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Abstract: Security graphics is an area that requires research and continuous development. The goal is to obtain top-quality security through design, individualization and innovations in graphic technology. In practice up to date security graphics have developed by applying special toners or extreme printing techniques reserved only for security printing, as for instance Infrared toners, UV toners, intaglio printing, steel die printing, security paper, kinegram. Designers usually remain in the area of graphics that are visible in daylight. Securities experts perform additional mixing of colors that alter under UV light. Knowledge on the printing colors IR system is a new area in the printing business. The area of software designing has been opened, purpose designing and coded graphic product security. Studying the characteristics of many colors in IR radiation has started programming of security graphics in a new way. Collaborators in this assignment have developed algorithms of dual separation in the visible RGB system for graphic prepress of spot and process toners using information on light response in the IR area.
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1. Introduction

Printing toners have been designed to reach top quality of color reproduction in the visible area, i.e. from 400 to 700 nm. Many printing toners respond in other areas as well; of lower wave lengths from 100 to 400 nm that is the area of UV wave lengths and higher wave lengths from 700 to 1000 nm which is the IR color area. The subject of our research work are toner characteristics that would respond in other areas as well; - the ones not visible to the human eye, but can be studied by scanning under UV or infrared wave lengths. We can use such toners in places where we want to hide information that is on the print, - carried by the colors. Furthermore, in places where we want to be certain about the print's authenticity, because only the targeted toner design must be identical to the toner that will subsequently be checked in respect to authenticity.

Each toner is observed as the possible one in applying graphic product security or as the beginning of producing a new individual design in the general area of document and securities safety. This study is on color altering depending on the source of light from 254 to 1000 nm and the angle of observing the print. This may be used in proving the authenticity of the print, paper and color. Our approach to security graphics is by using specific characteristics that come out of the possibility of programming for digital printing: print individuality, color mixing programming, multi-layer toner covering, and controlled separation of colors for printing, simultaneous double-side printing.

It is shown that by programming graphic element structure a better quality security may be obtained by applying conventional toners if more is known about their structure. Prior to that there is the analysis of each color and its behavior in the invisible specter part.  

2. Research Methods

Research work in respect to the characteristics of printing process toners in infrared light has made it possible to determine the translation relations for the same color tone in two areas: the print visible only to the human eye – DL, and the print we se in daylight and under infrared light - DL/IR. The «dual separation» algorithm makes it possible to program part of the print that will appear under IR radiation and will not disturb color tone perception of not a single image element seen in daylight.

The color tone determined by the RGB, HSB and Lab systems may be determined through :

1) C0 M0 Y0 K0 values visible to the human eye (convetional GCR, UCA, UCR method)

2) C-1 M-1 Y-1 K-1 values visible to the human eye but invisible in IR wavelengths

3) C1 M1 Y1 K1 visible to the human eye and visible in IR wavelengths that is more widely seen in
wavelengths of the visible specter part as well as the IR wavelengths may be joined with the same color tone. 

Visibility under IR light is obtained by adding more of the black component. Color tone maintenance is obtained by decreasing the CMY component value. Each color tone has it own relations in respect to certain CMY values decrease. The Cm Mm Ym Km maximum possible response in the IR area is determined for every color tone. The dual separation program uses two images: A and B. The first image is the one we see in its integrity in the visible specter part. The second image is the sample that has the role of a mask. The CMYK separation is controlled on basis of the sample in order to achieve the first image’s appearance and rejection in the IR area (Figure 1).
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Figure 1. Controlled CMYK separation on basis of the sample for IR effect
CMYK values of each individual pixel of the A0 image will be separated in A1(DL/IR) or A-1(DL) depending on the value of the identically positioned pixel in image B. B is the filter determining how certain pixels will respond in the IR area.
The covering capacity of image elements in the Figure 2 is most often equal to null or equal to maximum covering capacity. Each covering capacity value that falls into the space between the two extremes enables contouring of visibility control in the IR specter. Each color tone has its own values of the S angle for CMY components depending on the K component increase. The SC, SM and SY gradient of each component depends on the C0 M0 Y0 values that generate the observed color. This paper contains a matrix of gradient coefficients with three independent variables fro each color. Parameter values are determined by linear regression and on basis of print measuring. The once set gradient parameters for a printing technique under observation and the corresponding process colors are the basis for unlimited application of IR control in color images by using only process toners.
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Figure 2. A:Original    B: Mask        IR:Infrared
Research work has shown that it is possible (taking into consideration acceptable tolerances) to determine mutual relations for a wide specter of coloring (Figure 3) (Žiljak I., Pap K., Žiljak-Vujić J. , 2008-2). The decrease coefficient and the decrease function of each CMY color is determined by the presence of all four colors. 
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Figure 3. A:Original    B: Mask        IR:Infrared
Relations behave well within the allowed limits. The first limit is determined by the value null on the black component. The second limit is determined by the moment when one of the CMY components drops to the value of null. That point may be even lower or higher than the value determined on basis of the minimum of a C0 M0 Y0 value, and in cases when the black component equals to null.
Usually the first image is the one we see fully in the visible specter part and the second image is the pattern that has the role of a mask for IR effect (Žiljak I., Pap K., Žiljak-Vujić J., 2007).
3. Results

The novelty in this paper is introducing the «dual separation» algorithm for conventional process toners visible only under daylight (DL) or in the wider areas: DL and IR areas.

The overall solution for the “IR progress” model that would be accepted for a wide range of colors is based on the following relations:

K2=K1 - g * K12  


(1)
where K1 is the minimum value in CMY tones with the value K=0. This relation is improvement of decreasing the maximum GCR separation values that is in fact not necessary with tones that have high values in CMY minimums. The parameter g value is from 0.3 to 0.34.

