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ABSTRACT

This paper presents a new approach to augment web-services to
facilitate the creation of user-tailored user interfaces. Our proposal
is based on the ISO/IEC 24752-6: 2014 “Universal remote console
-- Part 6: Web service integration” standard. This standard defines
how to embed an abstract user interface layer called “user
interface socket” in a web service description to allow the
development of pluggable user interfaces for any type of user.
Besides, a prototype of the proposed architecture has been built. In
this prototype, the URC Target Kit (UTK) has been used as the
URC framework implementation, deploying the framework in the
same web server as the pre-existing web service. Taking
advantage of the resource and grouping sheets technology of the
URC framework, personalized user interfaces can be developed.
The introduced method has been implemented within a remote
health follow-up platform, which gives patients access to their
health records and provides them with a set of health monitoring
services.

Categories and Subject Descriptors

* Human-centered computing~Web-based interaction

* Human-centered computing~Interactive systems and tools
* Human-centered computing~User interface design

* Human-centered computing~User centered design

* Human-centered computing~Interaction design theory,
concepts and paradigms ¢ Applied computing~Health
informatics
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1. INTRODUCTION

Many authors have underlined that “one-size-fit-all” user interface
approach does not meet individual users need and preferences [10,
16]. This leads to a restricted user experience and even to the
exclusion of some user collectives. This is especially true when it
comes to remote health applications for patients [11]. In remote
health applications the provision of user-tailored user interfaces
can be key to achieve patients’ adherence to the therapy.

Traditionally, the UI personalization has been achieved by
developing different applications per each corresponding
configuration need. Normally, this approach implies costly
developments.

In the web world, solutions based on style sheets (CSS, XSL) have
been developed, which allow modifying the presentation of the Ul
for different users and interaction devices.

The downside of the style-sheets-based web approach is that Ul
personalization is limited to the style sheet’s personalization
capabilities, which do not provide mechanisms for neither partial
Ul resource substitution nor complete UI substitution.

Several projects have developed abstract user interface (AUI)
based middleware approaches allowing to exchange advanced Uls
[1, 17, 27]. Middleware availability for different platforms, and
the need to either run it locally or on a neighbor machine in the
local environment reduces this approach’s uptake.

In this paper, we first analyze the related work on the UI
personalization technologies. Then, we detail our contribution, i.e.,
an ISO / IEC 24752 — 6 based approach to enrich web-services to
facilitate the creation of user-tailored user interfaces. Next, we
describe an implementation done for a remote health follow-up
platform. Finally we summarize the paper and present our
conclusions.

2. RELATED WORK ON Ul
PERSONALIZATION
2.1 Style Sheet based Web UI Personalization

Traditionally, the user interface personalization has been achieved
by developing a different application per each configuration
needed. In the web world, style sheets technology based solutions
(Cascading Style Sheets CSS [3] or Extensible Stylesheet
Language Formatting Objects XSL [9]) have been developed,



which allow modifying the presentation of the user interface for
different users and different interaction devices.

The main benefits of the style sheet technologies come from the
separation of the structure and the content of the presentation’s
document. This technology allows more precise control (outside
tagging) over the spacing between characters, text alignment, the
position of objects in a web page, the audio and voice output, text
type characteristics, etc.

The main benefit of the web approach is that stylesheet supporting
browser clients are available for almost any interaction device.

The downside of this approach is that wuser interface
personalization is limited to style sheet personalization
capabilities, and user interface composition is limited to web
technologies requirements. Web technologies do not facilitate for
partial user interface resource substitution or complete user
interface substitution to meet users’ diverse needs and preferences.

2.2 Web Service and Service Oriented

Architectures
Web Service and Service Oriented Architectures have enabled
service composition and personalization to be consumed by clients
in different applications or business processes.

