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Abstract: An architect creates his/her design to meet owner's requirements. Floor plans,
perspective drawings, and scale models are used in order for the owner to choose the design. The
tools are a little helpful for communication between the architect and the owner in case the owner
does not know architecture. The scale models are good, but it is hard to make scale models while
design is in progress. 3D CAD is a good tool for communication, but it is time-consuming and
requires high-performance computer hardware. Augmented reality is able to show 3D virtual
models that are updated by the architect with smart devices such as a smart phone and a tablet PC.
The owner frequently reviews the updated design anytime anywhere. This study proposes a method
to use augmented reality for architectural design and construction management. The method
supports the communication between the owner, the architect and the contractor to review updated
designs, and to complete the building project. 3D models expressed in augmented reality are
created using SketchUp with 2D drawings for building construction. An Android application
implementing augmented reality is developed by Qualcomm Vuforia and Unity on smart devices.
Drawings as markers and 3D models are connected in Unity. And functions that temporarily hide
unnecessary parts can be implemented in C# programming language. If an owner, an architect, or
a contractor looks at a smart phone on a 2D drawing, he/she can identify building elements such as
3D buildings or columns on a screen. This can help communication between them.
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1. INTRODUCTION

A building is created based on drawings and specifications by several stakeholders such as an
owner, an architect, a contractor and many subcontractors. The owner's requests are implemented
with the drawings, which are realized to the building by the contractor and subcontractors. The
drawings and specifications are the documents for contracts, and are basic and essential
components to complete the building. The drawings are mostly designed by CAD software.

The contractor uses CAD drawings to communicate with subcontractors, but workers in a
construction site usually prefer paper drawings that are convenient for them to understand and do
their works. The workers create a real 3D building from 2D printed drawings. When they
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misunderstand the drawings, damage or errors in quality, cost, or time may happen in constructing
the building. A 3D model (drawing) reduces the mistakes occurring in important or complex works
such as rebar placing and beam joints.

A high performance computer system is necessary to use 3D models in a construction site. The
computer in the site office reviews the 3D model in various aspects, but it is difficult to use the
computer system in the construction site. A portable smart device such as a smartphone, a smart
pad, and a tablet PC has good hardware performance to show the 3D model.

Recently, BIM (Building Information Modeling) is used for building design and construction.
BIM needs high performance computer system and an operating engineer to show 3D models, then
it is not easy for a contractor and subcontractors to use BIM or 3D models in a construction site.
AR (Augmented reality) is appropriate to utilize 3D models already made for BIM implementation.
AR is a virtual implementation of a 3D model above a 2D image, which can virtually show the
building elements on a printed drawing via a smart device.

This study proposes a process to use 2D drawings to make 3D models and a method to use AR
for building construction management, and develops an Android application for the smart device.
The developed Android app applied to the actual building site. However, only concrete work is
reviewed.

2. BUILDNG CONSTRUCTION AND AUGMENTED REALITY

2.1. CAD and BIM

Concerns at the time of introduction that 'CAD will undermine the architectural design spirit and reduce
the quality of design products' have been amplified by the increased productivity gained by using CAD and
the improved communication between design participants [1]. It is being developed from 2D CAD, which
was used to help create drawings, to 3D CAD consisting of objects that embody space and express walls,
columns, floors, and windows. 3D CAD refers to computer-aided design that can automatically design 3D
objects, supports more accurate design analysis than 2D CAD, and is enhanced in use, especially in
architecture, with the advantages of ease of overall formulation and simulation [2].

The advantage of 3D CAD is the object orientation that each part of each building is made up of individual
objects, so that the information in the object can be utilized. Object-oriented 3D CAD is not only effective
in improving the inefficiency of existing 2D CAD-based design work, but also is an efficient tool for
constructing architectural information corresponding to construction informationization database. In other
words, it is possible to extend various design information to engineering, construction and even maintenance
by using object-oriented 3D CAD at the design phase which is the starting point of construction life cycle
as basic data for construction informationization. A method for automatically calculating and estimating the
amount of material consumed by the volume or material of an object in object-oriented 3D CAD [3] is also
proposed. There is also a 4D CAD model [4] that retrieves the quantity information by schedule in the 3D
CAD model and formalizes it. The purpose of this paper is to formulate a series of processes to generate 4D
model quickly and easily based on the information that an object has and to retrieve the quantity information
by schedule. However, the utilization of 3D CAD in actual construction work is relatively low compared
with the utilization of 3D CAD. A typical reason for poor utilization is the increase in design costs. [5]

