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English Japanese
Glossy
Damp-luster
Glittery
Garish
Shiny
Dark
Deep-black
Somber-black
Regular
Coarse
Rough
Fine
Delicate
Smooth
Sleek
Rustle
Moist
Soft
Lightweight
Fluffy
Flexible
Bulky
Monotonous
High-class
High-quality
Elegant
Beautiful

Basic
appearance

Upper
appearance

Adjectice
Layer

Table 2.1 Adjectives expressing fabric appearance 
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Fig. 2.2 Experimental environment and conditions 
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(1)  

u[32]

Fig. 2.3 u 2

(2.1) (2.2)  = × × ( ) (2.1) 

= 2 ( × ) 1 (2.2) 

coefficient of consistency 

, sample number 

number of persons who evaluated ‘sample  was superior than 

sample ’ 

number of persons 

number of samples 

1 2 > 0.06 5%

Fig. 2.3
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Fig. 2.3  Coefficient of consistency on assessment of subjects 
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(2.3)

Table 2.3  

 = 1 .. (2.3) 

mean preference 

sample number 

.. sum of the scores for sample  of all persons ‘sample  was 

superior than sample ’ 

number of persons 

number of samples 

 

 ..
f > 1.90

(p < 0.10) Fig. 2.4

6

Table 2.3 (Glossy)

(C_Tr) (F_Si)

(Garish) (F_Si)



 
 
 

2  

24 

(F_Tr)

 

 
  

C_Tr C_Po C_Si F_Tr F_Po F_Si
Glossy 0.24 0.15 -0.12 0.19 -0.23 -0.24
Damp-luster 0.22 0.09 -0.01 0.22 -0.22 -0.29
Glittery 0.15 -0.01 -0.06 0.09 -0.13 -0.04
Garish 0.05 -0.03 0.01 -0.14 -0.13 0.23
Shiny 0.00 -0.05 0.01 -0.14 -0.08 0.26
Dark 0.18 0.51 -0.37 0.69 -0.22 -0.79
Deep-black 0.21 0.50 -0.41 0.68 -0.15 -0.82
Somber-black -0.22 -0.26 0.33 -0.45 0.09 0.50
Regular -0.05 0.37 -0.14 0.32 0.01 -0.51
Coarse 0.32 -0.04 0.06 -0.27 -0.06 -0.01
Rough 0.40 0.10 0.09 -0.26 -0.01 -0.32
Fine -0.10 0.14 0.21 0.05 -0.17 -0.13
Delicate -0.09 0.27 0.27 0.01 -0.26 -0.21
Smooth -0.19 0.00 0.09 0.22 0.00 -0.12
Sleek -0.10 -0.17 -0.13 0.04 0.09 0.27
Rustle -0.21 0.18 -0.19 0.08 0.10 0.04
Moist 0.08 0.10 0.01 0.23 -0.14 -0.28
Soft 0.03 0.00 0.12 0.08 -0.10 -0.12
Lightweight -0.10 0.03 0.04 -0.19 0.04 0.19
Fluffy 0.12 0.05 0.08 0.04 -0.18 -0.10
Flexible -0.13 0.01 0.19 0.12 -0.13 -0.06
Bulky 0.14 0.00 0.15 0.09 -0.21 -0.18
Monotonous -0.18 -0.13 -0.17 0.12 0.19 0.17
High-class 0.04 0.29 0.09 0.29 -0.32 -0.40
High-quality 0.09 0.28 0.04 0.26 -0.31 -0.36
Elegant 0.01 0.21 0.04 0.09 -0.18 -0.17
Beautiful 0.10 0.22 0.01 0.21 -0.23 -0.31

Layer

Basic
appearance

Upper
appearance

Sample
Adjectives

Table 2.3 Mean preference scores of samples 
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Fig. 2.4  Variance ratio concerned with main effect on sensory assessment 
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1 (F1) (Shiny)
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(Garish) (Somber-black)

3 (F3) (Glittery) (Glossy)

(Damp-luster)

( )

( )

F1 F3

2 (F2) (Fine) (Delicate)

(Flexible) (Soft)

F2

4 (F4) (Rough)

(Coarse)

F4  

(F1 F3) (F2) (F4)

[30, 34, 35]

 

Table 2.5  
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(F1) (F_Si)

(F_Tr)

