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Abstract: Building Information Modeling (BIM) refers to 3D-based digital modeling of buildings
and infrastructure for efficient design, construction, and management. Governments have
recognized and encouraged BIM as a primary method for enabling advanced construction
technologies. However, BIM is not universally employed in industries, and most designers still
use Computer-Aided Design (CAD) drawings, which have been used for several decades. This is
because the initial costs for setting up a BIM work environment and the maintenance costs involved
in using BIM software are substantially high. With this motivation, we propose a novel software
system that automatically generates BIM models from two-dimensional (2D) CAD drawings. This is
highly significant because only 2D CAD drawings are available for most of the existing buildings.
Notably, such buildings can benefit from the BIM technology using our low-cost conversion system.
One of the common problems in existing methods is possible loss of information that may occur
during the process of conversion from CAD to BIM because they mainly focus on creating 3D
geometric models for BIM by using only floor plans. The proposed method has an advantage of
generating BIM that contains property information in addition to the 3D models by analyzing floor
plans and other member lists in the input design drawings together. Experimental results show that
our method can quickly and accurately generate BIM models from 2D CAD drawings.

Keywords: information technology; building information modeling; construction

1. Introduction

In the field of architecture, design drawings provide important information on all the
design-related aspects of buildings to be constructed. After the era of making designs using
paper, pens and various manual tools, that is, since the 1970s, drawings have been prepared
using Computer-Aided Design (CAD). In the early 2000s, Building Information Modeling (BIM)
emerged as a widely accepted concept. BIM refers to the modeling (i.e., planning, design,
structure/equipment/electricity engineering, construction, maintenance, and even disposal) of
facilities in multi-dimensional virtual spaces. In addition, BIM includes information on all activities
related to the modeling as well as the model itself. BIM encompasses the related technologies,
software, and processes, and concepts [1,2].

Governments consider BIM as a major means of advancing architectural technology and have
conducted substantial research in collaboration with academia to establish BIM in the market.
For example, the Public Procurement Service of the Korean government required the application of
BIM in the initial public offering stage for projects costing of 50 billion KRW or greater; this requirement
applied to all public construction bids from 2011. Since then, this requirement has been gradually
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expanded to apply to all projects subject to customized services for procurement service construction
orders starting in 2018.

The active efforts of governments to promote the use of BIM are favorable conditions for
establishing it. However, the development of national standards, clarification of the roles between
companies, and settlement of systems for public orders are still insufficient. This can result in additional
expenses such as research and development costs and initial facility investment costs, making it difficult
for private enterprises to actively utilize BIM, because it is not easy to achieve profits by adopting it [3].
There have also been major problems associated with using BIM in design offices since its introduction.
These problems include the lack of skilled BIM users and software compatibility issues. In addition,
the building permission system and design environment remain in their existing two-dimensional
(2D) form, and it is difficult to improve productivity due to the mix of BIM and CAD. Consequently,
2D drawings are still required for collaboration among different business entities [4]. Therefore, it is
necessary to recreate 2D drawings using BIM design files, and research has also been conducted to
automatically generate 2D drawings using BIM [5]. In addition, small and medium-sized architectural
firms, which represent the majority, often employ existing 2D-based designs while BIM partners
transform 2D drawings into three-dimensional (3D) models to produce 3D, 4D, and 5D BIM results.
Hence, it is unreasonable to rapidly introduce BIM manufacturing tools to field workers who are only
proficient in CAD.

Scan-to-BIM [6] is one of the widely known methods for conveniently generating BIM. This is a
method to construct a BIM using data generated by scanning a target building with a laser scanner,
or photo data taken using a drone or a camera. This is a work that can be done on a building that has
already been built, so that this alone has no way of knowing whether the building was built as intended
by the designer, agreed by the owner, approved by the relevant public agency before the actual work
has started. Therefore, in order to verify whether the completed construction was performed according
to the original CAD design, the BIM for the design and the BIM for the actual building must be created
and compared, respectively. For this purpose, a 2D-to-BIM, or CAD-to-BIM, method is often required.

With this motivation, we propose the development of a system that automatically generates BIM
models from 2D drawings prepared using CAD and outputs the results as an Industry Foundation
Classes (IFC) file, where IFC is an international standard format. The overall idea of this method is
depicted in Figure 1. Unlike most traditional methods analyzing only floor plans to detect structural
components through pattern analysis of symbols and lines, our method can be more accurate for
detecting structural components because it analyzes the floor plans after limiting the type and
characteristics of structural components to be shown in the floor plan through the analysis of member
lists as well as floor plans. Furthermore, the proposed system has an advantage of creating data
properties in addition to geometric information (i.e., 3D models) by analyzing floor plans and member
lists (i.e., column list, beam list, slab list, wall list, etc.) together. This can reduce the risk of information
loss that may occur during the process of conversion from CAD to BIM. Another important advantage
is that our method is able to process CAD drawings without using layer information while keeping
reasonable processing speed. The layer provided by CAD is a convenient function and CAD workers
create layers for each member such as column layer and beam layer in many cases. As a result, there are
attempts to separate the members denoted on a floor plan using the layers in most of existing methods.
However, since drawings of a single member can be divided into multiple layers in reality, the existing
methods may fail to function correctly in such case. Therefore, it is often advantageous to be able to
process CAD input independent of layers with reasonable speed.

