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[Abstract]

In this paper, we propose a multisensory(i.e., visual-auditory-tactile) based AR system for the
education of cultural heritage. The proposed system provides a multisensory interaction by designing a
user to experience with a 3D printed artifact which is mapped by a virtual 3D content of digital
heritage. Compared with the existing systems of cultural heritage education based on augmented
reality(AR) technology, this system focused on not only providing leamning experience via a sense of
visual and auditory, but also a sense of tactile. Furthermore, since this systems mainly provided the
direct interactions using a 3D printed model, it gives a higher degree of realism than existing system
that use touch or click motions on a 2D display of mobile phones and tablets. According to a result of
user testing, we concluded that the proposed system delivered the excellent presence and learning flow
to users. Particularly, from the usability evaluation, a 3D printed target artifact which is similar in

shape to original heritage artifact, achieved the highest scores among the various tested targets.

» Key words: Multisensory, Tactile Interaction, Augmented Reality(AR), Mobile Education, Education of
heritage, Interactive Learning Environment
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I. Introduction
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II. Related works
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III. The Proposed Method

1. Selection of contents of heritage
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Table 1. Introduction of heritage artifacts
NEmG 6l BTG 6l Division Explanation
heritage artifact heritage artifact s
The inlaid design on the surface includes white and black
> * - Manufacture patterns is made through two steps of engraving. At first,
Treasure No.1783 method engrave and apply white soil and then scrape it. And second,
Celadon Prunus Vase engrave and apply red soil, and scrape it again. Finally, bake
with Inlaid twice and then it completes the elaborate inlaid design.
Chrysanthemum, Symbols of Inlaid Chrysanthemum, Peony, Willow, Heron, and Bamboo and
Peony, Willow, Heron, yatterns huangchoggyu patterns were arranged on six sides. This means
and Bamboo Design P success, wealthy, noble and longevity.
and Bamboo Strip ] o
Use case It was revealed that the bottle was a container containing
sesame oil by the bamboo strip found together.
Manufacture The overall pattern was highlighted by using thick and deep
method intaglio lines, while the detailed expression was expressed
by thin and thin intaglio lines.
Treasure No.1784
Celadon Prunus Vase There is an Anaruddha pattern at the top of the body, a
with Incised Lotus Symbols of | lightning-shaped pattern at the bottom surface of the body,
and Branch Design patterns and incised lotus and branch patterns at the center of the
and Bamboo Strip body. Lotus means honest spirit and longevity.
Use case It was revealed that the bottle was a container containing
honey by the bamboo strip found together.
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2. Design of system structures
2.1 Design of informational structure
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Table 2. Target tracking objects

First target Second target Third target

JEIFE
o
"JBEJ.KI

il

N——

Printed 3D artifact Drink can

Paper money

Printed 3D tManufacture
artifact target method
Course .
Drink can Symbals of
fo.1 target mode pattems
Paper money Use case
target
System
start
Printed 3D
artifact target

Manufacture
method
Course
No.2

Drink can
target maode

Symbots of
pattems

Paper money Use case
target

Fig. 1. Informational structure
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2.2 Design of technical structure
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Fig. 2. Technical structure

IV. Implementations
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Table 3. System configurations

Window10 pro (64x, v1803)

CPU: Intel(R) Core(TM) i9-7900X
Graphics: NVIDIA GeForce GTX 1080Ti
RAM: 48GB

Unity 3D 5.50f3

Visual Studio2015

Development
Environment

et Vuforia Engine v7.2
Android Studio
MobilePhone(LG-F700S)
Performance | Resolution: 5.3" QHD(2560 X 1440)

Environment | CPU: Qualcomm Snapdragon 820 quad

Core 2.15GHz + 1.6GHz

Core

Technalamy 3D modelling, Image target detection, AR
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Printed 3D Target

Virtual Model

Fig. 3. Interaction with a printed 3D target
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V. Experimental Results

1. Outline of user testing
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2. Configurations of questionnaires
2.1 Configurations of presence and learning flow

evaluation
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Table 4. Questionnaires of presence and learning
flow evaluation

Variable Division No. Definition
The degree of
. focusing on the
(a) Immersion .
. 1 realistic contents
of virtual world . . .
mixed with virtual
Presence
and real-world
. Th f
(b) Reality of . e.degree 0 .
virtual object 1 judging the actuality
of the virtual object
The degree to which
(c) Perception of 2 the learner knows
the goal exactly what he or
. she is doing.
Learning
fl Th f
ow (d) Balance of e degree o .
Balance of learner’s
challenge and 3 .
o ability and challenge
personal ability level
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(e) Integration of The degree of
behavior and 2 voluntary do without
consciousness a conscious effort

The degree of own
behavior control
The degree of user
fully concentrate
The feeling of fast or

(f) Control 2

(g) Focus 1

(h) Distorted

. 1 slow passing of time
time sense
unusually

. Th r f
(i) Loss of . € Qeg ee o

. ignoring
self-consciousn 1 . .
ess surroundings while

in an activity
The degree of
1 pleasure of
self-satisfaction

(j)self-satisfacti
on experience

Total 15

2.2 Configurations of usability evaluation
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Table 5. Questionnaire of usability evaluation

Division No. Definition
Ease of the 1 How easy to use the target object
learning was
Efficiency 1 How efficiently the target object
was used
Ease of the 1 How easy it is to manipulate the
operation system

An accurate understanding of the
2 functions of the AR systems and
the target objects

Understanding
of the function

Total 5

3. Analysis of results of questionnaire
3.1 Results of presence and learning flow evaluation
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