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This paper describes the color design process of the house in the village. The
color design process proposed in this paper constitutes design stages such as
color selection, color application, and color design analysis and evaluation. In
the color selection step, a method of arranging colors using a color pallet or a
color scheme is described. The color application stage includes the process of
creating a village color design alternatives by specifying the color information of
the hue, value, and saturation based on the BIM model. The color analysis stage
is to numerically identify the color design attributes of the generated color design
alternatives. The reason for color analysis and evaluation is to produce various
design alternatives with the color harmony and improve the quality of the design.
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+ INTRODUCTION

Itisimportant to design a beautiful village to improve
the quality of life. However, most of the villages built
in modern times are not very beautiful, nor are they
characteristic designs, nor do they reflect regional
characteristics. If we solve this problem and create a
more beautiful village than now, can we make peo-
ple happier? So how do you make a beautiful vil-
lage? There are many ways we can think of how to
make a beautiful village. One of the ways to create
a beautiful village efficiently is to utilize colors(Boeri
2017, Gou and Wang 2008, Lancaster 1996). Until
now, color is a design element that the architect did
not show much interest in comparison with other ar-
chitectural elements in order to improve the quality
of the design. Why, then, did architects have less in-
terest in color?
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This is because the form is considered more im-
portant than the color in order to meet the required
function. Another reason is that architects have re-
ceived relatively more education in terms of form,
but perhaps less educated about color. Or it may be
because color was accepted as not a design area of
architecture. However, considering the times when
emotion is important, color is just as important as
form. Generally, colors are considered emotional and
forms are considered rational. In this regard, this pa-
per is motivated to deal with the process of color de-
sign, which architects have not dealt with design pro-
cess heavily. And to provide aesthetic and well-being
experiences for people by improving the aesthetic
characteristics of the village. This study aims to im-
prove the aesthetic characteristics of villages by de-
veloping a color harmony integration-oriented color
design process that architects can easily apply in col-



lective housing deign.

In general, in traditional color design, it is true
that color design has been carried out by designer
intuition rather than other designs. This is because
color has the property of design that is highly subjec-
tive and connected with emotion. The color harmony
problem, which has also relied on the intuition of the
designer, is one of the most important issues related
to color design. In traditional color design, the quality
of the design has been affected by the ability of the
intuition and subjectivity of the designer. Another
problem with traditional color design is that some
design alternatives are created and then the final de-
sign is decided. However, this problem can be solved
by using digital color. In other words, it is possible
to systematically design color by the design process
based on digital color. Previous research on color de-
sign process has been insufficient. In particular, there
have been few studies on architectural color design
process using digital technology.

The quality of color design can be improved by
utilizing the color design process. It will not only
provide people with the pleasure of aesthetic experi-
ence, but also enhance the identity of architecture. In
this sense, this study deals with the problem of color
design process. This study attempts to deal with the
color design process in terms of the color design of
a village with aesthetic experience. The color design
process described in this paper focuses on the inte-
gration of colors. The integration of colors has much
to do with the harmonization of colors such as the
unity of colors.

 Color Design Process Aiming Color Unity
Towards Harmony of Consistency

Color is one the most important yet difficult factors
in visual design. One challenge is generating har-
monious color schemes(Hu et all 2012). Color in the
man-made environment influences spatial percep-
tion by affecting the character of the space, the clarity
or distortion of the spatial envelope, its proportion-
ing, and its articulation(Tosca 2002). Color is an el-
ement of architecture, thus color design have to be

integral part of architectural design process. From
this point of view, the color design process deter-
mines the direction of color design and greatly affects
the quality of color design. Despite this importance,
however, it is difficult to find a color design process
that architects can easily use. This paper, which was
started with the focus on this problem, has the mo-
tivation to develop a color design process that archi-
tects can easily and systematically use. The color de-
sign process(Ju and Lee 2018, Smith 2003)) to be dis-
cussed in this paper consists of three stages shown in
Figure 1.

