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The purpose of this study is to build 3D models for the digital preservation of
Chinese architecture. A historical architecture, the main hall of the Pao-An
Temple, was scanned with a long-range 3D laser scanner. This temple is 19.68
meters wide, 18.2 meters wide, and 15.7 meters high. In total, the exterior and
interior were registered into 1958 scans in order to cover the main hall. Scanned
point clouds were converted into 3D computer models, sections, and boundary
projections. Digital models were used as references for chronological records and
comparison. Scanned components included the roof ridge, wood structure, dragon
column, and a hanging flower. This research, which was sponsored by the National
Science Council, created a two-way construction process, integrated geometric
and image data, and established a digital reservation work process. Web pages
were made to display 3D color components by using a plug-in to enable browsing
of large files.
Keywords: 3D laser scanner; historical preservation.

Historical background:
Pao-An Temple
The Emperor Pao-Shen, the focus of worship at
Pao-An Temple, was named „Wu Tao.“ In his life,
he read widely and was renowned for his medical
skill by saving numerous lives. Initially, immigrant
constructed a small and crude temple made of
wood at the beginning of the 20th of Chienlung year
(A.D. 1755) and completed it in the 25th (A.D. 1760).
According to the records from the „Cultural Annals
of Taiwan,“ the Pao-An Temple was constructed
between Tung-An, in the 10th of Chiachin year (A.D.
1805) and completed in the 10th of Taokwang (A.D.
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1830) (Pao-An Temple 1999).
The beauty of the religion, architecture, and art of the
Pao-An temple has become a model for other great
temples in Taiwan. The Pao-An Temple faces south
and is formed by three main halls: the entrance hall,
the main hall, and the back hall, and two side rooms:
the eastern and western rooms. The main hall, with
double-eaved mountainous-style roofs, contains
four dragon pillars: two pillars were carved with two
dragons on each. The other two pillars had single
dragons carved on them in 1918, were relics at the

initial stage of founding.
The Pao-An Temple has gone through two major
renovations that included survey, design, drawing
production, and construction stages. All of these efforts have been recorded in detail. The construction
and over 170 years’ existence and renovation have
been the results of a long-term effort in preserving
the religious assets. Construction site monitoring is
an on-going process that records and monitors data
for immediate and post-construction analysis (Al and
Salman 1985; Atkin 1986; Bjoerk 1993; Shih 2002).
The monitoring of a site and the correspondence of
activities defined by a schedule require object identification and a thorough record of site occurrences.
The effort should not be limited to any occasional
construction activities that have occurred in late
twentieth and early twenty-first century. In addition,
all the construction and renovation should be based
on a 3D model data and as-built data that could facilitate dimension control in future design. Previous
2D drawings could not possibly conduct a precise
description of the geometries in 3D form.
VR or 3D modeling approaches are used to
simulate tasks to facilitate better visualization of
building construction (Retik et al. 2002; Retik and
Shapira 1999; Vaha et al. 1997; Wooyoung et al.
2001). However, making a digital representation
of a building is a complicated task. Not only are
some objects too minor to be represented, but
also a great deal of the undefined data comes from
surface attributes. 3D computer models are usually
used to facilitate inspection of the design stage only,
by showing related component definitions, such as
walls, columns, and openings in a built form. This
type of representation may be sufficient to visualize
a building in its final stage or be used as a basic
guide for the construction process.
A recent development in range finders has enabled
the laser scan of an object (Besuner and Springfield
1998). One distinct example was the Digital
Michelangelo Project conducted by the Stanford
Computer Graphics Laboratory (Cyberware 2002;
Stanford Computer Graphics Laboratory 2002),

which had scanned the statue of David. In this
study, we apply the technology to a temple.

Research purpose
The purpose of this study is to build 3D models
of Chinese architecture as a digital preservation
effort. Scanned point clouds are converted into
3D computer models, sections, and boundary
projections. The digital models are used as
the references for chronological records and
comparison. Scanned components included roof
ridges, wood structures, dragon columns, and a
hanging flower. This research, which was sponsored
by the National Science Council, expects to
achieve a two-way construction process, integrate
geometric and image data, and establish a digital
preservation working process.