(F3) (C_Tr)

(C_Po)
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Fig. 2.5  Eigenvalue concerned with factor analysis 
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Adjective F1 F2 F3 F4
Shiny 0.93 -0.06 0.05 -0.05
Garish 0.92 -0.04 0.21 0.08
Somber-black 0.85 0.22 -0.43 0.01
Regular -0.97 0.09 -0.06 0.06
Deep-black -0.88 -0.08 0.31 0.00
Dark -0.84 -0.03 0.33 -0.03
Rustle -0.63 -0.25 -0.47 -0.35
Flexible 0.20 1.04 0.07 -0.42
Fine -0.03 1.00 -0.15 0.04
Delicate -0.09 0.91 -0.18 0.25
Soft -0.01 0.77 0.41 -0.02
Glittery -0.03 -0.25 1.05 -0.04
Glossy -0.48 -0.06 0.67 0.16
Damp-luster -0.43 0.14 0.66 0.11
Lightweight 0.57 0.05 -0.67 0.16
Rough -0.25 -0.10 -0.06 1.00
Coarse 0.35 -0.22 0.14 0.87
Monotonous -0.05 -0.46 -0.09 -0.75
Sleek 0.44 -0.46 0.14 -0.70
Smooth -0.33 0.64 -0.04 -0.68
Moist -0.58 0.30 0.46 -0.04
Bulky 0.05 0.56 0.59 0.17
Fluffy 0.05 0.47 0.59 0.29

Table 2.4   Mean preference scores of samples 
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(1) [37]  

4

1%

4 f (Fig. 2.4

) (High-class)

(Table 2.5 )

 

 

(2)  

(2.4)  

 UA = 0.15 × F1 + 0.14 × F2 + 0.10 × F3 (2.4)

UA Mean preference score of ‘High-class’

F1 Factor score of ‘Macroscopic brightness sensation’

F2 Factor score of ‘Softness sensation based on the roughness’

F3 Factor score of ’Microscopic brightness sensation’
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Fig. 2.6 R2 0.99

(p<0.01)

 

F1 0.51 F2 0.66 F3 0.42
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C_Po F_Tr  

 

  



 
 
 

2  

34 

 

 

 

 

 

Fig. 2.6  Relationship between experimental score and calculated score 

concerned with “High-class” 
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3.1  

 

Fig. 3.1 3

3 (Basic 

appearance: BA) (Middle appearance: MA)

(Upper appearance: UA)

(Macroscopic brightness sensation)

(Softness sensation) (Microscopic brightness 

sensation) (Roughness sensation) 4

Fig. 3.1

(Shiny) (Soft) (Glossy) (Coarse)



 
 
 

3  

39 

 

6

 

 

  



 
 
 

3  

40 

 

  

Fi
g.

 3
.1

 O
ri

gi
na

l t
hr

ee
 la

ye
rs

 m
od

el
 o

f f
ab

ri
c 

ap
pe

ar
an

ce
 



 
 
 

3  

41 

 

3.2  

 

(

)  

20

10 ( )

 

(

)

 

2 2.3

 

  



 
 
 

3  

42 

 

3.3  

 

3.3.1  
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6 6

12  

(L*

a* b*) Table 3.1

(3 (Si) (Tr) (Po))

(4 (C) (F) (S) (G))

12 No. 1 6 6

No. 1 12 12 _

(C)_ (Po) C_Po

(No. 1 6)

(No. 7 12)

(S)

(G)

(CR-410

) 5  
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3.3.3  

 

(1) [33] 

2

2.5

23

1

(

) 0.6
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(2) [37] 

2 2.5

f

(High-class)

 

  



 
 
 

3  

48 

 

3.4  

 

3.4.1  

 

u[32]

 

Table 3.2

Fig. 3.1 4

4 (

)

Table 3.2 (Glossy)

(F_Tr) (F_Si)

(Shiny) (F_Si)

(F_Tr)

(r= 0.89 p<0.05)

(Soft)

(Coarse)

(r= 0.19)

4

(p<0.01)
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C_Tr C_Po C_Si F_Tr F_Po F_Si
Glossy 0.08 0.02 -0.15 0.20 0.00 -0.15

