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Abstract. In this study, an Augmented Reality (AR) system is developed to be used for visualizing design projects of buildings. In such
design projects, it is desirable to enable design stakeholders visualizing
the outcomes of different design options to reduce the resistance and
hesitation towards new design challenges. The research proposes an
outdoor mark-er-less AR using Simultaneous Localization and Mapping
(SLAM) for the AR tracking. Our proposed system performs reconstruction and localization steps in real-time, as opposed to similar methods
in which the reconstruction step is done offline. A case study has been
performed for a de-sign scenario of buildings. The case study verified
the performance of visualization and tracking.
Keywords. Architecture and urban environment; Augmented Reality (AR); Simultaneous Localization and Mapping (SLAM); Visualization.

1. Introduction
In recent years, redeveloping or renovating existing buildings has become common to improve visual landscape, which is important in enhancing our quality
of life. The need for visual landscape assessment of large-scale projects to evaluate the impact of projects on the surrounding landscape is increasing. In such
projects, owners can actively participate in the design of new functionalities or
interior setup. While it may be easier to grasp the complete image of a new construction for professionals, it may be difficult to envision the outcome of a design
or renovation project for laypeople. Hence, there is a need for a method to visualize design outdoors as well as to communicate and to share idea between designers
and non-professional.
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Augmented Reality (AR), which can visualize the design can be a solution
to the problem and is becoming common in architectural and urban development
fields (Reitmayer et al. 2006; Karlekar et al. 2010; Schubert et al. 2015). AR
overlays images or 3D virtual objects on real world images with computer generated data using video or photographic displays. AR can help visualizing full-scale
building projects at the planning or design stage before the actual construction and
can be used to visualize some properties of the building. AR is similar to the Virtual Reality (VR) technology. However, VR needs to have not only the design
objects but also the surrounding buildings. Conversely, AR can use surrounding
objects and context from live video images resulting in saving time and cost. In
a VR scene, special devices are needed, such as controllers to operate viewpoint
or 3D movements. However, in an AR scene, this operation can be realized by a
camera for more intuitive operation.
In this study, an AR system is proposed for the use in outdoor environments
specifically for visualizing design outcomes for buildings at the design stage. In
comparison with other design study meetings in a conference room, our system enables non-professionals to check building information, such as 3D virtual objects,
by integrating full-scale models at the planning or design site. To realize this, our
system is required to be operable outdoors by people who are not fully familiar
with Information Technology (IT) tools.
To use the AR technology in this context, a big challenge is to realize it outdoors with a high precision for registration and a robust tracking. The accuracy
mainly depends on the geometric registration with the live video and 3D virtual
models. To solve this registration issue, relationships among positions and postures of users, and positions of drawn 3D objects should be identified by an AR
system. The reference point of geometric registration is the sensor position in
sensor-based methods (with physical sensors such as GPS sensor, gyro sensor, acceleration sensor), or the position of artificial markers in marker-based methods,
which is one of the vision-based methods (Yabuki et al. 2011). In the sensor-based
methods (Watanabe 2010), registration accuracy depends on sensors’ performance.
In an urban area, it is known that GPS sensor’s accuracy is not high because of
high-rise building.
Meanwhile, in the marker-based method, it is possible to position a 3D model
near a marker by using a large-scale marker for visualizing an outcome of buildings. This method is relatively easy to implement; however, the camera needs to
constantly capture the marker, which brings limitations for the users’ movability
and challenges related to the installation of large markers.
Therefore, marker-less AR system that does not need artificial markers has
been developed. The conventional method of marker-less AR systems relies on
natural features of the image from the live video. The position and posture of a
3DCG model are decided according to these natural features. However, the natural
feature, which is used for geometric registration, needs to be always captured by
the AR camera. Using point clouds for detecting natural features is another option,
such as the research by Yabuki et al. (2012); however, the system needs special
equipment, such as 3D laser scanner, to detect these point clouds. Some research
realized marker-less AR using Structure from Motion (SfM) technique, which can
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reconstruct 3D shapes from photographs of plural viewpoints (Dellaert et al. 2000).
However, AR systems using SfM (Frey et al. 2013; Sato et al. 2016) have specific
limitations. For example, there is a time lag between the process of point cloud
reconstruction and the process of system use.
In contrast, as another 3D reconstruction technique, Simultaneous Localization
and Mapping (SLAM) (Leonard et al. 1991) is attracting attentions. SLAM can
realize 3D reconstruction in real time (Martin et al. 2014). Some Head Mounted
Displays (HMD), such as Hololens, use SLAM-based tracking method. However,
these kinds of displays have problems in outdoor use. First, full-scale building
cannot be visualized on a display with an HMD because the area of the display
is narrow. Field of view of such displays are also small. Second, resolution of
HMD is still low. A low-resolution image of a building design could lead to users’
misunderstanding.
In this study, a marker-less AR system is developed based on visual SLAM to
realize a robust outdoor tracking with free movement. The proposed system uses
a camera on an android tablet to execute vision-based tracking.
2. Methodology
Our proposed system for visualizing the design of a building runs on an android
tablet or a smartphone and our tracking method is based on visual SLAM. It consists of four steps; creating a 3D model, initialize the position and rotation of augmentation, tracking, and visualization using AR. At first, a 3D model of the building is created based on design drawings using a 3D modelling software application.
Secondly, the position and rotation of 3D models are initialized by inputting geometric coordinates to the system. In the tracking process, the system tries to find
features in surrounding environment and to localize the position and identify the
rotation of the camera. Finally, each frame is augmented.
2.1. 3D MODEL CREATION