As object-oriented 3D CAD expands, interest in BIM is increasing, which models facilities in virtual
space from planning, design, engineering (structure, facility, electricity, etc.), construction to further
maintenance and disposal in multidimensional virtual space. BIM is used in all stages of construction
projects, such as using the building model created by 3D CAD to identify the design errors, calculate the
quantity, and check the interference of the electrical and mechanical equipments and pipes. A method of
selecting a tower crane in the BIM environment in the equipment planning process of the temporary facility
planning [6] is also presented. The selected tower crane is displayed in 3D model using CAD in
consideration of the contents and volume to lift vertically.
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2.2. Virtual Reality and Augmented Reality

4D CAD is a kind of virtual reality that shows construction progress according to time by adding schedule
information to 3D CAD model. Virtual reality technology, which expresses designed buildings in 3D virtual
space in advance and visualizes the construction process, has been widely applied as 3D CAD is developed.
In addition, it provides a lot of help to project and construction management through simulation considering
construction environment and resources. In the late 1990s, three-dimensional simulation for apartment
house process management [7] shows the process of constructing according to the time as a 3D CAD model,
which is a kind of virtual reality technology.

However, since the virtual reality technology excludes the real world image from its implementation
process, it cannot directly compare the actual state of the construction and the 3D model stored in the
computer [8]. Augmented reality is a technique to overlay a virtual object into actual environments to
compensate for the limitations of virtual reality. [9]

Location-based services are provided by using augmented reality for construction projects. This service
can be used in smart devices in construction works where location is important, such as road construction.
The road management system [10] overlaps data stored at the current road location via cameras to manage
and restore roads. This research claims that the system reduced time and cost for road management.
MARSIFT (Mobile Augmented Reality System for Infrastructure Field Tasks) [11] also presents a way to
present real-time information about actual targets, such as roads, bridges and tunnels, on mobile devices.

Another way to utilize augmented reality is to show and review virtual objects using image markers. A
system for manipulating the indoor environment using augmented reality markers and gesture recognition
[12] was also developed in Korea. An AR based building management system [13] using markers to indicate
the location of cameras and 3D models provides the information of virtual models by displaying building
information and facility piping information using small computers and cameras. The system recognizes a
tag attached to the main part of the building by a camera and displays 3D models with the information stored
in the computer. A study using AR in the housing site layout plan [14] also shows and moves a simple object
model in virtual space, providing an environment where users can easily see 3D models.

If VR or AR can show construction progresses, students will be able to improve their understanding of
building construction. Park [15] uses AR to train the details and placing of rebars. Using the structural
drawing as an image marker, the rebars of columns and beams are displayed in three dimensions on the
screen.

2.3. Utilization of Augmented Reality

Efforts to pursue the development of the construction industry by using AR are continuing. In particular,
efforts are being made to integrate AR with BIM or virtual reality, and to apply it to safety management as
well as construction management.

Chua et al. [16] suggests that BIM and augmented reality should be integrated to improve work
productivity in construction work. Experiments by students who have more than one year of practical
experience show that existing 2D drawings are being improved in the process of information extraction and
productivity with minimum modifications, including QR (Quick Response) codes. This means that the
productivity of the construction industry increases with the utilization of BIM. Li et al. [17] reviews ways
to utilize VR and AR for construction safety and argues that they will be further used for safety management.
Kim et al. [18] present 4D CAD drawings using image markers. Although additional markers are added to
the drawings to recognize them, a material model and the like are displayed on a PC basis in AR, but
construction information and 4D simulations are difficult to understand in detail. A study [19] was also
conducted to introduce augmented reality to Hanok (Korean traditional housing) with complex types and
components. It proposed a construction method of new Hanok joints, and researched guidelines and
information acquisition method for improvement of workability and process management as mobile AR.