General CMYK transformations are given in the following relations:

C=C0 - (K2 * Sc) 



M=M0 - (K2 * Sm) 








(2)
Y=Y0 - (K2 * Sy) 



K=K2




Where:

Sc= acC+bcM +ccY +dc


Sm= amC+bmM +cmY +dm

(3)
Sy= ayC+byM +cyY +dy


Parameters, a, b, c and d are the results of measuring and determined on basis of regress analysis with values in Table 1.
Table 1 Parameters, a, b, c and d from regress analysis 
	
	a (at cijan)
	b(at magenta)
	c (at yallow)
	d

	Sc
	-0,007116
	  0,00141
	  0,000223616
	0,899828

	Sm
	 0,002107
	- 0,007018
	  0,003217556
	0,586924

	Sy
	 0,004514
	  0,004109
	- 0,006560989
	0,488044


On Figure 4 is presented implementation of IR effect on one certificate. We can see daylight and infrared view of this document. Infrared view displays words “fotosoft infrared security” and main logo complitely vanishes.
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Figure 4. Daylight and infrared view of certificate
4. Discussion 

The double separation method “Infared Controle” means separation as example of the two neighbouring pixels with two different algorhytms. The first pixel will not include black colour and so it will not be visible in the infrared light. The second pixel will be separated with the maximal black colour and it will be visible in the IR light. If we consider that the both pixels have the same  colour tone (the same value in RGB, HSB, Lab) i.e. they have to give the same expression of colour in the daylight, it is obvious that the issue is very sensitive. The realization of the such separation depends on print technology, colours and the paper type. 
In this paper we present relationships for the converting CMY K=0 in CMYK  where K is bigger then 0 for the experiments applied on the Xeikon. The attempt was made to define the general relationship which includes the whole range of colour tones. By this mode, the separation could be done concerning the continous flow of the black colour, depending on the picture which is given the name „mask“. As an example the two tones of colour, which differ in a bigger extent concerning the separation with continous increasing of the black component, are presented in Figure 5 and Figure 6 .  Before each graph are presented  systems of equations Eq. 4  and  Eq. 5. 
C=  -0,00745 K2 – 0,3100 K + 40

M= -0,00568 K2 – 0,2890 K + 55

(4)
Y= -0,00296 K2 – 0,28911 K + 75
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Figure 5. Graph of the color tone CMY: 40%, 55%, 75% with K range [0,55]
The double separation is a very sensitive issue. The conventional separation uses GCR,UCA and UCR methods equally on the whole picture. Until now we have accepted with conformism the quality of printed material. The persons included in this process are: reprophotographer, photographer, graphic artist, editor and the designer. They accepted the responsibility for the first print with the considerable tolerance. The double IR separation consists of the two different methods applied for the each pixel in the different way on the same print; the maximal precision is must have. Human eyes notice even minimal mistake of the non-equal tones on the same picture; these tones were equal in the RGB. For these reasons a lot of work has to be done on the adjusting of the parameters of the double separation, concerning the printing technique on which such protection is applied. Much simplier solutions consist of vector's graphic or application in the typography, with the goal to hide the information.
C=  -0,00152 K2 – 0,172 K + 80
M= -0,00136 K2 – 0,0235 K + 95

(5)
Y= -0,00909 K2 – 0,679 K + 50
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Figure 6. Graph of the color tone CMY: 80%, 95%, 50% with K range [0,45]
The IR effect  has multiple applications. The goal can be set to introduce the original methods of the protection of the graphic products in all printing areas. After printing, the graphic is protected and only the author of applied double separation (designer, editor) can establish the presence of the IR effect. We do believe that no method exists which could decode this continous presence of the IR protection. By scaning, photographing, photocopying or some other decodeing methods is impossible to establish which pixel separated under particular conditions. RGB scaning possesses no posibility of the differing the internal structure of the dosageing of the K component which is responsible for the IR light. We kindly warn the reader of this text that the print in this publication was made by the conventional reproducing and it has no built-in programmed IR effect. Many examples can be obtained by post contacting the authors of this paper.
Application in a multicolor image (a portrait, for instance) makes it possible to incorporate a piece of information visible under IR light which has been derived with the help of a software source, for instance: initials, numeration, drawing and logotype from the database, with stochastic choice with a planned initiator (seed) (Žiljak I., Pap K., Žiljak-Vujić J.,2008-1). Printing with digital techniques expanded the complexity of experimentally produced securities protection and nn a certain sense this made way for a new approach to expanding the topic of preventing counterfeit production (Žiljak I., 2008).
5. Conclusion

The conventional transformation of the RGB system transition into CMYK is carried out according to set GCR, UCA and GCR separation models. A chosen algorithm is set for all image parts, all pixels. The chosen algorithm will show the print in the IR area to a lesser or greater extent. Our research work determines and sets the separation method to control the appearance in the IR area according to the programmed task. This method (let us name it as the Infra Red Control-IRC) has two different images at the entrance: color image A and Gray scale image B. Each pixel of image A will have CMYK values depending on the blackening of the pixels in the same position on image B. Certain parts of image A, more precisely «pixels in image A», will respond in the IR area in a proportional value to the blackening value in image B, taking into account also the covering capacity CMYK value of the same pixel in image A. Image B may be defined as «the mask» for the appearance of part of the image in the infrared area regardless of the color tones. In this manner simulation of IR colors is obtained in the whole color system all in the same image. The IRC method begins with image A in the following states: RGB, or CMYK or HSB. The general mathematical model is described with the equation system, the parameters of which are set on basis of measuring prints from digital print.
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