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Abstract

This paper aims to provide design on augmented reality (AR) based smart exhibition
system to encourage user participation. If the conventional way to observe exhibition was
merely on visual of the products at hand, the smart exhibition that uses augmented reality will
enable users to get in-depth information not only via text, image, and video, but also through
3D virtual object in real-time basis. The proposed smart exhibition system is marker-based
system in utilizing augmented reality and to resolve the problem of the limitation of one
marker per one virtual object, we applied the marker array list system. In addition, with the
construction of web server, it enables user to use the system ubiquitously and by outputting
marker in addition to exhibition, it allows for the indirect experiences. The system, after user
authentication, classifies users, and divides module into content experience (spectator)
module, content authoring (participant) module and system management (administrator)
module.
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1. Introduction

With the expansion of ubiquitous computing and user-centric based system, the
computing paradigm has altered dramatically affecting the everyday lives of ordinary citizens
in a very short time. Case in point is the rising popularity of Smartphone where its key
strengths are mobility and portability. Apple’s iPhone was introduced in Korea in just 2009
but as of Oct. 2010, there are over 5 million Smartphone users[1]. The rapid proliferation of
Smartphone can be attributed to the fact that users can conveniently download and use
countless numbers of applications through open markets and developers in turn, can develop
applications using an open API and distribute the apps easily. The majority of applications are,
however, limited in the areas of game, education, and everyday productivity.

Recently, with the wide applications of Smartphone, AR that integrates the real word with
the virtual is garnering wide attention. Although many researches have been conducted in
high performance PC environment, only recently many researchers began studying on
Smartphone as it increasingly became powerful with functions that include a camera, various
sensors, 3G, Bluetooth, Wi-Fi, and others, making it an ideal environment.

An exhibition is generally structured where spectators view the displayed products and
get the detailed information on the said products through either pamphlets or kiosk that is set
nearby. Consequently, there are disadvantageous in that it lacks convenience and portability.
This problem can be resolved by using Smartphone augmented reality technology.
Augmented reality, based on how it is processed, is divided into marker and non-marker
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based. Looking at the strengths and weaknesses of each method, a marker based has strength
in that it has superior recognition rate but as marker is visible, it reduces immersion. On the
other hand, in case of NFT(Natural Feature Tracking) that is used most often in non-marker
based, although it is praised for high immersion, it is slow and has poor recognition rate. In
this paper, as surrounding of exhibition may have elements, such as lights, that may adversely
affect recognition, the marker based has been chosen for accurate recognition. In addition,
despite the fact that exhibition place has various exhibition products, there is limitation that
one marker can only augment one virtual object[2]. Consequently, in this paper, a marker
array list method has been applied and to maximize system’s efficiency, a context aware
method has also been applied.

2. Related Work
2.1. Exhibit Using Augmented Reality

Augmented reality is a technology that involves showing virtual information such as text
or image onto image of real world in a real-time basis[3]. The first known research began in
1968 in the U.S. with the presentation of “Head Mounted 3D Display” by computer scientist
Ivan Sutherland[4]. The words “augmented reality” was first coined by Tom Caudell while he
was explaining the assembling process of wire of aircraft using the virtual image on top of the
real life image[5]. Although mixed reality is sometimes used in the place of augmented
reality, as shown in Figure 1 below, the mixed reality encompasses continuous spectrum from
the real environment to the virtual environment[6].

| Mixed Reality(MR) |

< >
Real Augmented Augmented Virtual
Environment Reality(AR) Virtuality(AV) Environment

Figure 1. Simplified representation of a "virtuality continuum"

In researching AR related exhibition, we found Archeoguide system, Miniature AR
system, and image restoration of museum that exemplify our study. The Archeoguide
system[7], as shown below in Figure 2, aims to restore the cultural assets and artifacts that
have been ruined with the passing of time by integrating a virtual 3D object with the real
world. The said system is composed of a server, mobile equipment, wireless network, and
tracking system, and users can request and check the original condition of cultural assets and
artifacts.

