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Abstract Globally, it is emerging as a major problem of environmental problems such as global warming caused by
greenhouse gases. The supply of eco-friendly transportation is accelerating according to government policies of
each country, and the number of E-mobility users is also rapidly increasing accordingly. Human beings and
nature have a relationship to live together in the future, and accordingly, 'sustainable design’ is an essential
condition for human beings to coexist with the global environment in the future. Therefore, this researcher pays
attention to Biomimicry, a design technigue that imitates natural objects and develops artificial ones through this
study. Biomimicry is inspired by natural objects to help develop artificial ones, which can promote sustainable
development. This study examines the design characteristics of Biomimicry and aims to understand the theoretical
understanding of E-mobility and complex space. By developing a means of transportation that uses electricity as
kinetic energy, the end of the internal combustion engine using fossil fuels is being pursued. It is necessary to
create a space to respond to the rapid and continuous expansion of demand for e-mobility, which has been
developed and popularized to curb greenhouse gas emissions. Therefore, | intend to plan an eco-friendly complex
space for E-Mobility users based on the theoretical consideration and understanding of Biomimicry design and
E-Mobility.
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A Study on the Application of Biophilic Design Using Media Screen

- Focused on Case Studies -

Author ZEAH
ZIA

Cho, So-Yeon / M&[@l, HMCism Al
AMA  Kim, Suk-Kyung / A3[8, dAMcistn

Abstract The purpose of this study is to verify whether media screen with natural images has a positive impact on
people’s cognition and emotion who are living in urban areas. This paper analyze the actual case of current
application of the media screen with biophilic design in South Korea and in foreign country, and it will identify the
problems and suggest improvement measures. To achieve the purpose of this study we use google search,
google map, Instagram’s hashtag search functions to collect research data. As a basic theory to support this
biophilic design media screen, this paper also introduced Roger Ulrich's stress reduction theory. As a result of
testing research questions, first, the notion that the positive effect such as stress reduction is mediated through
visual contact with plants by media screen also appears to be substantiated. Second, Installing biophilic design
media screens in urban areas where there is not much nature will reduce the stress of urban residents. Third,
people prefer places where media screens with biophilic designs are installed. Lastly, It was found that there are
limitations of current application of biophilic design media screens. Therefore, based on the previous analysis, this
study suggests ways to improve the application of biophilic design media screens.

Keywords ojcjof A32 Hio[REE C|Ajel o|C|of TfALE TA[ AU Z7h Aol Z7t
Media Screen, Biophilic Design, Media Facade, Urban, Indoor Space, Qutdoor Space
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As our society becomes more digitalized and urbanized, we spend more and more time indoors, which means

we have fewer opportunities to connect with nature. Biophilic design can help fulfil people’s desire to interact with
nature by incorporating natural elements into the design process of the built environment. Despite the increasing
interest in biophilia in the design fields, interior designers and architects have difficulty identifying and implementing

biophilic features in the built environment. This

paper introduces two systems that can help identify biophilic

design elements: (1) the 14 Pattems of Biophilic Design and 2) the Biophilic Design Matrix. The characteristics of
both systems are reviewed, the differences between two systems are also discussed. This paper can be helpful

for specialists in finding an suitable system when

Keywords fole gl cixfel Hiol2E g

CiAtel me, vioj2

conducting biophilic design-related research and studies.
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Biophilic Design, Biophilic Pattern, Biophilic Design Matrix

1. Background

1.1. Research Background and Purpose

As a sustainable design strategy, biophilic design
suggests a means to include natural elements into the
design process of the built environment to fulfil
human desire to connect with nature (Kellert et al,
2011).
biophilic elements, the health benefits of introducing

As one of the most obvious and well-known

plants into a space on human have been extensively
2016; Lei
However, bringing nature into a space

studied in previous research (Zhang, et al,
2021).
entails more than just

et al,

placing plants. Biophilic design approaches must be
achieved with thoughtful consideration for the peo-ple
who use the space, as well as its location, and its
(Gillis and Gatersleben, 2015).
been developed to help designers and other specialists

function Tools have

* WM X XHCorresponding Author); hyunsl@yonsei.ac.kr
“This paper was supported by the BK21 funded by the Ministry of
Education of Korea.
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better identify and incorporate biophilic features into
the design of an environment. The purpose of this
paper is to address these systems and give a comparison
on the differences between them. This paper can help
designers and researchers to find the most appropriate
systems to identify biophilic design elements that can
be incorporated into a given space. Specifically, this
paper reviews two biophilic design coding systems: (1)
the 14 patterns of biophilic design and (2) the

