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bstract. This article presents results of a study of color separation
or the near infrared wavelength area in case of a double image
eproduction. One image is observed in the visible spectrum and
nother one is detected under near infrared (NIR) light. For the pur-
ose of NIR separation (CMYKIR), discussion is extended to CMYK
orking space as a device dependent on comparing several printing

echnologies. CMYK process inks characteristics enable visualiza-
ion of the same color tone in default color settings with the goal to
reate two independent images in the same print; two independent
ieces of information recognizable under two different types of light-

ng. The new approach to image reproduction is based on the idea
f controlling and processing several images incorporated into one
eproduction. This article unites five principles which are set for pro-
essing near infrared image reproduction: the range of CMY into
MYK transformation, CMY invisibility in near infrared light, carbon
lack in NIR, gray and CMY gray, and device dependency of CMYK

nks. The reproduction is observed selectively in wavelengths rang-
ng from 400 to 1000 nm. Independent graphics may be graphics
enerated by algorithms, conventional images or texts. Information
bout its visible area is joined to each graphic. Detecting graphic
ork incorporated differently in a print with the help of the corre-
ponding instruments is becoming a new chapter in security graph-

cs, design, and informatics. © 2010 Society for Imaging Science
nd Technology.
DOI: 10.2352/J.ImagingSci.Technol.2010.54.1.010502�

NTRODUCTION
n security documents the IR effect usually appears in one
olor.1 It is either dark gray, dark brown, or in most cases the
reen color. The graphic is usually separated into two ele-
ents. It may be also left integrated for the purpose of IR

etection. Such a color is printed as a dedicated spot color
y the overprinting or underprinting method. There are
teganographics techniques that do not use special spot col-
rs based on the cryptographic methods2 or the pixel values
ifferencing method.3 Security printing in digital printing

echnologies requires development of methods allowing the
rand owner to select the best printing technology for the
ecurity printing deterrents4 or, alternatively, standard xero-

eceived May 7, 2009; accepted for publication Sep. 16, 2009; published
nline Jan. 12, 2010.
l062-3701/2010/54�1�/010502/9/$20.00.

. Imaging Sci. Technol. 010502-
raphic material for infrared encoding of security elements
s used, according to the defined tone and a set of process
erographic colors, i.e., infrared marks.5 This article depicts
steganographic method using infrared detection for unlim-

ted number of colors and various printing techniques with
rocess CMYK colors. The goal is to merge a multicolored

mage with the assigned infrared image along the entire pos-
ible color range. This article presents a further development
f our CMYKIR separation.6,7 It puts forward the method of
ixing process CMYK inks in order to achieve that the same

olor tone both responds and does not respond under NIR
ight.

The authors introduce terms, ideas and their meanings.
bserving “near infrared (NIR) graphics” or “infrared ma-

erial” means to see them with the help of instruments that
etect inks in wavelengths higher than 700 nm. “Near infra-
ed information” is a part of the graphic observed as isolated
n the NIR area. “Hidden information” is a graphic that
annot be detected in the visible spectrum (VS) but may be
etected under NIR light. CMYKIR separation is separation
ith the goal to provoke recognition of planned images

eparately in the VS and NIR areas.
The input data for our CMYKIR separation are two

raphics. The first graphic is joined with information that
ill be observed in the VS; VS image. The second graphic is
eant to be observed under NIR only, and it has the role of
“mask;” NIR image. The print is a single four color repro-
uction. Two graphics are detected at the output as two

mages that are observed under two different sets of condi-
ions. The original protected graphic visible under wave-
engths observed by the human eye is separated from the
econd image on basis of information from the second
raphic, referred to as the mask that determines the intensity
f the response in the near infrared area. Both graphics may
e a picture, drawing, abstract graphic, algorithm-
etermined mixing of inks, or an abstract graphic on basis
f information from numerical, textual, or image data. A
rogrammed graphic enables print individualization with

nfrared protection. Each sample may have its serial number,
n individualized portrait or and individual graphic element

