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Metallic coatings are highly attractive due to their visual appeal and widespread use
in various industries, particularly in automotive applications. However, their complex
angle-dependent optical behavior poses challenges for accurate characterization. In
this study, 308 Pantone metallic samples were systematically evaluated using a
spectrophotometer, a goniospectrophotometer, a goniophotometer, and a gloss meter
at various angles. The results revealed that specular gloss and Reflected Specular
Peak (RSPEC) exert the most significant influence on lightness, while the distinctness
of the image showed weak correlation in semi-matte samples. Overall, the findings
highlight that combining geometrical attributes with lightness parameters offers a
reliable approach for understanding and predicting the appearance of metallic
coatings in industrial applications.
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2. Haze

3. Flop Index

4. Specular Gloss

5. Fresnel Reflection
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Figure 1: Pantone Metallic Color System.
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Figure 3: Angles of 20, 60, and 85 degrees in specular gloss
measurement.
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Table 1: Fitting AY with single goniophotometric parameters at 20°.

DELTAY Haze 0.9
DELTAY RSPEC 0.85
DELTAY gloss by glossmeter 0.81
DELTAY Gloss 0.78
DELTAY DOI 0.02
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Table 2: Fitting AY with the double combination of goniophotometric parameters at 20°.

DELTAY gloss/RSPEC 0.95
DELTAY gloss by glossmeter/ Haze 0.9
DELTAY Haze/ RSPEC 0.9
DELTAY gloss/Haze 0.9
DELTAY Haze/ DOI 0.87
DELTAY gloss by glossmeter/ RSPEC 0.85
DELTAY DOI/ RSPEC 0.85
DELTAY gloss by glossmeter/ DOI 0.81
DELTAY gloss/DOI 0.78
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Table 3: Fitting AY with the triple combination of goniophotometric parameters at 20°.

DELTAY gloss/DOI/ RSPEC 0.95
DELTAY gloss/haze/RSPEC 0.95
DELTAY gloss/Haze/ DOI 0.91
DELTAY gloss by glossmeter/ Haze/ DOI 0.9
DELTAY gloss by glossmeter/ Haze/ RSPEC 0.9
DELTAY Haze/ DOI/ RSPEC 0.9
DELTAY gloss by glossmeter/DOI/RSPEC 0.85
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Table 4: Fitting AY with the quadric combination of goniophotometric parameters at 20°.

DELTAY

DELTAY
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gloss/Haze/RSPEC/DOI 0.95

gloss by glossmeter/ Haze/RSPEC/DOI 0.9

L™ )lme) ol Loy (olidgy ghylo sladigad (gjlulaz
by slo)lae (ooles alasly gy g (0 a3 S L5 0 47 3o
d=else L ipmmcinl 5 92595 gimiab ol 95 12 5l Jol>
Feggdesss il Jol ngal zady 5 alih aasie (o)l Wl
a5 Jol bt SlaR2
5 L8 S ey M5 ol 5o 2 35 S0 il
@l pld 53U s Ban bl Jolge @il (59, (2L,
(b0 57 ey S im0 108) Sy L5 06 L plodisas
AF Cc Y e sloo,lais a) O OHLS s st ‘_,’J“L;,:Lj) 3
Ple plw b glidg, aaly g Sl (YAC 4 YP CYFCYYC

sm.._m.w )b ‘:Lo_uj) 4.‘94‘) ‘J.u‘ )b A r L®u| &9y GAM

VEV-AP K (1EE) VR /55) 509U 9 pgle (Sale dy juis



W olgd 553 b Sl BlaSS) (Hlubg) bLs)l w32 /OUSeD 9 SS9 Lok 105

sl J=los Laz,0 e 0 CIE i jo olidyg, alayl) e
by, WSl alal) g 2 50 398 o0 oaalive a5 ok len S o 3590 pg—a To—S9 9 dmaie AL3L (,b Wl
el s 5 pmlaz o Yo o ol Jladke (pu) iile 5 ()L el L olbg, ST il 5l Jols mls e85
S Loy, el St al35 g sl o 4y S8 HE GRE g s o5 (sl 5 5y50 4t sl 2y 5 demie il

A e od osle KLz VY LA Jolos jo iy 4 ol 5 obaw

bl o a0 Ve o (g egisisnisS Jole ST L L 3l 5l el il 8 Jgu
Table 5: Fitting Lightness with single goniophotometric parameters at 20°at constant hue.

