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Abstract
Projection mapping is a technique for displaying visuals such as computer graphics on buildings or
walls using projectors. This paper proposes a new exhibition system for cultural heritages. We
propose an exhibition of the national treasure, ”Hollow Clay Figure” in Hokkaido, by projecting a
movie to revive its textures. This paper describes evaluation of this proposed system.
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1 Introduction
This paper describes that the projection
mapping[1] exhibition of the ”Hollow Clay Figure”, a unique Japanese national treasure from
the ancient ”Jomon” era. Projection Mapping
(PJM) is a technique for displaying visuals such
as computer graphics on buildings or walls by
using projectors. We designed an interactive
PJM system and applied it to cultural heritages
such as the ”Hollow Clay Figure”, as shown in
Figure 1.

Figure 2: 3D captured part of Bayon[3].

Figure 3: Color representation of Basara statue[4].
Figure 1: Hollow Clay Figure projection mapping.

Previously, we hosted a PJM event with another cultural heritage, the ”Old City Hall,” in
Hakodate[2]. From this event, we found that
PJM is useful in conjunction with cultural heritage because PJM could overlays many flexible
video images on it without causing damage. This
means that PJM can eﬀectively display many historical heritage information.
In order to enhance ordinary exhibitions, such
as display in a case, we aim to develop an innovative museum exhibition using PJM.

2 Related works
We introduce two perspectives of museology in
this section: the digital archive and interactive
displays.
A digital archive is an archival technique that
can save cultural heritage by using image processing and other techniques. using a digital computer. For example, Ikeuchi is working on saving

the whole of Bayon, the famous collapsed temple in Cambodia, using distance sensors[3], as
shown in Figure 2. Typically, digital data is saved
as images, movies and 3D models and it does
not get old because it does not physical properties. Digital data is not only easily saved, but is
also easy to copy and change. Taking advantage
of these properties, Yamada has represented the
original color of Basara, the ancient Japanese god
statue in Shin-Yakushiji, as a computer graphics image[4], as shown in Figure 3. Our research
tries to apply digital data to the real object, as
opposed to an image of the object.
In interactive displays of the other perspective, Tokyo National Museum provides interactive guide software that runs on smart phones[5],
as shown in Figure 4. The audience can see descriptions of exhibited objects via their phones,
whenever they choose. It aids people in understanding historical information about cultural
heritages. And Kamegamori proposed a distinguished interactive technique to view exhibited
objects in museum[6], as shown in Figure 5. In
this technique, the audiences has a spotlight like
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Figure 4: Tohaku Navi[5].
Figure 6: Conceptual image.

formation. To obtain the first eﬀect, the system
uses a user-controlled spotlight pointer so the audience can feel free to watch video images that
explain a part on the object that interests them.
To obtain the second eﬀect, PJM allows the audience to share the same video images at the same
time by projecting them directly on the object.

4 Application

Figure 5: Viewing with a candle-light LED[6].

In this section, we describe the example exhibit
to which we apply our system.
a candle. The audience was confirmed to watch
objects longer and more intensely in candle light
than in normal lighting situations.
Today, there are few applications that use
digital-archived data, despite the face that most
museums can archive their objects in digital ways
using high-resolution cameras and hard disk media. Therefore, it is worthwhile to use the digital
archived data for exhibition eﬀectively.

3 Vision
Our key phrase is ”breathing life into cultural heritage.” This means that the audience is presented
with moving illusions as if the cultural heritage
lives. To realize this vision, we propose that the
interactive PJM system shown in Figure 6.
We expect to clearly two eﬀects of this system.
The first is that the audience will intently watch
an interesting part of subject. The second is that
the audience will actively discuss the object in-

