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1. Introduction 
The significance of barrier-free (BF) certification has be-
come increasingly important due to several global trends, 
including the aging population, a continuous increase in 
the disabled population, a rise in foreign travelers, mul-
ticultural families, and declining birth rates (Jang & Kim, 
2016). Consequently, interest in BF certification, which 
aims to design accessible facilities for different demo-
graphic groups, is growing (Lee, 2016). In addition, the 
scope of BF certification is expanding to cover a broader 
range of building types, evaluation subjects, and assess-
ment items (Kim & Koo, 2022). Advancements in construc-
tion technology have also led to the development of more 
diverse and multi-purpose buildings (Hong & Kim, 2024). 
As a result, the number of areas and facilities that need to 
be reviewed increased, which also increased the time and 
resources required for BF certification evaluations (Shin, 
2020). Furthermore, as buildings become larger, both data 

management and evaluation complexity also become in-
creasingly burdensome (Ryu et al., 2018).

If the burden of BF certification evaluation could be re-
duced and the review process could be conducted during 
the pre-certification stage, it would make highly satisfac-
tory designs possible and minimize design changes during 
the construction phase. However, the current evaluation 
process through 2D drawings comes with two major prob-
lems: excessive data requirements and frequent design 
errors (Kang et al., 2022). Building Information Modeling 
(BIM) is one approach to integrate a range of building in-
formation, such as materials, processes, construction costs, 
and specifications, into 3D models, which makes it easier 
to produce, manage, and utilize information throughout 
the construction process (Yu et  al., 2021). Moreover, by 
leveraging BIM technology, it is possible to automate BF 
certification evaluations by utilizing 3D data and architec-
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tural information at the design stage (Hong & Park, 2020).
According to a survey of experts, BIM-based evaluation 

methods were significantly more efficient than traditional 
2D CAD-based methods of BF certification (Choi & Kim, 
2017). Although previous BIM-based studies have dem-
onstrated the efficiency of digital evaluation approaches, 
limited research has addressed how BF certification criteria 
can be systematically translated into rule-based BIM evalu-
ation logic applicable to actual certification workflows. In 
particular, few studies have proposed a structured classifi-
cation framework linking BF certification items, spatial con-
ditions, object properties, and BIM parameter extraction 
within a unified evaluation process. Therefore, this study 
aims to develop a BIM-based automated evaluation pro-
cess for BF certification by structuring certification criteria 
into rule-based BIM data extraction and object classifica-
tion logic (Lee et  al., 2012). Specifically, certification cri-
teria were analyzed to classify required evaluation items, 
object categories, and BIM attributes necessary for auto-
mated rule-based assessment. In other words, the aim is 
to develop a methodology for evaluating BF certification 
using BIM data. This automated evaluation process is ex-
pected to increase the efficiency of BF certification, reduce 
the workload of designers and evaluators, and ultimate-
ly improve the overall quality and comprehensiveness of 
building designs (Khoshdelnezamiha et al., 2020).

The study aims to verify the practical feasibility of BIM-
based automated BF certification and evaluate its efficien-
cy in comparison with conventional 2D drawing-based 
review. It illustrates how BIM technology can streamline BF 
certification assessments, contribute to the wider adoption 
of BIM in the construction industry, and facilitate a more 
inclusive built environment (Ma et al., 2022).

This research employs a structured methodology to 
evaluate current practices and develop a BF certification 
automation system utilizing BIM technology. The study 
consists of three main stages: investigating the current sta-
tus of BF certification (BF Certification System, 2020), ana-
lyzing relevant commentary, and developing an automated 
evaluation method based on BIM data. By surveying the 
current practices, we identified areas for improvement in 
the evaluation methodology and highlighted the benefits 
of implementing an automated evaluation system (Huang 
et al., 2022).

In the next phase, we examined BF certification com-
mentaries and analyzed the evaluation goals, assessment 
methods, and calculation criteria (Dubljević et  al., 2024). 
This analysis is essential to understand how the certifica-
tion guidelines can ensure accessibility for different user 
groups, and it informs the planning of automated eval-
uations. Furthermore, we explored automated evaluation 
methods using BIM data and assessed the feasibility of ex-
tracting BF certification data from BIM design models. This 
was done to determine whether the necessary building 
information could be retrieved programmatically (Widell, 
2013). 

Finally, an automated evaluation methodology was de-
veloped and applied to the BF certification process. This 
method leverages BIM spatial data, object geometry, build-
ing properties, and parameter data to explore the possi-
bilities of automating the evaluation process. Through this 
study, we aim to improve the BF certification process, pro-
pose an efficient evaluation methodology, and enhance 
the usability of BIM data for future certification tasks.

The research methodology of this study comprises six 
steps:

1)	Status Investigation and Needs Assessment: First, 
the need for BF certification and its evaluation 
methods are investigated. Existing evaluation meth-
odologies are reviewed to identify areas of improve-
ment, and the potential benefits of an automated 
evaluation system are explored.

2)	Analysis of BF Certification Manuals: BF certification 
manuals from several countries and regions are col-
lected and reviewed. These documents are analyzed 
to extract common goals, evaluation methods, and 
criteria. Subsequently, key elements that can be uni-
versally applied to BF certification are summarized.

3)	Analysis of BIM Data Evaluation Methodology: The 
study identifies appropriate calculation criteria from 
BF certification commentaries using data embedded 
within the BIM models. The study extracts relevant 
spatial data, object geometries, and building attri-
butes and assesses their applicability for BF certifi-
cation. Hence, this extraction process evaluates the 
potential for using BIM data in BF certification.

4)	Development of an Automated Evaluation Process: 
The required data types and attributes for BF cer-
tification are identified and classified. An automat-
ed process is then developed to extract and evalu-
ate these data from BIM models. The data for au-
tomated analysis are divided into major types, and 
the evaluation methods are categorized according 
to established standards.

5)	Application and Testing of Automated Evaluation 
Methodology: The developed automatic evaluation 
process is then applied to BIM design-file samples. 
A partially automated BF certification evaluation is 
conducted to validate both the efficiency and accu-
racy of the evaluation using BIM-based data.

6)	Verification and Analysis: The automated evaluation 
system is verified by comparing the results with ex-
isting 2D CAD-based evaluation methods. The ef-
ficiency, accuracy, and completeness of the BIM-
based automatic evaluation are then analyzed and 
compared to conventional methods.

By following this approach, the study aims to demon-
strate the feasibility and advantages of BIM technology in 
facilitating automated BF certification assessments. The ex-
pected outcomes of the study could significantly enhance 
the work efficiency of both designers and evaluators while 
simultaneously improving the overall quality and accessi-
bility of building designs.
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Generally, research on BIM-based automation focus-
es on several key areas. During the development of an 
automated evaluation process, efforts are being made to 
create processes and algorithms that can automatically 
evaluate complex design criteria, such as accessibility stan-
dards, environmental performance, and structural safety. 
More specifically, this automated evaluation methodology 
allows BIM models to be evaluated automatically, which 
reduces assessment time and ensures consistency across 
multiple assessments (Choi & Kim, 2014). 

Integration with Regulatory Standards: Efforts are be-
ing made to integrate BIM automation tools with regulato-
ry standards, such as building codes, energy performance 
benchmarks, and safety regulations (Maqsoom  et al., 
2025). Through this integration, automated assessments 
can comply with applicable laws and industry standards 
(Kim & Choi, 2016).

Data Interoperability and Standardization: Research is 
focused on improving the interoperability and standard-
ization of BIM data to enable efficient automation (Song, 
2014). This allows BIM models to be applied universal-
ly across a wide range of evaluation tools and platforms, 
which enables easier sharing and evaluation across various 
projects and stakeholders (Kim et al., 2013b).

