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Abstract 

Virtual Environment (VE) is an artificial environment created for providing the information in 
Virtual Reality (VR). The audiences are able to obtain the information via interaction to the environment. 
Virtual Reality for Culture heritage buildings, which are inherited from past generations and maintained 
in the present, is an interested topic because its contents often built for giving the information and 
knowledge about the past to the new generation in virtual museums. However, there is a limitation of 
Virtual Reality (VR) applications in reproducing cultural sites as most of these applications are not 
successful in catching public’s attention and involvement. In this research, we focus on using Natural 
Interaction (NI) interfaces based on a body movement in Virtual Reality for museums to grab attention 
from audience and to increase public’s involvement. This paper presents the development of Natural 
Interaction using Microsoft Kinect to define the new grammar of gesture for Sino Portuguese 
Architecture which is a cultural heritage of Thailand. Results of early tests improved the prototype in 
progress which alllows more complexity in natural interchanges and connection between users and virtual 
world. The final result was evaluated after the system was installed in Peranakannitat museum and by 
interviewing 6 docents. It was found that our system was easy to use as it took only about 3 - 5 min to 
familiarize the system for navigation in the virtual environment without recognizing the grammar of 
gesture commands. 
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Introduction 

One of the institutions that concerns about collecting unique objects and forms the core of its 
activities for exhibitions, education and research, is a museum. The objects collected may be artistic, 
cultural, historical, or scientific which are able to transfer a historical information to the audience. Many 
museums establish permanent or temporary exhibitions to provide information and to educate the public 
audience. Additionally, a museum can also be an entertainment place for families especially for children 
to enjoy at the same time learn. 

In the digital era, digital technology has come to play a role in providing the information to the 
museums. The digital data is applied to every part in the museum such as light, sound and visual system 
to augment the museum’s ability to communicate or educate. Most traditional museums collect objects 
and display the history through text or by an explanation by a tour guide. In contrast, modern museums, 
which are enhanced by the digital technology, combine the high performance capacity of storage in 
digital data and the high speed computational power to create contents in multimedia such as text, sound, 
video, animation, Augmented Reality (AR), Virtual Reality (VR) and interaction system to obtain the 
whole information without any aid for explaination.  
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A virtual museum is one of the museums that use digital technology by applying the information to 
the audience in order to augment, enhance, or complement the experience through personalization in the 
museum, interactivity and various contents. Particularly, the content that involves archaeological site, it is 
not necessary for visitors anymore to go to the real place and obtain an experience for the site, as they are 
able to access the location and interact with the system using virtual space. 

Therefore, Virtual Reality (VR) is applied to the museum to augment the traditional museum. VR is 
able to provide experience to users by simulating the situation, environment, atmosphere or objects 
through virtual world. Virtual Reality (VR) is a medium used to simulate 3D environment using computer 
technology for interaction which leads user feel immersed to the environment. The environment in VR, 
which is called Virtual Environment (VE) or Virtual World, is the content of a given medium. VR has 
been applied widely such as education, healthcare, military, game and cultural heritage. The user will 
receive the information, experience, and atmosphere of the virtual world which is the 3D environment in 
VR. Moreover, the user is able to interact to the VE element. 

This research selected one of the Sino Portuguese architectures that is called “Shop-house” which is 
a 2-storey shop house built for a living. The system allows the user to explore inside the house which 
simulates lifestyle in the past and provide the information via storytelling for each part of the house. 
Natural Interaction using Microsoft Kinect is the main device to track user’s movement to control user’s 
perspective and the direction to walkthrough inside Virtual Environment. Finally, this research observed 
the user who interacted to our system to evaluate the gesture design if it is suitable for navigation or not,. 
 
 

 

Figure 1 The user can learn the gestures in order to move in the Virtual Environment. 
 
 
Background 

Sino Portuguese Architecture 
Sino Portuguese Architecture was built around A.D.1890 - 1920 in Phuket, Thailand. The 

architecture is a combination of East and West building styles, making it one of the unique architecture 
heritages in the country. The architecture is interesting as it is influenced by many building styles from 
Siamese, Chinese, Malaysian to European [1]. The Sino Portuguese decorative facade is influenced by the 
European as evident in the form of plant emphasizing interflow and spiral vines, leaves and flower [2]. 
However, the doors and windows are Chinese style. Generally, there are many types of Sino-Portuguese 
Architecture building such as Shop-house, mansion, government building, etc. 

