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Abstract. We present the Digital Sommelier, an interactive wine shop-
ping assistant that provides an intuitive multi-modal interface to general
product information as well as to particular attributes of a certain prod-
uct, such as its current temperature. Wine bottles sense their state via
attached wireless sensors and detect user interaction over RFID and ac-
celeration sensors. Visitors can inquire information either through physi-
cal interaction with products or a natural language interface. We describe
a framework and toolkit for efficient prototyping of sensor based appli-
cations as the foundation for the integration of different sensor networks
utilized by the sommelier. We further introduce our concept of talking
products, an anthropomorphic interaction pattern that allows customers
to directly talk to products with personalities.

1 Introduction

Emerging sensor technologies that go beyond RFID recognition are becoming
cheaper and smaller, paving their way into objects of everyday life. The potential
ubiquity of wireless sensors will particularly affect future generations of products
as elements of production, processing and delivery chains, enabling them to sense
and record their state and communicate with their environment. The prospec-
tive immediate benefits for manufacture and retail are an essential factor that is
increasing the chances for research work in this field to get adopted by industry
- just as RFID technology has already made the step into the commercial sector,
as it provides economic values by facilitating process automatization such as
product tracking or inventory stocktaking. The end consumer does not directly
benefit from this technology, as long as the introduction of RFID technology
does not transparently result into price reductions. Sensoric and communication
technology that continously sense and observe the state of a product open up
possibilities for new services that also benefit end consumers: One simple ex-
ample is quality assurance of sensitive food such as fresh fish, by monitoring
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the continous maintenance of the cold chain. By providing information about
the temperature history to end customers, their trust into the product could be
increased. Temperature is only one product attribute that could provide useful
information to the customer: We envision that products will be able to record a
complete digital diary with all relevant information, particularly regarding their
quality and operation. Being able to communicate with their environment it is
further important to allow humans to access such a product memory.

We developed a demonstration application, the Digital Sommelier (DigiSom),
that provides a simple interface for customers to retrieve general features of the
product (wine and champaign bottles) as well as specific state attributes: the cur-
rent temperature and whether the bottle has been recently shaken. Our aim was
to support novice users in their shopping activities with an intuitive interface.
The system recognizes user interactions based on RFID and sensor technology,
and provides a natural language interface combined with visual output of infor-
mation. We also integrated our concept of anthropomorphic products into this
scenario: Each type of wine is associated with a distinct personality, which is
reflected by prosodic attributes of the voice and by different phrasing styles.
The implementation of the sensor integration is based on a framework that we
have designed for rapid development of sensor based applications. In this work
we present first results of our group in this field: The framework for sensor based
applications, the anthropomorphic interaction pattern and the DigiSom, an ap-
plication integrating both concepts in a demonstration system that has been
exhibited on various occasions.

The remainder of this paper is organized as follows. First, we describe the ar-
chitecture of our framework for sensor based development in chapter 2. Chapter 3
covers the conceptual and technical background of the talking products para-
digm. An overview of the DigiSom installation is given in chapter 4 and chapter 5
concludes this paper with a brief discussion.

2 A Framework for Sensor Based Prototyping

Embedding sensing, computing and communication capabilities into physical ar-
tifacts is the essential building block for the creation of intelligent objects. Some
simple examples can already be found in commercial products: Apples iPhone
for instance uses an acceleration sensor for flipping images, a proximity sensor for
switching off the display when speaking and a light sensor for adjusting bright-
ness. The latter technique is also used in some desktop monitors. Such standalone
applications use their collected data only for one distinct and straightforward
purpose and do not communicate it to other devices. In a next step we envision
networks of things, where all sorts of information about objects are accessible
and exchangeable between artifacts and/or the environment.

Research in the field of wireless sensor networks has brought up commercial
off-the-shelf systems, which provide sensor nodes with integrated sensing, com-
puting and communication capabilities. Some of them can be configured only by
means of basic parameters, others have a programmable microcontroller and can
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be flashed with custom firmware. Such devices use their computing resources for
more sophisticated tasks like preprocessing sensor readings or routing of mes-
sages through the network - even applications running completely inside the
network are possible.

Advances in miniaturization allow such devices to be included in a wide range
of objects. In our intelligent environment [1], we use wireless sensor nodes to
monitor general environmental parameters like temperature or light intensity, as
well as to observe the state of objects (i.e. products).

2.1 Sensor Platforms

No single sensor platform can meet all the requirements of different applications.
Therefore we work with various wireless sensor platforms, namely the μPart,
the MICAz and Scatterweb, while using the latter system only for environmen-
tal observations, such as measuring the temperature in a room or detecting the
presence of people. The μPart platform has been initially developed at Karl-
sruhe University [2]. It is produced and sold by the spin off Particle Computer
GmbH. μPart nodes provide sensors for light, movement and temperature. They
can be configured to set the sampling rate and other basic parameters through
light sensors, but firmware modifications are not possible this way. The MICAz
platform is a Zigbee compliant implementation of the Mica Mote platform [3],
developed at Berkeley University in cooperation with Intel. MICAz nodes are
sold by Crossbow Inc. and are shipped without integrated sensors, but they
can be stacked with various sensor boards. We use them mainly in connection
with the MTS300 board, which provides sensors for light, temperature and noise
as well as a dual-axis accelerometer and a dual-axis magnetometer. The AT-
mega128L microcontroller on the nodes provides computing resources to run
custom firmware from the integrated 128 KBytes of flash memory.