A building is designed to form a structure that can resist all forces acting on it, enabling it
to maintain its shape and position. The structure is also called a framework because it forms the
skeleton of a building. Building structures can be classified according to various criteria. Based on
the materials that make up the structures, building structures can be classified as wood structures,
brick structures, cement block structures, reinforced concrete structures, steel frame structures,
steel-reinforced concrete structures, etc. Based on the type of structure, they can be classified into
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Rahmen structure, wall structure, truss structure, arch structure, and many others. Most modern
residential and commercial facilities are built with Rahmen or wall-type structures using reinforced
concrete. The elements that constitute this structure are called members, which include foundations,
columns, beams, walls, and slabs. Detailed information on the material composition and the
location of these members in a building is provided in the design drawings. Our work mainly
focuses on the creation of a software system (SW) that performs BIM for the four main members
of the frame (i.e., column, beam, wall, and slab) and the floor plan in the structure of a building that
employs reinforced concrete. Urban services in smart cities often require digital modeling of urban
infrastructures. The proposed system also facilitates the digital modeling and smart management of
urban infrastructures, especially buildings, with low cost.

C10

500 500

h+ =

Figure 1. Example of 3D reconstruction. Hexahedral shape (right figure) of a column can be
reconstructed in 3D from a 2D floor plan and a column list (left figure).

The remainder of this paper is organized as follows. Section 2 presents previous studies related to
CAD drawings and BIM generation. With regard to establishing a system that automatically generates
BIM models using CAD-prepared 2D drawings, Section 3 discusses the basics of the input design
drawings and output IFC file formats that will be used for the proposed system. Section 4 describes
the details of the proposed system, and Section 5 provides the analysis results of the implemented
system. Finally, we present our conclusion in Section 6.

2. Related Work

CAD has been used to prepare design drawings for several decades. Research on analyzing
CAD drawings and automatically producing relevant results has a long history. CAD can be utilized
to develop a consistent system for structural analysis, section calculation, and frame evaluation [7].
Architectural drawing recognition technology has been studied to effectively handle large amounts
of CAD drawings in digital form [8]. Hsu et al., demonstrated a technique for extracting and
automatically classifying text information from 2D drawings drawn using CAD to effectively manage
numerous design drawings [9]. Systems can extract information from CAD drawings and calculate
the volume based on the extracted information. These studies focused on printing CAD-prepared
design drawings for image analysis, directly analyzing the state of the file to extract the desired
information, and automating the task of classifying or objectifying this information. Although the
aforementioned previous attempts may differ from our method in terms of actual implementation,
the basic concept of extracting and objectifying appropriate information from design drawings is an
underlying commonality.

Several related studies, such as those on converting IFC files into other formats, modifying the
contents of the file itself, or analyzing the contents to extract and process building-related information
have been conducted. Zhu et al., proposed an open-source approach that converts IFC file data to
a shape file in order to utilize the BIM information in a geographic information system (GIS) [10];
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this approach included an enhanced automatic multipatch generation algorithm to achieve this
transformation effectively [11]. In a study by Ying et al., the IFC model expresses a curved surface
as a polyhedron shape. An algorithm for creating a new IFC BIM model was developed to ensure
that the polyhedron shape has the correct geometric relationship [12]. A framework to determine
whether model elements are correctly mapped to the IFC class by searching for IFC BIM components
was developed [13]. Lin et al., proposed i-GIT, which uses geometrical information from IFC models
to create an indoor route [14]. Zhang et al., developed an algorithm that automatically analyzes
BIM models in IFC files and suggested preventive measures for various cases that are related to
falls [15]. Rio et al., conducted a study to further define and enter the attribute information contained
in IFC files to examine whether the building violated the prescribed law [16]. With regard to the
issues of eco-friendliness and energy conservation, Andriamamonjy et al., proposed a method of
analyzing IFC files to automatically enter the information required for an eco-friendly housing
performance assessment program [17]. Chen et al., developed an algorithm to extract IFC-based
cladding requirements for building energy performance assessment [18].

In the field of computer science and engineering, the technology for automatically creating BIM
models based on 2D horizontal and vertical drawings can be considered as already mature [19].
A comprehensive survey of this technology was described in Yin et al. [20]. Such technologies are
also already available in the field of architectural design. In fact, there have been many attempts to
create 3D design information from various underlying data. Such attempts can be divided into two
main types: (i) constructing BIM models by scanning, photographing, and analyzing a building using
devices such as lasers or cameras for its operation and maintenance [21], (ii)preparing a 3D design
directly from drawings or related information.

