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CHAPTER |

INTRODUCTION

If everything in the world had no_colour, only black and white or levels of grey

had been seen every day, o ve been depressed, cheerless, and

unhappy. We are surrounded by c ¢ them throughout all stages of
life. Without colour, life would he & cheerful, and less fun.
Colour is s benefits in the w of life. It is an element of

all things. With a to

good. Taking a colour
television as an e better than those on a
black-and-white TV. Jhis i /lewers can feel e what they experience in
daily life. Colour ‘ 3orlc[$ st a ant white faces to be
beautiful and fasci Colour caﬁb, 1€elp pr yducts to attractive to customers.
Designers use colour | e - duc ou ’[I ling and interesting. Colour also
plays an important role in fashi > ajor aspects that customers consider
when buying goods. Moreover, :v'”o r |s - symbols, to communicate status,
feeling and emotion. For ex: e mpanies use colour or colour with

text, but not o 'I s ) 'z such as coke, canon,

Kbank, DTAC, | Jfed light tells us to stop

the denoted direction.

the car, yellow “%ﬂ‘o pre oce ﬂ'\
Different coloured rooms can create atmospheres [1]: peacefulness, drama or even

ex0|te ch a release tensjon and also aids
peacef g c ?i %s ﬂ g ﬁ $ red affects us

physwallﬂo activate; blue affects t e intellect, promotlng thought and “hlgher order”

LIRS0 Nﬁﬁg’ﬁ TR

Colour is defined by The International Lighting Vocabulary [3] as “Attribute of
visual perception consisting of any combination of chromatic and achromatic content.

This attribute can be described by chromatic color names such as yellow, orange,



brown, red, pink, green, blue, purple, etc., or by achromatic color names such as
white, gray, black, etc., and qualified by bright, dim, light, dark, etc., or by
combinations of such names.” That means colour can not be alone, it is always seen in

the context of other colours or it consists of any combination of chromatic, achromatic,

or degrees of bright. Therefore, if there & y lours that can be used in the world,
a number of colour combinatio il ev & ‘

é

w as colours of clothes,
cosmetics, decoration, \ design, or even food. So, the
combinations of \ 0 obtain proper colours

Ids (e.g. art, architecture,

science, etc.). However, Ao aggeptable modet plaining the concept of colour

harmony. One possibility of a defi

A I )armony is as suggested by Judd and
_ e WA

Wyszecki [4]: “whe

ighbouring areas produce a

pleasing effect; o) "::" oncept is very useful
! F I
to help designers, arch ate_various works of art such

as web and desig Clothes and fashion, cosmetics, decoration, carpet, townscape, and

packaging. g

AULANYNINYINS. v on

electronicﬁéevices for helping desiggers due to the faﬁhat itis very Conve&ispt, easy to

to computer software. For example, booria’s software uses the concept of colour
harmony to design the colour carpets [5]; CAD (Computer-Aided Design) can search for

an ideal colour combination [6]. The concept of colour harmony is also used in a



guidebook such as “more than 800 colourways for package designs that work” by

James Mousner [7], “The Principles Of Interior Decoration” by Bernard C. Jakway [8].

Burchett [9] found that there are many attributes that affect colour harmony such

as order, tone, configuration, area, sociation, similarity, and attitude. The

research by Ou and Luo [10] or r harmony model for two-colour

Stk

combinations indicated-th --J..:“; ces of ¢ lightness, chroma, and hue

affected the degree of colour-harmony. They developed a model for predicting the
colour harmony of colo

on colour emotion and prefe ' he -\

influence the viewers' e -' -f )

41

This studyzinvestigate FECtS T tness. a on colour harmony of

gated the effect of culture

‘\G:“l onality and culture can

colour pairs. The colour s imuli ed \H or and assessed by Thai

observers. Observers gelegted the, numi ; presents the degree of colour

\

air. The s u:: . 7 arated into two groups: lightness

harmony for each colour
group with fixing chroma val qE[- ith fixing lightness value. All of the

stimuli were systematically selected-from CIE 02 colour appearance model.
-

d

To mvestlgate an impact of lightness attribute as wﬂas chroma attribute on

““’e”fﬁfﬁ?m“rﬁrwﬁ‘w YNNI
ammmmumqwmaa

Forty-two single colours were selected to investigate lightness factor of colour

1.1 Objectives

harmony. A series of colour pairs was then generated and simulated on a CRT monitor.
Twenty Thai observers participated in the visual assessments. In the case of chroma

factor, 33 single colours were selected. All colour samples were systematically



distributed in the CIECAMO2 colour appearance space and were analytically converted
to display on the CRT monitor via the GOG model. For lightness group of samples,

chroma values were fixed at 15, and for chroma group lightness values were fixed at 50.

I,

1.3 Expected Outcw %
1. Relati ‘ ":} olou harmony of two-colour
U "
combinations. 7 " \

2. Relatio o] ) chrer bute and colo armony of two-colour

combinations. &

1.4 Contents

Chapter 2 consists f_{.r‘_ coretica srations and literature reviews that

relate to this rese

't can be divided into

Ifﬁ entation consists of

three parts: .yw

s of the results from the visual

pre-experiment, ::H erin .

[t ' al
assessments. For Chapter 4, this chapter reports the result from testing of the CRT
monitor, result fro visual asse en eliability of the visual data. The last
chapternis rﬁe at ivﬁo@s;ﬁa s egs)‘f]r he future work.
. Y - . 7
ARIAINIUUNRINYIA Y



CHAPTER I

THEORETICAL CONSIDERATIONS AND LITERATURE REVIEWS

2.1 Theoretical Considerations

This thesis studied ightness and chroma on colour

harmony of colour pairs. were selected from CIECAMO02

appearance model Jel i 1ded by CIE (Commission
Internationale de | )" asfthe cting the appearance of
colours, taking inte CRT monitor was used

to display the desiged g, S0t 2 ] er \ CRT monitor was required.
Thus the GOG modelw: olied. 'B onsid ons are described in this
chapter.

2.1.1 Colo

A colour circle, b : | and b Je is traditional in the field of art.

# AR
Sir Isaac Newton devel 1 "r . . am of colours in 1666. Since then
scientists and artists have studied-and desic erous variations of this concept.

Differences of b fo ' 1other continue to provoke

-

1«__@ a logically arranged
The oolouiiwael is the basic toow combining colours. It is designed so

variatio f the gnh ade, but the n version is a wheel

of 12 colours based on the RYB (farnsno colour model as shown in Figures 2-1 (

WY Mvﬂ*% St Wr%“WEi b

QSpeC|aIIy pleasing. These are called colour harmonies or colour chords and they

debate. In real ‘ih{_;;
sequence of puremes ha

consist of two or more colours with a fixed relation in the colour wheel [13] which is

consisted of primary colours, secondary colours, and tertiary colours. [12, 14-15]



Red Red Red
Violet Orange

Violet
e Orange

Blue
Violet

L e Yellow
Blue Yellow
Grcen Green Green

and blue. In traditional
colour theory, these ar 7 Nree Pigr nt.colours not be mixed or formed by
d, uncompounded colour,
made from a single pig : ir ey are’ basic colours because they
form the basis of all other qugms=w

-l-"r ?'r"l:ﬂ."ll

derived from these threé colours aé"hovﬁr]“ﬁ_ Jure
\

2 Secondary

Je three secondary colours are orange, ggn, and purple as shown
in Figure 2-2 (b). Th‘sggolours are formed oy mixing equal parts of red and yellow,

AU RERI YRS
1 7@Rn 30 @8 I Ny

Figure 2-2 (a) Primary colours, (b) Secondary colours, (c) Tertiary colours. [14]




2.1.1.3 Tertiary Colours

The six tertiary colours are yellow-orange, red-orange, red-purple,

blue-purple, blue-green, and yellow-green as shown in Figure 2-2 (c). These colours are

formed by mixing equal parts of secondary colour. That is why the hue

is a two word name.
2.1.2 Colour k

Colour har -«.Lq‘“L in art and design but

none of the studies w. ither i ' the Conoept of colour harmony
ded into two categories
d those based on the

1\‘. by Ostwald, Munsell, Itten,
tf

or in providing an
[19]: those based
interrelationship betw
and Nemcsics. Th colours could harmonize
only when they were L X cle or from a specific “path”
within an ordered colour ed thc a by Goethe, Chevreul, Moon
and Spencer, Albers, and C jeneral idea was that colours could
harmonize only when they-we analogous (similar) in ether hue,

lightness, or

Theretl '
there are some lar suggestions. For example, Judd an

two or more colours EW neighbouring areés.oroduce a pleasing effect, they are said

sl R AT P e e

harmony hen two or more colours are brought together to produce a satisfying

wmmﬁm&m o

urture and culture so that it is quite evident that there are no universal laws of harmony.

of colour harmony but

yszecki [4] said “when

So, this study adopted that given by Judd and Wyszecki for assessing harmony of

colour pairs.



2.1.3 Principles of Colour Harmony

Colour harmony has been studied for a long time so there are many

principles that describe how the colours work well. A harmonious colour scheme

depends on the balance between a e properties of colour — hue, value, and

chroma. The following illustratic : =- sent for some common principles
of harmony of hues in many. art anc i reference to hue circles. [12,
17-24] : | :

hue and a selection of
tints, tones and sh I black is added - in other
words, using hues of els of value and/ or chroma
as shown in Figur; e eyes of all the colour

schemes. The gentle blours flow into one another

better. = —
2.1.3.2 Analogeus Cofour Har
RN
-~ Analogous colours are any three colours > which are next to each other
— T4
on the colour !‘f_ e-green in Figure 2-3 (b).
Usually one of t@ three colours >dominates. These CQ@rS can work very well

together and create rapre colourful than the monochromatlc colour. They are often found

'““““Frﬂmmmw g1

2.1.3.3 Complementary Colour Harmony

Q) S RIHNAV TN T B

Qre directly opposite each other, such as red-purple and yellow-green, red and green as
shown in Figure 2-3 (c). They are most often used on pieces that need to stand out

because the high contrast of them creates a vibrant look especially when used at full



saturation. This colour scheme must be managed well so it is not jarring and they are

really bad for text.