In this approach, services are defined following service interface
definition standards such as Web Services Description Language
(WSDL) [7] or publicly given web APIs using RESTful [25].
Service interfaces are accessed using standard protocols, such as
SOAP [4] or HTTP 1.1 [12].

This approximation allows building multi-device personalized
user interfaces, but it lacks any abstract user interface concept. It is
rather focused in a machine-to-machine communication, which
requires user interface developers to have service
implementation’s pre-knowledge.

2.3 Middleware Based UI Frameworks

In recent years many different projects have developed
middleware approach platforms to support the user interface
personalization and the composition of services mixing both local
and remote services and devices.

In the Ambient Assisted Living (AAL) application domain,
several European research projects have developed platforms with
various specific objectives: e.g. OASIS [2], PERSONA [27], or
i2home [1].

UniversAAL was a European project funded to integrate the
various features developed in the aforementioned projects,
providing the research and development community with a unified
platform. Their deliverable D2.2C reports on their system
architecture and the technology decisions made on each aspect of
the middleware platform [28].

Regarding the user interaction management, they considered that
only Persona [27], URC / UCH [29] developed within iZhome,
and the portable Ul technology from Open Health tools provided a
whole and consistent concept for user interaction in terms of a Ul
framework.

From those projects, Open Health’s portable Ul was discarded due
to its immatureness. Meanwhile, AALuis [17], a project that was
not considered by UniversAAL, has developed an alternative Ul
Framework based on Concurrent Task Trees [22] and MariaXML
[23].

The UCH follows a pluggable user interface approach while the
AALuis and UniversAAL follow a transformational approach.

2.4 AUI Technology Based Approaches for

Web Services
In parallel to the development of middleware initiatives
integrating Ul Frameworks, some authors have targeted AUI
based approaches applied to the web services for the generation of
multi-device user interfaces. They bring the existing service Ul
mash-up platforms [6, 26] one step further.

This allows to extend the web services with a Ul Framework or to
move parts of the Ul Framework logic to the web services,
augmenting them through annotations.

One of initiatives in this line is the work done in the Servface
project [24]. They propose to augment the existing service WSDL
file by creating a separate task grain level annotation using
Concurrent Task Tree [22]. This task level annotation is used to
generate and evolve the wuser interface description to
implementation using the MariaXML language.

Similarly, the OpenURC Alliance has proposed and developed an
approach to annotate web services, so that the XML files (User
Interface Socket and Target Description) required by the URC
standard can be inherited from it. This work has been published as
the part 6 of the ISO / IEC 24752 Universal Remote Console
Framework standard [14].

These two initiatives allow to simplify the deployment of the Ul
personalization logic compared the middleware based Ul
framework approaches. This approach can be deployed in the
same web server, and does not need to deploy a middleware on the
client devices or in its local environment.

3. METHOD

In order to facilitate the development of user tailored Uls, we have
selected the URC framework as the core technology to enrich
traditional web services. Its pluggable user interface approach is
preferred compared to the transformational approach of its main
alternatives. Its external resource specification scheme is also a
relevant advantage over alternative approaches.

3.1 URC Framework and Web Service

Integration

URC technology is an open user interface platform, allowing third
parties to create a pluggable user interface and use it with any
device or service that exposes its functionality through a socket.
The framework includes "resource servers" as global market
places for any kind of user interfaces and resources necessary for
interacting with appliances and services to be shared among the
user community.

The Universal Remote Console (URC) framework [15] was first
published in 2008 as a 5-part international standard (ISO/IEC
24752). The URC framework defines a "user interface socket" (or
"socket" for short) as the interaction point between a pluggable
user interface and a target device or service (“Target”). In the
context of the URC, pluggable user interfaces are either generic,
i.e., automatically generating a user interface based on the socket
description, or specific to a socket, i.e., relying on hard-coded
knowledge about the socket.

