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Traceability & references for the measurement of appearance

Review of latest developments at
Europeans National Metrological Institutes (NMis)

National Metrological Institutes :

» Realize and maintain at the highest level of §
accuracy of the primary quantities for a §
given country (meter, second, reflectance) F

> Establish procedures and measurement ?e‘cnam
protocols to ensure the transfer and the
dissemination of these quantities through
the traceability chain,

» Develop new quantities when requested
by industrial needs

L
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Traceablllty & references for the measurement of appearance

Definition of the measurand

Appearance is the visual sensation through which an object
is perceived to have attributes such as size, shape, colour,
texture, gloss, transparency, opacity, etc.

Colour — '

Texture

CIE 175:2006

a
y Gloss

— Translucency

.
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- 3™ adition

Traceablllty & references for the measurement of appearance

Physical Stimulus

Appearance

Appearance is a visual quantity
Measurand is not accessible by direct measurement
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Traceability & references for the measurement of appearance
~

Physical Stimulus Appearance
. o
Physical measurements Psychophysical measurements
0°/45° Spectral Reflectance Hue rankin
Hemispherical Transmittance ue ranking

. Gloss perceptive scale
Lightness difference

Specular Gloss at 60° inc

400 600 800 nm
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Traceability & references for the measurement of appearance

400 600 800 nm
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» Introduction
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Context in 1965

adition -

Come Hélen d Argentre /£ Rétro Emotion

Standard Portable
measurement geometries spectrophotometer Spectral reflectance Calibration tiles

1ISO 11664

>

-

Angular geometry
(0/45° or 0/diff)

>y
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Context in 1965

adition -

Come Hélen d Argentre /£ Rétro Emotion

Standard
measurement geometries Glossmeter Gloss value Calibration tiles

1ISO 2813

Geo- = 98 gu

Angular geometry
(60°, 20° & 85°)
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adition

Sparkle and graininess
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Context in 2015

Le progrba, ane pateion & purteger

3" adition
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Context in 2015

Physically based virtual prototyping
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adition

Quantity
0°/45° BRDF
0°/Diff Bidirectional Reflectance Distribution
(65, )
0; Or R (Og, $r)
do
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dQr
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Goniospectrophotometer
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(as we are talking about it... &)

, _ onj
M er

Goniospectrophotometer

_Goniophetemeter

Goniospectroradigmeter

Decision taken by CIE TC2-85 (Sept 2016 — Prague)
» “Recommendation on the geometrical parameters for the measurement
of the Bidirectional Reflectance Distribution Function (BRDF)”

NG
%‘ 3" Congress of COMET — February 6-7 2019 — Cergy, France 21
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O BRDF — BTDF - BSSRDF
All these measurements can’t be

performed at the highest level with a

% single equipment
$

Coordinated effort at the European
, metrological level
W (BssRDEF

o
SR EURAMET EMPIR - E“RAU

T [v‘PR t dﬂy e Europea 2020
gramme a dh !'MPIRP nnt_;\
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Ongoing coordinated action at EU level

-

CMI (CZ), CNAM (FR), CSIC (ES), INRIM (IT), Aalto

PTB (FI), MSL (NZ), PTB x2 (GE) METAS (CH), CMI(CZ)

SReflect |
2005 2013 2016 2017 T 5020

2019 2022

%
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» (Pre — introduction)

» Introduction
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o BRDF
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o Gloss
o Sparkle
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> Conclusion
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Control of primary Reflectance scales

Comparison between NIST and PTB

—
—_—

0.9

0.8

0.7

Reflectance factor

ISO 11664 & ,
Agreement :
%
0.5%
(0/45°)
0.02
PTFE #1 PTFE

o 0.01F
m
1.03 -

o 0.00F
1.02F m

N~ ' 0.01F
1LO1HY -
: D

100} Z -002F
nd

099 i 200 200 -0.03 F

Wavelength (nm)
400 600 800 1000 [nm] 400 600 800 1000 [nm]

C. C. Cooksey, M. E. Nadal, D. W. Allen, K. O. Hauer, and A. Hope, “Bidirectional reflectance scale comparison

- V between NIST and PTB,” Appl. Opt. 54, 4006—4015 (2015).
% A
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Control of primary BRDF scales
Comparison between PTB and NRC

Opal glass Agreement :

