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Abstract. This project presents a digitizing process of 3D laser scanner
for culture heritage. The experimental records are mainly for systematic
3D model reconstruction and digital archiving of historical scenes. The
procedures of digital heritage are 3D data acquisition, 3D modelling and
web-based representation which demonstrate the reconstructed results
and the application of virtual scene.
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1. Introduction
Digital archiving and 3D digitizing technology apply in several fields, including
manufacturing industry, medical sciences, entertainment industry and cultural
heritage (Levoy, 1999; Berndt and Carlos, 2000; Addison and Alonzo, 2006).
In application of manufacturing industry, inspection probes and survey are
substituted by non-contact laser scanning equipment that are often used for
aero industry and automotive parts design and testing (Shih, 2002). Otherwise
CAD (computer aided design) in reverse engineering is employed in a wide
range of applications in the field of science and industry, together with animation
techniques and WEB application. (Pieraccini et al, 2001).
Cultural heritage, ancestors’ historical assets, transmits conventional
environment and craftsman’s experience in the civilization and cultural progress.
However, owing to the longer process of confirming and the limitation of budget
and timing, the preservation of historical architecture is not efficiently executed.
Moreover, natural disasters, such as earthquake, fire and accident collapse,
may damage historical architecture in a moment. For these reasons, we are
seeking an integrating technique to help building preserved works at the limited
opportunity. Currently, the process of survey and drawing of historical
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architecture is first photographing and drawing, then manually input these data
as plans, elevation drawings in AutoCAD. Although these 2-dimensional
drawings and graphics provide some supports to rebuild historical architecture,
they are lacking complete and detail information. Cultural heritage needs more
advanced techniques to support preservation and conversation.
Digitizing historical architecture is a trend in the international preservation.
Traditional tools of survey and probing manually couldn’t correspond to
preservation procedure effectively and efficiently. Therefore, we consider an
integrating mechanism in tool and procedure. Laser scanner is using the
reflection and projection of laser beam and probing the difference of time. As
the objects scanned by laser beam, the scanner machine calculates the distant
of machine and objects. And by calibrating the ejection angle of laser beam,
the laser scanner records the spatial data as data of point clouds. This study
employes 3D laser scanner with a high quality digital camera that can probe
more than 1000 meters, while the inaccuracy of survey result is less than 5mm.
Acquiring surface data of building are the first step of the heritage preservation.
However, they also consume the most time and budget.
2. Reconstruction Process with 3D Laser Scanner
Heritage preservation is a continuous process in which many data need to
integrate, acquire and analyse. This means a lot of construction data to be
recorded. The process and operation include engineering surveying, drafting
and design, monitoring for post-construction analysis (Beraldin et al, 1999;
Shih, 2002). Recorded data made by discrete manual 2D drawings have
limitations in describing the allocation of geometries in 3D space. 3D data are
intuitive, visualizing and continuous representation to simulate space
characterises which will be the best way to manipulate with architectural and
historical senses. As such, we choose the 3D laser scanner of survey manner to
reach our objective directly.
2.1. SECANNER AND OPERATION SYSTEM

To reconstructing a 3D environment and architecture, we choose Riegl LMSZ420i with LiDAR system which offers a long distant effective way to acquire
point clouds (shown Figure 1). The machine scan the surface of object to receive
spatial data about 11,000 points per second with high precision up to 4 mm.
The field of view is 80° x 360° and the range is up to 1000 meters.
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Figure 1. Riegl LMS-Z420i & Operation software RiSCAN PRO

For the scanning mission, a scanner machine also needs laptop-computer
with bundled operation software package “RiSCAN PRO” to operate the scanner
for acquiring high-quality 3D data in the field (Goldberg£¬2001). By
mechanically scanning the surface of an object with the laser set, different
sections of the object are sequentially acquired and a point cloud is therefore
generated. For the specific parts and detailed objects, it needs to take a
concentrated shot on these specific details.
2.2. PLANNING AND SCAN WORKS

We selected 10 experimental sites for the experiments, all of which located at
Taipei County. They are with several different types of archaeological objects
and historical buildings. For acquiring the 3D data of real environments, we
have to integrate scan whole archaeological objects from several different scan
stations. Although recent development of 3D scanner supports 360 degrees
field-of-view, the scanner still has to move around archaeological objects to
complete exterior scan views with registration targets. The laser scanner is
difficult to work at those buildings placed closely without appropriate stationlocations to scan and registration entire surroundings efficiently. Therefore,
we select several higher locations among those buildings nearby. Basically,
higher scanning locations are used to avoid obstructions and reduce the number
of scanning stations.
For those objects to be scanned in a well-controlled environment (e.g. indoor
space and no obstruction), objects can be oriented scan completely without
extra registration targets. However, ranged scanning is often incomplete for
obstructions or lack of controlled-high-view scans at outdoor site. There is no
way to solve such as problems until we build a scissors-lift car and movable
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support (Figure 2). The device with scanner can work in integrating process
and time saving.

Figure 2. Scissors-lift car and movable support

2.3. REGISTRATION AND DATA PROCESS

The operation software integrates data from different stations with different
coordinate systems. Therefore, merging range data into a single coordinate
system is necessary for creating a complete 3D model (Dorai et al, 1998). In
the operation procedure, we analyze at least three overlapping fields of target
points to calculate the rough transformation between two different scan worlds.
The software minimizes registration errors between the overlapping coordinate
systems. After all scanned worlds processed, they are merged to an integrated
model. Figure 3 shows the integrated model of Little White House and JingTung Train Station.