Figure 2. Actual ruins(left) and restored ruins(right) of Archeoguide system
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The Miniature AR system[8], as shown in Figure 3, integrates real miniature with digital
content into AR and it is a digilog content experience system. Using the 3D interaction
method that utilizes real-time camera trace and depth camera, it makes it possible for
augmented virtual content and interaction for miniature without the need of tools.

o

P

Figure 3. Miniature AR System

The image restoration of museum utilizes AR[9] to restore the damaged parts of the
past’s artifacts in a museum and it can be used for educational purpose as well.

In reviewing the past case studies of augmented reality exhibition, we found that there
lacks cases where Smartphone was utilized or context aware method was applied to provide
user-centric tailored service. However, in case of miniature AR, using 3D interaction method
there were results where it simulated the interest and immersion of users, confirming the need
for interaction.

2.2. Context-Aware for AR

In ubiquitous computing environment, it is essential to provide service that are tailored to
the interest of users rather than offering uniformed service. The context aware technology
integrates real world with virtual space to provide intelligent service that makes the most of
context information[10]. That is, by analyzing various elements, such as what a user is doing
currently, where a place is located in, and what kind of people are nearby, it recognizes the
current situation. The context information signifies all information that can be used from a
point where a user conducts interaction and for proposed smart exhibition system, it includes
data collected from a sensor, time, location, and user and exhibition profile. With collection
and exchange of above information, it recognizes the situation and after the interpretation and
inference process, it provides appropriate service to users.

2.3. Interaction for User Participating

A user requires natural interaction with various computing resources surrounding him. In
particular, with respect to the interaction between the user and contents, AR allows a user to
directly interact with virtual contents and services in the real world, which differentiates AR
from virtual reality[11]. For example, Figure 4 shows how a user can move or rotate
augmented virtual contents as well as adjust its size.
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Figure 4. Interaction(move, size, rotation) of AR

3. Marker Array List

As depicted in Figure 5, a marker array includes a single marker containing various
template patterns and a 4-area marker array by which each marker can be applied. Four
markers located in each area can augment a total of 4*=256 objects depending on application
methods. The number is based on the precondition that single markers of the same pattern can
be put into each area repeatedly. In case there is a multitude of markers repeatedly applied to
an area, objects can be augmented without a recognition error by calculating the quantity of a
marker per area.

Area of Each Marker Value of Each Marker

Figure 5. Area and Value of each Marker

ID is given to marker arrays which have different positions depending on the input
sequence depicted in Figure 6. A list is created as ID is given up to 256 times. And users are
identified, whose data are saved in DB to be managed. The list can be created by the system
suggested in this paper for the exhibition participants, using a contents creation module. Even
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if Participant A and Participant B create the four same markers and marker array list, the list
is packaged per user and, thus, it is possible to augment different contents. In addition, a

spectator can identify participants by locating their booths through GPS in a Smartphone.

Marker Array 1D List
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Figure 6. Marker Array List

4. Suggested AR Smart Exhibit System
4.1. System Configuration

The proposed AR smart exhibition system is composed of as shown in Figure 7 and as it
is based on ubiquitous computing environment, users can download and use services

ubiquitously using a Smartphone.
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Figure 7. AR Smart Exhibit System Configuration
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As demonstrated in the Figure 7, a user in an exhibit place first use a Smartphone to
access a web server where an exhibition system is in place. Upon gaining access, when the
user place a Smartphone on a marker located next to the displayed product, the user will
received detailed information on the said product. Augmented exhibition information will
infer from the situation at hand and select the most appropriate contents.

4.2. Classified by User Authentication

The activation of system begins with the user authentication. Through the user
information contained in the web server, an administrator, a participant, and a spectator are
classified beforehand and information on user profile is obtained. After membership is
completed, to use the system, the user authentication, as shown in the Figure 8, goes through
and system management, content authoring and content experience are classified into module
and processed.

mTTTTTo ‘ UserInfo DB ‘
Administramr_.”____ e Spectator
- —__ Authentication
..-i:'articipam
W hd
System Management ContentAuthoring Content Experience
Module Module Module

Figure 8. User Authentication and Classification

4.2.1. Administrator: The system management module that oversees the system, with the
focus of processing AR and context awareness, carries out the separate role of managing the
marker array list, gathering of sensor data, users, and exhibition.

