


„ “

http://nbn-resolving.de/urn:nbn:de:tuda-tuprints-267415








–

–



–

–





α

β

η

θ

θ θ

θ , equals θ

λ

λ

λ

σ

τ Kendall’s correlation coefficient

b’

�̂�



Pearson’s correlation 

𝒛
⌀

Internationale de l’Eclairage)









(also called ‘metallic inks’ in the following)







“aspect of visual perception through which an object is perceived to have attributes 
such as size, shape, color, texture, gloss, transparency, and opacity.” 



‘soft metrology’

defines gloss as the “mode of 

surface due to the directionally selective properties of that surface.”





‘ ’
“instrument for measuring the various photometric properties of a surface giving rise to 
gloss.” Most measureable aspects of gloss are derived from the visual criteria of gloss

“perceived surface brightness associated with the luminous (sp
”



ASTM D523 − 14
θ

θ

θ, this means both θ and θ

θ

ASTM D523 − 
ASTM D5767 − 95

θ

ASTM D523 − 14



ASTM D523 − 14   α β

In plane of measurement (α) Perpendicular to plane of 
measurement (β)

Light source aperture (for all angels) 0.75° ± 0.25° 2.5° ± 0.5°

20° receiver aperture 1.8° ± 0.05° 3.6° ± 0.1°

60° receiver aperture 4.4° ± 0.1° 11.7° ± 0.2°

85° receiver aperture 4.0° ± 0.3° 6.0° ± 0.3°

α β θ

θ

ASTM D523 − 14



− 14

θ (ASTM D523 − 14 reapproved 2014; DIN EN ISO 2813:2014 

𝑔𝑙𝑜𝑠𝑠𝜃(𝑖𝑛 𝐺𝑈) = 𝑐𝑜𝑟 ∙ 100 ∙  𝑅𝑠𝑎𝑚𝑝𝑙𝑒 𝑅𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑 

ASTM D523 − 14

θ

–
the wavelength of light λ.

𝑅𝑝(𝜃, 𝜆) = (𝑛(𝜆)2∙cos(𝜃)−√𝑛(𝜆)2−sin2(𝜃)𝑛(𝜆)2∙cos(𝜃)+√𝑛(𝜆)2−sin2(𝜃))2



𝑅𝑠(𝜃, 𝜆) = (cos(𝜃)−√𝑛(𝜆)2−sin2(𝜃)cos(𝜃)+√𝑛(𝜆)2−sin2(𝜃))2
𝑅(𝜃, 𝜆) =  12 (𝑅𝑝(𝜃, 𝜆) + 𝑅𝑠(𝜃, 𝜆))

�̂� 
�̂�(𝜆) = 𝑛(𝜆) + 𝑖𝑘(𝜆)

θ

�̂� = 1.205 + 𝑖7.064



θ

�̂� = 1.205 + 𝑖7.064

Angle θ Glass: R(θ, λ) Aluminum: R (θ, λ)

20° 0.0491 0.9669

60° 0.1001 0.9604

85° 0.6191 0.9473

θ = 20° θ = 
θ = 

θ



as the “aspect of 

a surface.” ASTM E284 −17

ASTM D5767 − 



𝐷𝑂𝐼[%] = 100 % ∙ (1 − 𝑅𝑠𝑎𝑚𝑝𝑙𝑒(19.6°−19.8°)+𝑅𝑠𝑎𝑚𝑝𝑙𝑒(20.2°−20.4°)𝑅𝑠𝑎𝑚𝑝𝑙𝑒(19.95°−20.05°) )

𝐼𝐶[%] = 100 % ∙ (𝑀−𝑚𝑀+𝑚)

ASTM D5767 − 95



further use of the term ‘haze’ 
−17 “scattering of light at the 

reflection at the surface.” S “

ion of specular reflection.” T “cloudy appearance attributable to light 
scattering”. 