Recently, governments and private companies looking 
to revitalize BIM have shown increased interest in develop-
ing automated evaluation and analysis technologies. Re-
cent studies have also emphasized that BIM-based training 
and digital skill development are essential for improving 
practical implementation of automated evaluation systems 
in the construction industry (Sampaio, 2023). Additionally, 
there is a strong push to improve work efficiency in the 
construction industry by developing automated evaluation 
systems using BIM data (Park & Lee, 2020).

During the process of developing an automated eval-
uation system, methodologies for applying BIM data are 
programmed and developed considering certain evalua-
tion and analysis calculation criteria (Jeong et al., 2020). 
Recent studies on automated geometric preprocessing 
have shown that BIM object consistency is essential for 
reliable rule-based quality control and model-based com-
pliance evaluation (Bueno & Bosché, 2024). This study 
analyzes the spatial and geometrical characteristics of 
each major category of BIM models and classifies meth-
ods for their use based on BF-certification commentaries 
(Lee et al., 2025). Furthermore, the study aims to explore 
the automated evaluation process by classifying different 
types of BIM data for BF certification (Federico et al., 2023). 
The outcomes will be used to develop various automated 
evaluation methods, which will make the system devel-
opment process for automated evaluations more efficient 
(Chong & Zhang, 2021).

Based on this research gap, this study makes three 
main contributions: (1) structuring BF certification criteria 
into BIM-compatible rule logic, (2) developing automated 
BIM-based evaluation methods, and (3) verifying applica-
bility through a real BIM model.

2. BF certification and BIM research  
concept of BF certification
2.1. Concept of BF certification
The concept of BF certification focuses on creating an in-
clusive environment that accommodates the needs of all 
building users, regardless of physical ability or age (BF 
Guide). The primary aim is to promote independence and 
safety by ensuring that both buildings and facilities are ac-
cessible to everyone. BF certification eliminates barriers that 
impede access or usability and creates a user-friendly and 
inclusive environment. This study explores how BF certifica-
tion can be integrated into architectural design and high-
lights its role in making spaces accessible to different user 
groups (such as the elderly and people with disabilities).

Moreover, architectural education increasingly empha-
sizes the importance of BF certification, promotes more 
awareness among architects, and encourages their re-
sponsibility for inclusivity and accessibility from the design 
phase (Zaslascky et al., 2023). Incorporating a BF certifica-
tion strategy from the early stages of design is essential 
to ensure that spaces meet accessibility standards and ad-
dress potential obstacles early in the process. Hence, there 
is a need for professional design tools that help archi-
tects integrate BF certification features into their projects 
while considering local characteristics and public interests. 
In architectural evaluations, accessibility can be prioritized 
by considering both the physical and socioeconomic fac-
tors that determine the usability of facilities (Song & Kim, 
2020). Furthermore, a comprehensive evaluation process 
ensures that the building design caters to the diverse 
needs of its users. This study aims to integrate accessibil-
ity considerations into the design and evaluation process-
es by developing specialized tools to create an inclusive, 
accessible built environment.

2.1.1. Principles of barrier-free certification

The growing awareness of the need for accessible envi-
ronments drives the concept of BF certification. This is es-
pecially important given the aging population and the in-
creasing number of individuals with disabilities globally 
(Lee et  al., 2012). BF certification is founded on design 
principles that ensure accessibility, safety, and usability 
for all individuals (Heylighen et al., 2017). These principles, 
listed in Table 1 below, provide a framework for designing 
and evaluating accessible spaces.

The BF certification principles are designed to promote 
independence, improve quality of life, and ensure that all 
buildings and facilities are suitable for all individuals, re-
gardless of their physical capabilities. In other words, these 
principles emphasize the importance of designing spaces 
that are accessible, usable, and safe for everyone.

2.1.2. BF certification procedure

Barrier-Free (BF) certification ensures that buildings, parks, 
and other facilities provide a barrier-free living environ-
ment. BF certification involves various assessments and 
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screenings to verify user accessibility from the design 
stage. It is generally divided into two stages: prelimi-
nary certification and main certification. The BF certifica-
tion process follows a step-by-step procedure, as shown 
in Figure 1. The left side of Figure 1 illustrates the prelimi-
nary certification procedure during the design submission 
stage, where BIM model data are introduced as an alterna-
tive to conventional 2D drawing-based document prepa-
ration. The right side presents the main certification pro-
cedure after construction completion, where as-built BIM 
data can support final compliance review together with 
installed facility verification.

In this study, we propose a method to streamline the 
certification process by utilizing BIM data during the cer-
tification submission and application stages. By replacing 
traditional 2D data with BIM data, we propose a more ef-
ficient method for BF certification by automatically ex-
tracting the necessary information from the BIM model 
for document preparation and submission.

In this study, the BIM-based proposal method is po-
sitioned at both certification stages to reduce repetitive 
document preparation and improve consistency in certifi-
cation data submission.

2.1.3. BF-certification item-classification system

Table 2 outlines the classification system for objects and 
spaces applicable to BF certification. Certification begins by 
categorizing the building facilities into six main groups: 1.  

Exterior Connection Facilities, 2. Internal Facilities, 3. Sani-
tary Facilities, 4. Information Facilities, 5. Other Facilities, 
and 6. Providing joint Supplies, as shown in Table 2. These 
categories are further divided into specific sub-classifica-
tions, including access roads, parking lots, main entranc-
es, general access doors, corridors, stairs, ramps, elevators, 
disabled toilets, toilet access, urinals, sinks, bathrooms, 
showers, changing rooms, guidance systems, alarms, evac-
uation equipment, guest rooms, spectator seating, recep-
tion desks, information desks, ticket offices, vending ma-
chines, and other convenience facilities such as rest areas 
for pregnant women and providing joint supplies.

Each item is evaluated based on specific criteria such 
as the facilities’ availability, height, width, materials, finish-
es, and connection methods designed to enhance acces-
sibility for people with disabilities. The evaluation criteria 
and calculation standards are specified for each item. This 
study aims to develop a methodology that utilizes BIM 
data to meet these calculation standards more efficiently.

2.2. Current status and utilization  
of BIM-attribute information
The use of Building Information Modeling (BIM) is rapidly 
spreading across the architecture and construction indus-
tries due to its ability to manage and streamline complex 
construction projects (Volk et al., 2014). BIM integrates var-
ious aspects of construction data, from structural and ma-
terial specifications to project schedules and costs, into 

Table 1. Principles of BF certification

Principle Description

Function Ensure an environment that provides the necessary support while avoiding unnecessary burden on users. This principle 
focuses on creating a space that helps individuals perform their daily activities efficiently and comfortably

Flexibility Design an environment that accommodates the diverse needs and preferences of various users. This flexibility allows for 
different configurations and adjustments to meet individual requirements

Access Remove physical barriers that prevent individuals from accessing and using the environment. This principle ensures that 
all areas are accessible to people of various physical abilities

Safety Design should consider both physical and mental safety. This principle includes ensuring a safe environment for all users 
by recognizing potential risks and implementing measures to mitigate them

Figure 1. BIM-supported workflow for preliminary and main BF certification procedures
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a single model (Mill et al., 2013). This enables easier col-
laboration among architects, engineers, and contractors, 
which reduces the potential for miscommunication and er-
rors during the design and construction phases (Ghaffari-
anhoseini et al., 2017).

