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Abstract. This paper presents a research to create a mobile context server
application that provides other applications with complex context information.
The main objective is to avoid disrupting or overwhelming users with explicit
requests for data that can be obtained otherwise by the interpretation of
combined sensor data. It is mainly aimed at mobile devices used by people with
disabilities to allow them to interact with local services supplied by means of
ubiquitous computing.
Keywords: Context awareness, people with disabilities, accessible ubiquitous
computing.
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Introduction

There is an increasing variety of services provided by local machines, such as ATMs,
information kiosks, vending machines, etc. These services are frequently inaccessible
for people with disabilities because they are equipped with rigid user interfaces.
Nevertheless, the application of Ubiquitous Computing techniques allows access to
intelligent machines through wireless networks by means of mobile devices.
Smartphones can provide an excellent way to interact with ubiquitous services that
would otherwise be inaccessible. People with disabilities can benefit from this type of
interaction if they are provided with accessible mobile devices that are well adapted to
their characteristics and needs.
The INREDIS 1 project created a ubiquitous computing environment to allow
people with disabilities to interact with locally provided services. In this project our
laboratory developed EGOKI [1], an automatic interface generator that is able to
create adapted and accessible user interfaces that are downloaded to the user device
when she or he wants to access a ubiquitous service.
Nevertheless, when users are immersed in an “intelligent environment” they can
become overwhelmed by the quantity of explicit interactions that they have to manage
through their mobile device. For this reason we are working on ways to enhance a
mobile device’s context awareness to ease the interaction with the aforementioned
services.
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http://www.inredis.es/default.aspx
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Related Work

User attention is an interesting concern for interaction with a ubiquitous system.
The work of Weiser & Brown (1997) distinguishes two levels of attention: central and
peripheral. The central attention focuses on the main task that is being addressed by
the user, while the peripheral attention is related to "what we are attuned to without
attending to explicitly" [2]. Additionally, in multitasking environments the user’s
attention can be negatively affected by interruptions. Leiva et al. (2012) reported that
interruptions while interacting with an application can delay by up to four times the
completion of a task in a mobile environment [3]. Thus, two conclusions can be
drawn: it is desirable to ensure that users can pay attention to applications around
them without feeling overwhelmed; and it should be attempted to maximize the focus
of the user on a single central task, reducing shifting between tasks.
Two different ways to get the attention of the user are described in the following
lines. On the one hand, it is possible to merge background interaction with
peripherical attention. The work of Bakker et al. (2012) [4] presents an interactive
system called FireFlies to explore the way in which primary teachers are able to
manage secondary tasks in the periphery of their attention. The intention is to study
“how interaction with technology can fluently blend into people’s everyday routines,
similar to the way in which interactions with the physical world are a part of
routines”. Using this approach, tasks that would require direct attention or a cognitive
effort disappear from the central attention of the users. On the other hand, a slightly
different approach is to consider the implicit human-computer interaction. Schmidt
(2000) [5] defined this as “An action performed by the user that is not primarily
aimed to interact with a computerized system but which such a system understands as
input.”. This work studies different sources to add implicit information, with the most
relevant to this work being “sensing context using sensors”. Schmidt described
sensor-based perception as a way to recognize the implicit context and illustrates
some examples that can help to manage interruptions and limit the need for input
when users are interacting with computers. Therefore, the implicit context can be
useful to free a user’s attention from a specific task.
Concerning the supporting technology, two approaches stand out in the literature:
The first frees the user's attention by using wearable devices. Saponas (2010) defines
the always-available interaction, describing methods to interact with a mobile device
without using it explicitly [6]. Likewise, a user can receive notifications from
applications using smartwatches as a second screen at a glance2. The second proposal
enhances the context-awareness of ubiquitous applications using smartphones.
Smartphones and the sensors within them are useful to characterize activities and
recognize context information. Reddy et al. (2010) were able to distinguish between
the movements of the smartphone user (stationary, walking, running, biking, and
travelling in a motor vehicle outside) using the GPS receiver and the accelerometer
[7]. In a similar way, the work of Wiese et al. (2013) recognizes whether a mobile is
in a bag, in a pocket or in the hand [8].
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Sony Smartwatch (http://www.sony.com/SmartWatch ) or Pebble (http://getpebble.com/)
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A Context Server for Peripheral Interaction

In our case, peripheral interaction includes all the implicit activities that are conducted
to interact with an application. Our objective is therefore to collect, by means of
sensors, any type of information that helps the device to manage the interaction, thus
minimizing the need for explicit user participation. This is called context information
and we gather it by means of sensors that are located in the mobile device, either worn
by the user or deployed in the environment.
Usually, each mobile application has to collect and process data from the sensors
available in the device in order to adapt the interaction to the context. This is
frequently done in real time and competing with other applications, which limits the
possibilities to extract complex results.
Our approach focuses on a context server application that collects data from the
sensors, combines this, and extracts complex information that can be directly used by
the other applications.
3.1

From Sensing to Perception

In order to determine what information is provided in each case, we created a sensor
taxonomy that classifies the different types of sensors that are currently found in
mobile devices or worn by users. This taxonomy allows us to work with “abstract
sensors” independently of their specific datasets.
To extract combined information we developed an ontology of sensors, including
rules that specify the type of information that can be obtained from the combination
of different sets of sensors.
3.2

From Perception to Interaction

Our context server can contribute to peripheral interaction by providing the
applications with valuable information that would otherwise be explicitly requested
from the user.
The context provider can assist developers to make use of the context in a simpler
way. For instance, the context server allows applications to select the most
appropriate modality to interact with a user with communication restrictions, due to
disability or to a situational impairment. For instance, if the microphone detects that
the local level of noise is too high the application can avoid voice commands and
prioritize text or images; or, if the inertial sensors detect that the user is walking,
driving or riding a bicycle, touch input can be switched to voice input.
In addition, some applications for people with disabilities use the server to perform
their tasks without disturbing the user. In the following lines four examples of freeing
users’ attention using our context server application approach are described.