Regarding the first type, the construction of 3D indoor information through ground laser scanning
was performed [22,23]; furthermore, Li et al. [24] compared the 2D vector data extracted using a
ground radar (LiDAR) with architectural design drawing data to analyze the usability of 3D indoor
information. Lu et al., created a system that automatically analyzes images of buildings taken using
digital cameras to recognize building surface materials and store them in the IFC format [25–27].
A low-cost RGB-D cameras can be used for automatic generation of indoor as-built BIM models [28].
Regarding the second type, most approaches are based on automatic or semiautomatic analysis of
architectural floor plans [29] including topological information [30,31]. The input can be scanned
plans [32–34] as well as mechanical drawings [35,36]. The conversion from 2D information to BIM
models often requires recognition of 2D data and 3D model reconstruction processes [37,38]. Lee et al.,
analyzed 2D design data to automatically generate terrain information in three dimensions, particularly
after the completion of civil engineering works [39]. Zlatanova et al., conducted a study regarding
the creation of 3D spatial information using a 2D fire target drawing [40]. Semantic ambiguities may
occur during the conversion process from 2D CAD data to 3D BIM models. Zhang et al. [41] addressed
this problem by eliminating the ambiguities and improving information integrity. Similar algorithms
for the reconstruction of 3D models from floor plans can be also used for immersive virtual reality
applications [42]. In a recent work, Beacons coupled with BIM models were used to provide location
and guidance inside a building in real time [43].

Most existing studies of the second type are characterized by analyzing only the floor plan,
regardless of whether using scanned 2D floor plans or CAD files. If all we want is just a simple 3D
model, not BIM, this can be enough. However, what we want is often a BIM that contains property
information in addition to 3D models. Given that all the information required for the construction
is included in the drawings and specifications, more drawings in addition to the floor plan can be
analyzed to obtain valuable results, and thus a method to do so like ours is desirable.

The term automation means that a software handles a majority of the work that is supposed to be
done manually. It is necessary to further clarify the meaning of “automation”, which can be considered
with regard to two aspects: (i) the number of stages of a manual process that are being executed by the
software and (ii) the proportion of the total manually written or entered information that is handled by
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the software. The former is referred to as process automation, whereas the latter as information input
automation. It is very important that these two are satisfied simultaneously, including the required
extent of satisfaction.

In terms of process automation, CAD generally supports layer functionality, and it is common
for CAD users to use it for creating design drawings. For example, a user creates a column layer to
draw a column, and a beam layer to draw a beam. Then, when developing an analysis algorithm,
one may want to use the patterns drawn by the user such that the function works by inferring the
characteristics of the layer; however, one cannot ensure that only the members that correspond to
that layer are included. If the design drawings are directly modified, beams may inadvertently be
drawn on column layers. In this case, drawing beams on an inappropriate layer is only an internal
problem with regard to CAD, and a combined drawing will be seen from the perspective of those who
see the printed designs on any layer. However, a software that analyzes drawings on a layer-by-layer
basis will face difficulties in this regard. Accordingly, several CAD analysis softwares require users to
assign layers before starting the analysis. The meaning of each layer should be designated by the user.
Similarly, when processing the entire file is difficult, users can drag each area using a mouse to specify
that area. These methods significantly reduce the degree of automation of the process.

There are open source BIM projects and related softwares that can be freely used for BIM modeling
and visualization [44]. Table 1 summarizes a list of such projects. On the other hand, there are
commercial BIM platforms that can be used for BIM modeling as well as analysis and visualization.
Revit by AutoDESK and ArchiCAD by Graphisoft, which are considered leaders in introducing BIM
design software to design offices, support outputting files in the IFC format in addition to their own
output file formats.

Table 1. Open source projects for CAD and BIM.

Software Characteristic Website

Open Source BIM Server Managing IFC files as databases. www.bimserver.org
BIM Surfer WebGL viewer that displays IFC files on web browser. www.bimsurfer.org

IfcOpenShell IFC geometry engine based on OpenCascade. www.ifcopenshell.org
IfcPlusPlus IFC viewer using QT and C++ environment. www.ifcquery.com
FreeCAD Utilizing IfcOpenShell based on OpenCascade. www.freecadweb.org

xBIM Toolkit NET open source software development toolkit. www.xbim.net

3. Input and Output Information

We divide the architectural design process into the (i) planning, (ii) intermediate, and (iii)
implementation steps. In the planning step, architects set design goals for a building and present a
potential plan based on the data provided by the owner. Architects also propose a plan for establishing
the design concept and the basic system, and obtain approval from the owner. In this step, architects or
designers identify basic information for the design based on the overall data of the building as well
as the related facilities and sites. Generally, cadastral maps, urban planning charts, and survey
charts are used; however, as the aforementioned maps and charts often differ from the ground
truth, the conditions of the surroundings should be checked through onsite surveys. Through these
planning steps, the outlines of the building size, composition, flow plan, layout plan, etc. are devised.
An overall policy on the structure, materials, and facilities is discussed with the building owner to
draw conclusions.

