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Abstract. In this paper, we propose a gesture-based interface for connection
and control of multiple devices in a ubiquitous computing environment. With
simple selection and pointing gestures, users can easily control connections be-
tween multiple devices as well as manage information or data between them.
Based on a robust gesture recognition algorithm and a virtual network comput-
ing technology, we implemented this concept in an intelligent meeting room
consisting of a tabletop, interactive wall displays, and other popular devices
such as laptops and mobile devices. We also performed a preliminary user study
in this environment, and the results show the usability of the suggested inter-
face.
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1 Introduction

In today’s ubiquitous computing environment, we are exposed to various types of
computing devices such as desktops, laptops, and mobile devices. While dealing with
these devices, any user might have had the experience of wasting time in managing
connections and controlling the device. Solving the connection problems in using
multiple computing devices, ranging from the above-mentioned ones to emerging
devices such as tabletops and interactive surfaces, has become an important issue in
HCI research.

In this paper, we propose a novel gesture-based interface to eliminate the cumber-
some processes in connection and control of multiple devices in a tabletop and inter-
active surface environment. With simple selecting and pointing hand gestures, users
can easily connect the tabletop with the surrounding wall screens. In addition, this
interface enables users to connect their personal devices, ranging from a laptop to a
mobile device, with public ones, such as wall screens or a tabletop display. After
connection has been established, users can control the connected device using the
controlling device or transmit data by selecting the data and pointing to the connected
device.
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A robust hand and fingertip detection algorithm and a virtual network computing
technology are integrated to realize this concept. We implemented the suggested in-
terface in an intelligent meeting room consisting of a tabletop, three interactive wall
displays, several laptops, and mobile devices. A preliminary user study in this envi-
ronment showed that the suggested interface enables users to easily manage connec-
tions between multiple devices, and to intuitively handle data.

2 Related Works

There have been several studies on virtual connections of multiple devices in a table-
top and interactive surface environment. Here, a virtual connection means a network
connection between physical devices which allows users to control one device while
using another one as if two are physically connected. There are several researches [19,
24] and commercial software supporting virtual connections [5, 17, 25], even though
most of them are specially designed for remote PC connections.

i-Land [23] extends the collaboration environment to public devices including a
tabletop to wall screens. However, it only supports the transportation of whole docu-
ments from the tabletop to wall displays. Table-centric space system [7] enables mov-
ing objects from the tabletop to the wall screens by introducing the concept of “World
in Miniature (WIM).” MultiSpace [13] is a similar example consisting of a tabletop
display and wall screens. The user can send the data to the wall screen or laptop by
dragging it onto an appropriate portal located in the corner of the tabletop display.
Although the above two systems provide new interfaces between the tabletop and
wall screens, users might feel inconveniences in matching correspondences between
several WIMs or portals and multiple screens. i-Room [3] is another example support-
ing virtual connections of multiple devices for efficient collaborations. Although
PointRight [4] in this environment allows a single mouse and keyboard to control
multiple screens, there still exists the inconvenience in interfacing devices.

Over the last decade, there have been many researches done on the virtual connect-
ing of multiple devices through natural and intuitive means as well as researches on
the direct manipulation of remote information. Rekimoto proposed a pen-based inter-
face called Pick-and-Drop [22] which allows a user to pick up an object on one de-
vice and drop it on the other one as if the two were physically connected. Slurp [9] is
similar to the Pick-and-Drop interface except it uses an eyedropper instead of a pen.
That one there [6] interface uses tags and a gesturepen for data sharing. A user can
transmit data by pointing the gesturepen to the device with a tag. Sync Tap [20] and
Touch-and-Connect [26] enables virtual connections by pressing a button synchro-
nously and touching the device, respectively. A virtually connected medium called
tranStick [1] was also suggested that functions as a virtual wire. Users can easily
establish, change, and close connections between devices using a pair of tranSticks
with the same identifier. Gaze-Link [2] is another intuitive means of virtual connec-
tion in which a user can establish a virtual connection over a network by looking at
the target through a camera on his/her computer. Rekimoto also proposed a new inter-
face called FEEL [21] by introducing a nearfield communication channel such as
RFID or infrared communication technology. A user can establish a wireless connec-
tion by bringing two devices closer together.
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Although there are several advantages in using physical media, closeness, touch,
and gaze information, users might feel uncomfortable whenever moving to near the
devices to establish network connections. In addition, there exist inconveniences in
carrying the devices. On the other hand, in our approach, users need not move near to
the device or carry any special device in their hands for network connections. We
formerly suggested a new interface concept called Select-and-Point in [8]. In this
paper, we fully implemented the concept and extended the Select-and-Point interface
to multiple devices, including laptops and mobile devices, in the tabletop and interac-
tive wall displays environment.