ASTM D4039 − 09

ℎ𝑎𝑧𝑒[𝐻𝑈] =  100 ∙ 𝑅𝑠𝑎𝑚𝑝𝑙𝑒(𝐷𝐻𝑎𝑧𝑒 18.1°)+𝑅𝑠𝑎𝑚𝑝𝑙𝑒(𝐷𝐻𝑎𝑧𝑒 21.9°)𝐺𝑙𝑜𝑠𝑠20𝑠𝑡𝑎𝑛𝑑𝑎𝑟𝑑



α β 

α β

α β



α α β

, θ and θ

α

α and β, it is referred to as 2D



observers was shown. Analogous to ‘color constancy’, this property ‘gloss 
constancy’.













‘ ’



tension σ of the ink film as well as the ink visc η

𝜕ℎ𝜕𝑡 = − ℎ3𝜎3𝜂 ∆2ℎ





–
–

–







the automotive coatings have a thickness of 25 μm or more 

μm for flexo printing 







Angle θ micro-TRI-gloss IQ-S SRA

20° 10 mm x 10 mm 6 mm x 6.4 mm ?

60° 9 mm x 15 mm 9 mm x 13.5 mm ?

85° 5 mm x 38 mm 4.4 mm x 44 mm ?





Sample number 1 2 3 4

Gloss20 in GU 570 ± 49 525 ± 16 185  ± 8 12 ± 1

Gloss60 in GU 515 ± 32 495 ± 3 258 ± 4 53 ± 2

Gloss85 in GU 93 ± 1 134 ± 1 92 ± 1 67 ± 1



of ‘milky ness’ differs

Sample number 1 2 3 4

Gloss20 in GU 687 ± 89 627 ± 28 233 ± 24 17 ± 1

Gloss60 in GU 563 ± 38 535 ± 5 261 ± 9 53 ± 2

Gloss85 in GU 83 ± 4 122 ± 2 77 ± 5 57 ± 2

haze in HU 522 ± 51 162 ± 5 159 ± 10 22 ± 2

DOI in % 21 ± 2 51 ± 9 21 ± 1 1 ± 1

RIQ in % 4 ± 1 29 ± 8 4 ± 1 1 ± 1

Rspec in GU 109 ± 17 176 ± 35 37 ± 4 3 ± 0







Sample number 1 2 3 4

Gloss20 in GU 641 ± 63 545 ± 41 199 ± 5 12 ± 0

Gloss60 in GU 542 ± 36 497 ± 10 271 ± 5 58 ± 2

Gloss85 in GU 97 ± 2 133 ± 0 90 ± 1 61 ± 6

haze in HU 300 ± 0 206 ± 20 178 ± 7 30 ± 1

IC 0.25 in % 0.0 ± 0.0 3.1 ± 2.3 0.0 ± 0.0 0.0 ± 0.0

IC 0.5 in % 0.0 ± 0.0 4.6 ± 2.2 0.0 ± 0.0 0.0 ± 0.0

IC 1.0 in % 0.7 ± 0.7 23.8 ± 4.1 3.5 ± 0.3 0.0 ± 0.0

IC 2.0 in % 16.9 ± 3.5 58.5 ± 3.7 28.4 ± 0.7 1.7 ± 0.7

C20 69 ± 16 19 ± 6 65 ± 1 260 ± 9

C60 80 ± 11 14 ± 3 52 ± 1 173 ± 5







Number of 
measurement

micro-TRI-gloss IQ-S SRA

20° 60° 85° 20° 60° 85° 20° 60° 85°

1st and calibration value 92.9 95.4 99.3 104.0 101.6 99.8 86.9 93.3 99.4

100th -0.1 -0.1 0.0 1.1 0.3 0.7 -0.9 -0.4 -0.8

200th -0.4 -0.2 -0.1 1.9 0.5 1.0 -1.3 -0.7 -1.3

300th -0.3 -0.2 -0.4 2.5 0.6 1.1 -1.7 -1.0 -1.5

400th -0.1 -0.1 -0.4 3.1 0.6 0.7 -1.9 -1.1 -1.7

500th -0.9 -0.1 -0.7 3.4 0.6 0.7 -2.1 -1.4 -1.8

Measurement after 24 h -0.3 -0.1 -0.6 -0.2 -0.4 -0.5 Not ascertainable







Measurement angle 20° 60° 85°

micro-TRI-gloss average of all relative standard deviations 6.2 % 3.3 % 2.6 %

IQ-S average of all relative standard deviations 7.4 % 3.8 % 3.7 %

SRA average of all relative standard deviations 6.7 % 3.7 % 3.4 %











Šarić et al.

