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Abstract: In the AECO field, there have been many efforts to transform the design, construction, and
maintenance methods that have been carried out in the traditional way based on document-based
data into digital ones. BIM makes it possible for the information necessary for the entire construction
process to be transformed into a language that computers can understand. In the field of architecture,
BIM has been actively used throughout the entire construction life cycle through steady research
since the 2000s, while COBie was developed in order to deliver information generated in the design
and construction phase to the maintenance phase based on the BIM environment. In the field of
infrastructure, however, digital data-based maintenance information management has not been
actively studied. In particular, in the case of a port, once a facility is built, it has to be maintained for
a longer period than other facilities, so facility maintenance is of utmost importance. Therefore, this
study applied COBie, which is being used in the architecture field (building), to the port field. To
this end, the COBie standard format in the port field was developed based on the port facility object
breakdown structure and property breakdown structure. The port COBie developed through this
study is included when the BIM model is converted to the IFC model so that facility management
can be performed through the IFC-based viewer in the future. The port COBie schema developed in
this study can be expanded to other fields such as roads and bridges in the future.

Keywords: port BIM; port COBie; facility management

1. Introduction

In recent years, as part of the digitalization of Social Overhead Capital (SOC), the
port sector is pursuing digital innovation. Unlike other facilities, port facilities need to be
managed and operated for a long time once they are built, and since they are in contact with
the sea, maintenance is very essential and depends on external factors. However, the port-
related maintenance system still focuses on data collection, storage, and management, and
it is insufficient to establish an environment that can be used or analyzed for maintenance
work. In addition, port-related maintenance data exists in the form of a silo that is built
once, and there is a problem that data cannot be shared due to lack of connection with other
systems. In particular, when maintenance information is updated, the provision of a related
system that can be replaced quickly is insufficient. In addition, port facilities prone to data
loss need to be converted into BIM-based digital data for facility maintenance [1]. Therefore,
this study intends to establish a framework that allows port maintenance information to
be exchanged, shared, and utilized among systems, subjects and functions within the BIM
environment. To this end, we developed port COBie, a standard format for port BIM-based
maintenance data exchange and describe how it is processed in the process of generating,
converting, transmitting and utilizing COBie data through overseas commercial BIM S/W.
Through this, we develop a processing mechanism that allows maintenance information
to be exchanged between the port maintenance system and the platform on the port BIM
platform and to check the maintenance information for each facility and member through
the port BIM viewer.
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In the future, this study will be able to be utilized as a common method of exchanging
and processing maintenance data if the BIM platform is developed not only for other port
facilities, but also for objects requiring maintenance such as roads and bridges.

