CHAPTER 4

RESULT AND DISCUSSION

4.1 Visual Assessment

The visual results of fo
“Dark-Light”, “Hard-So art
“Vague-Distinct”, “Light;Heawy’ i ' eak-Strong”, “Passive-
Dynamic”, “Plain-Gaudy?, biluc: i':'l“ ing”, ony-Harmony
“Dislike-like”. The relationship

and the colorimetric values ifl te lo (feren *), lightness difference (A

shown in Figure4-1 u o..0of visual scores of each
: 3
y ﬁre described as follows:
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related to »il a fldlﬁc' g m ;j El ﬁ é«’ i erence and
hue difference, whi related to low values of color difference, lightness

difference, chroma difference and hue difference. The obtained ranking of color

opponent word pair as shé |

= v

combination were shown in Figure4-57 (a). Groups of color combination pairs that
the observers judged as “Light” can be divided into three groups. The first group is a
high chroma or a high lightness yellow with analogous yellow hue, such as pairs of

vivid yellow with vivid green and pairs of vivid yellow with vivid red. The second
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group is pair of light tone color with white, such as pair of light blue with white. The
third group is pairs of light tone color, such as pair of light yellow with light green.
While “Dark” can be divided into three groups. The first group is pairs composing of
black with dark tone color, such as pair of dark purple with black. The second group

is pairs of dark tone color, such as pair of dark red with dark purple. The third group

%}u of dull blue with dark green.
Tt %

is pairs of dull tone with dark tone

The visual scores obtained w. om'—85

(b)“Hard- -8) were found that the
distribution and visual as ess difference, chroma
difference and hue differe obtained ranking of color
combination are shown in F combination pairs that the
observers judged as “Soft” can be' V groups. The first group is pairs
composing of white th}’_!}hght tonr.:'eolor,, 7 b ight blue with white. The

W
ohf Green with light purple.
|
The third group is pairs of h%ht tone with dull tone color, such as pair of light red with

dul yellow, wmﬂ%ga;}mgemtw S} P Tt roup i pais

composing of color patches that have fow hikﬂlmessnnth vivid red,@stch as pair of
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red with dark purple. The visual scores obtained was ranged from —61.76% to

79.41%.

(c)“Cool-Warm” Relationships (Figure4-9 to 4-12) were found that the

distribution and visual assessments of color difference, lightness difference, chroma
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difference and hue difference were randomly scattered. The obtained ranking of color
combination are shown in Figure4-57(c). Groups of color combination pairs that the
observers judged as “Warm” can be divided into three groups. The first group is pairs
composing of vivid red with analogous red hue, such as pair of vivid red with vivid
yellow and pair of vivid red with vivid purple. The second group is pairs composing

of vivid red with complementary @W of vivid red with vivid green.

The third group is pairs of r@ch fferent lightness and chroma
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value, such as pair of vivid
groups. The first group is

and chroma value, such i ight_green | dull green. The second group is

(d)“Turbid- Tran?arent Relatlonshlp (Figure4-13 to 4-16) were found

' that the dlsmbutlwga%%ﬁ ﬂo‘{j ib Gifferénca, Tighmess difference,

chroma difference and hue difference were randomlyescattered. The abtained ranking
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that the observers judged as “Transparent” can be divided in to three groups. The first

group is pairs composing of white with light tone color, such as pair of light green
with white. The second group is pairs composing of a high chroma or a high lightness
yellow with light tone color, such as pair of light yellow with light blue. The third

group is pairs of light tone, such as pair of light green with light blue. While “Turbid”
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can be divided into three groups. The first group is pairs composing of black with
dark tone or dull tone color, such as pair of dark purple with black and pair of dull
purple with black. The second group is pairs of dark tone color, such as pair of dark

green with dark purple. The third group is pairs composing of dull tone with dark tone

color, such as pair of dull blue with dark ieen The visual scores obtained was ranged

from —83.33% to 72.55%. @ V///

ﬁ

(e) “Pale-Deep ip (Figure! ¥ to 4.20) were found that the

distribution and visual as cot % differ .—tness difference, chroma

difference and hue differe ndouly btained ranking of color

combination are shown in . ' e’f j ombination pairs that the

observers judged as “Deep ivid J 7 oups. The first group is pairs

composing of black with dark toﬁ‘%@m— pair of dark blue with black. The
LRIN Y

second group is pairs cp,'gposmg ofv:vf;c ¢s that darker than vivid

group is pairs of dark tone

color, such as pair of dark red with dark blue. Whlle “Pale” can be divided into three

aroups, The first ﬂ usgu';} %ﬂf’ﬁ% Tifit foné color, such as pair

of light purple w1th white. The secondgroup is pairssef light tone caler, such as pair
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with dull tone color, such as pair of light blue with dull yellow. The visual scores

obtained was ranged from —69.61% to 82.35%.

(f) “Vague-Distinct” Relationship (Figure4-21 to 4-24). were found that

“Distinct” related to high values of color difference, lightness difference, chroma
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difference and hue difference, while “Vague” related to low values of color
difference, lightness difference, chroma difference and hue difference. The obtained
ranking of color combination are shown in Figure4-58(f). Groups of color
combination pairs that the observers judged as “Distinct” can be divided into two

groups. The first group is pairs composing of white with light tone color, such as pair

of light purple with white. The sece of light tone color, such as pair

of light yellow with light green: vided into three groups. The

‘Vgue

‘ such as pair of dull green

first group is pairs compos

with gray. The second gro i ne with dark tone color,
such as pair of dull blue wi pairs of dull tone color,
such as pair of dull red withidu sual ofes obtained was ranged from —
66.67% to 82.35%.

