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Abstract: In this article, we propose and evaluate the digital contents management system
according to the user’s position and needs. This digital contents management system consisting
of the web application for information providers and smartphone application for information
receivers. The web application corresponds to multi-platform and it is possible to upload various
digital contents to the server. At this time, the information provider adds position information to
the digital contents. The information receiver can view the uploaded digital contents as AR on
the smartphone. The smartphone application for contents receiver displays registered digital
contents in AR around the user’s present position. In our research, we evaluated targeted for the
visitors in a zoo to evaluate the usefulness and the operability of the web application and the
smartphone application. As an evaluation, we were able to confirm the great usefulness and
operability of the web application and the smartphone application.
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1 Introduction

Huge amounts of digital data of non-arrangement are stored
by development of information technology over the
World Wide Web. This has caused a problem such as a
‘information explosion’. According to the Ministry of
Internal Affairs and Communications, the distribution data
amount in 2013 is reported about 13.5 exabytes. The
distribution data amount was increased substantially
compared with the 8 exabytes in 2012. Moreover, the world
digital data amount is estimated to reach into about
40 zettabytes in 2020 (Ministry of Internal Affairs and
Communications, 2014a, 2014b). In this kind of situation,
arrangement and classification of information according to
the information retrieval technology are important.
Currently, metadata is generally utilised in information
retrieval. The mainstream information retrieval system
provides a search result using the similarity between
metadata and retrieval keyword (Ministry of Internal Affairs
and Communications, 2013a, 2013b). Digital data over the
internet is increasing at an accelerating pace. Therefore, we
are thinking that creation of new information retrieval
technology is necessary. Additionally, we are thinking that
arrangement and classification of information according to
the characteristic of the retrieval are necessary.

On the other hand, the information retrieval is often
related around the present position. For example, it is the
case which examines information related to the historic
landmark (historical background, historical relation,
historical value and the built year) in case of sightseeing. In
recent years, the smartphone is widely used rapidly in the
wide generation. Therefore, it is desirable that the position
based retrieval technology corresponds to the smartphone.

The rest of the article is organised in the following way.
The purpose of our research is described in Section 2.
System configuration and architecture of our proposed
digital contents management system are explained in

Section 3 and Section 4, respectively. The web application
for the AR digital contents provider and the smartphone
application for the AR digital contents receiver of the digital
contents management system are described in Section 5.
Section 6 evaluates the digital contents management system.
Finally, the conclusion and future work are summarised in
Section 7.

2 Purpose of this research

The contents providing system using AR is provided by
various methods (Taketomi et al., 2010; Makita et al., 2009;
Jinglong, 2013; Toishita et al., 2009). On the other hand, in
this article, we provide digital contents according to the
user’s reality environment by combining with position
information and sensor data. In our research, we classify the
user into ‘information provider’ and ‘information receiver’,
and develop the application according to the uses of a user.
We provide the web application which register position
information on web-GIS and uploads digital contents to the
server for ‘information provider’. And, we provide the
smartphone application which displays 3D objects of the
digital contents received from the server for ‘information
receiver’. This smartphone application calculates the
position information added to the digital data and the sensor
data value of the smartphone. After that, the 3D object is
rendered on the smartphone. The user can experience the
high realistic sensation environment by initiate fusion of 3D
space and real space. The information provider can manage
the digital contents on the web browser which is the
cross-platform environment. In other words, the user can
provide information wusing various hardware without
dependence on the platform such as Windows, Linux, and
Android. The information receiver can acquire related
information around the user’s present position seamlessly
by using smartphone.
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Moreover, in our research, we achieve filtering of digital
contents. The filtering function of the information is not
implemented on the previous AR information provide
system. Therefore, the information category and type are
limited to provide information. On the other hand, this
system provides various digital contents to suit user’s
interest by implementing the group management function.

3 System configuration

System configuration is shown in Figure 1. In this system,
information provider uploads the digital contents with the
additional information to the server. In this case, the body of
digital contents is stored in the data store directory, and
additional information is stored in the DB server. On the
other hand, information receiver can view AR digital
contents by displaying registered digital contents as AR on
the smartphone. Any person who has an internet-linked
device can use this system. Therefore, it is possible to share
digital contents around the world.