2.1.3.4 Triadic Colour Harmony

up of three colours by placing an
: purple and green as shown in
nsaturated versions of your
Iours should be carefully
for accent. Note that

urs produces white.

colour harmony inclu '7 . ) : (complementary, split-

hown in Figure 2-3 (e),

HUEAENS NN, 2.

Complementary (d) Triadic (e Sslht -complementarya(f) Tetradic (g) Tetradi€ split-

ama\mwwﬂwma d

Beauty is in the eye of the beholder, but it is an unfortunate fact that not all
colours go together. Discordant colours are colours that are farther than around 30

degrees apart on the colour wheel and are not complementary or part of a triad.
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Discordant colour schemes can be very shocking and should only used to generate

attention. [19]

More recently, experimental psychologists have sought to ground theories of

common colour harmon

nse 21), Moon and Spencer
(1944), Nemcsics that colours harmonise if

they are of the sa

Ostwald (19 :- : Joon and Spencer (1944), Nemcsics
(1993), Hard and Sivik (2004).suggest: \armonise if they are of the same
chroma (see Refetences in [25]) . -

-l

1] {]

Go?the (1810), Chevreul 1839 Munsell (1921), Moon and Spencer

@ﬁﬂ’[}% J11R A1
LALANTI TRITRIIN TR Y

reversed if significant progress is to be made in terms of understanding colour harmony.

A similar sentiment has been expressed for art and design in general. [17]



1"

2.1.4 CIECAMO2 Colour Appearance Model

A colour appearance model (CAM) is any model that includes predictors of at

least the relative colour appearance attributes of lightness, chroma, and hue. This

hnical Committee 1-34 Testing Colour
) // le predictors of these attributes, it

ion transform. [3]

definition was given by TC 1-
Appearance Models). For a

must include at least s

model, is based o 197s colour appearance
model but d simplifications of the
CIECAM97s. It provi earance under a variety of
viewing conditio \ levels, surrounds, and

all cases. It is parti
reproduction. It over
There is over-prediction

results, and large variation of tfhe predicted iration values for colours having the

- ___ » .‘.

same chromaticity b

The Leiucl : i

adaptation, Dynaﬂ respons

following sections.

AULGRBRINGINS

Chromatic adaptation [3] is a vﬂl adaptation thatﬂf's; far more

YRININGRUNNITRAIQ
qﬁdependent'sensi ivity control of the three mechanisms of colour vision. This is

illustrated schematically in Figure 2-4, which shows that the overall height of the three

-
:"J-! parts: Chromatic

lour space. ﬂy are presented in the

cones spectral responsivity curves can vary independently. Often it is considered to be

only the independent changes in responsivity of the three types of cone photoreceptors.
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However, it is very important that there are other mechanisms of colour vision that are
capable of changes in sensitivity that can be considered mechanisms of chromatic
adaptation. For example, consider a piece of white paper illuminated by daylight. When

such a piece of paper is moved to a r ith incandescent light, it still appears white

the paper has changed from

earance is called chromatic

adaptation. Chromatic_adaptation can, Be th@nalogous to an automatic
exposure control. [w ' “

Figure 2-4 ‘ i adaptation as the

05| »f.‘ sivities. [3]

mis adaptation is one process in a colour m)earance model, known
as a chromatic adi)tﬁn transform CAT@ chromatic adaptation model) [3]. A

SRR NN

one wevﬁ]g condition to matching tristimulus values in a second set of viewing

conditions. It does not include cor'glates of appearﬁe attributes such ‘as’ i htness,
g,pable

’QW PNk Tl o v D el
redlotlng corresponding colours that depend on the attributes in their equations such
as von Kries Model, Nayatani et al. Model, Guth’s Model, or Fairchild’s Model. A general

form of a chromatic adaptation model can be expressed as shown in Equations 2.1-2.3.



13

La = f(l—, Lwhite, ) (2.1)

Ma = f (M, Mwhite, . ..) (22)

Sa (2.3)

This genel ic chromatic : odel is designed to predict three

cone signals, La, M,, S ftor : \ptation have acted upon the

An

initial cone signals, L, V ] equires, as a minimum, the cone
excitations for the adapting stim h.ﬂ“ It is quite likely that an

accurate model would I iditi [ ell. A chromatic adaptation
model can be gl | ' ransform by combining the
forward model for on / conditions with' ne inverse model for a second set.

Often such a transform | in‘terms « stimulus values as shown in

NZuwhite2, -..) (2.4)
In order t —accurately—a he physiological mechanisms of

. . . . - d 1 . . .
chromatic adaptation, it is necessary o CXPress n terms of cone excitations LMS
rather than CIE- tristimulus values, XYZ. Fortunately, cone exci tations can be reasonably

. -I 1‘-.
approximated V_‘ I J ulus values. Thus a

generic chromatiﬁjaptatio ans

Figure 2-5. [3]

AU LR NURTHEAR T

first V|e condition. Second, transform them to cone excitations (L1M;S1). Then

mmmﬁwm o[ i1 11

verse the process for the second set of viewing conditions (VC;) to determine the

d rioed asBown in the flow chart in

corresponding colour in terms of cone excitations (L2M>S;) and ultimately CIE tristimulus

values (X2Y2Z). The complete process is as follows: [3]
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Figure 2-5 A flow cha applic _ ymatic adaptation model to the

An ically | * , omatic adaptation must act
on signals representing t fﬁ :::‘_Eﬁ -:r:-_ St re tive cone responses). Thus, in
applications for which the use G - color s important, it is necessary to first
transform from GIE tris s (XYZ)* V es (denoted LMS, RGB, or
rgb, depend| ff:" $ can be accurately
represented usi .T i ; . An example of such
a transformation 'raphically illustrated in Figure 2-6. This ;~,1 sformation, or a similar

one, is common to ﬂomatic adaptationﬂpd colour appearance models that are

) %Eﬁl"%”l[ﬂ NINnEINT
ammﬂiﬁuumqwmaa
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Tristimulus Value

Figure 2-6 The progess of tran: umlr"’ Z tristimulus values to LMS cone

responsivities S|n am=Ve ar matrix multiplication. [3]

lude the relative tristimulus values of

the test colour stimu he refative tristimulus values

.Ei‘ e tristimulus values of
A
minance (often taken to be

of the source '\- -in-the-source-cor
Dg; White, nora| 7' d to
20% of the luminance a white object in the scene) La, in cd/ “i'l e relative luminance of
the source backgroul'dﬂhe source conditiqg'Yb (often taken to be 20% for ‘average’

- AUBTWIN G-

(dark, d|rq|average [3, 27]

1q @ qef:' ﬁgij ?‘y&]eﬁt éla ge for
flection prints or |S§ ays or televisions, and dark for projected

transparenmes under the assumption that these media are being viewed in their typical
environments. Table 2-1 is used to set the values of € an exponential nonlinearity, N¢ the

chromatic induction factor, and F the maximum degree of adaption. [3]
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Table 2-1 Input parameters for the CIECAMO02 model. [3]

Viewing condition c Nc F

Average surround 1.0 1.0

Dim surround 0.9
Dark surrou 0.8
Aftera08 : pu 3'.‘5*%: nd viewing condition into the
chromatic adaptation ’1.5 0 ree cone photoreceptors

when viewed th

represented by the

\\- der the illuminant are

5 are f ions of predicting the extent of

changes of responses of stimuli- of different - c ctors across a wide range of

luminance levels. The functio NVe—man cS such as a cube-root function for

CIELAB, RLAB, a hyp i CAM2000, CIECAMOZ2, or a

.ll_"
-
AY |

logarithmic function for Nayatar

ye DO similar in form to those in
i | ¢
CIECAM9T7s, but slightly modified to produce a simple power-function response over a

Iarger cilitates initio turation later in the model.
For mu nu aﬂ }1 imilar to simple

square- r& functions. These nonllne?rltles are given in Equatlons 25-2. 9

awwmmgg%mmam

400(F, G'/100)°42
27.13+ (F_G'/100)%*
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' 0.42
- _ 400(F, B'/100) * o1 07
27.13+ (F_B'/100)®

Where luminance-level adaptation factor F_

FL _k4)2(5LA)1/3 (2.8)
k (2.9)
These v then Used 1o ereate opponent colour responses and

formulate correlates of
2.1.

netry to three-dimensional

spaces with dimensi IOXi the perceived lightness,

chroma, and hue \ 0
provides redness-gr ¢ \
i [ iC si . Thisss-ac d by in

orporating features to account

lumination conditions. It

iles (opponent responses)
for chromatic adaptation and fie _7 ear visual onses. [3]

"" " ‘ puted by weighted

summation of thﬂonlinear adapted cone

induction factor as |&|strated in Equations 2. 10 2.12. A similar quantity must also be

AR ST TIE I T

=
ponses modified with the brightness

wqmﬁwymg?mﬁ e,

w
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Lightness J is then simply computed from the achromatic
response, A, achromatic response for white Ay, the surround factor C, and the base

exponent z, according to Equations 2.13 and 2.14.

(2.13)

(2.14)

is lated to saturation and

incorporates the chro gle - . ackground (N.andNg,)

as well as the ‘ecce i ( : ] a he basis for chroma,

Mov o

colourfulness, and ration ¢orrelates.
T r/AR T

on in Equation 2.15. [3]

(2.15)
Cll fd‘ﬂ 2. .chrom hen computed by multiplying a
"g.-1';.- {:" h .."é':
slightly nonIina‘ 0 ¢ with some adjustment for
background n, y‘——:' . ..’rﬁ ost of the model, is

based on empmcﬂltti g scali g data.