System Management

Module(Administrator

Sensor
AR Process Management
Marker Array List
Management User Management
Exhibit Hall Context-Aware
Management Process

Figure 9. System Management Module
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4.2.2. Participant: The content authoring module (participant) that prepares for exhibition, as
shown in the steps of Figure 10 below, authors contents and prepares for exhibition
information to be provided to spectators.

ContentAuthoring

Module(Participant)

Make Marker
Set Marker Array
! — Content :
‘ ContentDB [ ggjapt/ Registration |
Yes Tnteractmn
Setting No
\L— Check
. M akiﬂg“'h'""'---.._,. Yes
Set Interaction No - MA List T

I% Make Marker Array

Register Marker
Array to List

Y

MA |_I5t Yes
Size Count

..M_arker Arr_a)-!-. . Save
List DB Marker Array List

Figure 10. Content Authoring Module

The order of content authoring module is as follows and registered marker array list is
recognized in the content experience module (spectator) and augments registered contents.

1. Constructs marker patterns and generates markers

2. Prepares four markers, determines the pattern value of each marker and range and
generates marker array
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3. Selects/registers augmented contents following the generated marker array
4. After checking the specific interaction of contents, selects interaction

5. Generates marker array

6. Registers marker array list

7. Checks whether marker array list value is larger than 256

7-1. If true, after checking whether the making of marker array list will be completed, either
generates additional marker array or saves into DB

7-2. If false, saves the latest registered marker array list into DB

4.2.3. Spectator: For content experience module (spectator) that observes exhibition products
that were prepared beforehand, it distinguishes participants through the location information
from exhibition booth and augments contents by recognizing each participant’s marker array
list. Augmented contents control specific interaction and enable more detailed information on
exhibition.

Content Experience

Module(Spectator)

“eps -
Location k- El(hlbll't BO(ID'th
Info / Confirmation

‘ Content DB

N Contentl :
Augmentation

" Interaction . Mo
T~ Occur? _—

es

Interaction Process

Content Control

Figure 11. Content Experience Module
4.3. Context-Aware and AR Process Structure
The context aware processing, as shown in Figure 12, through the web’s member join
service, using the collected data from various sensors, including user profile, exhibition hall

profile, marker array list and others in “context middleware”, processes advanced context
information.
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Figure 12. Data Collection and Access for Context-Aware

The processed context information in turn, in “context aware module”, infers situation
following the specified case or rule. The inferred context, through feedback in “AR Process”
phase, augments content or is used to process interaction.

\ CAModule o
User Profile = %
3¢ ' | Context Inference | -
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ExhibitHall Profile | | @ 2 W -3
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Sensor Data @ | Management o

Figure 13. Context-Aware Process in Suggested System

AR process, as shown in Figure 14, when the marker based AR is processed, the marker
array list and context aware module that infers the context in “context aware process” phase
are added. The context aware module, when marker array does not exist, following the
feedback through inference, augments the related contents.
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Figure 14. AR Process in Suggested System
5. Conclusion

This paper, in light of the fact that the plan to use Smartphone is nonexistent in exhibition
and the following demand by users for detailed information on the exhibition products, we
designed AR smart exhibition system grounded on web environment. In addition, to resolve
the limitation of one marker per object in existing AR, we proposed for marker array list
method. The proposed system is not confined to exhibition but to other areas as well where
users demand relevant information. However, the marker may interfere with the observation
of exhibition products and passive interaction may not stimulate the interests of users.
Consequently, in the future, we seek to research on non-marker based AR and construct
improved system, as well as on dynamic interaction that is appropriate to the situation.
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