Šarić





following, ‘dwell time’ refers to the time be

authors’ 



–



⌀ ⌀





Anilox force 60 N

Printing force 70 N

Printing speed 0.50 m/s

Anilox roller volume and ruling for printing metallic inks 16 ml/m2, 90 lines/cm

Anilox roller volume and ruling for printing primer 8 ml/m2, 180 lines/cm

’



referred to as ‘UV corn’ in the following. Th
as ‘UV VMP’





‘ ’ describes the material printed on 

‘substrate’.



Substrate Water absorbency

Chromolux cardboard 33.9 ± 4.4 g/m2

Chromolux paper 25.6 ± 0.7 g/m2

LumiArt paper 56.9 ± 3.1 g/m2

LumiArt paper with UV-primer 8.7 ± 1.6 g/m2

‘ ’. 



Paper sort Measured side CaCO3 Kaolin/Talcum Others

Chromolux 
cardboard

Coated side 16.95 % w/w 4.25 % w/w 7.60 % w/w

Non-coated side 11.50 % w/w 20.80 % w/w 0.90 % w/w

Chromolux paper
Coated side 6.65 % w/w 26.35 % w/w 5.10 % w/w

Non-coated side 18.50 % w/w 1.80s % w/w 0.00 % w/w

LumiArt paper
Side 1 49.10 % w/w 0.00 % w/w 0.00 % w/w

Side 2 48.95 % w/w 0.00 % w/w 0.00 % w/w

Angle of 
specular gloss 
measurement

Chromolux 
cardboard Chromolux paper LumiArt paper LumiArt primed

Gloss20 in GU 57.5 ± 0.4 50.9 ± 1.0 3.4 ± 0.4 15.9 ± 0.9

Gloss60 in GU 77.9 ± 0.2 80.1 ± 0.2 29.9 ± 0.5 58.7 ± 1.6

Gloss85 in GU 97.0 ± 0.1 91.2 ± 0.4 79.9 ± 0.5 85.0 ± 0.8



–

Substrate-ink combination Abbreviation

Chromolux cardboard + UV-ink-VMP ChromC_VMP

Chromolux cardboard + UV-ink-VMP ChromC_Corn

Chromolux Paper + UV-ink-VMP ChromP_VMP

Chromolux Paper + UV-ink-corn ChromP_Corn

LumiArt Paper + UV-ink-VMP LumiArt_VMP

LumiArt Paper + UV-ink-corn LumiArt_Corn

LumiArt Paper, primed + UV-ink-VMP LumiArt_Prim_VMP

LumiArt Paper, primed + UV-ink-corn LumiArt_Prim_Corn



















d = 0…1

𝑓(𝑡) = − 𝑎 ∗ 𝑒𝑥𝑝(−(𝑏 ∗ 𝑡)𝑑) + 𝑐



𝑓(𝑡) = − 𝑎 ∗ 𝑒𝑥𝑝(−𝑏 ∗ 𝑡) + 𝑐 ∗ 𝑒𝑥𝑝(−𝑏′ ∗ 𝑡) + ℎ
b’ <<  b

 





–



 



Ɛ







. The λ

The λ

, a λ filter and a λ
and a λ

λ 2.50 µm and λ
λ

 