(g “Light-]‘—yvy” Rel ;{s ; 28) were found that the

distribution and visual assessments of col ohtniess difference, chroma
I |

difference and hue difference were randomly scattered. The obtained ranking of color

combination are %ég@%@ﬁggﬂ ﬂo’{]nﬂtfgaﬁon pairs that the

observers judged as “Heavy” can be divided into twe,groups. The first group is pairs
composm@‘fmél]va\lﬂcjemuuw Q@mﬂam black. The
second group is pairs of dark tone color, such as pair of dark red with dark blue.
While “Light” can be divided into two groups. The first group is pairs composing of
white with light tone color, such as pair of light purple with white. The second group
is pairs of light tone color, such as pair of light yellow with light green. The visual

scores obtained was ranged from —73.53% to 75.49%.
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(h) “Sombre-Vivid” Relationships (Figure4-29 to 4-32) were found that
“Vivid” related to high values of color difference, chroma difference and hue
difference, while “Sombre” related to low values of color difference, chroma
difference and hue difference. The distribution and visual assessments of lightness

difference was randomly scattered. The obtained ranking of color combination are

shown in Figure4-59(h). Groups

as “Vivid” can be divided @r

high chroma or a high lightness«¥ailow, wit ellow hue, such as pair of

1 n paJrs that the observers judged

oup is pairs composing of a

e -:,,.f.l A w’.

composing of gray w1trl§dull tone cofz)r il purple with gray. The

of dull purple with dark green The third group is pairs composing of black with dark

tone color, such ﬂpu m %‘Wﬂ% W%} ’quﬁ goup is pairs of dull

tone color, such as pau' of dull yellow with dull green,, The visual sceres obtained was
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(i) “Weak-Strong” Relationships (Figure4-33 to 4-36) were found that the
distribution and visual assessments of color difference, lightness difference, chroma
difference and hue difference were randomly scattered. The obtained ranking of color

combination are shown in Figure4-59(i). Groups of color combination pairs that the
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observers judged as “Strong” can be divided into three groups. The first group is pairs
composing of black with dark tone color, such as pair of dark red with black. The
second is pairs composing of vivid red with color patches that have low lightness,
such as pair of vivid red with dark blue. The third is pairs of dark tone color, such as
pair of dark red with dark blue. While “u[k can be divided into four groups. The

first group is pairs composmg tone color, such as pair of light

purple with white. The sec S paits O@f gray with light tone color,

such as pair of light green

of light tone color, such
as pair of light yellow s pairs of light tone color

with dull tone color, su f hightsted \ le. The visual scores

obtained was ranged fro
R
) “Passwe-Dynamxc”W) 1gure4-37 to 4-40) were found that
- s Y
“Dynamic” related to high values of color a difference and hue

difference, while “Passi I- > related to olor difference, chroma

difference and hue dlffererg.:e The dlstnbutl and visual assessments of lightness

diference was mﬂ 1&8 oty &Lmﬁ WEARI:: combinston ae
shown in Flggﬁ ,51 t ﬁg ﬁ‘ﬁrﬁ i ?T E‘rﬁhﬁd ervers judged

“Dynam can be 1v1 e 1nto groups. Th group is pairs composing of
vivid red with vivid tone color, such as pairs of vivid red with vivid purple. The
second group is pairs composing of a high chroma or a high lightness yellow with
analogous yellow hue, such as pairs of vivid yellow with vivid green and pairs of
vivid yellow with vivid red. The third group is pairs of vivid tone color with light tone

color, such as pair of vivid red with light blue. While “Passive” can be divided into
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three groups. The first group is pairs composing of black with dark tone color, such as
pairof dark blue with black. The.second group.is pairs composing.of gray with dull
tone color, such as pair of dull green with gray. The third group is pairs of dull tone
with dark tone color, such as pair of dull blue with dark blue. The visual scores

obtained was ranged from —69.61% to 80.39%.

|
'&';Sh‘l"{{/{é to 4-44) were found that

(k) “Plain-Gaudy
“Gaudy” related to high
difference, while “Plain” r a 1 lifference, chroma difference
and hue difference. The
was randomly scattered. slor combination are shown in
Figure4-60(k). Groups o c‘ ,I — that the observers judged as

“Gaudy” can be divided into 5ips. The fis group is pairs composing of vivid

is pairs composing of vivid yellow v Suie as pair of vivid yellow
|
with vivid purple. The thll‘d group is pairs of vivid tone color with light tone color,

such as pair of vﬂdurﬁ} @%EJ ) ﬁu‘w Bidin} Gah B divided into three

groups. The first group is pairs composing of gray with dark or dullytone color, such
as pair of’%.\{ﬁh;] xaxgr‘r;]aﬁ m Miﬂ ;l].lgwm ;l'q‘}asielnd group is
pairs of achromatic color, such as pair of gray with black. The third group is pairs of
dull tone color with dark tone color, such as pair of dull green with dark green. The

visual scores obtained was ranged from —67.65% to 88.24%.
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(1) “Subdued-Striking” Relationships (Figure4-45 to 4-48) were found that
“Striking” related to high values of color difference, chroma difference and hue
difference, while “Subdued” related to low values of color difference, chroma
difference and hue difference. The distribution and visual assessments of lightness

difference was randomly scattered. The obtained ranking of color combination are

shown in Figure4-60(1). Groups o pairs that the observers judged
as “Striking” can be divided &gro@s ‘ﬁp‘oup is pairs composing of
vivid red with vivid tone col , ' unh vivid blue. The second

group is pairs composing or, such as pair of vivid
1d tene color with light tone

ued” can be divided in

yellow with vivid green.

group is pairs of light to ) Wi 1 tor of light blue with dull

green. The visual scores obt@med was ranged from —57.84% to 85.29%.
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and hue difference, while “Harmony” related to low values of color difference,
chroma difference and hue difference. The distribution and visual assessments of
lightness difference was randomly scattered. The obtained ranking of color
combination are shown in Figure4-61(m). Groups of color combination pairs that the

observers judged as “Harmony” can be divided into one group. It is pairs composing
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of same hue color that have different lightness and chroma value, such as pairs of dull
purple with dark purple. While “Disharmony” can be divided into two groups. The
first group is pairs composing of vivid tone color with dull tone or dark tone color,
such as pair of vivid red with dull green and pair of vivid purple with dark yellow.