2.2 Framework Requirements

So far applications have to access sensor data directly through hardware de-
pendent libraries. In many cases hardware details influence the entire software
design, which complicates software maintenance especially when hardware is ex-
changed or updated. This particularly poses a burden in research environments,
where different device platforms are interchanged and used for different applica-
tions, reusability of software modules is very restricted.

To enhance rapid development of sensor based applications, a solution had
to be found, which provides a structure for data processing through reusable
software components. From previous experience with sensor applications we have
extracted the following requirements for such a framework:

1. Sensor data should be accessible through a high level API instead of raw
byte access.

2. Data processing should be as simple and efficient as possible to cope with
high data rates from a large number of sensors simultanously.
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3. All sensor specific hardware and software details should be hidden.
4. A large number of data sources should be supported, including not only

wireless sensor networks but also other types of input (e.g. reading from
files, databases or other network sources).

5. There should be prebuilt components for common application tasks as well
as for development related issues (e.g. data inspection, debugging).

6. The implementation should be open for extension, allowing further develop-
ment and adaption of new sensor hardware.

2.3 Processing Sensor Data Streams

The design of the framework is based on the concept of stream processing [4]
(see [5] for an overview). It uses a data driven approach where information is
contained in possibly infinite streams of data entities. Each entity can be seen as
an event and in our terms, each raw sensor reading is such an event. In our frame-
work, events are produced, consumed and processed by three kinds of modules:
Input modules encapsulate data sources such as sensor networks or files, and
provide a steady flow of information into the framework. Output modules are for
example used for displaying data, connecting to other applications or triggering
actions based on events. Inbetween input and output optional filtering modules
process the data streams to extract and prepare relevant and meaningful infor-
mation from incoming sensor data. The data flow is implicitly uni-directional - if
for any reason a bi-directional flow is required, it must be explicitly constructed.

The sensor based component of a new application is built by choosing one or
more modules of a set of modules provided by the framework and connecting
their in- and outputs appropriately to construct a desired function. Although new
custom modules can be easily implemented and integrated, the set of prebuilt
modules covers many common data processing tasks, such that a wide range of
simple applications can be developed quickly with the given components.

As sensor nodes define their own message format, the encapsulating input
modules are customized to suit the underlying sensor platform, and have to be
extended, whenever new platforms have to be integrated. Such input modules
provide flexibility and connectivity towards the framework, a back channel to
inject messages into a sensor network is not implemented yet, since the main
focus of the framework is to simplify data extraction and processing from sensors.

There are already several tools available to support event processing for in-
telligent environments. We are using the EventHeap [6] to share data between
applications, but sending each sensor reading directly to the EventHeap is cer-
tainly not a good idea, since a single reading does not contain much information.
The raw sensor readings have to be preprocessed and analyzed in order to gen-
erate higher level events that are meaningful enough to be sent to the actual
application. The Context Toolkit [7] provides a well structured framework for
working with context information. Its Generator-Widgets encapsulate context
information gained from sensor readings, but a concept to extract high level
information from raw sensor data is not provided.
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2.4 Implementation

We decided to implement the framework in Java mainly because of two reasons:
Most sensor networks already come with some Java library or classes giving a
good starting point. Furthermore, Java is platform independent, which is par-
ticularly important when working in a heterogenous environment.

Data entities which are transmitted through the framework are represented
by the Message class (fig. 1). Each message contains the source id, a timestamp,
the data value and a type field. All fields are Strings, except of the timestamp
which is of type long.

Fig. 1. The Message class (part)

As already stated, there are three types of modules, namely Input -, Output -
and Filter -Modules. They are linked together using a design pattern from Ob-
ject Oriented Programming [8] called the Listener Pattern. It allows coupling
of software components and uni-directional transmission of data from a Sub-
ject (Input) to one or more Listeners (Output). Filter modules implement both,
StreamIn and StreamOut interfaces and are further divided in buffered und un-
buffered filters. The original pattern has been extended by a tagged version to
allow Output streams being grouped together. Figure 2 shows the main inter-
faces.

This approach allows to seperate the application architecture from the spe-
cific implementation of modules. The architecture can be described in a model-
driven fashion using block diagrams, which contain the modules as well as their
connections. Figure 3 shows a diagram for a simple application based on pre-
built modules. It takes sensor data from μPart nodes, filters out everything
but temperature readings, and writes them to a file only when sensor value
changes. The architecture can be easily implemented as shown in listing 1.1.
Each box corresponds to a constructor call and each arrow corresponds to a call
of the addOutputStream() method. More complex applications may incorpo-
rate multiple sensor networks, more sophisticated filtering and different output
modalities.
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Fig. 2. Extended Listener Pattern

Fig. 3. Block diagramm for an application that writes sensor readings to a file

// con s t ru c t modules
UPart input = new UPart ( ) ; // use d e f a u l t por t
SelectType selectType = new SelectType ( ) ;
NoRepeat noRepeat = new NoRepeat ( ) ;
FileSink output = new FileSink (new File ( ”out . txt ” ) ) ;

// l i n k modules
input . addOutputStream ( selectType ) ;
selectType . addOutputStream ( ”TEMP” , noRepeat ) ;
noRepeat . addOutputStream ( output ) ;

// s t a r t r e c e i v i n g data
input . start ( ) ;

Listing 1.1. Implementation of the application described by figure 3

So far, there are about 50 prebuilt modules. Input can be obtained from differ-
ent sensor networks, from files or from network or serial connections. Amongst
others, output can be directly fused into files, databases or higher level sys-
tems like the EventHeap. For data inspection and debugging there are modules
that display data either graphical of textual. Filter modules implement various
computing functions like sum, variance or standard deviation of a sequence of
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values. There are filters that drop repeating values, split message streams by
origin or type, translate certain field values of the messages and many more.
The translation for example is often used to map sensor IDs to products and
can be configured through an external XML file, eliminating the need for touch-
ing the binaries when changing product mappings. Modules are implemented by
extending abstract base classes, which already contain functionality for estab-
lishing links between modules, so there is minimal effort needed (see listing 1.2
for an example).