𝑧

𝑆𝑞 =  √1𝐴 ∬ [𝑧(𝑥, 𝑦) − 𝑧]2𝑑𝑥𝑑𝑦 𝐴

∂ ∂ ∂ ∂

𝑆𝑑𝑞 =  √1𝐴 ∬ [(𝜕𝑧(𝑥,𝑦)𝜕𝑥 )2 + (𝜕𝑧(𝑥,𝑦)𝜕𝑦 )2] 𝑑𝑥𝑑𝑦 𝐴



substrate pigment type hot air dwell times in s abbreviation

Chromolux paper VMP no 10, 20, 30, 60, 90, 120 ChromP_VMP_nha_(10-120)

Chromolux paper VMP yes 10, 20, 30, 60, 90, 120 (+6) ChromP_VMP_ha_(10-120)

Chromolux paper Cornflake no 10, 20, 30, 60 ChromP_corn_nha_(10-60)

Chromolux paper Cornflake yes 10, 20, 30, 60 (+6) ChromP_corn_ha_(10-60)



–











to the substrate due to the ink’







μ

x 200 μm

65 % 35 %



x 200 μm

For the indication of the correlation between data, in the following, beneath Pearson’s r,

rank statistics that were considered for the analysis of the data are Spearman’s ρ 
coefficient and Kendall’s τ coefficient

1. Spearman’s ρ often yields higher values than Kendall’s τ

There is no intuitive interpretation of Spearmans’s ρ. Kendall’s τ



Kendall’s τ



earson’s Kendal’s τ

r = -0.901
τ = -0.843

r = -0.935
τ = -0.804

r = -0.916
τ = -0.699

r = -0.928
τ = -0.830







λ

ChromP_corn_ha(10) ChromP_VMP_nha(10)

Gloss20 69 GU 146 GU

Gloss60 128 GU 191 GU

DOI 24 % 26 %

Haze 54 HU 127 GU

Sq roughness 0.3341 µm 0.3126 µm

Sdq roughness 0.1589 0.1428

Sq waviness 0.1389 µm 0.4644 µm

Sdq waviness 0.0086 0.0178





   

referred to as ‘ 1’

referred to as ‘ 2’ in 



‘ ’

μm 

‘ ’





Printed sort of 
UV-primer or 

metallic UV-ink 
(VMP)