3D models of the architectures are created by software applications such as 3D
modelling software or BIM authoring software applications. The created 3D models are converted into a highly versatile format such as fbx.
2.2. INITIALIZATION OF AUGMENTATION

To localize the 3D models, coordinates that are measured in advance are used. In
the conventional AR, it is possible to acquire the registration reference points before running the system. For example, in marker-based methods, the position and
the orientation of the augmentation are defined based on markers. In sensor-based
methods, the geographic coordinates, which are obtained by the GPS sensor, are
used for the alignment. However, in our system, since the reference points used
for the registration are generated in real-time, it is not possible to define the registration points in advance. Meanwhile, the registration in this study does not
necessarily start from free viewpoints. Visualization of the augmentation by the
AR can be registered from a fixed viewpoint since the proposed system is for a
design study of buildings. After determining the viewpoints, the position and pos-
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ture between the viewpoints and the 3D model to be rendered are measured. Next,
the position coordinates and the angle of the rotation are input to the system. In
addition, it is necessary to match the coordinates system used in our system with
the coordinate system of the screen projected by the AR camera at this time.
2.3. TRACKING METHOD BASED-ON VISUAL-SLAM

In this research, the tracking method is based on SLAM. SLAM is a technology
that is mainly used in the field of robotic engineering. With SLAM, it is possible to
estimate the position of the robot and perform environment mapping at the same
time. In recent years, SLAM has been extensively studied from basic research
level to practical application level in the industry. As an extension of SLAM,
visual SLAM that performs SLAM processing with a camera or cameras instead of
sensors has been investigated. The advantage of AR using visual SLAM compared
to other vision-based AR is in its real-time processing. In the AR using visual
SLAM, the registration and generation of reference points used for registration are
performed at the same time. In the marker-less AR using SfM, there is a time lag
between preprocessing to reconstruct point cloud of an environment and real-time
processing to draw augmentations (Bae et al. 2013). Therefore, the change in the
illumination condition and shadows affect the accuracy of alignment and tracking
outdoors. However, since there is no time gap between point cloud reconstruction
and real-time processing in SLAM, these effects are limited. Basic processing of
visual SLAM is as follows:
1.
2.
3.

Tracking a set of feature points through successive image frames
Triangulation for projecting points used for tracing to the 3D space
Estimating the tracking point after a movement to estimate the camera position
and orientation

2.4. SYSTEM IMPLEMENTATION

In this study, the proposed system was implemented using a game engine, C #
programming language, and System Development Kits (SDK). To create a 3D
model of a building, Autodesk Revit Architecture 2016 was used. Unity 3D (Unity
5.4.0) was used as the game engine. Unity is a cross-platform game engine and
it provides advanced real-time rendering. To realize marker-less AR with SLAM,
KudanAR (ver. 1.3), which supports marker-less tracking based on visual SLAM,
was selected. The tracking method is called as arbitrary tracking which provides
instant SLAM. C # was used for writing scripts in Unity3D. The developed system
was applied to Nexus 9 (Android.5.1.1).
3. Case Study
To verify the applicability of the proposed system for a design project, a case study
was conducted outdoors. The case study was carried out at Osaka University Suita
campus.
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3.1. EXPERIMENTATION

For a design review case study, a design of a house is selected. Using the developed
system, users can review design of a house by changing the rotation of the house.
A sample photo of the experimental scene is presented in figure 1 and figure 2.