public class EvenOddFilter extends Filter {
protected Message filter ( Message msg ) {

try {
i f ( msg . getIntValue ( ) % 2 == 0) {

msg . setValue ( ”Even” ) ;
} else {

msg . setValue ( ”Odd” ) ;
}
return msg ;

} catch ( NumberFormatException e ) {
return null ;

}
}

}

Listing 1.2. Implementation of an example filter module

2.5 Special Purpose Modules

Not all algorithmic problems can be broken down into simple solutions. In some
cases it is more reasonable to implement a complex function as a self contained
module, which provides the necessary interfaces for connecting it to the frame-
work. Robust movement analysis based on acceleration sensors is such a task,
requiring sophisticated methods for information extraction. The complexity of
the given data in this case requires a tailored approach, for which we generated
a specialized module for our framework.

Acceleration data is sampled with a rate of 100 samples per second. In a first
step the readings are preprocessed by computing several statistical values over a
window of 30 samples corresponding to about 300ms. The statistical values are
mean, variance, standard deviation as well as the number of local minima and
maxima for each acceleration axis, forming a block of 10 characteristic values,
which describe the state of acceleration for a specific time interval. These blocks
are computed by our own firmware installed on the sensor boards, and are sent to
the receiving PC that runs the framework and then processed by WEKA [9], first
in a training phase and after that in a classification phase. In the training phase,
several classes of movement states have to be specified, and incoming readings
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are assigned to the according movement class. Based on this training data the
system can classify incoming data packages and send results further into the
framework. Using our statistical approach of movement state classification, we
are able to differentiate the movements regarding their intensity (no movement,
slow movement, fast movement), their direction or anything else that can be
extracted from the set of statistical values. The classification is done by the
WEKA implementation of a Ripple-Down Rules (RDR) classifier [10], but other
classifiers like C4.5 decision trees [11] have also proven to be useful. For a user of
our framework, there is no need to write a single line of code during this process.
A self written tool allows the training phase to be completed in a few minutes
just by moving the sensor, clicking buttons and entering names for different
movement classes.

2.6 Integrating Sensors into the Digital Sommelier

There are two different tasks for our sensor equipment in the DigiSom appli-
cation: Collecting and storing sensor readings that define the state of wines
(temperature and vibration) using the μPart nodes, and acceleration sensors on
the MICAz nodes to detect, whether a user looks at the front or at the rear side
of a product box. Figure 4 shows the design of the sensor processing application
used for the DigiSom.

Temperature processing was a rather straightforward task, there were only
two minor issues which have to be dealt with. First, the μParts do not allow
to set the sampling rate of temperature and vibration sensor independent of
each other. To provide adequate reaction times in detecting vibration, we had to
choose a sampling interval of about one second. This results in a steady stream
of equal temperature values, which can be limited by the NoRepeat filter module.

Fig. 4. Block diagramm of sensor data processing in the DigiSom
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The second problem is that at the transition between two degree values, there
is some interval of jittering, where sensor readings continously switch between
these values. To prevent these messages from slipping through the NoRepeat
filter, we compute the mean of two successive readings. This is the simplest
form of a moving average represented by the module Mean with a buffer size
of two and with an overlap between buffers of one message (see Figure 4). For
vibration detection the μPart nodes use an integrated ball switch. This is great
for implementing a wakeup on move function, but gives only poor results for
deciding, if a bottle has been shaken or has just been moved. Vibration readings
are summed up over a buffer of three messages with an overlap of two. The result
is then compared to a threshold, which represents the sensitivity. To detect the
orientation of the product boxes, we integrated MICAz nodes. Their two-axis
accelerometer measures the acceleration caused by gravitation. A user looking
at a product never holds it perfectly upright, but always in a certain angle
such that she must not hold the box at eye level for a proper view. Taking
this observation into account, we have trained our nodes to classify front, back
and upright orientation. The classifier forwards its results into the framework,
where repeating messages are dropped. After preprocessing is done, messages
are translated to map sensor node IDs to poducts and published as EventHeap
tuples to make them available to other parts of the DigiSom.

3 Dialogue Shell of Talking Products

One important design goal of our interactive shopping assistance is to support
arbitrary users, particularly computer novices, who are not able or willing to
learn the use of such a system. We therefore have to find a solution that pro-
vides a natural interaction, requiring minimal effort of a user to understand and
utilize the assistance system. Nijholt et al. [12] suggest that a limited animistic
design metaphor seems to be appropriate for human-environment interaction
with thousands of networked smart objects. People often tend to treat objects
similar to humans, according to findings of Reeves and Nass [13], which allows
users to explain the behavior of a system if they lack a good functional concep-
tual model. In consequence, we decided to employ a natural language system,
which enables the user to talk to each product.

[14] conducted a usability study of amulti-modal shopping assistant.The imple-
mented system allows users for instance to request product information in a com-
bination of speech and selecting gestures (i.e. taking a product out of the shelf).
Findings of this study showed among others that users generally preferred direct
over indirect interaction, i.e. by asking ”What is your price?” instead of ”What is
the price of this camera?”, which encouraged us to pursue this approach.