Figure 1 System configuration (see online version for colours)
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3.1 The AR digital contents provider agent

The AR digital contents provider agent uploads the digital
contents with the additional information to the application
server using the web application. Uploaded digital contents
are mapped on web-GIS, and the user can grasp the position
of the registered contents intuitively.

3.2 The AR digital contents receiver agent

The AR digital contents receiver agent integrates the value
from a smartphone built-in sensor (GPS, geomagnetic
sensor, and gyro sensor) with position information of digital
contents received from the application server. And this
agent generates three-dimensional space and provides AR
digital contents to the user.

3.3 The application server

The application server bridges between the database server
and each agent. In particular, this server storage the digital
contents and the additional information transmitted from the
AR digital contents provider agent in the data storage
directory and the database server, respectively. After that,
this server transmits stored digital contents and additional
information according to the request of the AR digital
contents receiver agent.

3.4 The database server

Additional information of the digital contents transmitted
from the application server are stored in the database server.
This server exchanges stored additional information
according to the request of the application server.

On the other hand, we have to consider the new system
configuration when the size of uploaded digital contents
increases to big data scale. We built this system using one
application server and one database server. Therefore,
current system configuration cannot correspond to data
processing when the size of uploaded digital contents
increases to big data scale. The system configuration which
can achieve a store of large-scale data and high-speed
processing is needed to correspond to the amount of data of
the big data scale. For this reason, we are considering a shift
to the parallel distributed processing infrastructure of this
system, and are now focused on ensure scalability.

4 System architecture

The system architecture of our research is shown in
Figure 2. Each agent’s module composition is described
below.

The AR digital contents provider agent consists of
provider map manager, provider file manager, provider
folder manager, and provider contents manager.

e Provider map manager

Provider map manager maps the digital contents
received from provider contents manager on the map,
and reflects in user interface.

e Provider file manager

Provider file manager reflects the operational function
of the file data received from provider contents
manager in user interface.

e Provider folder manager

Provider folder manager reflects the operational
function of the folder data received from provider
contents manager in user interface.

e Provider contents manager

Provider contents manager exchanges digital contents
information via network interface between three
managers (provider map manager, provider file
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manager and provider folder manager) and the
application server.

The AR digital contents receiver agent consists of AR view
manager, 3D virtual space manager, map view manager,
receiver map manager, sensor manager, and receiver

contents manager.
e AR view manager

AR view manager is rendered using the value from
sensor manager in the 3D virtual space generated

in 3D virtual space manager. After that this manager
integrates generated screen and user interface, and
generates a contents display screen.

e 3D virtual space manager

3D virtual space manager generates 3D virtual space
and maps the digital contents received from receiver
contents manager based on position information.

e  Map view manager

Map view manager integrates the map screen generated

in receiver map manager and user interface, and
generates a contents display screen.

e  Receiver map manager

Receiver map manager generates a map screen, and
maps the digital contents received from receiver
contents manager based on position information.

e Sensor manager

Sensor manager transmits sensor data to AR view
manager and map view manager.

e Receiver contents manager

Receiver contents manager exchanges digital contents

information via network interface between two

Figure 2 System architecture (see online version for colours)

managers (3D virtual space manager and receiver
map manager) and the application server.

The application server consists of server file manager, file

entity storage,

server folder manager, and database

manipulation manager.

Server contents manager

Server contents manager exchanges digital contents
between each agent and server file manager or server
folder manager.

Server file manager

Server file manager partitions the file received from
server contents manager with an entity and additional
information, and sends each to database manipulation
manager and file entity storage. Moreover, this
manager acquires a file entity and additional
information from database manipulation manager and
file entity storage according to the request of server
contents manager.

File entity storage

File entity storage is the storage area where the file
entity received from server file manager is stored.

Server folder manager

Server folder manager exchanges folder information
between server contents manager and database
manipulation manager.

Database manipulation manager

Database manipulation manager decides a storage
location of the information received from server file
manager or server folder manager. After that this
manager stores the information received from server
file manager or server folder manager in the database.
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The database server consists of additional contents
information storage DB server.

e Additional contents information storage DB server

Additional contents information storage DB server

is the database in which additional information of
digital contents is stored. This database server also
exchanges data according to the request from database
manipulation manager in the application server.