Scan subjects
Scans were made to the main hall by emphasizing
the components, such as wood frames, dragon columns, roof, and decorations. In short, the exterior
and interior of the main hall were scanned for the
purpose of digital preservation, in terms of as-built
forms of computer models.
This was the first project to use a 3D scanner to record a temple in Taiwan. The reason Pao-An temple
was selected was because a number of drawings
could be found from previous studies that could
be used to confirm or compared scan findings.
Pao-An temple, which was classified as a leveltwo historical building, has been surveyed by many
researchers to record its plans and elevations for
renovation or preservation purposes. Nevertheless,
these studies were conducted by using traditional
manual measurement instruments. Scaffolds were
used intensively in order to reach places higher than
human eye level.
In addition to its tremendous historical background,
the Pao-An temple was also selected because its
surrounding buildings and back hall are higher than
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Figure 1
General exterior scans and
focus scans of the interior and
the dragon column.

Data Types

Point Cloud

3D surface model

Line drawings

3D web pages

Data formats

.xyz

.wrp, .dxf

.igs

.oct

Software

Cyclone 3.2

Geo Studio

Geo Studio, AutoCAD

Octree Author

Hardware

Cyrax 2500 3D scanner

the main hall. This enabled us to make scans of the
top of the temple. The main hall was surrounded by
open corridors and eastern and western rooms that
connect from the entrance hall to the back hall. The
spaces around the main hall create a scan barely
enough for under the top eave. As a result, the scan
plans concluded a ground scan scheme for the
body and lower eave and neighbor scan for the roof
(or top eave) of the main hall.

System
Instead of using a traditional discrete manual pointbased data survey, this study applied a long-range
(50-100 meters) 3D laser scanner, the Cyrax 2500
(see Figure 1), which comes with Cyclone 3.2
software for continuous data retrieval. The laser
can create a matrix of point clouds of up to 999*999
dots in width and height. A Class B laser is used
and the distance is measured by the differentiation
of time the laser spot travels between the scanner
and the target. The distribution of dots is considered
a continuous sampling of x-, y-, z-coordinates
of a particular component. Scans can be made
individually or registered onto a large project by
referring to tie-points. Each scan has a tolerance of
2mm / 50 meter. The system comes with a notebook
computer, using a Pentium M 1.6GHz CPU and 768
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Table 1
Corresponding hardware and
software for different data
types and formats.

MB RAM, to handle the data received on site. Data
operation was made on a desktop PC using a 3.06
GHz CPU and 2 GB RAM. PC. It and the notebook
are upgraded periodically.
Scanned point clouds were wrapped into 3D models
for visualization and the creation of section profiles.
Corresponding hardware and software for different
data types and formats can be seen in Table 1.

Scan procedures
The main hall of the Pao-An temple is about 19.68
meters wide, 18.2 meters wide, and 15.7 meters
high. In order to cover the whole temple, the exterior
and interior were registered into 1,958 scans (131
scanworlds) of various ranges and focuses, among
which 253 (83 scanworlds) of them were made by
original scans and the rest of them were created
afterward as needed along with the process of final

Figure 2
The locations of registration
points and scans inside and
outside the temple.

registration. Detailed components and curves had
to be scanned specifically with the least lee sides in
114 scans (34 scanworlds). The whole work totaled
308 man-hours.
In general, three steps were conducted:
• Pre-scan: planning for the resolution, usage, time,
human power, bad weather, circulation paths of
machine, power supply, contact people; locations
of registration points and scans can be seen in
Figure 2.
• Scan: planning for scan locations, reference
schemes for registration
• Omni scans: scans of larger areas like roofs, foundation, and body from the corridors
• Focus scans: wood components inside the roof,
dragon column (see Figure 3)
• Post-scan: data backup, registration, patch creation, comparison, drawing production, and Web
pages (see Figures 4-6)
Although the Cyclone came with the function of

auto-registration, instruments like registration
spheres and theodolite were used for additional registration controls. The origin was set on the ground
to the front-left of the temple.

