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ABSTRACT

However, due to recent advances in touch panel technology
and computer vision technology, we often see interactive wall

In this paper we proposed a new interface for interacting

displays where people can actively interact with information

with large displays via small video devices such as a cell

(e.g. [5]). When people nd interesting information on a dis-

phone. We estimate the location of the camera relative to

play, they can obtain detailed information by utilizing the

the display using a matrix of transparent markers embedded

interaction capabilities which are provided by the display

on display. As a result, our interface allows the user to inter-

interface.

act with digital contents without being distracted by opaque

A representative example of such interactive systems are

visual markers. Our interface enables intuitive interactions
such as pointing, rotating, dragging and dropping.

touch panel based systems (e.g. [9]). However, one of the

More-

issues with large touch panel displays is that in a public en-

over, our use of a small hand-held camera device allows for

vironment, it requires people to touch the screen. When the

interaction with large scale displays without the need for
direct contact with the display surface.

display is very large or is mounted at a high position, there

Thus our system

are regions of the display that cannot be used interaction.

is well suited for interactions when there is some distance

Computer vision based systems enable non-contact inter-

between the user and the display. Our proposed system has

action from a distance by recognizing people's faces, gaze

applications to large scale advertisement displays and can

direction, nger position, or hand position (e.g. [7]). How-

enable interactions between individuals and large scale dig-

ever, there are only a few systems which are robust enough

ital content.

to work in public environment since vision-based systems
are often sensitive to changes in lighting conditions.

Categories and Subject Descriptors

One of the solutions to this issue is to use barcodes or

H5.1 [Information Interfaces and Presentation (e.g., HCI)]:

visual markers for robust recognition. In Japan, many ad-

: Multimedia Information Systems; Articial, augmented,

vertisements make use of two dimensional barcodes called

and virtual realities

QR code [4], which allow a curious observer to access more
information on the web via their QR equipped cellphones.
However, a drawback of QR codes is that they introduce

General Terms

meaningless (from a observers perspective) clutter into the

Interaction, transparent markers

display design.

Keywords

wall displays in public environment can be summarized as

From the above discussion, the requirements for the large
follows.

Augmented Reality, Polarization, LCD, Marker, Wall Dis-

1. multiuser interaction

play, Vision-Based HCI

2. non-contact interaction

1. INTRODUCTION

3. robust recognition

Signs and advertisements (information displays) are ubiquitous in cosmopolitan cities, ranging both in size and loca-

4. interaction at any part of the display

tion. In the past wall mounted displays (e.g. posters) only
conveyed information without any interaction capabilities.

This paper describes a interaction method for large wallsized displays by using a matrix of transparent 2-D markers [8]. The main contributions of our approach are that (1)
it enables multiuser, non-contact, robust interaction without
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spoiling background images by using transparent markers;
(2) it enables accurate localization of pointing position and
orientation from a locally captured image by using a matrix
transparent markers.
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Transparent Marker

2. RELATED WORK
Ballagas proposed the Point & Shoot [2] system which
allows a user to interact with digital content via cellphone
camera and an LCD display.

However, their systems re-

quires that visible markers are displayed for a duration of
time to allow the camera to acquire its position.
The HIEI Projector [10] is a special projector that projects
both visible and invisible (infa-red) light onto a screen. The
system projects invisible markers by using the infa-red projector and allows for seamless integration of markers and
digital content.

However, the system presupposes a infa-

red source (in this case a projector) and a camera with an
infa-red sensor.
The Anoto-pen [1] is another interaction device that makes
use of infa-red light. The systems uses a specially designed
infa-red pen and encoded paper, to locate the exact posi-

Figure 1

tion of the pen on the paper. The paper is encoded by very
small unique dot patterns, which are recognized by the infa-

Multiple users interacting with a large LCD
display

red sensor attached to the end of the pen, thereby allowing
the system to track the exact position of the pen.

How-

ever, a potential limitation of the system is that it requires

Linearly polarized light can be transformed to and from

the pen to be in contact with the paper. Furthermore, the

circularly polarized light using a quarter-wave polarization

Anoto-pen is not well suited for interaction at a distance, as

sheet. In our implementation we use a combination of quarter-

was possible with the previous two systems.

wave polarization sheets to allow light from selected regions

In CHI2009, Koike et al[8] presented transparent 2-D markers on an LCD tabletop.

of the display to reach the camera (Figure 4).

Their markers are almost trans-

parent to the human eye but clearly visible as a black-andwhite pattern to the camera attached with a polarization
sheet. Our method makes use of their transparent markers.