ayout.
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ESEARCH OF NIR INK PROPERTIES FOR SETTING
HE INFRAREDESIGN METHOD
he initial point for CMYKIR ink designing research is pig-
ent characteristics that behave in such a way as to respond

ifferently under near infrared radiation. This difference en-
bles dosing of the NIR effect and algorithm modeling in the
argeted design of creating a double image. The area of NIR
ffect research spreads to all sorts of inks. The Projectina
ocubox 500 detection system was used in the experimental

esting phase. The effectiveness of the proposed
nfraredesign method was verified also by the Projectina sys-
em. This system is based on the video camera with a spec-
ral range of 350–1000 nm and a 250 W tungsten halogen
amp as a visible incident high intensity spot light source of
lectromagnetic radiation with barrier filters of 570, 610,
30, 645, 665, 695, 715, 780, 830, and 1000 nm for experi-
ental filtering.6 Barrier filters from 600 to 1000 nm were

sed in experimental scanning for experimental colors with
everal different responding states.

On basis of linear regression, equations have been de-
ermined for an extensive color range but also for a concrete
rinting job and printing technique. Gradient coefficients
re derived from linear regression on basis of numerous
rint measurements. The detected value in the Projectina
ystem depends on the manner of the registration of the IR
ffect (barrier filter), the way the reproduction material is
rocessed (printing technology), and scanner characteristics
charge coupled device matrix 768�576).

The initial point for defining color NIR graphic is based
n five printing ink properties. The first property is the pos-
ibility of replacing CMY printing inks with carbon black
rinting ink K while maintaining the same color tone in the
isual area V. The second property is that some CMY print-
ng inks do not respond under NIR light. The third property
s that carbon black ink K is detected under IR light.8 The
ourth property is that two gray tones of the same color
iffer, one is derived from CMY with similar portions, and

he second is pure black K printing ink. The fifth property of
nk is based on the statement that CMYK printing inks are
evice dependent, and this means that a corresponding color
etting must be made for each concrete application, ink type,
nd printing type.9

eplacing CMY Printing Inks with Carbon Black
he first property of inks, the replacing of CMY with K, has
ade way for great freedom in mixing printing inks in ac-

uiring the same color tone. This great freedom is used in
rinting practice. In this sense there were various separation
ethods imposed historically having different goals, and

hus, e.g., the gray-component replacement (GCR), under-
olor removal (UCR), and under-color addition (UCA)
ethods had been created. Certain discussions were led in

espect to saving values linked with the total quantities of
nk layering on paper, and improving image quality.10 It is
haracteristic for all the mentioned methods that only one
MY for K replacement value is set. The same RGB values

n all pixels of the overall image will carry out the transfor-

ation into CMYK in the same manner. g

. Imaging Sci. Technol. 010502-
Contrary to this, the CMYKIR separation method im-
lies the joining of K depending on the exterior information

hat may be brought from a special image individualized for
ach pixel. Therefore, this article covers and observes the
hole area of possible RGB/CMY/CMYK replacements from
=0 to Xmax, i.e., from K=0 to maximum K for which the

ame values are maintained in the visual system V. The vi-
ual system V is defined through a set of parameters:

V = �R H L

G S a

B B b
� , �1�

nd the vectors

X0 = �
C0

M0

Y0

K0 = 0
�, Xmax = �

C

M

Y

Kmax

� , �2�

escribing separation states in certain points depending on
. Assertions have been made for the same color tone X0;

max: color tone X0 does not respond in NIR, while Xmax in
ase of the same color tone has a maximum response in the
IR area. The next chapter describes X0 as the second
roperty.

In case of for K=maximum at least one of the CMY
alues equals zero. For a K value higher than Kmax the color
one changes. This is not the subject of discussion in this
rticle. The NIR separation requires an analog relation of the
verall area in order to maintain the same color tone. Graph
Figure 1) and relations in the form of square equations are
iven for the olive green and dark green color derived from

inear regression on basis of print measurements printed on
eikon digital printing machine (135 g, matt paper).

