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Abstract The aims of this study are to develop the
color density concept and to propose the color density
based color difference formulas. The color density is de-
fined using the metric coefficients that are based on the
discrimination ellipses and the locations of the colors
in the color space. The ellipse sets are the MacAdam
ellipses in the CIE 1931 xy-chromaticity diagram and
the chromaticity-discrimination ellipses in the CIELAB
space. The latter set was originally used to develop the
CIEDE2000 color difference formula. The color differ-
ence can be calculated from the color density for the
two colors under consideration. As a result, the color
density represents the perceived color difference more
accurately, and it could be used to characterize a color
by a quantity attribute matching better to the perceived
color difference from this color. Resulting from this, the
color density concept provides simply a correction term
for the estimation of the color differences. In the exper-
iments, the line element formula and the CIEDE2000
color difference formula performed better than the color
density based difference measures. The reason behind
this is in the current modeling of the color density con-
cept. The discrimination ellipses are typically described
with three-dimensional data consisting of two axes, the
major and the minor, and the inclination angle. The pro-
posed color density is only a one-dimensional corrector
for color differences; thus, it cannot capture all the de-
tails of the ellipse information. Still, the color density
gives clearly more correct estimations to perceived color
differences than Euclidean distances using directly the
coordinates of the color space.
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1 Introduction

A color difference describes the distance between two
colors in the color space. Although color difference for-
mulas provide precise ways for predicting the perceived
color differences, the performances of these formulas de-
pend on the perceptual data provided for testing. The
color differences calculated in these formulas consist of
three components: hue, lightness, and chroma differ-
ences; consequently, modeling of the color space with a
compatible color difference formula may become compli-
cated. Moreover, human perceived color differences can
be represented with chromaticity discrimination ellipses.
Therefore, a new concept will be developed. The con-
cept is named as the color density, and it could repre-
sent the human perceived color difference quantitatively.
Secondly, new color difference formulas derived from the
color density concept are proposed. In general, the color
density will give an intuitive comprehension of the color
differences in the color space.

The MacAdam ellipses show the human vision sen-
sitivity to small color differences in the CIE 1931 xy-
chromaticity diagram [1] (see Fig. 1). The chromaticity
discrimination ellipse set, which was used for deriving
the CIEDE2000 color difference formula, in this article
denoted as the CIEDE2000 ellipse set, consists of the
BFD-P, Witt, RIT-DuPont, and Leeds data sets [2] (see
Fig. 2). These four ellipse sets were fixed for different
visual color difference measurements.

Each ellipse represents equal perceived chromaticity
differences; in other worlds, the chromaticity differences
inside the ellipse cannot be perceived. For each ellipse,
the color matching can be expressed as

g11(dx)2 + 2g12dxdy + g22(dy)2 = 1, (1)

where dx and dy are the differences of the coordinates
between the ellipse center and any point on the ellipse
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Fig. 1 MacAdam ellipses. Each ellipse is drawn 10 times larger
to its real size

Fig. 2 Ellipse set used for deriving the CIEDE2000 color differ-
ence formula

boundary, and the metric coefficients gik are constant
for each ellipse. The coordinates x and y are calculated
according to the CIE 1931 definitions [3].

The sizes, shapes, and orientations of the MacAdam
ellipses vary systematically over the CIE 1931 xy-
chromaticity diagram: the ellipses at the bottom left
corner, in the blue area, are the smallest ones, and the
angles of inclination are also the smallest ones. Both the
sizes and the inclination angles become larger from the
bottom to the top and reach the maximum at the top
left corner, in the green area [1].

Some clear trends can be seen also for the ellipses in
the CIELAB space shown in Fig. 2: the ellipses close to
the gray axis (around –10 < a∗ < 10, –15 < b∗ < 15)
are the smallest; then, ellipse sizes increase as the chro-
maticities increase. Nearly all ellipses point toward the
gray axis, except for those in the blue area, particularly
around a∗ = 10, b∗ = −40 [4]. a∗ and b∗ are defined as
the chromaticity coordinates in the CIELAB space [3].