= t%°/J3 /100 (1% 0.29")%73 (2.16)

ﬂumwmwmm

Initial op;fnent -type responses in CIECAMO02 afé.talculated

R AR R AR AR A=A A=A

ame procedure as CIELAB. As in CIELAB, h is expressed in degree ranging from

0°t0360°, measured from the positive a axis calculated according to Equation 2.19. [3]

a = R’2-12 G’/11 + B’4/11 (2.17)
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b = (L/9)(R’ + G’4-2B’,) (2.18)
h = tan* (b/a) (2.19)
Finally, giveII ..h and a Cartesian representation can be

1 using the chroma correlate. The
subscript C is used to ¢ Correlate and corresponding
equations. The subs 7 i n both with the preliminary
Cartesian coordin and to specify which

perceptual attribute, 28]

(2.20)

(2.21)

_ ena that can be predicted by

CIECAM97s. In inclu ‘ etyp : 1}‘ nce attributes (relative and

absolute) and can be appli d ; ~a—large ge of luminance levels and states of

chromatic adaptation. Like [ECAMO7s—CH is not applicable to situations in
..-"‘.-"'—J_ 4

which there is significant red.eantributi at extremely high luminance in

which cone bleac hing might occur. It is appropriate to think of CIE AMO2 as a simpler

d

ﬂmmrmmwmm

In CRT (cathode ray tube) of a Computer or video monitor, a screen is

qmamﬁ IRV LIPS

up phosphor dots (pixels) on the inside of the glass tube, thereby illuminating the active

and better versicn of

portions of the screen. By drawing many such lines from the top to the bottom of the
screen, it creates an entire image. A colour CRT monitor uses three electron guns which

activate red light-emitting, green light-emitting, and blue light-emitting phosphors. This
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RGB system can create all the other colours by combining what dots are aglow. In
Figure 2-7, there are three colour signals that control the three electron beams in the
monitor, one for each RGB colour. Each beam only touches the dots that the signal tells

it to light. All the glowing dots togeth

\’\

e the picture that you see. The human eye

blends the dots to see all the o a shadow mask blocks the path of

the beams in a way that le m ned colour dots. [29-30]

monitor. [30]

-
> oo \

Evice calibration refers to setting the iw@ing device to a known

state. This might repiesent a certain white polﬂ}' gain, and offset for a CRT. Calibration

device ice calibrati niss the nufacturer, rather than

the user, and the techniques depen‘heavny on the technology. [3]

AR ﬂ xlﬂtjam&l iﬂe'JeZJ fisnasL..

dewce -dependent (DDC) colour space and a device-independent colour space (DIC)
as illustrated in Figure 2-8, i.e. the CIE system of colour measurement. It may be defined
as a mathematical models based on a set of equations or a definition of a discrete

number of points which constitute a look-up table.
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forward

ovc ] [o

Figure 2-8 Relationshi ice Mcolour space and a device-

information abou , “betwe lﬂ ce, coord s and the colorimetric
coordinates of the i 1geC Srin erisation of the device is

required to obtai

appearance of CRT monitor. It is

usually taken place rroundings under ambient

light, not in a dark room. 3, the viewing flare can be separated

into an external flare and an internal flare. Th dernal flare is defined as the reflection

o f o

of the ambient.illumin aternal flare is caused by the

internal reflec .—"c‘:p-l.lz--:--elleLﬂs-hﬂnlﬂl-llla-.Il'.m.‘.lllﬁii-iiili-i;:',-t_ area detected by the
Y

eyes or the mez .:: on. [31]

i - U

2.1.5.3 Processes in Characterisation of CRT

AU IR TN e

colour inﬂes on the computer graphic display can be printed out or displayed on other

monitors through the Internet, anar colour matchi between the oriEﬂdI and the

PRARAS AU AR .

e colour matching. CMSs utilize device profiles, in which colour characteristic

information is stored, and these profiles are generated by device characterization. [31]
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One approach to device characterisation is a physical modeling and
this model is often used for a CRT display characterisation. It involves a nonlinear
transform to convert drive voltages to the corresponding RGB phosphor luminances

(Equations 2.25-2.27), followed by a linear transformation to CIE XYZ tristimulus values

(Equation 2.30) [3] as illustrated in f e step1, digital inputs (dydydy) are

given to predict the luminal in. ea s and the luminances will be

Step1: nonlineartransfo j ~ Step2: i ansformation

Tristimulus
XYZ

Digital inp

(drdgdb) ‘

Figurd'2:9-CRT disple Sracterisation.

T
= j: A
" o s ! / -l_'

C@S
-

‘, St ’ digital inputs dydgdp
|!
where the subscﬁs refer to the red, green and blue chals and linearised RGB

outputs. It found that?e relationship is a nonllnear as shown in Figure 2-10.

A U AT YR Teroe o

as LIN- LHIZ model, LOG-LOG model Gamma model GOG model, GOGO model, and

LHIA STamYabis ot (Lt bie
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1

Luminance of output

historical literatu ( Amon ) ontrolle RT displays as given

in Equation 2.22 for imi essions can be written for the green

E LUT repres 1e video ook-up Ie, N is the number of
bits in the digital-to- agaalog converter (DAC), Vmln and Vmax are voltages dependent on
the co plifier gain and
offset, ﬂuﬂﬁ mﬂ mi ﬂm;ﬂj an exponent
accountlng for the nonlinearity between amplified vﬂj voltages and begry currents,

IAFRIATRHNRAL HHAG B
qombmatlon and L, , defines the spectral radiance of the red channel. Equation 2.22 is

a generic equation in that it considers signal processing common to all computer-

controlled CRT displays. [33]
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By normalizing radiometric measurements by the maximum

radiant output, so Equation 2.22 is reduced to Equation 2.23. [33]

(2.23)

e referred to as the system
gain, system off d channel. These three
parameters will be ref d -u es the maximum spectral

radiance of the red ¢

\ ation 2.24, it is useful to

define a radiometrie scals

(2.24)
Ap ;“I::T-v__:a.._h dlay will, in theory, exhibit additivity
,5&1!,' & 2k

between its three channels: Thu: r--‘Jf-".j d J.considering the three channels

simultaneously. results in Equation 2.25. Similar expressions o H__.: ritten for the green
and blue chan
I

1 LUT, (d )\, d
( or (2.25)

_ ( .
ALRN ﬂ§ 3.
AR TRUHRAINEN .

LUT, (d,)
9\Yg em
If (kg’g (—J + ko'g} >0, otherwise = 0

2N
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7b
N (RSN -
LUT,(dy)

)

+ ko’bJ >0, otherwise = 0

ray tube, RGB ph ignal, which is mixed to

reproduce a desj of additivity, the mixed
colour of RGB cha : {s] mulus of three primaries as

expressed in Equatio

I-k,pixel (2.28)

ted as in Equation 2.29. [31]

(2.29)

Because of the additive nature of the CRT display, Equation
“?iﬁﬁ%ﬁ’ﬁﬁ%“
rmax

A R
If the display is viewed in a lit room resulting in ambient flare

FRINYAY

reflection off of the CRT's faceplate or as a result of measurable interreflections form
neighbouring pixels, this flare must be added into the characterisation, as given in

Equation 2.31. [33]
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Xpixel X X erax Xgmax Drmax R
Ypixel = Y +Y + Yrmax ngax B G (2.31)
. inter—
Z pixel Z ?Iggent Z Irrtgf?(gction Z Mmax Z Imax Drnax
flare
2.2 Literature Reviews '(/’
Wright [2] studie of oIou ology and colour harmony. The

nd were done across six

experiments were strin ' / \ a
| C 9 V 1 E .

cultures, by both ars old. He could classify
every colour into ‘ : -:' in whick .\ CO harmonises with every
other colour in the s ami s erel \"‘\. do not harmonise. The
colours are divided i anid ‘Aue S k ) they are subdivided in terms
of both saturation and value i groups 0'di humanity into four basic

personality types and ¢ i e | affinity with one colour family.

Burchett [9] studied dboul to clarify the various attributes of

sociated with each, to determine the

colour harmony and |dent|fy the-vocabulary
!- _,.'"i" 4 ‘J:
relative emphasis p ribute, a ablishea basis for a colour

harmony conce r""‘“""’"!""""f:'f""‘""‘""‘""""‘"\ i d from twelve books

on colour which came ivided the meaning of colour

harmony into eight'terms: area, association, attitude, configuration, interaction, order,

similarity, tone.

G UINUNTHYND T

mvestlga%]d factors that affected orbcolour harmony E{he combinations [&} and also

TN TR TINEIREL

Derby (11 males and 6 females). The colours consisted of 49 chromatic colours (7 hues:
red, orange, yellow, green, cyan, blue, and purple, and 7 tones: vivid, pale, dull, dark,

light-greyish, greyish, and dark-greyish) and 5 achromatic colours (white, light grey,
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medium grey, dark grey, and black). Then 54 colours generated the 1431 colour pairs
from CIELAB colour space. Each colour pair was presented against a medium-grey
background on a CRT monitor using the GOG model to transform CIE tristimulus values

into RGB primaries for displaying in

kened room. Each observer was asked to
indicate how harmonious ea ed by pressing one of ten buttons

represented colour harm results, many colour harmony

difference, the higW" m principle: the larger the

lightness sum, the ki ‘ res; ate lightness difference
, ence would lead to low
colour harmony score [ & irs containing bluish colour
tended to harmonise. . . rha ' cted from three colour
harmony factors: ¢ @ : k1 e effect, and the most
odel was tested using an

independent psycho [ rura et al. and the result

showed a satisfactory pr ctygﬁr&}r_maﬂ s

Ou et al. [11] examj.ﬁgﬂf_ﬁﬂfﬁé.e_ ‘_ nfluer e viewers’ emotional responses

and preferenoeh single colours and to co c 3 observers from six
-

countries: Britaing France, Germany "\ﬂ took part to assess

colour emotion a@prefe ence

single colours and 190 colour pairs were used as the stimuli and four scales including

warm-c ive- sure observers’
responses ?Jv ﬁH bse gﬁ] gle-colour and

colour—péilsessmns but the othersearnmpated in onAhe session for coIo&Joaws The

with small lightness difference between constituent colours in each pair, while the others

Xperiment. In the experiment, 20

tended to prefer colour pairs with large lightness difference.
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In the study by Chanay [36] on Colour Harmony, Subjective Appreciation or
Ordered Construction?, a set of colour samples, with no functionality, in a neutral context
devoid of all symbolic value was considered. The set under observation was composed

of three colours of the same size and shape and laid so as all the samples shared a

common border. Students ha sets into two groups: the beautiful

e sets thought as beautiful by

ones and the ugly ones. <
someone but as ugly y@noted that the difference of

brightness of the w However the colours

without any link ( , but set in a regular

geometrical space, i der i ess of the rhythm was

was asked to rate the deg.r o 1y} each colour pair using a scale

ranging from O,hmharmonlous) to 100 m' sults obtained from

male and female’ observers were h female observers
tended to give hi’}r colour rson _ﬁrelation between mean

visual scores of oolour harmony and hue difference revealed that a combination of two

colours and the colour
pairs w r‘ij i |to ﬂour aﬁio’-icores, in which

colour p s with similar hues Iaoked more harmomous than coIouuaws with

QW‘Tﬂ“ﬁﬁTWﬁWT} Neae

Gao and Xin [38] studied about colour harmony of two colours with similar
lightness and chroma by analysing two factors, that is, hue difference and single colour
preference on colour harmony. The study was conducted using two kinds of basic two-

colour patterns which usually are patterns seen in most of colour designs. One was two
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colours placed side by side (SS pattern) and the other is two colours in center-
background relationship (CB pattern). Both of them were displayed on a characterised