I T T N R T T

gloss by glossmeter 0.91 0.95 0.99 0.88 0.67
L20 gloss 0.88 0.94 0.99 0.88 0.79 0.57
L20 Haze 0.95 0.97 0.99 0.89 0.87 0.82
L20 RSPEC 0.92 0.96 0.99 0.88 0.83 0.69
L20 DOI 0.33 0.02 0.12 0.03 0.002 0.66
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Table 6: Fitting Lightness with double combination of goniophotometric parameters at 20°at constant hue.

I T T e e T R

gloss by glossmeter/ Haze 0.96 0.98 0.99 0.89 0.94 0.97
L20 gloss by glossmeter/ DOI 0.97 0.94 0.99 0.96 0.89 0.7
L20 gloss by glossmeter/ RSPEC 0.92 0.98 0.99 0.89 0.87 0.75
L20 Haze/ DOI 0.99 0.98 0.99 0.95 0.94 0.82
L20 Haze/ RSPEC 0.99 0.98 0.99 0.95 0.98 0.98
L20 gloss/Haze 0.98 0.98 0.99 0.94 0.99 0.98
L20 DOI/ RSPEC 0.98 0.96 0.99 0.94 0.92 0.72
L20 gloss/DOI 0.97 0.94 0.99 0.94 0.89 0.66
L20 gloss/RSPEC 0.98 0.98 0.99 0.9 0.99 0.97
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Table 7: Fitting Lightness with triple combination of goniophotometric parameters at 20°at constant hue.

I T T R T T

gloss by glossmeter/ Haze/ DOI 0.99 0.98 0.99 0.99 0.99 0.97
L20 gloss by glossmeter/ Haze/ RSPEC 0.99 0.98 0.99 0.96 0.99 0.98
L20 Haze/ DOI/ RSPEC 0.99 0.98 0.99 0.98 0.99 0.99
L20 gloss/Haze/ DOI 0.99 0.98 0.99 0.98 0.99 0.99
L20 gloss/DOI/ RSPEC 0.99 0.98 0.99 0.98 0.99 0.99
L20 gloss/Haze/RSPEC 0.99 0.96 0.99 0.96 0.99 0.99
L20 gloss by glossmeter/DOI/RSPEC 0.98 0.97 0.99 0.99 0.98 0.77
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Table 8: Fitting Lightness with quadric combination of goniophotometric parameters at 20°at constant hue.

B N T AT R A R

gloss by glossmeter/ Haze/ RSPEC/DOI

gloss/Haze/RSPEC/ DOI

0.99

0.99

0.98

0.99

0.99

0.99

0.99

0.98
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Table 9: Fitting DeltaY with single goniophotometric parameters at constant hue.

gloss

Haze

RSPEC

DOl

0.95

0.94

0.99

0.96

0.25

0.96

0.94

0.98

0.96

0.003

0.99

0.99

0.99

0.99

0.14

0.99

0.99

0.99 0.61
0.99 0.61
0.99 0.71
0.99 0.66
0.003 0.0006
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Table 10: Fitting DeltaY with the double combination of goniophotometric parameters at constant hue

gloss by glossmeter/ Haze
gloss by glossmeter/ DOI

gloss by glossmeter/ RSPEC

Haze/ DOI
Haze/ RSPEC
gloss/Haze
DOI/ RSPEC
gloss/DOI

gloss/RSPEC

0.99

0.98

0.97

0.99

0.99

0.99

0.99

0.98

0.99

0.99

0.95

0.99

0.98

0.99

0.99

0.97

0.95

0.99

0.99

0.99

0.99

0.99

0.99

0.99

0.99

0.99

0.98

0.99

0.99

0.99

0.99

0.99

0.99

0.99

0.99

0.99

0.96

0.67

0.85

0.76

0.99

0.98

0.72

0.7

0.96
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Table 11: Fitting DeltaY with the triple goniophotometric parameters at constant hue.