Substrate
Speed of the web 
after printing in 

m/min
Use of hot air 

unit Sample name

Primer 1 Paper 40 No P_1

Primer 1 Paper 1 Yes P_2

Primer 2 Paper 40 No P_3

Primer 2 Paper 1 Yes P_4

Primer 2 Paper 40 Yes P_5

Metallic ink Film 40 No F_40_N

Metallic ink Film 20 No F_20_N

Metallic ink Film 10 No F_10_N

Metallic ink Film 5 No F_5_N

Metallic ink Film 1 No F_1_N

Metallic ink Film 40 Yes F_40_Y

Metallic ink Film 1 Yes F_1_Y

Metallic ink Primed paper (P_1) 40 No P_P1_40_N

Metallic ink Paper (no primer) 40 No P_40_N

Metallic ink Primed paper (P_2) 40 No P_P2_40_N

Metallic ink Primed paper (P_3) 40 No P_P3_40_N

Metallic ink Primed paper (P_4) 40 No P_P4_40_N

Metallic ink Primed paper (P_5) 1 No P_P5_1_N

Metallic ink Primed paper (P_5) 20 No P_P5_20_N

Metallic ink Primed paper (P_5) 40 No P_P5_40_N

Metallic ink Primed paper (P_5) 1 Yes P_P5_1_Y

Metallic ink Primed paper (P_5) 40 Yes P_P5_40_Y







paper film

film

paper





40
m

/m
in

, n
o 

ho
t a

ir

40
m

/m
in

, h
ot

 a
ir

1
m

/m
in

, n
o 

ho
t a

ir

1
m

/m
in

, h
ot

 a
ir

40
m

/m
in

, n
o 

ho
t a

ir

40
m

/m
in

, h
ot

 a
ir

1
m

/m
in

, n
o 

ho
t a

ir

1
m

/m
in

, h
ot

 a
ir



pa
pe

r

fil
m fil
m

pa
pe

r





no
 p

rim
er

Pr
im

er
 1

, 4
0

m
/m

in
, 

no
 h

ot
 a

ir

Pr
im

er
 1

, 1
m

/m
in

, 
ho

t a
ir

Pr
im

er
 2

, 4
0

m
/m

in
, 

no
 h

ot
 a

ir

Pr
im

er
 2

, 4
0

m
/m

in
, 

ho
t a

ir

Pr
im

er
 2

, 1
m

/m
in

, 
ho

t a
ir



no
 p

rim
er

Primer 1 Primer 2

no
 p

rim
er

Primer 1 Primer 2



Δa*b* is the Euclidean distance between the 

Sample Primer a* b* Δa*b*

P_40_N no primer -0.3397 -0.0855 0

P_P1_40_N Primer 1 -0.5005 -0.4545 0.4025

P_P2_40_N Primer 1 -0.5831 -0.2064 0.2718

P_P3_40_N Primer 2 -0.9319 0.5087 0.8389

P_P5_40_N Primer 2 -0.8705 0.5730 0.8458

P_P4_40_N Primer 2 -0.9298 0.7112 0.9914





x 200 μm





x 200 μm









•

•

•

•

•

•



binary judgement such as ‘glossy’ or ‘not glossy’. In order to obtain 



‘ ’

‘ ’



observer’s







’s r

Correlation of Series A Series B

Gloss20 with Gloss60 0.17 0.97

Gloss20 with Gloss85 0.64 0.96

Gloss60 with Gloss85 -0.35 0.95

and observe the observer’s actions



seen from the observer’s position



The ‘in 

axis direction’ is the direction along the axis of the tube of the 



referred to as ‘experts’ in the following. The other group 
‘amateurs’. 



observer’s



as the characteristics of the observers’ behavior



Series Task 
number Denotation Task

A

1 -

Group the sample set by groups of your choice, the size and 
number of groups is up to you. Explain why you made this 
grouping.

Gruppieren Sie das Probenset nach Gruppen ihrer Wahl, die 
Größe und Anzahl der Gruppen steht Ihnen frei. Erläutern Sie, 
warum Sie diese Gruppierung vornahmen.

2 Gloss 
ranking A1

Place the samples by gloss in order, from highest/strongest to 
weakest.

Legen Sie die Proben nach Glanz in einer Reihenfolge, vom 
höchsten/stärksten zum schwächsten.

3 Roughness 
ranking A

Place the samples in order of perceived roughness, from 
highest/strongest to weakest.

Legen Sie die Proben nach der wahrgenommenen Rauheit in 
einer Reihenfolge, vom höchsten/stärksten zum schwächsten.

4 Sharpness 
ranking A

Place the samples in order of image sharpness of the reflection, 
from highest/strongest to weakest.

Legen Sie die Proben nach der Bildschärfe der Spiegelung in 
einer Reihenfolge, vom höchsten/stärksten zum schwächsten.

5 Metallicity 
ranking A

Place the samples in order of metallic impression, from 
highest/strongest to weakest.

Legen Sie die Proben nach dem metallischen Eindruck in einer 
Reihenfolge, vom höchsten/stärksten zum schwächsten.

6 Brightness 
ranking A

Place samples in order of brightness, from highest/strongest to 
weakest.

Legen Sie die Proben nach der Helligkeit in einer Reihenfolge, 
vom höchsten/stärksten zum schwächsten.

7 Gloss 
ranking A2

Place the samples again by gloss in an order, from 
highest/strongest to weakest.

Legen Sie die Proben erneut nach Glanz in einer Reihenfolge, 
vom höchsten/stärksten zum schwächsten.

B 8 Gloss 
ranking B

Place the samples by gloss in order, from highest/strongest to 
weakest.

Legen Sie die Proben nach Glanz in einer Reihenfolge, vom 
höchsten/stärksten zum schwächsten.