3 System Description

The suggested interface provides users with a simple and intuitive interface and inter-
action style in connecting and controlling multiple devices through a simple selecting
and pointing gesture. Users can easily establish, change, and close network connec-
tions between devices by selecting the device of interest and pointing to the other one.
After a connection has been established, users can control the connected device using
their own device as if the two are physically connected. In addition, users can easily
transmit data by pointing to the connected device after selecting the data to send. We
implemented the interface successfully by combining a virtual network computing
technology and a robust hand-gesture recognition algorithm.

3.1 System Configuration

The system consists of three parts: a presence server, a controlling peer, and a con-
trolled peer. The architecture of the system is described in Fig. 1.

The presence server consists of a connection management module, a gesture rec-
ognition module, and a networking module. The connection management module
takes charge in handling the network connections that enables virtual network connec-
tions between multiple devices based on the Internet Protocol Address, port number,
and ID number of each device. The gesture recognition module analyzes vision in-
formation from cameras to interpret users’ hand gestures. The networking module is
commonly used in the presence server, controlling peer, and controlled peer to trans-
mit or receive data between them.

Presence Server
Gesture
Recognition
Connection
Management
Networking

Controlled Peer

Networking

€——> Signal Message
&)  Data Message

Controlling Peer

Fig. 1. System architecture of the suggested interface
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The controlling peer is installed on the controlling device and the controlled peer
on the device to be controlled by the controlling peer. For example, when a user con-
trols the interactive wall screen using his/her laptop, the controlling peer and con-
trolled peer is embedded in the laptop and the wall screen computer, respectively. The
hooking module in the controlling peer detects users’ input events such as keyboard
inputs, mouse events, or file selections. The execution module in the controlled peer
generates input events such as keyboard or mouse, and executes the file transferred
from the controlling peer.

A protocol consists of signal messages and data messages. Signal messages are
messages related to connections and disconnections between the presence server,
controlling peer, and controlled peer. Data messages are transmitted between the
controlling peer and controlled peer, and carry information to operate the connected
device. Message types used in the system are described in Table 1.

Table 1. Message types used in the protocol

Type Message Description

Registration/ Register a new controlled peer to a presence server or

Termination terminate existing registration

Control-ready Ready message from a controlling peer to a presence
server to control the selected device

Selection Message from a controlled peer to a presence server to
notify the device selection

Address Message from a presence server to a controlling peer to
inform IP address and port number of the device to be
connected

Connection .

Complete/ Message from a cor}trollmg peer_to a presence server to'

pete inform the completion / termination of network connection

Termination

Keyboard Message from a controlling peer to a controlled peer to
transmit keyboard events

Mouse Message from a controlling peer to a controlled peer to
transmit mouse events

File Message from a controlling peer to a controlled peer to

transmit the selected file information

Network connections are independent from the type of device and each device can
be either controlling or controlled (see Fig. 2). In general, personal devices ranging
from laptops, to PDAs, to mobile phones are connected with shared devices such as
interactive wall screens or electronic boards. The system also supports simultaneous
connections. For example, three keyboards can be simultaneously connected to one
display to be controlled.