Biophilic Design Matrix (BDM).
2. Biophilic Design Evaluation Systems

2.1. Biophilic Design Matrix (BDM}

Kellert (2008) identified six biophilic design principles
that can be incorporated into a given space: (1) Environ-
mental features: one of the most obvious strategies
for enhancing the connection between people and
nature in design, which includes direct contact with
(2) Natural
forms and shapes: a representation of the complexity

plants in and around the environment;



of the natural environment at various scales, from the
(3) Restorative

sensory connection to the

pattern of a leaf to animal motifs;
patterns and processes:
environment through sight, sound, smell, touch, and
(4) the
relationship between different qualities of light sources
(5)

Creating a space that takes into account the ecological

other sensory systems; Light and space:

and the environment;

Place-based relationships:

characteristics of the site; and (6) Evolved human-nature
relationships: providing a safe place for recreation and

relaxation.

<Table 1> Biophilic design attributes included in the BDM

Environmental

Natural forms and

Restorative patterns and

features shapes processes
Water Botanical motifs Sensory variability and
Color Tree and columnar information richness
Fire supports Age, change, and the
Air Animal motifs patina of time
Plants Shells and spirals Central focal point
Animals Egg, oval, and tubular Patterned wholes

Views and vistas
Natural materials

forms
Arches, vaults, and domes

Shapes resisting straight
lines
Simulation of natural

Bounded spaces
Transitional spaces
Linked series and chains
Integrations of parts to
wholes
Complementary contrasts

Light and space

features Dynamic balance and
Geomorphology tension
Biomimicry Fractals
Hierarchically organized
ratios
Place-based Evolved human-nature

relationships

relationships

Natural light
Filtered and diffused
light
Reflected light
Inside—outside space
Light pools
Warm light
Light as shape and
form
Spaciousness
Spatial variability
Space as shape and
form
Spatial harmony

Geographic connection
to place
Historic connection to
place
Ecological connection
to place
Orientation or landscape
features
Indigenous materials
Landscape
Cultural connection to
place

Prospect and refuge
Order and complexity
Curiosity and enticement

Change and metamorphosis

Based on Kellert's six biophilic design principles,
McGee and Marshall-Baker (2015) further developed a
biophilic design coding system, the BDM, to better
assist designers and other specialists in quantifying
and evaluating biophilic design features in physical
spaces. A total of 54 biophilic attributes were catego—
rized under six principles.

The reliability of the BDM has already been assessed

in the literature. For example, Marte et al. (2020)

AUCIXIRIES| SHEYWHUEI=EE

tested the reliability of the BDM in urban playrooms.
Four raters were asked to rate 45 playrooms based on
pictures. One point was credited if a feature was
present and one point was credited if a feature was
not detected. A high score indicated that the room had
many biophilic design features, while a low score
suggested that the room lacked many of these
features. The results showed that the BDM has good
overall reliability. The BDM can be used to assess the
presence or absence of biophilic features in the built

environment.

2.2. 14 Patterns of Biophilic Design

<Table 2> 14 patterns of biophilic design

Visual connection to nature
Non-visual connection to nature
Non-rhythmic sensory stimuli
Thermal and air flow
presence of water
Dynamic and diffuse light
Connection with natural systems
Biomorphic forms and patterns
Material connection with nature