In 2014 some parts of the URC international standard were
updated. A new part (part 6) was also published, focusing
specifically on web service integration [14]. This document



defines how the target description [13] (xml file pointing to user
interface socket location, and to UI building resource specification
files) and the user interface socket (UIS) are embedded to the web
services WSDL description.

The URC-HTTP protocol, as defined by [18], facilitates remote
access by a controller to the sockets running in a URC compliant
target or service implementation. This protocol defines the HTTP-
based messaging and functions for a controller accessing the
sockets of a target of a service.

The Universal Control Hub (UCH) is a gateway oriented
architecture for implementing the Universal Remote Console
(URC) framework in the digital home [29]. The UCH follows a
middleware based UI framework strategy as introduced on the
related work section.

Recently the OpenURC Alliance has released an Approved
Technical Report (URC-HTTP Target 1.0) for the profiling of the
URC technology in the context of enabling a Target to be URC-
HTTP compatible [19]. An open source implementation of the
URC-HTTP Target is provided by the OpenURC at [20], named as
URC Target Kit for Java (UTK).

3.2 Proposed Approach

Once an existing web service WSDL description is extended, we
have identified two approaches to implement the logic to take
advantage of the Ul plug-and-play features of the URC (access the
AUI instantiation, generate UI / substitute specific UI resources /
grouping, connect user tailored new concrete Uls):

Personalised pluggable user interfaces

—

Ul for user profile 1

Ul for user profile 2

Ul for user profile 3

R

e  Middleware approach in which a user interface server
provides access to web services. In this first approach
the augmented web service is integrated as a target of
the UTK (lightweight middleware being deployed in the
same web-server) and provide access to the user
interface socket and UI resources through URC-HTTP.

e  Web service centric approach in which a Web service
exposes a user interface socket via its WSDL-based
interface. In this second approach the access to the
augmented web service WSDL description would be
provided through regular web service access (SOAP),
access it through a JavaScript SOAP client [8] and
implement the user interface socket instantiation in
JavaScript.

The availability of an open source version of the UTK, makes the
development efforts for the first aforementioned option to require
less time to develop an initial prototype. Therefore the approach to
integrate the augmented web service as a target of the UTK and to
provide access to the user interface socket and the UI resources
through URC-HTTP was selected:

Figure 1 depicts the selected approach to implement the logic to
take advantage of the UI plug-and-play features of the URC for
the integrated enriched web service:

Web-server deployment

Embedded
Target
Description

Embedded

User Web
Interface .

Socket logic

WSDL
description

URC-HTTP
UIS instantiation
Target Adapter

Ul Resources (resources sheet, grouping
sheet)

Figure 1. URC-HTTP access for UTK integrated enriched web service.

The first step is to extend the web service WSDL description with
an embedded target description and user interface socket
following the ISO/IEC 24752-6 standard [14]. The target
description provides pointers to a target’s user interface socket
descriptions, and accompanying resource sheets. It may also
contain pointers to external sources of resources, such as resource
services. The user interface socket describes the data/interaction
model of the target. A user interface socket description is
composed of: a description of the functionality of the target as a
set of typed variables, commands and notifications (exception-like
states generated by the target).

The web service description is extended by providing a mapping
description consisting of the following parts: a mapping of a target
and its properties to a Web service and its properties, a mapping of
each of the target’s sockets, its sets and its elements to one of the
Web service’s partition and its elements. A Web service partition
is a functional unit of a Web service. In WSDLI, this is named a
port type (element <wsdl:portType>), and in WSDL2 an interface
(element <wsdl:interface>).

A UIS variable is mapped using the following Web service
operations: a get operation, a set operation, and a get-resources



operation (optional). A UIS command is mapped using the
following Web service operations: a command operation, a get-
status operation, and a get-resources operation (optional). A UIS
notification is mapped to the following Web service operations: a
check operation, an extend-timeout operation (optional), an
acknowledge operation, and a get-resources operation (optional).
Specific detail and concrete syntax for mapping is provided in the
ISO / IEC 24752-6 standard [ 14].