2. Literature Review Focusing on the Use of COBie Data from Architecture to
Civil Engineering

Facility management requires considerable information generated in the design and
construction phases. Ideally, the relevant information in the facility management phase
should be reviewed and collected in advance during the design and construction phases [2],
and it should be automatically linked to the maintenance process for use. However, most
information needed for facility management is re-entered into the facility management
system according to the existing 2D drawings and specifications. This has reduced the
efficiency of information management in facility management [3]. However, following the
introduction of building information modeling (BIM) in the mid-2000s, an environment
for integrated management (i.e., including the design, construction, and operation phases)
has been established. In the BIM-based environment, the information required for the
facility management phase is also considered when generating BIM information in the
design and construction phases. However, despite its many advantages and possibilities,
the use of BIM information in the facility management phase remains limited, in that this
information is not fully linked with the existing facility management system [4,5]. To
overcome this, a facility management system that directly imports and utilizes BIM-based
design information has been developed overseas, and researchers have sought to establish
a system to deliver information generated throughout the design and construction phases
to the facility management phase [6]. One such study was conducted by government
agencies in charge of issuing orders for major infrastructure projects in the United States; as
a result, the data exchange format, Construction Operation Building Information Exchange
(COBie), was developed. Recently, in South Korea, basic research was conducted on COBie,
including analysis of user requirements for the implementation of COBie in the construction
field, analysis of information collection systems in the design and construction phases,
development of BIM input standards considering the maintenance, and development of
BIM guidelines for infrastructure maintenance in the civil engineering field. Won et al.
(2013) conducted research related to domestic and foreign BIM-based facility management,
suggesting that it was more important to generate BIM data for design and construction
using information required from a maintenance perspective than to use the BIM data for
actual BIM-based maintenance [7]. Motawa and Almarshad (2013) developed a web-based
building maintenance system linking a BIM module and case-based reasoning knowledge
management module, and they used the table of contents in the operation and management
contract as a classification system for storing and utilizing information [8]. Gerber et al.
(2012) conducted a survey on the extent of BIM-based facility management utilization in
the industry [9], and they presented the following ten BIM application fields (from the
perspective of facility management): building member location tracking, real-time data
access, visualization and sales, maintainability improvement, digital asset management,
space management, planning and feasibility reviewing for small-scale building facility
improvement, disaster management, energy management, and education and training [9].
Lee et al. (2012) compared the COBie methodology (a facility management request informa-
tion collection system) with the current facility management information collection system
in South Korea, in terms of information generation, collection, and utilization; they dis-
cussed ways to improve the information collection system [10]. An et al. (2012) conducted a
comparative analysis of the COBie-required information for one domestic university facility
management system and one office building maintenance system, suggesting a significant
consistency between the COBie-required information and the maintenance-system-required
information derived through experts; furthermore, case analysis of BIM-based maintenance
research has recently begun in the civil engineering field [6]. Moon et al. (2011) presented
the feasibility of a BIM application for maintenance, by constructing a 3D model of a bridge
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structure and implementing a function to store and retrieve maintenance data for the 3D
members [11]. Kim et al. (2012) described how the identification of an application model,
the standardization of the maintenance information system, and the reorganization of the
system were prerequisites for applying BIM technology to maintenance in the civil engi-
neering field [12]. Seo et al. (2017) conducted a study into the generation of COBie-based
railway track maintenance documentation [13]. Moon et al. (2020) studied the development
of a BIM-based platform to manage information generated from port facilities, in terms
of life cycles [14]. However, among the civil engineering fields, relatively few attempts
have been made to apply BIM to ports, when compared to other fields such as roads and
railroads. Very few new projects are associated with ports (as compared to other projects);
furthermore, once a facility is built, it tends to be used for a long time. Therefore, the main-
tenance of port facilities is particularly important and essential (Moon et al., 2020) [14,15];
however, such maintenance is manually performed by humans, and the systems and infor-
mation required for maintenance have not been standardized either. As a result, problems
have arisen when linking the operation system with those previously developed. Therefore,
this study aims to build a technology that allows port maintenance information to be shared
and utilized via exchanges among the systems, subjects, and functions within the port BIM
platform. In this study, a port BIM-based maintenance data standard format, port COBie, is
developed; then, a data exchange process for port COBie is developed by analyzing the
processes of COBie data creation, conversion, implementation, and management, using
existing research and commercial BIM software. This suggests a method for exchanging
maintenance information between the port maintenance system and port BIM platform,
thereby allowing the maintenance information for each facility and member to be verified
through the port BIM viewer.

Section 3 analyzes the concepts and schematic structure of the existing COBie, as well
as the COBie system currently in commercial use at home and abroad; this section will also
detail how to create and use COBie data and the data processing mechanism. Based on the
analysis of the existing COBie, Section 3 proposes a COBie schema and spreadsheet that
can be used in the port sector. Section 4 implements a system that can utilize port COBie
data in the BIM environment, using the port COBie format proposed in Section 3.

3. Port COBie Schema for Digital Data-Based Facility Management
3.1. What Is the Existing COBie?

This section develops a COBie schema for port facility management. COBie stands
for “Construction Operation Building Information Exchange,” and it is designed to op-
erate construction facilities. In the design phase, facility management information (e.g.,
general facility information and spatial information) is generated [16]. This information is
transferred to the facility management phase via drawings, specifications, or in the form
of documents such as maintenance plans and guidelines. Most of the facility information
submitted by contractors is based upon data prepared via specialized companies, manu-
facturers, and suppliers directly involved in building or delivering equipment or systems.
However, for the facility manager to utilize these data in the facility management system, it
is necessary to directly identify the data generated in the design and construction phases
that are required for facility management, as well as to input these data as the initial data
of the facility management system [16]. Although BIM is used to solve these problems,
its utilization is limited by the excessive cost of introducing software or developing a
BIM-based facility management system [17]. Therefore, an International Foundation Class
(IFC)-based method to easily apply BIM data in the facility management phase is urgently
required [18]; this has led to the COBie data exchange system, which was developed by
governmental agencies in charge of issuing orders for major infrastructure projects in the
United States [17].

