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Abstract
We describe the Digital Bookshelf (a projector and
camera based system) that similar to a physical bookshelf
is designed to present a set of books for decorating and
self-expression purposes. Digital books in the bookshelf
are presented based on meta information (e.g. by price,
rating and cover color) to highlight adjacencies and to
create a meaningful and aesthetic view. The system
makes use of research in serendipity and multivariate
statistics to allow the user to browse along flexible paths
of adjacent books in a large collection of books. It allows
the user to experience how subsets of books create
different visual expressions and atmospheres when placed
in the bookshelf.
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Introduction
In the last few years, the number of digital books that are
owned by a single person has increased step by step. In
comparison to digital books, physical books are valued not
only for their content, but also, for how they can be used
for self-expression and decoration purposes. Home owners
place physical books thoughtfully in bookshelves in order
to create an atmosphere for themselves and their guests.

Digital books are not yet embodied in homes in a similar
way. Digital books are one of many digital things (e.g.
music, images, videos, apps, profiles etc.) that are
invading our everyday life. In this paper we argue that we
need to rethink the role of digital things and how these
things need to be embodied and interacted with within
our homes. We address two challenges that emerged
during the process of designing a digital bookshelf.

The first challenge is how to represent characteristics of
digital things in a physical medium (e.g. a screen). For
example digital books are associated with physical books,
however in comparison to physical books, digital books do
not have physical characteristics such as weight, size etc.
On the other hand, as digital material offer possibilities
exceeding their physical counter parts by far, it is a great
challenge to embody digital books in a physical context
without restricting those possibilities.

Using them (digital materials) in the tradition of physical
materials will withhold maxing out the possibilities it
would provide due to its immediacy (e.g., direct
feedback), dimensionality (e.g., hyperlink structures), and
especially multimediality and multimodality (e.g.,
addressing various senses). [5]

Hereby Fuchsberger et al. [5] refer to how, for example,
the age of the Gutenberg Galaxy predetermined

interaction with the medium television and that new
media can provide rich sensory effects, however to do so
one needs to explore new ways of interaction and not
replicate interaction with traditional media. On the other
hand the semantic that users associate with the physical
contrapart of real world objects influence how users
interact with digital representations [1]. While more and
more everyday tasks are completed using computing
devices, physically and bodily engaging interactions
become important. The following quote of Catherine
Isbister puts emphasis on how there is a need to change
the way physical interaction with computers takes place.

If I must spend hours every day dwelling in the digital
realm, I’d like to bring my body into play. [6]

Therefore the second challenge is how to interact with
digital things bodily in a home context. The way we
address these two challenges is by building a system and
exploring interfaces with these kinds of digital things (i.e.
digital items we own, we collect and that are part of our
personality and our homes).

In the following we will first present relevant background.
Then we describe the system architecture and details of
the implementations and algorithms. Afterwards we
discuss lessons learned from the design journey of our
Digital Bookshelf and interactions we explored.

Background
End of 2011 Google presented in a blog post their infinite
digital bookcase1. An application which runs inside an
internet browser, which is also installed on large displays
framed with something that looks like a real bookshelf in

1http://googleblog.blogspot.co.at/2011/10/designing-infinite-
digital-bookcase.html
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Google’s New York head quarters. The application makes
use of Google Books API and Web GL technology to allow
users to browse through a large set of digital books.

Digital books are digitally embodied as 3D models of
physical versions. The user can choose a subject to filter
books by subject and browse through a large amount of
books using swipe-like touch gestures. What makes the
infinite digital bookcase appealing is how it enriches
physical space and that it has its own aesthetic. Many of
today’s challenges relate to the spread of technology to
our homes and everyday lives with a shift from a rather
narrow task-orientation to qualities of everyday
experiences [4, 2].