Over the past decade, interest in BIM within the con-
struction industry has grown dramatically, with its usage 
rate increasing from 13% to 73% (NBS Enterprises Ltd., 
2020). The many benefits of BIM, including improved pro-
ject coordination, reduced errors, and enhanced over-
all project management, have driven this growth period 
(Wu et al., 2023). BIM enables better decision-making at 
all project stages, from design through post-construction 
management, by visualizing buildings in 3D models. Fur-
thermore, BIM allows for real-time updates, which enables 
stakeholders to respond quickly to changes, minimizes de-
lays, and avoids cost overruns. BIM also offers the ability 
to extract and analyze detailed data and images that are 
tailored to user needs. Unlike traditional CAD-based meth-
ods, BIM is object-oriented and uses architectural data to 
provide accurate and comprehensive information about a 
building’s performance and design features (Li et al., 2024). 
BIM effectively reduced risks by detecting and resolving 
design flaws early. It also supports better team communi-
cation, reducing inconsistencies and aligning project goals.

However, despite the numerous benefits of BIM, the 
design certification process still heavily relies on traditional 
CAD drawings. It still requires data in CAD format, which 
necessitates converting BIM data to CAD format (Alsehai-
mi et  al., 2024). This added step not only increases the 
complexity of the process but also undermines the poten-
tial efficiencies that BIM can bring to certification. In order 

to address this challenge, this study explores optimizing 
the use of BIM data in design certification. Data verifica-
tion, production systems, and optimization algorithms are 
evaluated to improve BIM data management during cer-
tification (Kim et al., 2023). The goal is to directly utilize 
BIM models without relying on 2D CAD drawings, thus in-
creasing the accuracy and reducing the time required for 
certification approval.

2.3. Utilization of BIM-attribute information
The information and attribute data of evaluation objects 
can be utilized from BIM data depending on the Barri-
er-Free BF certification evaluation items. BIM information 
classification can be divided into two main types: object-
classification system-information and attribute-classifica-
tion-system information. This information is structured to 
systematically support the evaluation process  – see Ta-
ble 3.

Object classification system information is subdivided 
into spatial-object information and part-object informa-
tion. Spatial-object information provides details related to 
the location or range of space used to define specific ar-
eas within a building. In contrast, part object information 
offers detailed information about each object’s specific 
position or component (Hong & Kim, 2018). This infor-
mation is processed into BIM program classification items 
and is a critical element in automated BF certification re-
view processes. The classification of object classification 
information ensures that attribute information can be ef-
ficiently utilized during the automated evaluation process 
(Wu & Zhang, 2019).

Table 2. BF certification item classification system

Large Category Medium Category Small Category

Building

1. Exterior Connection Facility 1.1. Access Road
1.2. Parking Area for Persons with Disabilities
1.3. Main entrance (door)

2. Internal Facilities 2.1. General Entrance
2.2. Corridor
2.3. Stairs
2.4. Slope
2.5. Elevators

3. Sanitary Facilities 3.1. Toilets for Disabled People
3.2. Access to Toilets
3.3. Toilet Bowl
3.4. Urinary System
3.5. Washbasin
3.6. Bathroom
3.7. Shower and Changing Rooms

4. Information Facilities 4.1. Guided Equipment
4.2. Alarm and Evacuation Facility

5. Other Facilities 5.1. Rooms and Bedrooms
5.2. Spectator and Reading Seats
5.3. Reception Desk and Information Desk
5.4. Ticket Distribution Box, Beverage Stand
5.5. Installation of Evacuation Spaces
5.6. Rest Facilities for Pregnant Women

6. Providing Joint Supplies 6.1. Providing Joint Supplies
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Attribute-classification-system information consists of 
four primary attributes. Identification attributes indicate in-
formation such as the presence or definition of objects. 
For instance, they can be used to confirm whether essen-
tial facilities are present in a specific space. Shape attrib-
utes provide information related to the physical form of 
objects, such as dimensions, area, length, and slope. This 
helps ensure that building elements meet the correct size 
and location requirements within a space.

Furthermore, physical attributes represent the materi-
als’ characteristics, which enables the evaluation of wheth-
er the material meets BF certification standards. Finally, 
reference attributes provide additional information about 
the object’s functions or other related properties, which 
are used to review the additional requirements that build-
ings must meet.

During the BF certification evaluation, the evaluation 
object’s classification and attributes are examined to en-
sure compliance with certification standards. In addition, 
BIM data allows the location of evaluation objects to be 
identified, and the required specifications and functions 
can be reviewed automatically. The classification of spaces 
is essential because evaluation criteria differ depending on 
spatial function and circulation conditions.

2.4. Need for BIM automation research
The necessity for BIM-based automated analysis and eval-
uation research has become a significant focus area in the 
architecture and construction industry due to the need to 
improve accuracy, efficiency, and scalability in design eval-
uation (Zhang, 2020). BIM for automating various evalua-
tion processes (particularly in areas such as design certifi-
cation, regulatory compliance, and building performance 
analysis) has gained attention when simplifying traditional-
ly manual and labor-intensive tasks (Yang et al., 2013). Cur-
rent research in this field is focused on leveraging the rich 
data models BIM provides to automate building design 
evaluations according to specific criteria, such as univer-
sal design, energy efficiency, and safety regulations (Oz-
turk, 2019).

Research into automated analysis and evaluation using 
BIM data demonstrates the potential for enhanced confor-
mity with standards. The BIM’s ability to integrate build-
ing data in a 3D object-oriented format provides a tool for 
automating design evaluations (Kim et al., 2013a). Auto-
mated tools are currently developed to extract information 

directly from BIM models, conduct real-time evaluations, 
and generate reports without manual intervention. Recent 
studies have validated the feasibility of automating evalu-
ations for specific architectural standards, such as univer-
sal design and BF certification (Jin & Guo, 2021). These 
tools allow for identifying issues like non-compliance with 
accessibility standards or safety risks early in the design 
process, which enables more accurate and efficient evalu-
ations (Yang et al., 2022).

The primary advantage of BIM-based automation is its 
ability to reduce human errors that are common in man-
ual certification and review processes (Jung et al., 2013). 
By automating the extraction and analysis of design data, 
these tools ensure that all relevant information is reviewed 
against predefined criteria, which provides more reliable 
results (Rojas et al., 2019). Moreover, automation enables 
scalability, allowing large-scale projects or multiple build-
ings to be evaluated simultaneously with minimal addi-
tional effort (Meng et al., 2014).

As summarized in Table  4, recent BIM automation 
research generally follows several major development 
streams, including automated rule-based evaluation, reg-
ulatory integration, and data interoperability improvement 
(Kim et al., 2019). These research streams demonstrate that 
BIM automation is evolving from simple object extraction 
toward structured decision-support systems capable of 
supporting design verification under increasingly complex 
regulatory conditions (Laali et al., 2022).

However, despite these developments, relatively lim-
ited research has addressed how certification criteria 
themselves can be systematically transformed into BIM-
compatible rule structures for accessibility-oriented cer-
tification systems such as BF certification. This indicates 
a remaining methodological gap between BIM-based ob-
ject processing and certification-oriented evaluation logic.

Accordingly, the present study positions BF certifica-
tion as a rule-based methodological application domain 
in which BIM object information, spatial conditions, and 
certification requirements must be jointly interpreted with-
in a unified evaluation framework (Yoo et al., 2016). BIM-
based automation therefore has the potential to become 
a vital tool for simplifying and improving the accuracy of 
architectural design evaluations. In addition, in BF certifica-
tion, automated tools utilizing BIM data can minimize hu-
man error, identify problems earlier in the design phase, 
and enable more efficient evaluations. Moreover, future 
research into BIM data standardization and interoperability 

Table 3. BIM properties information

Classification of information Generated information Description

About the Object Classification System Space Object Location
Partial Individual Exact Location, Object Name

Attribute Classification System Information Identification Properties Presence / Absence
Shape Properties Size, Area, Length, Slope, etc.
Properties of Physical Properties Material
Reference Properties Other Reference – Properties, Features
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will likely broaden the application of BIM-based automa-
tion in certification-oriented design evaluations (Kim et al., 
2016). The classification of spaces remains essential be-
cause evaluation criteria differ depending on spatial func-
tion and circulation conditions.