COBie is a data exchange format developed by the Corps of Engineers to facilitate
the utilization of BIM data in the IFC; it has been developed up to Ver. 2.4. Although
Ver. 2.5 for IFC4×3 has been released, Ver. 2.4 is more commonly used [19]. COBie is an
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IFC standard that supports the direct exchange of information between software and the
spreadsheets used to collect necessary data [16]. As shown in Figure 1, the information
required for COBie is not collected by reproducing or re-entering facility management
information following the completion of construction; rather, the data generated by the
participants in the representative projects of each process (e.g., the design, construction,
and operation phases) are used directly, without having to wait until the end of the project.
This is a process-oriented representation method in which information producers directly
contribute at the time of creation; with this, it is possible to reduce the cost, procurement,
and management difficulties that arise in the final post-construction phases of the project,
whilst also generating and storing as-built drawings and transferring them for facility
management [17].
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Figure 1. COBie process (Adapted from East William, 2007).

The COBie system used in the architecture comprises 18 worksheets (“Contact,” “Fa-
cility,” “Floor,” “Space,” “Zone,” “Type,” “Component,” “System,” “Spare,” “Resource,”
“Job,” “Document,” “Attribute,” “Coordinate,” “Connection,” “Issue,” “Impact,” and “As-
sembly”) and has a structure as shown in Figure 2. Each worksheet in Figure 2 represents a
type of database; these are structured to hold a variety of data, as shown in Figure 3.

The COBie specification developed alongside COBie designates specific milestones
that require data input for each phase of a project, as shown in Table 1; furthermore, it
defines who should input what information.

Table 1. Information requested by COBie in each phase.

Construction Phase Stakeholders Required Information

Architectural
Programming Designer Contact, Facility, Floor, Space, Zone

Architectural Design Designer Type, Component, Attribute

Coordinated Design Designer
Type, Component, Manufacturer Information

(in Component), System,
Coordinate, Connection

Construction Document Designer
Spatial Assets, Manufacturer Information

(in Component), Fixed Assets,
Document, Attribute

Construction Mobilization Contractor Document

Construction 60%
Complete Contractor

Subcontractor Contract Information,
Manufacturer Contract Information, Room
Tag, Government Furnished Product, Bar
Codes, Approved Submittals, Attribute

Beneficial Occupancy Contractor
Spatial Assets, Equipment Assets, Parts and

Warranty Contract, Replacement Parts,
Detailed Parts Set

Fiscal Completion Contractor Updated previous phase information,
as needed



Appl. Sci. 2022, 12, 1304 5 of 20Appl. Sci. 2022, 12, x FOR PEER REVIEW 5 of 21 
 

 
Figure 2. COBie data structure (Adapted from East William, 2007). 

 
Figure 3. Example of COBie floor sheet (Adapted from SampleCOBieSpreadsheet provided by Au-
todesk). 

The COBie specification developed alongside COBie designates specific milestones 
that require data input for each phase of a project, as shown in Table 1; furthermore, it 
defines who should input what information. 

  

Figure 2. COBie data structure (Adapted from East William, 2007).

Appl. Sci. 2022, 12, x FOR PEER REVIEW 5 of 21 
 

 
Figure 2. COBie data structure (Adapted from East William, 2007). 

 
Figure 3. Example of COBie floor sheet (Adapted from SampleCOBieSpreadsheet provided by Au-
todesk). 

The COBie specification developed alongside COBie designates specific milestones 
that require data input for each phase of a project, as shown in Table 1; furthermore, it 
defines who should input what information. 

  

Figure 3. Example of COBie floor sheet (Adapted from SampleCOBieSpreadsheet provided
by Autodesk).

Because the fundamental purpose of COBie is to efficiently obtain information (rele-
vant to facility management) generated in the design and construction phases, an Excel-
based spreadsheet that can be easily accessed and handled by anyone is often used [20].
This allows users to manually input information into the spreadsheet according to the
manual; furthermore, COBie data have until recently been mostly generated by BIM soft-
ware. There are two ways to generate COBie data using BIM software: (1) export an IFC or
IFCXML file from BIM software, convert it to an XML file, and then convert it back to an
Excel file (as shown in Figure 4); (2) create a COBie file directly from the BIM software, in
which case a file conversion module may be installed as a plug-in for utilization, depend-
ing on the BIM software. Systems that support this method include Revit by Autodesk,
Onuma System by Onuma, and Tokmo Production System by TOKMO, with continuous
compatibility tests with the COBie system being conducted through the COBie challenge.
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3.2. Commercial COBie System Analysis

