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Abstract

Applicability of three color di�erence equations, 

such as CIELAB, CIE94 and CIEDE2000, for 

facade surfaces was investigated. Facade sam-

ples have structured surface similar to tex-

tile fabric. Measurements were made with two 

spectrophotometers with di�erent measurement 

geometries, Spectra�ash SF600 (Datacolor) and 

Eye – One (X – Rite). For evaluation of match-

ing of the facade sample with the template in 

color chart, visual assessment based on the gray 

scale was also used. From the results of the re-

search it is evident that the most suitable equa-

tion for calculating color di�erences of facade 

surfaces is the CIEDE2000, while the least ap-

propriate proved to be the CIELAB equation. It 

was also determined that the spectrophotome-

ter Spectra�ash SF600 (Datacolor) is more suit-

able for comparing colors of rough facade sur-

faces with the templates in the color scale and 

that the visual assessment based on the gray 

scale is pretty reliable.

Keywords: color measurement, color di�erence, 

facade surface, spectrophotometer, gray scale 

visual assessment. 
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1 Introduction

Color is a sensual perception that occurs in a 

human brain under the in�uence of light. By 

measuring the color it is asigned numerical 

values and gets objective identi�cation, which 

is useful for quality control of colored prod-

ucts [1, 2]. Color measurements are normally 

performed by means of colorimeters and spec-

trophotometers. Colorimeter enables fast and 

simple measurements but also has some li- 

mitations. It uses a single light source, while 

to obtain standardized tristimulus values and 

color di�erences; various light sources are of-

ten required. In comparison with colorimeter, 

spectrophotometer is a precise instrument that 

measures sample re�ection in the whole vis-

ible spectrum and also enables calculation of 

tristimulus values under di�erent light sourc-

es and therefore the assessment of metamer-

ism [1].

For measuring colors on smooth surfaces, such 

as prints on paper or board, instruments with 

a plane geometry of illumination and obser-

vation (45/0) (Figure 1a) are recommended 

by standards, while for rough surfaces, such as 

textile and knitted fabric, instruments with a 

spherical geometry (D/0, D/8) are recommend-

ed (Figure 1b) [1, 3, 4, 5]. A problem arises 

when we want to compare colors of two ma-

terials with di�erent surface structures. In our 

research, colors of structured facade surfaces 

were compared to those of smooth templates in 

a color chart.

Final plaster is used to protect and design the 

facade [6]. �ree typical �nal plasters are sili-

cate, silicon and acrylate plaster. All of them 

are paste–like and suitable for scratched and 

groove structures. In a scratched structure the 

particle size can be 0.5, 1, 1.5, 2 or 3 mm, an 

exception is silicon plaster where particle size 

ranges from 1.5 to 3 mm. Final plaster color is 

usually chosen from the producers color chart. 

�ese plasters are water-repellent, weather-re-

sistant, have high permeability for vapour and 

are easy to use.

Goal of our research was to determine which 

of the two measurement geometries in this case 

enables a better matching of the calculated color 

di�erences with the visual assessment of an av-
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2.1 Izbira vzorcev

a) plane geometry

b) spherical geometry

Figure 1: Measuring geometry: a) plane geometry (45/0, 0/45), b) 

spherical geometry (D/0, 0/D, D/8 and 8/D). (Author: Jernej Dov-

jak)

erage observer. Consequently, both rough color-

ed facade surfaces and their templates printed 

on a smooth coated paper were applied. Be-

sides, we also wanted to �nd out which of the 

three equations for numerical evaluation of 

color di�erences o�ers the best correlation with 

the visual perception of color shi�s. �ree equa-

tions (1–3) for the calculation of color di�erenc-

es are [2]:

1. CIELAB equation (1),

2. CIE94 equation (2)

3. CIEDE2000 equation [2, 7] (3)

2 Experimental

22 facade color samples (size 5  8.5 cm) and 

their 22 templates in the color chart (as stand-

ard) were used for measuring (Figure 2). Colors 

in the chart were represented on a smooth sur-

face, while colored facade samples had a rough 

or non–uniform surface with 1.5 mm large 

grains. Our purpose was to include as large 

number of colors in the visible spectrum as pos-

sible, so the samples were sellected according to 

their color hue (tone). In addition, two samples 

of each color hue with di�erent saturation levels 

(most and least saturated) were selected.