%.=550 nm 0.9% for O; < 60°

1.20

140

0.90

| 080

§ NRC g
L] * e
IR
e
By |
[ 3
=

L] 0.70 = PTB

hd 060

Radiance Factor

0.50

& 040

030

n')n
-90 80 70 60 50 40 -30 -20 10 O 10 20 30 40 50 60 70 80 90
Angle of reflection/°

R. Baribeau, W. Neil, K-O Hauerand A Hope, “Comparison of the bidirectional diffuse
\ | reflection scales of PTB and NRC in the V(A)-range” , NewRad proceedings (2011)
t'\
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Control of primary BRDF scales

Comparison of reflectance factor between 7 NMils

6 isotropic samples : 88 % white, 40 % grey and 5 % dark grey, red, green and blue

Radiance factor p(2), ..

350 400 450 500 550 600 650 700 750 8OO B850 900
Wavelength [nm]
4

Radiance factor (%),

Configuration : 0° /45°,
ﬁctral range : 380 nm — 850 nm 350 400 450 500 5§:vavejo';ngeio[nn:;)o 750 800 850 900

\ \ ~
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Control of primary BRDF scales

Comparison of reflectance factor between 7 NMls

6 isotropic samples : 88 % white, 40 % grey and 5 % dark grey, red, green and blue

Agreement: 2% (worst for A < 420 nm)

2 white |- w grey ~ # . |
white grey tp gre

. EURREEES. | V| W .. (O [y (S otk o | o e Nt ol deignty e
> ! __ w J ¥ _k_f ________ ‘ __ ¥ :M----v -
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. - O MIKes} & - g f:quM A1

o0 csic % pTB
v MSL
2 -l % p1B | ©
A sl s aaasal " A aaaaal al i
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w

1 L ? - -% ----------- -ﬁ --------
=) «&7 ........ 5 ... % l .. h . S .. ? ..... = . w ,_
S0
E ¥ [ 4

-1

¥ v
2F
N N | " A al .
1 10 1 10 1 10 a 1 10 0.1 1 10 0.1 1 10
U- 1000 U- 1000 U- 1000 U- 1000 U- 1000 U- 1000

C. Strothkdmper, A Ferrero, A Koo, P. Jannson, G. Ged, G Obein, S Kallberg, J. Audenaert, F Leloup,
F Martinez Verdu, E Perales, A Schirmacher, J Campos, A “Multilateral Spectral Radiance Factor Scale
Comparison”, Applied Optics, 56(7), p1996-2006, 2016

3" Congress of COMET — February 6-7 2019 — Cergy, France
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Goniochromatism
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Goniochromatism

Figure 6 / SEM micrograph of défractve pigment

3" Congress of COMET — February 6-7 2019 — Cergy, France
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Goniochromatism
" o
3
g5 - - “‘;o“’/ |

—— %00 nm MERCK wewtewe . 00015603 ———— 300 mm a* (D65, 107)

C Strothkamper K.-O. Hauer Andreas Hope, “How to Efficiently Characterize
Special Effect Coatings”, J. Opt. Soc. Am A, 33(1), p 1-8, 2016

Figure 6 / SEM micrograph of ddfractve pigment

A. Ferrero et al, “Color characterization of coatings with diffraction pigments”,
J. Opt. Soc. Am. A, 33(5), p. 1978-1988, 2016

3 Congress of COMET — February 6-7 2019 — Cergy, France
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Gonlochromatlsm

Colour travel can be well predicted
with only 10 angular geometries.
Geometries of ASTM E 2539 are okay
(even if not optimals)

—— 500 nm MERCK wenitows 00015600 ——— 300mm MERCK mise tanm

C Strothkamper K.-O. Hauer, Andreas Hope, “How to Efficiently Characterize
Special Effect Coatings”, J. Opt. Soc. Am A, 33(1), p 1-8, 2016

Firn 8. 554 miogegh o iache pgrer Colour travel can be predicted with a
' limited number of measurements
but it depends upon the number of
diffraction orders. ASTM E2539 not

sufficient

A. Ferrero et al, “Color characterization of coatings with diffraction pigments”,
\ J. Opt. Soc. Am. A, 33(5), p. 1978-1988, 2016
. % \
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Gloss
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Gloss
light ™ sparke 91058,
~source l

texture
«— colour

roughness

translucency

fluorescence

Information on gloss is located in a particular area of the
& BRDF called the specular peak
.\

3 Congress of COMET — February 6-7 2019 — Cergy, France
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Visual evaluation of gloss

When an observer evaluates the gloss, he tries to access
the size, the width and the shape of the specular peak

Grey samples from NCS® gloss scale, plane of incidence, 6, = 40°

g
f S 3" Congress of COMET — February 6-7 2019 — Cergy, France
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Measurement of gloss

To access surface gloss, one needs to measure the height,
width and shape of the specular.

but
high gloss surface shows narrow specular peak with huge dynamic

\ Dynamic > 6 decades 9 gu

¢
/
// Shape ?