In the intermediate step, various reviews are performed to clarify the details of the planned
design, minimize the possibility of changes in the implementation step, prepare a design document
that elucidates the amount and capacity of materials and equipment required according to the system
confirmation, and to obtain approval from the owner. In this step, the judgment of administrative
agencies and other groups related to the intended building is obtained. The structural plan and

www.bimserver.org
www.bimsurfer.org
www.ifcopenshell.org
www.ifcquery.com
 www.freecadweb.org
www.xbim.net
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facility plan are developed based on the planned design, and the drawings are prepared by accurately
indicating the location and dimensions of the structural members.

The implementation step involves the preparation of architecture design documents necessary for
bidding, forming contracts, and constructing the building based on the result of the intermediate step
so that the scope, quantity, quality, dimensions, location, material, texture, color, etc. of the construction
work can be determined. As the name indicates, this step involves the creation of an implementation
design drawing with detailed information that can be used during construction. The architecture design
document encompasses the drawings of construction works, structural bill of materials, specifications
regarding the construction of a building, etc. In other words, the architecture design document contains
all the information necessary to proceed with the construction work, including the design drawings,
calculation of the budget for constructing the building, and documents related to the geology of the
construction sites. Although laws and regulations define what an architecture design document is,
they do not define the format of such a document and the content to be included in it. Different users
may have different criteria regarding the information required for design drawings and the manner
in which that information should be written. Concerned professionals and organizations have made
agreements and set standards on the composition and form of design drawings within the people
engaged in fieldwork after a regular process in the field of architectural design. One example of
such an agreement is the Korean Architectural Documents and Information Standard [45] written by
the Korean Architects Association. Although this standard is not mandatory because it is merely a
guideline, it serves as a good reference, as it is believed to contain the consensus on design drawings.
This standard provides clarification on the types of drawings that should be included when preparing
design drawings. In this report, discussions with regard to design drawings are presented based on
this standard. The design drawings to be used in relation to the framework within the scope of this
paper are those corresponding to the member list and the structural floor plan; hence, we examine the
information contained in them, as follows.

3.1. Member List

The member list is a general list for each member: columns, beams, slabs, and walls.
This list contains information on the cross-sectional shape of each member. The materials required
for each member should be placed in the list. To construct the frames of reinforced concrete
structures, which is the main subject of this research, rebars and concrete are used as raw materials.
Consequently, the crucial information includes the manner and shape in which the rebars are arranged.
Here, we introduce the details of the column list, beam list, slab list, wall list, and structural floor plan,
which comprise the member list.

3.1.1. Column List

In the field of architectural and structural engineering, a column is a structural element that
transfers the weight of the upper structural elements to other lower structural elements. Columns are
often used to support beams on which the upper portions of walls or ceilings are laid. A column list is
a table that contains information regarding the columns, e.g., symbol, form (i.e., shape), size, main bar,
sub-bar, and hoop. Figure 2a shows a real example of a column list. This column list contains
information on column C3 of the basement. A (floor, symbol) pair identifies the column. Column C3
of this basement floor will have the indicated cross-sectional shape, which is 700 × 500 in length.
The main-bar will comprise 22 HD25 standard bars, the sub-bar will comprise 6 HD13 standard bars,
the hoop-bar will comprise HD10 standard rebars at intervals of 300 mm, and the supplementary
bars will comprise HD10 standard rebars at intervals of 200 mm. Some of these data may be omitted
depending on whether they are essential or optional.
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(a) (b)

(c)

(d)

Figure 2. Examples of member lists. (a) column list; (b) beam list; (c) slab list; (d) wall list.

3.1.2. Beam List

A beam is a member installed horizontally between columns. It is designed to transmit the force
to the columns horizontally via the slab. A long horizontal member experiences a downward load
in the middle owing to the influence of gravity, and the principle of action-reaction causes both ends
to rise upward. Because the forces acting on the center of the beam and on both ends of the beam
are different, the arrangement of the rebars should also be different. A beam can be divided into an
internal end, a center, and an external end. Similar to the column list, the beam list is a table that
contains information regarding the beams, such as the symbol, form (i.e., shape), size, top, bottom,
stirrup, and subbar. However, the beam is more distinctive than the column. Each beam property
is divided into three types (columns in the table) under one symbol. The three types are internal,
center/all, and external. Based on the construction criteria, the property “center/all” is mandatory
and the columns “internal” and “external” are optional. Thus, cross-section information and rebar
information, which are listed under one symbol, can be presented in one column or be divided into
two columns or three columns. Figure 2b shows an actual example of a beam list.