Nature in the space

Natural analogies and

patterns Complexity and order
Prospect
Nature of space Refuge
Mystery

Another commonly used conceptual framework for
is the 14
patterns of biophilic design proposed by Ryan et al
(2014).
developed based on a previous research by Cramer

idenrifying biophilic design applications

The 14 patterns of biophilic design were

and Browning (2008), who established three categories
of biophilic design to define biophilic features in spaces.
These three categories are: (1) Nature in Space; (2)
Natural Analogies and Patterns; and (3) Nature of
Space. The specific patterns are shown in Table 2.
The 14 patterns of biophilic design have been used
as a reference in previous research to evaluate the
application of biophilic design in physical environ-
ments. For example, Lee and Park (2018) studied the
biophilic design characteristics of twenty libraries in
the United States using the 14 patterns of biophilic
design and then conducted a questionnaire survey to
investigate library users’ perceptions of biophilic
design. They later used the same method to evaluate
the application of biophilic design in twenty child care
centres (Park and Lee, 2019). Table 3 shows an

example of how case studies were conducted using

42 15 S2s6s 2022 58 147
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the 14 patterns of biophilic design.

<Table 3> Example of biophilic design application evaluation based on
the 14 patterns of biophilic design (Park and Lee, 2019)

Biophilic Pattern Biophilic design characteristics

i o Ll g

Non-visual connection
with nature

Nature in the
space

Install water features to stimulate the
tactile and auditory stimuli of the natural
system

2.3. The Difference Between Two Systems

Based on the existing literature, the following
differences between the two systems can be summa-
rized: (1) the difference in the form of description of
the biophilic features included in the two systems: In
the BDM, the biophilic features are categorized into 54
detailed elements (e.g., water, fire, etc.), whereas the
other system summarizes the biophilic design into 14
specific patterns, each with a description indicating the
characteristics of the biophilic design; (2) the diffe-
rence in the purpose of using the two systems: In
previous studies, the BDM was commonly used to
assess the presence or absence of a biophilic element
(Marte et al., 2020), while the 14 patterns of biophilic
design were often used to examine the characteristics
of biophilic design applications (Lee and Park, 2018;

Park and Lee, 2019).

3. Conclusion

In this paper, we provide an overview of the two
most widely accepted systems for identifying biophilic
(1) the BDM and (2) the 14 patterns of
biophilic design. Both systems can help to better

design:

evaluate biophilic design features in spaces. The BDM
is most often used for case studies to check the
existence of a particular biophilic element, the 14
Patterns of Biophilic Design can be used to verify
how biophilic design has been implemented in a space.
Specialists and designers can choose either system
depending on their purpose when conducting works
related to biophilic design.
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Extracting Biophilic Design Elements Using Computer Vision

This paper introduces a method to help designers and researchers effortlessly identify biophilic design elements
using an Al-based computer vision tool that involves four steps: First, we introduce an open-source computer
that can be used for image feature detection; second, we review a
fundamental instrument, the Biophilic Design Matrix (BDM), that can be used to filter out biophilic design elements;
third, we conduct a case study using the Google Vision API to extract elements from the rooms of ten selected
hotels; finally, the extracted elements are compared and verified with the BDM to determine the biophilic elements
present in the hotel rooms. This method can be used not only to detect biophilic features, but also to analyze

Author ARF e Chen, Qinchuan / M3l dAMistm AUl EsT MAlTRY

Ol#d= Lee, Hyunsoo / F&| &, M=t MujzA=stz T
Abstract

vision tool, the Google Vision API,

other environmental features in a room such as colors and fumiture.
Keywords Hfoje g C|xjol vfoleEa ClXiel #H ZHFE H|H

Biophilic Design, Biophilic Design Matrix, Computer Vision

1. Background

1.1. Research Background and Purpose

Biophilic design is a design concept and standard
that aims to integrate and utilize various natural
elements in environmental design to enhance occupants’
connection to nature (Kellert et al., 2011). A large body
of existing literature has shown that the presence of
biophilic elements in architectural environments can
have positive effects on people. For example, biophilic
elements in residential spaces can help improve occupant
health and promote well-being (Zhang, et al, 2016; Lei
et al, 2021). Integrating natural elements into an office
environment can enhance employees’ work performance
and increase their satisfaction with the space (Hong et
al.,, 2019).

Because of the benefits it provides, biophilic design
has received

increasing attention in recent vears.

* WM X XHCorresponding Author); hyunsl@yonsei.ac.kr
“This paper was supported by the BK21 funded by the Ministry of
Education of Korea.

