor-
mation about the user cognitive capabilities. The mobile application for collecting the 
user profile is in progress. 
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