The V matrix and X0 and Xmax vectors for the olive
reen color are

V = �127 63° 53

130 47% − 9

69 51% 36
�, X0 = �

55

36

69

0
�, Xmax = �

24

0

60

57
� .

�3�

live green goes up to 57% of K intensity at which point the
alue for magenta drops to zero. CMYKIR equations based
n regression analysis of measuring colors after printing are

C1 = − 0.003 03K2 − 0.334 35K + 54.179,

M1 = − 0.003 54K2 − 0.4203K + 35.856,

Y1 = − 0.000 18K2 − 0.1416K + 68.79. �4�

The V matrix and X0 and Xmax vectors for the dark

reen color are

Jan.-Feb. 20102
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V = �49 198° 30

78 46% − 15

90 35% − 13
�, X0 = �

95

55

45

0
�, Xmax = �

66

0

6

80
� .

�5�

ark green goes up to 80% of K intensity. This point was
etermined by magenta. It is characteristic for the majority
f colors (not a general rule) that the ink having the lowest
alue at the beginning �K=0� is also the ink that drops to
ero and that ink determines the maximum replacement of
MY with K. In case of the dark green color there is an

xception. Magenta drops more quickly than yellow so there
s a point of progress transition. The maximum value for
MY replacement with K was determined by magenta. Ana-

og relations for the CMYKIR dark green color are as
ollows:

C2 = − 0.005 05K2 + 0.039 32K + 94.66,

M2 = − 0.0086K2 + 0.009 978K + 54.436,

Y2 = − 0.004 34K2 − 0.131 15K + 44.527. �6�

he wide range of possible replacements of CMY with K is
sed in this article for introducing CMYKIR separation
ethods or shorter NIR separations. The goal is to enforce

he appearance of independent graphics in the near infrared

igure 1. Dependency of CMY on K under the condition of maintaining
he same values of both colors, the olive green �C1M1Y1� and dark green
C2M2Y2�, in the visible part of the spectrum for mixing of the different
espective values of the process colors in the Xeikon digital print.
pectrum fully controlled and in coordination with our t

. Imaging Sci. Technol. 010502-
ishes: whether we wish to have or not to have the image
ecall in the NIR area.

MY Printing Inks Not Responding Under NIR Light
he second property refers to CMY printing inks not re-

ponding under NIR light with a value under 1000 nm.
mages of twelve randomly chosen colors not having the K
omponent scanned under 570, 665, 780, and 100 nm wave-
engths show that they do not have any characteristic for
ecognition and differentiation in wavelengths above 800 nm
Figure 2).

The ink response disappears in different ways because
ach component responds differently under NIR light. The
olors that have a higher cyan intensity shift their instru-
ental value as far as up to 800 nm. This characteristic may

e used differently in a design requiring a strong proof of a
raphic’s authenticity designed with the target NIR effect.

arbon Black Ink is Detected Under NIR Light
he third Infraredesign characteristic is about carbon black

nk K, detected under NIR light. The ink K has a unique
haracteristic of absorbing NIR light, and this is different if
ompared to other printing inks. That is why the authors
tate conditionally in this article that “our eyes recognize the
nk K and see it under NIR light.” Although this is done
ith the help of an instrument, the effect is used to divide

he image into two parts. One part of the print can be de-
ected and the other part of the print cannot be seen under

IR light. This characteristic is the most frequent problem
hen checking infrared separation. Many printing inks do
ot contain in their composition the characteristic necessary

or recognizing the K component under NIR light. This es-
ecially applies to inkjet digital printing. In Xeikon digital
rint sample, the K component responds differently in com-
arison to expectations (Figure 3). The 10% intensity in the
S rises up to 40% under NIR light. Opposite to this, the

ntensity of 100% in the VS gains a maximum 70% under
IR light. A similar anomaly also applies a 1000 nm light

igure 2. 12 colors not having a K component printed on the Xeikon
igital printing machine and scanned at 570, 665, 780, and 1000 nm
avelengths in the Projectina system.
hat lets out lighter tones than the 700 nm light.