Damp-luster -0.03 0.32 0.03 0.47 -0.22 -0.57
Glittery -0.12 -0.15 0.18 -0.38 0.15 0.32
Garish 0.02 -0.12 0.08 -0.30 -0.02 0.33
Shiny -0.08 -0.20 0.15 -0.30 0.05 0.38

Dark 0.12 0.43 -0.40 0.73 -0.18 -0.70
Deep-black 0.17 0.37 -0.27 0.62 -0.22 -0.67
Somber-black 0.00 -0.18 0.30 -0.53 -0.03 0.45
Regular -0.07 0.08 -0.18 0.30 0.03 -0.17
Coarse 0.28 0.28 0.05 -0.47 0.05 -0.20

Rough 0.18 0.22 -0.28 -0.27 0.55 -0.40
Fine -0.18 -0.10 -0.15 0.47 -0.15 0.12
Delicate -0.15 -0.10 -0.23 0.38 -0.05 0.15
Smooth -0.07 -0.22 0.13 0.30 -0.25 0.10
Sleek -0.23 -0.10 -0.05 0.17 -0.12 0.33
Rustle -0.10 -0.30 -0.03 0.07 -0.13 0.50
Moist -0.02 0.28 0.07 0.52 -0.25 -0.60
Soft -0.02 -0.07 0.23 0.05 -0.17 -0.03

Lightweight -0.15 -0.25 -0.07 -0.22 0.08 0.60
Fluffy -0.07 0.00 0.25 -0.03 -0.15 0.00
Flexible 0.02 0.00 0.02 0.15 -0.23 0.05
Bulky 0.10 0.08 0.17 -0.10 -0.07 -0.18
Monotonous -0.20 -0.13 -0.05 0.07 -0.07 0.38
High-class 0.05 0.20 -0.22 0.50 -0.03 -0.50

High-quality 0.02 0.08 -0.17 0.53 -0.03 -0.43
Elegant -0.03 0.12 -0.10 0.30 0.03 -0.32
Beautiful 0.02 0.17 -0.20 0.45 0.03 -0.47

Layer Adjectives
Sample

Basic
appearance

Upper
appearance

Table 3.2 Mean preference scores of experiment 1 (six samples) 
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Fig. 3.2

3

3 Fig. 3.1 

4  ( 2 ) 

 

Table 3.3

Fig. 3.1

(Shiny)

(Glossy) 1 (f1)

f1

2 (f2)

(Coarse) f2 3 (f3)

(Soft)

f3

(Brightness sensation) (Roughness sensation)

(Softness sensation)  

Fig. 3.1 



 
 
 

3  

51 

 

Table 3.4 (f1)

F_Si C_Si
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Fig. 3.2 Eigenvalue concerned with factor analysis of basic appearance 
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Adjective f1 f2 f3
Shiny 0.98 -0.12 0.06
Glittery 0.98 0.09 -0.03
Garish 0.98 -0.02 0.05
Somber-black 0.97 0.13 0.20
Lightweight 0.84 -0.47 -0.20
Dark -0.99 -0.03 -0.06
Deep-black -0.99 0.05 0.03
Damp-luster -0.93 0.11 0.29
Moist -0.93 0.10 0.34
Glossy -0.91 -0.17 -0.26
Regular -0.90 -0.34 -0.27
Coarse 0.16 0.92 -0.12
Bulky -0.16 0.86 0.50
Delicate -0.36 -0.94 -0.16
Sleek 0.25 -0.92 0.14
Fine -0.44 -0.90 0.11
Monotonous 0.49 -0.83 0.03
Rustle 0.55 -0.78 0.12
Smooth -0.15 -0.68 0.66
Soft 0.00 0.02 0.98
Fluffy 0.23 0.17 0.93
Flexible -0.34 -0.51 0.65
Rough -0.18 0.61 -0.73

Table 3.3 Factor loadings of experiment 1 (six samples) 
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3.4.3  

 

(3.1)  = 0.31 × f1 (3.1)

UA Mean preference of ‘High-class’

f1 Factor score of ‘Brightness sensation’

 

( )

Fig.3.3 R2 0.90

(p<0.01)

Fig. 3.1

( )

3
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Fig. 3.3 Relationship between experimental score and calculated 

score of experiment 1 (six samples) 



 
 
 

3  

58 

 

3.5  

 

3.5.1  

 

u[29]