3.1.3. Slab List

A slab refers to a floor plate. Similar to the tables for columns and beams, the slab table
contains information, such as the symbol, form, thickness, specification of center and end rebars
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(e.g., Lx and Ly) regarding the slabs. Figure 2c presents a real example of a slab list; this list is different
from those corresponding to columns and beams in that there is no sketch of the cross-sectional shape.
The cross-sectional sketch of the floor plate is drawn separately and not included in the list.

3.1.4. Wall List

Columns, beams, and slabs are all members of the structure, whereas walls can be built as
members of the structure or for finishing. For example, partition walls or brick walls for interior
decoration, which are built to temporarily block large spaces, are not members of the structure and
cannot support the weight of buildings. Therefore, the walls used for support are called retaining
walls, and the corresponding wall lists are called retaining wall lists. Similar to the slab list, there is no
shape label in the wall list. Figure 2d presents a real example of a wall list.

3.1.5. Structural Floor Plan

In architecture, a floor plan is a horizontal projection of each floor of a building. A floor plan is
drawn for all floors from the basement to the uppermost floor of the building to be built, and horizontal
projections for roofs and rooftop floors are also included in the floor plan. Among these plans, a floor
plan prepared for structural construction is called a structural floor plan. It contains information on
the manner in which all members, such as columns, beams, slabs, and walls, should be placed.

The structural floor plan includes dimension lines consisting of straight lines and numbers.
Moreover, members installed on the exterior and interior of the building are also indicated in the
plan. Notably, a single member is drawn as a rectangle; however, connected members can be drawn
without separation. Next to the rectangle indicating a single member, a symbol, which is the same
as that listed in the corresponding member list, is drawn to indicate the member type. For example,
in the magnified portion in Figure 3, the symbol C10 is marked and a square is drawn on the upper
left. This means that the symbol C10 must exist in the column list; furthermore, columns with rebars
and cross-sectional shapes corresponding to the ones listed in (1st floor, C10) in the column list will
be placed in the location corresponding to C10 (indicated by a square) in this structural floor plan.
If information corresponding to (1st floor, C10) does not exist in the column list, it means that there
is an error in the drawing. Thus, in the case of this particular structural floor plan, it is clear that a
hexagon (1F, C10) extending vertically as high as 1F will be erected in the position corresponding to
C10. Figure 1 shows the example of this construction.

Figure 3. Example of structural floor plan.
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Similarly, the magnified portion in Figure 3 displays a long rectangular shape drawn horizontally
between C10 and C1. The cross-sectional shape of a beam (1st floor, G1) in the beam list can be also
used to reconstruct a hexagon extending horizontally along the length of the rectangle drawn below G1.
Thus, one can reconstruct the entire structure in three dimensions using member lists and structural
floor plans.

In addition, it is worthwhile to mention that the concept of a floor in a structural floor plan can
be slightly different from what general people may perceive as depicted in Figure 4. For example,
the structural floor plan of the second floor should contain columns and walls of the second floor
and beams and slabs on the first floor. Another characteristic is that columns, beams and walls are
rectangular, but the slabs are without rectangles, but only with symbols. The floor plate pointed by
this symbol is surrounded by adjacent columns, beams, and walls. In other words, the area of a floor
plate is the area drawn inside adjacent columns, beams, and walls.

Figure 4. Division of a building structure with two stories (left) into individual floors that will be
drawn on structural floor plan (right). C: column, W: wall, S: slab, and B: girder/beam.

3.2. IFC File Format

IFC is a standard file format proposed to enable digitized descriptions of facilities,
including buildings and civil infrastructure, and their environments. We use IFC as our output
format for BIM model generation. The open international standard (ISO 16739) was designed for a
variety of hardware devices, software platforms, and interfaces. The related research and promotion
are carried out by buildingSMART International (http://www.buildingsmart.org). The IFC file format
was published from December 1996 (version 1.0) to April 2019 (version 4.2). Among the various
versions, version 2.3.0.1, version 4.0 (ISO 16739:2013), and version 4.0.2.1 (ISO 16719:18) have been
used as standards.

It should be noted that buildingSMART International officially recommends the use of the latest
version, IFC4.1. Furthermore, buildingSMART International has announced that IFC4.1 is fully
compatible with IFC4.0 and with the core definition IFC 2x3 TC1 of 4.1 and 4.0. In spite of this, the list
of all software products that support IFC file formats (displayed on the homepage of buildingSMART
International) indicates that software support is limited to version 2.3.

http://www.buildingsmart.org
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4. Automatic BIM Model Generation

Based on the background knowledge and existing research mentioned previously, we focus on
the automatic creation of BIM models from 2D CAD drawings. We also describe the development of
the proposed system, termed as the Automatic BIM model Generation System (ABGS), as well as the
methods involved. The overall process of the proposed system (i.e., ABGS) is depicted in Figure 5.

File Classification

Member List Analysis

Floor Plan Analysis

3D Data Construction

Output: IFC file (BIM models)

Input: 2D CAD files 

Preprocessing

: splitting into separate files

Figure 5. Overall process of our method (i.e., ABGS).