CRT monitor in a completely dark room and assessed by twenty subjects, 10 males and

agreement indicated that col

most people. The relati '
completely opposite |

harmonious in SS

10 females, ranging from 25 to 35 years old. The result of observer repeatability and
’ unequivocal and stable feeling for

ony and hue difference were

ues were considered to be

5, while the complementary

colour pairs were alysis, it was found that

T

grey background in the cem!cél éﬂhg [ :': : ‘darkened room. One of the colour
patches was fixed (standargl.4’1_3;;(:‘a-)":ﬁjv,@il}n?N‘I 0

observers Whmmre asked to vary the test hue Wme ximal (hue) contrast to

he other (test hue) could be varied by

the standard Aue T_\_Nenty standa ound the hue circle at 18

degrees intervals| re fixed a 30. The rﬂlts were found in some

ranges of the standard hue that the observers’ colour selection was reasonably close to

that pre 0yt to indicate that
opposite | ﬂ IE H cu te?ﬁ "Tw le iry relationships

(at least rﬂ for all hues).

ANa) XLEY Miﬁ’%ﬂ%ﬂ@&h o

ahenoy and colour harmony. The experiment was conducted with twelve observers (
males and 5 females) looking into a viewing cabinet under D50 illumination. Sixteen
different background colours were selected in size of A0 and the same sixteen colours

were also used for the foregrounds in a square of dimensions 5x5 cm Each observer



30

was asked to make two judgements: salient/neutral/non-salient; and harmonious/neutral/
disharmonious. The results were found that male observers perceived all foreground as
being relatively more salient than females except brown and purple and both genders

were almost unanimous about black ground. For colour harmony, the colours

blue, pink, and purple (against & ckgro S).were perceived less harmonious by

female than by male obseivers, bu - for brown. They liked grey and

dF

AULININTNEINS
AR TUNNINGAY



CHAPTER Il

METHODOLOGY

3.1 Apparatus

han 5% (400-780 nm)

3.1.2 CRT Monitor —

Model, | ACIE electron-22Blue |V
-

CRT y‘.:, N "

— Aperture grille

H |
Dimens ! s ' £19.4inx19.5in x 18.6 in (H x W x D)
Weight ) 67 2 Ibs
‘JJEF‘?VIEJTI@Y\IEJ )3
Dot pitch :0.24 mm,,

QW'I@*&ﬂifU AP & B

1280 x 1024 (recommended resolution)

3.1.3 Laptop Computer
Model : Fujitsu Lifebook 6240

System : Microsoft Windows XP Home Edition
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Version 2002 Service Pack 3
CPU . Intel® Pentium® M processor 1.73 GHz

RAM : DDR2 2 GB

.NET Framework
ice Pack 1

t v2.0.50727)
xcel 2003

3.2 Observers

Twenty Thai o ) females ranging in age from

21 to 30 years old, took s (there were exactly 30 observers: 10
observers participated
participated in only lightne *gﬁ”

=L

Photographlc' ;r : ' Industrial Design, and

a experiments, and 20 observers

)ng observers were 28 students in

-
one employee g f normal colour vision

exarmined by Ishi Test
mﬂum NYNINYINT

The objective of this researc‘was to evaluatesthe degrees of colouf!harmony for

AR U JA NS IR B o

onltor Observers assessed these colour pairs and quantified the degrees of colour

U

harmony for each pair presented. The visual results obtained from all observers were

then analysed statistically.
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Consequently, the experimentation of this study was divided into 3 parts. The
first part was the pre-experiment which included preparation processes in which the
colour stimuli as well as the CRT monitor were prepared. The second part involved

experimental procedures whereby the 2| experiments were carried out, and the last

part was the analysis of observers’ results. T detailed descriptions of each part are
given in Sections 3.3.1; 3 ively. All processes of this

experimentation are

* spectroradi

* CRT mondtor
« Laptop
* Softwar é g I F

2 .0Observers

acterisation

* Thai

* NOrma
vision

»21-30 y&ars old

ﬂuﬂqwﬂ
awl'mnizu ﬁﬁﬁi}%ﬂﬁ’

Figure 3-1 Overview of experimentation in this study.
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3.3.1 Pre-Experiment

A process of experimental preparation is comprised of four parts, as

illustrated in Figure 3-2. The first part was a process of stimuli preparation, in which each

sample was assigned colour in terms | ‘ 2 JCh. The second part was a monitor
characterisation process. The hir ‘ ‘. ion of JCh data to digital counts
(d,d,d,) via the monitor.char isati 7 the previous process. This
process was done the first process were

accurately displayed on The accuracy of colour
y play s y

transformations was evaltiated jin the | \\,‘:*\i\:\\ of colour differences

between measureme of dis »\o= colours and the assigned colour data. These
four processes are gxplainec € 'in Sections 3.3.1.1, 1.2, 3.3.1.3, and 3.3.1.4,

respectively.

Figure 3-2 Four processes in the pre-experiment.
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3.3.1.1 Design of Colour Samples

The present study aimed to investigate an impact of lightness and

chroma of colour pairs on the degree of perceived colour harmony; therefore, colour

samples used in this experiment were two sets. Both of them had the same

six primary hues which were: s ":R om CIECAMO2 colour space. The
ue angle = 60°), yellow (hue

six main hues consisted.of red ( angle =

angle = 120°), green hue angle ), blue e = 240°), and purple (hue angle

etermlned in terms of “JCh”

C\fwim
RN

= 300°), as shown in Fig of ./

(J=lightness, C=chroma

U 2
1-“-‘,’ [l colour samples in

this group had a ve' vels of lightness. Each

hue consisted ofﬁghtness levels (J): 25, 35, 45, 55, 65, 7

sampl re made ﬁ.plﬁj 861 colour pairs Me then generated from all possible two-
s B L Fodk mm WIS cin

of the comlr samples in tomography of CIECAMO02 oolour space which each plane had

TWIANILS ORI

I|ghtness (1=low lightness: J=25 and 7=high lightness: J=85).

and 85. Thus 42 colour
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Figure 3-4 The 42 )2 a b, (b) RGB mode.

r samples in this group had
an equal lightness ma for 5 levels: 5, 15, 25,
35, and 45, yielding 5 chroma levels). Three
uded. Therefore 33 single
colour samples were in prand ners a set of 528 colour pairs from all
possible combinationé. [i7 di‘, *, 33, samples in CIECAMO2 colour
space is shown in Figure 3-5 (a)and the R« solour mode of these samples is also

-

shown in Figure 3-5 (b) b R-ONG, F ; sented the six primary hues and

BK, GY, WE the thre 10 5 are the levels of

chroma (1=low

(a)

+

BK GY WE

Figure 3-5 The 33 samples in the chroma group (a) CIECAMO2 a b, (b) RGB mode.
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Each colour pair in both groups was made of two 2.25” x 2.25” single
colour patches. They were presented side by side without a gap against a uniform grey
background in the centre of LACIE electron 22blue IV monitor with its white point set to

S Process.

D65. Figure 3-6 summarises the steps in

single colour
G hues

In omder fo ‘ [
, =T
monitor, the monitor was araMﬁG Si

eliminate the CRT monitor's 3"?'{ d:-lé; ance in the experimental room, the

assigned colours on the CRT

model. Moreover, in order to

monitor characterisation anc i"-.:.‘ \ents were conducted in a darkened
et ™ Lt

55—0) and blue (0-0-

255) colour @ 1?";@ (R=G=B=128) in the

centre of monitor’ﬁre ] -m

A i!)‘eatzoradlometer was %(.)ﬁd in front of the CRT monitor with the

I P Y2 PR A1) N

and the model parameters: Kg, Ko, ahd gamma (y) for&ach channel, were sélved. Figure

awammm UR1INYTAE

)

room. A set of 17
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white point 6500K

CRT monitor

VGA cable

spectroradio

,. m ;! ¢ ) '’ values described in

Section 3.3.1.1 to @ONItOFS ¢ |taI ﬁg d,dgd ~a\- at colour samples could be
O

correctly displayed on the C T enito

128
Figure 3-2, two computational ste&ﬂét’é'. el

¥

. - -
to XYZ tristimulus values via ‘C ’:': V102" ap) = model. This step was carried out

Ind. In so doing, as shown in

i, the JCh values were converted

due to the fact that CIECAMOZ could p ponding colours under dis-similar

viewing conditions jonitor characterisation

process (Secti IF" _____ to + digital data for red,

green, and blueﬂan olour mples were able to be
. . 3 .

displayed with respect to colour appearance desired.

ﬂ‘lmﬂ WHAINHINT

The performancegf monitor characterlsatlon determines the accuracy

ﬁhmlﬁﬁﬂ TSR AR

from XYZ obtained from CIECAMO02, see Figure 3-2) and measured L*a*b* values
(calculated from XYZ obtained from measuring displayed colours with a

spectroradiometer). The small the AE value, the better the model’s performance. This
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means that displayed colours closely match to the colours initially designed for

,’/ ents, each observer was given a
' d to regard the term “colour

laying colour pairs and

investigation.