5 The digital contents management system based
on position information

The web application for AR digital contents provider and
the smartphone application for AR digital contents receiver
of ‘digital contents management system based on position
information’ are described in this section.

5.1 The web application for AR digital contents
provider

We built the web application corresponding to
multi-platform as application for digital contents provider
because digital contents are created on the various
platforms. This web application runs on all browsers which
correspond to hyper text markup language 4 (HTMLA4).
Application screen and every particular item are shown in
Figure 3.

Figure 3 Application screen and every particular item
(see online version for colours)
— o IEM
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Application screen consists of five particular items. The
whole operation is performed on the application screen.
This system provides the seamless operational function by
renewing the part of the web page dynamically.

a  Contents management map : This item is used to
manage contents on Google Maps (2015). And this
item is used for the position select when uploading a
file.

b  Disclosure range management : This item is used to
decide about the filtering attribute of the contents.

¢ Folder management : This item is used to create or
delete a folder. And, this item is used to display a file
list when a pin of a folder was selected on the contents
management map.

d File management : This item is used to upload and
download a file.

5.1.1 Group management function, folder creation
function, file upload function

When a ‘group management’ button is clicked, the group
management form is displayed (Figure 4).

Figure 4 Group management (see online version for colours)
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File
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Name:
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When creating a new group, the group name is input to the
text form in a ‘create new group’ space, and a ‘create’
button is clicked. When inviting the user to an existence
group, the user’s mail address is input to the text form in a
‘invite user to existence group’ space, and a group is
selected from a list box. After that, the user can be invited to
a group by clicking a ‘invite’ button.

Creating of a folder uses the ‘contents management
map’ space and the ‘folder management’ space. The
creating procedure of a folder is as follows.

e STEP 1. An arbitrary position is clicked in the contents
management map space.

e STEP 2. The folder name is input to the text form in the
folder management space, and a ‘create’ button is
clicked.

e STEP 3. A pin of a created folder is displayed to the
contents management map.

Uploading of a file uses the ‘contents management map’
space and the ‘file management’ space. The creating
procedure of a file is as follows:
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e STEP 1. An arbitrary position or a pin of a folder is
clicked in the contents management map space.

e STEP 2. A ‘choose file’ button is clicked in the file
management space.

e STEP 3. A file is selected from the file selection
dialogue.

e STEP 4. A ‘upload’ button is clicked in the file
management space.

e STEP 5. A file is uploaded to the server, and a pin of a
created file is displayed to the contents management
map.

5.2 The smartphone application for AR digital
contents receiver

The smartphone application for contents receiver displays
registered digital contents in AR around the user’s present
position. In this case, it is desirable that a device of digital
contents receiver is excellent in portability to acquire digital
contents at an arbitrary position. On the other hand, the
smartphone is excellent in portability, and many users are
carrying around daily, and smartphone is mounted with a
necessary camera and a lot of sensors by the standard to
display contents as AR. For these reasons, we build the
smartphone application as portable system for digital
contents receiver.

This smartphone application runs by the version of i0S
more than 7.1. The contents providing mode consists of the
AR mode and the map mode, and a mode is switched over
by the angle of elevation from the ground. Border value is
25 degrees. When the angle of eclevation is more than
25 degrees, the AR mode is displayed, and when the angle
of elevation is less than 25 degrees, the map mode is
displayed. This angle of elevation is being measured using a
gyro sensor of smart phone.

5.2.1 Contents providing function based on position
information

Contents providing function have two functions of ‘AR
mode’ and ‘MAP mode’. The AR mode overlaps the 3D
object on the camera video image. The MAP mode displays
contents as a pin on the map. User interface of the AR mode
is shown in Figure 5 as an execution example.

And, user interface and function overview of the AR
mode are shown in Table 1. Registered digital contents
around the user’s present position are displayed as the 3D
object by tapping a ‘SEARCH’ button. The user can
experience the high realistic sensation environment by
initiate fusion of 3D space and real space.

In this system, the user’s position information is
transmitted to the application server by tapping a
‘SEARCH?’ button. After that, registered digital contents are
provided to the user. Therefore, the application server is not
always tracking the user’s position information. In addition,
we are setting a privacy policy about position information
because this system handles the user’s position information.