Observer 
number

Sample number

1 2 9 10 13 20 23 25 26 28

4 7.43 8.71 4.86 4.86 2.29 10 6.14 1 3.57 8.71

5 3 5 2 1 7 10 6 9 8 4

6 4 1 2 3 5 10 7 9 8 6

7 3 2 4 5 7 10 6 9 8 1

8 4 5 8 3 1 7 10 2 6 9



Series A Series B

Percept Gloss 
ranking A1

Roughness 
ranking A

Sharpness 
ranking A

Metallicity 
ranking A

Brightness 
ranking A

Gloss 
ranking A2

Gloss 
ranking B

Amount of 
observers 4 3 4 5 0 3 4

Kendall’s W
Kendall’s W coefficient is a non

f Kendall’s W the Matlab file 

level of abstraction, such as ‘metallicity’ and 
‘gloss’,
Kendall’s W coefficients. Conversely, terms like ‘brightness’ and ‘perceived roughness’



Kendall’s W

Kendall’s W

Series A Series B

Gloss 
ranking A1

Roughness 
ranking A

Sharpness 
ranking A

Metallicity 
ranking A

Brightness 
ranking A

Gloss 
ranking 

A2

Gloss 
ranking B

Kendall’s W 
amateurs 0.469 0.835 0.764 0.213 0.917 0.429 0.678

Kendall’s W 
experts 0.418 0.788 0.746 0.332 0.978 0.443 0.787

Kendall’s W 
all 

observers
0.351 0.810 0.742 0.235 0.955 0.356 0.717

be obtained by applying Thurstone’s law of comparative judgment.
Thurstone’s law of comparative judgment 



Table 5.6 shows the Kendal’s τ Kendal’s τ

τ

τ correlation coefficients for 

Nr. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Amateurs 0.42 0.30 0.47 0.70 0.96 0.56 0.69 0.11 0.33 0.78 0.80 0.96 0.94 0.78 0.47

Experts 0.42 0.56 1.00 -0.02 -0.16 0.82 0.64 0.64 0.91 0.87 0.29 -0.51



dall’s τ
dall’s τ



Pearson’s r Kendal’s τ

r = 0.840
τ = 0.539

r = 0.226
τ = 0.022

r = 0.724
τ = 0.600

r = 0.247
τ = 0.225

r = 0.552
τ = 0.156

r = 0.586
τ = 0.467



Pearson’s

’ τ

r = -0.205
τ = -0.667

r = 0.831
τ = 0.556

r = 0.816
τ = 0.689

r = 0.883
τ = 0.733



Pearson’s r 

Kendal’s τ

r = -0.821
τ = -0.689

r = 0.932
τ = 0.867

r = 0.580
τ = 0.600

r = -0.882
τ = -0.733

r = 0.236
τ = 0.111

r = -0.548
τ = -0.422





amateurs was strong, with r = 0.982 and τ = 0.899.



Pearson’s r Kendal’s τ

r = 0.950
τ = 0.867

r = 0.972
τ = 0.822



named “Modeling the Appearance of Metal
”



𝑆𝑃𝐼 = 100 % ∙ (𝑌𝑆𝑃𝐼𝑁−𝑌𝑆𝑃𝐸𝑋𝑌𝑆𝑃𝐼𝑁 )

The Kendall’s W coefficient that was calculated for the average ranking was reported 

“
”



Sample A*3 A*8 A*1 A*5 A*7 A*4 A*9 A*2 A*6

Gloss 20 in GU 6.8 19.7 29.9 42.1 51.5 139.1 273.3 483.5 621.8

Gloss 60 in GU 32.0 59.4 154.5 172.3 158.2 365.2 391.3 538.2 578.3

Gloss 85 in GU 59.1 63.1 94.1 80.9 82.1 110.7 107.8 123.7 123.9

Haze in HU 17.5 41.7 68.8 114.4 143.3 214.0 229.9 303.6 279.1

RIQ in % 2.3 1.9 1.7 1.2 1.0 3.0 4.0 7.3 6.1

Rspec in GU 1.2 3.3 5.1 7.5 9.4 23.4 45.2 82.7 105.7

SPI in % 9.9 20.5 26.6 39.7 48.5 59.7 75.8 80.7 88.1

Average rank 1.02 2.04 3.06 4.15 4.79 5.96 7.19 7.94 8.85

*

* * * * * *

* * *

*

understood the term ‘brilliance’ as something similar to gloss or 



= 0.780, τ



Pearson’s

’ τ

To the author’s knowledge, SPI values are not used in the printing industry for gloss 