Table 2 shows the commercial systems that handle COBie data. Because most com-
mercial systems that use COBie data require data for specific phases, it is difficult to
continuously perform maintenance upon a single platform throughout the entire life cy-
cle of planning, design, construction, and operation. It is likewise difficult to intuitively
understand how maintenance is to be performed for each member in the BIM model,
because most systems focus on generating COBie data and providing this data in the form
of a spreadsheet (Yalcinkaya et al., 2019). In addition, most commercial systems generate
COBie data, with representative examples including dRofus, Onuma systems, AECOsim,
and Revit. Although systems for internally setting and generating COBie data have been
established in these systems, a system that facilitates direct utilization of COBie data for
maintenance has not yet been established. Commercial systems such as Solibri, Viewpoints
(4 Project), and Ecodomus not only generate COBie data but also establish systems to check
the COBie data for each member, for management use. However, an additional process
is required to visualize data within the system. Following previous research, this study
intends to develop a port COBie schema based on COBie 2.4 and construct a system that
can convert COBie data into an IFC model by inputting them into the BIM environment.

Table 2. Existing COBie systems.

System Name Use Purpose COBie Data Processing Usage Phase

dRoufus To generate COBie data COBie data from spreadsheet were extracted
from BIM tool, then are imported to the system. Planning

Onuma System To generate COBie data

IFC is extracted from BIM tool, then it is
imported to the system, COBie data are

generated using the system.
COBie data formed spreadsheet were extracted
from BIM tool, then are imported to the system.

Planning

AECOsim Building
Designer To generate COBie data

IFC is extracted from BIM tool, then it is
imported to the system, COBie data are

generated using the system.
Design

Revit, To generate COBie data COBie data are entered using Plug-in, then a
spreadsheet is extracted.

Design
EcoDomus Construction

cBIM, To generate COBie data First, COBie data are entered into COBie
spreadsheet, then sheet is imported to the system.

Construction
AiM 6.3 Operation

3.3. Development of Port COBie Schema
3.3.1. Background References for Developing Port COBie Schema

In this study, a BIM-based COBie data standard suitable for the port field is developed
through the processes of COBie standard analysis, maintenance data analysis, development
methodology establishment, COBie data model development, and COBie data verification.
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COBie standard analysis is an essential process for developing the port COBie schema.
Maintenance research has been consistently performed in the construction field, and there
is sufficient research related to COBie. The basis for COBie data inputting into the BIM
environment has also been prepared. However, very little research has been performed
upon facility management in the port sector, when compared with the construction field;
furthermore, no maintenance exchange standard has been developed for COBie. Therefore,
to develop the port COBie schema, we analyzed the existing literature and conventional
systems developed for maintenance. The first reference for developing the port COBie
schema was the original COBie schema (Version 2.4) used in the existing building facilities.
The second and third references were the object breakdown structure (OBS) and property
breakdown structure (PBS) of port facilities (Figure 5). In the case of the existing COBie
schema, since it is an international standard maintenance data exchange standard format in
the field of architecture, based on it, it was intended to aim for an international standard. In
addition, the OBS and PBS of the port facility were applied to the port COBie schema, which
means what the purpose of port COBie schema was based on BIM. The port facility’s OBS
follows the international standard ISO12006-3. The following figure shows the composition
and structure of the port object classification system applied to the development of the port
COBie schema. The port facility’s PBS was referred to in order to define which properties
are required in each sheet of the port COBie schema.
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3.3.2. Port COBie Schema Developing Process

Port maintenance data analysis describes the process of deriving the components of
port COBie. The component derivation consists of four steps: classification, categorization,
generalization, and normalization. In the listing step, we derived all elements required for
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port maintenance through analysis of the existing literature or maintenance systems. We
referred to existing port facilities for the maintenance history, decision-making information,
and property classification system. Within the system, the components required for port
COBie were listed by referring to LandXML, CityGML, and InfraGML. Using the results
of the listing step, the question of whether to include certain components in COBie and
to reflect it in each COBie worksheet were decided via categorization. Figure 5 depicts
the process of this step; in it, we decided whether to include something in COBie or not,
according to assessments of the degree, performance, and risk, as well as the properties of
each classification obtained via listing.

In generalization, the COBie worksheets were organized according to the required,
optional, and maintenance properties. According to the COBie structure, each sheet was
allocated several properties, and the properties were classified into “required,” “reference to
other sheets,” “external reference,” and “optional.” Therefore, it was necessary to determine
whether newly created sheets in Port COBie or newly added properties in existing sheets
were required or optional. Figure 6 shows the two-step categorization process.

