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Abstract: This article presents the effect of laser radia-
tion on the color of ornamental granites used for external
cladding. The laboratory experimentation was undertaken
on a widely used coarse-grain granite commercially
known as Rosa Porriño. The irradiation was carried out
with a Q-switched Nd:YAG laser at 1064 nm and several
energy densities (fluences) on polished surfaces, dry and
wet, uncoated, and artificially coated-simulating a black
crust. Laser effects on the granite surface were deter-
mined by color measurements with a colorimeter. These
measurements made possible to determine probable dam-
age due to laser radiation and the diverse response of dif-
ferent minerals. The analysis of the data also suggests
potential causes for the color change and applicability
limits of the technique. The a*-parameter, or red–green
component, is the most affected, leading to a change in
hab (hue) and was interpreted as a result in variations in
the Fe compounds, which strongly condition stone color.
No significant changes in L* (luminosity or lightness) or
C*ab (chroma) may indicate no relevant alterations in the
surface polish. When using laser irradiation to remove
black layers on granite surfaces, variations of L* can be
indicative of the cleaning effectiveness. This research
results may be useful to select laser parameters when
managing ornamental granite cleaning operations. How-
ever, they also suggest the need of further experimentation
in specific techniques of analysis as well as different laser
wavelengths. � 2007 Wiley Periodicals, Inc. Col Res Appl, 32, 152 –

159, 2007; Published online in Wiley InterScience (www.interscience.

wiley.com). DOI 10.1002/col.20299
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INTRODUCTION

The application of laser radiation to the cleaning of stone

was first investigated at the beginning of the seventies by

Asmus, Hempel, Lazzarini, Marchesini, Beloyannis, and

others.1 Laser cleaning of decayed stone and other materi-

als in sculptures was also tested in museums and laborato-

ries. These experiments were aimed at the removal of

black crusts and soiling layers; i.e., Asmus2 conducted

experiments on the cleaning of several Carrara marble

sculptures in Florence and Venice.

Laboratory and on-site testing was carried on through-

out the following decade. However, laser radiation was

not applied to the cleaning of building stones until 1992,

when a Nd:YAG laser device was used to clean the fa-

çade of the Virgin of the Amiens Cathedral.3–5 Since the

beginning of the nineties laser cleaning of stone has be-

come a relatively common conservation/restoration prac-

tice in both laboratory and monument contexts.

In Spain laser technology has been applied in the clean-

ing of polychrome on wood,6 chromatic patinas on monu-

mental stones,7 ornamental gypsum,8,9 and patinas and

black crust on building stone.10

The stone materials cleaned by laser radiation are

mainly carbonate rocks—limestones and marbles—and, to

a lesser extent, silicate rocks such as sandstones. Experi-

ence with granite and other crystalline stones (e.g., igne-

ous rocks) is rare at present.11 This is one reason for this

study to focus on the effects of laser cleaning on granite

materials, which are widely used in the Spanish architec-

tural heritage, especially in western (Galicia and Extrema-

dura) and central areas (Madrid and Castilla-León).

The pulsed mode solid-state Nd-YAG laser at the fun-

damental wavelength of 1064 nm is the most widely type

of laser used for cleaning building stone. The term YAG

is an abbreviation for Yttrium Aluminum Garnet, which

is the crystalline matrix hosting the Nd ions. This type of

laser is generally considered the most suitable for the

cleaning of some types of stones, such as limestones,

because of its ability for the selective removal of dirt.
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Black damage layers absorb much more laser radiation at

