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Abstract

Modern people can use navigation on the outside to save time and get to the destination well. Likewise, in order to find out more infor-
mation about a destination building, such a system is increasingly needed both in front of the computer (on-line) of the house and after
reaching the destination in the building (off-line). Accordingly, we employ Building Information System (BIS) as a system that provide
users with content related to a building like BIO and BIM. The Building Information Online system (BIO) is an interactive map applica-
tion designed to assist customers in finding parcels and building on a map online. The Building Information Modeling (BIM) allows nD
information to be visualized simultaneously by architects, engineers and constructors to gain a synchronized understanding viewing from
different perspectives. Inspired by above researches, we implement a service that provides online and offline Virtual Reality (VR) and
Augmented Reality (AR) content for a building. This system can provide users outside the building with information within the building
via devices with VR and AR support regardless of space restrictions. The system is designed to operate across scenarios requiring offline,
online, offline-online collaboration, etc., and the corresponding experiments are carried out.
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1. Introduction

The concept of Virtual Reality (VR) came from the French play-
wright, Roalité virtuelle, written in 1938 by Antoine Haut Arte [1].
At that time, Although we are reproducing the actual actor's figure,
we have noticed that the viewer is facing light and images that are
realized by the projector. Nowadays, applications using AR tech-
nology combined with VR technology are intensifying. Among
them, this paper proposes a system that provides users with content
related to a building via virtual reality and augmented reality.
Related to the building content information system, BIO and BIM
are representative examples. The Building Information Online
system (BIO) is an interactive map application designed to assist
customers in finding parcels and building on a map online [2-3].
The Building Information Modeling (BIM) allows nD information
to be visualized simultaneously by architects, engineers and con-
structors to gain a synchronized understanding viewing from dif-
ferent perspectives [4]. Inspired by such researches, a user can
obtain information for the building by using the proposed system
regardless of space limitations. In Section 2,we present the system
process, and in Section 3, we design user scenarios based on the
system process and present the role of the system corresponding to
user scenarios. The experimental results proves the effectiveness
and feasibility of the proposed system. Finally, concluding remarks
follows in Section 5.

2. Related Research

2.2. Virtual Reality (VR)

Virtual Reality encompasses the process to make virtual objects in
the real world, the results of that process, and the experiences
people have within such spaces [5]. Virtual reality allows people
to interact with virtual spaces and to have realistic experiences
using virtual reality devices [6]. Applications areas for virtual
reality include education, remote manipulation, scientific visuali-
zation, games, and training.

Fig. 1: MindMotionPro from MindMaze (top) and Scenarios based on
VR from XVR platform (bottom)
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For example, as shown in Figure 1, MindMotionPRO from
MindMaze is a rehabilitation system for paralyzed patients that
can be used in actual medical settings, helping patients rehabilitate
by seeing and interact with virtual content [7]. Another example is
the XVR platform, which provides scenarios to train first respond-
ers to safely address emergencies. Through hypothetical scenarios,
trainees can learn how to take control of emergencies [8].

Virtual reality can also be used for applications that stimulate
auditory and tactile senses provide more vivid experiences, and
the number of such applications is gradually increasing.

2.2. Augmented Reality (AR)

Augmented reality (AR) refers to live direct or indirect viewing or
experiencing of a physical, real-world environment with augment-
ed (or supplemented) elements via computer-generated sensory
input, such as sound, video, graphics or GPS data (refer to Fig. 2).
By utilizing the real world as an environment, it takes a much
shorter time to develop applications and enhance the accessibility
to users[9]. Therefore, augmented reality technology has advanced
faster than that for virtual technology. A user can enjoy augment-
ed reality using a head mounted device, a smart phone, and so
on[10].
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Fig. 2: AR navigation example

In addition, markerless tracking technology is used to provide a
more natural experience to users. This technology extracts points
of interests to target the location of real objects to locate virtual
content. Based on markerless tracking technology, an augmented
reality system can display virtual content as soon as the points of
interest are detected without the need for markers such as QR
code, color markers, and so on [11-13].

2.3. Vuforia

Vuforia is an augmented reality Software Development Kit (SDK)
developed by Qualcomm Tech-nologies, which enables the crea-
tion of augmented reality applications. Vuforia uses computer
vision technology to recognize and track 2D image targets and 3D
objects such as boxes, cans, and masks in real time. Vuforia SDK
can be run on Android, Windows, and iOS platforms. In order to
build applications, it can be used with Xcode, Android Studio, and
Unity game engine. In addition, Vuforia has an object scanner
application that enables visualization of 3D objects in a target
format. In our project, we used Vuforia integrated with Unity to
create and track 2D and 3D image targets and Vuforia Object
Scanner for 3D scanning masks. As shown in Fig. 3, Vuforia AR
Starter Kit hits the Unity Asset Store for free [14-15].
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Fig. 3: Vuforia AR starter kit

2.4. Unity 3D

Unity 3D is multi-platform game engine used to create 2D and 3D
imaging features, such as animations, physics, objects, and audio
and video games. Unity3D has a simple and easily understandable
interface for users and is relatively easy to script with C# or Ja-
vaScript. Unity3D is available on the Mac OS X and Windows 7,
8, and 10 operating systems. Developed applications can be run on
An-droid, Windows, iOS, WebGL, Windows Phone, PS4, etc.
devices. In this project, we used Unity3D with a web camera to
recognize and map images in real time.