/
// FWHM <0.5°

/

ASBQQQ

Black samples from 3C® gloss scale, plane of incidence, 6, = 30°

TR
% 3 Congress of COMET — February 6-7 2019 — Cergy, France
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Development of a dedicated instrument
(ConDOR)

A facility that measures the BRDF with an angular resolution
better the human visual system, in order to study the specular
peak of glossy surfaces e

HumanV|suaI

A resolution of 0,03° {
system —

P

» It is means light must be collected through
an aperture of @ = 0.5mm at a distance of
1 m from the sample

> It's about 40 000 points of measurement Visual system has

an angular sector of +1,5° large a resolution of 0,03°
%
\Q 3" Congress of COMET — February 6-7 2019 — Cergy, France
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- ConDOR

Spectral resolution > AAL=V(L)
Angular resolution > AQ <0.2 msr
lllumination area > @0=10mm

A%
Q‘ 3 Congress of COMET — February 6-7 2019 — Cergy, France
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Exemple of results

76 gu = o

Black samples from 3C® gloss
scale (75 gu)

Cut plane of incidence
0,=45° 42< 6 <48°

©0bein

-y
) |

il

ant

2,16°

2 ! i 7

—10 | 10

= =

a =

e 5| e 5 5

aa) o |

42 43 44 45 46 47 42 43 44 45 46 47
0\ ° 2y °
EZ-Contrast® , res =0,4° ConDOR, res =0,015°

&
>

3 Congress of COMET — February 6-7 2019 — Cergy, France
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Toward a new route for the measurement of gloss ?

B
' International Cor n Illuminatio
s Commnssion Internatnoml delEcl g
Internationale Beleuchtungsko ission
B W -

JTC17 (D1/D2/D8): Gloss measurement and gloss perception:
A framework for the definition and standardization of visual
cues to gloss

Start : Dec 2018

Chair : Frédéric Leloup, KU Leuven (BE)

A ¢

-
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Sparkle
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Sparkle

‘human
visual *
system

texture

«— colour

roughness

//

fluorescence translucency
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Principle

MERCK “‘X]TH”“C Crystal Silver
SRR Co T L edi?)

1600

1400

1200

1000

Imaging systems

Spatially resolved

measurement (28 um)

Angular resolution : narrow
Dynamic : 4 decades

3 Congress of COMET — February 6-7 2019 — Cergy, France
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3 el (tic

Method

086 13 30
o sur
0.4 - Threshold flux (Rm)
03 ) a8 F‘th s Rsur!(clh+1)
<
1.1
02 3
g 20 , e
| A i § Non-visible | visible sparkles
E € o - % 15 sparkles
= 0.1 .é
0.8
02 g 10
03 0.7
5
04 0 h
0.8 0— l“l Jl 11 ‘
—~t - 0.6
. . . - . 08 0 0.8 0
N o . v “ 8 ® X (mm) 1nstrumenta| Ilux (a u.)
X (rm)
a) Image of an effect coating within a 13 mm x (b) Image of a single sparkle from the image in
13 mm squared area. |, within an area of interest of 1 mm x 1 mm. Red

Juare represents the aperture used in this work.

A. Ferrero, S. Bayon, “The measurement of Sparkle”, Metrologia, 52, 317-323, 2015

A
%‘ 3 Congress of COMET — February 6-7 2019 — Cergy, France
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Development of dedicated facilities

Regular goniospectrophotometer equiped with imaging
based detection

Yy
.
i
Beam- .L_

s o ‘

Figure 19 : Photo of the two goniospectrophotometers that has been equipped for sparkle
measurement. Left, GEFE at CSIC. Right, ARGon3 at PTB.