4.1. Preprocessing

Drawing analysis may be considered the analysis of drawings printed on paper or saved as image
files; however, designers typically use CAD to make drawings and then store them in the native format
of the CAD software to share them; therefore, a rather unnecessary step is necessitated: outputting the
drawing to paper or outputting it as an image. Therefore, this study is based on the direct analysis
of CAD files without considering the output phase. In addition, when designers need to infer how
to store design drawings in a CAD file, they can collect relevant drawings and store them in one file
per group, and in some cases, they can store all drawings in a single file. As the process of analyzing
drawings in this study requires analyzing each drawing as a single file, we perform preprocessing to
convert the input drawings that are in a combined form into separate drawing files. Figure 6 shows an
example of preprocessing.

4.2. Construction of ABGS Process

The ABGS process is divided into the file classification, member list analysis, floor plan analysis,
3D model construction, and output generation steps. In the ABGS, all necessary user inputs
are performed at the beginning of the process to eliminate user input during SW execution and
ensure automation.

During the initialization of the ABGS, a user creates a project and the necessary buildings.
Then, he/she enters the CAD files that he/she wants to convert, including the necessary information,
such as the number of floors and floor height. When the user prompts the SW to start the conversion,
all processes then proceed internally within the software until the IFC file is output. Figure 5 shows a
conceptual flowchart of the entire ABGS process. We describe the working of this process as follows.
First, the entered file is classified according to its name, i.e., according to whether it is a floor plan or
a list, and the member lists to which it corresponds. The algorithm for extracting information from
each member list is not substantially different from the order in which a person reads a drawing.
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Information is converted, from left to right and from top to bottom, into a list of data structures
separated by (floor, sign) pairs. The information that corresponds to the cross-sections of members is
extracted from the drawings. The text in the drawings is also extracted to obtain symbols and other
member-specific information (i.e., properties). The analysis of list-CAD files is depicted in the left part
of Figure 7.

Figure 6. An example of preprocessing.

List CAD files

Member information list
by floor and symbol

Analyze pattern of labels

Analyze right side data of labels

Analyze pattern of labels

Analyze below side data of labels

vertical horizontal

Is the direction
of member data

vertical or horizontal?

Plan CAD files

Member objects list
by floor and symbol

Make a smallest rectangle with lines

Find and match a nearest symbol

Make objects of member

Figure 7. Analysis of CAD files.

As mentioned in Section 3, the labels in the column list and beam list are displayed in portrait
form on the extreme left, and the data corresponding to these labels are written on the right side
of the labels. When analyzing the beam list, it is important to note that several cross-sections can
possess one symbol. In the slab list, unlike the column list or the beam list, the label is marked
horizontally at the top and the corresponding data are displayed at the bottom of the label. If there
is more than one type of floor plate, rows will be added at the bottom of the table for each symbol.
As the form can be considered as symmetric based on the column list or the beam list, the order in
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which data are read can be changed from vertical to horizontal. In some cases, different floors may
be displayed separately for the same symbol. Because this is also seen as symmetrical based on the
origin of the form in which the rebar information is displayed at each end of a single symbol in the
view table, the drawing can be analyzed via either vertical reading or horizontal reading. The wall list
can be analyzed without difficulty because it possesses the same shape as the slab list; however, it has
different labels. After analyzing each list of columns, beams, slabs, and walls, the member information
is generated for each (floor, symbol) pair. All floor members have a (floor, symbol) pair as an identifier.

Our method analyzes the member lists and the floor plan of a building in the same way that we
can imagine the entire three-dimensional view of the building through the floor plan of each floor.
We use the lines drawn on a floor plan to create a rectangle and run an algorithm that creates a pair of
the rectangle with its nearest symbol in that floor plan. This method is reasonable because the symbols
of the members, which are intended to be perceived by a user, are consistent with the general writing
conventions of real people, who tend to draw symbols close to the member to which they correspond.
Then, the information extracted from the floor plan and each (shape, symbol) pair are used to perform
a search; they are then matched with the information corresponding to each floor symbol. This is a
one-to-many match, in which the (floor, symbol) member information resulting from the list analysis
is matched to several (shape, symbol) pairs in floor plans. The analysis of floor plan CAD files is
illustrated in the right part of Figure 7.