Appl. Sci. 2022, 12, x FOR PEER REVIEW 9 of 21 
 

In generalization, the COBie worksheets were organized according to the required, 
optional, and maintenance properties. According to the COBie structure, each sheet was 
allocated several properties, and the properties were classified into “required,” “reference 
to other sheets,” “external reference,” and “optional.” Therefore, it was necessary to de-
termine whether newly created sheets in Port COBie or newly added properties in existing 
sheets were required or optional. Figure 6 shows the two-step categorization process. 

Classification Property 1 Property 2 Inclusion in COBie COBie Worksheet

Year Inclusion

Performance
(New)

Degree Inclusion

Index Inclusion

Safetiness Inclusion

Durability Inclusion

Usability Inclusion

Performance Index Inclusion

BRE Inclusion

COF Inclusion

POF Inclusion

Risk Index Inclusion

Degree

Performance
Assessment

Risk 
Assessment

Delete/Change/Add Change/Add/New

Add

Add

Add

Add

Add

Add

Add

Add

Add

Add

Add

Add

Add

Add

Add

Add

Add

Add

Add

Add

Add

New

New

New

New

New

New

New

New

New

New

New

New

New

New

New

New

New

New

New

New

New  
Figure 6. Determining COBie components—categorization. 

In the final normalization step, the selected COBie components were determined by 
examining the adequacy of each property and the errors in the results of generalization. 
Figure 7 shows the composition of the port COBie worksheet selected through classifica-
tion, categorization, generalization, and normalization. Port facility maintenance infor-
mation can be defined in the design, construction, and trial operation phases according to 
the project characteristics and the client’s requirements; however, the maintenance data 
generation undertaken directly or indirectly in the operation phase is also important 
(Moon et al. 2021). Although regular inspections and precise safety diagnoses are per-
formed periodically for port maintenance (according to South Korean law), the method is 
unsystematic with the inputs generated non-digitally, hindering management. Therefore, 
the operation part (absent from existing COBie systems in the construction field) was 
newly added to the port COBie system. Figure 8 shows the port COBie worksheet config-
uration applied in this study. In the design phase, “Floor” in the construction COBie was 
deleted, and “Equipment” and “System” were added alongside “Facility,” “Space,” 
“Zone,” and “Component.” “Subsidiary” (additional) provides information on auxiliary 
facilities; it was added into the construction phase. In the newly added operation phase, 
the “Performance,” “Degradation,” and “Damage History” tabs were added to create and 
input the information generated by each subject in the operation phase. This reflected in-
formation such as port facility history management, deterioration prediction, and perfor-
mance analysis. Furthermore, breakdown and identification were added to the common 
properties, to provide a classification and recognition system for port facilities. The port 
BIM COBie schema was configured as described below. Using the developed port schema, 
the next section develops an environment that facilitates the direct input of COBie data 
into the BIM environment. 
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In the final normalization step, the selected COBie components were determined
by examining the adequacy of each property and the errors in the results of general-
ization. Figure 7 shows the composition of the port COBie worksheet selected through
classification, categorization, generalization, and normalization. Port facility maintenance
information can be defined in the design, construction, and trial operation phases accord-
ing to the project characteristics and the client’s requirements; however, the maintenance
data generation undertaken directly or indirectly in the operation phase is also important
(Moon et al., 2021). Although regular inspections and precise safety diagnoses are per-
formed periodically for port maintenance (according to South Korean law), the method is
unsystematic with the inputs generated non-digitally, hindering management. Therefore,
the operation part (absent from existing COBie systems in the construction field) was newly
added to the port COBie system. Figure 8 shows the port COBie worksheet configuration
applied in this study. In the design phase, “Floor” in the construction COBie was deleted,
and “Equipment” and “System” were added alongside “Facility,” “Space,” “Zone,” and
“Component.” “Subsidiary” (additional) provides information on auxiliary facilities; it was
added into the construction phase. In the newly added operation phase, the “Performance,”
“Degradation,” and “Damage History” tabs were added to create and input the information
generated by each subject in the operation phase. This reflected information such as port
facility history management, deterioration prediction, and performance analysis. Further-
more, breakdown and identification were added to the common properties, to provide a
classification and recognition system for port facilities. The port BIM COBie schema was
configured as described below. Using the developed port schema, the next section develops
an environment that facilitates the direct input of COBie data into the BIM environment.
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4. Implementation
4.1. Implementation Process for COBie Data Input System Based on Port COBie Schema

