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Abstract

Graphical abstract

Virtual heritage is able to provide visual aesthetics, real-time navigation and interaction to
impress and entertain users. This article describes the design and development of three
dimensional (3D) virtual heritage to view and navigate the 3D representation of Malay
traditional house which is rare to be found today. The Virtual Traditional House allows
flexible exploration with real-time navigation in order for users to walkthrough the 3D
reconstruction of the house while viewing relevant historical information at certain parts of
the house. The process of design and development of Virtual Traditional House is outlined
and points of particular importance are explained. The article discusses the preliminary
results of user evaluation for Virtual Traditional House. Future work includes extensive user
evaluation and to what extend user may absorb the historical information surfaced around
the virtual environment.
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1.0 INTRODUCTION

‘Virtual Heritage’ is derived from the terms Virtual
Reality and Cultural Heritage in which Virtual Reality
(VR) systems are used to deliver cultural heritage
information in museums or cultural heritage settings;
offering new opportunities not only for both
archaeological and art-historical but also for public
education and interpretation activities [1], [2]. Virtual
heritage is able to provide visual aesthetics, real-time
navigation and interaction to impress and entertain
users.

Previous virtual heritage projects concentrate on
preserving artifacts  and monuments and
disseminating them through video output fo public
viewing. Subsequent works have proceeded fo
reconstruct these historical items with accurate
measurements and details for digital archives.
Nowadays, many virtual heritage projects allow user
to walkthrough a virtual environment in three-
dimensional (3D) world and combine along two-
dimensional (2D) and video [3]. Interactivity is then

considered as an essential part in virtual heritage in
order to engage users [4], [5].

To date, virtual heritage projects are able to provide
visual  aesthetics, real-ime  navigation and
interactivity. What is sfill lacking is the ability to provide
a comprehensive storytelling of particular  built
heritage to the general public. This study hence
attempts to embrace this issue by using virtual reality
and multimedia elements in a digital reconstruction
project of particular Malay fraditional house, Rumah
Tok Su.

2.0 LITERATURE REVIEW
2.1 Rumah Tok Su

Rumah Tok Su is originated from Kampung Permatang
Kerat Telunjuk, Bandar Bahru, about 200 km from Alor
Setar. It covers an area of one thousand and seven
hundreds square feet and contains thirty four pillars
[6]. It includes six main halls comprising the Verandah;
the Main Halls called ‘Rumah lbu Berbumbung
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Potongan Belanda dan Beranjung’; two Middle Halls
or ‘Ruang Selang’; the Kitchen; and the Platform. The
reconstruction of Rumah Tok Su is according to the
original house without changing its design.

The initial phase of this design and development
project concentrates on architectural features of
Rumah Tok Su which combine Dutch and local
culture. The final output of this project would deliver
the 3D representation of built forms around Rumah Tok
Su. Relevant historical information is embedded and
only appears if the user triggers it as they navigate
around Rumah Tok Su.

2.2 Virtual Heritage Application

The use of virtual reality in cultural heritage, in
conjunction and with the essential support of
fraditional sources and materials, has been presented
in [7] to describe a complete methodology for the
restoration and renovation process of ancient
monuments. The utilization of virtual heritage, in this
case, is meant for the situations where architectural
restoration and protection are not available. Thus,
virtfual restoration and reservation is exhibited to assist
the authorities in real projects.

The Ancient Malacca Virtual Walkthrough is a
project that focuses on the modeling and visualization
of Malacca city in 15t century [8]. This project
examines range detection approach for view frustum
culling that effectively speed-up the interactive virtual
heritage project. Range detection approach is used
for virtual walkthrough application can run in higher
frame rates and the time taken is shorter to finish one
round of pre-defined path. The resulis illustrated that
this approach is able to increase the rendering
performance of the virtual work through without
sacrificing the visual quality.

In [?]. the process of implementing virtual reality to
highlight salient aspects of fraditional urban planning
and constructional aspects of a heritage complex is
discussed. It further describes the development of 3D
user interfaces fo view and navigate through model.
The interface allows flexible navigation to explore the
space and construction of Fatehpur Sikri; in some
cases navigation is restricted by a guided sequence
in order to enhance learning and understanding of
the elements of architectural heritage.

2.3 User Requirements of Virtual Heritage Application

In practice, the user centered design and evaluation
approach requires longer development fime and
involves human capital hence higher budget
expenditure [10]. Thus, it is essential to carefully plan
any user involvement at any development stages and
to choose affordable methods to keep within the
timeframe of the development project as well as o
meet the budget. It is then typical, for the case of
inferactive digital media, to find literature that
supports user evaluation only at the design stage,
particularly in evaluating inferaction techniques, such
as mentioned in [11] and [12], or literature that

supports user evaluation only towards the final stage
of development particularly when the interactive
digital media is partially or fully functional as reported
by many [13], [14], [15], [16], [17], [18], [19].