3. BIM-based BF building data
3.1. Characteristics of BF-users by type
Barrier-Free (BF) certification considers the needs of vari-
ous user groups, including children, the elderly, pregnant 
women, people with disabilities, and temporarily disabled 
individuals. More specifically, the certification process clas-
sifies users into seven categories, as outlined in the BF 
certification guidelines. According to these guidelines, the 

certification requirements for each user type, such as in-
fants, elderly individuals, wheelchair users, and visually and 
hearing-impaired persons, are detailed in Table 5. This ta-
ble also outlines how BIM data can be utilized for each 
user’s needs.

For instance, BIM libraries can be used to search for 
objects like strollers, nursing rooms, and ergonomically 
designed furniture for children and infants. For pregnant 
women, the placement of resting areas and seating ar-
rangements can be evaluated. For elderly users, informa-
tion about materials used for anti-slip flooring and the 
presence of handrails can be assessed. Wheelchair us-
ers and individuals with limited mobility can benefit from 
BIM-based shape analysis to evaluate ramp slopes and 
the presence of level changes. Moreover, BIM libraries 

Table 4. BIM research types

Research Type Description

Development of Automation 
Evaluation

Researchers are developing algorithms and processes that automatically evaluate accessibility 
standards, environmental performance, and structural safety (Choi & Kim, 2017). These studies 
automatically evaluate BIM models to save time and ensure evaluation consistency (Oh et al., 2019)

Integration with Regulatory 
Standards

Efforts are made to integrate BIM automation tools with regulatory standards such as building codes, 
energy performance standards, and safety regulations (Lee & Park, 2021). This enables automated 
evaluation to meet legal and industrial standards (Kang et al., 2022)

Data Interoperability and 
Standardization

Research is being conducted to improve the interoperability of BIM data and build standardization so 
that BIM models can be applied to various evaluation tools and platforms (Kim & Choi, 2016).

Rule-based Compliance 
Checking

Recent BIM studies convert regulatory requirements into machine-readable rule sets for direct 
comparison between BIM object data and compliance criteria, improving consistency in design review 
(Solihin & Eastman, 2015)

BIM-based Decision Support 
for Certification

Recent BIM research supports certification-related decision making through object filtering, spatial 
interpretation, and automated reporting, extending BIM use beyond model checking (Solihin & 
Eastman, 2016; Zhang & El-Gohary, 2017)

Table 5. How to utilize BIM data by BF-certified user type

User Type Description Leveraged BIM data

Infants and 
Children

Infants and children are in the early stages of life. They are often viewed as 
unique individuals who require the physical and cognitive support of their 
caregivers

Confirmation and arrangement of 
furniture specifications for infants

Pregnant 
Women

Pregnant women undergo many physiological and emotional changes during 
pregnancy. Common symptoms such as fatigue, low back pain, and difficulty 
walking can make maintaining a sense of balance challenging

Placement of resting areas and 
seating arrangements; presence of 
maternity amenities

Old Adults The elderly are generally characterized by vulnerable groups with a high 
probability of medical conditions, cognitive decline, and physical decline. Daily 
tasks that will pose problems to them are tasks that require physical strength 
and continuous effort, often related to indoor and outdoor activities

Material attributes of anti-slip 
flooring; presence and dimensions 
of handrails

Wheelchair 
Users

Wheelchair users often face challenges as they negotiate level changes and 
move in narrow and crowded spaces

Shape analysis of ramp slopes and 
level differences

Ambulance for 
Individuals with 
Disabilities

People with temporary or permanent walking disabilities often experience 
unstable and slow movements

Convenience of movement, 
recognition, and specifications for 
installing assistive equipment

Blind Individuals Blind people rely on the reduced ability of their vision as well as other aids to 
navigate

Ensure convenient access by 
evaluating steps, slopes, and 
pathways. Identify and assess 
potential obstacles

Deaf Individuals As deaf people do not receive audio information, all information must be 
conveyed through alternative methods. This includes replacing audio alerts 
with visual signals and allowing users to customize the frequency and intensity 
of auditory cues.

Specifications for the installation 
of mobile convenience facilities
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can help evaluate tactile, auditory, and olfactory signals, 
such as tactile blocks and alarm systems for visually im-
paired individuals. Visual alarm systems can be assessed 
for hearing-impaired individuals. While the objectives of 
BF certification differ for each user type, the classification 
of methodologies can be established by considering user 
characteristics and leveraging commonalities in BIM-data 
utilization.

3.2. Utilization of BIM data  
by facility for BF certification
BF-certification evaluation items are classified into five 
categories based on the facility type and the presence of 
necessary equipment. These categories are outlined in Ta-
ble  6  and include exterior connection, interior, sanitary, 
informational, and other facilities, with an additional clas-
sification for facility supplies required for BF certification.

Exterior Connection Facilities refer to building accessi-
bility from external spaces, such as roads and parking lots, 
to the building’s interior. These areas are evaluated using 
spatial and floor-related BIM data. Interior Facilities refer 
to doors and passageways within the building to ensure 
they meet both size and obstruction-free requirements. 
Sanitary facilities are concerned with restroom accessibility, 
including the appropriate placement of disabled and child-
friendly fixtures. Informational Facilities refer to whether 
visual, auditory, and tactile guidance systems are accessi-
ble to all users, while Other Facilities include guest rooms, 
lounges, and viewing areas. Lastly, Facility Supplies relate 
to barrier-free designs, such as slip-resistant finishes.

For automated BF certification, facility-specific attri-
butes are identified, and the applicable BIM data are sum-
marized in the third column of Table 6. In all cases, spatial 
data were used to categorize facility locations, while object 
attribute data were used for comparisons with evaluation 
standards. These rule categories demonstrate that auto-
mated evaluation requires combined interpretation of ob-
ject presence, placement, and attribute information.

3.3. Utilization of BIM Data  
by object for BF certification
The BF certification evaluation guide analyzes and cate-
gorizes evaluation items based on different objects. These 
objects are broadly divided into five categories: space, ar-
chitectural objects, information systems, and materials – 
see Table 7. The classification method is essential because 
the evaluation methodology for each object is similar, and 
the required data is consistent, which necessitates the cat-
egorization of objects accordingly (Yu & Choi, 2023). In 
addition to architectural elements, convenience and guid-
ance facilities are also included in the BF certification eval-
uation items.

Spaces are classified into external spaces (outside the 
building) and internal spaces (inside the building). Archi-
tectural elements are categorized into eight subcategories 
(excluding structural components), which focus on ele-
ments with which building users can directly interact. For 
instance, floor elements are evaluated for their slip resis-
tance, height differences, and slopes, including transitions 
from sidewalks to main entrances and interior areas. Walls 
are checked for effective width and the presence of obsta-
cles. Stairs are evaluated based on effective width, clear-
ance, and user-friendly dimensions. Ramps are assessed 
for their slope angles. Handrails are evaluated for their 
presence and dimensions, particularly in staircases, ramps, 
and corridors, to assist individuals with mobility challeng-
es. Automatic doors are assessed for their effective width 
and functionality to ensure easy access for all users. Ele-
vators are checked for compliance with specifications and 
the presence of alert systems to enhance safety and acces-
sibility. In addition, furniture used in buildings is evaluated 
for adherence to relevant certification criteria to ensure it 
meets the needs of various users.

Moreover, information systems, such as auditory 
guides, Braille signage, and visual alarms, are evaluated as 
facilities that provide information. The presence and cor-
rect placement of tactile paving is also assessed to ensure 
effective guidance for individuals with visual impairments. 