The purpose in this study was to develop a con-
cept called the color density, which exists everywhere
in the color space. Then, the color density would give a
rough estimation of perceived color differences from each
color. The color density is derived from the metric coeffi-
cients gik defined using the chromaticity-discrimination
ellipses. In this study, two models for calculating the
metric coefficients gik will be applied. The first model is
based on the CIE 1931 xy-chromaticity space and the
CIELAB color space. The second model is based on the
xyY color space. Here, Y corresponds to the luminous
efficiency function in the CIE 1931 modeling [3]. Further-
more, two color difference formulas are developed based
on the color density concept. The experimental results
of the new formulas are compared with the original line
element formula [3] and the CIEDE2000 color difference
formula [4]. In the last chapter, the conclusions are given.

2 Computing metric coefficients gik

For the MacAdam ellipses and the chromaticity ellipses
in the CIELAB color space, the metric coefficients gik

can be calculated from ellipse parameters as

g11 =
cos2 θ

a2
+

sin2 θ

b2
, (2)

g12 = sin θ cos θ

(
1
a2

− 1
b2

)
, (3)

g22 =
sin2 θ

a2
+

cos2 θ

b2
, (4)

where a and b are the lengths of the major semi-axis and
the minor semi-axis of the ellipse, and θ is the inclination
angle between the major semi-axis and the horizontal
axis, like the x-coordinate in the CIE xy-chromaticity
space [1].

The metric coefficients gik of the chromaticity ellipses
in the xyY color space could be calculated also as fol-
lows [5]: in the CIELAB color space, the chromaticity
difference ΔC (ΔY = 0) is defined as

ΔC =
√

(Δa∗)2 + (Δb∗)2, (5)

and

a∗ = 500

[(
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, (6)

b∗ = 200
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]

, (7)

where X = (x/y)Y , Z = (z/y)Y , and z = 1 − x − y.
The reference white in this calculation is Xn = 94.811,
Yn = 100.00 and Zn = 107.304. The partial derivatives
are then
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, (8)
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and
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by =
∂b∗

∂y
= −200

(
Y

Zn

)1/3 1
3

(
z

y

)−2/3 (− y − z

y2

)
.

(11)
The chromaticity difference from Eq. (5) becomes now

ΔC = [(a2
x + b2

x)(dx)2 + 2(axay + bxby)dxdy

+ (a2
y + b2

y)(dy)2]1/2, (12)

and then the metric coefficients are found as

g11 = a2
x + b2

x, (13)

g12 = axay + bxby, (14)

g22 = a2
y + b2

y. (15)

3 Defining color density

For developing the color density, two new values — gmax

and gmin, which are considered as coefficients along the
major semi-axes a and minor semi-axes b of the ellipse —
should be calculated first. The computations of gmax and
gmin are analogous to the von Mises yield criteria mod-
eling [6] in material science where the goal is to find a
univariate descriptor for a multidimensional stress field.
Correspondingly, using the components g11, g12, and g22,
gmax and gmin become now

gmax =
g11 + g22

2
+

√(
g11 − g22

2

)2

+ g2
12, (16)

and

gmin =
g11 + g22

2
−

√(
g11 − g22

2

)2

+ g2
12, (17)

where the values of g11, g12, and g22 can be calculated
from Eqs. (2)–(4) or from Eqs. (13)–(15). Then, the com-
ponents gmax and gmin in the two main directions are
combined to a single value gcomb and this value becomes
the color density. The color density gcomb is now defined
as

gcomb =
√

g2
max − gmaxgmin + g2

min, (18)

in accordance with the von Mises criterion modeling.
This derivation gives the one-dimensional color density

concept, i.e., the density in a given location in the color
space is constant for all directions.

4 Defining color difference formulas based on
color density

The color density is now acting as a corrector term for a
difference of two colors originating from a chromaticity
or a color space. There are many ways to utilize the color
density; next, two approaches are given.