Previous studies have shown that interacting with embodied conversational
agents that have consistent personalities is not only more fun but also lets users
perceive such agents as more useful than agents without (consistent) personalities
[15,16]. It is further shown that the speech of a consistent personality enables
the listener to memorize spoken contents easier and moreover reduces the overall
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cognitive load [17,15]. Thus we emphasized the anthropomorphic aspect of this
interaction pattern by assigning personalites to products, which are reflected by
the spoken responses of a product.

Product manufacturers benefit as well, since the personalization of the product
provides a new channel to communicate a brand image or distinct attributes of a
certain product. A study within the context of marketing research showed that if
in radio advertisements a voice fits the product, it helps the listener to remember
the brand, the product and claims for that product [18].

3.1 Modelling Personality in Voices

In a first step we created voices that reflect certain personalities according to
Aaker’s brand personality model [19] only by adjusting prosodic parameters.
We chose this model over the (rather similar) five factor model [20] commonly
used in psychology, since we are applying the concept of talking objects in the
shopping domain. However, both models are rather similar and to a certain
extent exchangable.

We changed the four prosodic parameters pitch range (in semitones), pitch
level (in Hz), tempo (as a durational factor in ms) and intensity (soft, modal or
loud as in [21]) according to our literature review [22]. For example, a competent
voice has a higher pitch range (8 semitones), a lower pitch level (-30%), a 30%
higher tempo and a loud intesity compared to the baseline voice. In [22] we also
evaluated whether it is possible to model different personalities with the same
voice by adjusting these prosodic parameters, such that listeners will recognize
the intended personality dimension. The study has shown that there are clear
preferences for our prosody modeled speech synthesis for certain brand person-
ality dimensions. But not all personality dimensions were perfectly perceived as
intended, such that we have to amplify the effect.

Personality is certainly not only expressed in qualitative attributes of a voice,
other properties of a speech dialogue are also essential, like the used vocabulary
or the general discussion behaviour. For this reason we created a dialogue shell
that incorporates these aspects.

3.2 Expressing Personality in Dialogues

The widely adopted personality model by Costa and McRae [20] constitutes
five dimensions of human personality: Extraversion, Agreeableness, Conscien-
tousness, Neuroticism and Openness on a scale from 0 to 100. Obviously, differ-
entiating 100 levels in a dimension is far too much for our goals, therefore we
simplified this model by discriminating 3 levels in each dimension:

– low: value between 1 and 44 (31% of population)
– average: values between 45 and 55 (38% of population)
– high: values between 56 and 100 (31% of population)

Related work, e.g. by Andre et al. [23] limited their personality modelling to
only two of the five dimension - namely extraversion and agreeableness - since
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these are the most important factors in interpersonal communication. Neverthe-
less, we discovered considerable influences of openness and conscientiousness to
speech, therefore we incorporated these two dimensions as well. The effect of the
dimension neuroticism is mainly to describe the level of susceptibility to strong
emotions, both positive and negative ones [24]. It is further shown that the level
of neuroticism is very hard to determine in an observed person [25], thus we
decided that four dimensions will suffice for our work.

We conducted an exhaustive literature review on how speech reveals differ-
ent personality characteristics. Among numerous other ressources, two recent
research papers provided essential contributions to our work: Pennebaker and
Kings analysis in Journals of Personality and Social Psychology [26] and Now-
son’s The Language of Weblogs: A Study of Genre and Individual Differences
[27]. In both studies a large number of text blocks were examined with an appli-
cation called Linguistic Inquiry and Word Count1 (LIWC), which analyzes text
passages word by word, comparing them with an internal dictionary. This dictio-
nary is divided in 70 hierarchical dimensions, including grammatical categories
(e.g. noun, verb) or affective and emotional processes. Pennebaker determined
in a study the 15 most reliable dimensions and searched for them in diary entries
of test persons with LIWC. With these results together with the given person-
ality profiles of the probands (according to the five factor modell), he identified
correlations between the two. Nowson performed a similar study and searched
through weblogs for the same LIWC factors.

Based on these results, we provided a set of recommendations how responses
of an talking object with a given personality should be phrased. For instance,
for a high level of extraversion these recommendations are given:

– Prefered bigrams: a bit, a couple, other than, able to, want to, looking forward
and similar ones.

– Frequent use of terms from a social context or describing positive emotions
– Avoidance of maybe, perhaps and extensive usage of numbers
– Usage of colloquial phrases, based on verbs, adverbs and pronouns
– Comparably more elaborate replies

Following these principles we implemented basic product responses (greetings,
inquiries for product attributes, farewell) for several personalities. All possible
replies of our dialogue shell are stored in one XML-file, which we named the
Anthropomorphic Fundamental Base Grammar. All entries include an associated
personality profile, for example:

<r ep ly
query=” h e l l o ”
rep ly=”Hello , n i c e to meet you ! ”
ag=”1” co=”2” ex=”1” op=”1”>

<\ r ep ly>

1 http://www.liwc.net/



258 M. Schmitz, J. Baus, and R. Dörr

Which means that this is the greeting of a product with average agreeable-
ness, extraversion and openness and a high value in conscientousness. Another
example:

<r ep ly
query=” h e l l o ”
rep ly=”Hi ! I ’m sure I can he lp you ! Just t e l l me

what you need and I bet we can f i g u r e
something out ! ”

ag=”2” co=”2” ex=”2” op=”2”>
<\ r ep ly>

All entries that do not regard any particular personality, should have average
personality values in all dimensions.

A central product database with all products and their attributes is extended
by the assigned personality profile, i.e. the values in each of the four dimensions.
When the application starts up, the dialogue shell retrieves the product data
of each product instance and extracts the appropriate entries from the base
grammar to build the custom product grammar. If there are no entries that
exactly match the given profile, the one that has the most identical values will
be chosen. This dialogue shell generates a consistent speech interface to a product
by knowing its attributes and a given personality profile, for instance preset by
the manufacturer. With the help of such a dialogue shell we plan to fully realize
our concept of products with ”speaking” personalities.