This research selects the Shop-house to be an environment for our Virtual Reality research because 
it is a 2-storey house and it has a long shape as showed in Figure 2. To determine the grammar of Natural 
Interaction [3], the user has to explore from ground floor to the 2nd floor. Likewise, another reason for 
choosing the place is that the building represents the unique Sino-Portuguese design, as there is a hole on 
the roof or air well at the middle of house to ventilate and get sunshine or moonshine. Besides, there is a 
well to gather water for consumption. 
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Figure 2 Shows the interior inside Shop-house. 
 
 

Virtual Reality Walkthrough 
Virtual Reality Walkthrough is a way to present information in Virtual Reality. The users can 

survey around the virtual environment [4] like they are walking in the real world. The VR walkthrough 
normally is used to represent constructions or architectures that users could get information to learn the 
history [5], art and tradition simultaneously. This paper uses game engine, Unity3D, to be a platform to 
implement the virtual environment and support real-time interaction. Semi-immersive Virtual Reality is 
applied for this research using Natural Interaction Interface to control user perspective and explore inside 
the virtual world in real-time. 
 

 

Figure 3 User can explore in virtual space by walkthrough in Virtual Reality. 
 
 

3D modeling 
For 3D Virtual Environment establishment, we started by collecting the information of Shop-house 

from Phuket official document [1] for the houses’ structure and old pictures from Thai-Hua museum. The 
software that we used for creating the 3D model was Autodesk Maya. In other words, we only included 
house and the objects that were in it such as lamps, wells and beds, etc. The application includes 5 
different houses with the antique properties and imports the asset to Unity3D scene.  
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Figure 4 Virtual building of Shop-house. 
 
 
Natural Interaction 
Natural Interaction (NI) means an interaction in the natural way to communicate with computer or 

system. Gesture-based interaction, one of Natural Interaction, is a new paradigm in Human-Computer 
Interaction (HCI) which is able to control a technical system with gesture or users will no longer need to 
use any extra device [6] such as joystick, mouse and keyboard. The users can only use their body or hand 
to control the system via their own gesture. Gesture-based interaction widely used for 2 application 
domains for research which are Virtual Reality and Augmented Reality. 

This research applied the application about VR applying Natural Interaction [7] to cultural heritage 
applications by using Microsoft Kinect. Microsoft Kinect is a low-cost device for tracking human’s 
gesture and sensing the input devices particularly created for game purpose. However, it has been applied 
for this research to control exploration system by users’ gesture in Virtual Environment that simulate 
heritage site used for the museum. 
 
 

 

Figure 5 Skeleton tracking by Microsoft Kinect for Natural Interaction. 
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Research approach 

To explore around the Shop-house which was set back in the past for our Virtual Reality application 
in Peranakannitat museum, we identified some limitations. 

First is the limitation of the involvement [8] of the visitors who come in the museum. Most visitors 
should be able to participate with Virtual Reality system [9].  

Second is the limitation of the space in the museum. The museum allowed the available area for 
installation and having activity about 1.2 m2 with a wall. The area is a bit small for setting up a fully-
immersive Virtual Reality. 

For the final limitation, we were concerned about the maintenance cost after the system would be 
available for the visitors.  

With the concerned restrictions, we tried to find the solutions that fit for all limitations. Thus, we 
separated each limitation and found out that the possibility system is the most suitable in system design 
process. 
 

Semi - Immersion Virtual Reality 
There are many kinds of Virtual Reality divided by display device, immersive level, etc. For the 

immersive level of VR, we intend to use the fully-immersive VR [10] because visitors would be able to 
receive all of information provided in Virtual Environment. Head Mouse Display (HMD) and Cave 
Automatic Virtual Environment (CAVE) are 2 choices considered by researcher. For HMD, this kind of 
devices allows a user to see all around Virtual Environment via stereoscopic headset. However, it was 
resisted by the fist first and the 3rd limitation on the involvement and maintenance cost. HMD normally 
provides personal information to a person; however, it lacks involvement. Because visitors have to wear a 
headset device for accessing the artificial environment, there is a maintenance cost that has to be 
considered. Therefore, we move to CAVE decision. VR in CAVE is a good choice to solve the 
involvement problem because the visitors, who are outside the CAVE, are able to see following the 
accessing visitor’s perspective when he/she explore virtual space. Nevertheless, CAVE still stuck with the 
2nd limitation because CAVE has to take quite big place for installation. Because of that, we reduced the 
immersive level to Semi-Immersive level [11] to cover all requirements. 