The second group is pairs of light tone color,with dark tone color, such as pair of light

-56) were found that the
ghtness difference, chroma
difference and hue diffe ran@ y scatterec obtained ranking of color
combination are shown in F1 -61¢n) : of color combination pairs that the

observers judged as “Like” can be divided ini : three groups. The first group is pairs

pairs of blue hue color pﬁh esﬁnd chroma value, such as

pairs of light blue with dulk blue. The third group is pairs composing of white with

light tone color, ﬂnupﬂsgl tunﬁmm&ilke” can be divided
oo %i“ﬁﬁ SNRIVE W MRA (N5 L S

or dark tone color, such as pair of vivid green with dull purple or pair of vivid red
with dark yellow. The second group is pairs of light tone with dark tone color, such as
pair of light green with dark yellow. The visual scores obtained was ranged from —

67.65% to 77.45%.
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Figure 4-6 Visual results of “Hard-Soft” relationship on lightness difference (AL*)
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Figure 4-12 Visual results of “Cool-Warm” relationship on hue difference (AH*)
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Figure 4-22. Visual results of “Vague-Distinct” relationship on lightness difference
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Figure 4-24 Visual results of “Vague-Distinct” relationship on hue difference (AH*)
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Figure 4-38 Visual results of “Passive-Dynamic” relationship on lightness difference

(AL*)
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Figure 4-56. Visual results of “Dislike-Like” relationship on hue difference (AH*).
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4.2 Extraction of Fourteen Opponent Word Pairs

4.2.1 Extraction of Fourteen Opponent Word Pairs by Factor Analysis

By reducing a data set from a group of interrelated variables into a

smaller set of not correlated facto eals underlying dimensions of

an@ carried out to find such

observers The extraction

\\\\x extracted. 3 components

t \k highest loading (rotated

all variables involved. In this
dimensions from the fourteen o
method of principle compon
Factors accounting fi
were obtained as showed i
factor matrix) on opponen 7 s d in-Ga ady® “Subdued-Striking”
“Passive-Dynamic” , “Vague-Dis! = "'- 7 bre-Vivid” and “Cool-Warm”.
Component 2 has highest ’;7;,;: PV pidTransparent” , “Dark-
Light” , “Hard-Soft” , “P s.{3- ' ( .‘ ponent 3 has highest

loading on “Dislike-Like” and “Dlsharmony—Harmony

ﬂNEJ’J‘I’IEJﬂﬁWEJ’]ﬂ‘E
QW’W&Nﬂ‘iﬂJ UA1AINYAY



Table4-1 Rotated factor matrix of two color combination visual scores for Thai

observers
Opponent word pairs Component 1 Component2 Component3
Plain-Gaudy -0.11
Subdued-Striking 0.20
Passive-Dynamic -0.14
Vague-Distinct 0.29
Sombre-Vivid 0.16
Cool-Warm -0.39
Light-Heavy 0.18
Turbid-Transparent > 0.00
Dark-Light 0.84 ﬂ -0.05
wse ol FymyEngang
Pale-Deep 0. 47 -0 79 Y 0.29
~

v RVANAFUNNINY | A B
Dislike-Like 022 0.49 0.79
Disharmony-Harmony -0.47 0.26 0.73




81

4.2.2 Establishment of Three-dimensional Color Sensation Space for Two

Color Combinations

The three-dimensional color sensation space for combination was

established by using factor analysis with the extraction method of the principal

the extraction, except “Cool-Wz Jisharmony-Harmony” and “Dislike-Like”.
Note that “Cool-Warm” has 46 cofrela with others, it then was used as the third

dimension in color sensation#épag

The obtained ation space represents 3

dimensions. The first dime audy” , “Subdued-Striking” ,

*. This dimension relates to

chroma. The second dimension sed of “Light-] “Turbid-Transparent” ,

“Dark-Light” , “Hard-Sof e #This dimension relates

to lightness. The third dlmensmn composed of “Cool Warm This dimension relates

e ﬂ‘lJEJ’WIEJWﬁW?JWﬂ‘ﬁ

The two color combination samples were finally mapped on space according

o vinu ILANTLAEE AN LH) ELAR.E s .

Figure4-62 — Figure4-64.
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Following is the analysis of color pairs between the first dimension and the

second dimension.
The first quadrant, represents positive color sensation values of “Gaudy”,
“Striking”, “Dynamic”, “Distinct”, “Vivid” (I1%dimension) and “Light”,

“Transparent”, “Soft” (2"’dimension). The color pairs in this quadrant have high

lightness and high chroma, dividi

L») The first group is pairs of light
tone color, such as pair of_ﬁ '@en. The second is pairs

green.

group is pairs of composing gf gay with light tone or dull tone color, such as pair of

light blue with grﬂ%&l %&ﬂy&lj mw&q ﬂoﬁ group is pairs of
light tone, such as a1rs of li en With li The third pairs of
composmg 0 1 ﬁ\% ﬁﬁnﬁfﬂﬂ lli\am of light
blue with dull yellow or pairs of light purple with dark blue.

The third quadrant, represents negative color sensation values of “Plain”,
“Subdued”, “Passive”. “Vague”, “Sombre” (1*dimension) and “Turbid”, “Dark”,

“Hard” (2"*dimension). The pairs in this quadrant have low lightness and low chroma,

dividing into three groups. The first group is pairs of composing of black with dull
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tone or dark tone color, such as pair of dark purple with black and pair of dull blue
with black. The second group is pairs of composing of gray with dark tone color,
such as pair of dark red with gray. The third group is pairs of dull tone color with
dark tone color, such as pair of dull blue with dark green.