4 The Digital Sommelier Installation

To test the aforementioned and other previously elaborated concepts, our group
developed shopping assistants for two different shopping domains, namely a dig-
ital camera store and a grocery store including wines. One shopping assistant
provides product information, product comparisons, and personalized advertise-
ments either on tablet PC mounted on the handle of the shopping cart or wall
mounted displays. In the case of the grocery scenario one instance of the shop-
ping assistant suggests recipes based on the amount and kind of goods already
placed in the shopping cart or provides information about wines and the dishes
they go well with.

In a shop the user has the possibility to communicate with the store by means
of multi-modal interface as described in [28] or by interacting with the offered
products. Her actions in the store are recognized and monitored by a combination
of RFID- and (in the latest version) by sensor technologies as described in this
paper. The shelves in our store are equipped with RFID-readers, and every
product is tagged with passive RFID-transponders, which allows for locating
and identifying products. Every RFID-transponder also contains a reference to
all relevant product information like its name, ingredients and nutrition facts.
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In addition to that the DigiSom uses various sensors either directly attached
to the wine bottles or in case of champagne to the product box, in order to
gather information about the state of a product, i.e. the actual temperature of
the bottle of wine and whether the bottle has been shaken or not. Furthermore,
interactions with the product box can be monitored using the attached sensors,
which are able to measure light, temperature, sound, and acceleration. Whenever
the user takes a bottle out of the shelf the attached RFID-tag disappears from
the RFID-reader field and the DigiSom receives an event from the EventHeap,
which triggers the generation of the according product information page to be
displayed on a nearby screen and at the same time initiates the champagne
to introduce itself using the personalized voice. Furthermore, the application
receives the current temperature of the champagne from the integrated sensor
node, comparing the actual temperature against the proposed temperature at
which the champagne should be served and generates appropriate hints, e.g. that
the champagne has to be chilled before serving (see Figure 5). If the user turns
the champagne to read the information on the rear side of the box, the associated
sensor detects the rotation and generates the associated event, which is passed to
our application. In our application such events are interpreted as an indication
of the user’s interest in the product and the DigiSom changes the information
already displayed. In this case the application refers the user to the web page
of the manufacturer, where the user can search for additional information about
the product (see Figure 6).

Fig. 5. Generated page with product information including the champagne’s actual
temperature
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Fig. 6. A user interacting with a bottle of champagne

Through the combination of information from RFID-tags, data about the
champagne’s/wine’s actual temperature, and whether the bottles have been
shaken or not, as well as acceleration information from MICAz nodes, our Digi-
Som is able to incorporate real time data about the state of products to adapt
product presentations.

5 Conclusion and Future Work

In this paper we introduced the Digital Sommelier, an interactive shopping assis-
tant, which uses the concept of personalized speech to present multi-modal prod-
uct information. Based on the introduced framework the application combines
RFID- and sensor technology to incorporate real time data about the product’s
state and user interactions with the product itself, in order to adapt the prod-
uct presentations that will be given to the user. We believe that this technogies
will pave their way into new innovative retail solutions. Furthermore, the data
collected might also be used to feed and update digital product memories, that
can be accessed by producers, retailers and end users. Another promising ap-
plication fields for anthropomorphic, sensor-based user interfaces are interactive
installations in museums or other exhibitions: The areas of education, entertain-
ment and the combination of both provide an appropriate playground for virtual
characters and tangible user interfaces, whereas in such an environment the role
of integrated sensors would probably focus on detecting user interactions.
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We further described a framework for sensor based prototyping, which helped
us to quickly develop software components that rely on various sensor data
streams. A large set of modules implemented as a Java library allows researchers
and developers to assemble applications without the burden of investing much
time into low level sensor stream processing. The next step will be to develop a
graphical editor, for instance based on the Eclipse Graphical Editing Framework
(GEF)2, to further simplify the process of prototyping. Besides that we will
continue integrating new sensor systems that will come to the market.

Our latest research on the interaction metaphor of talking products as pre-
sented in this paper will be evaluated in order to discover whether it is possi-
ble to communicate brand attributes and intentionally influence the shopping
behaviour of customers. It will also be interesting to see, whether this simpli-
fied interaction pattern is more intuitive to certain customer groups than other
alternatives. Pursuing the anthropomorphic approach we will try to apply an
emotional model to products, such that a current emotional state will represent
the state of a particular product.
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Abstract. This paper describes how home appliances might be en-
hanced to improve user awareness of energy usage. Households wish to
lead comfortable and manageable lives. Balancing this reasonable desire
with the environmental and political goal of reducing electricity usage is
a challenge that we claim is best met through the design of interfaces that
allows users better control of their usage and unobtrusively informs them
of the actions of their peers. A set of design principles along these lines
is formulated in this paper. We have built a fully functional prototype
home appliance with a socially aware interface to signal the aggregate
usage of the user’s peer group according to these principles, and present
the prototype in the paper.

Keywords: smart homes, domestic energy usage, physical program-
ming, connected artifacts, distributed applications, micro level load-bal-
ancing

1 Energy Usage in the Home — An Interface Issue

Monitoring and controlling energy usage is a small component in an increasingly
intellectually demanding everyday life. Many other choices make demands on
the schedule, budget, and attention of the consumer.