3.3.2 Experimental Procedures

Before conducting
definition of colour harl
harmony” as “colour.
were also trained

recording observers 2 beginning. of eact erimental session, observers

sat on a chair (situate .,.. eter when doing colour
measurements) in fro nt set to illuminant D65, and
adapted their eye ing at the CRT monitor
which presented a us i grey ’:ﬁ ith 2-cm white area. Having
done so, observers assgsse ﬁﬁrgﬁq& ur. in the centre of screen and

L o 4 | [y 7
indicated their judgeme to ﬂ?ﬂzf—-hé_. ous that

e e -
il "-.;':‘-,_-_. P

Y P
AR T TN 6
q ’ Figuré3-8 S€rediayautiof the dxpefine '

As can be seen in Figure 3-8, ten buttons were arranged in a line under the

colour pair. Each button had a score value on an interval scale. These buttons were

separated into 2 sides: disharmonious (on the left side of screen) and harmonious (on
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the right one). A set of negative numbers (-5 to -1) represented disharmonious (-5
means completely disharmonious and -1 means just disharmonious), whereas a set of
positive numbers (1 to 5) represented harmonious (1 means just harmonious and 5

means completely harmonious).

After assessing t isual scores by pressing on one

button, the observers on other number buttons. The

A =8

and disappeared. A olour ‘pairs ¢ ente ~ dividually in a random

sequence. An illustrated sumimary.of experip ops for screen’s display is shown in
‘ iﬂ!"’, . i
Figure 3-9. b e sl

i

P2 I

10 seqtﬂ)r adaptation

LI

1" colour L’Hr appeared

NS’ o1y
R

2" colour pair showed up 2 sec. to avoid image effect

Y d

Figure 3-9 Sequence of colour pair's presentation.
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For investigating the lightness factor, 861 colour pairs were randomly
separated to 9 experimental sessions. Each session contained 100 colour pairs, except
for the 9" session that contained 61 colour pairs. To investigate the chroma factor, 528
colour pairs were also randomly divide 5 sessions. Two sessions consisted of 105
colour pairs and the rest session , W olour pairs. For each session, each

d to repeat all of the sessions

e visual assessments of
861 colour pairs for li pairs for chroma factor. Hence, a great

number of experi 0ds of analysis for the visual results are

(3,.9 Ir samp vere selected systematically

sidie ic values.of J,

and h, as are in CIECAMO02,
|

2. Fo rver were averaged

from the obserVers firstand-seconc-responses: i res representing the
degree of colour fiarmo ed from all observers’

experimental resuilts.

V.sua.ﬁmmmﬂmwmw
VATESIO 1L ek (L3P L2

gamst the panel results (averaged from all observers) (inter-observer agreements)
were calculated to indicate the variation of the visual results. The RMS value is
calculated by Equation 3.1 for intra-observer agreement and Equation 3.2 for inter-

observer agreement.



RMS = >y

RMS = Z(Xi -x)?
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(3.1)

(3.2)

nts the colour harmony scores

given by an observers’ first respo [ ﬁgd y;j represents the colour

harmony scores given sam ; ponse. In the case of inter-

olfe

responses given

ur-harmony scores from two

e mean colour harmony

scores of all obse [ J'i, and N 1€ Nun f stimuli. The mean RMS

from all observers wagi ssent degree of r agreements.

5. The m Y " dedisic ) as used to quantify the

performance of the

data obtained in this s follows.

W o o

AT
LW

|n zqua i

egard to the experimental

(3.3)

bbservers whose harmony
B

o
judgements for Ge ’ ..?'-‘{e' “harmonious” and
“disharmonious”) E reed \ y principle; N is the number of
: J.H

colour pairs.

ﬂumwﬂmwmm
Qﬁ”lﬁﬁﬂimﬂm'l’mﬁﬂﬁﬂ
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|
} Pairs with Number of observers Percentage of
} equal lightness who liked this pair observers (Ci )
|

L] — 8 0.40 &
N’ < . > N'
D D , : . o.25+o.4+é.%;o.15+0.05

Figure 0 shiows' an examp «\. --.*u, Taking the principle of
equal lightness as an examg ;ﬁo t ame lightness levels are
selected. According to this p i¢.3ip| -‘:F__ irs should be harmonious. Thus the

—t

numbers of observer ojlike the' E agreement between visual

results and the principle unde :}:'F_ he-GE ’ »en be calculated.

6. Relationships be Weer the-cole ony scores and the two attributes
e i

P Ll
(lightness and ¢h sing Linear Correlation

Coefficient (r

degree to which m varie e isﬁ
with positive slope between the two variables, the r value wi
correlatio whenevefo'ﬁ'anable has a h|gh‘d'w value, so does the other. If there is a

L IT T ¥ IO A o i

be -1; if mre is negative Correlatlon whenever one varlable has a high ( Iow value, the

QIR TNy -

»T':, hich measures the

rfect linear relationship

e 1; if there is positive



CHAPTER IV

RESULTS AND DISCUSSIONS

4.1 Testing of the CRT Monitor

4.1.1 Variables in Pr ' W/
In the proces enta repéT monitor used in the study

MO2 colour appearance model

was implemented to_cenv ( 7 dlues, to, XY. ' values. The model variables obtained
from characterising ,t \ .'. as quired in CIECAMO2 are
summarised in Tab .2 e refe e white of the monitor. La is luminance of
adapting field. Yy i o= or, L d ole \.\_‘n. parameters were those

of dim surround. Kg, b stem g¢ ffset, .{ gamma for each channel

- Value

00.00, 105.21

Vi

[ U, |2 — - e
|
l.' |

Dim surround (¢, N¢, F) 0.59,0.9,0.9
¢ o

1.0325, -0.0325, 2.06923

I| As a result of doing the experiment in the darkened room in order to avoid
some effects from the CRT monitor’s flare, the CIECAMO2 colour appearance model was

chosen to use in the conversion of colorimetric process. This is because the model can
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predict corresponding colours under such condition and it is the model recommended

by CIE for correctly predicting corresponding colours when viewing conditions vary.

4.1.2 Monitor’'s Performance

There are many pertie 1 itor that should be tested before
characterisation; howeye' this arch teste ¢ temporal stability because it is
important to know when '-" . fter turning on the monitor.
The test was done & S < age ol d measuring luminance

from the monitor using a sp orad RN red it every 3 minutes until

45 minutes and everyd5 minutes U \ ance of the monitor was stable

when the time pass" argund 40:n ?_,. : 1\ \a igure 4-1. Hence, before

conducting the visual asses tt r a \:}t \\ ] on for 40 minutes to

warm up and get to the stability state “The' ues obtained from the test can

be found in Appendix A. Fo -, ther propetties; s H 1S spatial uniformity, the test is
- _

not necessary because alliof the colous paifs were d t ayed at the same position and

they were also randomized. o o

90 AT T

minance of the CRT monitor

80

0 15 30 45 60 75 9&' 105 120 135 150 165 180 195 210 225 240 255 2

wfmﬁﬁfﬁuﬁm%wmaa

Regarding the colour differences testing process in Section 3.3.1.4 (the dark

grey area in Figure 3-2), the mean colour difference (AE) between L*a*b*_, q Values
(calculated XYZ via CIECAMO02) and L*a*b*.,...q Values (measurement of displayed

colours) was 1.03AE for lightness colour samples group (with a range of 0.12AE —
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3.23AE) and 1.15AE in chroma group (0.62AE — 3.01AE). The results indicated that this
CRT monitor had a very good performance and accuracy to display the desired colour

samples.

All of the samples wer IECAMO2 colour space; thus, in order

to display colour samples o es need to transform to XYZ first

and then to d, d,, an each colour sample can be

ed=a seri€
a o~
Ll -
E'n"

FYFR

-
depended or colo

=

ur he \. of colour pairs, personal

preferences, emotion, a \

The colour harmon .SO0res 8 jed observers were used to represent

el variation of observers’

é{ data was tested by
uations mand 3.2, Section 3.3.3).

the perceived colo
oy

results could affae]

means of the rootman sque

4.2.1 Intra- Ot#eﬁr Agreement

ALYANENINLINT. e

first and gcond responses was e><emined to detemﬂe the reliability of \&syal results.

RWIRIDZRAN 2D IR

of samples (lightness and chroma), averaged from each observer group (female and
male) and from all observers. It was found that the agreements within themselves of

female observer were better than the male’s results for all experimental groups, showing
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that female observers gave more consistent responses. This could be because female
observers could concentrate on the experiments and control their emotion better than

male observers.

Table 4-2 Results for intra-observer a

RMS All Observers

Lightness group 2.27
Chroma group 2.14

Even 7 > observers were better

than those of male ir r & not muc erent. Furthermore, the

results for lightness ¢ ' roup W : a ilar, with the RMS values of
| observers gave consistent
results and they are reli . heless, the method fof independent t-test was

employed to verify the signifi e ‘;r renced een female and male RMS results. The

=7

Wherem0 , the null hypothesis, represents thatﬂ population means are
equal and H,, the ':tmnve hypothesis, répfesents that the population means are

By R WA e

95% con ence interval when the computed t-value is equal or lower than the critical t-

Qve FIEAWTIDBAN JIAN (113 )

pper than the critical t-value, the null hypothesis will be rejected or the alternate
hypothesis will be accepted. That means there is a significant difference between the

genders.
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Table 4-3 A statistical analysis, using an independent t-test, for intra-observer

agreements.

intra-observer agreements
t-Test: Two-Sample Assuming

Unequal Variances
CHROMA GROUP
female male
Mean 2.0258 2.2531
Variance 0.0640 0.3033
Observations 10
Hypothesized Mean &8
df
t Stat
P(T<=t) one-tail
t Critical one-tail
P(T<=t) two-tail
t Critical two-tail farg 1604
I s t r
Table 4-3 shows the resl i‘é}’ ‘ est. It can be seen that the t
stat values (blocked values) I:Jfri'jﬂ alues (highlighted values) for
both lightness and chroma greups samp Thus the null hypothesis is accepted,
meaning that there significant diffe n the~genders in terms of
o ————
'7. nemselves for poth o _‘b‘:r L H 0
agreements v = 'ir butes with the 95%

confidence. -m

4.2.2 Inter-Obierver Agreement

ARG ARG oes o

with one other Each individual observers data were compared with the panel results

VAT T T

nd male) and from all observers. It was found that the agreements with all observers of
female observer were better than the male’s results for all experimental groups. The

results for lightness group were slightly better than those of chroma group. However,
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overall results showed not much different between gender groups as well as

experimental groups and the RMS values were approximately of 2.

Table 4-4 Results for inter-observer agreement.