The fourth quadrant, represents positive color sensation value of

/&i” (1*dimension) and negative

imension). The color pairs in

“Gaudy’Q “Stl'l] [lng” 66Dyna1nic9’ '

color sensation values of “T@k”

this quadrant have low lightne ' chre ma, divi into three group. The first

the first dimension and

¢

The first quadraipt represents posmve color sensation value of “Gaudy”,

seive, orbkd 04RO\ BRED m v

(3"dimension). The color pairs in this qiadrant have kigh chroma anditheir hue angles

e S A A AT R e

color, such as pair of vivid red with vivid purple. The second group is pairs of vivid
tone color with light tone color, such as pair of vivid red with light purple. The third
group is pairs composing of more dark color with vivid tone or light tone color, such

as pair of vivid red with black or pair of light red with dark yellow.
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The second quadrant, represents negative color sensation values of
“Plain”, “Subdued”, “Passive”, “Vague”, “Sombre” (1*dimension) and positive color
sensation values of “Warm” (3"dimension). The color pairs in this quadrant have low
chroma and and their hue angles are between 5° - 90°, dividing into three groups. The

first group is pairs of dark tone color, such as pair of dark red with dark yellow. The

Ww/one or dark tone color, such as
lqred@ The third group is pairs

( %palr of dull purple with

The third qua: : i | tion values of “Plain”,

second group is pairs composing of blac
pair of dull red with black or
composing of dull tone color
dark red color.

“Subdued”, “Passive”, ension) and “Cool”
(3"dimension).. The color p oma and their hue angles

are between 150° - 270°, d1v1d1ng ¢ s. The first group is pairs of dark

tone color, such as pair bf dark blue with dark ¢ second group is pairs

blue with black. The

third group is pairs composuig of dull tone color with dark tone color, such as pair of

duugreenwhdaﬂ%idﬂ NYNTNYINT
Th fourth re;ﬁ'ese positive color sensétion values of
ousr, ST AENTVEIRY. oo

color sensation values of “Cool” (3"dimension). The color pairs in this quadrant have

high chroma and their hue angles are between 150° - 270°, dividing into three groups.
The first group is pairs composing of yellow with light tone color, such as pair of
vivid yellow with light green. The second group is pairs composing of white with

vivid tone or light tone color, such as pair of light blue with white or pair of vivid



85

green with white. The third group is pairs of vivid tone color with light tone color,

such as pair of vivid blue with light blue

Following is the analysis of color pairs between the second dimension

er color sensation values of

“Light”, “Transparent”, “Soﬁ i d-“*Warm” (3"dimension). The color

and the third dimension.

The first quadrant, n

Vi
group is pairs of light tone color v?ﬁa:ﬁ&l or, such as pair of light red with
LT
dull yellow
The second”quadrant, repr olor sensation values of

“Turbid”, “Dark”, “Hard” SZ"ddlmenswn) an Uposmve color sensation values of

“Warm” (3'dd1merﬂ w %%%@M l%f;l)@-hghtness and their
hue angles are ﬁween 5° - 90° dividing into fouﬁcﬁs The fir wﬁup is pairs
a suc i

composing of vivid re color wi ower 1 tness than v1v1d re as pair of
vivid red with dark blue. The second group is pairs of dark tone color, such as pair of
dark green with dark purple. The three group is pairs of dull tone color with dull tone
or dark tone color, such as pair of dull green with dull purple. The fourth group is
pairs of dark tone color with dark tone color or black, such as pair of dark yellow with

dark purple or pair of dark red with black.
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The third quadrant, represents negative color sensation values of
“Turbid”, “Dark”, “Hard” (2"ddimension) and “Cool” (3'ddimension). The color pairs
in this quadrant have low lightness and their hue angles are between 150° - 270°,
dividing into four groups. The first group is pairs composing of gray with dull tone or

dark tone color, such as pair of dull green with gray and pair of dark blue with gray.

The second group is pairs composi - ‘)11 tone or dark tone color, such
as pair of dull blue with bl&f dark blﬂck. The third group is pairs
_—, | S—
of dull tone color with dull tone"L.dak tone colo I, SUC air of dull green with dull

blue and pair of dull blugsWith#datl ent. The fe p is pairs of dark tone

color, such as pair of dark grees

The fourth quadrant, re ents T Ositi ensation values “Light”,

(15 9% &6 9 y I : (13 2

Transparent”, “Soft” (2™difner ion) ; r sensation values of “Cool
u"l_';J it s /

@3 ddlme:nsmn) The color pairs in, thi S qus pave high lightness and their hue

angles are between 150%<270°, dividing into four ; o _-_:;m_,l e first group is pairs
composing of light green ﬁt @paxr of light green with

light blue. The second groupyis.pairs composing ef yellow with light tone color, such

as vivid yellow wﬂ 11&&:’3 ?ﬂl ﬁnﬁpﬂ&fl ﬂhﬁone color, such as
s gy e B i i

vivid tone orjlight tone color, such as pair of vivid blue with white or pair of light

green with white.
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4.3 Relationship between Two Color Combination and Relevant Single Color

Comparing the visual scores of two color combination and relevant single color,
an additivity relationship of color sensation was found between them by using multi

linear regression. The two color combination sensation values can be predicted by two

'## orks done by Bangchokdee,Y.

single color sensation values, deri

The results obtained are as f

“Dark-Light” Equation
DLcombine = -23.652+ 0. (4.1)

where, DLcombine : Dark-Li ated by colorl and

color2
DL, : Dark-Light sensatienof a ¢
DL, : Dark-
l" ._‘
The Dark-Light "(} : -ﬁn predicted by

colorimetric value on CIEL*;"‘h color system, as follow.

oo -0 OEH GUBBAALRN T
ﬁﬁﬁﬁf‘ TURIINYIAY

: CIELAB metric hue angle

Ah : CIELAB metric hue angle difference from h=x, 0 < Ah, > 180
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“Hard-Soft” Equation