However, energy usage is becoming an increasingly important facet of personal
choice: the choices made by individual consumers have consequences, both social
and environmental. In public discourse, energy usage is discussed as an arena
where individual choice makes a real and noticeable difference for the society
and the ecological system. This is a driving force and a motivating factor for the
individual consumer.

At the same time, another strand of development makes itself known in the
home and the household: the incremental digitalisation of home services. The
introduction of more and more capable entertainment, media, and gaming appli-
ances on the one hand, and more powerful communication devices on the other,
has brought typical homes to a state where there is a high degree of computing
power but very little interconnection between appliances. It is easy to predict the
future but more difficult to get it right, and the history of “intelligent homes”
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and other related research targets is littered with mistaken projections and pre-
dictions [1,2]. However, it can safely be envisioned that the future will hold better
interconnection between the various computing systems in the home, and that
more digital services and appliances for the home will be introduced apace. We
believe that systems for energy monitoring and control are an important vehicle
for home digitalisation and that they are a natural locus for the convergence of
the various functions foreseeable and present in a home.

Our research method is to instantiate various combinations of design principles
into fully functional product prototypes, some of which are used to prove a point
in a demonstration, others which are field tested, and yet others which are used
as a basis for industrial projects. The prototypes are meant to illustrate and test
the principles - not to conclusively prove or disprove them.

This paper begins by giving the points of departure for this concrete project, in
terms of political and societal goals and in terms of consumer and user needs;it
continues by outlining some central design principles taken into consideration
during the design cycle; it then describes a concrete prototype for raising energy
awareness and for providing unobtrusive mechanisms for better control of elec-
trical energy usage in the home, instantiating the design principles in question.

2 Goals

Current societal and political attention in to a large extent focussed on questions
of environmental sustainability. Chief among those question is that of energy us-
age and turnover. The operation, management, and maintenance of energy usage
is to a large extent technological — but based on the interaction between choices
made to uphold a desired lifestyle, to conserve energy, participate responsibly
in attaining societal objectives, and to preserve the integrity and habitability
of one’s personal everyday life. To this end, our work recognises a number of
background non-technological goals.

2.1 First Goal: Reducing Electricity Usage

An overriding political goal in Europe is to reduce energy usage. While energy
is a raw material in several central industrial and infrastructural processes, as
well as a key resource in transport and in heating and cooling indoor locations,
much of energy usage is incidental to the primary task at hand – that of leading
a comfortable life or performing services and producing goods in a comfortable
environment. We will in this example focus on one aspect of energy usage, that
of electricity usage in household environments.

Household electricity usage has risen noticeably in the most recent ten-year
period [3]. There are opportunities to reduce electricity usage, inasmuch much
of the increase can be attributed to unaware electricity spill, caused by standby
systems or inadvertent power-up of home appliances.

The current public policy on energy matters includes the goal to reverse this
trend and to considerably reduce household electricity usage within the next
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decade. There are studies that show that in spite of a higher density of kitchen
appliances and a rapid and increasing replacement rate as regards such appli-
ances, kitchens use less electricity today than ten years ago[4], which speaks
towards the positive effect of technological advancement and towards new tech-
nology being a solution, not a hindrance to energy efficiency. Reduction in electric
energy usage in households cannot be accomplished through tariff manipulation,
since the politically appropriate price range of a unit of electricity cannot provide
adequate market differentiation.

2.2 Second Goal: Load Shifting

The marginal cost of electricity at peak load, taking both production and dis-
tribution into account is considerable. It is desirable to reduce peak loads by
shifting usage from high load to low load times over a 24-hour period or even
within a shorter period. Reducing peak loads lessens the risk of overburdening
the system, reduces the dependence on marginal electrity production systems
– often with more noticeable environmental impact and with greater produc-
tion cost per unit, and allows the power grid to be specified for a more rational
capacity utilisation.

2.3 Third Goal: Preserving the Standard of Living

An immediate political concern is to accomplish a lowered electrical energy
turnover and a more balanced load over time, and to do this without impacting
negatively on living standards. The savings should be predominantly directed at
unconscious spill and waste rather than at reducing quality of life.

In addition to this, the most immediate and pressing need of many users is
expressed in terms of life management and coping – we do not wish to add bur-
dens to the harried everyday life of consumers. Our goal is to help the individual
household consumer keep electrical energy usage an appropriately small part of
everyday life, afford the user higher awareness, better sense of control, without
intruding on the general make-up of the home by introducing new, cumbersome,
and unaesthetic devices.

3 Studies of Users

Feedback for better awareness or control of energy usage is well studied. A liter-
ature review from the University of Oxford [5] indicates savings between 5-15%
from direct feedback, and also states that “... time-of-use or real-time pricing
may become important as part of more sophisticated load management and as
more distributed generation comes on stream.”. Much of the work listed in the
review concerns feedback in the form of informative billing and various types
of displays (even ambient ones), with the aim of providing users with a better
understanding of their energy usage. Smart metering is a general approach to
building better and more intelligent meters to monitor electricity usage, to raise
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awareness among consumers, and to provide mechanisms of control either to
distributors or consumers: modern electricity meters are frequently built to be
sensitive to load balancing issues or tariff variation and can be controlled either
through customer configuration or through distributor overrides beyond the con-
trol of the consumer [6,7,8]. Better metering has a potential impact on energy
load peak reduction and the allows for the possibility for time-of-use pricing,
issues which have influenced the design of the tea kettle prototype presented
later in this paper.

Furthermore, initiatives such as UK’s national Design Councils top policy rec-
ommendations from work with users, policy makers, and energy experts, high-
light user awareness and control given by e.g. more detailed real-time monitoring
of appliance energy usage, controlled through an “allowance”, household “energy
collaboratives” and energy trading clubs [9].

