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Abstract. In recent years, there has been a steady rise in the installation of
smart environment systems. These systems can consist of a wide range of
sensors and actuators and as such can become very complex, which brings the
average user to the limits of her technical understanding. Consequently, innovative methods are required to simplify the interaction with such systems. This
paper describes an approach for recording events triggered by a user and for
linking those to actuator effects. Through this, even those end-users who are inexperienced with modern day technology can create custom rule sets for smart
environment systems.
Keywords: Smart Environments, User Interaction, Behavior Recording.

1

Introduction

Over the last few decades, the amount of technical devices that populate our homes
and work places has increased significantly. However, as of today, the majority of
those devices are not capable of communicating with one another (just think of your
TV and your fridge). Researchers envision that in the not-too-far future, all technical
devices distributed in our surroundings will work together and form device ensembles
with which we will be able to interact in a natural manner.
A multitude of challenges need to be overcome before this vision can become reality and in recent years, many research and development projects have been aimed at
creating a software platform to support smart environments (e.g., [2], [3], and [4]).
However, many of these research projects focus on solving the problem of interoperability, that is, on developing the means for integrating heterogeneous devices into a
single system and thus enabling them to communicate with one another. And while
this is obviously a key aspect of making smart environments a reality, we have
noticed that oftentimes the question of how the user is supposed to control these
complex systems once they have been established falls a bit short.
From the perspective of smart environments, the technical devices that they
are based on can be grouped into two categories. While devices from the first category, sensors, are used by the system to perceive the state of its environment, devices
from the second category, actuators, are used to influence the environment’s state.
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Frequently, the differentiation between these two categories is not clear and many
devices are both, sensors and actuators (e.g., a smartphone). Usually, smart environment systems will rely on sets of control rules for the purpose of logically linking the
sensor input to the actions performed by its actuators [1], meaning that in a specific
situation S (as perceived by the system’s sensors), a system will instruct its actuators
to perform a certain set of actions A. In our work, we are proposing a new approach
on how to enable users to define control rules through “demonstrating” the desired
behavior to the system. The underlying principle is not entirely new, and our main
contribution lies in its adaptation to the area of smart environments.

2

Related Work

Our approach was largely inspired by the Visual Basic recorder that comes with the
Microsoft Office software suite. This application allows users to record his or her
activities while using one of the products from the Office suite, for example Microsoft
Word. Users are capable of saving these behavior patterns to shortcuts for the purpose
of evoking them at a later time – a single button click will then start and automatically
“replay” the whole process.
Research on the acceptance of such features goes back to Rosson’s work in 1984
[7], which evaluated the advances people make when learning to work with a texteditor software. Similar macro-recording features have been used in more recent work
where repetitive browsing tasks have been automated using voice-enabled macros [8].
This shows that the use of recordable macros withstood the test of time as an intuitive
and user-friendly means of end-user programming.
The use of end-user programming in the context of smart environments has been
suggested as a new research perspective in the field in [6]. This suggestion was then
built upon in the detailed description of a concept for end-user configuration of smart
environments in [1]. This concept takes into account different levels of technical
expertise among end-users and presents solutions for the description as well as the
recording and definition of system configurations based on multimodal user input.

3

Concept

For this work, we have developed a simple application (dubbed “the macro recorder”)
that provides a very similar functionality as the Visual Basic recorder described in
section 2 for a smart environment system (Figure 1 shows a screenshot of the application’s prototypical user interface). In a nutshell, the macro recorder application works
like this: If a user wants to add a specific behavior pattern to the system, she will start
the application, press the “record” button and then trigger the individual events and
effects which are supposed to be part of the desired pattern. Our application, which
must have access to the communication channels of the system, will then display
all sensor events (e.g., movement registered by a movement sensor) and actuator actions (e.g., the activation of the kitchen lights) in order of their occurrence (more specifically: in the order of their processing by the system). Once all relevant events and
actions have been recorded and the user has stopped the recording, a first version of
the new control rule is automatically generated.
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This preliminary rule requires the appearance of the exact same pattern of sennsor
he same series of actuator actions. However, this may not
events in order to trigger th
lead to the desired effect, as it may include additional, unlooked for events and actions. As an example, imaagine that the user has entered the living room (an evvent
captured by a movement sensor) while the ambient temperature is 75.2 degrees Fahrenheit (an event captureed by a temperature sensor). These two events will tthen
comprise the event part of the new rule, and the occurrence of these events will initiate the rule’s action part, for example, an activation of the ceiling lights in the livving
room. Obviously, in most cases
c
one will not to want to be dependent on the ambiient
temperature from the rule, though, as otherwise the rule will only apply in those rrare
cases in which the exact same temperature is measured. For this reason, we have aalso
provided the means for editting rules, i.e., for manually removing (and adding) sennsor
events and actuator actions from (and to) a given rule.

