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ABSTRACT
Public bookcases offer the opportunity to serendipitously discover
books and to anonymously share books with others. The set of
available books as well as the sharing patterns are highly dynamic,
as anybody can freely take or donate books. This makes it difficult
for users to see what is available or of interest to them. To support
book sharing via public bookcases we developed a mobile AR ap-
plication that highlights relevant books in the camera viewfinder
and that facilitates searching for specific books. The application
recognizes books via text and color features on the spine. In a lab
study with 15 participants we evaluated our book recognition al-
gorithm and found that it outperforms unaided visual search. We
interviewed users of public bookcases and analyzed the bookcases’
setup and rate of change. A subsequent field evaluation of the AR
application on nine public bookcases found a recognition accuracy
of 80 % for 450 books under different conditions. The proposed
approach provides the basis for effectively sharing books via public
bookcases.

CCS CONCEPTS
• Information systems→Mobile informationprocessing sys-
tems; • Human-centered computing → Mixed / augmented re-
ality; Interaction techniques.
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1 INTRODUCTION
Many books are read once, or not at all, and then left unused on
personal bookshelves for years. A more sustainable use is achieved
by book-sharing economies, which make read books available in
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Figure 1: Example public bookcase

public places. People can take and deposit books as they please, free
of charge, anonymously, and without any administrative overhead.
Public bookcases are enclosed book shelves located in public space
that enable the effective sharing of books as a resource and are one
example of the emerging sharing economy. The inventory of public
bookcases is highly dynamic, as it is unpredictable which books
are added or removed at any time. This makes public bookcases
particularly valuable in the serendipitous discovery of interesting
books. On the other hand online book-sharing communities like
Bookcrossing1 enable searching for particular books placed at any
location in the wild. The journey of released books can be tracked
by registered users. However, public decentralized sharing is not
always successful, as books can get lost or thrown away. For this
reason, online registered books can often be found in public book-
cases. Nevertheless, it is difficult to search for specific books or to
look for books in one’s areas of interest, respectively, on public
bookcases.

To facilitate the discovery of books, especially for a centralized
public sharing scenario, we developed a mobile augmented reality
(AR) application. It identifies and highlights relevant books in the
camera view. The app thus provides a way of connecting the phys-
ical with the virtual world. A core problem that the app solves is
the recognition of books in the shelf, which are typically not sorted
in any way and might be oriented in different ways.

In this paper we review related work on sharing communities
and book sharing in particular. We present an algorithm that re-
liably recognizes books in book shelves based on their spine and

1www.bookcrossing.com
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discuss how graphical output is overlaid in the camera view to
highlight books of interest to the user. Then we report on a lab-
based user study that compares unaided visual and AR-supported
visual search in book shelves, which shows that AR-supported
visual search outperforms unaided visual search. We contribute
a dataset of a large number of images of books in nine different
public bookcases. The images were taken in different weather and
lighting conditions. The dataset was used in evaluating the book
recognition performance of the presented algorithm. Furthermore
we interviewed users of public bookcases in order to learn about
their motivations for using them.

The contributions of this paper include (1) technical support for
freely sharing books that only relies on a mobile application and
general information on book covers, but does not require additional
infrastructure, which would introduce maintenance costs; (2) an
algorithm that recognizes books in shelves in different orientations
and lighting conditions, and a way for overlaying graphical output;
(3) a dataset of book images from public bookcases; and (4) several
findings about the motivations of users of public bookcases.

2 RELATEDWORK
2.1 Sharing Communities
The sharing economy grows. Not only digital resources and ser-
vices but also physical objects are shared, as exemplified by shared
vehicles [1] of different kinds. Sharing is a way of using resources
more economically. It can contribute to a more sustainable society
that consumes less and produces less waste. Sharing is present in
the commercial space as well as in non-profit contexts. Individu-
als regard the act of sharing as a positive behavior that increases
happiness and the feeling of connectedness with others [22].

Dillahunt et al. [7] provide a detailed survey of research on the
sharing economy in computing in general and in HCI in particular.
They outline un- and underexplored aspects of research in this area
and suggest future research directions. Fedosov et al. [10] analyze
how digital sharing economy services have expanded the range
of physical and digital resources that can conveniently be shared
among individuals. They also discuss sharing practices, motivations
to share, privacy and trust issues, and design implications of sharing
economy services.