Figure 5 AR mode of the smartphone application (see online
version for colours)
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Table 1 User interface and function overview of the AR mode

User interface name Function overview

Direction user is facing

The 3D object which indicates the
digital contents uploaded to the server

Compass
AR digital contents

Search button The button to mapping registered
digital contents on the 3D space around

the present position

Figure 6 Map mode of the smartphone application (see online
version for colours)
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User interface of the MAP mode is shown in Figure 6 as an
execution example. And, user interface and function
overview of the Map mode are shown in Table 2. Registered
digital contents around the user’s present position are
displayed as a pin on the map by tapping a ‘SEARCH’
button.

Table 2 User interface and function overview of the map

mode

User interface name Function overview

User’s current position The point which indicates the user’s

present position

Pin digital contents The pin which indicates the digital

contents uploaded to the server

The button to display registered
digital contents on the map around
the present position

Search button

5.2.2 Download and preview function of the AR
digital contents

When digital contents on the content providing screen (AR
mode is a 3D object, and map mode is a pin) are tapped, the
menu window of digital contents is displayed. When tapped
digital contents were a folder, a folder menu window is
displayed as shown in Figure 7. And, user interface and
function overview of the folder menu window is shown in
Table 3.

Figure 7 Folder menu window of the smartphone application
(see online version for colours)
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When tapping the file name from a file list of the folder
menu window, a file menu window is displayed as shown in
Figure 8. And, user interface and function overview of the
file menu window is shown in Table 4. When a ‘download’
button is taped, a selected file is saved in the application

directory. If the user would like to view a selected file
immediately, an ‘open’ button is taped.

User interface and function overview of the folder
menu window

Table 3

User interface name Function overview

Selected folder name
The file list stored in a folder

Folder name
File list

The button to close the folder menu
window

Cancel button

Figure 8 File menu window of the smartphone application
(see online version for colours)
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User interface and function overview of the file menu
window

Table 4

User interface name Function overview

File name Selected file name

Download button The button to download a selected file
Open button The button to preview a selected file

The button to close the file menu
window

Cancel button

6 Evaluation

In order to evaluate the usefulness and the operability of the
web application, the questionnaire survey was carried out to
32 persons. Moreover, in order to evaluate the usefulness
and the operability of the smartphone application, the
questionnaire survey was carried out to 76 persons. The
scene of the questionnaire survey is shown in Figure 9.
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Figure 9 Scene of the questionnaire survey (see online version
for colours)

6.1 The usefulness and the operability of the web
application

We conducted the questionnaire survey about the usefulness
of managing contents on the website, the usefulness of
filtering the disclosure range of contents, and the usefulness
of the entire web application. Moreover, we conducted
the questionnaire survey about the operability of folder
management, the operability of contents management, and
the operability of the entire web application.

6.1.1 The usefulness of managing contents on the
website

The usefulness evaluation result of managing contents on
the website is shown in Figure 10.

Figure 10  Usefulness of managing contents on the website
(see online version for colours)
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About the usefulness of managing contents on the website,
about 90% of the subject answered ‘useful’ or ‘somewhat
useful’. There was no one of the subject answered
‘somewhat useless’ or ‘useless’. Therefore, we were able to
confirm the great usefulness of managing contents on the
website by this questionnaire survey.

6.1.2 The usefulness of filtering the disclosure range
of contents

The usefulness evaluation result of filtering the disclosure
range of contents is shown in Figure 11.

Figure 11  Usefulness of filtering the disclosure range of

contents (see online version for colours)
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About the usefulness of filtering the disclosure range of the
contents, about 80% of the subject answered ‘useful’ or
‘somewhat useful’. Less than 5% of the subject answered
‘somewhat useless’ or ‘useless’. Therefore, we were able to
confirm the great usefulness of filtering the disclosure range
of the contents by this questionnaire survey.

6.1.3 The usefulness of the entire web application

The wusefulness evaluation result of the entire web
application is shown in Figure 12.