The purpose of this section is to develop a system that allows the developed port
COBie to be inputted as digitized information in the BIM environment. For the purpose of
developing the system, the data processing mechanism of the existing commercial COBie
systems analyzed in Section 2 was referred to. Since COBie has not been applied to a
port, all commercial systems included in the analysis were from the architectural field.
Seven COBie systems were included in our analysis. The commercial COBie systems allow
data to be inputted at each phase rather than throughout the entire construction life cycle
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(planning, design, construction, and operation). For instance, dRofus allows the COBie data
required for future operation to be inputted in the planning phase of the project; likewise,
AECOsim Building Designer and Revit, cBIM, and AiM allow the input of COBie data
in the design, construction, and maintenance operation phases, respectively. Onuman
System and EcoDomus System allow COBie data to be input throughout all phases of
the project. Each system has a different COBie data processing method. However, the
COBie data generation and processing procedures are largely classified into three categories:
(1) methods that bring COBie data into the system, by installing the plug-in service of the
system in a BIM environment such as Revit; systems such as dRofus, Onuma System, and
EcoDomous use this method (Table 2). (2) Methods of importing the BIM model (converted
from BIM software into an IFC file (the standard format for open BIM)) into the system and
creating COBie data through the system process; AECOsim Building Designer uses this
method. (3) Methods of manually entering data into a COBie spreadsheet, converting it to
XML format, and importing it into the system; early COBie systems used this method, but
it has since become unpopular. Commercial COBie systems have their own procedures;
however, this requires data to be imported from the BIM model to the specific system.
Therefore, this study intends to create an environment in which COBie data can be directly
inputted, without requiring other intermediary systems in the BIM environment. In order
to supplement the limitation of the existing systems, this study intends to implement the
port COBie system by converting the COBie data into the data of the BIM model in the
BIM environment. Since BIM data are generally built in the BIM environment in the form
of parameters, the port COBie data are also stored in the BIM environment in the form of
parameters. In addition, by analyzing the attributes of each port COBie sheet, the part that
automatically receives data in connection with the parameters of the existing BIM model
and the part where the user must directly input data for port facility maintenance are
distinguished. The port COBie schema implementation system is developed through visual
programming, Dynamo. Dynamo is also used to perform actual data input simulation of the
developed system. The following Figure 9 includes the system implementation procedure
and simulation procedure as the system implementation methodology of this study.

4.2. Development of Port COBie System Focusing on Revit Environment

For port facilities, it is important to transfer and utilize the information prepared from
the design and construction phases up to the operation phase, and the port COBie system
developed in this study assumes information is inputted during these phases. In addition,
future developments should allow COBie data to be displayed as maintenance history
information for each object in the IFC viewer. Therefore, this study proposes a method to
convert the data into properties, allowing the inputted COBie data to be displayed in the
IFC viewer. Regarding the existing COBie data, a typical method for extracting data is to
include them in the IFC when converting a BIM model to IFC in the Revit environment.
This is based on the IFC2×3 version. However, the IFC viewer used in this study is based
on IFC Harbor, which was developed through a research project and based upon IFC4×3.
Therefore, the method of extracting the COBie data essentially provided in Revit (i.e.,
by including it in IFC) cannot be used in this study. To solve this problem, a method of
converting COBie data into BIM property information is proposed. To convert COBie
data into properties for the BIM model, it is necessary to understand what parameters
are present in the BIM environment. Because this study was conducted using Revit (by
Autodesk), the port COBie data processing system was also based on Revit.

Revit contains four parameters: shared, project, family, and global. A shared parameter
refers to a parameter that can be shared between multiple projects or families (Revit User
Guide, 2020). Unlike other parameters, a *txt file is generated when a shared parameter
is created. The parameters are managed in the project or family according to this file.
Therefore, to create project or family parameters, a shared parameter must be created
first. Project parameters are created based upon the shared parameter created beforehand.
Project parameters are mainly used when creating a schedule within a project or when
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controlling visibility through rule-based filters. Because project parameters can only be
used in the corresponding project, the information stored in the project parameters cannot
be shared with other projects. Family parameters control variables such as dimensions,
materials, and text within the family. Variables created at the project level that cannot
be managed as parameters are managed only within the family. Global parameters are
limited to a single project file and cannot be categorized by object. In this study, shared and
project parameters were used to parameterize the COBie data. In this section, a system that
can parameterize the developed port BIM COBie schema is developed using Dynamo, an
add-in program for Revit. Figure 10 presents an overall conceptual diagram of the system.
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This study developed a COBie schema and a spreadsheet for the port sector, based on
the existing COBie schema analysis alongside object and property classification systems for
port facilities. The COBie system was developed using the port COBie spreadsheet, and
the COBie data were parameterized using shared and project parameter concepts. Dynamo
was used to implement this system (Figure 11).