RMS

Male

All Observers

Lightness group ::'ﬂ JV 1.93
Chroma group ‘ 217
g ii
Therefor independe -{est ' was employed to verify the

e R

\ he hypotheses are the

significant differencefbetweén female and
same as in Section 4

Table 4-5 A statistical@nal

agreements.

greements

t-Test: Two-Sample Assming -

Unequal Variance:

CHROMA GROUP
female male
Mean 2.0589 2.2839
Variance =] = =g 0.3514 0.3730
Observations «

- c — 0 10
Hypothesize— ALY

e

df
t Stat m ------------- ﬁ:
P(T<=t) one-tail 0.4467 0.2071
t Criti T U 1.7341
“UEI’J V H-s?]‘ﬁﬂiﬂ’]oﬂ‘i
i i i L
tCr|t|<ﬂwo -tail 2.1009 21009

both lightness and chroma groups of samples. Thus the null hypothesis is accepted,
meaning that there are no significant differences between the genders in terms of
agreements with all observers for both lightness and chroma attributes with the 95%

confidence.
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4.3 Results from Visual Experiments

Regarding the visual assessments, all observers were instructed to determine

the scores of colour harmony for each colour pair that was presented in the size of 4.50”

x 2.25" (width x height). During nents, they were also inquired on what
ground they based their judg | l. ) / ny scores. It was found that the
main reason for their _de ' 7 L/&S in the single colour. For
example, if the obse dn ¢ : r pair, they tended to give a
hat polour pair, they inclined to
give a positive s were calculated from the

answers of all ob

Based 0 ' male of Tolt;’ between the ages of 21

lated and were rearranged
e 5

in sequence of harmonio airsforlightn: .tu d chroma group. The results of the top

L
ten best and the top ten worstof the 61 e"' I 5 in the lightness group are shown in

Table 4-6 and the result, for.the chrc na-g ',_ 28 pairs in total) in Table 4-7. Column

I _pairs and their colour

values, Column “#2° “J2 atch of colour pairs
and their colour values. 3 rageﬂlour harmony scores of

each colour pair.

A RBRTNHA R

results. T‘sre are two types of the codes: letters and numbers. The letters, the initial of
the codes, consisted of “R”, “O” “ “G” “B”, “P” “BK® “GY”, and “WE" ﬂd‘amng red,

Ot R LY Rl Tt i
qwree achromatlc colours), respectively. The numbers followed by the letters are used to
identify the 7 levels of lightness (J=25, 35, 45, 55, 65, 75, and 85), for instance, “R1”
means the red with very low lightness (J=25), “B5” means the blue with pretty high

lightness (J=65), “G7” means the green with very high lightness (J=85). In the case of
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chroma group of samples, the numbers represent the 5 levels of chroma (C=5, 15, 25,
35, and 45), for example, “Y5” means the yellow with very high chroma (C=45), “O1”

means the orange with very low chroma (C=5).

Table 4-6 The top ten best and wor irs for lightness group of samples.

#1 #2 Cc2 h2 Avg scores
. P5 R7 15 0 2.63
B P4 P7 15 30 15 300 2.40
. P5 P 15 3 300 2.35
- o1 06 15 60 2.33
- G4 180 2.30
- R5 152 300 2.28
B e J J B 1 300 2.23
. G6 180 120 2.18
B A ~ M 0 1 0 2.18
- Y4 ﬁf:; 0 120 2.15
. Y4 Y7 S, |4=r 120 2.15
[ ] 02 3 Wy — 5 60 215

. . <

Bl - 02. ﬂg}‘;:; 35 | 15 60 2.35
Bl | 2 | e 55 | 15 | 300 235
- va B4 ".&"’EJ?J__ ) 15 240 2.38
Bl o 00 2.40
e 40 2.43
] 40 248
Bl o G1 1 180 253
Bl - B1 25 15 120 25 15 240 -2.65
G1 fph 25 15 1600 | 45 15 300 2.78
Y Q 1 ' 5 q 2.80
] o1 J 5 150 -3.18

3 wﬂaﬁﬁﬁﬁfﬂﬁ:ﬁﬁmﬁ'ﬁw of

1” and “O1” with an average score of -3.18. It can be seen that the top ten best
harmonious pairs contain at least one single colour in the pair with high level of
lightness, mostly around the 6th (J=75) or 7th (J=85) level. On the other hand, the top

ten worst pairs contain one or two colours with low lightness level, mostly the 1st (J=25)
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level. It should be noted that the observers thought that the colour pairs with high
lightness were more harmonious than pairs with low lightness. In other words, they

mostly prefered the colour pairs with high lightness to those with low lightness.

Table 4-7 The top ten best and wor * pairs for chroma group of samples.
#1 #2 : f L) Cc2 h2 Avg scores
B s WE " 0 0 2.33
L RS 45 12 0 0 2.25
. 7 35 - 24 0 0 2.25
B | = 0 2.18
B ws 0 2.18
B s 5 a 240 213
L IEE R4 4 25 0 2.05
"l s 1 0 2.03
"l = B | =¥ 0 0 2.00
I ¥ 240 1.95
B ws G5 L |, ﬂ:'-' 2 180 1.93
W A dﬁ-ﬂ%&- | 0 1.93
B re 50 T‘;": 100 0 1.93
B e WE e 00 0 0 1.80
B R | e —— - 0 35 | 180 1.80
e B4 | {' ot i), 2L 35 240 1.80
. " \
e 0 -1.58
B - 0 173
N ps GY 0 0 173
| Iz = P 50 5 120 50 5% 300 173
B o 'ﬁlﬂ 50 5 69 4| 50 5 240 173
B B2™ 5 Iﬁ ﬂ4 175
. e P S e TS
i‘ G1 GY 50 5 180 50 0 0 -1.80
¢ 5 D0
9 | Iz GY 50 5 120 50 0 0 -1.88
| Iz P5 50 5 120 50 45 300 1.95
e B1 50 5 0 50 5 240 2.03
[ Is GY 50 5 300 50 0 0 2.05
o B1 50 5 180 50 5 240 2.48
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According to Table 4-7, the best harmonious pair consists of “B5” and “WE”
with an average score of 2.33, and the worst harmonious pair consist of “G1” and “B1”

with an average score of -2.48. It was found that most of the colour pairs in the top ten

fact, both of the ut having di nt lightness levels. This

confirms the results igl tor-showing that high, >ss colour pairs tended

with respect to primary_hue-#ﬁs‘ﬁ{;ﬂ uping colour samples based on their

primary hue s ,,: ed (See Figure 4

these samplesiw ,

each hue in the Ii@wess—. 1o amples vﬂ different lightness. The

mean visual scores were thus calculated from the visual scores of all samples on the

'
same hFTr (grﬁsﬁ ch) yﬂitﬂﬁh aies. In so doing,
the best a dﬂs rmonio aﬂo ﬁue up.were om and the differences

of visual%ores from these two pais were calculat(ﬂo determine the c&ryibution of

RORS NI TRy -

contribution to the degree of colour harmony of colour pairs. Similar calculations were

Aean visual scores when

-,"+., hue. Note that for

done for samples in the chroma-factor group. Since in this group, three achromatic

colours were also included, their results were calculated in the same manner. Table 4-8
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summarises the results for each hue group in the lightness and chroma groups of

samples.
paired with
Red hue
other colo
[ (J=25)
average scores,
red
the best & worst
7 pairs,
levels
lightness differences
between the
best and worst
\ scores
Figure 4-2 Method for finding the f,z:-.:‘. -....._-; arm ous hue with respect to primary
(T b
In lightness_grotip=(aff ‘samples >.same chroma but varying in
lightness), red. N3 id_the_highest average score (-0-10) and £ --,‘- ; 1d the lowest one (-
0.39). In the ce v G ghest average score
(0.43) and orangﬁad the lowest one (-0.02). As for achromatic colour, white got the

highest average scor? (1.31), while grey got the lowest one (-1.27). When comparing the
results t onious colour,
i.e. Whlq u Ejsga ﬂ ﬂ;ﬁwi ﬁﬂﬁlﬁj: whereas grey
was the worst one.

A WAL TAUBIVINGAY..

|nd|cates the consistency in performance of that particular hue when paired with others.
The small difference shows that colour pairs containing the hue in question give not

much different colour-harmony scores, revealing that the relevant hue perform
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consistently and the perceived colour harmony could be dependent on that hue. If the

difference is large, the perceived colour harmony could be influenced by other factors.

Table 4-8 Results for the best har i Id figures show the best harmonious
hue for each factor group. Hi est performance for all groups.
Be Worst Scores’
pai A scores difference
P5 | - -3.18 5.81
i ]
0 06 | -3.18 5.51
Yell ; 7-G -2.80 4.98
Lightness
en - ., 646 -P 278 5.08
BI -0 B5- i BT 2.65 453
rple & B P}F_{"/ w - 1 2.80 5.43
B !
R 048 5B5. ) 2.1 18 -2.03 4.16
ange 2% 1 1 -1.73 2.91
Yello 06 Ra [ 4 1.75 195 3.70
Chroma - ——
Green 0.12= - G1-B1 -2.48 4.43
¥ T
Blue 0l 1="B5:R5 1-G1 -2.48 461
Purple 0407 e R3-R4 P5-Y1 -1.95 4.00
Bla 3 0.98 3.01
Achromatic — .05 1.77
0.33 2.66

As can“be seen in Table 4-8, grey has the smallemdiﬁerence between the
best and the worst SGOn 1.77), and its aveﬁe"e scores is -1.27, meaning it produces

b B A

harmom colour; when pa|red with other colours, it was likely to produce

PTETSOL By aiak (L0 I

ost harmonious colour. It was likely to give pleasing effect when paired with other
colours. Considering the primary hue, it was found that red gave the best average
scores for both lighthess and chroma group. However, its performance was

inconsistent, suggesting that there were other factors influencing the perceived colour
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harmony. Hence, it is worth noting that the best pairs for each hue contained samples

with high lightness or chroma level.