A method of showing a building under construction in a virtual reality space has been proposed, but high-
performance hardware is required. However, when augmented reality is used, only necessary parts can be
created as a 3D model in virtual space, and the 3D model can be observed from various locations by users
manipulating 2D drawings or moving cameras. The 3D shape of the building and each member can be
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utilized by using augmented reality in a construction site. It is also possible to check the same model at
different angles at the same time by using multiple Smartphones.

Ryu et al. [20] provided an AR model for tower crane selection. VVuforia and Unity were used to develop
an Android application representing buildings and two tower crane models in 3D space. This study
complements and develops the method and content of this study.

3. DEVELOPMENT

3.1. Development Tools

Tools for implementing AR on Android-based smart devices include Google's AndAR, Qualcomm's
Vuforia, and so on. In this study, 3D models expressed in AR are created using SketchUp (shown in Figure
1) with 2D drawings for building construction. In reality, the drawings are realized in most cases that are
not easy to convert to three dimensions. As a result, a method of using a sketchup that can easily be converted
to a 3D model as a 3D model.

An Android app (application) implementing augmented reality is developed by Qualcomm Vuforia and
Unity (shown in Figure 1) on smart devices. Though Eclipse with Vuforia was used to develop the app in
the previous study [20]. The 3D models are imported into the Unity without conversion, and are moved and
scaled up and down to image markers. 2D Drawings as markers and 3D models are connected inside the
Unity. And functions that temporarily hide unnecessary parts can be implemented in C# programming
language shown in Figure 2.
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Figure 1. Unity and SketchUp
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Figure 2. Source code written in C# in Unity
1070



3.2. Utilization in Building Construction Phase

Through an AR app developed based on Android, stakeholders such as a field manager, a worker, and a
supervisor can review the whole building, columns, and beams implemented as 3D models on the 2D
drawing. They can communicate more conveniently and cooperate in terms of better quality, safety, cost
and time.

Figure 3 is a 3D building model on a 2D drawing using AR. A user can see various aspects of a 3D
building by moving his/her smartphone running an augmented reality app or rotating a paper drawing. The
3D model of a building made by floor or site is hidden or shown in the AR screen through the C #
programming language.

Members of a building represented in the 2D drawing can also be expressed in AR. Figure 4 shows
reinforced concrete columns of the building in Unity. They can be placed at the same position to show the
reinforcing bars inside the columns shown in Figure 5, and only the column rebars can be shown in AR by
making the column's concrete temporarily invisible. This allows you to check the position of the rebars of
each column and easily check whether they are installed properly in the field.
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Figure 3. Building model with 4 floors in Augmented Reality
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Figure 4. Reinforced concrete columns in Unity
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Figure 5. Column section drawing with rebars and AR column model

Figure 6 shows an example to adapt the Android application in a tablet PC. It is possible to compare the
AR building model and the real building under construction at the construction by adjusting the scale of the
AR model. However, it may happen that the marker is not recognized properly due to sunshine and dust in
the construction site. The AR model, which is consistent with the observer's viewpoint, needs to be improved
in the future.

Figure 6. Views of the real building under construction and the AR model

4. CONCLUSIONS
AR is used in various fields and applied to the building industry. It is also used to review 3D models for

architectural design and to understand rebars in a concrete structure and others drawn in 2D drawings. In
this study, an AR app is developed to better manage construction works.
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(1) 1t is difficult to use BIM or VR for construction work. If only the required parts of the drawings are
made into 3D models and the drawings are used as image markers, construction errors can be reduced
through the use of 3D models, even if they can be easily identified by construction managers or workers at
the site. The 3D model of the building was created by SketchUp, and the AR app for Android devices was
developed by Vuforia and Unity. The 3D model of the entire building showed the floors to check the
construction progress.

(2) AR implemented in a smart device is excellent in mobility, so that a 3D model is viewed in various
directions and at various locations, and many users with smart devices can experience AR at the same time.
However, when the screen of the smart device is small, the virtual space is expressed in a small size, so that
it is difficult to adjust the position of a building or a member and to select a three-dimensional model.

(3) Implementing buildings and components as augmented reality can be used to educate architectural
students with little field experience. Because it is difficult to understand the building through the drawings,
itis possible to improve students' understanding of the building by observing the AR 3D building in multiple
angles and examining the location, size and members of the building. If hidden components of the building
such as floor, ceiling, and walls in the future, it will be more helpful for education about building
construction management.
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