Table 6. BIM-data search method by BF certification facilities

Classification Description BIM Search Method

1.	Exterior 
Connection 
Facilities

Access road, disabled parking area, main entrance Building Outer Space Area, Sidewalk 
Floor Standard

2.	 Internal Facilities General entrance, corridor, stairs, ramp, lift Building Interior Space Area, Sidewalk 
Floor Standard

3.	Sanitary Facilities Toilets available to persons with disabilities, access to toilets, toilets, 
toilets, toilets, toilets, washbasin bathrooms, showers, and change-ups

Bathroom room information, 
accessibility

4.	 Information 
Facilities

Information equipment, alarms, and evacuation equipment Search for objects in common space, 
lobby area, information facility facilities

5.	Other Facilities Rooms and bedrooms, bleachers and reading, reception desk,
Ticket office, vending machine, beverage stand, evacuation zone, 
maternity rest facility

Room space area, search with space 
classification code, search with 
amenities objects

6.	Providing joint 
Supplies

6 Co-Supply Provisions Find co-supplied product objects
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Convenience facilities, such as resting areas, are evaluated 
for their availability and suitability for users to promote 
comfort and accessibility. Additionally, aspects such as slip 
resistance, temperature (coldness), texture, and visibility 
are checked for compliance with relevant standards. These 
evaluation criteria can be effectively assessed by searching 
and comparing the names, classification systems, shape at-
tribute data, and functionalities of BIM objects.

3.4. Utilization of BIM attribute  
data for BF certification
BIM design data provide essential information for the eval-
uation process related to BF certification. These data can 
be classified into three main attribute systems that support 
automated BF certification evaluations, as summarized in 
Table 8. BIM data are categorized into three primary classi-
fications: space, object, and attribute. These classifications 
are instrumental in analyzing building features to ensure 
compliance with BF guidelines.

Space Classification applies to building areas, floors, 
and spaces, which allows evaluators to readily check 
whether accessibility standards are met. For instance, corri-
dors, ramps, and restrooms can be identified and assessed 
for proper placement and dimensions. As shown in the 
image, spatial objects define the location and extent of 
various building spaces, such as floors, zones, and rooms. 
These space arrangements are then evaluated to deter-
mine if they meet the accessibility standards based on the 
BF certification criteria.

In addition, Object Classification focuses on the physi-
cal components of a building, such as walls, doors, and 
windows. These elements are used to check whether the 
requirements for door width or surface materials (essential 
for wheelchair accessibility) are met. Part objects provide 
detailed information about the physical components with-
in the building, such as columns, walls, doors, and win-
dows, which enable evaluators to assess whether these 

objects are correctly arranged to ensure accessibility. The 
image highlights examples of doors and windows that can 
be evaluated to determine whether they meet the BF cer-
tification standards.

Finally, Attribute Classification provides detailed speci-
fications, such as material types, dimensions, and physical 
properties of building elements. This attribute is used to 
check if materials meet the BF certification standards and 
functional requirements. Attribute Classification is divid-
ed into identification attributes, shape attributes, physical 
properties, and reference attributes, each providing spe-
cific information related to the building’s functionality or 
material. In the image, a screen (displaying attribute infor-
mation) is shown, with details such as material properties 
and design attributes that play a critical role in the auto-
mated evaluation process.

A comprehensive and automated evaluation of a build-
ing’s compliance with BF certification can be performed 
using BIM’s attribute-based classification system. Building 
designers and evaluators can then integrate space, object, 
and attribute data to ensure that all aspects of the build-
ing meet the required accessibility standards. By leverag-
ing this BIM-based classification system, the accuracy and 
efficiency of BF certification can be improved significantly, 
which reduces reliance on manual reviews and enhances 
the overall quality of the design.

4. Data analysis for automated  
BF evaluation
4.1. Types of data analysis for  
automated BF evaluation
In order to implement automated BF certification using 
BIM, the structure of the BF-certification evaluation guide 
was applied to confirm that characteristics and evalua-
tion criteria vary according to different user groups. Each 
facility has unique specific evaluation factors, and the 
evaluation methods are similar across different facilities.  

Table 7. How to use BF certification by BIM object category

Main Category Detail Category Description

Space Exterior Access and movement outside
Interior Internal access, movement, and use of facilities

Building Objects Slab Remove obstacles to ensure pedestrian safety when passing
Wall Guidance devices for convenience when using facilities
Stair Remove obstacles and safety devices for movement between floors
Ramp Walkable slope and safety devices
Railing Assistance for users’ access and use of facilities
Door Access and space as a medium for connecting spaces
Lift Convenience when using the lift
Furniture Provide ease of use for facility users within the building

Information Systems Information System Display signs, including Braille signs and informational content
Braille Block Raised block format for tactile guidance

Convenient Facilities Dedicated Instrument Facilities and systems specifically designed for persons with disabilities
Quality of Materials Material Material and finishes that provide anti-slip protection

Visibility Ensuring visibility for risk and guidance 
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BF certification categorizes evaluation criteria based on us-
er characteristics, spatial requirements, and building ob-
jects. BIM data are then utilized to search, extract, and 
compare information for automated analyses. This process 
is divided into four distinct rules for automated analysis: 
space search, object search, object placement, and attrib-
ute extraction.

First, spatial classification analysis involves evaluating 
the building layout and space composition criteria. The 

analyzed BIM components include spaces such as rooms, 
corridors, and open areas. The critical analysis focuses on 
ensuring the required facilities are present and sufficient 
space is allocated to meet accessibility requirements. The 
result of this analysis is a comparative evaluation of wheth-
er the necessary spaces exist and whether they meet BF 
standards.

Second, shape analysis is based on building elements’ 
physical geometry and dimensions. BIM components, such 

Table 8. Utilization of BF certification data by BIM attributes

Classification 
System Object Classification System Attribute Classification System

Detailed 
Classification Spatial Object Part Object Attribute Information

Image

Content Define the location and scope of 
various spaces, such as floors, areas, 
and rooms of buildings

Used to physically construct 
facilities, such as columns, walls, 
doors, windows, etc.

Identification properties, shape 
properties, building properties, and 
reference properties

BF 
Certification

Use when classifying the area and 
scope of facilities and evaluating the 
location of evaluation items and the 
criteria for the scope of utilization 
space

Evaluation objectives according to 
criteria and the arrangement of 
evaluation objects

Comparison of specification and 
material values of evaluation criteria, 
functional evaluation of calculation 
criteria

Leverage
BIM data

Project information, levels, spatial 
data, and compartment areas

Object shape data, object shape 
property values

Identification, shape, property, and 
reference property values
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as ramps, doors, and stairs, are evaluated to ensure that 
their shape and dimensions meet accessibility require-
ments. This analysis involves comparing parameters like 
slope and width to assess whether all building shapes 
comply with the BF standards.

Third, placement analysis evaluates how objects are 
positioned in the building according to the evaluation 
criteria. The BIM components in this analysis include ob-
jects like signs, seating, and tactile indicators. The focus 
is on verifying these objects’ correct placement and util-
ity in compliance with BF guidelines, which ensures that 
the evaluation objects meet the accessibility requirements.

Lastly, attribute analysis focuses on building elements’ 
material properties and specifications. This analysis exam-
ines the BIM model’s material data, dimensions, and oth-
er functional attributes to determine whether they align 
with BF certification standards. Critical aspects like mate-
rial durability and functionality are then compared against 
BF requirements to verify compliance. The analysis results 
confirm whether the materials and attributes used in the 
building do indeed meet the required accessibility stan-
dards.