Chromaticity differences ds1 and ds2 from color C1 to
color C2 are defined as

ds1 =
√

gmax,m(dxe)2 + gmin,m(dye)2, (19)

and
ds2 =

√
gcomb,m(dx)2 + gcomb,m(dy)2, (20)

where gmax,m and gmin,m are the mean values of gmax and
gmin of the two colors, dxe and dye are the distances
along the major semi-axes a and minor semi-axes b of
the ellipse with C1 as the ellipse center. In Eq. (19), the
color density g is mixed with the ellipse information to
the given chromaticities or colors. In Eq. (20), gcomb,m is
the mean value of the two gcomb values for the two colors;
dx and dy are the distances of the chromatic coordinates
for C1 and C2. In Eq. (20), the color density acts more
directly as a corrector term. The required information
on the color density everywhere in the space is received
through interpolation of the ellipse parameters (a, b, θ)
or the metric coefficients over the chromaticity or color
space.

5 Experiments

The experiments were performed in two steps using the
CIE 1931 xy-chromaticity diagram, the CIELAB color
space, and the xyY color space. First, the gcomb values
were calculated and interpolated over the space. Sec-
ond, the color difference formulas were compared. Three
experimental measurements were performed and the ob-
tained results were compared to the line element formula
and the CIEDE2000 color difference formula.

The line element ds is defined as [3]

(ds)2 = g11(dU1)2 + 2g12dU1dU2 + g22(dU2)2

+ 2g23dU2dU3 + g33(dU3)2 + 2g31dU3dU1,(21)

where the coefficients gik may be continuous functions
on the coordinates U1, U2, and U3.

A color difference ΔE in CIEDE2000 is defined as [4]

ΔE =

√(
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where the coefficients k and S account for lightness,
chroma, and hue components of the colors. They
also compensate the perceptual non-uniformity of the
CIELAB color space.

5.1 gcomb for three color spaces

The definition of the color density is based on the ellipse
information, i.e., only for certain locations in the color
space. To extend the color density over the whole color
space, then interpolation is needed.

To get the color densities of all colors over the CIE
1931 xy-chromaticity diagram, two sets of values were
used for the interpolation of gcomb. The first set was cal-
culated from the 25 MacAdam ellipses, and the second
set was calculated from the estimated gik values along
the color gamut [1]. Figures 3 and 4 show the interpo-
lated color densities over the CIE 1931 xy-chromaticity
diagram. The color density gcomb reaches the maxi-
mum in the blue area (the red colored part of the sur-
face/contours, x∼0.2 and y∼0.05, in Figs. 3 and 4),
and the minimum color density gcomb occurred in the
green area (the blue colored part of the surface/contours,
x∼0.1 and y∼0.8, in Figs. 3 and 4). The intermediate
color densities were in the area between blue and green,
and they became larger from the bottom area to the top
area, in the yellow-blue direction in the xy-chromaticity
space. This showed the same variation trend as the size
changes for the MacAdam ellipses. As such, we can con-
clude that, in the CIE 1931 xy-chromaticity diagram,
the larger the color differences perceived from a color,
the larger the color density is for that color.

The CIEDE2000 ellipse set was the only available in-
formation in the xyY and in the CIELAB color spaces.
For this reason, the interpolations were performed only
inside the areas that were enclosed by the CIEDE2000
ellipse set. The BFD-P, Rit-DuPont, and Witt data sets
that contained 116 ellipses in total were used for the
interpolation in this study.

The color densities in the xyY and the CIELAB color
spaces are four dimensional; thus, the visualization of
the values for the color density becomes more compli-
cated. Now, isosurfaces were used to visualize the color
density values. Figures 5 and 6 show the isosurfaces of
the color density in the xyY and in the CIELAB color
spaces, respectively. In Fig. 5, the isovalues increase from
the bottom to the top. This indicates that the color den-
sities increased while the illumination levels increased.
Therefore, for reaching the same color densities, the iso-
surfaces are curved upwards near the green colors. The
two isosurfaces with the lowest isovalues are flatter than
the others. In the CIELAB color space, the isovalues
become larger from the outside to the center (see Fig. 6).