As computational things become everyday things, what
we design for can not be restricted to how to enable
people to become more productive. Thus, there is a need
for complementary design philosophies. [9]

Redström herby, refers to how HCI researchers used to
focus on performance and supporting people in
accomplishing tasks. In the last decade many researchers
started to focus on creating new experiences enabled by
ubiquitous computing and computational devices.
Different lines of research within HCI have recognized the
increasing blur between the digital and the physical in
today’s designs [3, 7, 11].

With computational devices invading our homes and
everyday lives research in gesture based interaction
became more relevant. Not only because gesture-based
interactions is considered ”natural” but also because there
is a need to design non-work related interfaces in a way
that fosters bodily and physical engagement.
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Figure 1: Schematic overview of the interaction context and
details of the Digital Shelf system.

Implementation
A physical bookshelf and physical books have very diverse
qualities that can be used by home owners in very
different ways. Our aim was not to replicate all kinds of
physical interactions that are possible with physical books.
Specifically, our aim was not to explore interactions with
single books. We wanted a system to explore how home
owners could use technology in their homes to present
similar to a physical bookshelf a set of digital books out of
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a large collection of digital books for decoration purposes.
Decoration with sets of digital books to create different
atmospheres was the interaction space we intended to
explore. Since, serendipity has been associated with
libraries and interacting with bookshelves in related work
[10, 8] we kept in mind the five visualization design goals
promoted by Thudt et al. [10] during our design decisions.

The Digital Bookshelf is a system designed for a non-work
related interaction context (e.g. home context) where a
user can interact in a standing posture with a large
projected display (e.g. wall projection) that is positioned
in front of the user. In Figure 1 we present an overview of
the interaction context and details of the system
architecture. The software part of the system consists of 3
main modules and runs on a standard personal computers.

In the following we will refer to the module 1 as the
statistics module, to module 2 as the visualization module
and to module 3 as the Kinect module. These three
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Figure 2: Steps performed to
map a subset of multidimensional
digital items on a 2D physical
screen without loosing too much
information about adjacencies
between items.

modules communicate via TCP/IP and could be
distributed to different personal computers. In our
implementation we used a macbook pro with Mac OS
10.6 and a Lenovo laptop with Windows 7 installed.
While the visualization and the statistics module run on
the macbook pro the Kinect module had to run on the
Lenovo laptop. Each of the components is written in a
programming language that we specifically chose for the
purpose of the component. In the following we will
describe in detail these main software components.

Kinect Module
The Kinect module is implemented in Visual C++
(VC++) and makes use of the native Microsoft Kinect
SDK . The sensor data of the Kinect device is interpreted
by this module. In order to realize this module we took
the sample skeleton tracking example provided by

Microsoft and augmented and customized it for our
purpose. First we added a functionality that allows this
module to connect over TCP-IP Sockets to other software
modules and to bidirectionally communicate with those.
Second, we added Classes that would use the stream of
skeleton data that is captured by the skeleton example and
interpret this data to make sense of the users movement.

The skeleton example captures 20 joints of the human
skeleton. We received a new set of skeleton data each 50
ms. The joints that are recognized by the Kinect module
are head, shoulders, elbows, wrists, hands, torso, knees,
etc. We applied jitter filters to reduce noise on skeletal
data and added a running buffer for the data in order to
work with multiple sets of skeleton data over time (i.e. to
be able to interpret skeleton movement). The motivation
to implement this module was to have the possibility to
explore whole-body based interactions with the bookshelf.

Statistics module
The statistics module is implemented in R and provides
calculations based on the multidimensional set of digital
items in the library. The statistics module receives
measures to explain user interaction (i.e. user movement)
and responses with a set of item IDs and how these items
should be sorted on the 2 dimensional physical projection.

How it works is that in the beginning the digital library is
loaded into memory including all the meta data. For each
variable variable values are normalized to a scale between
0 and 1 based on items with maximum and minimum
values in the library. This is done in order to ensure that
same scales are used for all variables.