The earlier work by [20] and subsequent work by [21]
extensively describe how the VE usability engineering
methods was implemented on the development of
Dragon, a battlefield visualization project. The early
design of Dragon was based on user task analysis (on
which the procedure was not clearly described) and
was followed by iterative expert guidelines-based
evaluation and four iterative formative evaluations
that covers usability aspects to navigation techniques.

Working closely with architects, designers, and
decision makers, they informed the design of the
Tramway project by collecting user requirements by
series of discussions [22]. This technique, although the
term is not mentioned anywhere in the arficle, is
perhaps similar to focus group discussions as
mentioned in [23] and [24]. The experimental
approach was done by confrolled experiment to
identify the effect of realism as well as usability of their
system. In [25], observation was used in field
deployment where the VR system was presented in
the City Hall meetings and public events. In the case
of urban planning, it is found that realism is desirable
and important and the capability of VR to provide
multiple views were considered very useful by users,
both in controlled experiment and various field
deployment [26]. Users in their case have absolute
interest in that particular VR system as the urban
planning project would affect their living directly.

The focus of built heritage learning, however, is
typically on the structural significance such as those
that answer on how and why one structure is built at
the first place. Apart from that, users may want fo learn
historical and cultural perspectives of a particular
place. It is decided to include experts throughout the
development process. Hence, expert review is
adapted in order to gather requirements from the
experts. Expert review may be considered for
assessing early design and only then user evaluation is
conducted to study the actual use of the system by
using working prototype. Expert evaluation may
include techniques such as cognitive walkthrough,
guidelines review, consistency inspection, metaphors
of human thinking, and formal usability inspection [10].
The CESSI metrics, on the other hand, have been
developed to facilitate developers in their inifial
design of developing interactive digital media for built
heritage learning [27].

3.0 DESIGN AND DEVELOPMENT

As part of our virtual reality course assessment, we are
required to produce a virtual heritage of a historical
building. We decided to use two-dimensional (2D)
pictures and blue print as storyboard and primary
resources to the 3D modeling process. Nonetheless,
other output files and documents, together with
academic articles, are complementary resources and
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served as cross references to this research and
development process. The development process
consists of five stages: requirement analysis, 3D
modeling, texture mapping, VR scripting, and user
evaluation. This process as depicted in Figure 1 is
mainly adapted from [9].

. Texture
Reﬁ::i’:‘”‘ 3D Modelling Mapping/ VR Seripting Evaiuation
Lighting

Figure 1 The process of developing virtual fraditional house

Prior to the project, we created a schedule that
stated the development stages with milestones. This
schedule provides us with timeframes to proceed with
the design and development of Virtual Traditional
House. It also acts as a close monitoring for team
members in order to deliver the project on time.

3.1 Requirement Analysis

Requirement analysis is conducted to gauge user (in
our case, via expert) requirements in order to ensure
the intended application meets its purpose. Our
development feam members went twice to the site to
collect the required details. The site visit helped to
better understand the details in order to proceed with
the development of Rumah Tok Su. Figure 2 shows the
digital images of its front area.

Figure 2 The main entrance of Rumah Tok Su

The requirement analysis adopts the CESSI metrics to
assist us in collecting details about Rumah Tok Su. This
CESSI metrics are used as instruments during the
inferview session with the expert. During the face-to-
face interview, a brief presentation on the project and
its technical features was done where the experts
voiced out their opinions and initial requirements
throughout the presentation. We interviewed the built
heritage assistant museum curator in order to gather
the required information as shown in Table 1.

Table 1 Requirements analysis using cessi metrics

Metrics Descriptions

Historical background, house composition,

Content D
and structural significance
. Able o provide viewing and experiencing
Experienc s . .
e historical architecture and craftsmanship
through real-time navigation
Seftin Interactive kiosk with minimal types of
9 interaction, preferably touch-screen device
Support Support all level of users (general public)

Interface Easy to use

Among the important descriptions are the fact that
the architecture of Rumah Tok Su is a combination of
Dutch and local elements. Unique function and
structural significance of Rumah Tok Su was identified
and translated into a storyboard as depicted in Figure
3. The storyboard was separated into four parts, which
are the architecture, historical arfifatcs, the
surrounding, and the fexfure of Rumah Tok Su,
including windows, doors and unique carving
patterns. The storyboard of the project was outlined at
the earlier stage to ensure all team members would
obtain a clear overview of the project and to provide
clear indicator of their designated tasks.

