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Abstract. To depict characteristics of historical buildings, digital
archives must display visual information about structures and their
construction. This study defines the components used for threedimensional (3D) models of framework construction. Framework
construction has heretofore portrayed structures through animation
using VHS or Hi-Vision video. This paper describes a method to
facilitate exhibition through interactive simulation using animation
and real-time images. Furthermore, a Tablet MR can be used as an
effective simulation tool for studying historical buildings in on-site
models. For education about historical wooden-framework
architecture, increased interactive potential according to users’ needs
will be increasingly necessary.

1. Introduction
Many historical buildings exist throughout Japan. Wooden framework
construction is a common feature of older historical buildings. To enable
anyone to understand the characteristics of such historical Japanese
buildings, digital contents using visual information about construction and
structure are needed. Such substantial digital content is useful in construction
training, and can aid in the understanding of historical buildings through
exhibition. In Japan, to introduce construction methods used in ancient
Buddhist architecture, physical models play an important role. A ready grasp
of old construction methods is achieved through the display of threedimensional models.
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2. Building a Historical Archive Using Digital Information
Several digital archives have been made of historical buildings with wooden
framework architecture (Tang 2001; Tang 2002; Shih 2004). Particularly in
regard to digital archives of wooden framework architecture, for improved
understanding of structures, there is much that must be explained related to
the framework construction and joints of components, in addition to the
external and internal views. The contents and expression methods are
surveyed based on the example of a digital archive of a historical building
with wooden framework architecture (Yeo 2003).
First, we introduce the digital archive, created in 1987, of Suzakumon. As
the main gate of Nara, a historical capital of Japan, Suzakumon existed in the
8th century. There, foreign envoys were greeted and sent off; celebratory
events were held by the Emperor. Although this gate disappeared, it was
restored in 1997. No data related to the structure of Suzakumon gate
survived. A 3D model was created based on a proposal which estimated the
appearance of the framework and the detailed components of Suzakumon
gate from ruins and archaeological information by the Nara Cultural
Property Research Institute. Rules about the combination and processing
methods of components were extracted. These rules were added to the
definition of the model on a computer, thereby producing a digital archive.
In the digital archive of Toshodai-ji (1997), to create a 3D model and to
explain the detailed structure of an auditorium, an animation was created
using Hi-Vision. A joint and framework construction was created using CG
animation in a 3D model in the digital archive of Ueno Kanei-ji (1998). Both
were used as teaching material for architecture students. An example of the
traditional architecture of Japan expressed using still images and Hi-Vision
is shown in Figure 1.