Figure 1. Experimentation area.

Figure 2. Tracking route and the initial viewpoint for experimentation.

The procedure for the verification study is presented in the following steps:
1.

A 3D model of a house was created in Revit 2016 (figure 3). Although the Revit
model can be directly exported to Unity, the coordinate system will be changed
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during the export process. In order to preserve the original coordinate system of
the 3D model, Autodesk 3ds MAX 2016 was used. The model is exported to 3ds
MAX using .fbx file format and exported to Unity using .3ds format. As the scale
of the model changes in the process of conversion, it is necessary to adjust it.
To initialize the position and rotation of the 3D model, the position coordinates and
the angle rotation were inputted to the system. These coordinates were obtained
by measuring the distance between a predetermined viewpoint and the drawing
position of augmentation. Users can perform the registration from a fixed viewpoint in accordance with the map displayed on the screen. This map helps users
to visually understand where to start the system.
Once the 3D model is placed, the tracking process starts with visual SLAM.
The application of the developed marker-less AR system for building design is
verified.

Figure 3. 3D model of a house.

3.2. RESULTS

This experiment demonstrates that outdoor marker-less AR system can be used
with an android tablet. Figure 4 shows a set of sample outputs of the initialization.
The fixed viewpoint for the AR and the current position of the user are displayed on
the upper right side of the screen. The blue circle indicates the GPS sensor position
considering its error. Figure 5 shows a set of sample output of tracking. Along
with the movement, a slight blur in the model will occur; however, the outdoor
tracking was confirmed.
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Figure 4. Results of augmentation.

Figure 5. A set of tracking outputs.

Figure 6 shows a design alternative that rotated the house model by 45 degrees.
In the tracking process, when the user walks into the house, the position of the
virtual user in the VR space also moves into the house. The view from the interior
of the house is also verified in the experiment (figure 7).
The experiment verified that the system is able to perform registration, tracking
using camera, changing the angle of the house and walking inside the house. Additionally, in comparison with other marker-less AR system using natural features,
the proposed system was less susceptible to the changes in outdoor illuminance.
3.3. LIMITATIONS

In the proposed system, the initial position and rotation of the 3D model are acquired by measuring the distance and the angle between fixed viewpoints and the
augmentation object. These values are converted into the coordinates system used
in the system, and the user inputs them to the system in real-time processing. However, these coordinates are different for each use. This is because the position and
orientation of the android tablet are not stable because of height and eye level difference for each user. Therefore, in order to actually perform nominal positioning,
it is necessary to fix the tablet with a tripod.
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Figure 6. Alternative plan for the building placement.

Figure 7. View from inside the building.

The size of the 3D model of the building is limited. In the tracking process, the
system estimates the current position and the orientation of the camera while finding features of an environment surrounding the camera. These points are generated
based on the ground and walls. However, for example, for drawing a skyscraper
in AR, in the case of a near view, it is necessary to look up at the building in order
to confirm the overall appearance of the building. Along with looking up at the
building, the ground and wall disappear from the screen and the area of the sky
increase, making it difficult to find trackable points in the scene.
There are also problems related to camera’s movement. Our system has a robust tracking with camera move such as pan and tilt. However, the system easily
loses sight of trackable features when dallying or moving around the house. If a
system user moves a few meters, errors in the position, orientation and the scale
of virtual objects become larger.
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4. Conclusions and Future Work
In this research, an outdoor marker-less AR system using visual SLAM was developed for an intuitive and realistic study on the planning and the design of buildings.
The developed AR system has been verified in a case study. In the case study of
visualizing a house, which is assumed to be placed in Osaka University Suita Campus, registration, tracking, changing the angle of a building and walking inside the
3D model of the house were verified.
This system contributes to the field of architectural design by realizing intuitive design study by visualizing the model of the building outdoors. In order to
use the system; even if fixed viewpoints are defined, complicated and high cost
pre-processing are not necessary. In the tracking process, the system showed the
possibility of walkthrough inside the building.
As future work, it is necessary to conduct detailed precision verification experiments for the tracking process. A comparison of the robustness of the tracking of
the development system with the other AR system should also be performed.
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