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Abstract. In this research, we propose the design of a sustainable on-
site past-scene experience system applied in a public location using per-
sonal mobile user devices. Through our system, to experience an AR
exhibition, users simply download an AR application onto their per-
sonal mobile device. By superimposing a past-scene image of an actual
site onto the present scene, users can appreciate the past scene on-site
through their own device without the need for any special AR device
or support staff. We held both attended and unattended on-site exhi-
bitions to evaluate the social acceptableness and effectiveness of the
proposed unattended exhibition system. The results show that, using
the personal mobile devices of the users, the proposed system is deemed
socially acceptable, and that our unattended exhibition system can evoke
and maintain user interest as much as an attended exhibition. In addi-
tion, we have been distributing this system as an iPad/iPhone application
through the Internet, and the number of users is continuously increasing,
thereby proving the sustainability of our proposed exhibition system.

Keywords: Augmented reality · Digital museum · Mobile device · Pub-
lic exhibition

1 Introduction

Museums have attempted to effectively convey their exhibits in various ways.
It is important that not only the exhibit itself but also its background infor-
mation be conveyed to viewers [1]. However, museum exhibitions cannot suf-
ficiently convey background information because the materials are not in the
related locations. In addition, certain types of materials such as architectural
constructions or civil structures cannot be exhibited inside a museum because
of their size. Therefore, a new type of exhibition system is needed to show on-
site exhibits outside a museum. On the other hand, to realize a more effective
exhibition than that achievable through existing methods, which use panels or
displays, researches regarding an interactive exhibition system using augmented
reality (AR) technology have been recently reported [2]. Arakawa affirmed that
users can feel a sense of immersion more deeply, and can understand a geometric
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space, the exhibition itself, and the intention of the camera operators by actively
moving their bodies according to video sequences recording the motion of the
exhibit [3]. Moreover, an outside exhibition using AR was developed, the results
of which show that exhibiting historical materials superimposed onto an actual
space is very effective at motivating users to learn history and have a greater
understanding of a particular exhibit [4].

However, field exhibitions using AR are still temporary or limited experi-
ments, and a system for creating exhibitions in a public space that can fulfill the
functions of a real museum has yet to be designed. In order to realize a continu-
ous exhibition on site, various limitations for operation in public space need to
be taken into account. One of the biggest limitations is that docents required for
the exhibition or terminals cannot be set up in an actual location. Therefore, in
this research, we aim to establish a new type of outside exhibition in a public
space of an urban district that is sustainable even without the use of a docent.
We designed an on-site past-scene experience system for use in a public space by
applying mobile user devices, and published our system as a mobile application.
Users simply have to download our application onto their own device when they
visit an exhibit. By holding their device toward the present scene, they can see a
past version of the scene and learn how historical architecture or civil structures
change over time. We held both attended and unattended on-site exhibitions to
evaluate the social acceptableness and effectiveness of our proposed system.

2 Related Works

In this section, we first introduce previous researches regarding outside exhibition
systems. We then describe some methods used to generate panoramic images from
real photography or video materials, which we make use of in this research. Finally,
we describe a guidance method we developed on our own to induce the users to
react to and appreciate the image materials provided as they were intended.

Many exhibition systems for use outside of a museum have been developed to
convey background information on an architectural environment that cannot be
saved inside a museum and is closely related to a real location. On-site virtual
time machine [5] is an AR exhibition system that superimposes past-scene pho-
tographs onto a current scene through a PC display. It associates past images
with the current state using Bundler [6], and estimates the position and attitude
of the camera using PTAM [7], which realizes a geometrically natural overlay.
This study shows that users can understand the history of an exhibit more deeply
by seeing images superimposed through a PC display than by simply viewing
printed images on-site. Archeoguide [8] and OutdoorGallery [9] are examples
of outside AR exhibition systems, which construct 3D models of the Olympia
and Asuka-kyo ruins and superimpose them over a real location. However, these
models are quite different from the real ruins. If real photograms of the subject
are available, they can help users learn the history of the exhibit better than 3D
models because users can see the surrounding area around the main exhibit as
well as the real images, thereby better matching the actual scene. These systems
use a Head Mounted Display (HMD) for a video presentation, and GPS, DGPS,
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(Differential Global Positioning System), and an MR system [10] with a mag-
netometric sensor for position measurements. Therefore, assistants to hand out
an HMD to users and transmitters used for sensing need to be available on-site.
However, for users to be able to visit and appreciate an outside exhibition any
time they like, it is essential that the exhibition be manageable without the use
of any assistants. In addition, placing transmitters or AR markers at the location
prevents the sustainability of an exhibition owing to their maintenance require-
ments, and devices that emit electric waves or magnetism can have an adverse
effect on the location itself. Therefore, the personnel distribution or installation
of special devices should be avoided in a sustainable exhibition in the public
space of an urban district. In this research, we developed an unattended system
without the installation of any special devices. Users can visit and appreciate an
exhibit using their own personal mobile device such as an iPhone or iPad.