Fig. 3 Surface of color density (gcomb) over CIE 1931 xy-diagram

Fig. 4 Contours of color density (gcomb) over CIE 1931 xy-
diagram

In other words, neutral colors near the center have the
largest color density, and the larger the distances from
the neutral center, the smaller the color density becomes.
This trend agreed well with the ellipse size variations of
the CIEDE2000 ellipse set used in this study.

5.2 Comparison of color difference formulas

Three experiments were designed for evaluating the color
density based color difference formulas given in Eqs. (19)
and (20). The first experiment, called Experiment 1, was
performed inside the ellipses. See Fig. 7 for the geometric
setting in this experiment. Since we were measuring dis-
tances from the ellipse center to the ellipse boundary, the
expected chromaticity or color differences should have
been now one constant for all ellipses.

The second experiment, called Experiment 2, was
performed inside circles. The centers of the ellipses were



Arto KAARNA et al. Color density concept with color difference formulas in respect to human vision system 385

Fig. 5 Isosurfaces of color density in xyY color space. The iso-
values are 0.25 (just visible with the lowest values on Y ), 0.5, 2.0,
5.0, and 8.0 for the surfaces from bottom to top

Fig. 6 Isosurfaces of color density plotted in a∗b∗ diagram. The
isovalues are 2.0, 1.2, and 0.5 for blue, green, and red surfaces

taken as the centers of the circles, and the radii of the
circles were the lengths of the corresponding major semi-
axis a; thus, the sizes of the circles varied in various lo-
cations in the chromaticity or color space. See Fig. 8 for
the setting of Experiment 2. Since the circle was larger
than the ellipse in the direction C0→C2, then the ex-
pected differences should have been also larger in the
direction C0→C2 than in the direction C0→C1.

The third experiment, called Experiment 3, was also
performed with circles. The ellipse centers were taken as
the circle centers, and a constant radius for the circles
was applied everywhere; see Fig. 9 for the setting. The
constant radius was the mean value of all ellipse major
semi-axis a. This mean value was found equal to 0.0034
in the CIE 1931 xy-chromaticity diagram and 2.28 in
the CIELAB color space. With Experiment 3, we could
compare chromaticity differences in various locations of
the chromaticity space. The circle remained constant ev-
erywhere in the space, and as such, the expected chro-
maticity differences should have been larger in locations

Fig. 7 Visualization of Experiment 1. The color differences are
calculated from C0 (the ellipse center) to C1 (point on the ellipse
boundary along the major semi-axes a) and to C2 (point on the
ellipse boundary along the minor semi-axes b)

Fig. 8 Visualization of Experiment 2 (the radius of circle is a).
The color differences are calculated from C0 (the ellipse center) to
C1 (point on the circle boundary along the major semi-axes a) and
to C2 (point on the circle boundary along the minor semi-axes b)

Fig. 9 Visualization of Experiment 3 (constant radius). The
color differences were calculated from C0 (the ellipse center) to C1
(point on the circle boundary along the major semi-axes a) and
to C2 (point on the circle boundary along the minor semi-axes b).
This figure corresponds to a larger ellipse than the circle radius.
In other locations of the chromaticity space, the circle could also
become larger than the ellipse

where the ellipse sizes were smaller.
Five MacAdam ellipses (ellipses #1, #12, #16, #7,

and #4) with different sizes and locations and five CIE
ellipses [7] were selected for performing Experiments
1–3. Table 1 collects the experimental results for the
MacAdam ellipse set.

In Experiments 2 and 3, the experimental results for
the line element indicate that the color differences on the
major semi-axis were always smaller than on the minor
semi-axis. However, Eq. (19) (column ds1) showed op-
posite trends, and Eq. (20) (column ds2) gave constant
differences in two different directions. This shows the
typical behavior of the univariate density: it is not able
to adapt to various directions in the space but remains
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constant for all directions. The same is seen from Experi-
ment 1. In the direction C0→C1, the trend in differences
is more correct than for the Euclidean differences, but
the differences in the two directions C0→C1 and C0→C2
are very different. The line element is producing most
correct results in the xy-space. The proposed difference
calculation given in Eq. (20) (ds2) proved to act better
than difference according to Eq. (19) (ds1). The ampli-
fication of the differences in the direction C0→C2 is not
strong enough, but in the direction C0→C1 the amplifi-
cation is stronger. This means that the color density is
emphasizing the major semi-axis more than the minor
semi-axis.

