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Special Theme: Augmented Reality  

The “Interactive Documents” system
augments printed documents that are
placed upon a planar surface (e.g., a
desk or a table) with multimedia content
and interactive applications. Using a
projector above the surface, augmented
content is dynamically displayed around
and upon the printed document, aligned
in real-time with its 2D location and
posture. The system was developed in
the context of the Ambient Intelligence
and Smart Environments Programme of
the Institute of Computer Science of the
Foundation for Research and
Technology – Hellas (FORTH-ICS).

As soon as they are placed on the sur-
face, printed documents become interac-

tive. Users can select any of the interac-
tive hot-spot areas of the document in
order to view related multimedia con-
tent (e.g., images, videos) or deploy
interactive applications. The system
employs an RGBD sensor (a conven-
tional and a depth camera combined) as
a sensing modality to identify docu-
ments and user fingertip contact with
them.

The RGB component of the signal
allows recognition and localization of
documents on the surface. This is
achieved by retaining a database of
known documents, which stores the
visual appearance of each printed page,
in terms of visual features in each.

When running, the system matches
database features with features imaged
by the camera to recognize the docu-
ment pages. The spatial arrangement of
these features in the database enables
the estimation of location and orienta-
tion of the document on the surface. As
features are local, recognition is robust
to document occlusions by user hands.
The depth component of the signal is
employed in tangible interaction with
documents, multimedia content, and
applications. Tangible interaction avails
detection and localization of fingertips
upon the surface or document. Using
the location and posture estimates of the
document, touch is localized upon the
printed page. This way, touch is inter-
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The “Interactive Documents” system augments documents, books, and leaflets on the surfaces on

which they are read. The augmented content complements that of the printed document interactively;

the user can touch regions of interest both within the printed matter and the augmented content.

Figure 1: User interaction with augmented printed documents. Main: the system highlights regions of potential user interest; upon user touch,

relevant content is augmented, juxtaposed to the document. Thumbnails: multimedia augmentation in a music and poetry book (left), map

augmentation providing city tour information on the printed map (middle) and visitor information (right).
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preted with respect to the page, to find

which word or figure in the document,

or application, the user interacts with.

By knowing the page location touched,

underlined, or encircled by the user, the

system can provide content and context-

based information and assistance, as

page contents are associated in the data-

base with their semantics.

Augmentation is enabled by common

calibration of the projector and camera.

The system translates the location and

posture of the document to the projector

reference frame. This way, not only con-

tent is presented aligned and upon the

document, but documents can be moved

and rotated along the surface at user

convenience, with the augmented con-

tent being “dragged along” in real time. 

“Interactive documents” is a versatile

system that can accommodate applica-

tions from different domains. It has

been employed as an educational tool,

to augment books with context-based

multimedia information, and provide

interactive exercises related to the con-

tent of each book page. Another use is to

provide information to the visitors of a

city upon a map; this use is installed at

the Tourism Office of the Municipality

of Heraklion, where tourists can place

their own copy of a printed map, upon

which the system highlights places of

interest. The visitors can touch on the

highlighted areas and see videos and

images related to the selected place, as

well as guidance information. The

system finds use in expos and mar-

keting, where printed leaflets are

enhanced with multimedia information

and interactive applications about the

featured product.

Link:

http://www.ics.forth.gr/ami/projects/

view/All/Interactive_Documents
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Augmenting the Rubber Hand Illusion

by Filip Škola, Szymon Fiałek and Fotis Liarokapis

Augmented reality (AR) is a technology that merges real and virtual information in real-time

performance. AR introduces new opportunities in a number of application domains, one of the least

explored to date being perception and psychology. Researchers from the HCI Lab developed a novel

AR experiment in order to test the effects of the well known rubber hand illusion.

The traditional rubber hand illusion is an

old psychological experiment where

participants are under the illusion that a

rubber hand is part of their own body.

During the experiment, the rubber hand

is positioned in front of the participant

while their real hand is kept hidden from

their view. Synchronous touches are

then applied to both their real hand and

the rubber hand and within minutes par-

ticipants get the illusion that the rubber

hand is part of their body [1]. This

experiment has been previously

exploited in immersive virtual reality

(VR) environments [2]. The purpose of

this study is to investigate whether AR

can be used as a medium to provide a

similar level of ownership. 

Compared to the aforementioned experi-

ment where a plastic rubber hand was

used, a virtual 3D representation was

chosen to create the same illusion this

time in an immersive AR environment.

The 3D rubber hand was made out of

photogrammetric techniques and

belongs to one of the lectures of

Masaryk University. In particular, 15

high definition images were taken and

then they were processed using medical

imaging software to produce the 3D

mesh. Textures were also taken from the

high definition images and the resulted

3D model consists of 46611 vertices

and 93218 triangles offering a very real-

istic model of a human hand. 

For the visualization, a state-of-the-art

head-mounted display (HMD) was used

for presenting the augmented rubber

hand illusion to the participants. The

device used was the lightweight Vuzix

Wrap 1200DXAR. The whole scene

was then ported into the ARToolkit soft-

ware tool. The AR application displays

an animation of the hand being stroked

by a virtual brush. Moreover, an EEG

32-sensor device called Enobio-32 was

used and the electrodes were located at

the extended 10-20 system. The raw

EEG has usually been described in

terms of frequency bands: gamma

(greater than 30 Hz) beta (13-30 Hz),

alpha (8-12 Hz), theta (4-8 Hz), and

delta (less than 4 Hz). The setup of the

electrodes takes approximately 30 min-

utes and the AR experience approxi-

mately three minutes.

Experiments were performed on 21

healthy volunteers (six females and 15

males), aged 20-35 years old.

Participants were asked to complete two

different questionnaires, one measuring

their cognitive workload (based on the

standard NASA TLX questionnaire)
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