For Semi-Immersive VR, we selected a desktop VR because this system would not spend much 
installation space. It used only 1 wall to suspend a big television screen for displaying visitor’s 
perspective exploration in real-time. Visitors are able to immerse into the virtual world while realizing 
that they are still in the real world. 
 

Natural interaction interface 
After we have selected the immersive level to come across with the 1st and 2nd limitation, the last 

limitation would be considered by an appropriated interaction. We have to consider which interactions 
which does not require visitors to contact with the input devices directly in order to reducing device 
deterioration. 

Natural Interaction Interface is an interaction based on only visitors’ body movement [12] without 
required any touched devices. This research used Microsoft Kinect which is a mark-less sensor. Microsoft 
Kinect is mainly built for video game industry to track the users’ body that is playing a game. It is an 
opportunity to apply this device to this project for capturing visitors’ gesture, called gesture-based 
interaction, to control in Virtual Environment of Cultural Heritage exploration. 
 

Gesture design 
After we decided to use gesture-based interaction [13], we designed how to control the exploration 

in VE by gesture in the natural way. This means that a visitor could survey inside the virtual 3D 
environment using his/her own body gesturing [14]. Moreover, visitors around the user are able to 
participate with the virtual environment through the big screen TV even if they do not control by 
themselves. 
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First of all, we defined how to move in virtual 3D space. Because of the limitation of space, we 
minimized the usage area that is able to receive the command from 1 user. The system has to be specified 
the position, called hotspot, on the floor in order to limit user repositioning when they access to the 
system. There are 2 hotspots to control the virtual camera moving and stopping which are showed in 
picture below. 

 

 

Figure 6 The 2 Hotspots on the floor. 
 
 

Figure 6 shows the hotspots on the floor to guide user how to walkthrough in virtual space. The 1st 
hotspot includes a sign of 2 feet which means unchanged position in the virtual world. The 2nd hotspot is 
a sign that consists of only 1 foot which means move forward in the virtual world. A user can decide 
whether move forward or stop by stand on the hotspots. For the moving forward, a user can use only right 
lag step into the circle hotspot to make participant feel moving forward.  

Secondly, we designed how users change their perspective view and change view’s direction when 
they are moving. For perspective controlling, we decide to use only right hand to manage the screen’s 
view in the real world and to control a camera in the virtual world. Using right hand, users will be less 
confused than using another hand while they are using right foot at the same time. That means the users 
are able to change their perspective while they are moving. When the participants changed their view 
during the movement, they can also change direction of their own moving because the system was set for 
moving only forward way as showed in Figure 7. 
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Figure 7 Interaction manual for visitors. 
 
 
Figure 7 shows the manual of this VR interaction which uses only right hand and right foot to 

reduce the usage confusion. In addition to turn around, the users have to change their perspective over 
180 degrees in horizontal by extending the arm and keeping the arm behind the chest as showed in Figure 
8. 
 

 

Figure 8 Shows the top view of activated user to turn around camera in the virtual world. 
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Virtual environment exploration 
These solutions try to make a natural interaction which is friendly for every age to enjoy the content 

and perceive the history simultaneously. This system used 65” TV to display the exploration result from 
the user’s gesture producing a sensation of immersion. While the active user is controlling the system, 
other visitors also can learn the information through visualizing and listening to the cultural contents in a 
passive way. Thus there is always an opportunity to engage inactive exploration. 

The application is implemented as a Culture Heritage with Virtual Reality in Unity3D, Game 
Engine, using Microsoft Kinect as a sensor to capture the user’s gesture. To be effective body tracking, 
Kinect had to be installed for full body capturing. Due to the limited dimensions of the room, the Kinect 
had to be high from the floor about 1.2 m below the screen, and 1.2 m distance from the standing hotspot 
to capture whole body of activated visitor.    

For this research, the application has to calibrate and measure the user’s skeleton in order to be an 
input when user starts gesturing. The system only allows 1 user to activate the VR exploration by 
standing on the hotspot. The system will ignore other users who stand outside the hotspot even though 
they come into the system area. 
 
 

 

Figure 9 The system includes hotspots, a monitor screen and a sensor (Kinect). 
 
 

Figure 9 shows the overall system that includes a big screen monitor to display user’s perspective 
in real-time, 2 hotspots to fix the user’s position, and Microsoft Kinect sensor to track the movement of 
user. 
 