Table 3.5  

Fig. 3.1 4

( ) Table 3.5

(Glossy) (S_Tr)

(F_Si)

(Shiny) (G_Po)

(F_Tr)

(r= 0.47)  

6

12

( 2 )

(Soft) (Coarse)

(r=0.07)
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3.5.2  

 

Fig. 3.2

4

 

Table 3.6

1 (f1 )

(Shiny) f1

(Macroscopic brightness sensation) 2 (f2 )

(Coarse) f2

(Roughness sensation) 3 (f3 )

(Glossy)

f3 (Microscopic brightness sensation)

4 (f4 ) (Soft)

f4 (Softness sensation)  

2 Fig. 

3.1  

Table 3.7
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(G_Po) (G_Si)

(S_Tr)

(C_Si) (S_Si)  

[36]
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Adjective f1' f2' f3' f4'
Glittery 1.14 0.15 0.22 0.03
Garish 1.07 0.09 0.10 0.02
Shiny 1.07 0.12 0.09 0.07
Somber-black 0.73 0.28 -0.39 0.03
Regular -0.88 0.30 -0.16 -0.11
Moist -0.62 0.09 0.42 0.09
Damp-luster -0.62 -0.02 0.49 0.11
Flexible -0.61 0.57 0.10 0.15
Dark -0.61 -0.11 0.52 -0.01
Rustle 0.07 1.07 -0.31 0.04
Lightweight 0.38 0.91 -0.31 -0.16
Sleek 0.23 0.75 0.42 -0.19
Smooth -0.40 0.62 0.28 0.14
Coarse 0.30 -0.62 -0.39 -0.19
Glossy 0.15 -0.14 1.09 -0.10
Soft -0.13 0.06 -0.01 1.04
Fluffy 0.11 -0.06 -0.01 0.94
Bulky 0.24 -0.25 -0.05 0.75
Deep-black -0.56 -0.11 0.57 -0.05
Rough 0.29 -0.47 -0.30 0.26
Monotonous -0.54 0.06 0.54 0.07
Delicate -0.52 0.42 0.22 -0.17
Fine -0.46 0.45 0.26 -0.18

Table 3.6 Factor loadings of experiment 2 (12 samples) 
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3.5.3  

 

(3.2)  = 0.38 × 0.13 × (3.2)

UA Mean preference score of ‘High-class’

f1’ Factor score of ‘Macroscopic brightness sensation’

f3’ Factor score of ’Microscopic brightness sensation’

 

( )

Fig. 3.4 R2 0.90

(p<0.01)

(3.2) 4

Fig. 3.1

(

)
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Fig. 3.4 Relationship between experimental score and calculated 

score of experiment 2 (12 samples) 
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Fig. 4.1

 

Fig. 4.
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brightness sensation) 2
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4.3.1  

 

3 [23, 42]

[43, 44] [45] [46] 2

[47] [26]
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[26, 47]

 

Fig. 4.2 (a)
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Fig. 4.2 (b) (c)

 

 

  



 
 
 

4  

79 

 

(a) Specular reflection and diffuse reflection 

 

(b)Specular reflection <Diffuse reflection 

 

(c) Specular reflection > Diffuse reflection 

Fig. 4.2  Schematic diagram of light reflection at surface of woven fabric 
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[26, 47]

Fig. 4.3

 

(Sample holder) (Incident light unit)

(Photometric unit)

(Rail guide)

7500K (IMH-

250 ) (MM80-
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Fig. 4.3  Gonio-photometric system for estimating brightness sensation on 

dyed black color fabric 
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4.5.1  

 

3 (L* a* b*)

12 (Table 3.1 )  

JIS [44]
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Fig. 4.4  

Fig. 4.4
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Fig. 4.4  Result of spatial reflectance curve 

  



 
 
 

4  

86 

 

4.5.3  

 

 

=0 60

1

(4.1) (Trapezoidal 

integration: TI)  

 = ( + ) ×  (4.1) 

TI Trapezoidal integration 

L Luminance in the measurement area 

photometric angle 

 

S I 1

(4.2) (4.3)  
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 =  (4.2) log = × + log  (4.3) 

L Luminance in the measurement area 

S Slope of approximation straight line 

photometric angle 

I Intercept of approximation straight 

line 

 