this wavelength than the calcitic material and conse-

quently, they can be eliminated with minimal damage to

the substrate. Meanwhile, short pulse lengths prevent ther-

mal conductivity on the stone surface.1

The effects of laser cleaning on stones largely depend

on the laser parameters (wavelength, pulse energy, pulse

duration, and pulse frequency rate), the type of stone and

the characteristics of application.12 Laser cleaning is only

safe within a given range of parameter values. Irradiation

on wet surfaces usually decreases the probability of ther-

mal and mechanical damage and also increases the effi-

ciency of cleaning.1,13,14

The chemical and mineralogical composition of the materi-

als affects the absorption to laser radiation and therefore pos-

sible chemical and physical changes and their concomitant

color-related behavior. Color is one of the stone characteris-

tics that influence its use as a building material. Changes in

stone color can be publicly acceptable but also aesthetically

unpleasant. Therefore color is a property that is often meas-

ured when undertaking research in conservation,15,16 spe-

cially when using laser cleaning.17,18,19,20 Rock color is

strongly influenced by the content, oxidation state and types

of iron compounds, as iron is highly absorbent to laser radia-

tion at 1064 nm. In general, color changes are usually attrib-

uted to changes in the state of oxidation of iron com-

pounds13,14,19. Cooper1 recommends caution when apply-

ing this type of laser to materials, such as sandstone and

granite, because of the presence of mica and iron oxide,

both highly absorbent to the 1064 nm radiation. Wave-

lengths other than the fundamental 1064 nm need to be

tested for the cleaning of some specific stones. Nowadays,

there is an increasing research on the use of the Q-switched

Nd-YAG different harmonics (1064, 532, 355, and 266 nm)

for different cleaning purposes of historic stone.21

This work studies the effects of Q-switched Nd-YAG

laser at 1064 nm used to clean ornamental granites. The

research is challenging and relevant for stone conservation

practice as the polymineralic nature of granite complicates

the color response to this type of cleaning procedure. The

main objective is to establish the limits of applicability of

this technique for the cleaning of a pinkish-colored gran-

ite, as well as the causes of granite response to laser radi-

ation. That was approached through color change meas-

urements and examination of the cleaned surfaces using

scanning electronic microscopy (SEM).

EXPERIMENTAL

Material

Experiments were carried out on a granite commercially

identified as Rosa Porriño, one of the most widely known

and internationally used Spanish ornamental stones. Rosa
Porriño is a biotite granite of phaneritic, coarse grained

(5–30 mm), hypidiomorphic, and heterogranular texture.

The essential minerals are quartz, microcline, plagioclase

(An 8–28), and biotite; the accessory minerals are apatite,

allanite, zircon, sphene, and opaque minerals (including

molybdenite and rutile) and the secondary minerals are

chlorite (biotite alteration), epidote, and sericite (plagio-

clase alteration). The largest crystals are microcline. As a

result of this mineralogy and crystal size, the rock is poly-

chromatic, pink being the dominant tone. Its petrographic

characteristics,22 modal analysis, crystal size, and mineral

colors are summarized in Tables I and II.

Experimental Methodology

Color Changes

The experiment was undertaken on stone tablets of 50

mm � 50 mm � 10 mm (exposure surface of 2500 mm2)

on polished uncoated and artificially coated surfaces, both

dry and moistened with water spray. Three granite slabs

were used in each case.

We used the uncoated surfaces—reference blanks—to

study the effects of laser radiation on the granite. The

artificially coated surfaces were used to study the effec-

tiveness of laser cleaning to remove black layers from

granite surfaces.

The �0.5-mm thick coating consisted of 35 g of gyp-

sum, 50 g of lime, 75 g of marble powder as inert load-

ing, 15 g of black smoke pigment, 15 g of black vine pig-

ment and deionized water. The proportion of the mixture

in weight was two parts deionized water for every 2.5

parts of the above preparation.

TABLE I. ‘‘Rosa Porriño’’ granite characteristics.

Origin Porriño, Pontevedra (Spain)

Texture Crystalline
Average grain size (mm) 12 6 5
Open porosity (%) 1.5
Dominant color Pink
Fe2O3

a content (%) 2.97

a Determined by X-ray fluorescence.

TABLE II. Modal analysis, size, and color of the constituent minerals of ‘‘Rosa Porriño’’ granite.

Quartz Potassium feldspar Plagioclase Biotite

Structural formula SiO2 (K,Na) [AlSi3O8] Na[AlSi3O8] Ca[AlSi2O8] K(Mg,Fe2þ)3 [AlSi3O10(OH,F)2]
Modal analysis (%) 30 6 2 48 6 3 13 6 1 9 6 4
Size (mm) 10 6 7 17 6 6 7 6 3 3 6 1
Color Dark grey Light pink White Black
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The samples were irradiated using a Q-switched

Nd:YAG laser at l ¼ 1064 nm, theoretical spot diameter

¼ 6 mm, pulse frequency rate ¼ 20 Hz; pulse duration ¼
6 ns and two different fluences or energy densities: 0.5

and 1.47 J cm�2. The fluence 0.5 J cm�2 is slightly

higher than that applied to conservation works when using

this particular equipment. Esbert et al.20 reported color

changes in this granite from a fluence of 0.5 J cm�2

onwards. The energy density 1.47 J cm�2 is the maximum

fluence of the used equipment.

