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ABSTRACT

A hybrid computing environment is described that uses
small computing devices, such as PDAs (Personal Data
Assistants), and a \computerized table". 3D sensors
are installed in the environment and also attached to
the user's PDA, so that the PDA can act as a exible
interaction device for the computerized table. The user
can transfer data between the PDA and computerized
table by using a speci�c operation on his/her PDA,
and use new interaction techniques, such as scoop-and-

spread. The user can also grab and move an object on
the table by using the PDA.
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sistants, electromagnetic tracking sensor

INTRODUCTION

Computers are getting smaller, more powerful, and
much more widely used. Many small devices use
microprocessors, for example, PDAs (Personal Data
Assistants), digital still cameras, and cellular phones.
Most of these devices can be connected to traditional
desktop or notebook computers to transfer data.

Although a device and computer that are connected are
electronically integrated, for the user's viewpoint, data
transfer seems to be conducted in an indirect way |
by clicking or dragging icons on the computer display.
The user has to identify the target on the display, even
though the connection is physically obvious.

We have studied user interface designs for physically
integrated multi-computer environments, such as Pick-
and-Drop[3], and Augmented Surfaces[4], and in this
paper, we propose an integrated hybrid computing en-
vironment for small computing devices and a computer-
ized table (on which a computer screen is projected by
an LCD projector), named HyperPalette. Because small
devices can be physically handled by the user, they can
act as exible interaction devices.

We have developed a prototype of such a system by
using PDAs. We use an electromagnetic tracking sensor
to detect the PDA's position and movement. The sensor

Figure 1: Scoop-and-Spread Technique

is installed in the environment as peripheral that is
attached to the PDA.

INTERACTION DESIGN

With this computerized table, the small device can be
worked as a kind of pointing device. Unlike traditional
pointing devices, such as a mouse or trackball, its orien-
tation and altitude above the table are also available. In
other words, it has 6-degree-of-freedom (DOF) in rela-
tion to the table. It is quite natural to map the freedoms
related to the surface of the table (two translation axes
and one rotation axis) to the movement of objects on
the display, as in other systems ([2, 5]). A user can grab
and move an object on the table by using his/her device.

By using the other freedoms, we can produce a scoop-

and-spread interaction based on tilting and moving
actions. To illustrate this operation, we will use the
example of a digital still camera. Tilting, followed by
movement in one direction brings photos into the camera
(scooping), whereas tilting, followed by the movement
in the opposite direction drops photos in the camera
onto the table (spreading). Figure 1 depicts the scoop-
and-spread interaction. A user can, for example, spread
out the photos in the camera and select some to give to
another person, who can then pick them up with his/her
own camera or other small device.

The scoop-and-spread interaction can be regarded as a
kind of gesture command related to a realworld action.



Figure 2: HyperPalette Environment (left), and
Attachment for a PDA (right)

Termed another way, the tilting operation selects the
function, and then the moving operation speci�es the
target. Every action included in a scooping or spreading
operation has a simple and clear meaning. In this way,
users can easily perform what they want to do. In other
words, simple actions represent a complete gesture so
that users can easily recognize and learn the scoop-and-
spread interaction.

IMPLEMENTATION

We developed a prototype of HyperPalette by using
PDAs (3Com's PalmIII and compatibles). HyperPalette
is a hybrid computing environment consisting of a
computerized table, and a 3D tracking system. The
transmitter parts of the tracking system (we used
Polhemus's Fastrak electromagnetic 3D sensors) are
attached to the user's own PDA, which has a serial cable
to communicate with other computers (the transmitter
and the cable are packed into one attachment module).
Two or more users can participate in the environment
at the same time. Figure 2 shows an overview of the
environment and the attachment module.

Figure 3 shows snapshots of scoop-and-spread in Hyper-
Palette environment. Some users have tried the scoop-
and-spread. At �rst, a user is not certain how much
he/she has to tilt his/her PDA and which direction to
move it for scoop-and-spread. Given a tip, he/she learns
in a minute without di�culties.

A user also can grab an object on the table by pressing
a \grab" button on the PDA's screen and move it to
anywhere on the table. He/she can also magnify or
shrink an object by manipulating a slider on the PDA's
screen. In this case, the PDA works as a physical
Toolglass[1].

The PDA is \object-sensitive" in the environment. The
button and the slider automatically appear when the
PDA is placed on an object, and disappear when there
is no object to handle. A user can use the PDA as a
normal PDA when it is o� the table, and it becomes
seamlessly a special device when it is on the table.

Figure 3: Demonstration of Scoop-and-Spread

CONCLUSION

We have developed a hybrid computing environment in
which a user's own PDA and a computerized table are
integrated. We installed 3D sensors as peripherals in
a computerized table, and attached a receiver of the
sensors to the PDA, thereby allowing users to perform
spatial interactions. Through this computerized table,
users can easily and intuitively use the PDA to interact
with his/her PDA and computerized tables, including
transferring data between them. Scoop-and-spread is a
new interaction technique made possible. We plan to
research other interaction techniques and conduct user
studies on them.
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