The entire network is based on asynchronous communication to minimize blocking
during data transmission.
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Fig. 2. Support of multiple device connections

3.2 Bare-Hand Gesture Recognition

The bare-hand gesture recognition is essential to implement the suggested interface.
Here, bare-hand means that no devices are attached to the user and the user uses
his/her hands as an input device. First, we introduced an adaptive background subtrac-
tion method to extract the foreground from the dynamically changing background.
From the separated foreground, we extract the skin areas by using color information
in RGB and HSV color space. Considering that each hand region has a certain size,
we eliminate skin pixels that do not contain small circular area. All filtered skin areas
are then grouped into several clusters. Then, we check the movement of each cluster
by calculating optical flows around each cluster. Clusters whose image velocity is
higher than the threshold value are considered as a hand candidate. Among hand can-
didates, we finally extract hand areas with simple geometric filters that characterize
the hand. While scanning the contour of the circle around the center point of each
hand candidate with radius bigger than hand size, exactly two intersection points
should be encountered or no intersection points exist. Fingertips can be also easily
detected from the positions of the hands with a circular shape filter similar with the
one used in hand detection. We can easily calculate the direction a user is pointing
based on the detected position of hand and fingertip, and also recognize the user's
command gestures with Hidden Markov Model algorithm. We used a USB webcam
or a network camera in implementation, and the suggested algorithm runs at a full
frame rate (30Hz) that satisfies real-time interactions. Details of these concepts, as
well as each operation of the hand and fingertip detection algorithm, will be described
in a future publication.

4 Implementation in a Tabletop Display Environment

The suggested interface is implemented in an intelligent meeting room called “Intelli-
gent and Responsive Space (IRS) [10, 11].” The IRS, which mainly consists of a
tabletop display and three surrounding wall screens, is set up for efficient collabora-
tive works such as team meetings or seminar presentations. Laptops and other mobile
devices can be used in this environment. In addition, we installed a pan-tilt-zoom IP
camera at the center of the ceiling of this environment to recognize users’ hand
gestures.
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Fig. 3. The tabletop system in the IRS (Left: tabletop display; right: virtual keyboard and “T”
icon)

Our tabletop is built as a horizontal table with a 55 inch LCD unit and an infrared
LED touch panel supporting high-resolution images of 1920 x 1080. Users can ma-
nipulate this system with the fingers. This system also provides command icons called
“interactive callout icons” and a virtual keyboard for the ease and diversification of
information handling. Users can create command icons and control the system by
drawing the shape of icons, each of which has a specific meaning to represent the
user’s intention. To implement the suggested interface in this environment, we intro-
duced an T-shaped icon which means “ready for a new virtual network connection.”
The tabletop system, virtual keyboard, and an example of interactive call out icons are
shown in Fig.3.

The surrounding wall screens were installed to extend the information sharing
space and support effective collaboration.

The suggested interface enables users to easily connect and control devices of in-
terest between the tabletop, wall screens, laptops, and mobile devices. Several exam-
ples of multiple device connection and control are given below.

First, a user can connect the tabletop with one of the wall screens through a simple
selecting and pointing gesture. After creating the T-shaped icon, the user attaches this
icon to the virtual keyboard to be used. This is the selecting process in the tabletop.
With a pointing gesture, the indicated wall screen and the virtual keyboard with
mouse touchpad are connected over the network. Visual and sound feedbacks notified
the success of the connection (see upper right of Fig.4), and the user is able to control
the contents of the wall screen with the virtual keyboard on the tabletop as if these
two devices were physically connected. The user can also send the file on the tabletop
display to the wall screen just by selecting the file of interest and pointing at the wall
screen. With this operation, the file on the tabletop is transmitted to the wall screen
and executed there. The device connection and file transmission are shown in Fig.4.

The interface can be used in the same way in other devices, except selecting opera-
tions change accordingly. Because we cannot select a keyboard and mouse or files on
laptop or mobile device without a touch panel, we suggested an additional interface
by adding Select functions to the Windows shell menu. With the right click of a
mouse, the user can find a file select menu or a keyboard/mouse connection menu.
Fig.5 shows Select operations in a laptop (without a touch panel) and mobile device
(with a touch panel).
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Fig. 4. Device connection(upper) and file transmission(lower)
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Fig. 5. Select operations in the laptop and touch sensitive mobile device (left: laptop without
touch panel; right: UMPC with touch panel)

After selecting the input device or data either by click or touch, the user can con-
nect his/her own device with the indicated device with the same pointing gesture.

