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The word “color” is a term that carries multiple meanings for
various disciplines of color research, and even for the visual
nature of color, what properties included is subject to be
inspected semantically and perceptually. The present study
aims to go beyond the basic three properties of color — hue,
saturation, and brightness — but to explore the appearance
of materials, which is unignorable for describing a complete
meaning of surface color.



The present study applied a three-dimensional system
developed by Argentinian scholar Jose Caivano to describe
these supplementary appearance qualities. The system
“cesia” uses three axes to define and quantify three
significant properties of material perception and further
extend the description of color appearance into material
properties:

P — Permeability, D — diffusivity, and A — Absorption. The

plausibility of the cesia system was supported by earlier
studies.



How do we perceive the Colour?
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perception
of color

hue (1st dimension)
(dominant wavelength)

chromaticity

saturation (2nd dimension)
(purity)

luminosity (3rd dimension)

(luminance, reflectance, or transmittance)



The visual judgement of surface properties, such as
roughness, smoothness, thickness, undulations,
glossiness, matt, puffiness, transparency, hardness, etc.

The perceived surface properties through merely visual
perception for images of materials.



The word “cesia” has been coined to refer to the visual
sensations aroused by different spatial distributions of light:

sensations of transparency, translucency, matte opacity,
specularity, glossiness, darkness, etc.

Color sensations are always accompanied by sensations of

cesia; the same opaque color may have a glossy or matte
aspect.



Cesia properties appear associated with color due to the fact
that all the spatial modalities of light transfer may be
selective as regards wavelength; if they are nonselective,
then we have achromatic or colorless cesias.

The explanation arises from the analysis of the possibilities
of transmission and reflection (whether they are diffuse or
regular), as well as absorption of light, splitting the light
stimuli into each primary component.

Caivano (1991)
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permeability (1st dimension)
(permeance)

diffusivity (2nd dimension)

perception
of cesia (diffusivance)

absorption / luminosity (3rd dimension)
(absorptance I luminance, reflectance, or
transmittance)



Can we add more dimensions to
a color order system?
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Based on Hale the technical committee of the

(Colour Notations), has defined a color-order system as “a
set of principles for the ordering and denotation of colors
that defines: (- ) an arrangement of colors according to
attributes such that the more similar their attributes, the
closer are the colors located in the arrangement, and (- a
method of denoting the locations in the arrangement, and
hence of the colors at these locations.”



The purpose of a determines the number
of attributes that must be considered, each attribute defining
one dimension of the system.



Following the definition of a color order system, the
present study suggests to build up an order system
that arranges colors according to material perception
attributes, and applies a method of perceptual
maghnitude estimation to construct the scales of cesia
to denote samples on locations of arrangement.



The purpose is to build a three-dimensional order
system to describe the perceived material surface
attributes, as the way a color order system describing
color appearance attributes. The material perception
order system can be used to denote material samples
with their perceived surface appearances, and is
valuable for both science and industry.



The present study applied a three-dimensional system
developed by Argentinian scholar Jose Caivano to
describe these supplementary appearance qualities.

T e —

N ! Caivano (1991)
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* P (permeability): : ’

=

Light passing through the object so that incident and emerging radiation are in
opposite semispaces divided by the object.

D (diffuseness): ’

Light scattered in infinite directions, or re-emitted regularly in only one direction so that
the emerging ray is as even and direct as the incident one.

* A (absorbability):

The incident radiation does not emerge from the surface or body in any visible way.

* R (reflectance): )

Incident and emerging radiation are in the same semispace in relation to the
object.

* L (lightness):

The degree of light emitting from a surface from the direction of observation.
By Caivano (1991)