The order of finding each member in the floor plan is as follows. First, find the column in the
(shape, symbol) pairs. After the squares of each column are detected, pairs of square and symbol
(i.e., shape and symbol) are created by combining the lines existing between the columns. In these
pairs of (shape, symbol), we find the walls, followed by the beams. Next, the space surrounded by
columns, walls and beams naturally becomes a slab. This is illustrated in Figure 8.
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Figure 8. Analysis of floor plans.
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The same symbol may be used several times to represent a member within a floor plan. This does
not present any issue and can even be considered natural because this simply means that members
with the same attributes will be used in many places. A problem may occur when there is a rectangle
in the floor plan and the symbol next to it is not found in any member list. This is because we do not
know what this rectangular shape means. Similarly, if there is only a shape but no symbol is given,
the meaning of this shape is unknown. Alternatively, if only the symbol is written and no shape is
present, the attributes of the member are known, but the location of the member within the plane
is unknown, assuming that the information corresponding to the symbol is within the list. In this
study, these cases are ignored, and in fact, it would be appropriate to ignore such cases because the
design is unclear. However, when considering user convenience, it would be worthwhile to perform
a preprocessing analysis and inform the user if there is only a shape or symbol, prior to full-scale
operation. It would be also desirable to replace the missing information in the list with the most
structurally relevant information and inform the user of this replacement.

Three-dimensional objects are constructed using user-entered height information and inter-planar
topology information based on the analysis of member lists and floor plans. The information is
saved in a file in accordance with the IFC format. To obtain the output, an open-source project
was selected and employed in this study. With regard to the software environment, IFcOpenShell
was used; it included developer characteristics, development language support, execution-based OS,
and stand-alone application support. The results were saved as IFC2x3 files.

4.3. ABGS Data Structure

Figure 9 is a class diagram that shows the relationships among data entities in ABGS. In the
beginning, one project instance is created for a unit of construction. In one project instance, the user
can create and own as many building instances as desired. One building instance contains column_list,
beam_list, slab_list and wall_list as raw data and column_info, beam_info, slab_info and wall_info as
member information generated from each list drawing. Since our work is based on reinforced concrete
structures, the class concrete and the class rebar contain material properties of concrete and rebar,
respectively. They also belong to member information. floor instances that belong to the building
instance are created as the number of floors entered by the user. Each floor plan instance is matched
with a floor instance in a one-to-one manner. A floor object generated via the analysis of the member
list based on the floor symbols belongs to a building instance. The floor instance is designed to
have drawings for each floor, such as a floor plan, and the information generated from the drawings.
Therefore, in the same way that the building instance contains the raw data of each drawing and the
information generated from them, the floor instance contains plan instances (i.e., raw data for each floor
plan) and column, beam, slab and wall instances that are the generated information. analyzer instance has
two roles: (i) generating member information (e.g., column_info, beam_info, slab_info and wall_info) from
raw data of each member list and (ii) generating member objects (e.g., columns, beams, slabs and walls)
from raw data of each floor plan. ifc_maker instance is responsible for outputting each extracted member
object, building information and construction information in the IFC format.

4.4. ABGS User Interface

The ABGS has a menu and a file tree that allows the creation of projects, addition of buildings,
and the creation of drawings. The size, height, etc. can also be entered through the property input
window corresponding to a building. The desired task can be specified and started through the pop-up
menu in the main menu or the file tree, and the output is printed through the output window.
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Figure 9. Class diagram of ABGS.

5. Experimental Results

The design drawings represent the shapes of various buildings, and each designer has a
unique way of creating design drawings. Therefore, a crucial concern is whether the developed
system can account for inter-designer variations among design drawings and produce the desired
outcome. Accordingly, we implemented and tested the ABGS system for various architectural datasets.
The experiment was conducted on a desktop hardware platform equipped with an Intel Core i5-4570
CPU, 8 GB of main memory, and a Microsoft Windows 7 64-bit operating system.

We selected the following two sets of drawings as experimental data among architectural design
drawings with reinforced concrete structures. The selection was performed by considering whether the
drawings were representative of the drawing methods employed in various architecture companies
and whether they could handle floor settings according to their purpose and various types of floor
plans. Table 2 contains the attributes of the selected data.

Table 2. Experimental data and properties.

A B

Type House Parking Building
Size B1F-4F B3F-3F

Total Floor Area around 5900 m2 around 8770 m2

A project was created to test the ABGS using the experimental data, and a CAD file with floor
properties such as size and height was input into the ABGS. After executing the algorithm, the results
were saved in the IFC format. The number of each of the four members (i.e., columns, beams, slabs,
and walls) in the input CAD file was compared with those in the output IFC file to measure the
accuracy of our system and ensure that the form of the BIM model contained in the output was the
same as the original building shape intended by the designer. The execution time was also measured.

An IFC file was obtained by processing a design drawing for a house with one basement level
and four floors above the ground level using our method, as illustrated in Figure 10a. The execution
time was 27 seconds, and the results obtained for each of the four members are presented in Table 3.
In addition, Table 3 compares the number of symbols in the input CAD drawings and the number of
components generated in the output BIM models for each member. The number of columns differs
by one in the second, third, and fourth floors above the ground. This was caused by a mismatch
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between the dimensions indicated on the column list and the dimensions drawn on the floor plan.
The column with the symbol C12 occurred once in the second, third, and fourth floors, and the size
of the column was 800 × 600 in the column list; however, the size of this column was 500 × 400 in
the floor plan, causing a mismatch. With regard to the beams, there is a difference of two in the third
floor above the ground. This was caused by a mismatch between the list and the floor plan, and the
symbol on the floor plan of the third floor above the ground was not processed because the symbol
was stated as having only one basement floor to two floors above the ground. Regarding the walls,
a difference of one was observed for the fourth floor. This is because a symbol was indicated on the
floor plan, but there was no corresponding shape; therefore, this instance was not processed because it
was unclear whether the designer’s intention was to indicate that the wall existed or whether was the
symbol was drawn erroneously.