Step 1. COLOR SELECTION

The first step is the selection of the color scheme
to choose the appropriate color in the stored color
scheme database. The choice of color scheme is
found by the search term of emotional words from
regional images. In this paper, color palette FX is
used to create color scheme through regional im-
ages of villages are located [1]. The FX analyzes
colorimages and provides harmonious color scheme
with colors with the form of Hex, RGB, and HSL. Af-
ter that, color palette can be created according to
color schemes. The color scheme is generated con-
sidering the harmony theory of color(Birren 1969,
Hard and Sivik 2001, Hu et al 2014, Kopacz 2003, Lin-
ton 1999, Pile 1997). In this paper, the color sys-
tem used to generate the color scheme is the NCS
color model. NCS, Natural Colour System is a logical
colour system which builds on how the human be-
ing sees colour. The system starts from six elemen-
tary colours, which are perceived by human beings as
being “pure”. The four chromatic elementary colours
are yellow (Y), red (R), blue (B) and green (G), and
the two non-chromatic elementary colours are white
(W), black (S). All other colours can be described in
terms of their degree of resemblance to the elemen-
tary colours[2].

The NCS Colour Triangle(Figure 2) is a vertical
section through the colour space. Here you find dif-
ferent nuances of the actual blue hue R90B. The base
of the triangle is the grey scale from white (W) to
black (S) and the apex of the triangle is the maximum
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Figure 1 Color Harmony Integration-oriented Design Process for Aesthetic Village
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lected[2]. For example, S 1050-R90B, the notation of it

NCS, represents a Blakness of 10 and a Chromaticness

of 50. The ROOB symbolizes 10% red resemblanceand At this stage, one of the color schemes represent-

90% blue resemblance. ing emotion is selected and color scheme is applied
to the individual house. Figure 3 shows the color
scheme(Manav 2017) derived by combining palette
colors in conjunction with emotion. Color schemes
were developed according to emotion. This study de-
scribes color schemes that can be applied to individ-
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ual houses. How to apply the color scheme to indi-
vidual house is a research issue to be covered in this
paper. For example, a color scheme may be applied
toahouseasrandom, and it may be automatically ap-
plied by a computer as a way to unify the entireimage
of thevillage. Of course, the color scheme may be de-
termined manually. When designing a village, choos-
ing appropriate color scheme or color from the color
palette is one of the most difficult challenges. Figure
4 is a color palette of the colors contained in the color
schemes(McLachlan 2013). The colors in the color
palette are represented by color models such as RGB,
NCS, and Musell in order to improve the usability of
colors. To create a color palette containing such in-
formation, it is necessary to convert RGB to Munsell
code, RGB to NCS code. In this paper, we use a web-
site[3, 4] that provides conversion services.

Subdued Fantastic

F8 Fo

Step 2. COLOR APPLICATION

The second stage is the color zoning stage. A vil-
lage can consist of several houses, but it can be made
up of many houses. If the size of a village is large,
applying color zoning to a village in order to realize
color diversity and territoriality of the village can be
an appropriate design strategy. This is because the
landscape image of the village is greatly influenced
by the color zoning. However, how to automate color
zoning is not the focus of the research. Therefore, this
study leaves the problem of color zoning to the archi-
tect. Itis assumed that the architect applies the color
zoning of the village to the BIM model interactively.
The next task of color zoning is to apply color codes
to individual houses by color zoning.

In this study, Autodesk Revit was used as a mod-

eling tool for BIM modeling. The Table 1 shows Iden-
tity Data of the BIM Model(Karolina and Krzysztof
2018, Tonn and Bringmann 2018). The target village
is a small island village located in Korea and modeled
on a total of 90 households. Each house is consisted
of a roof, a wall, and a window, and these three kinds
of objects are subjected to color application. Houses
consisting of three architectural elements are sepa-
rated by House ID, and can be divided into zones for
color scheme by grouping houses.

Identity Data
Blackness 5
Chromatic 40
Color B10G
NCS Code 0540-B10G
Color Scheme Fl
M Angle 8.04
M Value 7.47
M Hue B
House 1D 1

Color attributes(Figure 5) of the NCS and Munsell
have also added information to be handled in the
color schemes. For the efficient input of these at-
tributes, rule-based filters to visualize the color of
the model is used. When NCS color code and color
scheme are input according to the color scheme, the
RGB values corresponding to the identity data pram-
eter are output and visualized in the BIM model.