Figure 1. Traditional architecture of Japan expressed using a still image and HiVision
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To date, most digital material that is related to historical buildings has
been produced for a specific purpose. Their video media formats have been
VHS, Hi-Vision video, and digital video. Important historical buildings are
used in various fields, such as architecture, history, and sociology; they are
also of cultural and technical interest. However, the available data are
inadequate for addressing such varied demands. A better form of a digital
archive that is applicable to various uses was considered. A digital archive
which can respond to various media was created for the five-storied pagoda
in Kyoto To-ji.
3. Preparation of the Digital Archive
As a sample of a digital archive for carrying out an interactive simulation,
data related to the five-storied pagoda in To-ji, Kyoto city were prepared.
The pagoda was surveyed using past research about interactive digital
archives (Yeo 2003). This building is a national treasure and was registered
with the World Heritage Foundation in 1994. It is a five-storied pagoda and
is used as the symbol of Kyoto. Its height of 54.8 m makes it the tallest
wooden five-storied pagoda in Japan. The present five-storied pagoda, built
in 1644, is the 5th generation. The foundations date from the end of the 9th
century; it was built making full use of the best construction technology of
the Heian era. This five-storied pagoda has withstood earthquakes and
typhoons, which are common in Japan. It is difficult to acquire detailed
information on the structure of this five-storied pagoda from reference
books.
As the first step, information about the pagoda was collected in
cooperation with the cultural property public assistance section in the Kyoto
Prefecture board of education. Then, based on that information, we prepared
a 3D model with detailed internal and external perspectives. The
photographic data obtained in the information gathering stage were used for
3D-model data texture mapping. Using this technology, the created data
became highly realistic. The detailed 3D form at the time of erection was
recreated and expressed using texture mapping based on old references. This
precise digital archive is useful for educational purposes.
4. Development of an Interactive Digital Archive
By digitizing data, a digital archive alleviates the problem of informational
degradation and informational loss; moreover, it can promote the reuse of
data. A digital archive records quality digital images and maintains them in
the form of multimedia, databases, etc., which can become important
historical, cultural, and scientific resources. The media of the digital archive
taken up in the preceding chapter have so far been restricted to animation
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and still images. Virtual reality (VR) technology and its systems have been
developed as effective means of design simulation or presentation in the
environmental design field (Lou 2003; Kaga 2005). Therefore, we
specifically examined real-time simulation, which enables free movement
inside a 3D virtual space, as the medium of the new digital archive. Realtime simulation enables construction of an interactive knowledge database
using 3D space (Figure 2 and 3). The resultant digital archive was used for
sharing of interactive knowledge and for television broadcasts. VirtoolsDev
of Virtools was used as the base software to recreate a local environment in
3D space through real-time simulation.
DirectX API, which realizes real-time rendering, was used for this on a
PC. It was equipped with a Virtools player as a plug-in to a commonly used
web browser. Visual programming with VirtoolsDev is achieved by
connecting the program put together for every function of the series
"Behavior Building Block" as an event flow. Furthermore, if a "Building
Behavior Block" has not been prepared beforehand, a user can newly
develop it using C++.

Figure 2. Five-storied pagoda:
outside (Left), and inside (Right)

Figure 3. Present figure of five-storied pagoda (Left). A rendition of the five-storied
pagoda when it was first constructed (Right)
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The following items describe the interface functions of the scene
(Table 1).
TABLE 1. Interface functions of the scene
Interface Function

Walkthrough

Section & Plane
Display
Show or Hide
Main Materials
Parts Information
Display

Details

Enables free movement in space while observing the surroundings. It
supports the ability to view objects in many directions. Both the interior
and exterior of the building can be viewed separately. If the interior view
is too narrow, the viewing angle can be adjusted (Figure 4).
Cuts the building and to show a section at any point elevation or plane.
The section is displayed in a perspective mode to determine the depth
easily (Figure 5).
Shows or hides materials classified into groups. Concealed objects or
materials, such as those by an external wall, become visible (Figure 6
Left).
Shows basic information related to various literature, i.e., what were
used and for what purpose (Figure 6 Right).

Figure 4. Interface of the VR system.
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Figure 5. Walkthrough outside (Left), Inside (Middle), Section display, Elevation
(Right).

Figure 6. Section display, Plan (Left), Show or Hide main materials (Middle) and
Part information display (Right).