(a) House (b) Parking Building

Figure 10. BIM Rendering Results of ABGS.

Table 3. Results of applying our method to House data. (unit: number of structural components).

Column Beam Slab Wall

CAD IFC CAD IFC CAD IFC CAD IFC

BF1 24 24 39 39 25 25 33 33
F1 26 26 61 61 32 32 32 32
F2 26 25 59 59 31 31 36 36
F3 26 25 60 58 29 29 36 36
F4 20 19 35 35 22 22 32 31

rooftop - - - - 6 6 19 19
Total 122 119 254 252 145 145 188 187

Similarly, an IFC file was obtained by processing a design drawing for a three-story parking
building, as shown in Figure 10b. The execution time was 26 s. The results obtained for each of the
four members are summarized in Table 4. Regarding the beams, there is a difference of two for the
ground floor and six for the second floor. This difference was caused by the symbol being in the floor
plan but not in the beam list.

The processing time increases in proportion to the size of the building; however, there is a
significant reduction in the processing time of method compared to that of conventional BIM software.
In addition, the number of members before and after each conversion was checked to ensure that the
BIM model was created correctly when the information between the member lists and the floor plan
was correct, and that basic information for each member object was correctly entered.
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Table 4. Results of applying our method to Parking Building data. (unit: number of structural components).

Column Beam Slab Wall

CAD IFC CAD IFC CAD IFC CAD IFC

BF3 46 46 117 117 76 76 33 33
BF2 46 46 122 122 81 81 32 32
BF1 46 46 146 146 121 121 32 32
F1 42 42 128 126 74 74 15 15
F2 26 26 94 88 52 52 15 15
F3 6 6 25 25 18 18 15 15

Total 212 212 632 624 422 422 142 142

6. Conclusions

We proposed a step-by-step process through which BIM models are automatically created from 2D
CAD drawings of concrete structures. We also proposed a system (i.e., ABGS) that operates according
to the proposed process. We implemented our system and applied it to typical CAD drawings that
are actually used in the industry. The proposed ABGS automatically creates a BIM model by directly
analyzing CAD file drawings that designers have previously used. The system does not require direct
modeling by users unlike conventional BIM softwares, and allows users to easily obtain IFC files
representing BIM models from CAD file inputs and a few simple user inputs. It was demonstrated
that the ABGS can process a building design with five to six stories within approximately tens of
seconds and generate the output. It creates an accurate model, as intended by the designer, as long
as the information between the member lists and the floor plan corresponds well. In addition, it has
the ability of receiving information that should be provided in a BIM model, such as the attributes
of floors and buildings. Using the proposed ABGS, designers who desire to obtain a BIM model but
find it difficult to use BIM production tools can obtain an IFC file containing the BIM model in a facile
manner. However, ABGS has limitations of not performing analysis of height-related drawings, such as
cross-sectional or side views, and relies on the user’s numeric input for height values. Further research
will be required to automatically generate building information for the finishing work, as the building
is constructed by completing not only the frames but also the finishing works.

Our method is especially useful for constructing BIM of existing buildings where only 2D CAD
drawings are available. The lack of 3D models and their data properties in existing buildings often
makes smart management and effective renovation projects difficult [46]. Our system converts the CAD
drawings into BIM information with low cost and we can easily take benefits of using BIM. For example,
our method coupled with the scan-to-BIM method can be used to verify whether construction was
performed according to the original CAD design. The BIM for the design and the BIM for the actual
building can be created and compared.

From the practitioner’s point of view, the quantity of materials required for actual construction,
especially the quantity of rebars, is important information to be obtained in addition to 3D model
information. If this information is entered, it will be possible to obtain a BIM with higher utilization
value. Although this study did not proceed to the results of calculating the quantity of rebars and
directly inputting them into property information, it can be considered that the basis for calculating
the quantity of rebars using the rebar information in the list drawing and entering it as property
information was prepared. It is expected that the information of quantity can be calculated with more
than 90% accuracy only from the relevant information in the list drawing, but in order to provide more
accurate results to actual workers, more information related to rebars such as joint length and settling
length should be entered. Basically, these lengths are determined through the formula determined by
the rules like Korea Building Code [47], but despite these rules, in actual construction, slightly different
values may be given for each construction site as necessary. These items are described in the drawing
entitled general notes. In order to reflect these values, it would be better to add more techniques to
analyze the tables and texts in the general notes.
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