Color was measured prior to and after laser irradiation

with the MINOLTA CR-200 colorimeter using the illumi-

nant C, beam of diffuse light of 8-mm diameter, 08 view-
ing angle geometry, specular component included and

spectral response closely matching the CIE (1931) stand-

ard observer curves. Sixty shots were used in each test.

Color measurements are expressed using the CIE-

L*a*b* and CIE-L*C*abhab systems. Here L* is the vari-

able lightness or luminosity, which varies from 0 (black)

to 100 (white); a* and b* are the chromatic coordinates;

þa* is red, �a* is green, þb* is yellow, and �b* is blue.

The attributes of chroma (C*ab: saturation or color purity)

and hue (hab: referring to the color wheel) can be calcu-

lated by the equations: C*ab ¼ (a*2 þ b*2)1/2 and hab ¼
tan�1 (b*/a*). Color differences (DL*, Da*, Db*, DC*ab,
DH*ab) were calculated after cleaning23 and the total color

change (DE*ab) was estimated by the expression: DE*ab ¼
(DL*2 þ Da*2 þ Db*2)1/2. Values of DE*ab were assigned

a gray scale (GSc) rating following recommendations of

the European Standard: EN ISO 105-A05: 1997.24 In this

standard GSc values indicate human visual discrimination

to color differences; they vary from 5 (nonvisible

changes) to 1 (very strong changes) and relate to intervals

of DE from <0.40 to ‡11.60. The significance of color

changes was analyzed using the Mann–Whitney nonpara-

metric test.

Morphological Examination

A series of smaller samples (20 mm � 20 mm � 8 mm)

exhibiting polished, dry, and uncoated surfaces were ana-

lyzed for possible morphological changes because of the

laser radiation. The specimens were irradiated at different

fluences and pulse number, and then examined under the

scanning electronic microscope (SEM). Here we tried to

maximize the aggressiveness of the test by focusing the

laser beam onto a precise area and using a variable number

of pulses: 1, 10, and 100. The areas were selected in such a

way that different granite minerals, i.e., quartz, potassium

feldspar, and biotite, could be independently examined for

any potential morphological damage (Fig. 1).

RESULTS AND DISCUSSION

The color of the granite is a combination of the color of

its constituent minerals, which can vary slightly depend-

ing on the selected block. Table III shows the average

values of the initial color parameters of the granite, its

predominant minerals and the coated surfaces.

Rosa Porriño exhibits a predominantly pink hue as a

result of its main and bigger minerals, which are pinkish

and light colored (Tables II and III). Plagioclase (white)

shows high luminosity values (L*) and low a* values. Po-

tassium feldspar (pink) shows higher values of a* and b*.
The darker areas (mainly consisted of quartz and biotite)

FIG. 1. Rosa Porriño granite
irradiated with Nd:YAG 1064 nm
at 1.25 J cm�2 and 10 pulses.
SEM photographs (from Esbert
et al.20) show biotite melting and
cleavage stepped fracture in
quartz.
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show low L* values. The black coating exhibits L* values

that are very close to 30 (typical of blackened materials)

and a* and b* values that are very close to 0 (very low

chroma, close to grey).

The effects of laser on the color are mainly related to

the pinkish minerals and are detailed in Table IV and Fig.

2. Table IV shows initial color parameter values (prior to

the application of the coating), and final (after laser appli-

cation), as well as their differences. In the case of coated

surfaces, initial color refers to the original clean surface

and final color to coated and subsequent laser cleaned sur-

faces. The resulting global color changes (DE*ab) and their

approximate corresponding values in the gray scale rating

(GSc) are summarized in Table V. Finally, Table VI

shows the percentage of initial color recovery in coated

specimens once they have been cleaned with laser radia-

tion (cleaning efficiency). This percentage was calculated

as the ratio between the color of coated and subsequent

laser cleaned surfaces and the original color of clean sur-

faces.

In general, when laser radiation is applied, the uncoated
Rosa Porriño granite experiences a visible color change

associated to pink potassium feldspars, which become

paler. The a* parameter shows a strong statistically sig-

nificant decrease even at a 0.5 J cm�2 fluence (Table IV).

Other experiments20 indicate that these variations may not

be produced at lower fluences, such as 0.37 J cm�2. The

a* decrease translates into an increase of hab, showing a

change towards more yellowish tonalities (Fig. 2). The

global color change (DE*ab) is always more noticeable at a

higher fluence and it is always greater on dry surfaces

(Table V). Changes in b* and L* are not statistically sig-

nificant at P � 0.05 therefore there is not enough evi-

dence to say that the measured final values are different

from the original ones. Any changes could possibly be

within the range of sample variability.