Our project shares goals with smart metering projects but focusses more on
the control aspect than most other approaches — on how to allow users to
influence their use of energy in the home environment.

From exploratory interview studies performed in homes and households by
ourselves during the prototype design phase of our project, we have found
that consumers in general are quite interested in taking control of their en-
ergy turnover: they feel they understand little of it and that the configuration
and control of their home appliances are less in their hand than the consumers
would like them to be. Our subjects in several of the at-home interviews we
performed expressed puzzlement and lack of control in face of incomprehensible
and information-dense energy bills – none wished to receive more information
on the bill itself. For instance, interview subjects were not comfortably aware of
the relation between billing units (kWh) and electricity usage in the household.

However, several of our subjects had instituted routines or behaviour to better
understand or monitor their energy usage: making periodic notes of the electric-
ity meter figures, admonishing family members to turn off various appliances,
limiting the usage of appliances felt to be wasteful of energy, switching energy
suppliers to track the least costly rates offered on the market. Many of these
routines were ill-informed or ineffectual (e.g. turning off lighting, while not ad-
dressing other appliances such as home entertainment systems), and were likely
to have little or no effect on the actual electricity usage or cost, but it afforded
the users in question some sense of control.

Wishing to gain better control is partially a question of home economics: rising
electricity bills motivates consumers to be more aware of electricity usage and
to economise. However, while economy alone cannot become a strong enough
motivating factor (as noted above, for reasons extraneous to the energy and en-
vironment field), consumer behaviour can be guided by other indicators. Societal
pressure to behave responsibly accounts for much of consumer behaviour, e.g.
in the form of willingness to participate in a more sustainable lifestyle — wit-
ness the high rate of return of drink containers in spite of the low remuneration
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given by the deposit system. 1 A companion motivator can be found in a general
pursuit better to be able to retain the initiative and control over an increasingly
complex set of systems in the household.

4 Guiding Principles

To empower users to take control of their household energy turnover, we work to
harness the interest consumers show towards the electrical energy usage issue.
Our conviction is that to harness this interest we need to design and develop
systems that are effortless, fun, and effective to use. We wish to develop plea-
surable aspects of new technology — and we do not wish to build systems to
use value statements to influence or distress its users. To achieve these goals we
suggest a set of guiding principles to follow. These principles are effectivisation,
avoiding drastic lifestyle changes, utilizing ambient and physical interfaces, pro-
viding comparison mechanism, make systems socially aware and provide both
immediate and overview feedback. In the following section we will motivate our
choice of principles.

Work towards effectivisation, avoiding drastic lifestyle changes

As discussed in section 2.3, we do not wish to burden the consumer with further
tasks or cognitive demands, nor to lower the standard of living in households.
Rather then reducing quality of life we need to work towards more effective use
of energy in general, and of electric energy in this specific case: effective in both
the sense of higher efficiency but also correctly placed in time and space. In
doing so we shall not enforce users to introduce drastic life style changes which
would become another burden for them.

Use ambient interfaces and physical interfaces

As mentioned above an important aspect of designing artifacts for the home
and the household is to avoid drastic life style changes, i.e. not disrupting the
behavioural patterns of the inhabitants. Furthermore it is not desired to ruin the
aesthetic qualities of the interior. Ambient interfaces [10] share the design prin-
ciple to not disrupt behavioural patterns and thus the use of ambient interfaces
suits very well to be employed. Furthermore utilization of physical interfaces
allows us to design interaction that embed into the aesthetics of the artifact and
that the actual interaction with the artifact is not drastically changed. [11]

1 Close to ninety per cent of drink containers are returned by consumers in Sweden,
with many European jurisdictions showing similar figures, according to the Swedish
Waste Management trade association (www.avfallsverige.se). The presence of a de-
posit system seems to have a strong effect on the willingness to make the effort to
return containers, even while the deposit usually is low and does not translate into
adequate remuneration for the time and effort spent.
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Use comparison mechanisms

To reduce energy usage we must slowly change the user’s behaviours. As a basis
for any system for behavioural modification, we must provide a benchmark or
measure with which to compare individual (in our case, typically aggregated by
household) performance. We will want to provide comparison mechanisms to
give the consumer a sense of change, both as regards overall lifestyle and for
individual actions which influence energy turnover in the home. In our current
set of prototypes, we explore comparison over time (”Am I doing better than
last week”) and over peer groups (using a recommendation system framework
[12,13]).

Build socially aware systems

Energy usage and related behaviour, as intimated above, is not only an individual
question. Use aggregated over a large number of households will have greater
impact both on general usage levels and on load balance than will individual
usage profiles; in addition, the effects of social pressure, both to conform and to
lead, can be harnessed to make a difference. Therefore it is important to create
designs that operationalise some of the social context that normally is less visible
in household situations. If this is done in a manner which avoids pitting users
against each other in individual contests of appropriate behaviour, and which
does not succumb to pointing fingers at those who do not conform to norms,
such a social aware system will provide users to not only compare or learn from
their own usage but others as well.

Immediate feedback and overview feedback

While the learning which is required by the consumer is on a fairly high cognitive
level, and is intended to increase awareness and contribute to a sense of empow-
erment and control, it should be based on standard learning mechanisms. It is
well established that in any learning situation, the timing of the stimulus must
be in relevant juxtaposition with the contigent action — the highlevel behaviour
or individual actions the consumer is engaged in. [14] The stimuli or signals to
provide as feedback to the user must be appropriate and have informational value
— in our case, they must not be overloaded with other information and not clash
with other signals or messages the user may be interested in, and it must also
have relevant cognitive content so as not to deteriorate into mere background
noise. Specifically, we will keep separate the immediate feedback necessary to
learn from actions from the overview sense necessary to be aware of lifestyle
effects.

