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Abstract: The number of ”interactive surface” systems, especially tabletop interfaces,
in public is increasing. As more and more casual users interact with such systems,
they may wish to use existing computing infrastructure, such as their mobile phone,
in conjunction with the new interface. In this paper, we present a method to reliably
detect and track unmodified mobile phones that are placed upon an interactive tabletop.
Range detection and data exchange is done via Bluetooth, while the location of the
phone is tracked through its shadow on the surface.

1 Introduction

With interactive surfaces, a novel and interesting field of research has emerged in re-
cent years. These devices are particularly suited for the exploration of new user interface
paradigms, especially those that require little to no prior knowledge of the system. Such
interfaces are therefore well adapted to being deployed in public scenarios, where many
casual users will be using the device for relatively short periods of time, sometimes even
concurrently.

Nowadays, most people who would use an interactive surface can be expected to also
carry a mobile phone with them. Current models have many advanced features, such as
Bluetooth, camera and music functions, which users actively employ to create and share
media. It is therefore reasonable to assume that, given the opportunity, users would want
to exchange media with an interactive tabletop device.

2 Related Work

Interaction with physical devices on display surfaces is a concept that has been extensively
examined, e.g. by Ishii [IU97] and Greenberg [GF01]. Most of these systems rely on an
optical tracking modality, often a rear-mounted camera.

Along with the increasing interest in tabletop interfaces, the integration of mobile phones
into such systems has also been investigated by several researchers. One widely publicized
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Note that although the primary mode of interaction in this scenario happens through the
shadow tracker, the touch screen is still functional. As the rear-mounted camera generates
60 frames per second, it is possible to alternate between the shadow tracker and the FTIR
surface every other frame while still providing a smooth user experience. For a more de-
tailed description of the hardware design and the various issues which had to be solved,
see our previous paper [EHK08].

In order to perform proximity detection on the mobile phones and exchange data with
them, the integrated computer is equipped with a Bluetooth adapter. As proximity sensing
is performed via the Received Signal Strenght Indicator (RSSI), this information should be
available with low latency. Therefore, we selected a Broadcom USB adapter that supports
the ”inquiry with RSSI” feature which was introduced in version 1.2 of the Bluetooth Core
Specification [Blu]. This allows us to have the adapter continuously run inquiry scans
while at the same time getting RSSI data on all discoverable devices within radio range.
One scan cycle takes about 1 second as opposed to older Bluetooth devices that don’t have
this feature. These have to issue a time-consuming connection request (up to 11 seconds)
for every single RSSI measurement. Moreover, this connection requires a pairing between
the mobile device and the adapter, for which the user has to enter a PIN code. In contrast,
our system is able to function without explicit user interaction.

4 Software Design

Our setup has two data sources: shadow location data from the optical tracking system
as well as RSSI values from the Bluetooth adapter. The optical tracking layer processes
the raw image data from the infrared camera and provides a high-level abstraction. Af-
ter background subtraction, thresholding and segmentation, every blob is analyzed with
respect to its size, location of centroid and major/minor principal axis. To determine this
data, the blobs’ central moments of first and second order are calculated. The blob is also
assigned an numerical tracking identifier. This identifier stays with the blob as it moves
over the surface by calculating the motion vector of the blob from the previous frame and
matching it with the blob which is closest to the predicted location in the next frame. This
data is then transmitted via a network interface to applications or higher-level trackers (see
also Figure 2(a)).

Our tracking software is composed of two threads. The first one continuously collects
RSSI data from Bluetooth devices within reception range, while the second one receives
and processes the optical tracking data. The first step in this thread is to differentiate
between shadows that are really cast by mobile phones and those cast by other objects,
such as the users’ hands.

One obvious and easily applied criterion is blob size. There are upper and lower bounds
on the surface area which a mobile phone is able to cover, as it is usually roughly pocket-
sized. For our setup, we have determined these bounds to be at 1000 and 10000 pixels,
respectively. While the range may seem large, it was chosen to account for, e.g., the dif-
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