3. SYSTEM OVERVIEW
Our proposed system use a compact hand held camera
(e.g.

camera equipped mobile phones) to allow for seam-

less interaction with digital content on large LCD displays
(Figure 1).

The implementation only requires that a thin

Figure 2

transparent marker sheet (polarizer) be placed on the LCD
display and on the lens of the imaging device.

No polarizer

Figure 3

With polarizer

With this

setup the camera device is able to detect the markers to ob-

display

tain the cameras absolute position (3D translation and rota-

quarter-wave plate

tion) with respect to the display. Knowing the 3D position
of the camera allows the camera to be used a pointing device
to interact with specic content on the display.

Since the

circularly polarizing plate

markers are invisible to the human eye, the markers do not
introduce any kind of clutter to the digital content. More-

linear polarization
circular polarization

over, as long as the markers are visible to the camera, the
system allows for interaction over a wide range of distances.
By using camera equipped mobile phones, users can privately access their desired information prompted by the display via the internet. Furthermore, the system can also be
used to send information to the display and be shared with

marker sheet

other users, to create a public BBS.
Figure 4

4. THE TECHNOLOGY
4.1 Polarization

4.2

camera

Polarization of light in our system

Marker Design

When light passes through a polarization sheet, it changes

Each marker is constructed from a frame and a binary pat-

the polarization of the light but is still visible to the human

tern of our basic symbol. The basic symbol of our marker is

eye. Using this fact to our advantage, we fabricate a trans-

a rotated L shaped binary pattern as seen in Figure 5(a).

parent 2-D barcode marker (Figure 2, 3) on a polarization

This symbol allows the camera to recognize the position of
the camera. A maximum of 16 (4×4) symbols can be placed
16
within the frame, which yields a total of 2
unique markers.

sheet and attach another polarization sheet on the lens of
the camera.
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(a)

(b)
Figure 5

Figure 6

(c)

Marker design

Marker matrix

1:1

The aspect ratio of the marker is

as depicted in Figure

5(b) and the absolute size of the marker is assumed to be
known by the camera device.

By computing the transfor-

Figure 7

mation between the detected marker and the actual marker

Coordinate transformations

data, we can estimate the relative pose of the camera device.

4.3 Pose estimation

5.

We use the AR toolkit[3] multi-marker recognition algorithm to estimate the 3D pose of the camera device. As long

3D objects displayed on the LCD using a hand held device.

as at least one marker is visible to the camera device the al-

When the user aligns the cameras line of sight to an object

gorithm is able to compute the transformation between the

on the display, it is possible to calculate the change in 3-D

camera image coordinates and the marker coordinates (Fig-

translation and rotation of the device from that position

ure 7). The marker matrix can be scaled to larger displays

using coordinate system spanned by the invisible markers.

by simply increasing the number of markers in the marker

When the user rotates the device while pushing a button,

matrix.

the object can be rotated by calculating the rotation an-

Given the transformationTrm which converts the indi-

gle of the device relative to the marker matrix. When the

vidual marker coordinates to the standard marker matrix
coordinate and the transformation

Tcr

user moves the device along the depth axis (distance) to the

which converts the

marker matrix coordinates to the camera coordinates, a
T
point in the marker coordinate space (xm , ym , zm ) can be
T
mapped to a point in the camera coordinate space (xc , yc , zc )
using the following transformation.







Tcr

screen, the size of the object is magnied or reduced, again
based on the distance from marker matrix. The system is
also robust to translations relative to the screen. Under this
setup when the use drags an object along the horizontal
(or vertical) axis, the position (2D projection of the camera
center on the display) of the object is translated smoothly



xc
xm
 yc  = Tcr Trm  xm 
zc
xm
The transformation matrix

INTERACTION EXAMPLES
Figure 8 is an example of showing the possible interactions

across the screen by dynamically acquiring the position of
the markers in it current view.

(1)

6.

DISCUSSION

can be factorized to com-

One of the issues of our current implementation is faulty

pute the 3D translation and rotation parameters of the cam-

marker recognition for dark background images. Since the

era device, which will be useful for the application we intro-

white regions of the transparent marker allows the light

duce in the next section.

emitted by the display to reach the camera, the marker
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1. robust marker based recognition without spoiling the
background image;
2. enables accurate estimation of the pointing position by
using the transparent marker matrix.
We are currently experimenting with the minimal marker
size for camera-based devices.
[A]

We are also exploring the

use of mixed resolution markers to make the system more

Center

robust to interactions over a wide range of distances from
the screen.

8.
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