HScombine =-13.872 + 0.694HS; + 0.46HS, 4.2)

where, HScombine : Hard-Soft sensation of a color pair generated by colorl and color2
HS; : Hard-Soft sensation of a colorl

HS, : Hard-Soft sensation of a color2

The Hard-Soft sensation v.
value on CIEL*C*h color sy:
HSsingle = - [{2.2(L*-90 4.2.1)
where, L* :CIELAB mef

C* :CIELAB m€

H :CIELABny

“Cool-Warm” Equatioi

7

CWeombine = 7.249 +0.66 4.3)

where, CW combine : Cool-Waim sensation of a color pair generated by colorl and

wmwﬂmwmm

CWw, Cool Warm sensatioh of a color] <
ARIAND IR I NgaY
Cqu
The Cool-Warm sensation value of single color can predicted by colorimetric
value on CIEL*C*h color system, as follow.
CWsingie = [{0.27(L*-100)}* + {1.48{1+cos(Ahy)}(1-Ah,00/360)C*}%]"2 — 58 (4.3.1)
where, L* :CIELAB metric lightness

C* : CIELAB metric chroma
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H :CIELAB metric hue angle

Ah  : CIELAB metric hue angle difference from h=x, 0 < Ah, > 180

“Turbid-Transparent” Equation

TTcombine = -16.767 + 0.645TT; + 0.502

(4.4)

glor pair generated by colorl
TT, : Turbid- T

TT,  :Turbid® /// : \
-a‘r'\'*
The Turbid-Transpare

S¢ ' " c
| (+7 \\
colorimetric value on CIE b syst n-ﬁ;ﬁ 9‘ 0

TTsingie = [{3.1(L*-30)}* + (2.7 A /360)CH3 (44.1)

where, TTcombine : Turbid-Transp

and color

lor can predicted by

where, L* :CIELAB metric llg_,"‘f T

C* : CIEELARA
H :CIELAB

Ah : CIELAB metric hue angle difference from h=x, 0 < Ah, > 180

ﬂ‘lJEJ’J‘VIEJ"ﬂﬁWEJ’]ﬂ‘ﬁ
"““"’“simmnizu UA1ANYA Y

PDcombine =-0.274 + 0.542PD; + 0.43PD, (4.5)
where, PDcombine : Pale-Deep sensation of a color pair generated by colorl and color2
PD, : Pale-Deep sensation of a colorl
PD, : Pale-Deep sensation of a color2
The Cool-Warm sensation value of single color caﬁ predicted by colorimetric

value on CIEL*C*h color system, as follow.
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PDsingie = [{2.6(L*-100)}* + {1.8(1-Ah29¢/360)C*}*]"* - 90 4.5.1)
where, L* :CIELAB metric lightness
C* : CIELAB metric chroma

H : CIELAB metric hue angle

Ah : CIELAB metric hue angl T erence from h=x, 0 < Ah, > 180

3

“Vague-Distinct” Equatio

VDcombine = -23.841 + 0.65Vi 4.6)

where, VDcombine : Pale-De rated by colorl and color2

VD; : Pale-Dg

VD, : Pale-Dee€p sgnsation of a ¢olor
The vague-distinct sensation Valye of si;
ff o ,-! ’

on CIEL*C*h color system, as follo
b :b A

redicted by colorimetric value

A ¢
L

can

VDsingte = [{1.9(L*-60)} (4.6.1)
Vi
where, L* :CIELAB met
c* CIELAB? etric, chroma
. cﬁmmmlmw enN7
a ﬁ"“ BRSO LY RN (1R
“Light-Heavy” Equation
LHcombine =0.41+ 0.578LH;+ 0.491LH, 4.7

where, LHcombine : Light-Heavy sensation of a color pair generated by colorl and
color2

LH, : Light-Heavy sensation of a colorl
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LH, : Light-Heavy sensation of a color2

The light-heavy sensation value of single color can predicted by colorimetric
value on CIEL*C*h color system, as follow.
LHginge = [{2.6(L*-100)}*+ {0.6(1-Ah200/360)C*}]'* - 96 4.7.1)

where, L* :CIELAB metric lightnes

C* :CIELAB metric ¢ hroma
H : CIELAB meisie-hue-a

Ah  : CIELAB mgisi fifference from h=x, 0 < Ah, > 180

“Sombre-Vivid” Equati
SVCombine = "150762 + (4'8)
where, SV combine : Sombre-Vivid sensation of { pair generated by colorl and

color2

SV, - SorhbiedVivid < ensation y of pleni

Sombﬂ

The sombre-vivid senisation value of single color can predicted by colorimetric

e an et ol 3 1V E/TT13
e “ﬁﬁ AT T8 0"

where, L% :CIELAB metric lightness

SV,

C* :CIELAB metric chroma
H : CIELAB metric hue angle

Ah  : CIELAB metric hue angle difference from h=x, 0 < Ahy > 180
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“Weak-Strong” Equation

WScombine =-13.225 + 0.642WS; + 0.491WS, (4.9)

where, WScombine : Weak-Strong sensation of a color pair generated by colorl and
color2

WS, : Weak-Strong sensation of a colorl

WSsingte = [{2.1(L*-90)}24 (0.6 5/360)C*) 5 4.9.1)
where, L* :CIELABu |
C* o CIELAB net 1g

H :CIELAB metric

i :
Ah  : CIELAB metric hu erence from h=x, 0 < Ah, > 180
“Passive-Dynamic” E' : - A
v : )
PDYCombine = -7.865 + 8:606 m (4.10)

where, PDY coaine ¢ Passiveil)gamic sensatiowf a color pair generated by colorl

Fhabddad VIEIVIIWEND
U
bk E e ERRE
PDYp ’.]P sive-Dynamic sensation of a color
The passive-dynamic sensation value of single color can predicted by
colorimetric value on CIEL*C*h color system, as follow.
PDYsingle = [{1.1(L*-20)}* + {3.8(1-Ah19¢/360)C*}*]'? — 100 (4.10.1)
where, L* :CIELAB metric lightness