r = 0.617
τ = 0.511

r = 0.644
τ = 0.378

r = 0.799
τ = 0.556

r = 0.885
τ = 0.644







authors’



term ‘dwell time’ was introduced, as well as the influence of 













as Pearson’s r and Kendal’s τ

‘roughness’, ‘image sharpness’ and ‘brightness’ yield a higher accordance among the 
observers (Kendal’s W > 0.7) than more abstract terms as ‘metallicity’ and ‘gloss’ (Kendal’s 

(Kendal’s W = that Series A ranked according to gloss (Kendal’s ≈



τ

neurology, dentistry, or primary care. However, to the authors’ knowledge there are no 



D523 − 14

τ
τ = 

0.236, τ

it is stated that the “measured index allows converters and 

desired level of specular reflectivity.” Here, the measured index means the SPI or the 



Morovič and Morovič



‘ ’

‘Helligkeit‘ ‘brightness‘. 
‘Helligkeit’ can be translated to both ‘brightness’ and ‘lightness’. 

defines brightness as the “attribute of a visual perception according to 
ess light”. Lightness is defined

as “brightness of an area judged relative to the brightness of a similarly illuminated area 
that appears to be white or highly transmitting.” 
‘Helligkeit’ to ‘lightness’
this choice was that ‘brightness’ is often also used for the luminance or luminous flux of 

observers’









–

–

–

ASTM D4039 − 09 (reapproved 2015): Test Method for Reflection Haze of High

ASTM D523 − 14 (reapproved 2014): Test Method for Specular Gloss. American Society 
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ChromP_VMP_
nha

ChromP_VMP_
ha

ChromP_corn_
nha

ChromP_corn_
ha

Mean of inter-
sample 

standard 
deviation

Gloss20 28.7 GU 67.1 GU 3.0 GU 5.0 GU

Gloss60 10.0 GU 8.9 GU 1.9 GU 1.8 GU

DOI 5.0 % 5.6 % 5.2 % 5.9 %

haze 11.5 HU 16.2 HU 1.9 HU 1.9 HU

Mean of 
between-
sample 

standard 
deviation

Gloss20 19.2 GU 21.4 GU 2.2 GU 2.7 GU

Gloss60 10.3 GU 5.7 GU 1.8 GU 1.0 GU

DOI 1.5 % 2.6 % 1.3 % 1.6 %

haze 10.9 HU 11.0 HU 0.8 HU 1.1 HU



Sample
number Series Description

1 A

•

•
•
•

2 A

•

•
•

7 B

•

•
•
•

8 B

•

•
•
•

9 A & B

•

•
•

10 A & B

•

•
•
•

11 B

•

•
•
•



Sample
number Series Description

12 B

•

•
•

13 A

•

•
•

20 A

•

•
•

21 B

•

•
•

22 B

•

•
•

23 A

•

•
•
•

25 A

•

•
•

26 A

•

•
•

28 A

•

•
•

30 B

•

•
•



Sample
number Series Description

31 B

•

•
•





Gloss
ranking A1

Sample
10 9 1 13 2 28 25 23 26 20

Ranks

1 9 9 1 5 1 1 3 0 0 0
2 5 7 1 3 2 1 4 2 0 1
3 5 0 9 3 2 4 1 2 2 0

4 2 3 4 2 3 5 3 2 3 0
5 3 4 3 1 11 3 0 0 0 0
6 1 0 2 2 3 2 3 9 3 2
7 0 0 4 8 2 4 1 4 3 1
8 1 2 2 1 1 2 4 5 8 0
9 0 1 1 1 2 5 5 2 6 5