By classifying BIM data into space, shape, placement, 
and attribute analyses, this approach can provide a com-
prehensive methodology to perform automated BF evalu-
ations. Furthermore, by separating the utilization of BIM 
data according to the evaluation criteria, the methodology 
can be applied systematically, which results in more effi-
cient research in automated evaluation processes.

The classification of BIM data into spatial, geometric, 
placement, and attribute analyses establishes the mini-
mum analytical framework required for automated BF 
certification evaluation. Each category corresponds to a 
different type of certification requirement and determines 
how BIM information should be extracted and compared 
during rule-based evaluation. This classification also pro-
vides the methodological basis for the automated evalua-
tion procedures presented in the following section.

4.2. Methods of automated  
evaluation by type
(1)	 Spatial classification analysis 

The evaluation items for BF certification differ accord-
ing to the facility’s spatial function, which makes spatial 
search methods crucial. Such spatial classifications facili-
tate the evaluation of structure items based on similar cri-
teria, which makes them easier to review at the evaluation 
stage. Moreover, BF certification provides guidelines for 
a wide range of evaluation criteria, including mobility-re-
lated access and movement requirements within facilities. 
These include requirements for areas such as accessible 
restrooms, emergency evacuation spaces, and designated 
parking for people with disabilities. More specifically, BIM 
space data include room names, numbers, types, areas, 
volumes, and textual information on finishes, flooring, and 
wall treatments. These data allow the system to automati-
cally search for the facilities required for BF certification. 

This workflow demonstrates that spatial information must 
be classified before evaluation criteria can be applied sys-
tematically (see Figure 2).

(2)	 Geometric analysis for automated review
BIM objects contain 3D geometric information that can 

be configured with parameters. Automated analysis can be 
performed by examining the geometry itself along with 
its parameter values. Geometric data, such as dimensions 
(width, height, depth), slope, as well as color, can be ex-
tracted and evaluated. For example, floor slopes can be 
analyzed using slope parameter values. For the BF certi-
fication, a geometric analysis assesses the effective width 
of doors to ensure that entryways meet the accessibili-
ty requirements. The automated analysis also verifies if 
objects are appropriately sized and placed at user-con-
venient heights, particularly for individuals with physical 
limitations. These evaluations are conducted by extract-
ing the parameter values of objects from the BIM model. 
Geometric analysis is essential because dimensional com-
pliance forms the basis of several BF certification items 
(see Figure 3).

(3)	 Object placement for automated review
The object placement evaluation determines whether 

certain objects are present and appropriately placed within 
a BIM project based on relevant certification standards. For 
example, the placement of informational signage at build-
ing entrances or tactile paving blocks at stair entrances 
and exits for visually impaired individuals can be assessed 
automatically. In addition, the BIM model can be searched 
to confirm whether the necessary objects are present and 
correctly positioned according to BF certification require-
ments. The system can also evaluate whether designated 
spaces, such as parking areas for people with disabili-
ties, are placed near building entrances and appropriate 
placement criteria are met. Placement verification enables 
automated confirmation of object accessibility under pre-
defined certification conditions (see Figure 4).

(4)	 Attribute analysis for automated review
In addition to geometric parameters, BIM data can pro-

vide additional information about building elements, such 
as area, perimeter, surface area, location details, material 
types, and functional attributes. These data can then be 
used to evaluate whether the building elements meet the 
functional requirements for BF certification. For example, 
the automated system can verify whether a door has ac-
cessibility features (e.g., an automatic opener) and wheth-
er it is appropriately placed within the building. Moreover, 
the review process filters all doors within the BIM model 
to identify the primary entrances. Once filtered, the sys-
tem evaluates whether these entrances meet BF certifica-
tion requirements, such as minimum effective width and 
adequate clearance both in front and behind a door. At-
tribute verification complements geometric analysis by 
incorporating functional information required for certifi-
cation judgement (see Figure 5).
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Overall, BIM-based automation offers a comprehensive 
approach to ensuring facilities comply with BF certification 
standards. By classifying analyses into space search, object 
placement, geometric analysis, and attribute evaluation, 
the system can verify a building’s compliance with acces-
sibility requirements both systematically and efficiently. 
Automated approaches reduce the need for manual in-
spections, increase evaluation accuracy, and streamline 
the certification process, which ultimately contributes to a 
more inclusive environment.

5. Automated evaluation process  
for BIM-based BF-certification
5.1. Types of automated analysis processes
In this study, the automated evaluation process for BF cer-
tification was classified based on the evaluation methods 
shown in Table 9. The evaluation methods were organized 
by object type for BF certification and focused on the nec-
essary information from BIM data. Furthermore, the analy-
sis methods were divided into three categories according 

to output criteria, which yielded the automated analysis 
process types below.

To create the automated analysis process, we first ref-
erenced the BF certification guidelines to understand and 
analyze the evaluation methods. BIM data were then used 
to classify the evaluation objects and their occupied spac-
es. Subsequently, the BIM information was analyzed based 
on the output methods to compare and evaluate against 
the BF certification criteria. Note that not all analysis meth-
ods are identical, and some evaluations may simply verify 
the presence of objects, while others require confirmation 
that objects are placed correctly within spaces according 
to BF certification conditions. Different data and condi-
tions are needed depending on the evaluation scenario. 
BIM Geometry and BIM Information were used for each 
scenario, categorized by type, and summarized in Table 9.

The column for the BF-certification evaluation crite-
ria can include seven evaluation types, while the rows list 
evaluation methodologies, BIM objects, BIM spaces, pres-
ence, placement, and attribute information. Each evalu-
ation type contains items marked with a circular object.

Figure 2. BIM-based spatial classification workflow for BF certification evaluation
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Figure 5. BIM-based attribute information verification workflow for BF certification

Figure 3. BIM-based geometric analysis workflow for BF certification evaluation

Figure 4. BIM-based object placement verification workflow for BF certification
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To study the evaluation methods for BIM-based BF cer-
tification, we divided the types into seven categories and 
documented how the geometry and information aspects 
of BIM can be used in each evaluation method.
(1)	 Verification of Object Presence: 

This method checks if the object is present within the 
project. For example, it verifies if an automatic ramp 
is installed on a slope or an elevator is installed in-
stead of stairs. This approach is suitable for evaluation 
items that only need to confirm the presence of ob-
jects within the building without additional conditions.

(2)	 Verification of Space Presence: 
This method checks whether the necessary spaces for 
BF certification, such as designated restrooms or ac-
cessible parking spaces, exist in the project.

(3)	 Verification of Object Presence in a Specific Space: 
This method confirms whether an evaluation object 
is present in a specific space. For example, it verifies 
whether seating areas are placed outdoors or whether 
accessible sanitation facilities are present in designat-
ed restrooms for individuals with disabilities.

(4)	 Verification of Object Placement in Space: 
This method checks whether the evaluation object is 
placed in a specific space and meets the required con-
ditions. For instance, it evaluates whether tactile pav-
ing is correctly installed at the beginning of a stairwell.

(5)	 Verification of Objects that Meet the Criteria: 
This method verifies whether the evaluation object 
meets specific attribute conditions. For example, it as-
sesses whether handrails comply with required height, 
material, and circumference specifications to ensure 
user safety.

(6)	 Verification of Objects that Meet the Criteria Present 
in Space: 
This method determines whether an object that meets 
specific attribute conditions is present in a particu-
lar space. For example, it verifies whether a voice-
guidance system is installed in an elevator space and 
whether the function is operational.

(7)	 Verification of Objects Placed in Space that Meet the 
Criteria: 
This method evaluates whether an object that meets 
certain conditions is appropriately placed in a specific 
space. For example, it checks whether a guidance sys-

tem is installed at the main entrance with good vis-
ibility and whether the guidance information is dis-
played correctly.