In Figure 3 we present an example item (i.e. ebook) from
an ebook library including example variables and values.
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Figure 3: Example Meta data for Harry Potter and the
Sorcerer’s Stone (source of data and cover: Amazon.com). On
the right hand side is for reference the cover that has been
used to calculate the cover related color values for hue,
saturation and brightness.

Figure 4: Depending on which
books are presented and how
they are positioned in the
bookshelf different visual
expressions are created.

From a mathematical perspective the items are located in
a multidimensional space (the dimension is defined by the
number of variables). The challenge is to choose a subset
of items (i.e. as much as can be presented by the Digital
Bookshelf) out of a collection of items and to provide
positions for each item so that adjacencies between the
items are still highlighted even when placed on a 2
dimensional plane. We address this challenge by using a
principal component analysis (PCA).

In order to explain how the PCA works we present in
Figure 2 a schematic presentation of exemplary data in 3D
space and how a subset of items in this 3D space could be
chosen and mapped onto a 2D screen. The first step is to
choose n items that fit into the shelf from the collection.

The space in which the items are located is a
k-dimensional space with more items than what can be
presented in the bookshelf. In our implementation we
start with choosing the item in the center of this space
(i.e. position (0.5, 0.5, ...0.5k) then we find the nearest
n− 1 items (see Figure 2 A and B). In order to decide

how this n items should be placed on the 2D screen a
PCA is performed on this n items. The PCA returns
principal components.

The first principal component explains the greatest
variance and the second component is orthogonal to the
first and explains as much variance in the set of items as
possible (see Figure 2 C). These two components are used
as the horizontal and vertical axis for a 2D screen (see
Figure 2 D).

We sort and save the n items based on their values of the
first principal component in an array that we for now refer
as sortedList1. Then we choose the first n/m (m
standing for number of rows in the shelf) items out of the
sortedList1 and sort these again based on their values on
the second principal component. These resorted n/m
items are positioned in the first column in the digital shelf.
The second column in the shelf is filled with the second
set of n/m items in the sortedList1 following the same
procedure (see Figure 2 D). Consequently we position
items on the 2D screen without loosing too much
information about adjacencies between items.

Figure 4 presents exemplary visual expressions that can
result using these algorithms and book covers as
representations. While the statistics component uses the
PCA to meaningfully position multidimensional items on a
2D screen we also use the PCA results to browse through
the library in a meaningful way. This is an important
element in our interaction design, which supports browsing
through flexible and adjacent paths in the digital library.
The way it works is that through pointing to a position on
the 2D screen (i.e. pointing to a group of books), the user
browses in the original k-dimensional space relatively to
the direction of the books that the user points to.
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Visualization Module
The visualization module is written in Processing2 and
creates views of the set of items and transitions between
views. The views and transitions are based on information
that is provided by the statistics module. In our
implementation we use Rserve3, a library that allows
processing to access R functionality based on a TCP/IP
connection.

Representations (e.g. images) for digital items are stored
in a dedicated folder and can be accessed by the
visualization module. On the right hand side of Figure 3
we present an image (i.e. cover of a digital book) which is
the kind of representation that is used by the visualization
module. Based on representations of single items the
module creates an overall view for the Digital Bookshelf.

Figure 5: On the left hand side
the original covers and on the
right hand side abstract
representations of the same
books to visualize price (i.e.
degree of gloss) and rating (i.e.
size of star) of single books int
he bookshelf. The transparent
circle in the middle of the
screenshots denotes the position
of a pointing device.

Since the statistics module highlights adjacencies it is
possible to create visually aesthetic expressions when
variables are used that explain visual aspects of the
representation (e.g. HSB values of the mean color that is
used for book covers, see Figure 4).

When we implemented the Digital Bookshelf we used
covers as representations of digital books; however, we
also explored using other representations and switching
between type of representations to present characteristics
of books that are not represented by the cover alone (e.g.
price, rating etc., see Figure 5).