Jan.-Feb. 20103
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The black ink component joined with CMY inks is ob-
erved with the transition from RGB to CMYK for six ran-
omly chosen colors A1, A2, A3, A4, A5, and A6. Adobe
GB values are given in Table I. The transition to CMYK
alues depends on the color setting, due to the fact that
MYK inks are device dependent (discussion on the fifth

able I. CMYK values for six colors printed on Xeikon digital printing machine in three
tates: X0; for K=0; X50for K=50% of Xmax, and values Xmax for Kmax.

A1: RGB:115, 96, 33 A2: RGB:80, 113, 27

X0% X50%K% XMAX% X0% X50%K% XMAX%

C 56 38 0 81 70 64

M 55 45 19 33 17 0

Y 92 87 76 96 95 95

K 0 37 74 0 25 49

A3: RGB:168, 142, 6 A4: RGB:126, 22, 3

X0% X50%K% XMAX% X0% X50%K% XMAX%

C 33 19 0 37 23 0

M 40 28 18 97 96 95

Y 96 96 95 92 91 88

K 0 23 45 0 24 47

A5: RGB:54, 36, 92 A6: RGB:45, 100, 136

X0% X50%K% XMAX% X0% X50%K% XMAX%

C 90 74 70 95 94 92

M 90 89 86 45 33 20

Y 25 12 0 20 12 0

K 0 18 35 0 21 42

igure 3. Gray levels printed on the Xeikon digital printing machine
canned with the Projectina IR camera with 570, 715, 830, and 1000
m barrier filters.
roperty). s

. Imaging Sci. Technol. 010502-
In order to achieve NIR separation, a wide and continu-
us separation range is necessary. Table I shows CMYK val-
es for six colors, each in three states: X0, C0, M0, and Y0

ith K=0; values for K=50% of Kmax, and values for CMYK
t Kmax.

Each color tone has been divided into three states and
ubjected to NIR light using wavelengths: 570, 695, 780, and
000 nm (Figure 4). NIR scanning shows that the yellow
omponent disappears as early as under 570 nm. Magenta
lso disappears under the 695 nm wavelength but cyan re-
ains. Cyan is not detected at 780 nm. The intensity of

arbon K black ink is proportional to its portion in indi-
idual color tones. The last line, 1000 nm, shows that K is
arkest with the first A1 color due to the fact that its values
re 74%. Neither of the tones in the X0 �K=0� position have
response at 780 nm or 1000 nm. Standard separation for
eikon digital printing with the author’s color setting
eikon4 will give only one separation point (Table II) for
olors A1, A2, A3, A4, A5, and A6.

nfraredesign Gray Tone Characteristic
t is customary to say that a gray tone may be acquired with

igure 4. Near infrared scanning for 6 colors A1, A2, A3, A4, A5, and
6 depending on wavelength, printed on Xeikon digital printing
achine.
imilar values of CMY components. Real three gray tones are

Jan.-Feb. 20104
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hown (Figure 5) for color setting Xeikon4. There is a char-
cteristic distribution of cyan, magenta, and yellow ink.
yan is in all gray tones at higher intensity. The differences
re enormous so there is no place for gray as an “equal
alue” of intensity. The difference of the cyan intensity in
omparison to yellow is around 30%.

Theoretical expectations, as well as real inks have a
ommon point in position Xmax. In that point the gray color
esults from the black ink K component only. NIR appear-
nce is in correlation with K components. For some other
avelengths there would be a “cyan effect” observed up to
80 nm. Such characteristics may be used for determining a
rint’s and reproduction’s authenticity.6

Analytical relations are entered into the NIR separation
rogram covering the area from X=0 to Xmax for each gray

one. Relations have been determined on basis of regression
nalysis of print measurements and the dependency of CMY
n K for three gray tones.