Designers and researchers in the global building industry
have been exploring the most effective and acceptable
strategy to implement biophilic design under various
environmental conditions to better meet user expectations
and needs. To investigate occupants’ reactions and
attitudes toward various biophilic elements, researchers
often conduct case studies on the application of biophilic
elements in a particular space type, followed by an
interview or survey on occupants’ perspectives on the
application of such a biophilic application. For example,
Park and Lee (2019) examined the use of biophilic
elements in childcare settings and conducted a survey
targeting parents and teachers to evaluate the importance
of various biophilic elements in childcare facilities.
However, researchers and designers often face two
challenges when investigating the wuse of biophilic
elements: First, it may be difficult to identify and quantify
biophilic features through a visual inventory of spaces.
Regarding this problem, McGee and Marshall-Barker
(2015) developed the Biophilic Design Matrix to help
designers and other specialists better identify and
filter biophilic elements. Although using the Biophilic
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Design Matrix allows us to easily specify biophilic
elements in a space, researchers and designers face a
second problem, which is that identifying biophilic
elements in a space requires a lot of time and effort.

The development of Al-based computer vision tech—
nology has brought a promising solution for biophilic
feature identification. The use of computer vision for
feature detection, especially biophilic feature detection
could help researchers save a great amount of time in
the case study stage before conducting a survey.
However, the application of this potential technology
has not been discussed as frequently. Therefore, this
paper aims to introduce the method of using computer
vision to identify biophilic design elements.

1.2. Research Method and Scope

In this paper, we present a promising method to
extract biophilic elements in built environments in
three steps: First, we introduce an open—source computer
vision tool, the Google Vision API for image feature
detection; second, we review a fundamental instrument,
the Biophilic Design Matrix , which can be used to
filter out biophilic design elements; third, we conduct
a case study using the Google Vision API to extract
biophilic design elements from hotel rooms based on
the Biophilic Design Matrix.

2. Al-based Computer Vision Tool

An Al-based computer vision tool functions like a
human eye. It enables computers and systems to derive
meaningful information (e.g., objects, text, and colours)
from digital images and transform these information
into labels (Figure 1). Tt allows users to understand
what the images represent in the context of Big Data
analysis.

) (2 =
)

<Figure 1> Computer Vision feature detection

2.1. Google Vision API

Google Vision API is an open source, Deep
Learning-based computer vision tool that is easily
accessible and can be used by individuals. Google
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offers a trial version (https://cloud.google.com/vis ion)
of vision API that enables detection of individual
image features (Figure 2). Once images are upload,
Google Vision API automatically recognizes and labels
the features that appear in the image.

Objects Labels Text Properties Safe Search

Plant 96%
Property 94%
Green 92%
Nature 90%
Botany 90%

Wood 88%

<Figure 2> Performing feature detection using Google Vision API

However, the web version of API tool has the
limitation that only one image can be analyzed at a
time. Therefore, Google offers another version of API
that can be run with Python codes. It allows multiple
images to be analyzed a time. The detailed information
can be found at https://cloud.google.comy/vision/docs/libraries.
In this paper, we performed image feature detection
using the later version of Google Vision APL

3. Biophilic Design Matrix

Based on a range of experiential considerations such
as sensory comfort, psychological emotions, and spiritual
experiences, the Biophilic Design Matrix summarizes
biophilic elements into six categories: (1) actual natural
features-the most recognizable elements (features we
can think of directly when we talk about nature); (2)
shapes or forms that resemble natural features; (3)
natural patterns and processes (naturally occurring features
that change over time); (4) lighting (use of warm light
sources or natural daylight); (5) place-based relationships
(historical connections, such as ancient portraits); and (6)
human-nature relationships (things that, when they come
together, present a natural order and complexity that
leads to harmony). These six categories comprise a total
of 4 attributes for interior design, providing a wide
range of possibilities for biophilic design considerations.
Table 1 shows the samples that are included in the
Biophilic Design Matrix.