Prior to this experiment some color measurements were

carried out on pink feldspars and in dark minerals (biotite

and quartz) pre- and post-laser irradiation at a 0.63

J cm�2 fluence to dry surfaces. The only apparent change

was a decrease in the a* coordinate in pink minerals at a

TABLE IV. Average values of color parameters on uncoated and artificially coated specimens, before and after
laser cleaning, for two different fluences (0.5 and 1.47 J cm�2), and two modes of application (dry and
moistened surface).

Uncoated surface Coated surface

0.5 (J cm�2) 1.47 (J cm�2) 0.5 (J cm�2) 1.47 (J cm�2)

Dry Moistened Dry Moistened Dry Moistened Dry Moistened

L*initial 61.8 62.5 61.5 63.1 64.7 62.5 61.1 62.8
L*coating – – – – 33.2 33.2 33.2 33.2
L* final 61.1 62.4 63.2 63.8 51.8 59.8 54.4 61.2
DL* �0.6ns �0.1ns 1.7ns 0.7ns �12.9a �2.7b �6.8a �1.6ns

a* initial 3.7 4.0 2.9 3.5 3.4 3.2 2.7 3.3
a* coating – – – – 0.3 0.3 0.3 0.3
A* final 2.2 2.9 1.1 1.6 2.6 2.7 1.8 2.1
Da* �1.5a �1.1a �1.8a �1.9b �0.8ns �0.6ns �0.9b �1.2a

b* initial 8.2 8.7 7.2 8.0 8.1 7.8 7.0 7.7
b* coating – – – – 0.3 0.3 0.3 0.3
b* final 7.6 8.6 7.2 7.8 8.2 8.7 7.6 8.6
Db* �0.6ns �0.1ns 0.02ns 0.2ns 0.1ns 0.8ns 0.6ns 0.8ns

C*ab initial 9.1 9.6 7.8 8.8 8.9 8.5 7.6 8.5
C*ab coating – – – – 0.4 0.4 0.4 0.4
C*ab final 7.9 9.1 7.3 8.0 8.6 9.1 7.8 8.8
DC*ab �1.2ns �0.5ns �0.6ns �0.8ns �0.2ns 0.6ns 0.2ns 0.4ns

hab initial 67.5 66.7 71.3 66.9 69.8 68.6 71.6 69.6
hab coating – – – – 43.6 43.6 43.6 43.6
hab final 74.5 72.0 82.5 78.6 72.8 73.8 77.5 76.7
DH*ab

c 1.1a 1.0a 1.7a 1.7a 0.9b 0.7a 1.2a 1.4a

Coated surfaces: initial color refers to the original clean surface and final color to coated and subsequent laser cleaned surfaces.
The number of color measurements both prior and post laser application was 60 in each case.
ns, no significant changes.
a Significant changes at P � 0.01.
b Significant changes at P � 0.05.
c Calculated following EN ISO 105-J0323 recommendations.

TABLE III. Initial values of color parameters of the
constituent minerals (uncoated granite) and the
coated surface.

L* a* b* C*ab hab

Uncoated granitea 62.5 3.3 7.8 8.6 69.0
K-Feldspar (pink and
some white) 69.5 5.9 11.5 13.0 64.9

Plagioclase (white) 73.6 �0.1 6.8 6.9 90.8
Quartz and biotite (grey) 46.9 1.4 4.3 4.5 73.2

Coated granite 33.2 0.3 0.3 0.4 43.6

a The size of pinkish minerals (microcline: K-feldspar) allowed
relatively easy colour measurement of individual crystals. The
small size of the blackish biotite made color measurements of
individual grains difficult. Biotite frequently appeared closed to
quartz crystals. Quartz (although transparent) showed a grayish
tone. Therefore, it was decided to give an averaged valued of
these two minerals.
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ratio similar to those shown in Table IV (Fig. 3). How-

ever, the small number of measurements did not allow

any statistical analysis.

In coated specimens, the color change after laser clean-

ing is mainly an effect of the rests of the coating layer on

the material, and it is associated to a great extent to the

L* parameter (luminosity or lightness). L* values are

always lower than those prior to the application of

the coating (Table IV), and therefore they are related to

the amount of coating that is conserved, as opposed to the

effects of laser radiation on the granite surface.

The elimination of the coating is always more effective

on moistened surfaces, where the recovery of the global

color and luminosity (L*) is above 90%, both at 0.5 and

at 1.47 J cm�2 fluences (Tables V and VI) -slightly higher

at the highest fluence.