C* : CIELAB metric chroma
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H :CIELAB metric hue angle

Ah  : CIELAB metric hue angle difference from h=x, 0 < Ah, > 180

“Plain-Gaudy” Equation

PGcombine =-1.283 +0.561PG; + 0.308 4.11)

The plain-gaudy s: i i o single color can predicted by colorimetric

PGsinge = {0AL*-10)}*+ (3.8(1-Ahsa360) : , @4.11.1)

where, L* 7
c* - CIELADM e,
H :CIELAB me

Ah  : CIELAB metric hue angle difference from h=x, 0 < Ah, > 180

ﬂ‘IJEI’.]'VIEW]ﬁWEJ']ﬂ‘i
“S“‘"‘““'si'wm‘mm UAIINAY

SScombine ¥ -8.676 + 0.606 SS; + 0.303SS,
where, SScombine : Subdued-Striking sensation of a color pair generated by colorl
and color2
SS, : Subdued-Striking sensation of a colorl

SS, : Subdued-Striking sensation of a color2
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The subdued-striking sensation value of single color can predicted by
colorimetric value on CIEL*C*h color system, as follow.
SSsingle = [{1.6(L*-90)}? + {3.1(1-Ah;99/360)C*}]' - 65 4.12.1)
where, L* :CIELAB metric lightnéss
C* : CIELAB metric chroma

e

Ah : CIELAB m gle.llff

h=x, 0 < Ah, > 180

The empirical two
point assessments were dé ed empirical two color
combination equations ag the results from visual

assessment experiment sh the en-point m ere plotted against those

calculated from equation ba n li : . Figure4-65 to 4-76. illustrate the

relationship between the two color c6s zalues from direct visual assessments
e j
and those calculated (ffom the equations. Then, the Gorelation coefficient was

Y]

i~
determined. The higher t[ the more relationship becomes

an important determining fgc‘gr All of the gguations had been confirmed to have

oo w4 8L I THY Y om0 e
) ”jﬁe NPTV R e N[5t

values mostiear

The obtained regression coefficients (B,B,) in the color combination equations
indicate that which color patch influences to color sensation value. For example, from
equation 4.12, B; value is higher than B, value. This mean that the left — side color

patch determining color sensation much more than the effect of right — side color

patch.
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Table4-2 Correlation coefficiens between the visual results from observers and the

predicted values by color combination equation

Color

sensation

CW |TT |PD | VD |LH

T

]
AULINENINYINg
ARIANTAUNIINGIAE

WS

PDY

PG

SS

0.79

0.74

0.79

0.74
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visual results
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and visual results
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Visual result
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Visual result
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Figure 4-76. Relationship between the predicted values from Subdued-Striking

equation and visual results
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4.4 Relationship between Color Harmony and Colorimetric Values

The relationship between color harmony and colorimetric values was found. The

higher the values of chroma difference and hue difference, the more the colors tend to

be Disharmony. The relationship equatien was derived by using polynomail and multi
linear regression as given in & t &ﬁng the color harmony visual
-J

results from observers with"those obtaing n, the correlation coefficient

was 0.65 as shown in_Eig e 60 color pairs give close

relationship as shown i

“Disharmony — Harm

DHH = 46.82-2.29(AH*) + 0 CAHSE=9.39X10°5(AH*)™+ 0.15(AC* )

- 0.015(AGAE £ 119X 105(ACH) (4.13)

\ 7 ~
where DHH Dishaﬂ)

U

AH*  : hue differenee on CIEL*C*h golor space

o ULIELNEN
ammn‘im URIAINYIAY
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4.5 Relationship between visual scores of “Disharmony-Harmony” and

“Dislike-Like”

The relationship between visual score of “Disharmony-Harmony” and visual

score of “Dislike-Like” was established as shown in Figure4-78. From this

‘ % visual results from observers
efficient is 0.76 as shown in
ombination representing

DSCIVeEr.

“Dislike — Like” Equatio

DLL = 1597+ 0.519(DHH) 24%10°(H

105(DHH)? 4.14)
Vo~ X

where DLL “DisliE—Like” value |

iR ﬁﬁﬂﬁwﬂﬂﬁwawni
ammnimumqwmaa
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equation
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4.6 Comparison of the visual assessment of fourteen opponent word pairs

The relationship between two opponent word pairs are shown in Figure4-80 to
Figure4-172. The correlation coefficients is the simplest way to describe the

relationship between the opponent word shown in Table 4-3.

Note that there are some case lation coefficients of greater

than 0.8, are as follow:
“Dark — Light” and “Turb g
“Passive — Dynamic”

“Pale — Deep” and “Light —He K
“Pale — Deep” and “Weak —, g”f i

“Vague — Distinct’, and (19 S . ' re b ..,‘q"'“. -
5 ¢ e '!'.r:': e
“Light — Heavy” and “Weak — Stre ng”