TI S I

Table 4.1  

TI

TI S

S S

TI

S

I

0 L0  
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Table 4.1 Calculation of TI, S, I and coefficient of determination in 

approximation 

 
 

  

Parameter Accuracy
TI S I R2

C_Tr 564.6 0.024 4.2 0.94
C_Po 461.4 0.022 3.7 0.95
C_Si 620.9 0.024 4.7 0.94
F_Tr 337.7 0.017 3.3 0.90
F_Po 489.1 0.021 4.1 0.95
F_Si 643.4 0.022 5.3 0.89
S_Tr 999.5 0.048 2.7 0.98
S_Po 590.0 0.032 3.3 0.98
S_Si 1433.9 0.063 1.9 0.98
G_Tr 679.8 0.021 5.9 0.92
G_Po 1196.9 0.028 7.6 0.96
G_Si 1290.8 0.042 4.6 0.99

Sample
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5.1  

 

2 3

4

[5]  
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5.2  

 

(Macroscopic brightness sensation)

(Microscopic brightness sensation)

 

3 3.5
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5.3  

 

(= (Shiny) )

(= (Glossy) ) (Table 3.5

)

 

(p=0.035)

(p=0.050)

(p=0.055)

(p=0.521)  

Fig. 5.1  

Fig. 5.1 (a)

(p=0.036) Fig. 5.1 (b)

(p=0.044) Fig. 5.1 (c)

(p=0.056)  
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(a) Comparison of weaves in macroscopic brightness sensation 

 
(b) Comparison of fiber materials in macroscopic brightness sensation 
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(c) Comparison of weaves in microscopic brightness sensation 

Fig. 5.1   Mean preference score of brightness sensation 
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5.4  

 

 

( 4 4.5.3 ) TI

S I L ( =0, 15, 30, 45, 

60) [37]  

(5.1) (5.2)

 

 

 = 0.70 × 0.53 ×  (5.1) 

MP1 Mean preference score of macroscopic brightness sensation 

L0 Luminance at photometric angle zero degrees 

TI Trapezoidal integration of spatial reflectance curve 
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 = 0.54 × 0.44 ×  (5.2) 

MP2 Mean preference score of microscopic brightness sensation 

L0 Luminance at photometric angle zero degrees 

S Slope of approximation straight line 

 

Fig. 5.2(a) (b)

Fig. 5.2 (a) (b) R2 0.76 

(p=0.001) 0.67(p=0.003)

 

(5.1) 0 L0

TI 2

TI

 

(5.2) 0 L0

S
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Fig. 4.1
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(a)Macroscopic brightness sensation 

 

(b)Microscopic brightness sensation 

Fig. 5.2  Relationship between experimental score and calculated score 
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6.3  

 

( ) Fig. 6.1

1891

1930 40

[52, 53]  

 

 

Fig. 6.1  Configuration of a fastener showing the slider, tape, and element 
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[54]
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[56]
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6.3.1  

 

47  

(1) (2)

(3) (4)

 

6.2mm 52.0mm 2.1mm

0.7mm  

Fig. 6.2 4 (Spun-dyeing: 

SD) (Dyeing: D) (Metallic layer: ML) (Thin-layers: 

TL) (Non-

dyeing: ND)  

(1)

(3)
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(2)

(2)

2

 

Fig. 6.3 47 Fig. 6.3 (a)

30 Fig. 6.3 (b) 17

Fig. 6.3

10 D65
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Fig. 6.2  Color technologies for the element 
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(a) For construction of the model 

 

(b) For verification of the model 

Fig. 6.3 Munsell values of samples  
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6.3.2  

 

(1)  

20 11  

SD Table 6.1

17 5 2pt

1pt 0pt +1pt +2pt

 

Fig. 6.4 D65

Fig. 6.4 10 1

1

( )

4  

2  
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Table 6.1 Adjectives expressing aesthetic features 

 

 

Fig. 6.4  Experimental environment  

1 youthful quiet 
2 light massive 
3 hard soft 
4 not sporty sporty 
5 ugly pretty 
6 calm active 
7 formal casual 
8 a thing not desired a thing desired 
9 not cool cool 
10 dislike like 
11 inelegant elegant 
12 cheep luxury 
13 old innovative 
14 monotone variable 
15 plastic-like metallic 
16 artificial natural 
17 not bored bored 

+



 
 
 