Next, the Ul resources that will be used in the concrete pluggable
user interfaces need to be defined in the resource sheets and the
grouping sheets. Resource Sheets and Grouping Sheets define
concrete resources and presentation structures for the UIS that can
be used to generate or adapt the user interface to the specific
context of use: A Resource Sheet can contain a variety of atomic
resources, in different modalities (text, image, video, or any other
digital medium that can be stored as a file with a known MIME
type). A Grouping Sheet defines the navigation and grouping of
elements of the user interface (presentation structure).

Subsequently, the modules corresponding to the UTK need to be
developed. First the web service embedded target description
needs to be loaded in order to instantiate the user interface socket
(whose description was embedded in the web service) and to have
access to the defined Ul resource files. Next a target adapter (TA)
needs to be developed to implement the communication protocols
to access the enriched web service. A TA is a module that
communicates with a specific Target (WSDL web service in this
approach) in its native protocol. TA interacts with the relevant
socket instance in the UTK, to update the state of the socket
values, or to receive commands from the user controllers. The TA
would basically implement the access to the different web service
partition using the SOAP control protocol.

Once defined the introduced description files and implemented the
required integration logic, the UTK provides access to the URC
features through its build-in URC-HTTP protocol module.

At this point personalized pluggable user interfaces (either by
substituting Ul resources or the presentation structure for
identified group profiles, or by exchanging specifically developed
complete user interfaces) can be deployed for the enriched web
services.

4. IMPLEMENTATION FOR A REMOTE
HEALTH FOLLOW-UP PLATFORM

The introduced method is being implemented within a remote
health follow-up platform, which gives patients access to their
health records and provides them with a set of health monitoring
services. Previously, this use case was being addressed with one
specific web! and one custom Android client app which consumed
pre-existing health monitoring web-services [5]. Although these
applications scored high in user acceptance (mainly because of
their purpose), the patients suggested that a more personalized
user experience was convenient.

A team of anthropologist is analyzing the societal and user needs
of the targeted application. The aim is to better understand
different user types (using Participatory Action Research approach
and Ethnographic methods) and design the best experience for the
defined profiles.

! Service provided for customers of:
http://www.clinicadelaasuncion.com, accessible from:
https://hhweb.clinicadelaasuncion.com/

Following this novel approach, personalized user interfaces are
being targeted to both web-browser clients and Android clients.
For the development of such clients and accessing the URC-HTTP
interface provided by the enriched web-service described before,
the Webclient JavaScript Library [21] will be used.

Based on the identified user profiles and the defined designs, Ul
resources together with navigation and grouping structures will be
developed for each user profile.

The presented method will allow to easily test prototype Uls
combining different Ul resource and grouping structures.
Additionally, the adopted method will allow for easily extending
the defined Uls for newly identified societal profiles or
exchanging the Ul resources based on the patient’s feedback.

For the testing of the presented approach a proof-of-concept
implementation has been done. First, the WSDL 1.1 description of
the remote health follow-up has been enriched with an embedded
target description and a user interface socket description. For
explaining the implementation, only the vital constants submission
feature will be presented in the following.

The enriched web service description? is composed of: embedded
target description, datatype and messages used in socket and target
port definitions, WSDL ports definition for the socket and the
target operations, and the bindings and services to access such
operations through the web service.

Next, UI resources (i.e. labels, images and navigational and
grouping structures) have been defined for three differentiated
profiles, targeted for: i) a default user with technical skills*4, ii) a
simple UI for senior citizens®®, and iii) a simple Ul targeted for
young people’.

The goal of the defined resource and grouping sheets is to test the
capabilities of the presented method in prototype Uls. Meanwhile
the anthropologist team is identifying the required main profiles
and is shaping the final Uls and the corresponding resources
according to their needs.