Due to their di�erent characteristics, measure-

ments with two spectrophotometers, Eye – One 

(X – Rite) (designated as i1) and Spectra!ash 

SF600 (Datacolor) (designated as SF600), were 

performed. SF600 that uses CIE 1964 Standard 

Colorimetric Observer (10°) is more appropri-

ate for measuring colors on larger surfaces than 

spectrophotometer i1 where results are obtained 

using the CIE 1931 Standard Colorimetric Ob-

server (2°). Spectral response of colors was mea-

sured in the range from 380 to 730 nm (with i1) 

and from 360 to 700 nm (with SF600). Based 

on these data, values X, Y, Z, L*, a*, b*, C*
ab

 and 

h
ab

 were then calculated.

10 measurements on each sample and 3 meas-

urements on each standard with i1 and 7 meas-

urements on each sample and 3 measurements 

on each standard with SF600 were carried out. 

Characteristics of both spectrophotometers are 

displayed in Table 1. 
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2.2 Meritve

so bile izračunane vrednosti X, Y, Z, L*, a*, b*, C*
ab

 in h
ab

Table 1: Characteristics of Eye – One (X – Rite) and Spectra!ash 

SF600 (Datacolor) spectrophotometers.

Eye – One

Standard observer

Calibration standard white white and black 

Figure 2: Color samples.

For the visual evaluation, a nine-step gray scale 

was used [8]. Facade sample and standard were 

compared with the gray scale in a neutral gray 

surrounding in a light chamber (Gretag Mac-

beth) using a day light (D65) illumination. 

Samples were viewed at an angle of 45° with re-

spect to the light source. Matching of color sam-

ples was assessed by 14 women and 10 men. 

Visual assessment was given as the mean val-

ue based on 3x evaluation of each sample and 

its template.

With color analysis using an image process-

ing program ImageJ [9] and its plug-in Color 

Inspector 3D (v2.3) [10] we wanted to con-

#rm the results obtained by visual evaluation. 

Color charts templates and facade colors were 

acquired with Epson Perfection 4990 Pro scan-

ner. Parameters for both image acquisition – 

scanning – and creating the scanner pro#le us-

ing i1reference target and programme i1Match 

were the same: resolution: 600 dpi, gamma: 3, 

bit depth: 48 bit HDR. Images were saved as 

16-bit RGB ti$ #les. Since the plug-in requires 

smaller images, these were converted into 8-bit 

images. Each one was assigned the correspond-

ing scanner pro#le. Since Color Inspector 3D 

requires images in sRGB color space, the scan-

ner pro#le was converted into standard pro#le 

sRGB IE61966–2.1 with absolute colorimetric 

rendering intent where lightness axis is settled 

near D50. A%erwards, pictures were analyzed 

with the above mentioned plug-in.

3 Results and discussion

Results show that the smallest mean color dif-

ferences are obtained when applying ΔE
00

 

equation. 'is was expected since this formu-

la includes the largest number of correction pa-

rameters, such as lightness-, chroma- and hue 

correction terms as well as correction of el-

lipses orientation in blue area. Values of ob-

tained color di$erences calculated with ΔE*
94

 

are in most of the cases higher than when ap-

plying ΔE
00

 formula and lower than when ap-

plying ΔE*
ab

.
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2.3 Vizualno vrednotenje barvnih razlik

2.4 Uporaba vtičnika (plug-ina) Color Inspector 3D (v2.3)

Rezultati so pokazali, da najnižje vrednosti povprečnih barvnih 

E
00

E*

E
00

, in nižje od vrednosti, izračunanih 

E*
ab

From the measurements it was clear that high-

er color di!erences appeared in case of bright-

er samples. "is is due to the fact that the hu-

man eye is more sensitive to changes in brighter 

shades of color than to darker ones. Calcu-

lations also lead to the conclusion that low-

er color di!erences were obtained when using 

spectrophotometer SF600. SF600 is therefore 

more appropriate for color measurements on 

facade surfaces than spectrophotometer i1; note 

that color di!erences obtained by visual evalua-

tion were low.

When using spectrophotometer SF600, equa-

tions ΔE*
ab

 and ΔE*
94

 produce similar results, 

with the exception of more saturated yel-

low, ochre and red samples. In case of small-

er color di!erences (ΔE < 3) all three equations 

are comparable (this is true also for the sample 

3271 where ΔE*
ab 

= 4.6) while for other samples 

ΔE
00

 values are generally lower (Figure 3).

When using i1 and in case of smaller color dif-

ferences (ΔE < 3), all three equations are com-

parable. Results obtained with equations ΔE*
ab

 

and ΔE*
94

 are similar except for more saturat-

ed yellow and ochre samples, probably because 

these two colors have higher lightness and sat-

uration. Almost all obtained ΔE
00

 values are 

smaller; exceptions are samples 3271 and 3301, 

where ΔE
00

 value is slightly higher than the ΔE*
94

 

value (Figure 4).