10 1 1 0 1 0 0 3 1 2 18

Roughness
ranking A

Sample
9 1 28 10 2 23 26 20 13 25

Ranks

1 12 6 6 5 0 0 0 0 0 0

2 6 3 6 9 2 0 0 0 0 0
3 4 11 3 2 5 0 0 0 0 0
4 3 5 8 5 5 0 1 0 0 0
5 1 0 4 5 15 0 0 0 1 0
6 1 2 0 1 0 14 5 1 4 1
7 0 0 0 0 0 8 8 4 6 1

8 0 0 0 0 0 2 5 15 1 1
9 0 0 0 0 0 3 5 5 9 6

10 1 1 0 1 0 0 3 1 2 18



Sharpness
ranking A

Sample
25 13 23 10 26 2 9 1 28 20

Ranks

1 17 9 0 1 0 0 0 0 0 0
2 8 15 1 0 2 0 0 0 0 0
3 2 1 9 9 3 1 0 0 0 1
4 0 0 10 4 7 4 2 0 0 0
5 0 1 3 5 7 4 1 2 0 1

6 0 1 2 2 1 6 9 4 1 2
7 0 0 1 2 3 8 5 7 3 0
8 0 0 1 1 3 1 4 11 4 0
9 0 0 0 3 1 3 3 3 17 1

10 0 0 0 0 0 0 3 0 2 22

Metallicity
ranking A

Sample
10 9 1 28 2 23 26 20 13 25

Ranks

1 8 9 2 3 2 1 1 3 1 1
2 6 3 5 2 4 2 1 0 1 0
3 1 2 6 6 3 3 5 2 1 0

4 3 3 3 5 0 4 3 1 1 1
5 3 0 4 1 8 1 0 0 2 3
6 0 2 3 2 5 6 5 4 4 1
7 1 2 2 3 1 5 3 1 4 2
8 3 5 0 0 2 4 5 7 1 1
9 1 0 1 3 1 1 4 2 7 4

10 1 1 1 2 1 0 0 7 5 14

Brightness
ranking A

Sample
25 13 20 26 9 23 28 2 10 1

Ranks

1 18 0 0 0 0 0 0 0 0 0

2 0 14 3 1 0 0 0 0 0 0
3 0 3 15 0 0 0 0 0 0 0
4 0 0 0 13 4 1 0 0 0 0
5 0 1 0 4 13 0 0 0 0 0
6 0 0 0 0 1 14 2 1 0 0
7 0 0 0 0 0 1 14 2 1 0

8 0 0 0 0 0 2 2 12 1 1
9 0 0 0 0 0 0 0 2 13 3

10 0 0 0 0 0 0 0 1 3 14



Gloss
ranking A2

Sample
9 10 13 28 1 2 23 25 26 20

Ranks

1 11 7 4 2 0 0 0 4 0 1
2 6 9 4 0 3 0 1 2 1 0
3 3 2 1 5 8 2 2 3 1 1
4 0 3 3 6 3 7 2 1 3 0
5 4 1 3 3 1 8 5 0 0 0

6 1 2 2 3 2 3 9 2 4 0
7 1 2 6 1 4 4 3 2 3 1
8 1 0 2 4 3 1 3 4 4 3
9 0 1 2 3 1 1 2 3 11 3

10 0 0 0 0 2 1 0 6 0 18

Gloss
ranking B

Sample
21 22 9 12 10 11 8 30 7 31

Ranks

1 16 7 3 0 1 0 0 0 0 0
2 5 13 2 2 1 2 0 1 0 0
3 2 1 9 6 3 3 1 1 0 0

4 0 4 6 9 5 4 1 0 0 0
5 2 0 4 4 8 6 2 0 0 0
6 0 1 2 4 6 7 6 0 0 1
7 1 1 0 2 1 3 13 3 1 2
8 0 0 0 0 1 2 4 7 9 2
9 1 0 1 0 1 0 0 8 9 6

10 0 0 0 0 0 0 0 7 8 16