Table 2 collects the results of Experiments 1–3 in
the CIELAB color space. In Experiment 1, CIEDE2000
formula calculated nearly constant color differences in
the two directions, which were close to the definition of
the discrimination ellipses. In Experiments 2 and 3, the
CIEDE2000 formula showed that the color differences on

the major semi-axis were smaller than the minor semi-
axis, which occurred both inside and outside ellipses.
Equations (19) and (20) showed similar results as per-
formed with the MacAdam ellipses.

In comparison with the line element equation and the
CIEDE2000 formula, although Eq. (20) relied more on
the Euclidean distance between two color centers, it is
consistent with the relation between color densities and
human perceived color differences. Now, the larger the
color density for a color was, the larger the color dif-
ferences were to be perceived. In general, in CIELAB
space, the differences ds1 and ds2 performed better than
in xy-chromaticity space. The trends were more similar
to ΔE00. In Experiment 1, there was still a difference in
the two directions, but it was not as large as in xy-space.
There was also the correction phenomena present com-
pared to the Euclidean distance (ds). Experiments 2 and
3 still showed that the color density is not amplifying the
direction C0→C2 sufficiently.

Table 1 Color density based chromaticity differences from the MacAdam ellipses in xy-space

ellipse
gcomb direction

Experiment 1 Experiment 2 Experiment 3

/106 ds
1)
1 ds

2)
2 ds3) LEE4) ds

1)
1 ds

2)
2 ds3) LEE4) ds

1)
1 ds

2)
2 ds3) LEE4)

#1 7.5668 C0→C1 5.87 2.33 0.0008 1.00 2.42 2.33 0.0008 1.00 9.64 7.05 0.0034 4.00

C0→C2 0.17 0.96 0.0003 1.00 1.01 2.33 0.0008 2.43 4.11 6.99 0.0034 9.71

#12 0.3610 C0→C1 11.8 3.36 0.0031 1.00 3.43 3.36 0.0031 1.00 3.76 2.80 0.0034 1.08

C0→C2 0.08 0.98 0.0009 1.00 0.99 3.36 0.0031 4.17 1.08 2.80 0.0034 3.75

#16 1.1860 C0→C1 3.99 1.90 0.0026 1.00 2.00 1.90 0.0026 1.00 2.61 1.89 0.0034 1.30

C0→C2 0.25 0.95 0.0013 1.00 1.00 1.89 0.0026 2.50 1.32 1.88 0.0034 2.61

#7 0.2326 C0→C1 6.28 2.42 0.0050 1.00 2.51 2.41 0.0050 1.00 2.51 1.25 0.0034 0.68

C0→C2 0.16 0.96 0.0020 1.00 0.99 2.41 0.0050 3.44 1.70 1.25 0.0034 1.70

#4 0.1839 C0→C1 17.4 4.11 0.0096 1.00 4.19 4.11 0.0096 1.00 1.48 1.11 0.0034 0.35

C0→C2 0.05 0.99 0.0023 1.00 0.98 4.13 0.0096 2.00 0.35 1.11 0.0034 1.48

1) ds1 was calculated using Eq. (19).

2) ds2 was calculated using Eq. (20).

3) ds is calculated as the Euclidean distance ds =
p

(dx)2 + (dy)2, where dx and dy are the distances in x- and y-directions
between the two chromaticities.

4) LEE values were calculated from the equation for a line element, Eq. (21) [3].