2 Enriched web service description
https://github.com/epetxepe/Midi2015-
paper17/blob/master/hhwebBasic.wsdl1

3 Resource sheet for default user:
https://github.com/epetxepe/Midi2015-
paper17/blob/master/hhwebBasic.defaultUI.en.rsheet

4 Grouping sheet for default user:
https://github.com/epetxepe/Midi2015-
paper17/blob/master/hhwebBasic_defaultUI.gsheet

3 Resource sheet for senior citizen:
https://github.com/epetxepe/Midi2015-
paper17/blob/master/hhwebBasic.seniorsUIen.rsheet

¢ Grouping sheet for senior citizen:
https://github.com/epetxepe/Midi2015-
paper17/blob/master/hhwebBasic_seniorsUI.gsheet

7 Resource sheet for young people:
https://github.com/epetxepe/Midi2015-
paper17/blob/master/hhwebBasic.youngUI.en.rsheet

8 Grouping sheet for young people:
https://github.com/epetxepe/Midi2015-
paper17/blob/master/hhwebBasic_youngUI.gsheet


https://github.com/epetxepe/Midi2015-paper17/blob/master/hhwebBasic_defaultUI.gsheet
https://github.com/epetxepe/Midi2015-paper17/blob/master/hhwebBasic_defaultUI.gsheet

Subsequently, the augmented web service was integrated with the
UTK by means of replicating and instantiating the web service
embedded target description® and user interface socket!® .
Additionally, a target adapter was developed to integrate the
SOAP communication protocol and to be able to communicate
with the web service.

Finally, the proof-of-concept Uls were developed for the web
browser, taking advantage of the Webclient JavaScript Library
[21] to access the URC-HTTP interface provided by the UTK. A
simple JavaScript code was developed to load and apply each Ul
resources defined for the pre-defined user profiles.

The resulting proof-of-concept Uls for the three profiles defined
for testing the concept are presented in Figure 2 for the default
user profile, and in Figure 3 (a) for the senior citizens, and (b) for
the young people profile.

9 Target description: https://github.com/epetxepe/Midi2015-
paperl7/blob/master/hhweb.td

19 User interface socket: https://github.com/epetxepe/Midi2015-
paper17/blob/master/hhwebBasic.uis
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Figure 3. Proof-of-concept Uls generated for seniors (a) and for young people (b)

The novel aspects of the presented work are: i) its user-tailored Ul
delivery capabilities, i) the implementation of the abstract user
interface logic in the webserver, iii) the use of open standards and
open source tools, and 7v) its application on a health care scenario.

5. CONCLUSION AND FUTURE WORK

This paper has presented a novel method to augment web-services
in order to facilitate the creation of user-tailored user interfaces.
We first have analyzed the existing technologies to provide
personalized Uls. Second, we have identified the possible
approaches to integrate the URC technology defined by the ISO /
IEC 24752-6 into the web services. Next, we have described a

novel middleware-based-architecture for deploying the solution on
the server where the original web services run. Finally, we have
presented a proof-of-concept implementation for a remote health
follow-up platform, which provides personalized UI for three pre-
defined user profiles.

The presented approach facilitates the provision of personalized
user experience and goes a step further from style-sheet-based web
approaches allowing to substitute UI resources, navigational and
grouping structure, by integrating user interface abstraction
technologies. Additionally, since the UI resource definition is
externalized, it provides a perfect platform to prototype and update



personalized Uls in a process to refine the usability and the user
experience of the end-user.

Future work includes: i) the enhancement of the UTK to
automatically integrate any augmented web service, ii) the
alternative of implementing the user interface socket instantiation
on the client side taking advantage of the JavaScript SOAP library
to access the user interface socket exposed by the Web service via
its WSDL-based interface, iii) comparing and evaluating the
performance of both approaches, and iv) research on adaptive Ul
techniques, that starting from Uls developed for generalized user
profiles, manage to automatically tailor the UI to adapt to user
specific needs and preferences.
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