In coated specimens, there is also a change in color

due to the laser effect associated with the a* coordinate.

This effect on a* is stronger at the highest fluence. Table

VI shows that even when the recovery of L* and b* is

around 100% (in moistened surfaces), the recovery of a*
is much smaller. The parameter a* is most probably

affected by the laser radiation, leading to a decrease in

positive a* values. The laser cleaning is not self-limiting

in this case. For instance, at 1.47 J cm�2, the percentage

of the a* value recovered is only 66%, even though most

of the coating is eliminated (around 89% in dry or 98%

in moistened conditions). Moreover, this 66% is less than

the 80% of the a* value recovered when the radiation flu-

ence is 0.5 J cm�2.

In the case of moistened cleaning on coated specimens,

there may be a slight increase in b*, although it does not

seem to be significant at P � 0.05. That increase was also

observed in other materials under the same cleaning con-

ditions.20

Consequently, it seems that the main Rosa Porriño
color changes are related to a significant decrease in the

a* coordinate and could be associated to changes in the

Fe2O3 contained in potassium feldspar.25 Vergara Par-

deiro26 found iron oxides concentrated as lamellas or

stains in cleavage planes or fractures in Rosa Porriño
feldspars and quartz associated to hematite and allanite.

Color changes might be a result of thermal effects. Esbert

et al.20 and Grossi et al.27 observed in similar laser irradi-

ation experiments that the a* coordinate in limestones—

even in whitish ones—was very sensitive to laser radia-

tion. Reddish limestones, with higher positive a* values

experienced larger color changes, mainly an a* decrease,

leading also to changes in hab (hue). Visually, reddish

stones turned into greener tones. They speculated that the

detected changes could be associated to Fe-compounds.

Coordinates L* and b* can also show changes, always a

decrease, mainly in more chromatic stones, which trans-

lates into a general darkening and decrease in chroma.

Other types of experiments with sandstone28 also showed

that high temperatures can alter the a* parameter because

of the changes in Fe-rich components.

In this experiment, Rosa Porriño does not show any

statistical significant change in L*, b* and C*ab. Lightness
(L*) and chroma (C*ab) changes have been found to be

associated to changes in surface roughness.29 In our case,

surface roughness measurements were not possible

TABLE V. Average global color changes (DE*ab) and Grey Scale values related to visible color change (GSc) for
diverse tests and conditions, following EN ISO 105-A05 recommendations.24

Uncoated surface Coated surface

0.5 (J cm�2) 1.47 (J cm�2) 0.5 (J cm�2) 1.47 (J cm�2)

Dry Moistened Dry Moistened Dry Moistened Dry Moistened

DE*ab 1.7 1.1 2.5 2.0 12.9 2.9 6.9 2.2
GSc 4 4.5 3.5 4 1 3.5 2 3.5

FIG. 2. Color parameters in Rosa Porriño prior and after
laser irradiation at 1.47 J cm�2. Parameters a* and hab ¼
tan�1 (b*/a*) show the main significant changes.
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because no specific equipment was available in the labo-

ratory at the time of the experimentation. Alternatively,

color measurements were carried out on unpolished and

polished granite surfaces. In agreement with Benavente

et al.,29 the different surface finishes exhibited different

chroma and lightness but not significantly different hue.

Polished surfaces showed higher chroma and lower light-

ness (Fig. 4). Hence, in this case, even if mechanical

damage and roughening is quite plausible, the variation of

surface roughness is not enough to overcome the variabil-

ity of the L* and b* of this polychromatic material.

Therefore the significant changes associated to a* and

hab when Nd:YAG 1064 is irradiated on Rosa Porriño pol-

ished surfaces suggest a chemical rather than a physical

effect. Unfortunately, we could not assess changes in Fe

states. However, X-ray Photoelectron Spectroscopy (XPS)

seems a promising nondestructive technique to study Fe ox-

idation–reduction processes on granite surfaces.30

Finally, further and more aggressive experiments, fo-

cusing onto a specific point of a mineral and using a vari-

able number of pulses were assessed by SEM. Biotite is

the most affected mineral and can reach melting even at

no very high fluences whereas Quartz shows thermally

induced brittle fracture20 (Fig. 1). Feldspars show occa-

sional pitting and spalling. This observed damage might

also affect surface polish and eventually chroma and

lightness. Visually, biotite exhibits a change to lighter

tones and potassium feldspars become whitish at high flu-

ences and pulse numbers (Fig. 1).