Table 2 Color density based chromaticity difference from CIE chromaticity ellipses in CIELAB color space

ellipse gcomb direction
Experiment 1 Experiment 2 Experiment 3

ds
1)
1 ds

2)
2 ds3) ΔE

4)
00 ds

1)
1 ds

2)
2 ds3) ΔE

4)
00 ds

1)
1 ds

2)
2 ds3) ΔE

4)
00

#1 3.8284 C0→C1 1.86 1.75 0.95 0.92 1.86 1.75 0.95 0.92 4.11 3.87 2.28 2.15

C0→C2 0.53 0.87 0.48 0.72 1.05 1.65 0.95 1.42 2.42 3.87 2.28 3.30

#2 0.6657 C0→C1 1.96 1.86 2.29 0.80 1.96 1.86 2.29 0.80 1.95 1.85 2.28 0.80

C0→C2 0.70 0.92 1.16 0.75 1.38 1.80 2.29 1.48 1.37 1.79 2.28 1.48

#3 0.4574 C0→C1 2.01 1.91 2.83 0.88 2.01 1.91 2.83 0.88 1.62 1.54 2.28 0.71

C0→C2 0.50 0.95 1.40 0.94 0.95 1.98 2.83 1.88 0.76 1.59 2.28 1.52

#4 0.6201 C0→C1 1.79 1.68 2.15 0.88 1.79 1.68 2.15 0.88 1.90 1.79 2.28 0.93

C0→C2 0.57 0.94 1.20 0.80 1.04 1.69 2.15 1.45 1.10 1.79 2.28 1.53

#5 1.0654 C0→C1 4.21 4.08 3.47 0.92 4.21 4.08 3.47 0.92 2.86 2.79 2.28 0.59

C0→C2 0.29 1.01 0.95 0.87 1.20 3.53 3.47 3.09 0.75 0.75 2.28 2.05

1) ds1 was calculated using Eq. (19).

2) ds2 was calculated using Eq. (20).
3) ds is calculated as the Euclidean distance ds =

p
(da)2 + (db)2, where da and db are the distances in a- and b-directions between

the two colors.
4) ΔE00 were calculated from the CIEDE2000 color difference formula given in Eq. (22) [4].



Arto KAARNA et al. Color density concept with color difference formulas in respect to human vision system 387

6 Conclusions

The color density derived in this study revealed variation
trends for the MacAdam ellipses and the CIEDE2000 el-
lipse set. Furthermore, the dependence between the color
density and the illumination levels in the xyY color space
found in this work was consistent with the results from
Melgosa et al. [8] showing the influence of the luminance
on the size of discrimination ellipses.

In general, the color with a larger color density yields
larger perceived color differences. However, it is not ad-
equate in evaluating the color differences from a color
in various directions. Furthermore, none of the color
density based color difference formulas performed better
than the original line element formula or the CIEDE2000
color difference formula. According to this study, each
color could be characterized by the color density, which
estimates perceived color differences from this color only
at a very rough level. The color densities illustrated in
Figs. 3–6 give an intuitive vision how the color differ-
ences act in various parts of the color space. Through
the interpolation, the color density also becomes a con-
tinuous description corresponding to the perceived dif-
ferences.

The color density concept packs all the ellipse informa-
tion in one corrector term. The ellipses are defined using
three variables, namely the lengths of the two axes and
the inclination angle. The density is given with a univari-
ate term only. This means that some information is lost,
but at the same time the calculations become simpler.
Also, the density surface gives a rough understanding
of the correctness of the chromaticity of color difference
calculation using the chromaticity or color coordinates
directly. The color density is thus correcting those Eu-
clidean estimates from the coordinates.

Our future work includes the description of the color
spaces more precisely to further develop the color den-
sity concept. Also, the difference equations require
new enhancements depending on the density concept.
Especially, the main shortcoming, namely the one-
dimensional density, will be reconsidered to construct
a multidimensional density.
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1996, Kälviäinen has been a Professor of Computer Sci-
ence. Currently, he is a Head of Department of Informa-
tion Technology and a Head of Machine Vision and Pat-
tern Recognition Laboratory. His primary research in-
terests include machine vision, pattern recognition, and
image processing and image analysis. Prof. Kälviäinen
belongs to the governing board of IAPR, and he is a
member of ACM, IEEE, and SPIE.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