Fig. 1. Macro recorder main screen

nshot of the macro recorder’s main screen. On the left sside
Figure 1 shows a screen
of the screenshot, one can
n see two lists, one for the occurred conditions (sennsor
events) and another one for the occurred actions (actuator effects). The central vview
shows the information streeam as processed by the underlying platform, from whhich
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.the conditions and actions are being extracted. The text boxes on the right enable the
t current “pattern” (practically the rule currently createed).
user to name and describe the
Once the recording is stop
pped by the user, the new pattern (rule) is automaticaally
added to the platform’s rulle database, but flagged as being created by the macro recorder software. This allow
ws an easy identification of the same and its later adapptation. Figure 2 has a screen
nshot of the frame that shows an overview of all patteerns
created during this session
n (on the screenshot, there is only a single pattern callled
“Test”).

Fig. 2. Pattern overview

By selecting one of the patterns
p
and clicking the “Edit”-button, the users is capaable
of editing both the “Condittions” (sensor events) and the “Actions” (actuator evennts)
of this specific pattern. Th
his includes the removal of specific entries, and also the
possibility of moving certaiin events and actions upwards and downwards in the listts.
The smart environment system for which our macro recorder was developedd is
based on the universAAL platform
p
[4]. This software platform allows the connecttion
of heterogeneous devices to
t one another and uses multiple communication channnels
for the purpose of transferrring information and service calls between them. The ttwo
main channels which we haave been making use of are the so-called “Context Bus” for
sharing contextual informaation between the components of the system (so-callled
“context events”), and the “Service Bus”, whose job is the delivery of service ccalls
(“service requests”) betweeen devices and applications.
Context events sent via the Context Bus of the universAAL platform are modeeled
based on the RDF/OWL forrmat. According to this standardized format, statements are
described as triples of a sub
bject, a predicate and an object to convey information abbout
the environment’s current state.
s
As a simple example, consider the statement “Laamp
hasBrightness 100”. It conssists of three parts, the subject “Lamp”, the predicate ““ha-
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sBrightness” and the object value “100”. This triple describes the state of a lamp
which has a brightness value of 100 percent (indicating that the lamp is “on”). Such a
triple is sent through the system via the Context Bus and conveys the information that
the respective lamp has been turned on (via a light switch, for example). To allow for
later access, all of these context events are also saved in a central database. The
reason for this is that system components which enter the system (as it is an open
system facilitating dynamic interoperability between system components) can then be
informed about the current state of the system by referring to past context events
saved in this database. Similarly, service requests are defined using the same message
structure (statements of triples based on RDF/OWL).

4

Evaluation

We have assessed the macro recorder software with a group of nine users in our
institute’s living lab. Three participants were computer scientists involved in the development of the underlying platform (universAAL) and as such, they were wellversed in the mechanisms and concepts that the platform is based on (understanding
concepts such as context-events and service-calls). The remaining six evaluation participants had not had experience in using the platform, but provided a solid technical
background (students of a lecture on Ambient Intelligence).
The evaluation consisted of a set of three test cases of rules which had to be created
by the participants using the macro recorder (for example, a rule that triggered the
activation of the stereo device when the movement sensor detected presence in the
entrance area of our lab). Evaluation results showed that both groups found benefit in
the recording of messages, but the developers still preferred the direct encoding of
behavior rules using Java, especially for complex scenarios that involved many context events and service calls. However, they confirmed the hypothesis that they might
consider using the recorder for the encoding of simple rules once they would have
gotten used to it.
The second group of users, the students, reported positively on the fact that
they were able to “program” the system, something which they had considered
beyond their capabilities before the test. However, some aspects of the system were
considered confusing and irritating by this group, especially the statements in the
RDF/OWL format. The users explained that they would have actually preferred a
different user interface which hid the exact technical details and rather only shows
simple abstractions of the underlying information (such as “A light was activated in
the living room”).
4.1

Conclusion and Future Work

In this work, we have described our approach for creating rule sets for smart environments by recording the behavior of a user. We were able to successfully implement and test the concept with a group of nine test users, who were able to “program”
the system, even if they had no further experience in working with it. However, the
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evaluation showed some areas of improvement for the software. While developers
of the underlying platform were comfortable with the user interface, the other users
found some aspects of it too technical and offered various suggestions for its
improvement.
The main point of criticism was the overall complexity and too many references to
the technical concepts of the underlying platform. As such, as a future work we intend
to create a more advanced version of our macro recorder software which will be capable of hiding many of the technical details. It may even be possible to provide an
entirely graphical user interfaces based on graphical representations of the sensors and
actuators only, which should make “programming” of the system possible for a much
larger group of users.
Furthermore, as the macro recorder is currently only covering implicit interaction
events (such as movement and occupation of certain areas), we intend to extend it to
also handle explicit user interaction, such as voice and gesture commands. This would
allow for the realization of even more complex rule patterns.
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