Figure 12 Usefulness of the entire web application (see online
version for colours)
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About the usefulness of the entire web application, more
than 90% of the subject answered ‘useful’ or ‘somewhat
useful’. There was no one of the subject answered
‘somewhat useless’ or ‘useless’. Therefore, we were able to
confirm the great usefulness of the entire web application by
this questionnaire survey.
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6.1.4 The operability of folder management

The operability evaluation result of folder management is
shown in Figure 13. About the operability of folder
management, about 60% of the subject answered ‘easy’ or
‘somewhat easy’. Less than 5% of the subject answered
‘somewhat difficult’ or ‘difficult’. Therefore, we were able
to confirm the great operability of folder management by
this questionnaire survey.

Figure 13  Operability of folder management (see online version
for colours)
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6.1.5 The operability of contents management

The operability evaluation result of contents management is
shown in Figure 14. About the operability of contents
management, about 70% of the subject answered ‘easy’ or
‘somewhat easy’. Less than 5% of the subject answered
‘somewhat difficult’ or ‘difficult’. Therefore, we were able
to confirm the great operability of contents management by
this questionnaire survey.

Figure 14  Operability of contents management (see online
version for colours)
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6.1.6 The operability of the entire web application

The operability evaluation result of the entire web
application is shown in Figure 15. About the operability of
the entire web application, about 70% of the subject
answered ‘easy’ or ‘somewhat easy’. Less than 5% of the
subject answered ‘somewhat difficult’ or ‘difficult’.

Therefore, we were able to confirm the great operability of
the entire web application by this questionnaire survey.

Figure 15  Operability of the entire web application (see online
version for colours)
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6.2 The usefulness and the operability of the
smartphone application

We conducted the questionnaire survey about the usefulness
of browsing the data registered with position information,
the usefulness of browsing data using AR on the
smartphone, and the usefulness of browsing data by two
ways of the AR mode and MAP mode, and the usefulness of
the entire smartphone application. Moreover, we conducted
the questionnaire survey about the operability of browsing
data by the AR mode, the operability of browsing data by
the MAP mode, and the operability of the entire smartphone
application.

6.2.1 The usefulness of browsing the data registered
with position information

The usefulness evaluation result of browsing the data
registered with position information is shown in Figure 16.

Figure 16  Usefulness of browsing the data registered with
position information (see online version for colours)
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About the usefulness of browsing the data registered with
position information, 80% of the subject answered ‘useful’
or ‘somewhat useful’. Less than 5% of the subject answered
‘somewhat useless’ or ‘useless’. Therefore, we were able to
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confirm the great usefulness of browsing the data registered
with position information by this questionnaire survey.

6.2.2 The usefulness of browsing data using AR on
the smartphone

The usefulness evaluation result of browsing data using AR
on the smartphone is shown in Figure 17. About the
usefulness of browsing data using AR on the smartphone,
about 80% of the subject answered ‘useful’ or ‘somewhat
useful’. Less than 5% of the subject answered ‘somewhat
useless’ or ‘useless’. Therefore, we were able to confirm the
great usefulness of browsing data using AR on the
smartphone by this questionnaire survey.

Figure 17  Usefulness of browsing data using AR on the
smartphone (see online version for colours)
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6.2.3 The usefulness of browsing data by two ways of
the AR mode and the MAP mode

The usefulness evaluation result of browsing data by two
ways of the AR mode and MAP mode is shown in
Figure 18.

Figure 18 Usefulness of browsing data by two ways mode
(see online version for colours)
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About the usefulness of browsing data by two ways of the
AR mode and MAP mode, about 80% of the subject
answered ‘useful’ or ‘somewhat useful’. Less than 5% of
the subject answered ‘somewhat useless’ or ‘useless’.
Therefore, we were able to confirm the great usefulness of
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browsing data by two ways of the AR mode and the MAP
mode by this questionnaire survey.

6.2.4 The usefulness of the entire smartphone
application

The usefulness evaluation result of the entire smartphone
application is shown in Figure 19.

Figure 19  Usefulness of the entire smartphone application
(see online version for colours)

1 27 persons
y — (36%)

Useful

.

Somewhat useful

35 persons
No opinion (18%)
4. ' 0 person (0%)
Somewhat useless
S. 0 per: 0%
Useless ' person (I1%6) [Persons]
0 10 20 30 40

About the usefulness of the entire smartphone application,
about 80% of the subject answered ‘useful’ or ‘somewhat
useful’. There was no one of the subject answered
‘somewhat useless’ or ‘useless’. Therefore, we were able to
confirm the great usefulness of the entire smartphone
application by this questionnaire survey.