Light and Miskelly [22] explore how sharing takes place in ev-
eryday life and how digital services support it. They report on “One
Small Thing,” a public bookcase in a neighborhood in London. The
bookcase is located on a busy street in a former BT phone box.
Books are regularly taken out, replaced, and exchanged by local
residents. Light and Miskelly give an account of the person who
established the bookcase and his doubts regarding the prospects of
such an unattended facility. No formal organization takes care of
the public bookcase, but local people provide minimal maintenance.
Bulk deposits replenish books being taken out over time. Apart
from digital documentation of its existence on Facebook, the public
bookcase is not supported by digital technology. The experience
has been that the public bookcase has survived in good shape and
that the free sharing model incurs goodwill that protects it.

2.2 Public Bookcases
There have been two main ways of sharing private books publicly.
First, books have been made available at a designated location with
protection from the elements. Secondly, books have been left behind
at arbitrary public places, like a park bench, typically protected in a
labeled plastic bag. Both approaches differ from traditional libraries
in that everyone can donate books as well as take books and that
there is almost no administrative overhead involved. There is also
no clear ownership of the donated books. Readers can keep a book
as long as they want.

“BookCrossing” [6], launched in 2001, is an initiative that mainly
follows the second, decentralized approach: Booksmay be deposited
at anywhere for others to pick them up or they may be handed over
personally to another individual. The aim is to “make the whole
world a library.” After registration at the BookCrossing2 site users
can enter information about books they would like to share into an
online database, create a label with a unique “BookCrossing ID,” and
attach it to the book cover. The ID can be used to track the journey
of a book via registered readers. Although this type of sharing is not
always successful, as books can be placed anywhere in the public
and might get lost or trashed, in 2020 there were already 2 million
registered users who shared 13 million books.1 Nowadays, many
books from the BookCrossing community are also placed in public
bookcases, as this increases the chance to successfully share a book.

Public bookcases represent the more centralized approach to
publicly share free books. First “free open-air libraries” were es-
tablished in Germany and Austria at the beginning of the 1990s,
initially as artistic acts [14]. Books are placed at a fixed location
and no database is kept of the inventory. The advantage is that
anonymous public sharing is possible, at the disadvantage that vol-
unteer mentors have to permanently check the stock and quality of
the books as well as the bookcase itself. Now public bookcases can
be found all over Europe. “OpenBookCase”3 provides a worldwide
map of public bookcases. The worldwide success of public book
sharing started in 2009 when Todd Bol built a small bookcase and
placed it in his front yard in Hudson, Wisconsin. In 2012 he founded
“Little Free Library”4 (LFL), which is a nonprofit organization that
promotes neighborhood book exchange.

There is a small research community that investigates the phe-
nomenon of public bookcases. Rebori and Burge [30] suggest using
geospatial analysis to highlight potential locations for new LFLs.
However, since studies about the usage are often carried out locally
on a small scale and are not standardized, no representative usage
figures can be given. According to estimates of 20 volunteer men-
tors from a large German city, on average at each public bookcase
about 75 to 121 books are taken out per week and mentors dispose
about 11 to 18 defective books per week [4]. In a questionnaire with
66 users of different age groups at three bookcase locations, it was
found that typically more books were inserted than withdrawn.
The surveys have also shown that sharing via public bookcases is
a good source of knowledge, especially for socially disadvantaged
groups of the population. From the collected data it was estimated
that about 2.8 % of all book purchases can be avoided [4]. Generally

2www.bookcrossing.com
3openbookcase.org
4littlefreelibrary.org
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we note that in the area of public bookcases there is still much
potential for future research [32].

2.3 Visual Search
In the past decadesvisual searchhas been investigated in detail,
as it is an important everyday task [2]. Unaided5 visual search for
books in bookcases is a perceptual and cognitive task that requires
distinguishing visual features of thetargetbook from visual features
of other (distractor)books [35].

We use the termmobile visual searchto refer to visual search
that is supported by camera-equipped mobile devices with AR func-
tionality. AR applications for mobile visual search allow the user to
perform search queries about objects in the camera view [11]. Mo-
bile visual search does not rely on instrumenting objects, e.g. with
QR codes, but rather uses visual features of the objects themselves
for identi�cation. The advantage is that no instrumentation of the
objects is necessary, but the recognition task gets more challenging.

The visual features of the objects can be extracted and classi�ed
either directly on the mobile device or on a remote server. Applica-
tions such asBing Visual Search[26] or Google Lens[13] use online
deep learning methods to identify objects or translate texts. The
recognition results are used as query arguments for �nding visually
similar items. However, these services do not allow searching for a
particular book among other books on a shelf. Tsai et al. [36] extract
CHoG features from DVD and CD covers that are compared with
an online database to provide the user with additional information
about the item.