Now that we have provided insights on the Digital
Bookshelf system we describe in the following how a user
can interact with the bookshelf.

2http://processing.org/
3http://www.rforge.net/Rserve/

Figure 6: Schematic presentation of how books are sorted in
the bookshelf and how the principal components analysis maps
multi-dimensional data on a 2D screen. The screenshot is
augmented with arrows to provide an idea of what information
from the original data set could contribute to the adjacencies
that are used to sort the books.

Interaction with the Digital Bookshelf
The bookshelf allows users to browse along flexible paths
of adjacent books. In Figure 6 we augmented a screenshot
of the bookshelf with virtual arrows to explain what we
mean in detail. In this example books that are similar in
values: number of pages, saturation of cover color and
publication date, are sorted on the left hand side. For
example, by pointing to the upper left corner a user can
browse to books with a slightly different number of pages.
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Note that these directions are not fixed but slightly rotate
during the interaction depending on how the original
values contribute to the principal components. While the
system might use information such as number of pages to
sort books and create paths of adjacent books the
intended user interaction is not, that a user consciously
uses each single path of information about the books but
rather navigates to a direction of books which are
appealing. However, the resulting expressions that is
created should support serendipity because all information
about books are used to highlight adjacencies. In the
following we provide some further discussion on embodied
interaction with digital representations and designing
physically and bodily engaging interaction.

Discussion
Digital items are invading our physical everyday live and
we need to explore how we can design interactions with
for example digital belongings that are embodied in our
homes. The way we interact in our homes with
computational devices is slowly changing. The success of
movement-based game consoles is an indication that
movement based interaction evolved to a level where users
can imagine to use them for other purposes than gaming.
The traditional way of interacting with a computer; i.e.
textual or iconic is whenever appropriate being replaced
with embodied ways of interaction. However, embodied
interaction is an abstract concept which is not a precise
tool we can just apply. Specifically when we need to
explore interaction with digital representations of
physically existing objects (i.e. books). It is not clear
what embodied interaction is when it comes to interacting
with digital representations. Digital versions of physical
objects are different entities. The information (e.g. rating
of a book at amazon) that is associated with digital
things is different and much easier to access. One way to

study how this difference is embodied in interaction is by
building systems that can compute this knowledge and by
exploring interactions based on the system. With the
Digital Bookshelf we intended to build such a system,
which uses a statistic module to compute information
about books in order to make it tangible for design and
interaction. While we used price, rating or cover color as
meta data to explain how the interaction works, our
intention is not to say that these information about books
are important for every user and every household. In
contrary, we believe that it is important to allow users to
configure what characteristics of books should be used by
the system.

The Digital Bookshelf system computes ”digital” paths of
adjacent items through a large collection of items. We
believe to have succeeded in visualize adjacencies of books
on a 2 D screen and were able to use these paths for
interaction (i.e. browsing along paths of adjacent books).
However, feedback and feedforward mechanism could be
further explored to provide the user a greater feeling of
control. Currently we are conducting a user study to
investigate the user experience of interacting with the
Digital Bookshelf and specifically if serendipity is
supported. However, details of the study are beyond the
scope of this paper. So far we explored with our research
interactions with visual representations of books, in our
future work we intend to explore auditive representations
(i.e. browsing through music collections through
embodied interactions) and multi-user scenarios.

Conclusion
In this paper we first presented the Digital Bookshelf, a
system which gives digital books a presence in people’s
homes. Hereby, we addressed a third-wave HCI challenge;
i.e., how home owners could use a digital shelf in their
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homes to create an atmosphere with a set of digital books
for decoration purposes. We presented the system in
detail and explained how we used multivariate statistics to
map multi dimensional data to a 2 dimensional physical
screen. Furthermore we described how we used resulting
adjacencies embodied in the bookshelf visualization for
interaction (i.e. pointing to books in the bookshelf in
order to browse to the direction of those books in a large
collection of digital books).
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