To take images from all perspectives and take advantage of the high reality
of photographs and video sequences, a technique called Image Based Rendering
(IBR) can be used. One of the most basic methods of IBR is reconstructing the
image corresponding to any visual line direction using a panoramic image. Quick-
timeVR (QTVR) [11] can be used to render and present an image clipped from
a panoramic image according to the visual line direction of the user. Although
it is generally not easy to take a panoramic image directly, panoramic stitching
technologies, which are used to generate a panoramic image automatically from
images taken by normal cameras, have been developed. We can easily access
such features using Microsoft’s Image Composite Editor [12].

In AR systems used for educational purposes, it is effective for users to freely
and actively appreciate an exhibit. However, users are liable to overlook some
important aspects of the content or continually view unimportant points, which
can harm the educational effect. Therefore, a method to induce the users atten-
tion is needed. Indicating words or symbols explicitly in certain regions of a video
sequence to attract the user’s attention can prevent viewers from discovering fea-
tures in non-indicated regions. Research has shown that users tend to remember
the points they discover voluntarily for a longer period of time than those points
explicitly indicated by the applied system [5]. Therefore, in this research, we
induce the users attention by adding ambient effects to the displayed image. We
developed a method to notify the user regarding a specific region of the image
and attract their attention in an AR system using a rotation with a degree of
freedom [13]. In our method, we induce the user’s gaze by changing the bright-
ness of the area around the point of attention according to a specific pattern
based on Saliency-guided Enhancement (SGE) [14].

3 Design of Proposed System

3.1 Summary of Proposed System

The outline of our proposed system is as follows:

1. Users visit the exhibition location. They install the appropriate application
onto their own mobile device either on-site or in advance.
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2. They look for the point where a photograph of a past scene was taken by
holding their mobile device toward the present scene.

3. The application compares the device camera image to the reference scene
image taken in advance, and calculates the device position and orientation.

4. If the application determines that the user is standing at the correct point
and facing the proper direction, it renders the whole-sky image area of the
past scene generated using photographic materials.

5. By moving their devices around, users can see the past scene in the direction
they are facing through the screen of the device. They can also easily compare
the present scene to the past scene by changing the transparency of the device
camera image.

3.2 Detailed Design for On-Site Exhibition

Through some user tests, we determined that there are three requirements for
realizing an on-site exhibition.

Registration Between a Device and the Real Place. The first require-
ment is to obtain the correct starting position and orientation of the device.
It is difficult to place measurement devices or AR markers in a public loca-
tion, as mentioned earlier. Some mobile AR systems use GPS-based positioning.
However, GPS cannot provide sufficient accuracy, especially inside buildings or
in urban districts where many blocking objects exist. Therefore, we specify the
starting position based only on image feature points without the use of any other
equipment, and achieve a high registration accuracy.