Generally, existing 3D games or real time simulations use Level of Detail
(LOD) technology, which simplifies data according to the distance between
a viewpoint and an object. However, in this digital archive, because accuracy
was necessary to portray the data of the whole five-storied pagoda,
technology which visualizes only the visible area was emphasized.
Regarding the arbitrary cross-sectional form of a five-storied pagoda, and the
names and roles of components, this information can be displayed
interactively when a user requires it.
For example, the pillar that supports the center of a tower (Shinbashira)
was not combined with the structural objects of the five-storied pagoda. For
that reason, the five-storied pagoda can be called a flexible structure, which
has excellent durability during an earthquake. Those aspects of this structure
can be understood easily by anyone through a simulation using a clipping
function. Moreover, if this archive were to include data of a Buddhist image,
the number of polygons would increase to 830,000. For users to enjoy the
interactive operation of this archive and smooth movement of the viewpoint,
a frame drawing speed of at least 12 frames per second (fps) is needed. To
realize such a drawing speed, a high-performance CPU, a Graphics
Processing Unit (GPU), and memory are important.
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5. Simulation of Historical Buildings On-site
Real-time simulation of the historical building described in Section 4 is
assumed for use at alternative sites, such as exhibition spaces. Such a display
range of VR is a part of the visible range of humans. One problem with VR
is that adjustment of a flexible human viewpoint cannot be performed and
that the grasp of the scale or slopes is difficult. However, when only ruins
exist and are used to build a 3D model, the historical building can be
recreated in the real world intuitively by having someone go there and unite
the VR image and on-the-spot photographic images.
On the other hand, when a historical building exists, because someone
has visited the site and the VR image and on-the-spot photograph images are
used together, it is expected to be possible to understand the internal
structure visually and to get a feeling of its scale. Furthermore, if someone
were to visit the site and on-the-spot photographic images and the VR image
are united with mixed reality (MR) technology, it would be possible to add
visual information to the framework construction or components. Because
information can be understood on a scale of real space, information can be
offered effectively.
5.1. SYSTEM DESIGN AND CONFIGURATION
5.1.1. MR Technology

Mixed Reality (MR) is also called compound reality. P. Milgram and F.
Kishino present an explanatory figure similar to the one shown in Figure 7.

Figure 7. Relation of being as virtual as real by Milgram.

Kato (1999), You (1999), and Behringer (1999) conducted research into
locating objects in mixed reality space accurately. However, few examples
exist of effective use of this simulation technology for a historical building.
This research is directed primarily toward construction simulation using a
mixed reality system rather than tracker locating. Ito (2005) described the
availability of MR in the examination of a city space, and has classified MR
according to characteristics like those shown in Table 2.
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TABLE 2. Input / output classification (D: Dynamic / S : Static) .

The DD type follows in the footsteps of operations in space, and mobile
ones, wearable, etc. using an apparatus carried in the body for informational
dynamic acquisition or presentation. Neither pattern matching nor an
environmental embedding type sensor is used for this. Therefore, it is
considered to be applicable also to object grounds, such as historical
buildings.
Therefore, to realize an on-site simulation, an experiment in system
configuration was conducted and a prototype system was tested with
particular emphasis on MR technology of grouping together on-the-spot
photograph images and VR images in real time.
5.1.2. System Outline

Fukuda summarizes the “Tablet MR” system configuration as follows
(Fukuda 2006). To realize MR technology, the system configuration must
synchronize the aspect of view and the positions of the live camera and the
VR camera; therefore, an external device is used. Consideration was given to
the composition of the apparatus to apply technology of MR in the field of
environmental design in which the simulation of historical buildings is also
included. The 3D sensor is used for detection of the direction. Highprecision GPS is used for detection of position information. Moreover,
instead of the Head-Mount Display (HMD), which is currently generally
used, a tablet PC was used as the display device for the MR image so that
perusal and operation by more than one person is possible. To interlock each
device, software development was carried out to allow adjustment and use of
each external device. An antenna and a receiver are required for GPS. Also
needed are a PDA and a receiver for control of communication using a
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Bluetooth device. The interface for operating the MR space according to the
purpose was implemented (Figure 8).

Figure 8. System outline (Fukuda 2006 – Appendix).
5.1.3. Hardware Design

Moreover, a frame incorporating a live camera, a 3D sensor, and a Tablet
PC was designed and created, producing a “Tablet MR” system prototype
(Figure 9). This was designed to be used with a tripod; therefore, it is useful
even if a user must leave it to walk somewhere. The apparatus composition
of the completed Tablet PC is shown in Figure 10.
・Tablet PC
・Live Camera
・3D Motion Sensor

GPS antenna

Bluetooth
communication
PDA for
GPS control
GPS
Receiver

Figure 9. System Configuration (Fukuda 2006).
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Figure 10. Tablet PC furnished with a live camera and a sensor.
5.1.4. Software Design