Viert AU NI T R A et anb | ks By EASALCRE - —rx
- ab o - s ASAGUCOUE LV
0 qv | % :J..- \] “Aptat lonops L4 =1 S SAN | ~DB «'MJ .....4.- b w7
K 2 |l.h.44.41v~.,_5 2 0pg -t B s aaS~abaTY LA aEAGOLUFOUS
Ry PrQES TUN0) o Opqr s LU a3 -
2345478 PORSTUYS) Ly wp e = -
¥ L e < P =T U 3
..cu—;.,: DS~ 3t ermargtarxya i i) 6 .
ETevKYa{ A1 sl Imsopqeetuvwyzi]] 0S8
<573 v SN2 A rrey B STTUS 1} Cueadss
IR VAT Lol
3 Yy Y] Tat R
2 e
-e SYN v
5 YL <
$
5T 41
< S
= ¥ Bt
- - s -
w = $94 ANER 0
SOt . ;
Dedal 1 ABCRERE S RANZ2YD b
= CIJ.PA | " COARAANCOBRIT £ 2 800 iy =
. G633 raees | I ARSRESNS] .ﬂ L o 53
: [ abed foh ClaAs e Tt 2 >
" o v b defg o o & cand x f i
1t JRLOPCRSTUVRITL | | neda {3 P4E: o COESA 41 " S p il ;..) »
PG SR ORS TV Sedefoh DOSGIELTYeEY COUSAARACARAY A4 3 - h |
P L P ORSTUVXYS Serts - - A : e
ot "t
= "
L5

PR TUVEY L |

PRSIV
QESTUTN
(ReTevell
STUN Y

FTUVeXYL]

5

types in the same color

»

Id

Four different ces
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P: permeability
P'D L example D: diffusivity
L: lightness

inherent cesia: perceived cesia: perceived cesia:
P95, DO, L 95 P:50, D0, L 95 P'5, D5, L 95

The window looks transparent during the day, when the most intense source of light is outside the room, and
turns specular as night advances, when the artificial light inside the room becomes the most intense source.
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The five primary interactions between matter and
light in turn generate five material properties (PDARL),
and in turn five primary cesia stimuli and sensations.

Then a solid model of cesia was suggested.
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5. specular-matte white

especular-matte white
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However, the original cesia scales are based only on
physical properties of material,



What we were and are doing?
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Experiment 1
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This experiment was to find the perceived PDL values in
accord to physical values, that is, to find the
psychophysical relationship between physical and
perceived cesia values.

Jose Caivano (1994) suggested the method of using
spinning disks with variable sectors to generate
different PDL values in physical scales, which was used
here to made the stimuli.



Reference
100% or 0%

Test sample

Lan, Lee, and Sun (2015)



!

13D

YaJeaSay J0O|0) % UOI]

Darkroom

subject

Black Box

Rotary Color Mixture Instrument

Chinese Culture University Center for Color Culture and Informatics



EXperiment environment

Lan, Lee, and Sun (2015)
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transparent - black




nsparent disks

Lan, Lee, and Sun (2015)

White paper on resin
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Experiment 2

Center for Visual Communication & Color Research

I i C3_<mq.m_ﬁ<




Based on the previous experiment, we used the
spinning disks as anchors for the maximum and
minimum scale values, to test the perceived cesia
values with real construction material samples, mostly
glass plates. The physical parameters of those
construction material samples were also measured to
observe the relationship between perceived cesia
scale and physical properties.



In the present study, the samples used to be rated are
23 glass plates provided by Taiwan Glass Inc., and five
selected representative samples.

They are chosen based on availability.



The experiments were conducted in a room with
reduced illumination. The test samples and the
references were illuminated by lamps positioned to
generate the necessary effects for cesia rating purpose.



The experiment set-up

3"x3”

Observers were instructed to rate their perceived glossiness,
mirror-ness, and transparency to the samples they looked
through the square opening. Two spinning disks on the table
used as anchors for minimum and maximum references. The
observers simply rate their perceived sensation by answering
percentage values (0 — 100%) for the samples presented. Four
observers joined the experiment, two of them rating all
samples twice.
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subject

viewing
distance
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The observers showed evidence that they could understand
what the terms glossiness, matt-ness, mirror-ness,
translucent and transparency mean, and made
correspondent and relatively consistent ratings.
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Conclusions

The study shows that the indexes in the Cesia system are
understandable for human observers, and can generate
rather consistent results for Cesia indexes.
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The present research suggests that even for solid samples,
such as the plate glasses used in experiments,



During the rating processes of the experiment, we noticed
that observers could perceive all scales of cesia for a given
sample. That is, we can provide references all together and
ask the observer to rate all suitable cesia scales at a time. A
improved rating procedure and display geometry are
suggested, as shown in the following.
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Though the current study was mainly based on the cesia
measurement executed in the laboratory, the results are
useful for understanding the appearance of those material
samples in natural environment. The 0/45 sample viewing
geometry simulates a natural perspective where a tile
viewed at eye level under diffuse skylight, which is common
in everyday environment. The cesia data obtained in the
present study will provide empirical reference for
environmental color designers.
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