3.2.1

Affective Interaction

Affective computing focuses on detecting and reacting to emotions by using
computers. Emotional information can be useful to understand and detect the context
of the user when interacting with an application. The work of Haag et al. (2004)
presents an example of inferring a user’s mood and emotions using physiological
signals [9] obtained via sensor devices that measure heart rate variation, perspiration,
respiration rate, skin temperature, etc.
The context server application can detect and manage the data from the wearable
sensor devices and infer information to feed applications with information about the
mood of the user. This is valuable for the peripheral interaction. For instance, it is
possible to avoid stressful situations that occur when a user has to attend to too many
tasks simultaneously. In a similar way automatic rearranging of the tasks can be
performed to distinguish the enjoyable ones from the annoying ones.
3.2.2

Smart Wheelchair

Smart wheelchairs are robotic platforms to assist people with mobility restrictions to
navigate the physical environment. Smart wheelchairs are equipped with sensors
(sonar, laser range finder, bump sensors, etc.) in order to perceive elements that can
affect the navigation. Thereby, diverse modes of operation are developed to assist the
user including: collision avoidance, wall following or close approach to objects [10].
Controlling a smart wheelchair with a joystick can become a stressful task.
Situations such as approaching a narrow space or going through a door may require a
high level of concentration. In such a scenario, the context server application would
discover and integrate the wheelchair sensors. The data collected is helpful to infer
when the user is facing a stressful situation. The context application server provides
this information to the wheelchair, which can trigger automatic guidance procedures.
3.2.3

Smart Traffic Lights

There are smart traffic lights that assist people with special needs to cross the street
safely. For instance, current Audible Pedestrian Signals3 (APS) attached to traffic
lights help people with vision impairments to know when they can walk across a
pedestrian crossing. In addition, works such as UCARE [11] present prototypes for
scenarios where impaired users can negotiate via their mobile devices the period
required to cross the road. If the user has to handle the device when approaching a
pedestrian crossing, his/her attention is disrupted. However, this task is moved to the
periphery by using the context application server. The speed and position of the user
are gathered using accelerometers and GPS and sent to the traffic lights to activate the
APS. Moreover, the mobile device can negotiate, in the background, the time required
to cross without the explicit participation of the user.
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APS are also called accessible pedestrian signals: http://www.apsguide.org/index.cfm

3.2.4

Peripheral Interaction with EGOKI

As mentioned in the introduction, EGOKI is a UI generator for ubiquitous services.
The user’s abilities, device characteristics and service functionalities are taken into
account to create an accessible UI. For each function of the service or application,
EGOKI selects the appropriate input/output elements to ensure a suitable interaction
[1].
The context server application empowers EGOKI to allow peripheral interaction
for some applications. Firstly, it helps to detect appropriate input and output methods;
for instance, by allowing the use of gestures when a wearable device with accelerators
or an electromyogram is detected. Secondly, it helps to choose the communication
modality in an accurate way. For instance, when blind users are in a noisy
environment, avoiding speech and audible channels would be an issue. Instead of that,
the volume of the user device should be adapted to the noise level. Finally, when the
context application server provides accurate information about the user, the UI
generation process avoids having to explicitly ask the user for that information. For
instance, when an application needs the user location it is provided by the context
server and EGOKI excludes that input element from the final UI.
Therefore, some ubiquitous services will not require explicit attention from the
user and due to the change of modality would run in the periphery of the user’s
attention.
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Discussion and Conclusion

There are a number of issues that require our attention when merging peripheral
interaction with the context server application.
To begin with, peripheral interaction can be contradictory with a well established
practice of activity-aware systems. As mentioned by Mahmud et al. (2009) [12],
activity-aware systems must inform the users to correct failures in activity recognition
to avoid mistakes and manage uncertainty. This would increase the number of
interactions that a user must perform and would consequently draw his/her attention
more than necessary.
In addition, context information depends on the set of sensors detected by the
context application server. Users can be affected by the loss of smartness when the
availability of sensors changes. This is related to the “masked uneven conditioning”
challenge stated by Satyanarayanan (2001) [13].
Moreover, the application domain is a key factor for activity recognition. The
accuracy of the activity and emotion recognition techniques “in the field” frequently
produces worse results than in the laboratory. In a similar way, the accuracy of the
results depends on the person.
Finally, the impact on a user’s privacy must be considered, because large quantities
of data about the user are collected and logged. These data must be protected to avoid
their unauthorized use; for instance, by commercial applications.
The combination of sensor data allows the interpretation of the context at a higher
level, providing mobile applications with implicit methods of interaction that

augment communication without disrupting the user’s attention for routine
adjustments.
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