Figure 3 Storyboard of the virtual heritage application

The storyboard was also used as foundation for 3D
modeling part and served as references for user
navigation in the virtual environment. At this stage, 3D
modeling guidelines were developed in order fo
provide reliable oufput and minimize error in the final
model. The 3D modeling was done based on the
original images of Rumah Tok Su, which was taken
using Digital Single Lens Reflex (DSLR) camera. Every
angle of the building and items inside building were
shot to help our feam members design the building
appropriately. The two-dimensional (2D) floor plan of
Rumah Tok Su was used as basis of measurement.

3.2 3D Modeling

The design of Rumah Tok Su comprises of two tightly
coupled tasks: the architectural design of the museum
setting and the design of exhibit presentation for all
objects that were to be displayed. Rumah Tok Su
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building was modeled a 3D modeler. Common
objects such as chairs, desks, and bed were obtained
from online resources while historical objects were
modeled in relatively great details. Rumah Tok Su
building and objects inside Rumah Tok Su were
modeled separately and stored in different files. The
raw 3D model of Rumah Tok Su building is illustrated in
Figure 4.

Figure 4 3D models of Rumah Tok Su

After combining all 3D models, optimization was
conducted onto these models to reduce the file size.
This was done by applying at least one of these
strategies: by using existing modifiers, by redrawing
several entities, and by replacing less important
objects that carry high polygon count.

3.3 Texture Mapping and Lighting

Once all 3D models have been opfimized, texture
mapping for 3D modeling objects was conducted.
The final 3D model was then exported to the VR
software. Lightings were added to the 3D environment
in order to have redlistic shadow, light effects and
reflection in a single 3D model. Lighting allows users to
view the virtual environment more clearly and details.
Figure 5 shows typical lights used in the virtual
environment.

Figure 5 Lightings

3.4 VR Scripting

Models with baked texture and light are supported in
Unity 3D, the software we used to create virtual
environment. At this point, the visualization scenes we
prepared as well as it would serve as information
materials to the virtual environment. In this stage, an
avatar will be added into the virtual environment so
that the user may perform interactive real-time
navigation inside the Virtual Traditional House.

First person controller was added to the Virtual
Traditional House as it is relatively easier for users to
navigate the virfual environment from their
perspective. First person confroller, which is an avatar
represents a virtual character of people was created
to simulate the user navigation and movement in the
virtual environment. Avatar, in our case, is created to
provide human scale in relative to the spaciousness of
building and open place of Rumah Tok Su. This avatar
was created fransparent as this virtual environment is
infended to emphasize on architectural elements of
Virtual Traditional House.

3.5 User Evaluation

An initial user evaluation was conducted with 20
students undertaking Multimedia  program. It
comprises of 10 male and 10 female students from 21
to 23 years old. We allowed students to use the Virtual
Traditional House about 5 minutes. Participants were
allowed to think out loud and gave feedback while
using the application.

4.0 RESULTS AND DISCUSSIONS

The final output of Virtual Traditfional House may be
viewed using an executable file. The file size is
adequate in which it can be installed and run
smoothly in a low-end desktop system. Figure 6 shows
the screenshots of Virtual Traditional House during the
navigation (a) outside the house and (b) inside the
house.
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(b)

Figure 6 Screenshofs of virtual fraditional house

User may use the gamepad device to navigate in
the environment. Users may perform game-style
navigation such as jumping and moving forward,
backward, left and right sides in Virtual Traditional
House. At some points, the user may trigger the popup
messages and read the historical or architectural
information about the traditional house.

From the initial user evaluation, participants mostly
commented on the realism of the application. They
wish for clearer background lighting and brighter
texture inside the house. It is also not easy for them to
control the virtual environment using both hands,
probably due to keyboard input. However, they seem
tfo agree the significance of virtual heritage in
enhancing their knowledge on Malay fraditional
house.

5.0 CONCLUSIONS AND FUTURE WORK

This paper has described the design and
development project fo navigate and view Virtual
Traditional House. It discusses the development
process of the virtual environment using various 3D
modeling and VR software. This virtual environment
allows users to navigate the historical building of
Rumah Tok Su virtually. At this juncture, the research
has explored the process of developing virtual
environment for viewing and navigating the heritage
buildings. These will eventually lead to user
appreciation of historical monuments and distinctive
beauty of past architecture.

Future research and development includes
evaluation of interaction between the users with the
virtual environment interface. This study plans tfo
expand user interaction activities in other virtual
historical building. To support historical education, we
intend to add more information that can access by

the wusers when navigating the virtual historical
buildings. Visualization and animation scenes were
added to educate users in a partficular subject matter
in the virtual environment. The interaction between
user and the virtual environment allows more access
to information via visualization and animated scenes.
This allows users to view the data such as text that
contains more informatfion of specific monuments,
movie files with narration of particular events, and
redlistic sfill images of ornamentation and carvings.
The evaluation may surface the interaction issues and
tfo what extent the user is able to absorb information
in virtual environment.
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