6.2.5 The operability of browsing data by the AR
mode

The operability evaluation result of browsing data by the
AR mode is shown in Figure 20.

Figure 20  Operability of browsing data by the AR mode
(see online version for colours)
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About the operability of browsing data by the AR mode,
about 50% of the subject answered ‘easy’ or ‘somewhat
easy’. On the other hand, about 10% of the subject
answered ‘somewhat difficult’ or ‘difficult’. About the
reason answered that browsing data by the AR mode is
difficult, it is thought that the cause of difficult to operate is
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low permeability of the AR contents in real space.
Therefore, we have to strive to improve the permeability of
the AR contents.

6.2.6 The operability of browsing data by the MAP
mode

The operability evaluation result of browsing data by the
MAP mode is shown in Figure 21.

Figure 21  Operability of browsing data by the MAP mode

(see online version for colours)
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About the operability of browsing data by the MAP mode,
about 60% of the subject answered ‘ecasy’ or ‘somewhat
easy’. On the other hand, 10% of the subject answered
‘somewhat difficult’. About the reason answered that
browsing data by the MAP mode is somewhat difficult, it is
thought that the cause of difficult to operate is hard to
understand of a connection between a pin on the map and
the registered data. Therefore, we have to strive to improve
the understandability of connection with the digital data.

6.2.7 The operability of the entire smartphone
application

The operability evaluation result of the entire smartphone
application is shown in Figure 22.

Figure 22  Operability of the entire smartphone application

(see online version for colours)
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About the operability of the entire smartphone application,
about 50% of the subject answered ‘easy’ or ‘somewhat

easy’. On the other hand, about 10% of the subject
answered ‘somewhat difficult’ or ‘difficult’. Therefore, we
have to strive to improve the operability of the entire
smartphone application.

7 Conclusions and future work

In this article, we introduced the digital contents
management system according to the user’s position and
needs. We built the system that user can retrieve and
manage related information around the present position by
using AR technology and sensor technology. We developed
the web application which registers position information on
web-GIS and uploads digital contents to the application
server. Moreover, we developed the smartphone application
which displays AR of the digital contents received from the
server. The user became possible to acquire related
information around the user’s present position seamlessly
by using smartphone. In order to evaluate the usefulness and
the operability of the web application and the smartphone
application, the questionnaire survey was carried out to
many persons in the Kamine Zoological Gardens, Ibaraki
Prefecture, Japan. As an evaluation, we were able to
confirm the great operability and usefulness of the web
application and the smartphone application.

There is an error problem of GPS as future work.
Especially in Japan, an error of GPS sometimes becomes
large by influence of a high-rise apartment. We considered
influence by this GPS error, and registered AR digital
contents to wide space. However, when it becomes possible
to highly precise measurement with a centimetre unit, we
can register AR digital contents to narrow space. When
highly precise measurement with a centimetre unit is
achieved, we can build a stronger system using position
information and AR digital contents. On the other hand,
there is a satellite system which is called ‘Quasi-Zenith
Satellite System (QZSS)’ (Japan Aerospace Exploration
Agency, 2006, 2015). The QZSS is a Japanese satellite
positioning system. It is possible to estimate the centimetres
using the reinforcement signal transmitted from this QZSS.
Therefore, in our research, we are looking for a new
direction which assumed cooperation with the QZSS.

In recent years, ‘wearable computer’ is getting a lot
more attention lately in the information technology industry.
Moreover, ‘Smart Glass’ is particularly expected as the next
generation smartphone. The smart glass is the wearable
computer mounted on a head. As future work, we are
considering to transfer a platform of the application to the
smart glass. We expect high realistic sensation by
transferring smartphone application of this system to the
smart glass.

Moreover, we are considering application to the various
fields of our research. Specifically, we are thinking a high
possibility of our research by apply to the medical field, the
welfare field, the sightseeing field and the educational field.
For example, the user can register the historical background,
historical relation, historical value and the built year related
to the historic landmark from web application of this
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system. The tourists can experience registered various
information as AR with high realistic sensation on this
smartphone application.
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