First, we take a photograph of the present scene in advance at the same
location where a photograph of a past scene was taken. This photo is used as
a reference image to recognize the target scene retrieved by the camera of the
users device. Within the center rectangle region of the device frame, a translucent
reference image is displayed along with the divided camera image covering the
whole frame. The users can then look for the point where the reference image was
taken by seeing a translucent image on their device display. The system extracts
the feature points of both the reference and device camera image, and calculates
the position and orientation of the device. We adopted SURF [15] for the feature
points, which realizes a fast calculation even on a mobile device. We also use
RANSAC [16] to remove incorrect matches. Finally, if the system determines
that the camera image of the device is sufficiently similar to the reference image,
it shows a panoramic image of the past scene aligned with the reference image in
advance. There is a problem in that the visual performance is different between
daytime and nighttime. To realize robust matching and registration, we prepare
two different reference images for the daytime and nighttime, and switch them
according to the present time. Our user test showed that the proposed system
can achieve a robust recognition if users stand within a 1-m radius of the correct
point where the reference photo was taken. In addition to automatic matching,
we optionally provide a manually matching button for users to push when they
judge that a correct registration has been achieved.
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Fig. 1. Interactive display of a panoramic image

Fig. 2. Screen capture of our system: The background image is a past image, and the
central rectangle shows the camera view of the device.

Interactive Image Presentation Based on Actual Photographs. An
interactive image presentation requires an operation that is sufficiently easy
to understand even without the use of a docent. In our system, we mainly use
panoramic images compounded from digitalized photographs through panoramic
stitching, and users can appreciate a past scene by rotating their devices at the
proper location (Fig. 1). We used Microsofts Image Composite Editor [12] to gen-
erate panoramic images based on material photographs belonging to our research
group. To reproduce a past scene location, we place a spheroidal polygon on a
virtual space and attach a panoramic image to it as a texture. The device calcu-
lates the position using its acceleration and gyro sensor, and displays the image
clipped from the panoramic image according to the direction that the device is
facing. However, a gyro sensor cannot retrieve the absolute angle, although it
can retrieve the relative angle. In our system, the users first obtain the starting
position based on image features, and the system then calculates the orientation
of the device on the relative yaw angle from the direction of the reference image.
Figure 2 shows a screen capture of our proposed system. The image covering the
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Fig. 3. Visual guidance using a brightness change filter

whole screen is a past scene image clipped from a panoramic image, and the
central rectangle is the current camera view of the device. To view a wider area
of the scene, the system enables the users to adjust the size of the displayed
area using a slider placed on the right side of the screen. Moreover, users can
change the transparency of the camera view using another slider on the left side
(Figure 3).

Guiding User’s Visual Line. All content provided has a point of attention,
where we expect users to look at without fail. In a sustainable outside exhibition,
however, it is difficult to provide a description using panels or a docent. For this
research, we generated a method to easily notify the users of a specific area of an
image [13], and the user’s active experience is assured by displaying the image
area according to the direction they are facing.

Applying our method in a laboratory environment, the users tended to keep
an eye on a high-saliency area, and our method did not prevent them from
discovering other parts of the image when compared to a method that points
out symbols or words. By applying this method to the proposed system, we
expect the users to look at and observe the point of attention in more detail. In
our implementation, changing the intensity can be achieved very quickly even on
a mobile device through a parallel computation using the programmable shader
of the GPU when the image is rendered as a 3DCG.

4 Field Experiments

4.1 Experimental Settings and Procedures

To evaluate the educational effect of our system and verify whether it can
induce the appropriate level of appreciation in an unattended environment, we
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Fig. 4. The number of users who downloaded the application

Fig. 5. The number of users who showed a certain level of appreciation

conducted two types of field experiments for the general public. One experiment
is for an attended exhibition, in which users are guided by docents available at
the site, and the other experiment is for an unattended exhibition, in which users
can experience our proposed system using their own mobile device. We evalu-
ated whether the proposed system functions effectively as an on-site exhibition
method by measuring the level of appreciation and questionnaire results of the
users. We also evaluated the effect of our method under an on-site environment.

