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Abstract
Browsing, a concept usually reserved for the on-line world,
consists in a sequence of media consumptions and clicks:
reading text, looking at images, watching videos,
interlaced with clicks that take us from one content to
another. A similar concept does not yet fully exist in the
physical world. In this paper we present a system that
uses Radio Frequency Identification (RFID) to obtain
information about the objects on a shelf, and Augmented
Reality (AR) to let users click on a live image of that shelf
shown on a handheld device, accessing the information
about the objects located in the vicinity of the clicked
spot. A smart shelf with RFID has been set up to which a
AR marker has been added to be able to map physical to
screen coordinates. Testing and validation of system is
done with different number of books at different locations
on a shelf. The resulting experience is close to browsing a
shelf, clicking on it and obtaining information about the
objects it contains.
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Introduction and Related Research
Nowadays there are tons of digital information and online
services with connection to our physical environment.
With the advent of technology, bridging between online
world and offline is taking place. Over the last few years,
browsing physical reality [4, 5] is becoming an active area
of research.
We have developed a mobile AR system to browse
physical reality, in which the user is able to acquire
information from the environment and surroundings. This
system is based on a RFID based smart shelf. The user is
able to browse and interact with items located on the
shelf in a seamless manner through AR interfaces. The
conceptualization of the system is shown in Figure 1.
Figure 1: System
Conceptualization.

A mobile terminal [7] enables the browsing, it requires a
specific mobile terminal equipped with RFID reader. The
Augmented Shelf [3] allows users to get overlaid digital
information depending on the position of the user in a
three dimensional space. The position of the user and
distance between user and shelf is critical. Jun Rekimoto
et al. [6] developed a system called Augment-able Reality
providing a method for browsing information situated in
the real world context through specific wearable.
Management Dashboard in a Retail Scenario [2] allows a
retailer to manage products. Mobile autmented reality for
books on the shelf [1] exclusively used computer graphics.
In this case, the spine of books should be well exposed to
the camera of smart phone in order to capture good
quality image. Distance should be very short between the
books and camera.
We have used one AR Marker for shelf in combination
with RFID that makes it easy to identify all the items. Its
impossible to distinguish the items with little, no apparent
difference or stack of items with feature tracking.
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Our system is a smart phone application that runs on all
android enabled devices. At the back end we have a cloud
server for database that is connected to both Android app
and RFID system. The database is constantly being
synchronized in order to provide real-time results. The
proposed system has been tested and validated with
different practical scenarios (i.e. book shelf and product
shelf). It provides many practical applications in real time
scenarios like retail, library etc. It has significance towards
independent living, for example, wheelchair users can
interact with the items on the shelf that are beyond their
arm length.

System Overview
We can divide the system into two main parts i.e. physical
space that can also be called offline space, and AR
interfaces that can be referred to as online world. Figure 2
shows the overall system overview.

Figure 2: System Overview.

In the physical world we have items equipped with RFID.
The RFID system contains antennas connected through a

SESSION: UBICOMP POSTERS

multiplexer to the reader. The reader is then connected to
the host controlling the RFID system. It inventories all
the items present on the shelf and makes this shelf a
smart space. In the smart space we have the information
about the items present with their precise location. All
the information about the items are passed to the server
through the RFID host.

Figure 3: System Architecture.

The second part referred to as online part captures the
user interaction. User interactions are being converted to
the physical coordinates with the help of AR marker.
After processing, these coordinates are passed to server.
AR marker translates digital world coordinates obtained
through user interaction to physical world coordinates.
Both online world and offline are interconnected through
cloud server and constantly being updated.

System Implementation
The AR system was developed as an Android application
based on the Metaio platform. The cloud database was
built using a Postgres DBMS.
Figure 4: AR Interface with 4
green arrows to browse.

The AR system uses a 3D marker, which is placed on the
smart shelf and is used by the AR system to map the
coordinate system of the physical shelf to the screen
coordinates of the handheld device. This mapping includes
a translation, a scaling, and a rotation. To turn a shelf
into RFID smart shelf, a set of antennas must be placed
on the shelf. Since there is no ”a priori” information on
where the products will be placed, the whole surface must
be covered. The resulting system provided the inventory
every minute with an accuracy over 99%.
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This information is updated in real time (with the time
resolution of one minute set by the RFID system), and if
an object is removed, added, or relocated, the change is
updated on the screen. Since RFID technology does not
require direct line-of-sight, information about all products
in the area will be shown on the screen , including those
hidden behind other products and not directly visible to
the user. The communication is done through XML web
services. The real time results are provided to the user in
reply to their interaction. Conversion of user interaction,
processing and communication to the server is done
through different components developed at Android
platform. The system architecture and communication of
components is shown in Figure 3.

Augmented Reality Interfaces
The application implements three different AR interfaces,
all sharing the same infrastructure and are available at all
times, and they can be used in any sequence, an unlimited
number of times. Figure 4 shows AR interface of books.
Browsing at a particular location
The the user can click on any point on the live image of
the shelf on the screen. At that point a green square is
placed at the click point, and the images of the products
are shown at the bottom of the screen. If the user clicks
on a product image, the available product information is
shown on the screen. If the contents of the shelf vary,
these variations will be reflected on the information shown
on the screen. Figure 5 shows browsing of book shelf.
Browsing around the shelf
After the user has selected a location on the shelf and the
information about the products on that location is shown
on the screen, 4 arrows are available to navigate up,
down, left or right.
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Figure 5: a) User is aiming at shelf with tablet. b) Items
being presented (books) to user with the green square as
reminder of active area. 4 green arrows are available then to
further browse in both horizontal and vertical directions.

Search for a given product
The user can search for an item present at the shelf. The
user can know the exact location of the item on the shelf
as the green square will automatically move to the
location where the selected product is found on the shelf.

Conclusion
Validation of the system was done by browsing shelf with
different items and it shows an accuracy of 99%. The
system has demonstrated a way of bridging the physical
and the virtual world, since objects on a shelf
automatically appear on the screen, and from there all the
common functionalities of the on-line world can be
accessed. The system can be used to help handicapped
people to live more independently, or to help retail stores
to create omnichannel shopping experiences, in which the
physical shelves and the on-line catalogs merge.
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