The various evaluation types were organized into 
methods for finding and comparing the presence, place-
ment, and attribute information of objects and spaces 
within the BIM. We can further refine automated evalua-
tion techniques by developing a process based on these 
methods. By adjusting input data and conditions, more 
comprehensive evaluations can be achieved.

5.2. Automated evaluation  
and analysis process
In this study, the automated evaluation method for BF 
certification was programmed and applied to a 10-story 
building via a sample file. The openBIM Research Group 
provided this sample file as a test model for automated 
support technology based on openBIM architectural de-
sign. However, because the base design did not include 
all the features necessary for BF certification, addition-
al modifications were made to the BIM design data. For 
example, ramp slopes were adjusted, door widths were 
modified for easier access, and additional guidance sys-
tems and facilities for individuals with disabilities were in-
stalled. BIM-based BF certification evaluations were then 
conducted using these data – see Figure 6. Relevant ob-
jects and information were searched and extracted from 
the BIM model following the BF certification guide. Sub-
sequently, the data were compared and analyzed against 
the BF evaluation criteria. This process demonstrates that 
BIM object classification must precede rule-based certifi-
cation checking.

5.3. Application of the BF  
automated evaluation
This study classified BF certification data to assess the con-
venience and accessibility of buildings. For example, the 
process of determining whether tactile paving blocks are 
installed for visually impaired users is described in Fig-
ure 7. BIM data were categorized, and objects with door 
functionalities were filtered to verify the availability (pres-
ence) of tactile paving near the doors. The filtered data 
were then used to conduct an automated evaluation and 
determine compliance with BF standards.

Table 9. Automation analysis process types for BF design

Evaluation Criteria
BF Design Criteria Guide BIM Geometry BIM Information

Evaluation Method Object Space Presence Deployment Parameters

Presence of an Object (A) O O
Presence of Space (A) O O
Object is Present in Space (A) / (B) O O O
Place Objects in Space (A) / (C) O O O
Objects that Meet the Criteria (A) / (D) O O O
Objects that Meet the Criteria Exist in Space (A) / (B) / (D) O O O O
Place Objects in Space that Meets the Criteria (A) / (C) / (D) O O O O
Calculation Criteria (A) Presence, (B) Securing, (C) Condition, (D) Comparison
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A geometric analysis evaluation method is shown in 
Figure 7. This method involves analyzing the geometry of 
filtered objects, such as evaluating the accessibility of the 
space in front of an elevator. The elevator doors were lo-
cated, and a virtual space centered on the elevator was 
established to check for obstructions. This BIM-based eval-
uation method is far more efficient than manual evalu-
ations based on drawings and can be automated using 
programmed processes.

This process demonstrates that BIM object classifica-
tion must precede rule-based certification checking.

5.4. Application of the BF  
automated evaluation
During the analysis of the design data in this study, it was 
confirmed that the objects for BF certification evaluation 
are diverse, and these objects occupy a significant number 
of elements in each design project. For example, as sum-
marized in Table 10, the 10-story building sample that the 
openBIM Research Group provided contained 68 space da-

ta points, 253 doors, 1,265 walls, and approximately 1,232 
pieces of furniture and equipment for BF certification eval-
uation. It is essential to correctly link and analyze object 
and space data by category. This allows for identifying the 
locations of the 253 doors in relation to the 68 space data 
points and assessing whether these objects interfere with 
or affect other equipment or facilities. Such vast amounts of 
data can be efficiently analyzed using an automated evalu-
ation process that is programmed to follow specific rules.

The automated evaluation method using the BIM data 
presented in this study has certain advantages compared 
to conventional 2D evaluation methods  – see Table  11. 
Firstly, BIM data contain not only spatial information but 
also attribute information about objects, which enables 
evaluators to analyze design data much more efficient-
ly. In particular, BIM data include three-dimensional geo-
metric information that allows for automatic search and 
filtering of space arrangements, object sizes and shapes, 
materials, and other attributes. Therefore, searching based 
on BIM objects and filtering attribute information enables 
comparative assessments during the evaluation process.  

Figure 6. Automated evaluation and analysis process

Figure 7. A methodology for evaluation of braille block arrangement in front of elevator
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In addition, developing logic is essential for facilitating au-
tomated evaluations.

Furthermore, the BIM-based evaluation method sig-
nificantly reduces evaluation time. While two-dimensional 
data require manual verification of each object, BIM data 
enables automatic searching of objects and analysis of at-
tribute data through programs, which significantly speeds 
up the evaluation process. For example, the time required 
to evaluate 253 objects can be reduced to only one min-
ute. Although this may vary from project to project, BIM-
based evaluation methods generally allow for faster and 
more accurate evaluations, which improves overall project 
efficiency considerably.

Finally, BIM-based evaluation methods are not limit-
ed to individual projects but can also be reused for other 
projects based on the established evaluation logic. This 
strengthens the automation of design evaluations and 

contributes to long-term improvements in design quality. 
For example, once a specific evaluation logic is developed, 
it can be applied directly to similar projects in the future 
and save both evaluation time and cost.

However, the standardization of BIM data is pivotal 
and enables the application of consistent evaluation crite-
ria across various projects. While the initial development 
of an automated evaluation system requires investment, it 
can significantly reduce human error and significantly im-
prove both project quality and efficiency in the long term.

Therefore, compared to traditional 2D evaluation 
methods, BIM data enable more intuitive, rapid, and accu-
rate evaluations, which emphasizes the importance of au-
tomation in architectural design certification evaluation. It 
was confirmed that automated evaluation using BIM data 
offers a more efficient, faster, and more reliable method 
than manual 2D evaluations, with significant benefits for 

Table 10. Number and utilization of project BIM object categories

Category Space Door Wall Furniture Facilities

Image

Pieces 68 Pieces 253 Pieces 1265 Pieces 1232 Pieces
For BIM 
utilization

Determine the name and 
characteristics of the 
evaluation area

Search for door objects 
and compare their inquiry 
property values

Check the wall-to-wall 
spacing and identify 
obstacles around the wall

Search for objects and 
households for BF 
certification goals

Table 11. Comparison of authentication methods using 2D and 3D data

Comparison of 
Methods 2D Data Comparison 3D Data Comparison

Image

Data Type Floor plan, elevation, sectional view, material 
schedule, and detailed view

BIM project files and automation evaluation program

Preparation in 
Advance

No pre-preparation work Development of automation evaluation logic required

Evaluation 
Method

Manual search for evaluation objects Automated search based on BIM objects, followed by 
comparative evaluation after filtering attribute information

Checking Time 253 x 30 seconds = Total 7590 seconds 60 seconds
Future use One-off project per evaluation Evaluation logic is reusable for future assessments
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improving the quality of design certifications. However, 
both standardizing BIM modeling and maintaining data 
consistency are necessary. Moreover, each designer’s ap-
proach or each design company’s method for constructing 
BIM models may vary, which makes it essential to estab-
lish unified standards and guidelines to address these dis-
crepancies.

The application results confirm that the proposed rule-
based BIM extraction process can efficiently identify cer-
tification-related objects and spatial conditions across a 
large BIM dataset. In the sample project, approximately 
18,000 BIM objects were processed, and 253 door-related 
objects associated with 68 spaces were evaluated within 
approximately 60 seconds, demonstrating substantial re-
duction in repetitive checking time compared with con-
ventional document-based review. These results indicate 
that the proposed framework does not merely automate 
object extraction but establishes a structured evaluation 
logic that directly links certification criteria, spatial condi-
tions, and BIM object attributes within a single rule-based 
process.