Relations for gray tone g1 are

Cg1 = − 0.009 38K2 − 0.0419K + 93.63,

2

igure 5. Three gray tones for color setting Xeikon 4 with decreased
MY inks and introduction of the K component.

able II. CMYK values for standard separation for Xeikon digital printing with one
eparation point for colors A1, A2, A3, A4, A5, and A6.

A1 A2 A3 A4 A5 A6

C% 19 70 19 23 86 94

M% 31 16 28 96 89 33

Y% 79 95 96 91 18 11

K% 59 26 22 24 12 21
Mg1 = − 0.007 34K − 0.0317K + 73.13, p

. Imaging Sci. Technol. 010502-
Yg1 = − 0.006 41K2 − 0.0134K + 63.03, �7�

n basis of parameters:

V1 = �60 h 24

60 0 0

60 24 0
�, K1max = 97% . �8�

Relations for gray tone g2 are

Cg2 = − 0.008 22K2 − 0.1854K + 51.28,

Mg2 = − 0.003 12K2 − 0.3992K + 41.42,

Yg2 = − 0.003 57K2 − 0.2308K + 32.93, �9�

n basis of parameters:

V2 = �131 h 55

131 0 0

131 51 0
�, K1max = 68% . �10�

Relations for gray tone g3 are

Cg3 = − 0.004 73K2 − 0.5825K + 24.77,

Mg3 = − 0.002 37K2 − 0.3465K + 14.16,

Yg3 = − 0.005 36K2 − 0.1985K + 11.94, �11�

n basis of parameters:

V3 = �200 h 81

200 0 0

200 79 0
�, K3max = 32% . �12�

evice-dependent CMYK Inks and Generalized CMYKIR
eparation
mage reproduction in the Infraredesign method respects its
wn characteristic of printing inks due to the fact that all
eal process inks are device dependent. In NIR separation
his is very important especially when two neighboring pix-
ls of the same color are separated with extremely different
lack component settings. If this issue is not approached
ith a precise algorithm adjusted for a concrete printing ink,

n the VS our eyes will observe the difference of the color
one for two neighboring pixels.

Hiding an image within another image, and achieving
he final goal of double separation is possible only if color
etting parameters are calculated for a concrete printing
echnique. The enormous difference between the separation
ettings shows how important it is to understand the reality
f the respective printing ink characteristics in real-life ap-
lication. The public as well as the private color setting de-

ermine one point for the set color tone for which separation
s to be carried out according to the GCR method and its

arameters. This takes place for each tone separately, in each

Jan.-Feb. 20105
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olor management setting. NIR separation does not use
CR of one separation point for the observed color but

oins a whole range for K values to each color tone: from
=0 to Kmax.

Discussion of CMYK device-dependent inks is aimed
nly toward the goal of the successful NIR separation. The
iscussion on the quality, faithful reproduction and image
dequacy is important in order to obtain identical images in
xtreme (X0 and Xmax) NIR separation. Most of all it de-
ends on the truthfulness of color setting measurement in

he printing technology. The success in applying NIR sepa-
ation depends essentially on respecting the device-
ependent determination of CMYK ink mixing. NIR sepa-
ation is also called “extreme separation” because it uses X0

nd Xmax in the same document and all the values between
hem. NIR separation may lead towards the research of
roving the adequate CMYK translation because it depends
ignificantly on the printing device.

The name CMYKIR separation was given because its
oal is to create two images and at the same time to take care
n the device-dependent characteristic. The authors have
ested the degree of the hidden image. The respective ink
haracteristics are very different within the same color tone
n the V space. The great dependency on the device is shown
Table III) for eight different technology standards for the
ame color tone Adobe RGB: 146, 110, 83; Laboratory: 51,
7, 25; HSB: 26, 43, 57.