6  

114 

 

(2)  

5

(D 5PB4.2/10.1 SD N2.0 ML 10YR4.8/3.4 TL 6BG4.7/7.5

ND N9.3) Fig. 6.5  

(SD N2.0) (ML 10YR4.8/3.4) (TL 6BG4.7/7.5)

(massive) (sporty) (pretty)

(active)

 

(variable) (D 5PB4.2/10.1) (SD N2.0)

(TL 6BG4.7/7.5)

(ML 10YR4.8/3.4)
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Fig. 6.5 Mean scores of 17 aesthetic features for the different color 

technologies of the fasteners 
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(3)  

[33]

Table 6.2  

PF1=

PF2 PF3  
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Table 6.2 Factor loadings of 17 aesthetic features 

 

 

  

PF1 PF2 PF3
quiet 0.97 -0.19 -0.02

massive 0.96 0.07 0.11
soft -0.85 -0.28 -0.25

sporty -0.86 0.21 -0.06
pretty -0.87 0.34 0.01
active -0.88 0.07 0.21

casual -0.88 -0.1 0.2
a thing desired -0.14 0.95 -0.03

cool -0.08 0.93 0.07
like -0.16 0.92 -0.12

elegant 0.04 0.84 0.14
luxury 0.36 0.83 0.33

innovative -0.45 0.5 0.74
variable -0.22 0.54 0.73
metallic 0.59 0.6 0.42
natural -0.2 0.13 -0.5
bored 0.19 -0.68 -0.47

eigenvalue 6.47 5.71 2.03

contribution ratio (%) 38.1 33.6 12
cumulative contribution

ratio (%)
38.1 71.6 83.6
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6.3.3  

 

(1)  

6.3.2

4

(Fig. 4.3 )  

45 20 60 5

( ) (u v )

6.2mm 27mm

 

 

Fig. 6.6 Measurement equipment and measurement conditions 
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(2)  

5 (D 5PB4.2/10.1 SD N2.0

ML 10YR4.8/3.4 TL 6BG4.7/7.5 ND N9.3)

Fig. 6.7  

50

(SD N2.0) (ML 10YR4.8/3.4) (TL

6BG4.7/7.5) 50 (TL

6BG4.7/7.5) (ML 10YR4.8/3.4) (SD N2.0)
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Fig. 6.7  Result of spatial reflectance curve for the different color 

technologies 
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(3)  

(u  v )

18

Table 6.3 Table 6.4  

 

Table 6.3 List of optical parameters 

 

 

  

Parameter Specification
DAL: deflection average luminance
DMaxL: deflection maximum luminance
DMinL: deflection minimum luminance
DLR: deflection luminance ratio
DMaxL-DMinL: difference between DMaxL and DMinL
DmaxL-DAL: difference between DMaxL and DAL
DAu’: deflection aver- age u’
Du’SD: standard deviation of deflection u’
DAv’: deflection average v’
Dv’SD: standard deviation of deflection v’
ACD (ND_N9.3): average color difference between each specimen and ND_N9.3
ACD (SD_N9.5): average color difference between each specimen and SD_N9.5
ACD (Origin): average color difference between each specimen and the point of origin
u’-0°: u’ at 0°
v’-0°: v’ at 0°
CD-0°(SD_N9.5): color difference between each specimen and SD_N9.5 at 0°
CD-0°(Origin): color difference between each specimen and the point of origin at 0°
CCD: contrast color difference
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6.3.5  

 

(1)  

 

18 (Table 6.4 )

 

(6.1)

(Massive)

DAL CD-0 (SD_N9.5)  

DAL

CD-0 (SD_N9.5)

(SD_N9.5)  

Fig. 6.8

Fig. 6.8  
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 “Massive” = 2.52 ×  DAL  11.96 × CD0 (SD_N9.5) +  1.97 (6.1) 

DAL  : deflection average luminance 

CD-0° (SD-N9.5): color difference between each specimen  

and SD_N9.5 at 0° 

 

 

 

Fig. 6.8  Relationship of "Massive" experimental score and prediction score 
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(2)  

17 (Fig. 6.3 (b) )

 

6.3.2

6.3.3 (6.1)

2 (6.1)

 

Fig 6.9
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Fig. 6.9  Relationship of "Massive" experimental score and prediction score 

in verification 
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