4.1 Hollow Clay Figure, ”Kakku”
The Hollow Clay Figure, called ”Kakku,” was unearthed in the Chobonaino ruins of Hakodate,
Hokkaido, Japan. It is shown in Figure 7. Wighting 1,745g, and measuring 41.5cm high by 20.1cm
wide, this artifact is the second largest in the clay
figures that has been discovered in Japan. It is
analyzed to have been made by the Jomon people living in southern Hokkaido about 3,500 years
ago, in the second half of the late Jomon era. In
1975, a woman farming accidentally unearthed it,
and, in 2007, the Japanese government recognized
it as a national treasure. Currently, in 2015, the
Hollow Clay Figure is the only national treasure
in Hokkaido[7][8].
Although our system would not give damages
the Hollow Clay Figure, we could not keep it for
the duration of our study because it is the only
one of its kind and highly valuable. Therefore, we
made a same-size replica with a 3D printer, using
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Figure 7: Hollow Clay Figure.
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Figure 10: Number of visitors.
sectional images obtained from the real figure at
Hakodate Jomon Culture Center by using a CT
scanner[9].

4.2 System Description
This system gives the audience an interaction experience to watch interesting historical information. The audience can use the spotlight which
flashes infrared. When they flash it towards a
part of the Hollow Clay Figure that interests
them, the system projects a related video image
on that part of the figure(Figure 8).
The Hollow Clay Figure was installed on the
pedestal, which was 95cm high. A projector was
installed 2m above the floor. A distance of 1.1m
was kept between the Hollow Clay Figure and
the projector. An infrared camera to sense the
spotlight area was installed the same position of
the projector(Figure 9).

5.1 Result of fixed-point cameras
According to the data collected by the fixed-point
cameras, there were 87 visitors in the six days.
Of the total number of visitors, 62 watched the
video until the end, while 21 visitors left while
the video was still playing. Four visitors did not
watch it, even though they stood in front of the
Hollow Clay Figure. See Figure 10 for a summary of these statistics. Due to a noisy situation,
the voices of the visitors could not be heard well.
However, we could confirm when people sounded
surprised. Additionally, the following actions are
confirmed as subset by visitors who watched all
of the video have performed; using the spotlight
to flash the explained part, standing still and just
watching the video, investing the system, watching the video with another person, taking pictures
and watching the video multiple times. Figure 11
shows an example image from one of the observation cameras.

5 Evaluation
This system was shown from December 1 to 5,
2014, at the museum of Future University Hakodate. Two fixed-point cameras recorded audience
behaviors and the system recorded spotlight trajectories to measure how eﬀective the system in
an objective manner.

5.2 Result of spotlight trajectories
Twenty spotlight trajectories have been recorded.
To find the common places where the audience
flashed, we plotted circles filled each diﬀerent colors along the trajectories in the same time line of
video playing. If many circles overlapped in the
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Figure 13: Sliding doors in Hakodate Bugyosyo[10].

Figure 11: Observation camera.

the other hand, some problems were also confirmed. For example, it was diﬃcult to accurately
pick interesting parts because the spotlight area
was large as compared to the size of the Hollow
Clay Figure. A laser pointer would be better way
to indicate a part of a small-size object.

7 Future prospects

Figure 12: Trajectory of the spotlight.

same area, the color in that area would be shown
as whiter. This color diﬀerence is intended to indicate the parts on the figure where many people
flashed the spotlight. Figure 12 shows the results
of the spotlight trajectories. As the results indicate, the scene narrated ”Kakku was made pregnant to express the life cycle” was the top scene
in which the audience was interested. The scene
that flashed with the spotlight are located at time
on 96 seconds, where the audience can watch a fetus in the uterus on the surface of the Hollow Clay
Figure’s abdomen. Further, it has been confirmed
that the audience frequently flashed the spotlight,
playing other three scenes.

6 Conclusion
The eﬀects we expected were confirmed as the
results of two observations: namely, the audience watched the parts interesting to them by
using the spotlight and, the audience discussed
the video images. Therefore, our interactive PJM
system is eﬀective as a museum exhibition. On

Our proposed PJM system can be applied to
the other cultural heritages. The ballroom in
Hakodate Bugyosyo is one such example[10]. Although, the sliding doors, or fusuma, in this room
seem to have been once painted, there was no conclusive evidence to determine if that is the case.
Therefore, the surfaces of these doors are currently blank, as shown in Figure 13. Our PJM
system is suitable for use in this situation.
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