The values in rows named “device dependent” are the
utput values in the separation in the relation RGB/CMYK

n conventional programs for certain device color settings.
hose values are only one point in the NIR separation using

he overall range of K=0 to K=max while maintaining the
ame color tone.

Figure 6 shows dependency of CMY on K for the device
nd the belonging color settings: FoC “Fogra39 coated” and
AP “Japan 2002 NewsPaper” for brownish violet color

Table III. Device dependent values for the brownish violet color �Adobe RG

Adobe RGB=146, 110, 83;
HSB=24, 43, 59;
Lab=51, 18, 24

Device Japan 2001
uncoated

Japan 2001
coated

J
ne

X0�K=0� CO 33 45

MO 50 62

YO 85 71

GCR,
device dependent,

gray gama2.2,
dot gain 20%

C 28 44

M 51 62

Y 79 70

K 8 1

Maksimum K

Cmax 0 0

Mmax 35 41

Ymax 53 49

Kmax 40 48
B: 146, 110, 83; Lab: 51, 17, 25; HSB: 26, 43, 57� for eight technology standards.

apan 2002
wspaper JNP

Fogra27
coated

Fogra39
coated,

FoC

Xeikon X4 Fogra29
uncoated

U.S. seetfed
uncoated

40 45 45 38 28 37

68 61 61 55 60 57

94 70 73 55 74 72

29 36 29 22 30 23

56 56 53 48 55 51

81 66 64 48 68 63

11 14 24 31 12 16

0 0 0 0 0 0

34 43 42 41 41 43

48 54 54 40 54 49

36 45 46 52 39 38
Adobe RGB: 146, 110, 83; Lab: 51, 17, 25; HSB: 26, 43, 57). 4

. Imaging Sci. Technol. 010502-
igure 6. Dependency of CMY on K for printing and color settings FoC
Fogra39 coated” and JAP “Japan 2002 NewsPaper” for the brownish
iolet color �Adobe RGB: 146, 110, 83; Lab: 51, 17, 25 ; HSB: 26,

3, 57�.
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Associated analytical equations for brownish violet
olor are

CFoC = − 0.01341K2 − 0.3449K + 44.39,

MFoC = − 0.003 02K2 − 0.2645K + 61.00,

YFoC = − 0.002 46K2 − 0.2986K + 72.91, �13�

nd

CJAP = − 0.0053K2 − 0.915 12K + 39.88,

MJAP = − 0.000 33K2 − 0.9335K + 67.81,

YJAP = − 0.005 68K2 − 1.0751K + 93.76. �14�

In the experimental work the authors used generalized
quations for CMYKIR separation applied in Xeikon digital
rinting with v2 standard toner on 135 g matte paper (color
etting Xeikon4) with coefficients determined on basis of
inear regression with 112 measuring points. This experi-

ental relation applies only to the experimental framework
f the narrow coloring area. It has been explained in the next
hapter.

The equations are

K1 = KminS , �15�

here Kmin is the minimum value of C0, M0, and Y0 as
tarting values, and S is the gray intensity of the required
tego image, and

K2 = K1 − 0.3K1
2,

C = C0 − K2�− 0.003 32C0 + 0.003 404M0 + 0.002 106Y0

+ 0.486 812� , �16�

M = M0 − K2�0.003 524C0 − 0.005 09M0 + 0.0014Y0

+ 0.420 66� ,

Y = Y0 − K2�0.002 168C0 + 0.004 019M0 + 0.0014Y0

− 0.00408� ,

K = K2, �17�

here C, M, Y, and K are final values of CMYKIR
eparation.