Color di!erences based on SF600 measure-

ments are – for all three color di!erence equa-

tions – virtually always smaller than those ob-

tained with i1; exception is the gray sample 

3271. Smaller color di!erence is also evident 

from the mean color di!erence values (Table 

2). We can therefore conclude that instrument 

SF600 is more suitable for measuring color dif-

ferences on rough facade surfaces.

According to the obtained results we can con-

clude that the calculated color di!erences ex-

hibit a good matching with visual assessment 

based on gray scale. Figure 5 shows mean vis-

ual evaluation scores of 14 women and 10 men 

together with the calculated color di!erenc-

es based on measurements with SF600. Low-

est average color di!erence was 3.3, while high-

est one was 4.7. Samples 3011 (more saturated) 

and 3271 (more saturated) received lowest av-

erage evaluation score, while samples 3125 (less 
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E*
ab

E*  daje

E

E*
ab

E
00

E E*
ab

E*  

Figure 3: Color di!erences obtained with spectrophotometer Spectra"ash SF600 (Datacolor); dEab-ΔE*
ab

, dE94-

ΔE*
94 

 and dE00-ΔE
00

.

saturated) in 3301 (more saturated) received 

the highest one. $e highest color di!erences 

were calculated with all three equations for the 

sample 3011 (more saturated) and the small-

est ones for the samples 3121 (more saturated) 

and 3301 (more saturated). Using the spectro-

photometer i1 the result was similar only in the 

case of sample 3011.

Assessment of color di!erences based on meas-

urements with a spectrophotometer is more ob-

jective than a visual assessment based on gray 

scale, because results are more accurate, however, 

visual assessment based on gray scale is cheaper 

and according to our results quite reliable. 

By performing color analysis with the ImageJ 

plug-in Color Inspector 3D (v2.3) we we were 

trying to con%rm the results obtained by visu-

al evaluation. Results show that color repre-

sented in 3D space is in accordance with visu-

al evaluation. Figures 6-8 show the sample with 

the lowest visual score (3011) is much higher on 

the lightness axis, while two other colors with 

the smallest color di!erence (3121 in 3301) are 

located in the middle of the lightness axis. $is 

%nding also supports the well-known fact that 

a human eye is more sensitive to bright color 

E
00

E
00 

E*



Primerjava instrumentov za merjenje fasadnih barv 177

Tekstilec, 2009, letn. 52, št. 7–9, str. 171–180 

Figure 4: Color di�erences obtained with spectrophotometer Eye – One (X – Rite); dEab-ΔE*
ab

, dE94-ΔE*
94

 and 

dE00-ΔE
00

. 

changes and that these are perceived more eas-

ily and faster.

4 Conclusion

Research results show that the most suitable 

equation for color di�erence calculation on fa-

cade surfaces and also for matching color of fa-

cade surface with template in color chart is 

CIEDE2000, while the least suitable equation 

is CIELAB. Spectrophotometer Spectra!ash 

SF600 (Datacolor) proved better for purposes 

of comparison of color on rough facade surfaces 

and its templates in color charts. Assessment of 

color di�erences based on measurements with a 

spectrophotometer is more objective than a vis-

ual assessment based on gray scale, because re-

sults are more accurate, however, visual assess-

ment is cheaper and according to our results 

quite reliable. For that reason we can conclude 

that the color of a facade can be chosen from 

a color chart. More accurate and objective re-

sults require the use of an appropriate spectro-

photometer. Color analysis with ImageJ plugi-n 

Color Inspector 3D (v2.3) con"rmed the results 

obtained by visual evaluation.

Table 2: Mean color di�erences ΔE*
ab

, ΔE*
94 

and ΔE
00

 calculated from 

measurements with spectrophotometers Eye – One (X – Rite) and 

Spectra!ash SF600 (Datacolor).

E*
ab

E* E
00
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Figure 6: �e color (3011) displayed in 3D color space: a) color chart, b) facade surface.

Figure 5: Matching of visual observation with color di!erences calculated with three equations. Measurements 

were performed with spectrophotometer Spectra"ash SF600 (Datacolor); dEab- E*
ab

, dE94- E*  and dE00-

E
00

. 
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Figure 7: �e color (3121) displayed in 3D color space: a) color chart, b) facade surface.

Figure 8: �e color (3301) displayed in 3D color space: a) color chart, b) facade surface.

 ugo
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