Model visualization
All the components are categorized by name, alias,
materials, finishes, dimension, description, location,
date of creation, modification date, creator, photos,
and related 3D point cloud or surface model. The
components are classified by building parts, such
as base, roof, frame, column, and decorations
to meet the Metadata’s specifications. Each part
consists of one to eight objects. A user can select
an object as wanted, or search the database by
keywords. In the display records, the 3D model can
be rotated, scaled, and translated. A user can also
select the model of display as vertices or edges in
order to conduct an inspection of the geometries
without textures. A former version allowed a user
to measure the distance between two points as

Figure 3
Dragon column and 3D detail
of decoration in photo and
on web pages (top); and 3D
dragon embossment in photo
and on web pages (bottom).
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Figure 4
Point cloud of the temple
exterior.

Figure 5
Line drawings created by
tracing point clouds.

Figure 6
Web page (top left) and the 3D
section of the wood frames in
a browser mode.

634 Database Systems

browsed. As a researcher, the measurement function allowed a user to inquire dimensions as needed
without referring to 2D drawings. Nevertheless, this
handy function is still being developing for the upcoming version.
The 3D models, which were originally point clouds,
were patched with polygonal surfaces and mapped
with photos. In addition to the 2D display of photo
images, a 3D model gives the user a more realistic
sense of the object’s presence. About 500 images
have been taken in 300 or 400 dpi resolution. The
3D models on display are made with about 200,000
points. The original size of the polygonal model can
reach 100 MB. This almost prevents the model from
being browsed on the Internet smoothly. All the
color models were transferred by Octree Author to
OCT format to enable an efficient review. The result
was quite impressive.
The file varied from a point cloud (in Cyclone),
polygonal model (in Geometric Studio), imagemapped model (in 3D Studio), to Internet model
(in Octree Author). The size of each component
also varied from 10 MB to 100 MB. As part of the
National Digital Archives Program sponsored by the
National Science Council, file size at the front end
or for archiving purposes has been specified. The
current Internet 3D file was made by point cloud
of 200,000 points, which is also the size of a free
download.
The Pao-An temple is located northwest of the city.
The university is located to the south of the city.
About twelve trips were made to scan different
regions. Each trip lasted about four to eight hours
with four to six people involved. On-site scans were
followed by data processing immediately after return
from the trip. We designed a smaller box to carry the
scanner so that it, its battery, and other instruments
can be put into a sedan with four people.

Discussions
Traditional geometry-based survey methods use a
tape measure or laser beam to collect topological