ISCUSSION ON LIMITATIONS OF THE QUALITY
F THE INFRAREDESIGN METHOD

et us define the X0 image without a K component that
annot be seen in the NIR area and the original
teganographic image S0 initiating the CMYKIR separation.
he X image is a final reproduction image with a K compo-

ent originating from intensity of the S0 image. The t

. Imaging Sci. Technol. 010502-
teganographic S image has been built into the X picture as
he K channel. It may be detected in the NIR area. It differs
rom the S0 image since it depends on the carrier image X0.
mages S and S0 are grayscale images. Images X0 and X are
qual for all pixels in the V area and that is the priority in
eparation. The graph (Figure 7) is used for discussion on
imitations of the S image quality. Values C0, M0, and Y0

ave the position of K=0 so there is no response in the NIR
rea. Values Cmax, Mmax, and Ymax have the position with a
aximal value of the carbon black ink. This value

K=max� has the highest response in the NIR area for the V
one of each pixel. At least one of the values Cmax, Mmax, or

max equals zero.
There are three possible states for each position of the i

ixel in xi and si in the X and S images. Three different
ixels with the same V tone have been monitored in refer-
nce to three different correlations between the carrier image
nd the steganographic one. Values s01, s02, and s03 represent
overage values of three different pixels in the S0 image.
alues s1, s2, and s3 are values of the K channel of the X

mage. Three possible states are

(a) s01�kmax; s1 =k; all C ,M ,Y values exceed zero;
(b) s02=kmax; s2 =kmax; at least one C ,M ,Y value equals

zero;
(c) s03�kmax; s3 =kmax; there is no complete change in

the NIR picture.

In case of a and b, separation of utilization of the K
omponent value has the maximum value possible. In case
f c, the quality of the s3 pixel must be given up. The inten-
ity is smaller that the one assigned in s03. The s3 value
hould not be raised up to since it would result in the X
mage being different from the X0 image in the V area. The
one color in the final reproduction would have been
hanged.

The worst scenario corresponds to cases when the in-

igure 7. Graph of the limitation of the stego image in the Infraredesign
ethod with qualitative correlation between the NIR intensity and carbon
lack process component K.
ensity of one of the coi, moi, or yoi component equals zero.
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n this case soi equals zero as well. If abstract security graphic
s foreseen, the recommendation is to choose the X0 color
ones with the minimal value of C0, M0, or Y0 at least higher
han 20%.

The graph shows NIR intensity depending on the car-
on black process component as qualitative correlation.
ach instrument interprets infrared light in its own numeric
alues (video camera, IR Projectina scanners). This led to
eveloping procedures for coloring gray signals of IR pic-

ures as pseudocolors. This article does not expand the dis-
ussion on these methods.

XPERIMENTAL RESULTS
he effectiveness of the proposed Infraredesign method was
erified by the Projectina system. Its central part is an infra-
ed video camera operating in the 350–1000 nm range. A
50 W Wolphram halogen lamp was used as the source of
lectromagnetic radiation. Barrier filters of 570, 610, 630,
45, 665, 695, 715, 780, 830, and 1000 nm were used for
xperimental filtering during scanning procedure.

Besides the generally known color settings that are sup-
lied with programs for separation, our color setting Xeikon
is used here and measured for the Xeikon digital printing
ost often used by the authors in experimenting with NIR

ouble images. For the needs of NIR separation, color set-
ings were set separately for Xeikon and digital ink jet

P5000 for printing on various types of paper and textiles.
e have named these color settings as ��private color set-

ings��. Due to the fact that NIR separations use the space
rom X0 to Xmax it is not possible to apply conventional
rocedures of transition from one color setting to another.

ouble Information
oining two images in extreme conditions is carried out after

easurements of individual ink tones and for color setting
pace to be carried out by printing. Two pieces of informa-
ion are the text and the image in the form of an abstract
raphic (Figure 8). The first information is observed in the
S and the other one is detected under infrared light. Three

olors A2, A3, and A4 from Fig. 4 have been used. The green
olor background A2 is given with the K printing ink maxi-
um. The text “technology” is given as K=0. This is why

he background green A2 is dark and the text is light. The
ame sequence is also given for the red A4 color. The back-
round is given as K=0 for the brown A3 color in the
iddle row, and the text “DOUBLE IMAGE” is designed
ith a maximum carbon black ink. The difference between

he background and the text is not observable in the VS. The
nformation is completely hidden. Two graphics are sepa-
ated with the help of filtering of selected wavelengths. The
lanned text and the background with extreme separation
alues are separated as two different images, two pieces of
nformation in the same printed area.

