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|ICC profiles have been widely used in digital archives to
preserve the color information of the relics. However,
their surface properties such as glossiness and texture
have not yet been recorded using the conventional ICC
system.

ICC is currently working on iccMAX. The new ICC system
can be used to simulate material appearance with BRDF
parameters.

The study aims to optimize BRDF measurement and
color appearance simulation based on the iccMAX and
providing real-world examples for evaluation.
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Samples:

° PANTO N E PANTONE"
coated/uncoated/metallic/

cotton
* R/G/B/W/K/GY
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Apparatus: IS-SA BRDF Scatterometer

A hemisphere scatter imager

movable
light source

convex
mirror

test sample )
(contact

measurement)
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Apparatus:
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Measurement Geometries :

S Bvicac |15 | oviaac

Incident Angles d=¢$=90" d=¢$=90" data XYZ L*a*b*
e; 10°to 80° -45°
Reflection d=¢=0to 359’ d=¢$=90"/ 270 d= azimuth angle,
Angles ©,;=illumination angle
e, 0°to 80° 0°,20°,30°,60°, O = viewing angle
—30,-65, .
five aspecular angles
_30° 0 20°30° s
. pecular
QO: A
_65; ‘ 60’
270°
: 90° 270°
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BRDF data coordinate transto

range y
_ r
d =_[E)O39600]] Ad Toy
Raw Data (polar coordinates) Raw Data (Cartesian coordinates)
.ﬁO 90
o0 (r,d) = (80, 30) (x,y)=(r*sin(d), r*cos(d))
2 *sin(d
180 ’ Aﬁ“ 0 180 0 I e

270 270
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White samples with different glossiness

Whitecard cottonW
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‘ Evolution of BRDF paramet

Blinn-Phong model as an example
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The following are the Blinn-Phong parameters that specify the material:

K, is the diffuse reflection constant for the material
K, is the specular reflection constant for the material.
n is the shininess constant for the material.

For the full colour Blinn-Phong function the three parameters shall be K, , K, and n..
The order of the parameters in the transform shall be: K, , K¢, and n

The monochrome function combines the output of the absolute transform with three
parameters to compute the Blinn-Phong parameters

K, =1,B

K=1B+l XYZ tristimulus value in x/0 viewing

Where B is the output of the absolute transform, /; is the diffuse scaling factor, I, is the
specular scaling factor, and [, is a global specular component.

I, are normally very small. We ignore them.
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BRDF parameter fitting:
¢ Convert IS-SA raw

data to images
5 —>

range Raw Data (polar coordinates)

r=[090] r
d=[0360] 90 K,d'

(r,d) = (80, 30)

180 0

270

o Least-squared curve fitting for
Blinn-Phong Reflection model
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X stimulus

10° incident light ° incident light 30° incident light 40° incident light

50° incident light ° incident light 70° incident light ° incident light

D
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Y stimulus

10° incident light 20° incident light 30° incident light 40° incident light

50° incident light 60° incident light 70° incident light 80° incident light

Page * 16 Normalized Y stimuli with pseudo-colors
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/ stimulus

10° incident light 20° incident light 30° incident light 40° incident light

50° incident light 60° incident light 70° incident light 80° incident light
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¢ Monochrome BRDF parameters across X, Y
and Z channels are very similar.

¢ |_are normally very small. We ignore them.

¢ Limit upper boundary of /,to 1 could improve
the fitting.
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1. Device sighals to PCS conversion using an
A2Bx profile.

2. Apply a monochrome BRDF profile for the

material. It contains /, [, |, and n

parameters for each of XYZ channel.

SRGB XYZ ///// N\
| AToBx/ Combine "\ Color BRDF

Device —> PCS — PCS &
DToBx Parameters Parameters

Iy Iy 1y 1
BCPX/ Monochrome

> —_— BRDF
BSPx Parameters
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3. Calculate color BRDF parameters.

K,=1,*XYZ
K, = (1,*XYZ+l )

k, k, n
SRGB AToBx/ xve b Color BRDF
. oBXx Combine olor
Device - — PCS PCS & —
DToBx Parameters Parameters
l, 1, Isg, n
BCPX/ Monochrome
— BRDF
BSPx Parameters
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E RS iccMAX application

2. Color rendering based on given illumination
angle, viewing angle and the BRDF model.

* We have implemented Blinn-Phong and Cook-
Torrance models.

lllumination angle

RGB Koy K 1 XYZ
S

. B Color

Device — . BRDF PCS

BSPx¢ Parameters

Blinn-Ph

brdfColorimetricParameterX/

brdfSpectralParameterX Viewing angle
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iIccMAX application

5.

Highlight compression in XYZ space.

 Non-linear tone mapping is needed to avoid
highlight clipping of shiny objects.

50

XYZ

unchanged

compressed

50 100

XY Z

150 200
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E RS iccMAX application

6. PCS to Device conversion using a B2Ax profile.

* Inour case, use a sRGB profile for LCD simulation.
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Illumination angle

Color
Device — HE T I PCS | B2Ax |— Device
BSPx Parameters

Viewing angle

iccMAX approach

Simulate a light tube
above the painting
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¢ We have done BRDF measurement of many real-world
samples.

¢ We also proposed a method for evaluating BRDF
parameters of Blinn-Phong model.

¢ Tone compression is needed to avoid highlight clipping.

o The BRDF parameters can be used to simulate color
appearance of a material based on the the iccMAX
framework.
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