1. Planning The port COBie schema developed in this study is analyzed during this
stage. The COBie schema is analyzed because the types of data inputted to the COBie
system are not homogenous. For example, the length, width, and height of a caisson
(one of the port facilities) are automatically inputted according to the design when
designing in Revit (see Figure 12). When entering COBie data, these values should
be automatically inputted from Revit rather by the user. On the other hand, certain
information (e.g., the company that constructed the caisson and its construction date
and time) should be directly inputted by the user. Therefore, when developing the
port COBie data processing system, it is essential to distinguish between the data
to be imported from Revit and that to be manually inputted by the user. Such data
classification takes place during the planning phase.

2. Development When the COBie sheet analysis is completed (based upon the analysis
results), information in each sheet should be parameterized so that attribute values
can be inputted. In this study, the COBie sheet parameter algorithm was developed
and implemented using Dynamo. Dynamo is a visual coding program available as an
add-in program for Revit. To convert COBie into properties in Revit, the storage space
into which COBie data can be inputted must be first created as a shared parameter. For
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example, properties such as “Name,” “CreateBy,” “CreateOn,” “BreakdownStructure,”
“TypeName,” “Suppliers,” “Description,” “SetNumber,” and “PartNumber” were
available in the Replacement tab of the port BIM COBie spreadsheet implemented
in this study. Because these can hold individual property values, space is required
to store these property values in Revit; such a space was implemented as a shared
parameter in this study. Creating a shared parameter in Revit is an easy task; however,
the port COBie developed in this study includes 24 sheets with a total of 332 properties.
The task of creating a large number of shared parameters can be easily solved via
Dynamo modeling. Figure 11 shows the process of converting the properties of
the COBie shared parameters in Dynamo. The first step toward creating shared
parameters through Dynamo is to reconfigure the sheet containing each property of
the port COBie to match the shared parameters created (Figure 13).
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Figure 13. Reconfigured port COBie spreadsheet in order for creating shared parameters.

Each sheet property of the reconstructed Excel file underwent data preprocessing in
Dynamo modeling until the shared parameters were finally created. However, the port
COBie included identical properties across different sheets. For example, with the exception
of Identification and PickList sheets, properties such as “Name,” “CreateBy,” “CreateOn,”
and “BreakdownStructure” were present in all sheets. Because the shared parameter cannot
generate properties with the same name in Revit, the process of automatically changing the
property name into such a format as “Name(1)” according to the sheet order was added.
The following figure shows the Dynamo modeling that generates port COBie properties as
shared parameters (Figure 14). Through this process, shared parameters were created, as
shown in Figure 15.
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Once the shared parameters were created, project parameters were created there from
before the port COBie properties were parametrized. The project parameters were created
because shared parameters cannot accommodate all of the COBie property values. In
addition, the project parameters allow each COBie property to be defined using the type or
instance parameters in Revit. “Type parameter” refers to the type of property, as shown in
Figure 16; it allows all properties of the same type to be varied by changing the property
value. For example, for three property types (Caisson A, Caisson B, and Caisson C) in the
port BIM model, varying the length property value of Caisson A in the type parameter
changes all length property values of Caisson A present in the model. On the other hand,
changing the length property value in the instance parameter of Caisson A only changes
the length of the caisson. The use of project parameters to implement the port COBie
properties allows different types of parameters to be set for each sheet or property name,
facilitating the flexible inputting of property values. The following figure presents the
Dynamo modeling used to implement the port COBie properties as project parameters,
according to the shared parameters created.