Step 3. COLOR ANALYSIS and EVALUATION

The color analysis step involves analyzing the
characteristics of colors for design solutions (eg, Fig-
ures 6, 7, 8) generated through color assignment to
the house. In this case, the color characteristic means
hue, blackness, chroma, etc. in the case of NCS. In
the case of Munsell, it means hue, value, and satura-
tion. Design alternative 1 is a design created by a user
applying an color scheme intuitively, and design al-
ternative 2 is a design obtained by applying color of
a color palette. Design alternative 3 is a design pro-
duced by unifying the colors of the roof based on the
color scheme. Since the design alternatives are built
on the BIM model, it is possible to automatically ex-
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Table 1

An Example of
Identity Data of BIM
Model

Figure 3
Color Schemes with
Emotional Words
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T — - seip -
the House tained in the BIM model includes house number, ar- (I s mwme | sk O
chitectural elements, color scheme, blackness, chro- E I g O =13 L I
matic, hue of NCS, color angle, hue, value and satura- 1 h s R by T
tion of the Munsell. This information provides an op- 1ot e R
Figure 6 portunity to analyze and evaluate color designs from
Color Design various perspectives. For example, the average of
Alternative 1 value and saturation for an individual house can be

obtained, also the average value and saturation for
the entire village can be calculated. Of course, the
value and saturation of color of the architectural el-
ement can be obtained. In addition, the distribution
of colors used automatically can be calculated.
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Table 2 shows the average color information for NCS
and Munsell. As you can see in the table, there is little
difference between the design schemes. However,
the color distribution(Figure 9) shows a difference.
This resultis a simple average of the blackness(value)
and chromatic(saturation) of all the colors used in the
village. What is the significance of such a simple and
implicit result? Is not there a way to improve the pro-
posed color design because of the simplicity and the
implication of these results? The answer to this ques-
tion is that a simple and implicit result has a great
implication in providing a reference point for con-
trolling color attributes such as blackness and chro-
matic. In other words, because the average value
of the color attributes can be calculated, lowering or
raising the average value tells what color should be
selected in subsequent design work. In the design
of environmental color, blackness or chromatic value
has a deep relationship with color harmony. There-
fore, it is important to have information on the direc-
tion of color attributes in terms of color harmony. In
the traditional color design process, it was almost im-
possible to know the color attribute value for the on-
going design, but it became possible to grasp this in-
formation in the intermediate process of the design
in the BIM-based color design. In the conventional
color design process, it is almost impossible to know

the color attribute value of the ongoing design. How-
ever, in the color design process based on the BIM, it
is possible to grasp such information in the interme-
diate process of the color design. Providing specific
information on the evolution of the design is a great
benefit of the BIM-based color design process.

However, the average value of the color at-
tributes provides the direction of adjustment to the
color choice, but does not provide specific informa-
tion for the color harmony. One way to easily achieve
color harmony is to create a color consistency. For ex-
ample, unifying the blcakness and chromatic of col-
ors or unifying hues increases the consistency of col-
ors. Of course, unifying the color scheme used in
color design also has to do with increasing color con-
sistency. For example, to increase the color consis-
tency, the deviation of the color attributes between
colors should be minimized as much as possible. Lim-
iting the number of color schemes used in color de-
sign can increase the color consistency. The higher
the degree of color consistency, the stronger the
identity of the architectural village. The color har-
mony integration-driven design process of this paper
is a color consistency centered color design.

NCs Munsell

Blackness Chromatic ~ Value Chroma
Design Alternative 1~ 7.66 25.11 8.50 527
Design Alternative 2 7.3() 2221 8.59 6.17
Design Alternative 3 6.34 22.54 8.69 5.33

- DISCUSSION

In this paper, thanks to the color design model
based on the BIM model, a method of extracting
color attributes has been developed. In addition,
a method for analyzing the frequency of color and
color schemes has been described. As a result, quan-
titative evaluation of color design can be made from
time to time in the ongoing design process. In ad-
dition, the interactive color design became possible
and the possibility of freely modifying the design was
opened. Accordingly, the basis for improving the
quality of color design has been established.

By applying color design methods, the color har-
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Figure 7
Color Design
Alternative 2

Figure 8
Color Design
Alternative 3

Table 2

Average Color
Attributes of Design
Alternative
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mony can be achieved by increasing the degree of
color integration, and ultimately, the aesthetic char-
acteristics of the village can be achieved. This pa-
per describes the analysis result of the design alter-
native and provides the basis for the architect to fa-
cilitate the final decision on the design alternatives.
The contribution of this paper is to quantify the at-
tributes of color design intuitively determined in tra-
ditional color design. Ultimately, this approach en-
ables color design aiming at color harmony integra-
tion in the colorscape of the village. The final con-
clusion of this study is that the color scheme-based
color design process enhance the quality of color de-
sign and the BIM-based color model provides an op-
portunity to quantitatively analyze color design solu-
tions.
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