Figure 3. Point clouds of Little White House and Jing-Tung Train Station
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2.4. 3D MODELLING

The modelling operation starts to capture the feature of object. These features
(e.g. points, lines or components) will be extracted from images, enhancing
the spatial characteristics and representing the coherence of geometry with
mesh or solid of computer graphics algorithm (Datta, 2007). CATIA and
Rapidform XOR2 are used for feature extractions (Figure 4). The systems are
based on the similarity of directional feature vector. For the 3D modelling
(shape, surface and volume), there is the option, middleware of Reverse
Engineering, for Rapid Prototyping in design application.

Figure 4. Software Rapidform XOR2 processes the point cloud as mesh modelling

3. The Result of Digital Archiving
3.1 THE WORKFLOW OF 3D SCANNING

For the workflow of 3D data acquisition of cultural heritage, the quantity and
density of point cloud control the detail of 3D modelling by reverse engineering.
In the registration of laser scanning, both software and hardware influence the
representation and accurate of point cloud. Therefore, we develop a procedure
and a method for scanning different size and distant of heritage’s objects. In
3D data acquisition of laser scanning, we not only process specific machine
manually to acquire 3D data but also attempt to integrate different machine
and software to register point cloud. For the digital archiving of cultural heritage,
these precious 3D data can provide an original digital format to reconstruct a
physical heritage in future.
On the second phase, 3D modelling depends on the software of reverse
engineering. We try to use the software of reverse engineering which is industry
utilization in physical form design. The whole process includes surface analysis,
holes filling, and rebuilding of mesh models. The purpose of 3D modelling is
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building up the same size of physical heritage in digital form that can export
for visualization and virtual reality on the Internet.
For the web representation, a VR authoring tool is used to demonstrate the
reconstructed results. The comprehensive virtual scene is then laid out in VR
tool that is the web-base browser for navigating in 3D virtual world. For more
application of VR, we knew the point file is not replaced in original
representation. Therefore we adopt the point cloud into an algorithm Octree
for representing point in 3D space. As a result, we can freely walk through the
virtual historical site. And, further rich illustrations are also readily carried out
through interactive manipulation in the Web. (Figure 6)

Figure 6. Workflow of 3D scanning

3.2 THE RESULT OF WORKS

In this project, we used 3D laser scanner techniques to rebuild the objects of
heritage sites, which includes an upright stone tablet, pavilion, bridge and
historical building. According to our experiments, we found that this integrated
approach is efficient and accurate. LiDAR technology could precisely digitize
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fine details and sculpted surfaces which are essential for modelling monuments
and historical buildings (Figure 7 and 8).

Figure 7. Point clouds from LiDAR technology

Figure 8. Modelling results (pavilion and an upright stone tablet)

4. Application
Digital archiving has been applied for several purposes in heritage preservation
recently. We propose two possible issues for next step of our project. The first
is monitoring of cultural heritage which is under reconstruction. The second is
trying to analyse the data for decision-making.
4.1 MONITORING OF CULTURAL HERITAGE

Virtual preservation takes advantage of the expansion and long-term saving.
Cultural heritage needs these data for continuous monitoring. In particular, the
heritages in real environment are irreversibly damaged by environmental
disasters or atmospheric damages. These damages usually were discovered
too late. High-accuracy 3D scanning, at regular times, could detect deformations
and cracks. The data for monitoring could be fundamental for reconstructing
heritage.
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4.2 MULTIMEDIA AND DATA MANAGEMENT AS DECISION-SUPPORT

Multimedia (such as 3D scenes navigation, animation) has developed into digital
media for two purposes. The first offers in showing the sequence of possibilities
image sequences, where each image represents an option based on a set of
parameters. As architects are interested in specific image, that shows the closest
match between model and the virtual measurement. The 3D navigation also
reveals an insight of spatial design thinking that cannot possibly be revealed
through flat and analogue representation.
This project produces heritages in Taipei County establish archive of all
the survey material combined with the work, that are integrated in the digital
format for next application. Heritage materials are combined with historical
document, physical situation and contemporary observation. Digitally managing
materials have been essential programs that need to organize comprehensive
representation in terms of the web environment to display accurate information.
On the other hand, text, image and drawings are importance in design studio
for reconstruction issues. Consulted these data through the digital archives,
the design can continuously work. Multimedia has been used to assemble these
data for specific purposes including reconstruction or VR tour. These could
improve design teamwork for design decision making.
5. Conclusion and Future Works
This project develops three phases to initialize digitizing works. (1) 3D data
acquisition: using the 3D laser scanner to rebuild the surfaces of environment
which are several stations of view to registration. (2) 3D modelling: using the
reverse engineering software to process those raw data (points of cloud). This
phase mainly is data transformation and 3D geometry rebuild. (3) Web
representation and other applications: We develop digitizing process to integrate
3D data and others (text, picture…) for navigating in World Wide Web. These
3D data are integrating into 2D graphic drawing and specific derails to present
rich culture heritage.
For future works, we plan a roadmap of digital archiving for proposing 3
possible directions: (1) Web visualization is an essential communication
platform to represent 3D data in the world. These data are easy to access and
retrieve by Internet technology which also are unlimited time and place. (2)
3D laser scanners become an essential application from industry engineering
to cultural heritage. The tools and theory are contributed to the heritage
preservation and conservation. We will try to develop strategic application of
heritage preservation. (3) For the digital archiving, these data form a kind of
“digital heritage”. In the wide definition of conservation and preservation, 3D
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laser scanners grab the most part of heritage form which are geometry, shape,
colour and texture. In the process of digital archiving, we manage the 3D data
information system for digital museum in heritage preservation. These raw
data with 3D character of culture heritage become virtual heritage in future.
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