For the exhibition location, we adopted mAAch Ecute Kanda Manseibashi
and the JR Kanda Manseibashi Building, which are commercial facilities and an
office building in Akihabara, Tokyo, respectively. Manseibashi Station existed at
this location until 1943, as did a transportation museum until 2006. While this
place is very valuable when considering the evolution of the railway development
and changes in local culture in Tokyo, it is difficult to realize an exhibition that
conveys such history because additional equipment cannot be installed here. We
developed an exhibition at this location by applying seven panoramic images
and one normal image. A plan view showing the arrangement of the content
of the eight different images is displayed on the device screen to help the users
discover the starting point of each content.
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Fig. 6. Experience time for each exhibition content

Fig. 7. The time gazing at certain spots

Attended Exhibition with Navigation Using Docents. We conducted an
attended exhibition for six days from August 2013 to January 2014, in which
docents and explainers were available on-site. The subjects were general partic-
ipants recruited through an Internet announcement and on-site, and a total of
about 100 subjects used our system during these six days. The exhibition was
carried out using a tour format with one docent, or a student who received his-
torical education from a docent, made available. We guided the subjects to move
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on to the next content after we determined that they were sufficiently satisfied
with the current content. To use the proposed system, we lent an iPad to the
subjects. We continuously measured and recorded the values of the device’s gyro
sensor as the user’s level of appreciation. When the docents or explainers were
unavailable, we judged whether the subjects sufficiently understood the objects
shown in the exhibition by setting this level of appreciation as the target value
for the unattended exhibition.

Unattended Exhibition Using User’s Personal Mobile Device. To eval-
uate the effectiveness of our system in a real environment, we distributed our
system through a free iPad and iPhone application, which was downloadable
from the Internet. To allow the users to see how to use the system even when a
docent was not present, we provided a simple tutorial on how to find the start-
ing point and how to change the transparency and viewing angle. By measuring
the level of appreciation of an unspecified number of users, we verified whether
our system can motivate users to experience an exhibition in a public space,
whether they can appreciate our system appropriately, and whether our system
can sustain user interest regarding the content provided.

We registered our system as a free application in the App Store, which is
an application distribution service managed by Apple, Inc., allowing the users
to download it freely onto their own mobile device. At startup, the application
displayed messages to the users promoting their cooperation during the exper-
iment. If the users consented, a log of their level of appreciation was saved on
their device and sent to our own personal server. We issued a press release on
the Internet on January 17th, 2014, and collected the appreciation logs for the
unattended exhibition sent by unspecified users until January 28th, 2014.

4.2 Evaluation Based on Level of User Appreciation

For the attended exhibition, all subjects were able to appreciate our system
appropriately because docents and explainers were available to guide them how
to use the system. For the unattended exhibition, however, some of the subjects
were considered unable to achieve the desired level of appreciation. Therefore,
we analyzed the subject’s level of appreciation and evaluated to what extent
they understood the format of the proposed system.

Figure 4 shows the number of users who downloaded the application. Within
12 days after its release, 138 users had downloaded and installed the application
onto their own mobile device. Sixty-six of the users accepted their cooperation
in the experiment and sent a log of their level of appreciation to our server.
Sixty-one of the users allowed their location information to be sent based on
GPS or WiFi. Therefore, most of the users had little resistance to using their
location information. A total of 26 users actually visited the exhibition location
and experienced the on-site exhibition, which is 42.6 % of the number of users
who showed a level of appreciation toward the content provided and sent a log
containing their location information.
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For these 26 users, we analyzed their level of appreciation. Figure 5 shows
the number of users who surpassed the intended level of appreciation. Out of 26
users, 24 succeeded to find the starting position of at least one of the provided
contents and to match the present scene with the corresponding past image
either automatically or manually. These 24 users were able to rotate their device
by more than 30 degrees along the yaw angle, and showed a level of appreciation
regarding a past panoramic image after it was superimposed onto the current
scene. However, only 13 of the users were able to change the transparency and
viewing angle of the past panoramic image. These results indicate that, although
users could achieve a level of appreciation by rotating their device along the yaw
angle through a simple tutorial, they had difficulty with operating the screen.

4.3 Quantitative Evaluation of Appreciation Level

Quantitative Evaluation of Experience Time. To evaluate our system in
greater detail, we quantitatively analyzed the log of each user’s level of appreci-
ation. The experience time for each content is an important indicator related to
the user’s degree of interest.

Figure 6 shows the experience time for each exhibition content. We verified
the experience time through a two-way factorial analysis of variance based on
whether a docent navigated the user and the effect of the user’s visual line. As
a result, for six of the contents, there was no significant difference between the
experience time for the attended and unattended exhibitions with a significance
level of 5 %. However, there was a significant difference (p = 0.026) in one of
the contents, i.e., the outside appearance, where the docents first explained the
whole exhibition and introduced our system at the attended exhibition.