3 Congress of COMET — February 6-7 2019 — Cergy, France
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Gloss
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oo 3> Future works (overview)

> Conclusion
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ﬂ V o International Commission on Illumination
Commlssnon Internattonale de lEclaxrage

\’ Internationale Beleuchtungskommission
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Eumg Future Project

EMPIR e

py the
The EMPIR initative is co-funded bY 2 ¢ [MPIRP aricipat
It rch an

esearch

ng b\ ates
d innovation programme an

BxDiff
New quantities for the measurement of appearance

3 Congress of COMET — February 6-7 2019 — Cergy, France
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Context

Sept 2013 Q> Aug 2016

o
JRP - |ND 52

SReflect

May 2017 [> April 2020 —~

BiRD

C ln"lons
\ JRP 16NRM08

BxDiff

May 2019 Q> April 2022 Cal SIB

At
Q‘ 3 Congress of COMET — February 6-7 2019 — Cergy, France
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Consortium

9 national metrological institutes

' 7am CZECH
| METROLOG

INSTITUTE

F2PIB

ecnam: csic [l oI, O METAS M%&

3 academics
KATHOLIEKE UNIVERSITEIT ‘r. ?ea{‘]:?sa;]e(s = uE"AI:EMRns;T"EET
LEUVEN & Universitet l 3 ' 'SAINT-ETIENNE
A
5 industrials

AT \/
SAINT-GOBAIN N Csllhﬂl'ﬂ LLEID-ON \/

INNVENTIA
™
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Proposal

1. Developing primary reference facilities and standard artefacts for the
measurement and the dissemination of the Bidirectional Transmittance
Distribution Functions (BTDF) as a traceable quantity,

2. Developing primary reference facilities and standard artefacts for the
measurement and the dissemination of the Bidirectional Scattering Surface
Reflectance Distribution Function (BSSRDF) as a traceable quantity

” f (6,167 pr X1y Xg yrA O)

Qa\
3 Congress of COMET — February 6-7 2019 — Cergy, France 54
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Proposal

Addressing advanced metrological issues related to Bidirectional
Reflectance Distribution Function (BRDF) measurement, including

polarization and speckle induced effects in order to reduce by a factor 2 the
measurement uncertainty at the highest level
T -

Pe S '
sla Tﬁg@fiﬂbﬁq L Speckle ;5‘

3022 ;

BRDF \ sr’’

Ty N
ConDOR, res = 0,015°

3 Congress of COMET — February 6-7 2019 — Cergy, France 55
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Proposal

Establishing a full metrological traceability of the BRDF from tiny objects
(micrometric scale) to regular objects (centimetric scale),

Engaging with industry, academics and end-users know-how transfer,
measurement techniques and reference materials issued from the project,
in order to strengthen the level of traceability in the field of
spectrophotometry, thus allowing a better control of the appearance of
manufactured objects.
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Stakeholders
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Do you want to joint ?
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» (Pre — introduction)

» Introduction

» State of the art of primary metrology for
o BRDF
o Goniochromatism and iridescence
o Gloss
o Sparkle
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BiRD .
mesienoses 3> FUtUre Works (overview)

> Conclusion
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Conclusion (1/3)

Industrials need to control the appearance of their products
The visual effect generated are more and more complex

Measurement solutions must include a bi-directional

» approach (BRDF, BTDF)
New transfer artefacts must be thoughts to ensure

traceability
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Conclusion (2/3)

Since 2012 and thanks to Euramet and EU
funds, the European metrology is addressing EMPIR - EURA"J

s Honzo UU

this demand and is structuring its labs to be === i
complementary, applied and efficient

Important progresses have been made in
connection with goniochromatism, gloss, sparkle,
o . . . JRP —
graininess, fluorescence (BRDF) characterisation xp .fla
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Main outputs are now at the normative level ="
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Conclusion (3/3)

l

Future project will address transparency (BTDF),
translucency (BSSRDF) and multiscale traceability

It will provide primary standards and transfer artefacts
of these quantities, to ensure a better characterization
and exploitation of the related visual effects.

JRP 18SIB03

» “New quantitites for the measurement of appearance”
(BxDiff)

June 2019 to May 2022
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Next meeting concerning BiRD/BxDiff will be at CNAM (Paris)
21/22 May 2019

You are welcome to attend

- - " - — - - s =
3rd progress meeting - 25/27 April 2018 - Alicante (ES)P

Thank you
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