Plan and build for added benefits

The economical benefits provided through higher energy awareness is not enough
to catch the eye of consumers, but must include other benefits and thus be
designed as part of a larger platform. One possible added benefit is to provide
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added control and to empower the indvidual consumer and emergent groups of
consumers. A possible integration of energy issues with e.g. safety monitors, time
management services, and communication systems might be one solution.

5 Prototype Example – The Socially Aware Tea Kettle

Electric stand-alone tea kettles are the preferred device for heating water if the
alternative is using a pot on an electric stove: tea kettles are much more energy
efficient. To contribute to the overriding goal of reducing electricity usage it is
thus useful to encourage households to move from stove-top saucepans to stand-
alone kettles.

However, kettles occasion usage peaks: they use power up to 2 kW and are
among those home appliances which require the highest current when switched
on. This is observable by the consumer, in that switching on a tea kettle for
many consumers causes a minor but visible brownout in the home, dimming
lights momentarily. In addition, kettle usage patterns are cyclic. People have
more or less the same diurnal behaviour patterns and tend to heat water for hot
beverages and for other cooking purposes at about the same times.

The tea kettle is thus a useful and illustrative example of household electricity
appliance: it has a high wattage and its usage is non-random with similar usage
patterns across households.

As noted above, reducing peak loads by shifting usage is a desirable goal. To
this end, to illustrate the possibilities inherent in aggregating households into
cooperating pools of users for load-balancing purposes, we have built a socially
aware tea kettle, suitable for pooling usage across several households. Pooling
usage and reducing peak loads allows an aggregation of households the potential
to negotiate lower average rates (possibly offset by higher peak load rates at
the margin). In keeping with the guiding principles given above, we do not
wish to burden the consumer with calculations or other cognitively demanding
operations at the point in time where their focus is on producing hot beverages.
Instead of providing numerical or graphical information, deflecting the attention
of the consumer from tea to tariffs and time schedules, we provide an enhanced
tool whose primary purpose remains heating water.

The underlying assumption is that if a number of households with suitably
dissimilar habits are pooled, their power requirement can be balanced over a time
period, if less time-critical energy requirements at times can be shifted from the
immediate moment they are ordered to some less loaded point in time. A typical
example of pooling currently under experimental deployment in households is
delaying hot-water cisterns from immediately replacing the hot water used by
morning baths and showers. If hot-water cisterns are programmed to heat the
water when the overall network load is low, the aggregate cost of heating water
can be kept down [7,8]. Figure 1 illustrates how the power usage of various
electrical appliances (examplied by tea kettles) can be spread out in time to
acheive a better load balance if the households are pooled.
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Fig. 1. Pooling usage to achieve load balance

Similarly, we posit that heating water is only partially time-critical: when
someone orders up a pot of boiling water, quite frequently the hot water can be
delivered within a flexible time window rather than immediately. If a kettle can
be made aware of the current and near-future load among a number of pooled
households, it can inform its user of when within the next few minutes a kettleful
water can be heated at lowest strain to the delivery grid (and, presumably, at
lowest cost, if price is used as an additional signal to consumers).

Our example fully-functional kettle is mounted on a rotating base, and pro-
vides the user with rotational force feed-back to indicate booked capacity in a
window over the next few minutes. A picture of the current prototype is shown
in Figure 2. This allows the user to rotate the kettle to get a sense of when the
load is light (less force is needed) or heavy (the kettle resists being rotated into
that position). The user is always able to override the recommended time slot,
and select immediate delivery or non-peak time.

5.1 Technology

The wooden cabinet on top of which the tea kettle is placed contains various
hardware devices that are necessary for its operation. At the heart of this setup
is a Java microcontroller responsible for Internet communication as well as mea-
surement and control functionality. Using a clamp meter connected through i2c
interface, the microcontroller monitors electric current used by the kettle. An
i2c connected 240V power switch is incorporated to allow the processor to start
and stop the tea kettle at designated times. The prototype also uses a modified
force feedback steering wheel, modified from an off-the-shelf car game controller,
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Fig. 2. Current kettle prototype. A production unit will have the same form factor as
a standard off the shelf tea kettle.

connected to the base of the kettle to yield the friction-based rotation of the ket-
tle. In addition, there is an array of LEDs positioned around the base of the
kettle used to visually convey information such as active bookings.

The microcontroller runs a kettle software process which controls the hard-
ware devices inside the wooden cabinet (forced feedback device, power switch,
etc.), and also communicates with a household booking service over IP. The
booking service is connected to all household electrical appliances, and monitors
their current as well as predicted future power usage. The booking service is in
turn connected and reports to a pooling service, which supervises the activity
over many households. The pooling service is thus able to construct an aggre-
gated “profile” of the predicted near-future power consumption of all connected
households. This profile is then continuously communicated back to the booking
services, and finally the individual appliances (e.g., the tea kettle prototype),
where it is used to convey operating conditions that the user may wish to con-
sider. The profile may be biased by any changes in the power suppliers future
cost levels or by maximum power usage limits that may be stipulated in con-
tracts between the power supplier and the pooled households. In the tea kettle
prototype the profile is used to control the force feed-back mechanism acting on
the kettle. The friction at a certain angle of rotation represents the predicted
load a number of minutes into the future. The system architecture is illustrated
in Figure 3. The kettle software control process, as well as the booking and pool-
ing services, are developed using PART [15]. PART is a light-weight middleware,