gloss by glossmeter/ Haze/ RSPEC

Haze/ DOI/ RSPEC
gloss/Haze/ DOI
gloss/DOI/ RSPEC

gloss/haze/RSPEC

gloss by glossmeter/DOI/RSPEC

0.99

0.99

0.99

0.99

0.99

0.99

0.99

0.99

0.99

0.99

0.99

0.99

0.99

0.97

0.99

0.99

0.99

0.99

0.99

0.99

0.99

0.99

0.99

0.99

0.99

0.99

0.99

0.99

0.99

0.99

0.99

0.99

0.99

0.99

0.99

0.99

0.99

0.91

0.84

0.98

0.93

0.79

0.99

0.92

0.94

0.99

0.99

0.99

0.93

0.87

0.99

0.99

0.99

0.99

0.99

0.99

0.99

0.94
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Table 12: Fitting DeltaY with the quadric combination of goniophotometric parameters at constant hue.

X (IN 20) RY13C) | R2(14C) | R%23C) | R(@24C) | R(26C) R?(28C)
DELTAY gloss by glossmeter/ Haze/ RSPEC/DOI 0.99 0.99 0.99 0.99 0.99 0.99

DELTAY gloss/Haze/RSPEC/ DOI 0.99 0.99 0.99 0.99 0.99 0.99
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Table 13: Fitting DeltaY with single goniophotometric parameters in random samples.

I BT R N A

DELTAY gloss by glossmeter
DELTAY Gloss
DELTAY Haze
DELTAY RSPEC
DELTAY DOI

0.89 0.42
0.86 0.85 0.49
0.97 0.93 0.74
0.92 0.89 0.59
0.03 0.45 0.58
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Table 14: Fitting DeltaY with the double combination of goniophotometric parameters in random samples.

DELTAY gloss by glossmeter/ Haze 0.99 0.95 0.84
DELTAY gloss by glossmeter/ DOI 0.84 0.89 0.71
DELTAY gloss by glossmeter/ RSPEC 0.94 0.89 0.81
DELTAY Haze/ DOI 0.97 0.93 0.89
DELTAY Haze/ RSPEC 0.99 0.99 0.84
DELTAY gloss/Haze 0.99 0.99 0.86
DELTAY DOI/ RSPEC 0.93 0.89 0.8
DELTAY gloss/DOI 0.87 0.85 0.75
DELTAY gloss/RSPEC 0.99 0.99 0.9

B slaaiges ;3 (5 esighanisT Jalse (ol S5 LY Sliasi B3l 5] ol b 18 Jgaz
Table 15: Fitting DeltaY with the triple combination of goniophotometric parameters in random samples.

_

DELTAY gloss by glossmeter/ Haze/ DOI 0.95 0.98
DELTAY gloss by glossmeter/ Haze/ RSPEC 0.99 0.99 0.98
DELTAY Haze/ DOI/ RSPEC 0.99 0.99 0.99
DELTAY gloss/Haze/ DOI 0.99 0.99 0.99
DELTAY gloss/DOI/ RSPEC 0.99 0.99 0.91
DELTAY gloss/Haze/RSPEC 0.99 0.99 0.98
DELTAY gloss by glossmeter/DOI/RSPEC 0.86 0.89 0.96
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Table 16: Fitting DeltaY with the quadric combination of goniophotometric parameters in random samples.

e ——

DELTAY gloss by glossmeter/ Haze/ RSPEC/DOI 0.9 0.99 0.76
DELTAY gloss/Haze/RSPEC/ DOI 0.99 0.99 0.78
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