4.3.3 Investigation of Lightness Factor

etween C scores and lightness could

4.3.3.1 Bubble

bubbles with a thick line represent —' atic the red colours in seven lightness
levels; (2) ':.\' white bubbles with a ¢ ashed fin resent the corresponding locations of
| white bubbles with a fine

. grey

armonious). For Types (3)

each red coloursho

line -ﬁ:-——--—---—--«---—,---«-——-«-——--——-A:—— # onious);
bubbles represe ~the © S
and (4), the size=ef the bubbles indicate the colour harmony scores for colour pairs

generated from one I‘vﬁf red colours and thefother colour samples that were divided

~AREFAENINEINT

From Figure 4- 3.“3 it can be Sﬂ] that the red cow with low
WRNIURNABEA G
qcores (white bubbles hen paired with the same hue (red low lightness, it gave
positive score (grey bubble). This means that any colour pairs generated by the red
colour with low lightness and the other with low lightness tended to be disharmonious,

but harmonious if paired with the red hue. Note that in the other two lightness sections, a
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few grey bubbles are presented near the corresponding locations of the red with low
lightness. It suggests that the red colour pairs could be harmonious if another single

colour had a higher lightness level but similar hue and chroma, for example, orange,

purple. ,

For the oaebAA L] m the red with middle lightness
levels and the other colours e sa gre both the grey bubbles and
the white bubbles with ine urple were almost presented by
the grey bubbles and t 7 : white bubbles. That means the
red with middle ed with the others had
similar hues at the when they paired with
higher lightness colg ightness the others were,

in the high lightness [ ) 1 ,, B/ stig > same lightness level. This
means that any colour ples _otg".'_;f: ) red of high lightness and the other

colours with high lightness tended 1o have a positive value for the colour harmony
it b= I LN

scores. Thesegolour nonious ervers. For the other two

lightness sections ihe-grey bubbles were-mosily presentec Tedr the corresponding
Vi N

locations of the red w bubbles with fine line were

presented only in-the opposite hues. It suggests that colour paiss with high lightness red

could be harmoniouf\ﬂ any lightness levelsrif the other single colour was not the

~ARYIRENINEINT

All in all, the Colwr pairs generate&l‘rom two high Iigh@s colours

Colour pairs generated from similar hue tend to be harmonious regardless of their

lightness level. These patterns were also found for the others hue (see Appendix C).
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Figure 4-3 Bubble charts for colour pairs generated from Red with one of the 7 lightness

levels and one of the other colours separated into three sections according to their

lightness levels.
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4.3.3.2 Relationships between lightness and colour harmony

To analyse the relationships between lightness and colour harmony,

the method of Pearson Correlation Coefficient (r-value) was used. All of the two-colour

combinations in lightness group : into two patterns: colour pairs that were

combined with same hue and pair ombined with different hue. Each

“""--.”"'
pattern was analysed s -- our, one elat|onsh|ps between colour
harmony scores and sum of lightness and t onshi between colour harmony
scores and difference o K'. - pair nvestigated. The lightness

sum (Jsum), and lightng ifferer Jdiff) - calculs -o or each colour pair and

;,\..
\

Table 4-9 r values of col S e anc N ue in lightness group.

their relationships The results in terms of

r values are given i

reen 0.63 0.36 0.59 0.27
e Qs

purple 0.4 0.55 0.55 0.29

0 W'] a@ﬂeﬁu HRATHEAR B

qad moderate positive relationship (r value ~0.5-0.7) with colour harmony for both Jsum

and Jdiff, in exceptions of blue for Jsum (0.13) and Jdiff (0.14), and orange for Jsum
(0.25). The results suggest that when two colours with the same hue combined and

produce high lightness sum, or at least one of two has high lightness, the colour pairs
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tend to be harmonious. These results agree with the findings from bubble chart analysis
in the previous section. The results also suggest some hue effect as orange and blue

did not follow the same pattern.

Moreover, red c our pairs had high r values in Jsum (0.72
and 0.63, respectively) and e alligs . 0.56 and 0.36, respectively). It
means that these coloupairs si ' olours with similar lightness
with the levels high e uﬂ'ﬁlﬁ#"‘?’m high lighti -1:*';.3‘: the orange, the pairs had
low r value in Jsum but_hi 7 t the orange colour pairs
should be combined wi in order to harmonise. Figure
4-4 shows the re shig , ¢ . nony scores and lightness sum of red
colour pairs and Fig Ire the colour harmony scores

and lightness differeng have strong positive

relationships.

colour harmony scores

e - = - o
i v; |.t-.i§ 180
prit

|
Figure 4-4 Relatio ‘! ip between colo y scores and ‘_)

ﬂ‘U%l

tness sum of red pairs.

0 10 20 30 40 50 60 70

Jdiff (orange paired with orange)

Figure 4-5 Relationship between colour harmony scores and lightness difference of

orange colour pairs.
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In the case of colour pairs with different hues, moderate positive
values (0.5-0.6) were found in Jsum and low values (0.2-0.4) in Jdiff. It means that the
colour pairs will harmonise when they are combined with colours having similar lightness

with high or middle levels. Figures 4-6 (a) and (b) show the relationships between colour

harmony scores and lightness sun ining either orange or green colour.

They are the two relationshi fall the findings.

(a)

armony scores

Jsum (green paired with others)

Figure 4-6 Relatlcﬁsm between colour hammony scores and lightness sum in (a)

f R EAIHESD

q R RSASEI TN N &Y

The relationship between colour harmony scores and chroma could
be analysed by bubble chart as shown in Figures 4-7 (a) to (e). Details of the bubble

chart are the same as in the previous section (4.3.3.1) but there are only three bubble
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types excluding Type (2) " white bubbles with a dashed line because all of the
bubbles here have the same lightness level. The higher the chroma level was, the higher

the harmony score was.

Red Green

=5 (@)
C=15; (b)
C=25; (©)
C=35; (d)
C=45; ¢ a.\ g ©

r i [ 5’.7 : J
A UEREN T 1RGN

ATy

From Red in Figure 4-7 (a), it was found that many white bubbles
occurred for the other hues and the grey bubbles were only present in the red for all

different chroma levels. This shows that any colour pairs generated from the red with low
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chroma and the same hue with any chroma tend to be harmonious. Moreover, as the
chroma levels of red are higher, many grey bubbles are present in all regions as seen in
Figures 4-7 (b) to (e) and the size of the bubbles tend to be bigger. It should be noted

that any colour pairs tend to be more onious when they are made up from the

middle, or high chroma red and a sample es and chroma.

rnd that there was no grey
bubble showed in this i shar ronious. This meant that any
colour pairs made up frem 7 green (witf , ol ould be disharmonious to
observers. Howe " vaBLBLle ore pres 7 one colour of any pairs
generated from s ) ‘(b) to (e). It should be

noted that any colo 2y are made up from the

igher the chroma level, the

more harmonious the e ‘s ) appear. It was also found that in some

hues when the chroma | '-VA,_e:?Tﬁnf of the grey bubbles became smaller
(see the bubble sizes of Fig o 2 T G arison with those in Figure 4.7 (d) for
orange and yellow). Some [ rs Generated 1 aving the same hue and
similar chroma (C=25-Cc=35)-always-gave-negative-scores-of-coldur harmonious (white

bubbles). It could.be ¢ that observers could not

T
distinguish between them and thought that the pairs had only ‘JJ > colour.

Figure 4-8 Bubble charts for colour pairs generated from (a) Black, (b) Grey, and (c)

White and one of the other colours.
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Figure 4-8 shows the results for colour pairs generated from one of
achromatic colours (white, grey, and black) and one of the other chromatic colours. It
was found that the pairs of black colour could be either harmonious or disharmonious.

The pairs were harmonious when co black with middle or high chroma colours

k with low chroma or nearly neutral

i”"—
- pairs thati%ﬁed from white colour had

ere are only grey bubbles (see Figure 4-8 (c)). This

and they were disharmonious

colours, as seen in Figur

All
positive colour harmon
suggests that an narmonious or beautiful
pairs. On the othe 7 our pe
negative colour harmény $eo; only wi > By - seen in Figure 4-8 (b).

This suggests tha samples ed W ou d be disharmonious or

m the grey colour had

ple had the colorimetric value,

rgb = 132 127 127; while't! reen had rgb = 128 128 128. So,

they were so similar that obse er ~" gle] nguish between them and thought that

-
o armony

me method of Pearson Correlation Coeﬁient was employed to

analyse the relatlons‘nﬁtween chroma andigolour harmony. The analysis was done in

I DL s

separate into two patterns: samples paired with same hue, and with different hue. The

AR ISR TR
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Table 4-10 r values of colour pairs with same hue and different hue in chroma group.

Chroma
same hue diff hue
hue L -
7 !7 f:i Csum Cdiff

-0.33

-0.24

-0.33

-0.36

-0.32

-0.37

Table' 0 f r values, i‘ndioating the relationships

between chroma and colour “harmony. It w d that colour pairs with same hue

tended to harmonise when i had different chroma levels. This

i

tendency can, be! observed in yellow pairs alue = 0.60; shown in Figure 4-9.

3G
-
e

However, blue ‘-*f_ ; ,F ! ma sum in the pair

. pe
increases but thei E roma leve
i

Aup}
AR

{, as .'?'; n in Figure 4-10.
d

-
|

Cdiff (yellow paired with yellow)

Figure 4-9 Relationship between the colour harmony scores and chroma difference of

yellow colour pairs.
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1]
o
Q
(8]
7]
>
c
S
€
£
(]
e
=
3
k)
Q
(]

Figure 4-10 Relationship t S QICO rme es and chroma sum of blue pairs.

In 98 z ' . 1: positive values were
found in Csum (0:6-0.8) low fhegative 5 .- 0 -0.2). It means that
colour pairs with djiferen & Wi - N oth colours have equal, high
chroma levels. Figures 4 (2 i' ) sh ti between colour harmony

scores and chroma's

(a)

armony scores

Csum (blue paired with others) "

>
<
o
£
=

Csum (green paired with others)

Figure 4-11 Relationships between colour harmony scores and chroma sum in (a) blue

paired with others and (b) green paired with others.
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Table 4-11 r values of colour pairs with chromatic and achromatic colour.

Chromatic — Achromatic Colours

(Csum, Cdiff)

Three achromatic col rs (ble grey and white) were also included

in the chroma group .ef"sa Diés \{; \\n;,.“: between colour pairs
o' at

containing one of the ur harmony scores were

analysed. The results of j : given: ble - -.h; "‘*-«. ack and white colour had
'] g

high r values (0.85.ana ctively), j that 16 colour pairs will tend to
' , b
harmonise when one gblou 18 pair is Blac \ \""'—3 shown in Figures 4-12 (a)

and (b). It also sugg sho ave high chroma.

