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Abstract
We present a touch-capable 3D displaying device for table-
top systems called a Ficon. A Ficon has a 2.5-dimensional
shape for providing tangible dynamic 3D visual. While most
tangible devices for tabletops display their associating infor-
mation around themselves, a Ficon displays such informa-
tion on its top touch-capable surface. A Ficon consists of a
bundle of optical fibers with a polished flat bottom surface.
When a Ficon is placed on the surface of a tabletop system,
the light from the bottom surface is conducted to the top
surface through the optical fibers, allowing the system to
control the visuals of the Ficon by displaying images at its
position. Two methods for constructing a free-form 3D dis-
play using a Ficon are introduced: the use of a CNC milling
machine to create a pre-shaped Ficon from a 3D model, and
a building-block approach using a set of primitive Ficons.
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Introduction

Figure 1: Ficon examples. A Ficon manufactured using a
machine milling from a 3D model, and primitive shaped Ficons
such as a pyramid, cylinder, cube, and hemisphere.

An interactive tabletop system mostly employs tangible in-
put devices, with a touch-capable table as its interface.
Tangible devices that have a specific appearance associ-
ated with a logical object or function are referred to as
physical icons or “phicons”[5]. The benefit of a phicon is
its intuitiveness and tangibility. The user can easily find
an appropriate device to manipulate the target object intu-
itively.

Like typical objects, the appearance of a phicon is static.
This static appearance is the basis of a phicon’s intuitive-
ness. On the other hand, thanks to the developments in
touch-sensing technology and large-sized displays, recent
tabletop systems have employed high-resolution, multi-touch
capable displaying surfaces that can provide dynamic and
interactive visuals, which has brought to light the lack of
a dynamic appearance or high interactivity of phicons. De-
tailed information associated with an input device on a

tabletop is often displayed around the device itself, and
detailed interactions with the device are performed using
the table’s touch sensor. The users have to take their
eyes away from the device, breaking the feeling of direct
manipulation[4]: in addition, the surrounding information
and GUI occlude other information from being displayed on
the table.

To solve these issues, we introduce a new tangible input
device called a “Ficon” that allows dynamic information
to be displayed on its top surface and recognizes touch
interaction[2]. A Ficon consists of a bundle of optical fibers,
and its bottom surface is flat and polished. The fiber con-
ducts light from one end of the fibers to the other, allowing
the bundle of the fibers to display an image projected onto
the bottom surface of the Ficon on the top surface, similar
to a fiberscope or ulexite (also known as a “TV rock”). By
using these optical fiber characteristics, a Ficon can also
change its appearance when placed on a display without
any occlusion problems. It does not require the surround-
ing display space to show associated information about the
Ficon. Its top surface is also not limited to a flat shape,
and can provide a 2.5D curved surface to provide 3D visu-
als, as shown in Figure 1. Unlike stereoscopic 3D displays, it
does not require a viewer, and can provide natural parallax.
While the previous implementation of Ficons had occlu-
sion and touch capability problems[2], we have introduced
a diffused-illumination based implementation to solve these
issues.

Implementation
Figure 2 shows an illustrated overview of the proposed sys-
tem. Ficons are manipulated on a tabletops system employ-
ing a diffused-illumination (DI) technique[3]. We employed
a Touchlib for touch detection, allowing the user to per-
form basic touch-based interactions on the table. Touchlib



is also used to track the Ficons.

Figure 2: Illustrated overview of the tabletop system and a
Ficon.

Ficon
A Ficon consists of a bundle of optical fibers and a frame.
We used plastic IR-conducting optical fiber as the raw ma-
terial instead of glass fiber, as the former is easier to manip-
ulate using normal tools (including a milling machine). To
prepare for the milling process, the fiber bundles are tightly
bound by an epoxy adhesive.

The bottom surface of a Ficon is flat and polished to re-
duce light loss. The top surface is shaped by a computer-
controlled milling machine (Roland’s Model MDX-40), en-
abling the use of a 3D model (Figure 4).

The bottom surface of the Ficon frame is painted black
to avoid reflection, and 5mm×5mm IR reflection markers
are placed onto the bottom surface of the frame. For this
reason, the thickness of the frame must be wider than the
size of the markers. The position, orientation and ID of a
Ficon are recognized from the pattern of its markers. The
current implementation provides a limited set of IDs for sim-
plification: however, the number of sets can be increased

by introducing a barcode-like encoding system.

Touch Detection

Figure 3: Touch detection process: the light from the IR LEDs
is conducted to the top surface of the Ficon, and is then
reflected by the user’s fingertip, and conducted back to the
tabletop surface.

Figure 3 illustrates the mechanism of touch detection on
a Ficon. Similar to a DI table, the touch detection is per-
formed by observing the light reflection from the fingertip.
The fibers conduct the IR light from the diffusing layer of
the tabletop surface to the top surface of the Ficon. When
a fingertip is placed just above the surface, the reflected
light is conducted by the fiber again, and is then observed
by the IR camera and recognized by the Touchlib. When
a new fingertip is found within the area of the Ficon, the
system calculates the relative position of the fingertip and
handles it as a touch on the Ficon. The system is multi-
touch capable within the Ficon size restriction.

The precision of the recognized position is not as high as
the touch on the tabletop surface owing to light loss at both
ends of the fiber bundle. The current prototype therefore



requires a large number of IR LEDs than a usual DI-based
table for robust touch detection.

3D representation

Figure 4: 3D model of a Ninja character and a Ficon. A
shaded image of the same model is displayed on the Ficon.

Figure 5: Ficon-based building blocks used to construct a 3D
shape.

Ficon enables a dynamic touch-capable 3D image to be
created from an existing 3D model. Figure 4 shows a sam-
ple of a 3D-shaped Ficon generated from a 3D model of
a Ninja character. By displaying a shaded image rendered

from the same 3D model, the Ficon appears to be illumi-
nated. A Ficon can also display dynamic animation with
the exception of changes in posture or shape. Owing to
this limitation, the display is best suited for small motions
such as lip syncing, blinking, blushing, and eye gazing.

Figure 5 illustrates another idea for a deformable 3D dis-
play: a set of primitive Ficon buidling blocks. This system
tracks the Ficons on the table and estimates their connec-
tions. While Ficon cannot be stacked, unlike in Lumino[1],
various shapes including diagonal cuts can be created.
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