The letters in A2 have a certain response in 665 nm in
he cyan component. In this wavelength the background is
isible in the A4 part of the color due to the greater share of
agenta. Gradual raising of the wavelength length results in
he total contrast of information as early as at 850 nm. p

. Imaging Sci. Technol. 010502-
ouble Images
special program for NIR separation loaded with two im-

ges has been developed by the authors. The first color im-
ge uses all RGB tones. The second image is grayscale. The
rst image is the one to be seen as a reproduction in the VS
ven after NIR separation; the authors refer to it as the NIR
mage. The second image carries the information on carbon
lack ink K representation in the first image during the first

mage’s separation. The goal is to have a double characteris-
ic for the NIR image. In the VS it is seen as the first image
nd under NIR light as the second image.

All device NIR interpretations have a certain amount of
artificial color” impression. In this respect tools have been
eveloped for “pseudocolor” enabling special effects in
tudying NIR images. Only grayscale device interpretation is
sed in this work. The test is shown for joining images
amed as MachuPicchu and Stonehenge (MP and SH) (Fig-
re 9). The double separation procedure for two indepen-
ent images has two phases. The first phase is the transition
f the first MP image from RGB into CMYK, referred to as
the zero separation state” X0. The second step is the tran-
ition of C0M0Y0 into CMYK with the goal of creating a
MYKIR record, referred to as “the X state.” The K compo-
ent is dosed according to information from the second SH

mage; the mask describing the NIR graphic. The result is
he double MP-IR/SH image shown in Fig. 9 as “visual spec-
rum.” With gradual filtering another image appears—the
tonehenge image. At 630 nm the yellow component is com-

igure 8. Abstract graphic with the text implemented in the background
f the same tone with different infrared intensity values.
letely gone from the first image. At 715 nm magenta is
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one from the NIR image. The first MP image gradually
isappears and at 1000 nm there is no information on it.

Double information is seen in the VS in the MP-IR
mage. The MP-IR image is not totally equivalent to the
riginal MP image. The pixels in the MP image that had a

ighter shade than the identically positioned pixels in the SH
mage have been carried out in the MP-IR image with a
ifferent intensity of the black color. This is manifested as
hite (light) borders in the NIR image (wall tops) that had
ot been present in the SH image. This may be considered as
dditional protection against “taking out” the double image

igure 9. Result of double image separation of the original �Machu-
icchu� with the mask �Stonehenge� scanned at 630, 715, and 830 nm.
. Imaging Sci. Technol. 010502-
rom the MP-IR image SH image even in the case of a top
uality scanner.

ONCLUSION
hen responding under 400–1000 nm wavelength range,

nk properties enable generating new technologies of imag-
ng with double states. This goal required the introduction
f new separation algorithms referred to as CMYKIR. Two

mages are integrated by the method of infrared separation
nd prepared for printing with the goal to be detected sepa-
ately in different observation conditions. One image is seen
n the visual spectrum and the other under near infrared
ight. This enables the presence of double information in the
rint, an image hidden within an image, and a new type of

echnology in image material security. CMYKIR separation
s based on five ink properties including the response do-

ains of individual printing inks and the device-dependent
MYK working space. The proposed double image technol-
gy may be applied and verified on various materials: paper,
extiles, ceramics, and plastics. There is no limitation in the
rintout dimension, resolution or type of digital format. The
riginal images may be pixel or vector graphics and graphics
erived from algorithms with the source of information
oming from databases. Such reproductions will present a
rogress in document and securities printing and provide a
ew type of designer expression. The security printing area
ecomes widely applicable. The overall new security imaging
echnology may be carried out completely only by using
rinting inks that are not marked as secret or banned. This
rticle shows examples of application with the goal of open-
ng new areas in imaging technology.
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