data. Errors may occur while data is integrated.
1. Human measurement error: Human error exists.
Not every set of data is adequately checked due
to limited time and effort. When the survey scope
is enlarged to a whole building, the checking
process for human measurement is tedious. In
addition, it is difficult to measure the curvature of
a free-form object, and to measure the inter-relationships between objects is even more difficult,
since there can be interference from obstacles, or
the distance in between scanner and object can
be large. Furthermore, if a place is located on the
top of a roof where scaffolding cannot reach,
danger exists and the difficulty of taking measurements increases the chances of the retrieved data
being unreliable. If the data can only be retrieved
from other references, measuring errors may accumulate. The tips on the both sides of roof ridge
are actually 84.07 cm higher and 39.83 wider than
former survey data indicates.
2. Connection between manually measured data
and computer input: Some of the data used to
construct geometric objects on a computer come
from manual measurements. Although human error in data input can be reduced by experience
and familiarity with the subject, recorded data
that is not precise enough may eventually prevent the input process from being accomplished
properly. For example, error may prevent the perimeter from being a closed polygon. Connection
between manually measured data and computer
input can create a collection of useless effort, the
enforced connection leaves the management of
consistency among data is almost impossible.
3. Drawing production: Traditional architectural
survey data were represented through vector
drawings. Errors that come from measurement
and computer input prevent the drawings from
being produced correctly. A typical situation was
that the configuration of objects was not drawn
in proportion to separated width and length due
to measurement error. When a more precisely
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configured photo of the pattern within the shape
is traced, the distorted configuration prevents a
thorough fit between two levels of accuracy.
4. Central 3D database: A 3D model of the whole
object acts like a central database. The presence
of a 3D object reduces the need for line drawings
since elevations can be seen from appearance
and sections can be retrieved by slicing through
the boundary.
5. Fragmental representation: Data integration involves processing and formatting. The former refers to retrieved and re-constructed data that can
be integrated as needed. For example, texture is
an important attribute in describing surface characteristics. Traditional picture collection involves
a manipulation of two-dimensional images and
shapes. These are not even vector data before
the images are transferred from bitmap format.
Therefore, the database is mainly a type of image
database associated with relationships and text
descriptions. The representation is fragmented.
A traditional 3D survey of a building produces
plans and elevations with a discrete manner
description that is between reality and symbolic
vector representation. There is a need for the
integration of additional data and other types of
information to provide the whole picture of the
object. A typical solution would be to combine
textural and geometric models in digital format
as a more thorough description with geometric
and surface attributes combined. However, the
absence of geometric information usually prevents this type of integration for texture mapping
or for further study needs. The format problem in
data integration relates to the need to create a
suitable specification to incorporate data types.
For example, the database should be extendable,
Internet-supported, and subject to current data
standardization. A VR-ready format (VR object)
is needed as a direct contribution to the current
Internet browsing environment not only for from
all angles, but also for objects in large files such
as a 300 MB file in Octree Author format.
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After an examination of the modeling process and
the geometries created, the 3D scan application
displayed advantages in simplifying the modeling
process, increasing accuracy, and integrating digital
data as follows.
1. Enhancing a reversed model construction process: A correct shape can facilitate the description of an object in a multi-dimensional relationship, beyond the limitation of front and side
elevations. For example, the decorations in the
temple are made of free-formed concave polyhedra, and can be constructed before elevations
and sections of different orientations are drawn or
generated. This is a reversed generation process,
compared to the traditional drawing production
method. This process provides highly accurate
representations, so correct drawings can be produced from the precisely described geometries
of the historical buildings and their components.
Digitization of historical buildings enables more
precise preservation that facilitates the following
studies.
2. Integrating volumetric and surface attributes:
Measurements cannot necessarily record complete surface visual attributes. 3S scan and image mapping can solve this problem by precisely
combining volumetric and surface data. In addition to reducing the recording effort, the geometry
construction process is simplified by merely combining two types of data in one process.
3. Reducing the modeling limitations of time and
space: 3D scan can retrieve data in a more efficient manner. It only takes a very small amount
of time to scan, so time restraints due to bad
weather are reduced. Spatial restraint is also reduced because no scaffolding is needed.
4. Preserving sources for data referencing: Buildings recreated in digital form not only increase the
level of accuracy for visual inspection, but also
provide sources for future references. For example, newly measured dimensions can be checked
to see if building components have become tilted,

deformed, or otherwise damaged. The measured
horizontal or vertical value can be used to confirm
the level of deformation.

Conclusion
A 3D scan was used as a digital preservation to
access real world as-built data and to describe it
by direct referencing with the least restrictions on
the traditional measuring approach. The scan of the
temple has facilitated research because structural
detail can be enhanced by adding realistic visual
details for better visualization. While more and more
research projects are using 3D scan as an additional
part of the data collection process of large objects,
its scope of efficiency and effectiveness will keep
expanding whenever there is data input or reconfirmation needed.
After an examination of the modeling process and
the geometries created, the application of the
3D scanner provided advantages to enhancing a
reversed model construction process, integrating
volumetric and surface attributes, reducing the
modeling limitations of time and space, preserving
sources for data referencing, and extending the
feasibility of data
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