3. Design of on & Offline Building Information
Service Based on VR and AR

The proposed augmented reality system adopts a markerless track-
ing system, and the system process consists of three steps. Fig.4
shows the overall architecture of the proposed system process. The
first step is to choose recognition target objects to extract points of
interest. For example, the outline of a building or an advertisement
can be the target objects. The second step is to produce a target
from the chosen objects and the AR content. VVuforia is used in
this second step. In this step, the points of interest are extracted
from the chosen objects. In the third step, the AR content are pro-
duced using Unity 3D, which is mapped to the points of interest.
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Fig. 4: Block diagram of the proposed system model

The proposed system will be served to users online and offline
individually or at the same time. The user scenario is designed for
both cases. Also, there are two prerequisites. The first prerequisite
is to target the outline of the building that the user visits. The se-
cond prerequisite is for the user to hold an AR supporting device.

3.1. Scenario 1 (Case: Online Users)

The target for the first use case is online users. The user can ap-
proach the building thorough mapping services, such as Naver,
Daum, and Google as shown in Table 1 and Fig. 5. The proposed
systems extract the points of interest, detects the building outline
as the target, and provides the content of the building.

Table.1: Scenario 1

Scenario 1 (case: online user)
1 User approaches the image of the building online
The device extracts the points of interest and detects the build-

ing outline as the target

Virtual content (information of the building)is mapped onto the
building outline in the images
4 Service completed
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Fig. 5: Flow of Scenario 1 (Left: Android device, Right: VR device)
3.2. Scenario 2 (Case: Offline Users)

The second use case is that of an offline user. In this case, the user
approaches the building in real time, and the proposed system is
used as shown in Table 2 and Fig . 6.

Table. 2: Scenario 2

Scenario 2 (case: offline user)
1 The user approaches the building directly
2 The device extracts the points of interest and detects the build-
ing outline as the target
3 Virtual content (information of the building)is mapped into the
building outline
4 Service completed

When a user views a specific building through a device that sup-
ports AR, the device finds the points of interest and detects them
in the building overview. At the end of this phase, users outside
the building can see virtual content mapped to the exterior of the
building, and users inside the building can obtain virtual content in
greater detail inside the building. The virtual content includes text,
images, video, and so on.
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Fig. 6: Flow of Scenario 2 (Left: Android device, Right: VR device)
3.3. Scenario 3 (Case: Online Users + Offline Users)

The third scenario integrates Scenarios 1 and 2, meaning both
offline and online users. Users who experience the proposed sys-
tem in either way can experience the system in other ways as well.
This means that a person who has experienced an online service
can, of course, experience the offline service.

4. Experiments

In this section, we tested how the actual system works based on
the proposed system and the user scenarios that follow.

Our experiments were conducted at Soongsil University. We con-
ducted two types of experiments ‘online’ and 'offline'. In the online
experiment, the user can find the target building by using NAVER
or Google maps. The results of the experiments 2 and 3 are for

offline scenarios. The target should be located in place that is visi-
ble to the camera, and then the Android device detects the target
and maps additional information in real time. The results of exper-
iment 2 are similar as those of experiment 4, but in this experi-
ment we used virtual reality glasses to obtain more realistic re-
sults.

The results of the experiment are presented in two layers. The first
layer offers a real-time view from the camera that was used to
recognize target. After recognizing the target, the second layer is
mapped to show a prerecorded movie clip or image.

Fig. 7: Results for Experiment 1: Recognizing the target on the screen and
mapping additional information

Fig. 7 shows an online experiment in which the user can find the
target building by using NAVER or Google maps. After finding
the image of the target building, the user can recognize the target
by using our application on an Android device. The user will ob-
tain more detailed information by watching a movie clip that is
mapped onto the target building, and this movie clip can show the
inside of the building: corridors, elevators, rooms, and so on.

Fig. 8: Results for Experiment 2: Real time recognition target and map-
ping additional information

Fig.8 shows the results for when the user is inside the building.
The target recognition and mapping additional information occur
in real-time by using an Android smartphone. After recognizing
the target application, a prerecorded movie clip is mapped to
demonstrate the equipment, computers, doors, etc., located inside
of the target room.

Fig. 9: Results for Experiment 3: Real time recognition target building and
mapping video information
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Fig. 9 shows the results when users are located outside of the
building. The users can use their Android devices to recognize the
target building, and a prerecorded movie clip will be mapped
when the target is recognized. The movie clip will show a com-
plete overview of the interior of the building, such as the lobby,
elevators, corridors, and rooms that are located inside the building.
Using this method, users can get obtain more realistic and under-
standable information of the inside of the target building.
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Fig. 10: Results for Experiment 4: Real time recognition target and map-
ping images using VR glasses

To obtain more realistic results when using our system, we devel-
oped a VR version of the application for Android devices. Figure
10 shows the real-time recognition of a target by using virtual
reality glasses. In this experiment, the user has to be located inside
the building next to the room that the user wants to preview. By
using an Android device and virtual reality glasses, the user can
see an image showing how the office is equipped. The user can
then obtain more detailed information regarding the size of the
room, the number of seats, number of computers, and so on.

5. Conclusions

In this paper we present a system that uses VR and AR to provide
users with information regarding the interior of buildings by view-
ing the exterior. The system allows users to access buildings
online and offline, and scenarios are designed based on such an
approach. Then an experiment was carried out based on such sce-
nario. When the users view the outside of the building through the
device, both the online and offline modes, the VR and AR content
provide information inside the building, and it is possible to pro-
vide a more realistic experience. The system that was proposed
and developed in this paper allows the user to access information
about the building through VR and AR without space restrictions.
Also, our system can be used in other buildings. To use our sys-
tem in other buildings, we just have to add the target image and
movie clip to our system. There is a possibility for these outcomes
to be further developed by combining with other technologies.
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