5 User Study

We performed a preliminary qualitative user study in the above-mentioned environ-
ment to verify our expectation that the suggested interface would improve users’
interaction in a multiple device environment.

A total of twelve subjects (8 males, 4 females) recruited within the Korea Institute
of Science and Technology participated in the experiment. The age distribution was
from early twenties to late thirties. All of them have used and were familiar with
popular computing devices. In contrast, most participants had little or no exposure to
the tabletop and interactive wall displays.

We conducted three sets of experiments for each participant. Before the main ex-
periments, we asked each participant to “send one picture file on the tabletop to one
of wall screens” without any information about the suggested interface. We then ex-
plained the concept of the suggested interface to all participants for a few minutes and
then carried out the main experiments. Three experiments, each of which consists of
several tasks, were designed so that the participants would be exposed to different
applications. Of course, each participant was trained for about 15 minutes on how to
use the devices in the experimental environment — the tabletop system, Windows shell
menu of laptop, and media player of UMPC.
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In Experiment 1, the participant was asked first to create a virtual keyboard and
mouse and to connect them to one of wall screens. The participant was then asked to
transmit a presentation file on the tabletop to the connected wall screen, and modify
some part of the file using the connected virtual keyboard and mouse. Finally, the
participant was asked to control the presentation slide with bare-hand gestures. Ex-
periment 2 is similar to Experiment 1 except it used the laptop instead of the tabletop
to connect to and control the wall screen. The participant was asked to send the word
file on his/her laptop to the wall screen and modify it with the laptop. In Experiment
3, the participant was first asked to play the video clip on his/her UMPC. The partici-
pant was then asked to pause the video clip on his/her UMPC, and resume it on one of
wall screens. For this experiment, we specially developed a media player that enables
resuming the multi-media file transmitted from the other device at the position the
user has paused.

After these experiments, we asked each participant the following simple questions:
1) how easy was it to understand and use the suggested interface?; 2) how would you
prefer the suggested interface to the existing interface and method?; and 3) what are
the problems of the suggested interface if any exist?

In the pre-experiment, all of participants only selected the file and could not pro-
ceed any further. However, with a hint about using hand gestures, three participants
exactly performed selecting and pointing gestures. In the main experiments all of the
participants easily understood the concept of the interface, and all but one participant
completed several tasks in the three experiments successfully without failure in con-
necting devices and controlling the data. Ten of the twelve participants preferred the
proposed method to the traditional ones of using physical cables, e-mail/FTP, and
mass storage devices. Two participants gave comments about the suggested interface:
“It could also be a cumbersome process to setup several programs in each device to
use the interface,” and “Doing hand gestures in a public space makes me a little bit
uncomfortable.” Experimental results indicate that first-time users can easily use the
suggested interface with brief explanations about the concept.

6 Conclusion and Future Works

The suggested gesture-based interface enables users to manage connections and han-
dle information data intuitively and naturally in a multiple device environment. We
fully implemented the suggested interface in an intelligent meeting room consisting of
a tabletop, interactive wall displays, and other popular devices such as laptops and
mobile devices. From the results of the user study, we knew that the concept of the
suggested interfaces in different types of devices is easily accepted by users. Although
there are a few comments concerning the use of the interface, we hope that this inter-
face and the possible following works can significantly improve users’ interaction
with multiple devices in tabletop and interactive surface environments.

We are now working on combining this interface with various types of command
gestures to easily handle information data and control devices. As one experiment
participant suggested, we are also considering extending the suggested interface to
control every day machines, such as home electronics and appliances. Finally, we
plan to conduct extensive user studies to better understand the issues and problems in
using the gesture-based interface in a ubiquitous environment.
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