“Hard — Soft” and “Ligh

“Hard — Soft” and “F -il -

“Dark — Light” and “Sonabre Vivid” =

“ian—Gaudfl RANSRT NANT

Vague — Dlstmct” and “Subdued —Strikin. ﬁ r] = 0.82

AWITANN U ANYAY



112

I
00r | sco | 1ro- | szo- | sro- | vro- | €zo | 9c0- | 810 | Lgewm wﬁ 1eo- | €50 | Lzo | T1a
00°T | 600 seo- | sto | o0 | HHa
¥ 190 | svo- | €0 | ss
740" prro | veo- | 80 | Od
| €Lo | sro- | w90 | Aad
670 | 6L0- | vb0o- | sm
ov0 | 910 | ¥80 | AS
670 | s80- | 990- | HT
90 | v1'o- | s90 | aa
Lo | ¥8'0- | svo- | ad
800 | 090 | z60 | LL
001 | wo- | €20 | MO
e 00T | 80 | SH
uw...\u...l% 001 | 1a
TId | HHA | SS 9d | Aad | sm | AS | H1 | aA | ad | & MD | SH | 1a |ioquis

sited piom jusuoddo om) usamIaq JUSIDLJJI0D UONB[ALIOD Y], €-F d[qe ],




113

100
y=03739x-3.6556 ; 7
° Ll
° ., *
50 r=048 . I .' . 9 : ” oo
o, '.:2 oy ‘2.‘ ?}... o.o o
P8 20 00 o o
ﬂé’ o . = ...
C? ] L [] L -. : . —® o
E 0 ° e * ® ;. .‘ o i
é . 0 oo e
3 L]
-50
-100
-100 100
Figure 4-82 Relationship bgtweénthe @: ores of Dark-Light and the visual

scores of Hard - Soft

100

. ’ 5'&.3,':-.. o)
Re RTINEIAY

Dark - Light
Figure 4-83 Relationship between the visual scores of Dark-Light and the visual

scores of Cool-Warm



Turbid - Transparent

Figure 4-84 Relationship bg

114

100
y = 0.792x - 20.944 .
o "0.
50 | r=092 S I
e 0.. .f::.::
° ..‘.. LA ‘
0 L] L. L@

visual scores of Turbid-Transpa

100 |

50 |

. R W e—

100

‘.

Ja

50

Dark - Light

100

Figure 4-85 Relationship between the visual scores of Dark-Light and the visual

scores of Pale-Deep



115

100
y = 0.5583x + 2.3466 T S
° : $4® Q:.‘:.
L) -.. . .
50 | r=0.65 R P
- . . - o. . : ..c :‘“:‘.': * .8
:-.: ° ° Z .. ‘.‘ & °
ﬂ LN 1 ® ;
é 8 ° $: .o$ ] :. °® . e® :c.
¥ . "
>
-50
-100
-100 100

Figure 4-86 Relationship bgtv ark-Light and the visual

scores of Vague-Distinct

100

Light - Heavy

qw-'sammymwﬂ" 19t

Figure 4-87 Relationship between the visual scores of Dark-Light and the visual

scores of Light-Heavy



116

100
y=0.7914x - 12.061 » T
‘\o;‘.'
L] .~..... ‘
50 | r=0.84 " T
. b.. ’ﬁ. _
E . .. .:'o"
1 . : L.
-] . 2. ® -
_E " L) L .‘0:..0
(=]
[75]
-50

-100 7 " \ 100

Figure 4-88 Relationship b -Light and the visual

scores of Sombre-Vivid

50 |1

-100 -50 0 50 100
Dark - Light

Figure 4-89. Relationship between the visual scores of Dark-Light and the visual

scores of Weak-Strong



Figure 4-90 Relationship b

scores of Passive - Dynamic

Passive - Dynamic

117

100
y = 0.4868x - 6.0203 g gis
® L] .."
. .6 e ©®4 o
50 | r=0.62 . £ Ty
> «* .’.‘. .o.o o
. 0% © ¢ oy .‘.o..z
.‘. . & e o
0 1 i b ‘e i [ 3
o
-50
-100

3

- Light and the visual

Dark - Light

Figure 4-91. Relationship between the visual scores of Dark - Light and the visual

scores of Plain - Gaudy



118

100

- .
y=02613x + 14.427 % o M
. LN I':‘}o ..oo ®
° . ° . '.
0| r=033 L. e 8 Mgt
%" . '% .. .:. : . .‘.. ‘:.'.o o
;; 4 4 .... '. * L] .. .‘.Q -.. °® L4
E . L i .
[72] . ,'. P ¢ e ) "
6 0 ° .. oY pe s h .
g ¢« o 3 . .:. [ S
= y
=
7]

Figure 4-92 Relationship betyee

scores of Subdued - Striking

oL ﬂis harmony - Harmony

100

N &

-50

Dark - Light

50

100

Figure 4-93 Relationship between the visual scores of Dark - Light and the visual

scores of Disharmony - Harmony



119

100
50 < ¢ . o e o o QO: ¢
o e ..o o ‘ .:.o .:. % o °
5 . L Y ..:... . o . ° . :”AO. .::". :..
. . ® ®o, o .‘ e & 0. 8 ‘i
g 0 SR o e et
g : . o. ..0. ’.. : . o
a B> .
s
-50
-100
-100 100
Figure 4-94 Relationship be f the vishal Scores of Dark - ight and the visual
scores of Disliike - Like \

100

9 Wﬂ Bl ﬁlﬂl

r=-0.42

|

-100 -50 0 50 100
Hard - Soft

Figure 4-95 Relationship between the visual scores of Hard - Soft and the visual

scores of Cool - Warm



120

100

50

Turbid - Trans parent
o

Figure 4-96 Relationship betifes

scores of Turbid - Transparent

100

y =0.6596x - 13.42 . c
e .....
i e *
r=0.6 R | et
° L ... ° 0. ..‘ '
o. :\ - 0, :.:‘ ®
o
i i L] 0.
D LR A % 0
. o ' e % e
e %

r=-0.84

-100

100

1- Soft and the visual

ANIRIY) Nﬂﬂ’?ﬂ&ﬂ d

Hard - Soft

50 100

Figure 4-97 Relationship between the visual scores of Hard - Soft and the visual

scores of Pale - Deep



100
° N. ° ..' s o
LS ....... &. P . ~ .
50 ..o !'o.o..\ .. .s:.:.' .
o Y ® 00 o °* . ot )
E ... % ..0 ¢ °a :‘ .
o ® ° . -
Q| 0 ; Y 3 . 0 2 ‘®
o . ® °
= °
g
-50
-100
-100 100

Figure 4-98 Relationship begwegr

scores of Vague - Distinct

100

: A IR REINS
N R 2.
ARARINIAUNNTIREI Y

°3
r=-0.85 ]
-100
-100 -50 0 50 100
Hard - Soft

Figure 4-99 Relationship between the visual scores of Hard - Soft and the visual

scores of Light - Heavy

121



122

100
y=0.1964x-4612% | ..
... '. .. .‘. ‘ a
. .:.: ..oo .: " °
é ) t ‘. .. ? Y . e°
. Se %
é 0 .l" :' = ..‘ = .' ‘v
.g 8% & § o o..o e %o
=) .
177) .