The software design was developed based on the VR system described in
Section 4. Otherwise, communication software with external devices, such
as a 3D sensor and GPS, was developed. The system required development
of a module to acquire GPS data. Then GPS acquisition model processes
GPS data into a format that are is treated as digital data transmitted from the
3D sensor. These were developed using the Software Development Kit
(SDK) which used Visual C++ language of Visual Studio (Microsoft Corp.)
5.1.5. Development of the operating function

The following MR console was added to the system created in Section 4
at the interface so that it might correspond to the Tablet MR system (Figure
11). The use flow of the system is as depicted in Figure 12. The scenery used
in the system is shown in Figure 13. To maintain portability, the antenna and
the receiver were made sufficiently small to be put into a rucksack and
carried. When the system is fixed, it rotates by attaching it to a tripod.

Figure 11. Interface of “Tablet MR” system
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Figure 12. Use flow in Tablet MR”system.

Figure 13. Use scenery of the system.
5.2. SYSTEM EXPERIMENT

Using the To-ji contents described in Section 4, the author visited the
original site and used this system. The number of polygons of the real-time
simulation first required reduction because of a problem with the display
performance of the tablet PC display device at the time of content creation.
Although smooth drawing was impossible, it was calculated that a
satisfactory drawing speed was about 4 fps. This was done in an actual proof
experiment using other digital contents at the time of operation. Therefore,
although it was 830,000 polygons in full size, the data needed to be reduced
by half, to about 400,000 polygons, to assure 4 fps operation. Then, the outer
wall and fittings, which were shown in the original condition, were made
invisible. Moreover, for some components of the historical wooden
structure, most notably Taruki and Masu, which are components with many
polygons because they have curved surface forms, transposition was made to
a model which reduced the number of polygons. In the experiment, the
display of the components inside the building and the description display of
components were carried out, placing a tripod at a point which provided a
general view of the five-storied pagoda, and moving the Tablet MR system
to it (Figure 14). The tablet MR system is operated by the tap of the stylus of
a tablet PC attachment. Therefore, the button interface realized the trigger of
a fundamental function such as GPS, a 3D sensor, or an error-correction
program. When, in an experiment, the view angle of the VR camera was
changed to 36 degrees, it was found that there was almost no difference in
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vision in comparison to a live camera image (Figure 15). As a result of the
experiment, data related to the framework construction and components
were perused in a state matching the appearance and scale of the five-storied
pagoda (Figure 16). The contents of the structure can be understood by
building up the structure from the foundations on an on-the-spot photo
image.

Figure 14. Study by “Tablet MR” system.

Figure 15. Gap with VR and an image of five-storied pagoda Left: Before
composition with VR and an image, Right: Composition with VR and an image

Figure 16. MR capture image of five-storied pagoda.

SIMULATION OF AN HISTORICAL BUILDING

57

6. Conclusion
First, the wooden framework architecture was reviewed in regard to the
content and expression method of digital archives of Japanese historical
buildings. The definition of the components using a 3D model or framework
construction was given. A description was given of the animated joints, etc.,
with Hi-Vision TV, and of the structure, which can explain the framework
construction interactively in a real-time simulation. Furthermore, the
possibility was raised that the Tablet MR system can be used effectively as a
simulation tool for historical buildings in on-site models. It is thought that, in
the interests of education about Japanese historical buildings, the increased
interactive potential according to users’ needs will be increasingly necessary.
In future studies, many more simulations will be made and the system
will be improved further until it is ready for use with interactive contents as
an on-site model simulation tool. Improvement of the interactive contents
and the on-site model simulation tool will contribute to the smooth
advancement of e-learning related to historical buildings.
Future research subjects might include the device-related subject of
improvement in the 3D-sensor accuracy. Then, for GPS, to improve
portability, the antenna must be miniaturized and made lighter. Moreover, in
MR, there is a fault in which the object which is in front of the VR image
actually disappears because the VR image is overlapped and displayed on
top of the object. Development of a technique to remedy that problem is also
desired. In addition, it is necessary to prepare an environment so that
examination of the system functions can be performed.
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