<Table 1> Most recognizable biophilic elements

Elements Description

Plants Any form of actual plants (alive or previously alive)

Not man-made but from the natural world
{e.g., wood, stone, and paper)
Water Any form of water

Natural materials

Fire Any form of fire that provide comfort and civilization

4. Extracting Biophilic Design Elements
Using Google Vision API

In this section, we present the method through a
case study of biophilic feature detection using the
Google Vision APL First, we selected the hotel room
as the physical environment and collected images of
hotel rooms from major hotel websites such as
Booking.com; second, we performed image analysis
using the Google Vision API with Python, the features
appearing in these images were automatically detected
and labelled; third, the detected labels were compared
and categorized based on the Biophilic Design Matrix.
The specific framework is shown in Figure 3.

4.1. Physical Environment

<Table 2a> Selected Physical Environment Cases

No. Hotel Location Open
1 Andaz Delhi India 2016
2 Andaz New York USA 2010
3 Andaz Shanghai China 2013
4 Andaz Singapore Singapore 2017

<Table 2b> Selected Physical Environment Cases (Continued)

5 Andaz Tokyo Japan 2014
6 Andaz Amsterdam Netherlands 2012
7 Andaz Capital Gate Abu Dhabi 2018
8 Andaz Seoul South Korea 2019
9 Andaz Dubai UAE 2019
10 Andaz Savannah USA 2012

To perform the feature detection of a space, we
frist need to determine the physical environment. In
this case, we have chosen ten Andaz hotel rooms as
the physical environments (Table 2). A total of 365
images of the above-listed hotel rooms were collected
and analyzed using Google Vision API with Phython.

g
E

Biophilic
attribute 1

Biophilic
attribute 2

Biophilic
Design Matrix

<Figure 3> Framework of biophilic feature detection

4.2. Extracted Labels

e 3
Property C M fO rt Florifg s

= S Windowsa® Interior desigfiys

urniture

Mirror
'TQ;\ Hg T
Buildirig T2l
Azure{ shinetry Fixture Ughhnu
<Figure 4> Extracted labels

Tap

124 labels were extracted. These labels were
presented in the form of a word cloud (Figure 4). We
also performed a frequency analysis to identify the
labels. Finally, the
important designations were sorted according to their

most  frequent twenty  most
frequency. The frequency of the labels means how
often a single designation was detected in different
images. The higher the frequency, the more common
the feature is found in that environment. We categorized
these labels according to their attributes (e, FF &E,
facilities).

<Table 3> Selected Physical Environment Cases

Category Attributes labels Rank % (frequency)

Fumiture 1 812

Table 7 490

Couch 10 248

Design FF&E Lighting 13 220
Cabinetry 14 197

Lamp 16 19.2

Chair 17 187
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Interior design 4 69.4

General Floor 8 366
Interior Flooring 9 3
Window 1 244

Facility Living room 20 15.0
Building 2 765

Architecture Property 8 577
Architecture 12 247

Biophilc Wood 5 638
elements Plant 15 197
Comort 3 69.9

Others Azure 12 244
Shade 18 187

Table 3 shows that the most frequently labels were
interior-related labels such as furniture (rank 1) and
table (rank 7), which is due to the fact that the
images used for feature detection were images of
hotel rooms. After comparing these labels with the
Biophilic Design Matrix, we were able to identify two
biophilic design elements: (1) wood and (2) plants.
This shows that these two elements are the most
common natural elements in the design of the Anadaz
Hotel guest rooms.

5. Conclusion

In this paper, we present a method for detecting
biophilic design elements in a physical environment
using computer vision technology. A series of images
were analyzed using the Google Vision API, the
features present in these images were detected, and
after comparing these labels with the Biophilic Design
Matrix, biophilic design elements were finally identified.
This method can be a promising solution for designers
and researchers to find out what kind of biophilic
design is present in a space. Computer vision technology
can be used to effortlessly identify not only biophilic
design elements, but also other environmental features
such as furniture and colors, which can be helpful
when doing environment-related case studies.