-100 50 ! 100

Figure 4-100. Relationship betwsg | scores o lard - Soft and the visual

scores of Sombre - Vivid

50

Weak - Strong
e,

qmmnmﬁ i

Hard - Soft
Figure 4-101 Relationship between the visual scores of Hard - Soft and the visual

scores of Weak - Strong



Passive - Dynamic

Figure 4-102. Relationship be

scores of Passive - Dynamic

Plain - Gaudy

100
° - : .. . °
o ‘. : .: o ® ®
50 o8 L o A7
. « -e® . o oo LI
oo o. o. ... ® . o. L .
o o0 ® . [ .. ° °
0 '.l = P Je °
s $ 0o * ° .... 5 s
=50

100

50

100

-50

50
Hard - Soft

100

Figure 4-103 Relationship between the visual scores of Hard - Soft and the visual

scores of Plain - Gaudy

123



124

Subdued - Striking

isharmony - Harmony

Hard - Soft

Figure 4-105 Relationship between the visual scores of Hard - Soft and the visual

scores of Disharmony - Harmony



125

100
y = 0.4099x + 0.9803
50 | r=0.53
° '..
: e o o
= © L83
S0 o o323
= . ¢
2
-50
=100
-100

Figure 4-106 Relationship be

scores of Dislike - Like

100

50

f
A9

Turbid - Transparent

100

=\ d - Soft and the visual

mﬁmumwm d

- .,, .
. o
l
00 -50 0 50
Cool - Warm

100

Figure 4-107 Relationship between the visual scores of Cool - Warm and the visual

scores of Turbid - Transparent



126

100
y =0.4149x +27.219
. .Io.. ;V.. 3 0..0. 3.: % .
r=037 s 9% | F.\7 3
50 * % gLl el 2,
L] L] . L LN 3 ° L]
N .?.. y ~...O. L ] 2
o °,3 ::o' *%e e% @ .
e R Sl el
8 ¥ “
= 3 4 g :
g Staxat el
-50
-100
-100 100
Figure 4-108 Relationship bgtween the isualsore Cool - Warm and the visual

scores of Pale - Deep

awqmn‘i‘ adim'mmam
!

Cool - Warm
Figure 4-109 Relationship between the visual scores of Cool - Warm and the visual

scores of Vague - Distinct



127

100
y = 0.335x + 14.366
- . '& o .' ° '.o ..o. ot °.
% r=10.29 Y ;,:‘:. . #0 T
. LI o ®eq
F . so:’. ‘. .-" . .
E; . ° :‘..: J .0..: . .
i 00..l .
v 0 l - 7° e —
= ° o7 o, % % o
.ﬂl) o 9 € °
= ;

-100
-100 100
Figure 4-110 Relationship bétweer He yisudl Scores of Cool - Warm and the visual
scores of Light - Heavy

| Lt inepingnT
ARANIN TN INL AL

Cool - Warm
Figure 4-111 Relationship between the visual scores of Cool - Warm and the visual

scores of Sombre - Vivid



128

100
y =0.2924x + 8.2988
r=0.29 o ... 0o, * e LY :. :
50 '0......~.“P 0: - . .
o, :o.. *o. :.:.o o". L]
0 . * [ ] T : i
xl 0 .' e 00 ')*. ° L
b
3
-50
-100
-100 100

Figure 4-112 Relationship bg

scores of Weak - Strong

100

50

e —
ﬁPassne- amic
D e B

Cool - Warm
Figure 4-113. Relationship between the visual scores of Cool - Warm and the visual

scores of Passive - Dynamic



129

scores of Plain - Gaudy

100
y = 0.8586x + 5.3459 A 4
- . .\‘.
LI ] o . :‘ 2 .% L] .
50 | r=0.74 o 8 SeE o g8, .
) ..o ° 3 f.o. e
= ... .. ‘O L - :Q
E ¢ -3 ... % . ® .
L? 0 = # o e e ey
.E ' > '. ®
= N TR
Y ! , ,
50 . /J A
. _‘
ﬂ
-100
-100 \ 0 100
Figure 4-114 Relationship betwgen Co \ Cool - Warm and the visual
C o,

100

50

3 Subdued - Striking

QWW

-100

Cool - Warm
Figure 4-115 Relationship between the visual scores of Cool - Warm and the visual

scores of Subdued - Striking



130

100
50 '0: . :. I . Y e ~ .
B . . "
= %e®® 02 o o’ .
g ‘.{Oo o .
E “.. P .‘ e [ e s '.. ~
L] o .(0 .' :. ° .
i 0 1:... L S ..... .1
: I AR
,a e ® o
.
2 * e
a e
-50
y =-0.3553% 073546
r=(
-100 ¢ :
-100 100

Figure 4-116. Relationship bg Cool - Warm and the visual

scores of Disharmony - Harmg

100

50

-2
ﬁ Dislike - Like
D B

Figure 4-117 Relationship between the visual scores of Cool - Warm and the visual

scores of Dislike - Like



100
..... ". ° .. ®
Rt ZICLAI IR
50 .:2:. - .o... .c . s o N .
® o, N gl [
o Co et P “0!"
- s e
‘% 0 Tt : : :
é $.oo .o..' ‘ «® ;
50
-100
-100

100

131
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