Results and discussion 

There are 3 observational approaches for this research. The 1st observational approach was 
determined through some technical issues concerning the limitation of the museum. We created the mock-
up space and system as same as the museum requirement and adjusted our system such as display, sound 
and interaction system. Then, we examined the user on the interaction regarding usability, length, 
naturalness and safety of interaction. 

The result of the observation and evaluation in this stage were informed to programmers and artist 
to fix both program and content error. For the program issue, one of the big issues was the velocity of 
camera movement when the user turns or turns around in the Shop-house. It made the user felt dizzy from 
the sudden turns while moving forward. Because of that, we decreased the rotation speed of camera when 
the user was exploring in the virtual world.     
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For the 2nd approach, we had an opportunity to temporarily install our system in a local department 
store. The 2nd evaluation stage combined with observation and interview by the visitors. The 
observations allowed us to continue evaluating the usability, time to learn, and subjective satisfaction. 

In the interviews section, the system was tested by 30 participants randomly. We received many 
feedbacks from the visitors such as subjective opinions, usability, and interactivity, level of immersion 
approach, the learning content and satisfaction of system.  

After collecting the observation feedback, it was found that the system was easy to use for all ages, 
from school children to senior. They took not much time to familiarize [15] the system with interaction. 
The average time to get into the system was about 2 - 3 min and they normally spent time exploring in the 
Shop-house for about 7 - 10 min. 
 
 

 

Figure 10 Shows the mock-up hotspot on the floor. 
 
 

For the interviews feedback, the result reported the visitors’ opinion after they got the experience 
from our system. The results showed that people were impressed about exploring around the Shop-house 
and seeing the antique objects which were decorated inside the house. Most people responded that they 
felt convenient to use our Natural Interaction because they had no need to recognize the grammar from 
gesture design. They were able to survey the Virtual Environment instinctively. Some visitors’ 
commented that our system allowed them to have an enjoyable exploration making them involved even 
though they did not control the system by themselves. 

 
 

 

Figure 11 Visitors can involve the VR system even if they do not access by themselves. 
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However, there were some comments from users suggesting improvement of our system such as the 
volume of sound system, reflect on the monitor screen interference, some visitors move pass in front of 
the activated visitor that make the sensor restricted, etc. Every comment from the users was collected by 
the researchers for the improvement of the system.  
 
 

 

Figure 12 A docent for the museum illustrate the virtual Shop-house through the visitors. 
 
 

For the final approach, we observed and interviewed the users in the museum after the system was 
installed on the site. However, there was a change in the procedure as visitors were not allowed to visit 
each section in the museum by themselves. The visitors were separated in a group with a round per hour. 
Another thing was, there were docents in the museum who provided the visitors the guide to reach every 
museum’s section and give information to the audiences as shown in Figure 12. Thus, we have to change 
our system by muting our narrative sound because the docent illustrated the content by themselves. 
Moreover, the target group also changed from only visitors to, docents and visitors, to evaluate our 
interaction system.  

After we evaluate the result by interviewing 6 docents, the interviews provided insight into the 
docents’ opinions of experiencing on navigating in Virtual Sino-Portuguese Architecture. The results 
showed us that all docents commented that the interaction is easy to use as they spent time training and 
familiarizing the navigation task about 3 - 5 min and it was not necessary to recognize the grammar of 
gesture commands. Another thing is, our interactive system was impressive to the visitors as they are 
curious about how to control the system and this gives them more attention to the content of the building. 
Moreover, after this session was finished, some visitors have tried to control the system by themselves 
enjoyably. 
 
Conclusions 

In this paper, we introduce the new way to navigate the Virtual Environment with Natural 
Interaction applying for virtual building called Shop-house which is Sino-Portuguese Architecture. The 
system has been embedded in 1 section of Peranakannitat museum at Phuket, Thailand. 

By using the Natural Interaction Interface to explore the building, the visitors felt interested on the 
system as people, who come in the museum, are wondering how the exploration of the place could be 
controlled by human’s body or gesture. Visitors are able to get involved with the system by viewing the 
screen when another visitor is exploring the house. Moreover, some visitors have been waiting for another 
user to finish his/her exploration and try to control by themselves. That means not only the system makes, 
the visitors to get to learn the history, but also it makes the people enjoyed when they are gesturing. 
However, the system has to be developed more features such as selection feature as it would have many 
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kinds of building in Sino-Portuguese Architecture to represent every style of houses. Therefore, docents 
must be able to select other kind of buildings for navigation and to illustrate the character of each house in 
the future. 
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