CONCLUSIONS

The exhaustive analysis of the variation of the color coor-

dinates and SEM examination on Rosa Porriño demon-

strate that irradiation with a Q-switched Nd:YAG laser at

1064 nm can be detrimental if high fluences are applied.

The present research on granite polished surfaces is a rel-

evant contribution to Stone Conservation practice as it

made possible: (a) to determine possible damage due to

laser radiation and the response of different minerals and

(b) to suggest potential causes for the color change and

applicability limits of the technique.

It seems that Fe compounds, very sensitive to 1064 nm

laser radiation, strongly condition the response of granite

to laser irradiation, especially regarding to color changes.

The a* parameter, or red–green component, is strongly

affected. Changes in a* could be related to thermal

effects on the Fe2O3 likely contained in the feldspars.

However, that was not assessed experimentally. The use

of some surface nondestructive spectrometry, such as

XPS, could be of interest for this type of studies.

Changes in different color parameters might indicate the

nature of the damage. The a* decrease—and the consequent

hue change—seems to indicate a predominant damage

because of the chemical reactions of some granite com-

FIG. 3. Changes in the color parameters of dry surfaces
of polished Rosa Porriño individual minerals or areas irradi-
ated at 0.63 J cm�2. The parameter a* of pink feldspars
shows the main change.

TABLE VI. Average percentage of color recovery of
coated specimens after laser irradiation.

0.5 (J cm�2) 1.47 (J cm�2)

Dry Moistened Dry Moistened

L* 80.1 95.7 88.9 97.5
a* 76.3 82.3 66.1 66.0
b* 101.2 110.6 108.0 110.8
Global 60.5 90.6 76.2 93.0

Values of 100% imply no change in color.
Values <100% imply changes by defect.
Values >100% imply changes by excess.
Coated surfaces: initial color refers to the original clean surface

and final color to coated and subsequent laser cleaned surfaces.
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pounds when irradiated at a 1064 nm wavelength. In general,

no significant L* or C*ab changes—sometimes related to var-

iations in surface roughness—were detected. In the case of

black coated surfaces the variations of L* because of the

coating and posterior laser-removal of the black layers can

be used as indicative of the cleaning effectiveness.

The above results might be of some utility in the man-

agement of ornamental granite conservation, mainly when

selecting laser parameters and conditions of cleaning. The

results also suggest the need of further experimentation

on the use of different wavelengths and specific techni-

ques of analysis.
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5. Groux D. El láser y sus caracterı́sticas. Un ejemplo: Notre Dame la

Grande de Poitiers. In: Rivera J, Altés J, González Fraile E, Sola JR,
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Abstract: The Technical Committee 1-55 of the Interna-
tional Commission on Illumination on ‘‘Uniform color
space for industrial color difference evaluation’’ is
requesting the submission of datasets for use in develop-
ing a new approximately uniform color space for indus-
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The Technical Committee 1-55 of the International Com-

mission on Illumination (CIE TC 1-55) on ‘‘Uniform

color space for industrial color difference evaluation’’ is

looking for existing experimental datasets on color differ-

ences complementing those employed during the develop-

ment of the CIEDE2000 color-difference formula (Color

Res Appl 2001;26:340–350). Reliable experimental data-

sets (that is, color pairs assessed by a considerable num-

ber of observers with nondefective color vision, under

well controlled experimental conditions and using proper

experimental methods) are requested. These datasets will

be used to develop/test new color spaces with Euclidean

color-difference formulas which may be useful for indus-

trial applications. Not only surface specimens (object

color), but also color pairs assessed using visual displays

(e.g., CRT) can be considered. Experimental results

obtained under illuminating/viewing conditions close to

the ‘‘reference conditions’’ suggested for the CIEDE2000

color-difference formula (CIE Publication 142-2001) are

particularly useful. Exact experimental conditions includ-

ing the spectral power distribution of the viewing environ-

ment and the spectral reflectance factors or spectral radi-

ance factors of the specimens are preferred. Researchers

interested in having their experimental datasets considered

by CIE TC 1-55 are kindly invited to contact the chair-

man of this TC. Please provide detailed information on

the data: color coordinates and visual differences for

color pairs (with their corresponding uncertainties or con-

fidence limits, if possible), and a detailed description of

the experimental conditions and method employed.

Decisions as to the applicability of submitted data for the

purposes of the work of the committee will be made by

CIE TC 1-55.
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