Therefore, it is natural that a significant difference exists between the expe-
rience time of the attended and unattended exhibitions. On the other hand,
no significant difference in the other six contents indicates that an unattended
exhibition can attract the user’s interest as much as an attended exhibition.

Quantitative Evaluation of the Gazing Time at Certain Spots. To eval-
uate whether our method for guiding the user’s visual line through a brightness
change filter works in a real environment, we measured the amount of time the
users gazed at a spot where a change in brightness was added. We extracted the
valid experience logs, which show the locations where such an effect appeared at
least once on the device screen. In three out of the seven contents, there were no
valid experience logs. Therefore, we verified the gazing time for the other four
contents using a two-way factorial analysis of variance based on the existence of
a docent navigation and the inducing effect of the user’s visual line (Fig. 7). The
results show that, for one of the contents, there is a significant difference between
the gazing time with and without a guidance effect (p = 0.088). The reason why
only this content shows such a significant difference may be that users were
more interested in the past content than the real scene because this content was
farthest from the remains of Manseibashi Station and there is little similarity
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between the past and present scenes. One of the reasons why the effectiveness
of the guidance decreased in the real environment compared to the laboratory
environment may be because the visibility of the device screen decreased accord-
ing to the sunlight conditions. A method for changing the brightness dynami-
cally according to the lighting intensity or angular velocity can help resolve this
problem.

4.4 Subjective Questionnaire Evaluation

For the attended exhibition, we asked the subjects to fill out a questionnaire
regarding the exhibition. Many of the subjects answered that they became more
interested in the exhibited contents and the digital exhibition itself. They also
answered that they wanted to experience other contents through our system. For
the unattended exhibition, we could not obtain questionnaire responses from the
users directly. However, some SNS posts on the Internet regarding our system
stated that our application was quite enjoyable because its operation is intuitive
and easy to understand. These remarks suggest that the proposed on-site AR
exhibition system is acceptable to users and that similar on-site exhibitions can
be developed in various locations in the future.

5 Conclusion

In this research, as a method to hold exhibitions in public spaces outside a
museum, we proposed an on-site AR exhibition system using a users own mobile
device. As the exhibition objects, we used past panoramic images of Manseibashi
Station and the Transportation Museum in Akihabara, Tokyo, which are his-
torically important locations. We designed the proposed on-site AR exhibition
system after analyzing the limitations of an on-site exhibition. We distributed
this system as an iOS application through the Internet and held attended and
unattended exhibitions as an experimental evaluation.

As a result of analyzing the level of appreciation of the users for both
the attended and unattended exhibitions, no significant differences were shown
between the experience times for most of the contents. This shows that our
system can attract the user’s interest even for an unattended exhibition. The
evaluation results of our guidance of the users visual line shows a marginally
significant difference between the gazing time with and without a brightness
effect for one of the contents, revealing the need for a refinement of the guid-
ance method for a real exhibition. In addition, the number of downloads of the
application is continuously increasing, proving the sustainability of our exhibi-
tion system. In conclusion, we established a new outside exhibition form for a
public space in an urban district, which is sustainable even without the use of
a docent. Our system has allowed the introduction of commercial facilities that
are conducting economic activities within society, and succeeded in motivating
an unspecified number of people to appreciate an exhibition in a public space.
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This suggests the applicability of the proposed system to other exhibitions in
public spaces dealing with other subjects.

As future work, we aim to establish an interface applicable for an exhibition
requiring more complicated levels of appreciation using 3D models restored from
real moving sequences or images. In addition, we intend to develop a guidance
method to induce the user’s translational motion and attract the users interest
to a particular spot. From the subjects who attended our exhibitions, we deter-
mined that they would like to be able to use photographs they took themselves.
If users can view their own photographs and video sequences on an exhibition
system and share their content with others, it will vitalize the on-site exhibition
and thus the local community. To realize such a service, we are developing a
method to easily match past images with a current scene. We intend to install
such a method into our system and refine it to allow users to share their own
content with others.
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