(a)

[}
olotr harmony scores

<ol
14

Csum, Cdiff (black paired with chromatic co lour)

Csum, Cdiff (white paired with chromatic colour)

Figure 4-12 Relationships between colour harmony scores and chroma sum in (a) black

paired with chromatic colours and (b) white paired with chromatic colours.
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4.4 Comparison with Existing Colour Harmony Principles

Some of well-known colour harmony principles were tested using the

experimental data obtained in this study. Five principles: complementary hue, equal

hue, equal lightness, equal chro al. tone, were included. Based on these

principles, colours can har mentary in hue (complementary

al hue)‘, w htness (equal lightness), the

same chroma (equal he same |i hroma (equal tone). In this

hue), they share the s

study, colour pairs for theseomplementa ue prineiple were red-green, orange-blue,

and yellow-purple(see Fi

Table 4-12 Test results offexis v principles interms of CD values.

'o' enta ] AL | Equal Equal
CD val J d '
G = | 0 chroma tone

Ou and Luo Y B ¥l 3 L\ 0.40 0.56 0.53

Present data 0.45 0.45 0.38

570 934 175

Number of pairs in this test

The CD Values 1 'j. ge fror 10 to es that all of the observers

di th thert , b0 i
Isagree with (g the pbservers agree wi
this principle. Th ng five principles, the

ﬂieghest CD value. It means that the equal/mz can mostly create the

equal hue had th
colour palir to be ha"nﬂous (0.61 and O.66M the Ou and Luo’s data [10], the equal

FEEGUIIE/EL T TTa T ek

hue and e equal tone had the Iowest CD values (0.37 and 0.38, respectively). This

IR I Biliah [b3lap3i me

noomplementary hue and unequal tone, would have CD values of 0.63 (1-0.37) and

lightne

0.62 (1-0.38). As a result, the two colour combinations will harmonise when they are

combined with colours that are equal hue, uncomplementary hue, or unequal tone.



CHAPTER V
CONCLUSIONS

5.1 Conclusions

[ [ . \ " ffects of lightness and chroma on
colour harmony of colour pairs that wer e CRT monitor. Normal colour

vision observers asse ] _the our pairs and rated their perceived

harmoniou t harmonious). The visual
results were anal ‘ ‘-*: olour harmony scores and

lightness, and chro i r & \ \

Twenty Thai es and 10 female ing in age from 21 to 30

colour harmony fro

ental samples were divided
into two groups ac i derif igat ere were 861 colour pairs for
lightness group and. 52 J' " chroma group. These colours were

systematically selected fr i: spa

In this study, observer ver ven a- nition of colour harmony as two-colour
combinations that pos hetic and look | he eye. By this definition,
colour harmony ¢ ived-by-observers-could-then-be-depern E’g on individual colour

preference. Eac obse vm imes. The reliability of

visual scores of celour harmony was evaluated in terms of intra-6bserver agreement and

inter-observer agreelﬁe&using RMS valuesg The results showed that observers’ first

o PB4y o

he rq]formance of female and male observers was insignificantly different. The

results of inter-observer agreem ested that tHeVisual data_could bglé'on&dered
o8 QNI igieh il

Six major hues: red, orange, yellow, green, blue and purple, were tested in this
study. Regarding the best and the worst scores for major hue, it was found that red

colour with high lightness or high chroma paired with other colours was the best



70

chromatic colour giving the highest colour harmony scores for the lightness group and
the chroma group. In addition to chromatic colours, three achromatic colours, i.e. black,
grey and white, were included in the chroma group. White colour was the most

harmonious achromatic colour when paired with other colours; on the other hand, grey

colour was the most disharmonious ac rwhen paired with other colours.

Overall results A F ' ma attributes had impacts on

As a result, an easy way (6 select colours for best combinations regarding colour
il o ‘.ﬁ' # el

harmony is to use co Jhtness ¢ oma devels. However, there

should not be "1""3'""'?‘2"3"?'“'2“‘""""““" 5 of the two colours in
e N

the colour pa|r. n.aadd roma levels together should

be avoided, as thes

ﬂUﬂ’J'ﬂﬂ‘ﬂ‘ﬁWﬂ’m‘i

5.2 Sug

MNP o PR LT R

groups designed to investigate lightness and chroma factors individually. This was done

> colour pairs tend to generate poor colout-harmony.

by constraining other factors and varying only the factor under investigation. However,

there are other factors that have an impact on the degree of colour harmony of colour
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pairs. These factors could be hue, hue difference, colour preference, colour difference,
number observers, culture, observers’ experience, and so on. Consequently, future

study could focus on the other factors. In addition, observers may be informed the

etc.

A

AULININTNEINS
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Table A-1 : The luminances of the CRT monitor by measuring white image every 3

minutes in 45 minutes and every 15 minutes until 4 hours.

Time Y X y
1:03 PM 8 0.3115 0.3335
0.3321
0.3332
0.3330
0.3325
0.3326
0.3327
0.3320
- 0.3323
"h 0.3324

fo15 o7 a s

15

o0 WN

319
103114 | 0.3314
1‘1. 15 | 0.3323
10,3121 | 0.3318

11‘!. 2 | 03315
3122

0.3312
0.3307
0.3314
0.3315
0.3320
0.3318
0.3312
“"F.T_ /

ﬂ‘lJEl’WIEW]‘ﬁWEJ']ﬂ‘ﬁ
ammmm UAIINYA Y
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Table B-1 : Colorimetric values of the colour samples in lightness group.
# |He | J | C | n r g | b J # |He| J | ¢ | n r g b
1 R 25 15 0 80 57 64 22 G 55 15 180 125 148 140
2 (0] 25 15 60 78 60 B 55 15 240 133 143 157
3 Y 25 15 120 60 - 55 15 300 151 135 159
4 G 25 15 180 15 0 194 | 153 | 164
5 B 25 15 240 78 2 15 60 191 159 | 135
6 P 25 15 300 78 2 5 120 165 | 171 139
7 R | 3 | 15 180 | 150 | 174 | 165
8 (0] 35 1 40 158 | 168 | 184
9 Y 35 15 8 5 300 177 | 160 | 185
10 G 35 180, 5 15 221 178 190
" B 35 15 104 32 60 218 183 158
12 P 35 30 97 Ly 105 I 3 7 15 0 190 197 162
13 R 45 15 5 11-; 4 180 175 | 200 190
14 (0] 45 1 60 36 io " - 15 240 184 194 | 210
15 Y 45 15 1 1 120 I 300 203 184 | 212
16 G 45 15 180 1 22'ﬂﬁ!d R 15 0 249 | 202 | 215
17 B 45 | 15 | 240 | 107 T ,5};@5 8 15 | 60 | 245 | 208 | 181
18 P 45 15 300 124 - = 85 15 120 216 | 222 186
'l |
19 R 55 | 15 0 - 15 180 | 200 | 226 | 216
20 (0] 55 209 | 219 | 237
21 Y 55 230 210 | 239

AULININTNEINS
RN TUNRINYINY




Table B-2 : Colorimetric values of the colour samples in chroma group.

H*
X
c
)
[

50 178 99 126

50 170 | 112 63

50 118 | 138 70

50 67 147 | 128

50 96 136 | 173

50 146 | 113 | 176

50 189 88 126

50 179 | 107 44

50 15 | 141 50

10 50 60 148 | 128

" 50 79 137 | 190

12 50 1562 | 106 | 195

13 50 35 38 38

14 50 132 | 127 | 127

15 50 255 | 254 | 254

16 50

17 50

b4

T il R

©
T|®m | ® | < OB T W ®|<|O|W| DWW O | <|O| =

18 50

T

= il

X
z
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Low-lightness section ~ Mid-lightness section  High-lightness section

b b b
40 40 40
@\ ©
J=25; Q . Q.. - ..
— \
’ vl N 3 N
6 Q) oy
60 40 20/ w0 0 40 - . 0/ 40 & 40 40 _zoo 61 o w
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40 i -40
b . b
40 40
20
J=35; o a.
y = \
Dol N
g0 40 0 o 40 -2%9' 0/ a0 60
-40
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i , ‘lll' 20
J:45, a . O, ac
" yaw
0 -40 20/ -40 -2%@' 7w 60
-iff g
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-0 ol 40 0
i
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40 o 40
J=55; ] 2
y 8 ac J i ®© .-‘\ ac
, [ | - Wl 2
o <0 '. 4] o 20 b w0 2 61w Py
Q@®- = — ol
j-li..l,;
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’ . - a,
9 "
0 20 ® 0 @ &
20
-40

Figure C-1 Bubble charts for colour pairs generated from Red with one of the 7 lightness
levels and one of the other colours separated into three sections according to their

lightness levels.
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Low-lightness section ~ Mid-lightness section  High-lightness section

Figure C-2 Bubble charts for colour pairs generated from Orange with one of the 7
lightness levels and one of the other colours separated into three sections according to

their lightness levels.



J=25;

J=35;

J=45;

J=55;

J=65;

Figure C-3 Bubble charts for colour pairs generated from Yellow with one of the 7
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High-lightness section

be

20

)

PN
O)E
/

Qi@
Gp°

-40

g
g

oxd

g
g

85

lightness levels and one of the other colours separated into three sections according to

their lightness levels.



Low-lightness section

Mid-lightness section

High-lightness section
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Figure C-4 Bubble charts for colour pairs generated from Green with one of the 7

86

lightness levels and one of the other colours separated into three sections according to

their lightness levels.



J=25;

J=35;

J=45;

J=55;

J=65;
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Figure C-5 Bubble charts for colour pairs generated from Blue with one of the 7
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High-lightness section

be
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lightness levels and one of the other colours separated into three sections according to

their lightness levels.
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Low-lightness section  Mid-lightness section High-lightness section
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Figure C-6 Bubble charts for colour pairs generated from Purple with one of the 7
lightness levels and one of the other colours separated into three sections according to

their lightness levels.
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Figure C-9 Bubble charts for colour pairs generated from (a) Black, (b) Grey, and (c)

White and one of the other colours.
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