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ABSTRACT

This research proposes a real-time 3D scanning installation to dig-
itally record cultural heritage. There are relatively few solutions
for performing real-time scanning of intangible forms of cultural
heritage. We use Taiwan Budaixi Puppetry as an example, aiming
to capture the valuable movements of the puppets. This research
explores the potential of digital cultural heritage, offering new ways
to preserve and interact with it.
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1 INTRODUCTION

The global convergence of cultures has led to the decline of tra-
ditional cultures. Our research proposes a method using 3D scan-
ning technology to preserve cultural heritage. Cultural heritage
can be classified into two primary categories: tangible, such as ar-
chitectural ruins and historical artifacts, and intangible, such as
folk dances, songs, music, and traditional crafts. Our preservation
method focuses on the intangible category, particularly movements
performed by the human body, such as a master performing tradi-
tional skills or unique behaviors specific to different cultures.

Our research targets Budaixi, a traditional puppetry form in Tai-
wan. The unique hand gestures used to manipulate the puppets in
Budaixi represent a form of intangible cultural heritage. Preserving
this intangible cultural heritage is challenging, which led UNESCO
to announce the Convention for the Safeguarding of the Intangible
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Cultural Heritage in 2003 [4]. This convention aims to protect and
promote intangible cultural heritage worldwide. Although Budaixi
is not formally recognized as an intangible cultural heritage by
UNESCO, it holds significant cultural importance in Taiwan and
evokes many shared memories among the Taiwanese people.

2 THE INSTALLATION

In order to record the intangible cultural heritage, we focus on the
time and movement associated with it. However, we have found that
current technology offers limited options for capturing dynamic
point cloud data. Most 3D scanners are designed to convert real
objects into detailed but static digital forms. We are searching for a
tool that can record dynamic 3D data of heritage. We discovered
the Intel RealSense depth camera[3], which can record 3D volu-
metric reconstruction data and provide accurate measurements of
object dimensions. Based on RealSense, we designed a multi-camera
installation[2] involving using four D435 Realsense to collect point
cloud data of cultural heritage.

Understanding the spatial limitations of the D435 RealSense
camera is crucial for assessing the scale of the heritage we aim
to document. According to the latest D400 Series Product Family
Datasheet [1], the camera consists of a color camera and a depth
camera, with the depth camera’s field of view (FOV) being larger
than that of the color camera in the D435 device. Based on our
requirements, we chose to use the smaller resolution (640x480) of
the camera, which allows us to capture both color and depth data in
the point cloud. Additionally, this resolution increases the camera’s
FPS, providing more detailed temporal changes. As shown in Figure
1, we positioned the camera approximately 50 cm from the target
to achieve optimal results.

3 RESULT OF SCANNING

The result of the scanning, which records static data, is shown in
Figure 2. It depicts two puppets standing on a table. We use Unity
3D software as our data visualization platform to display the point
cloud data. However, the point cloud data in Figure 2 still contains
some noise and incorrect color shading. This was anticipated, as the
depth camera we used is a consumer-level device, and the data has
not yet undergone post-processing. What concerns us is that the
point cloud visualization on the screen appears as a flat 2D image.
To demonstrate that the point cloud data we recorded is indeed in
3D, we rotate the point cloud to show it from every angle, which
makes the visual more solid.

Another result is dynamic data shown in Figure 3, which depicts
a performer hiding under the table and manipulating the puppets.
Unlike static data, this dynamic data allows you to see not only the
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Figure 1: Scanning Space Built by Four RealSense

puppets themselves but also their movement and the passage of time
captured in the data. By using this approach, we have successfully
achieved our initial goal of recording intangible cultural heritage in
digital form. Based on this approach, we can replay the performer’s
motions over and over again without any damage to the data.

This data can be displayed in 3D software. This allows it to be
enhanced with visual effects or 3D models, such as a stage as its
background or a particle system to make the movement of puppets
more dynamic, as shown in Figure 4. This versatility enables the
data to be used in various situations and different applications,
effectively transforming cultural heritage. In its digital form, it
gains greater value and visibility in the world.

ot

Figure 2: static point cloud of Budaixi puppet

4 FUTURE WORK

We have developed a system utilizing depth cameras that can record
and process digital cultural heritage data. A distinctive feature of
our device is its ability to capture dynamic events in real-time. In
our future work, we aim to make this installation portable and
deploy it in real cultural settings to identify issues and implement
enhancements. Also, we intend to design a large-scale performance
to showcase our findings and results, incorporating both the cultural
heritage data and the installations we have created.
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Figure 4: Enhance by Visual Effect and Background
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