Mobile visual search in bookcases has been explored before in the
context of large libraries. Yang et al. [38] present an online approach
for reducing time and labor involved in inventory management.
By using the Hough transform for extracting book spines with
subsequent text recognition, based on a deep convolutional and re-
current neural network, they identify books on shelves. Matsushita
et al. [25] use projectors and a camera-based tracking system above
the shelf to highlight individual books and to display further in-
formation. They found that search times for a sorted shelf with
Japanese books in di�erent colors were not a�ected by display-
ing additional information. Similarly, Löchtefeld et al. [24] use a
portable projector and a mobile phone camera to highlight individ-
ual products and books in a shopping and library scenario. Book
ratings were displayed over the object in a dark environment due
to low brightness of the projection. Scenarios and their options
for feedback were analyzed, but the search performance was not
examined. Lee et al. [20] developed a system for libraries to sort
books on a shelf. Book spines were identi�ed by color features in
a heterogeneous color distribution at an accuracy of 96 %. Quoc
and Choi [29] developed a framework for segmenting books and
characters. By applying high frequency �ltering and Canny edge
detection they segmented books and characters at an accuracy of
93.3 %. To display metadata, such as book price and rating to the
user, Chen et al. [3] developed an AR application that analyzes parts
of a bookcase. While their system o�ers an acceptable latency of 1 s,
even with low computing power, only a small part of a bookcase
can be analyzed at once and only if all of the books have the same

5We use the terms unaided and manual visual search interchangeably.

vertical orientation. Nevetha and Baskar [27] use a line segment de-
tector [37] to also detect slightly inclined books up to an angle of 15°.
In a test shelf of 20 books, 11 books could be successfully identi�ed.
In order to solve the problem of orientation and view perspective,
Talker and Moses [34] developed a segmentation algorithm that
achieves an accuracy of 82 % which was used to reorganize books
on the shelves sorted by height, width, or color.

In contrast to related work, public bookcases like shown in Fig-
ure 1 present a major challenge. Any orientation, size, color, and
even language can occur. The structure of the bookcases can also be
widely di�erent. Books can be damaged or have re�ective covers so
that text recognition is di�cult. Perspective distortions can occur
when using a handheld camera phone. Moreover, any costs, such
as for the use of servers or their maintenance, should be avoided as
typically no funding is available for public bookcases and digital
services around them. Consequently, the mobile app must operate
independently of a server infrastructure and allow for text or voice
input to specify desired books or book types. In addition, the system
has to �nd a book faster than unaided visual search.

3 BOOK RECOGNITION
Figure 2 gives an overview of the steps involved in recognizing book
spines. First the title of the book is entered via the touchscreen key-
board or via voice input with Android's speech recognition API [12].
Then a high-resolution image has to be taken that covers the book
spines in the bookcase. This is done when the phone's motion sen-
sors detect slow movement (to prevent motion blur) and either the
user explicitly presses the shutter button on the touchscreen or a
pretrainedMobileNet[15] detects the bookcase in the video stream.
The video stream is accessed via Android'sCamera 2API [12]. The
MobileNet is run on the phone viaTensorFlow Lite[9]. Next, line
segments are extracted withOpenCV[18] functions, which are used
to detect shelves (i.e., individual compartments in the bookcase)
and orientations of book spines. The color information of the rec-
ognized books is then used to preselect those that are similar to
the target. Subsequently, the title, subtitle, author, publisher, and
color information of each remaining book spine is extracted and
compared to the desired book, of which all features are stored in a
database on the phone. For text recognitionML Kit [17] is applied.
Finally, the position of the target book is highlighted with a green
frame and a short 300 ms vibratory feedback is given.ARCore[23]
andSceneform[16] are used to augment the video stream. In the
following, we give a detailed description of our algorithm and name
aspects that have to be considered for public bookcases.