6. Discussion
6.1. Practical significance of  
BIM-based BF certification
The proposed BIM-based evaluation process demonstrates 
practical advantages in reducing repetitive manual inter-
pretation during BF certification review. In conventional 
certification workflows, evaluators manually identify spatial 
dimensions, object types, and installation conditions from 
two-dimensional drawings, which requires repeated check-
ing of multiple drawing sheets and often causes omission 
of relevant items. In contrast, the proposed method ena-
bles direct extraction of certification-related objects and 
spaces from BIM data according to predefined rule cat-
egories, thereby improving consistency during the review 
process.

The application of the proposed method showed that 
253 door-related objects associated with 68 spatial entities 
were evaluated within approximately 60 seconds, where-
as equivalent manual review required approximately 7,590 
seconds. This difference demonstrates that BIM-based au-
tomation is particularly effective for repetitive certification 
tasks involving multiple object relations and dimensional 
checks, especially where a large number of objects must 
be verified simultaneously.

From a broader governance perspective, the proposed 
BIM-based BF certification process reflects a preventive 
and non-disruptive transition logic. By identifying acces-
sibility-related deficiencies during the design stage, the 
process reduces late-stage redesign, administrative bur-
den, and uncertainty for designers, evaluators, and appli-
cants. This gradual and capacity-aware improvement logic 
aligns with the CalmMobility paradigm proposed in sus-
tainable transition studies, which emphasizes incremental 
adaptation, error prevention, and user-centred institution-
al improvement rather than corrective intervention after 
implementation. This indicates that the technical value 
of BIM-based automation extends beyond object-level 
checking by supporting earlier and more consistent cer-
tification decisions within the overall review process. In 
this sense, the proposed system can be interpreted not 
only as a technical support tool but also as a mechanism 
for improving certification governance through earlier and 
more stable decision-making. As shown in Table 12, the 
proposed BIM-based process differs fundamentally from 
conventional document-based review in terms of infor-
mation source, object identification, spatial verification, 
and evaluation efficiency. This comparison demonstrates 
that BIM-based evaluation reduces repetitive interpreta-
tion steps while improving consistency in accessibility-re-
lated review tasks.

6.2. Technical limitations of  
automated BIM evaluation
Despite its efficiency, the proposed method depends on 
a minimum level of BIM modelling consistency. Automat-
ed evaluation requires that object names, family classifica-
tions, and parameter definitions be properly assigned dur-
ing modelling. If BIM objects are inconsistently named or 
required attributes are omitted, rule-based extraction may 
not correctly identify evaluation targets.

Another limitation is that the current method assumes 
certification criteria that can be explicitly translated into 
object-based rules. Evaluation items requiring subjective 
judgement, contextual interpretation, or visual confirma-
tion may still require manual expert review. Therefore, au-
tomated evaluation should be understood as a support 
mechanism for improving efficiency rather than a com-
plete replacement for professional certification judgement.

In practical projects, differences in modelling conven-
tions across software platforms and project participants 
may also affect the reliability of automated checking.  

Table 12. Comparison of conventional BF certification review and BIM-based automated evaluation

Evaluation aspect Conventional certification review BIM-based automated evaluation
Information source 2D drawings and documents BIM model data
Object identification Manual checking of drawing elements Automated extraction from BIM objects
Spatial verification Manual measurement and interpretation Rule-based spatial analysis
Evaluation time Approximately 7,590 sec Approximately 60 sec
Risk of omission Possible due to manual interpretation Reduced through automated checking
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For broader implementation, additional BIM standardisa-
tion and preprocessing procedures may be required. 

In addition, the current method is most effective for 
certification items that can be explicitly formalized into 
object-, space-, or attribute-based rules. Items requiring 
qualitative judgement or contextual interpretation remain 
difficult to automate fully. The proposed process therefore 
assumes a minimum level of BIM standardization, and its 
direct transferability to other certification systems may re-
quire adaptation of object classification rules and regu-
latory criteria according to local certification frameworks.

6.3. Future applicability of  
the proposed method
Although the present study focuses on BF certification 
during the design stage, the rule-based classification 
framework may also support broader BIM-based compli-
ance applications. Because the proposed framework com-
bines object filtering, spatial condition analysis, and rule-
based verification, it provides a methodological basis that 
may be extended to BIM4D environments where accessi-
bility conditions depend on construction sequence, tem-
porary circulation, and staged installation. Recent BIM4D 
studies have demonstrated that object-based scheduling 
and lifting verification can be integrated with rule-based 
BIM analysis, suggesting broader applicability beyond cer-
tification review (Huang et al., 2022). Similar object filtering 
and spatial condition analysis could be applied to univer-
sal design review, green building certification, and selected 
construction-stage accessibility verification tasks.

In particular, future integration with BIM4D environ-
ments may enable accessibility review linked to construc-
tion sequencing, temporary circulation planning, and 
staged installation verification. This suggests that the pro-
posed method has potential applicability beyond static de-
sign checking, particularly in construction processes where 
accessibility conditions change over time.

Future research should also examine interoperability 
under openBIM environments, particularly IFC-based ob-
ject mapping, in order to improve transferability across 
software platforms and regulatory systems.

7. Conclusions
As global populations age and demographic structures be-
come increasingly diverse, the importance of Barrier-Free 
(BF) certification in architectural design and facility plan-
ning continues to grow. At the same time, the increasing 
adoption of Building Information Modeling (BIM) in the ar-
chitectural industry creates opportunities to improve con-
ventional certification workflows through data-based au-
tomation. In response to these developments, this study 
proposed a BIM-based automated evaluation process for 
BF certification by structuring certification criteria into pro-
grammable BIM data extraction and object classification 
logic.

To establish the automated evaluation methodology, 
BF certification criteria were systematically classified ac-
cording to user characteristics, facility types, and object 
conditions. User categories included infants, older adults, 
individuals with mobility limitations, visually impaired us-
ers, hearing-impaired users, and general users, allowing 
evaluation logic to reflect diverse accessibility require-
ments. In parallel, BIM data were categorized according to 
spatial conditions, object types, placement relations, and 
attribute requirements, enabling direct linkage between 
certification criteria and BIM object information.

Based on this classification framework, seven evalu-
ation methods were established, including space search, 
object search, placement verification, presence checking, 
and attribute extraction. These methods enabled auto-
mated comparison between certification requirements and 
BIM object data through rule-based evaluation logic. In 
particular, the classification of spaces and objects proved 
essential because certification criteria vary depending on 
spatial function, object use, and required installation con-
ditions.

The proposed process was applied to a sample multi-
story BIM model to verify practical applicability. In the BIM 
model of a 10-story mixed-use building containing ap-
proximately 18,000 objects, the automated process iden-
tified 253 door-related objects associated with 68 spatial 
entities and completed evaluation within approximately 60 
seconds, whereas equivalent conventional manual review 
required approximately 7,590 seconds. These results con-
firm that BIM-based automation can significantly improve 
efficiency in repetitive certification tasks while reducing 
omission risks during document-based review.

Despite these advantages, the method depends on 
a minimum level of BIM modelling consistency and pre-
defined object properties. Differences in object naming, 
family classification, and parameter assignment may affect 
extraction reliability, and evaluation items requiring con-
textual judgement or visual interpretation still require ex-
pert review. Accordingly, the proposed framework should 
be understood as a BIM-based support system for improv-
ing certification efficiency rather than as a fully autono-
mous replacement for expert certification review.

While the present study confirms immediate practical 
gains in certification efficiency through rule-based BIM 
evaluation, future research should focus on improving 
BIM data standardization, expanding interoperability un-
der openBIM environments, and extending the proposed 
framework to broader certification systems such as uni-
versal design and green building certification. In addition, 
future studies may examine integration with BIM4D-based 
construction environments to support accessibility evalua-
tion across both design and construction stages.
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