In this study, all properties of port COBie were parameterized using Dynamo, to
facilitate input in Revit. The following figure shows the port COBie data prepared for an
actual port (Busan New Port Pier 2-1). In this study, the operation data were extracted
only for facilities that could be seen with the naked eye (e.g., caisson and tetrapot), and a
port COBie sheet was prepared from the data. The results were applied to the port BIM
model using the prepared port COBie sheet. Figure 17 shows a port BIM model after
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COBie data input. If port COBie data input for port facility maintenance is completed, the
corresponding port COBie data should be able to be output with the COBie format (Excel-
based spreadsheet). Since the Port COBie schema developed in this study was developed
based on the existing COBie schema (version 2.4), the extracted COBie sheet is similar to
the existing COBie sheet. The difference from the existing sheet is to include the new sheets
(e.g., Replacement, History, Damage, Performance and so on) that can manage port facilities.
In order to output the port COBie data in this study, it is necessary to map each property of
the developed port COBie sheet and each parameter of the port COBie parameterized in
the BIM environment. The mapping rules defined in this study are as follows: (1) Mapping
each parameter name of port COBie entered in the BIM environment and the name of the
port COBie schema. However, if there is a duplicate name, put the sheet name in the name.
(2) Define the type (instance parameter, type parameter) of port COBie data input to the
BIM environment. The following Figure 18 is the mapping table defined for port COBie
sheet output. Based on this, the port COBie output system was implemented.
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The IFC converter in Figure 19 was developed for the purpose of converting the port
BIM model to the IFC model, and the concept of the port IFC is applied. When the BIM
model is converted to IFC, the COBie data that was parameterized in the BIM model is
also converted to the IFC format, and at the same time, it can be output to an Excel-based
spreadsheet. The output of the COBie spreadsheet is the last step in the entire process of the
COBie system, and based on the output, the output is delivered or used as a maintenance
document in the future.
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Figure 19. The last step of port COBie System, the output of port COBie spreadsheet.

5. Conclusions

This study developed the port COBie schema and BIM environment-based input
system to transfer data generated from the design and construction phases to the operation
phase, as well as to integrate and manage data generated in the operation phase into the
BIM environment.

This study was carried out in order to overcome the real problem that the mainte-
nance of port facilities is being performed in the existing traditional method rather than
using digital-based data, and that facility maintenance cannot be managed in the BIM
environment when it is converted to the BIM environment. Maintenance data are not
generated only in the maintenance phase, but also occurs in the design and construction
phases. One of the purposes of COBie, which is currently used in the field of building
facilities, is to transmit maintenance data generated in the design and construction stages
to the maintenance stage after the project is completed. COBie data are based on BIM
model data, thus it has the advantage of being able to utilize BIM data in the maintenance
stage. Therefore, in this study, the port facility maintenance data format was developed
in the form of a COBie schema, and an input system was created to implement it in the
BIM environment.

The input system based on port COBie schema that can input and save port COBie
data in the BIM environment was implemented by using Dynamo to parameterize each
property of COBie as a parameter of the BIM model. Because each property of COBie was
implemented as a parameter, a system was established in which the COBie data, operation
information, and shape and property information of the model could be converted when
the BIM model was converted to an IFC-based model, the standard format for open BIM.
This allowed us to check each object in the model or the operation history information of
the facility alongside the BIM model of the port facility, using the port IFC viewer, which
remains to be developed in the future. Because COBie data were included in the IFC model,
data for each period could be extracted from the History or Performance worksheets of the
developed port COBie spreadsheet and expressed as time-series data, which is for visually
demonstrating the change in the extent of port facilities.

The port COBie schema developed in this study and the COBie data input system
based on it were not yet attempted research fields before this research. There have been
studies to manage port facilities based on BIM, but studies to manage them based on
COBie have not been conducted. This study was improved for port facilities based on the
COBie schema used in the field of existing building facilities, aimed at the standard data
exchange format for port facility maintenance by complying with the rules of the existing
COBie schema.

Whilst the COBie schema and input system developed in this study could display and
manage the COBie data in the BIM environment, they could not re-export the COBie data in
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the form of a spreadsheet. Another limitation of this study is that it failed to verify the port
COBie schema and COBie input system developed in this study. Although the COBie input
system and COBie data output system for port facilities were established through system
implementation, it was not verified whether this system really had effectiveness in the port
project. Therefore, as a follow-up study of this study, it is necessary to apply the port COBie
schema and input system developed in this study on a trial basis to the actual port project.
The last limitation was that the system could not cover the entire port facility. Despite such
limitations, this study is significant in that it establishes a system that can manage port
facility management data in a BIM environment, facilitating digital twin-based port facility
management. In the future, we intend to extend our research by expanding the range of
port facilities for which COBie data can be inputted, and by facilitating the output of the
COBie data from the port IFC model according to the port COBie schema.
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