3.1 User Input
The user initially has to specify the desired book or books. This
can be done using any fragment of publicly available bibliographic
meta information. In our prototype the user enters the title of the
target book via on-screen keyboard or voice. Although voice input
o�ers a simple and convenient mobile text input method [31], voice
input may not be appropriate in public space as it can be perceived
as disturbing. Moreover, in noisy environments like pedestrian
walkways, speech recognition can be erroneous and cause mode
errors [31], therefore traditional mobile text input remains equally
important.
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Figure 2: Book spine classi�cation algorithm

In order to correct input errors, we use the normalized Leven-
shtein distance [21] which speci�es the minimum number of delete,
insert, or swap operations required to convert one string to another
in the mapped interval between 0 (no similarity) to 1 (equal). The
resulting list of book titles is sorted by decreasing similarity. Due to
expected speech recognition errors, especially on foreign language
titles, all book titles with a similarity of more than 0.4 are added to
the list, if no equal title was found. For text input, only titles that
match the typed characters are displayed. If no appropriate title
can be found, the same method is used as for voice input.

3.2 Bookcase Recognition
Once the desired book has been selected, the visual search can
be started, either explicitly by pressing a camera button or auto-
matically when the bookshelf is recognized. We use the model
Mobilenet_V1_1.0_224[15] which is pretrained on 1000 classes, in-
cluding bookcases. The low average latency (160 ms), high recog-
nition rates (top-5 accuracy: 89.9 %) and relatively little memory
(16 MB) requirement are advantageous on the mobile device.

Since motion blur would lead to illegible book titles, camera
images are only processed when the camera is kept still. Our pro-
totype uses the phone's gyroscope to detect motion: If the sum
of squares of the three axes is below a threshold then an image
is captured on which the search algorithm is subsequently exe-
cuted. An appropriate threshold for the testedSamsung Galaxy S9
isTGyr = 0:001.

3.3 Book Spine Segmentation
For the book spine segmentation, we �rst extract line segments,
which are then used to detect book shelves and book spines in any
orientation.

3.3.1 Line Segment Detection.To recognize line segments in the
image, the parameter-free bottom-up line segment detector by Gioi
et al. [37] is a suitable choice. Unlike other approaches [33] this
algorithm implements a fast and precise segmentation process for
the rather small line segments of books in the large camera image.
To decrease noise sensitivity and to eliminate line segments due
to text, a threshold is used that discards short lines of 25 pixels or
shorter. Subsequently, all lines are categorized as either horizontal
or vertical.

3.3.2 Shelf Detection.The line segments are used to subdivide
the bookcase into individual shelves. When a horizontal line is
longer than 50 % of the image width, it is categorized as a shelf

boundary. This approach achieves good results for images in which
the bookcase almost �lls the image. At larger distances the text size
on the spines becomes too small to be recognized. Subsequently,
the Cohen-Sutherland algorithm [28] is used to create rectangular
frames around the shelves with book spines and associated line
segments.

3.3.3 Book Spine Orientation.Especially in public bookcases, book
spines can appear in any orientation. The minimal assumption
regarding book spines is that their heights and widths di�er strongly.
Based on this assumption, a rough subdivision into horizontal and
vertical sections is �rst carried out on the bookshelf by analyzing the
line segments. For all vertical lines, the average length is calculated,
as well as for all horizontal lines longer than 20 pixels. Shorter lines
are often caused by text or graphics on the spine. Since the distance
between two horizontal lines is smaller for standing books, vertical
and horizontal regions can be extracted using a threshold.

As a limitation of this approach, empty areas are also classi�ed as
vertical or horizontal book regions, but because of the subsequent
text recognition, these do not result in a match. Finally the verti-
cal and horizontal regions are clipped with the Cohen-Sutherland
algorithm [28].

3.3.4 Bounding Boxes.From the previously segmented areas with
vertical (based on line segments at angles between 45°and 135°) and
horizontal books, each individual book spine can now be extracted.
Mixed orientations, e.g., standing books on a lying book, are rec-
ognized as pure vertical areas in which the horizontal book is not
recognized. For simpli�cation, horizontal regions are rotated by
90°so that each book spine has a vertical orientation. If all of the
books are aligned exactly within the areas without any perspec-
tive distortions, they can be segmented by combining vertical and
horizontal lines to bounding boxes.

Small angular di�erences of less than 1°of text between two
adjacent lines are connected, because larger di�erences between
adjacent segments indicate other features of the book, such as text,
graphics, or damage and wrinkles, which are discarded. Perspective
distortions as shown in Figure 3 must also be eliminated when
looking at the entire bookcase, which may contain edges along the
top of the books. A line is therefore rejected if its lowest point is at
a higher position than the median of all vertical lines.

Finally, bounding boxes are created at the intersections of the
horizontal line segments and the extracted vertical lines. While
lower boundary lines in vertically arranged books are extracted
by connecting the endpoints, the di�erent lengths of the books in
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