Currently, computer vision can only be used for
feature recognition due to technical limitations. However,
with the rapid development of computer science and
engineering, it is anticipated that computer vision help
us with more advanced applications. It is definitely
critical for researchers to continue exploring the use
of technologies.
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A Study on the Common Use Space Planning of Hotel with Pet
- Focused on the Biophilic Design expression elements -

Author Z8& Jo, Hyo-Song / M2 g, SAUfstn AZTALEH HAFCIAITZ MAIRY
4o[E Kim, Leehong / M3[¢, AU D AFTAIChErY MUAFCXCIME B
Abstract As the form of the family becomes more diverse, the demand for pets is also increasing. The increasing number

of households that think of their pets as if they were real family and the psychology of wanting to travel with
pets has created a new demand for travel. Traveling with pets is set to become a new trend. While travel with
pets is expanding, the number of accompanying hotels is increasing, and spaces that used to be people-oriented
are being transformed into spaces that can be used with pets, conflicts with households that do not raise animals
are intensifying as more hotels with pets increase. This is because pet households are increasing, but citizens’
understanding of animal welfare is low, and various spaces for exchange are not provided. Where people have
an abundance of images of their natural environment, they have positive effects such as reduced stress and a
sense of psychological safety. Therefore, in this study, we wil propose a spatial design that focuses on the
psychological stability and exchange that can be obtained from interaction with nature, incorporating biophilic
elements, and orienting the direction of conflict resolution in the space found for relaxation.

Keywords gt EE, o St 58, dlo[2d g C|xel

Companion Animal, Pet with Hotel, Biophlilc Design
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Case Studies on the Biophilic Design in WELL Building Standard v1

- Focused on Office Spaces -

Author B2l Park, Kyoung-Im / Mgl L AEFRI gD AUC|RIIME 2o
Abstract Biophilic design is one of the contemporary paradigms along with WELL Building Standard and sustainable design

within built environments. Biophilic design emphasizes affiliation with nature. It has been proved to help improving
human health, well-being, and comfort through application of direct or indirect nature and natural forms into the
built environment. The WELL Building Standard has launched in 2014. It is global benchmark for human health
and well-being. The WELL Building Standard v1 is evidence-based and human-centered strategies aimed at
creating human health and well-being in all buildings. The WELL v1 has three project types including New and
Existing Building, New and Existing Interiors, and Core and Shell. It covers 7 concepts such as Air, Water,
Nourishment, Light, Fitness, Comfort, and Mind. In the Mind concept, there are features of biophilia. This study
focuses on principles and elements of biophilic design and features of biophilia in the WELL Building Standard
v1i. It also examines how biophilic design elements are implemented within the built environments by selecting 10
office cases that have received WELL v1 certification from around the world. Thus, the study explores possibilities
of creative expression and various utilizations of biophilic design elements.

Keywords WELL, Hiol2dg| C|xiol, HEZ 7t
WELL, Biophilic Design, Office Space
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A Study on the ESG Environmental Factors and Biophilic Design Patterns of Atrium in the Office
- Focused on the Case of Companies that established ESG management in Korea -

Author AR
7z

Abstract

As interest in the environment increases, the concept of sustainability is applied to the spatial field to apply

biophilic design. The scope of this research is focused on the atrium lobby space among domestic offices that
have received LEED Gold, an ESG management and intemnational eco-friendly building certification system. The
research method constructs an analysis frame based on the link between environmental factors and biophilic
design based on literature review and case studies. As a result of analyzing between ESG environmental factors
and Biophilic Design Patterns based on the UN Sustainable Development Goals(SDGs), the results are as follows.
First, the system for the use of renewable energy and energy efficiency in relation to climate change and carbon
emission was reflected. Second, environmental pollution and regulatory aspects are in harmony with the spatial
concept, reflecting the design to represent the corporate identity, and the biophilic design pattems related to
environmental factors. Third, in terms of ecosystem and biodiversity, direct experience elements of reflection of
natural landscape through a wide window appeared, but a plan to reflect natural decorative effects is needed.
Therefore, it is possible to improve the work environment and the lives of users through the study of office space
utilizing the linkage between eco-friendly concepts such as ESG management that reflect sustainability and

biophilic design.

Keywords AatA A£7sM, ESG 29, Hfoje2dg

Cixtel, @u A F7t

Eco-friendly, Sustainability, ESG Management, Biophilic Design, Office Space
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