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ABSTRACT 
A postage stamp is a security that goes down in history. The stamp we are presenting was 
designed and issued in Croatia, EU, on 24 September 2021, on the occasion of the 100th 
anniversary of the Otorhinolaryngology Clinic in Croatia. This stamp contains new values 
through IRD, and that is exactly what we show and offer to philatelists. The stamp "100 
years of otorhinolaryngology" has artistic beauty and scientific innovation in the 
development of twin colorants. In the visual solution of the stamp are embedded hidden 
graphics that expand the information about the anniversary. 
Two images are demonstrated in the same space of the stamp, which gives an advantage 
because it increases the space for communication of a small graphic art product that is 
printed and multiplied with the IRD procedure. It is a novelty in messaging that is 
essential in stamp design, with an emphasis on its security features. The stamp has two 
levels of viewing, for two light areas. The level that is not visible to our naked eye 
contains data that hides the author’s mark, the printer’s mark, and the institution that bears 
copyright. 
The discovery and development of the new INFRAREDESIGN® method offered new 
experiences in design documents and securities. IRD is an extension of the technology of 
making and protecting the stamp from counterfeiting because the visible image of the 
stamp is closely connected to the infrared image. Two images are printed in the same 
place: a visible image for the naked eye and another image that is recognizable by an 
infrared detector. The two graphics are inseparable and are widely used in the areas of 
proving the authenticity of a work of art. 
 
Keywords: Security on Postage Stamp, INFRAREDESIGN®, hidden graphics, double 
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INTRODUCTION 
A postage stamp is a small work of art with special laws and defined elements. The stamp 
is never just an image, rather it shows the identity of the country, the work of artists 
around the world. The stamp conveys numerous information and transcends the 
possibilities of horizontal communication, an engaging scene that unites visual and 
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conceptual. By synthesizing the given elements and artistic work while respecting all the 
laws of securities design, a filigree graphic product is created. In a reduced format the 
message should be conveyed and achieve artistry with all the given elements. The stamp 
we present in this paper was issued in September 2021 on the occasion of the 100th 
anniversary of the Clinic for ear, nose and throat diseases and head and neck surgery 
established at the Zagreb School of Medicine. The line graphics stylize the human head 
crossed by lines that symbolize science, surgery, and technicalism. Line graphics are also 
security graphics, recognizable in the design of documents and securities. 
In this edition of the stamp, the space of visual communication has been expanded. In 
addition to the given small format of the visible spectrum, the stamp is also designed and 
realized in the infrared spectrum.  
The message marking the anniversary of "100 years of otorhinolaryngology" is visible in 
the IR spectrum at 1000 nm (Fig. 5). The realization of the invisible image implemented 
in the visible is a special challenge for philatelists. They detect information using IR 
cameras that they use to study stamps. The stamp we present has four different states of 
graphics, each visible in its own spectral range. The advantage of the infrared image is 
that it is printed in the same layer of dye when the dyes were applied also for the visual 
image, which makes the two images technically inseparable. 
The paper demonstrates the stamp in different wavelengths, several light blocks separated 
from a series of 24 forensic steps [PAG]. A view of transformation has been added as an 
onimation of the transition from the visual state (observation with the naked eye) to a 
hidden state that is detected instrumentally such as; video surveillance camera in Infra 
Red detection mode. 
The stamp is not just an artistic solution, it is a forensic solution, a security with the idea 
of the uniqueness of engineering graphic application. Idea and printing technologies for 
the purposes of uniqueness. We show innovation by merging three images for two light 
areas. The three images are embedded together. Process printing dyes and their property 
of light absorption in the visual and near-infrared spectrum (NIR - Near InfraRed) are 
used. Our innovation is printing with CMYK dyes that match the IRD method [1]. We 
apply it to security printing techniques, all the way to digital printing, which is realized 
both as inkjet printing and as toner printing. 
In the protective printing of KUNA (Croatia) banknotes, specially prepared spot colors 
such as IR and UV dyes were used. (Author of KUNA banknotes - Croatia, Vilko Žiljak). 
Some parts are printed with color dyes that do not absorb NIR light, and some parts are 
realized with a dye that absorbs NIR light. Our innovation is printing with CMYK dyes 
that match according to the IRD method [1] with an emphasis on causing different 
responses in the light spectra: visual (V) and in the first part of the NIR area (Z, 1000 
nm).  
 
MERGING GRAPHICS FOR VZ DESIGN 
In this paper, an example of infrared design is realized as merging of three images: V 
computer graphics (Fig. 1), information on the anniversary of the issue of the stamp 
(Black / White tone, Fig. 2), and Z image for hidden IR text, (Fig. 3): For the first time, 
such application was printed in offset in the realization of security and on a postage stamp.  
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Figure 1. Graphics for visual display Figure 2. Graphics that carry data in the 
visual spectrum 

We present three images that go into a unique CMYK engineering graphics preparation. 
Image no. 2 will appear partly in the visual spectrum in the negative and partly will appear 
in the NIR spectrum along with a graphic (Figure 3) that carries information about the 
purpose of the issue of this commemorative stamp. The plan is to merge images V and Z 
with the development of a new software solution [2]. After digital prepress, merging of 
V and Z graphics, the intervention is with the expansion of information as text in white 
tone. It is determined, designed, planned: what will be seen in the V and what in the Z 
spectrum.  

Figure 3. Planned initial Z graph for NIR spectrum 

The complex composition of C, M, Y, K uses the properties of printing dyes (cyan, 
magenta, and yellow) that do not absorb the NIR spectrum. In contrast, K (black) dye is 
planned through the GCR process (Gray Component Reduces) in order to derive a multi-
tone NIR light absorption effect in the range of 750. The design includes multi-level light-
blocking planning, which is prepared for a forensic authentication system in numismatic 
space. Planning the design of the stamp in different blocks, i.e. light restrictions, is a new 
graphic preparation (prepress) for four-color C, M, Y, K offset printing.  
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THE RESULT OF MERGING THREE GRAPHICS FOR OFFSET PRINTING 
The idea of VZ multi-level merging of three images is based on the technology of "twin 
colorants", programming of exceptions, programming of priority of switching off, and 
appearance of individual C, M, Y, K channels in conventional printing. In addition, there 
are no spot dyes, neither in the visual nor in the IR spectrum [3], [4]. Already known 
"special dyes" planning have been simulated only with process dyes and associated 
printing. The idea is to develop algorithms, to apply them without special dyes with which 
the existing methods in security printing are loaded. Simulation of all preparations in print 
with spot dyes is abandoned. 
The idea is to achieve the image in 3 sub-images, and perform the print with a 
conventional C, M, Y, K prepress in one pass. We emphasize: there is no printing, there 
is no spot - special dyes. VZ separation is a new engineering practice that involves two 
areas of light [4].  

Figure 4. Stamp in the visual spectrum 

FORENSIC BREAKDOWN OF SECURITY 
After printing, we present the stamp in four light blocks in the visual and NIR spectrum. 
Neutral; 630 nm, 695 nm; 830 nm. The V and IR-Reflectography of the postage stamp 
block after VZ printing is displayed. IR Reflectography was performed with PAG-
Projektin forensic device [PAG]. Ideal photography for studying dye components 
provides expanded information about dyes and their planned absence in a dual VZ design 
[5], [2]. Finally, you get an image of NIR - Z graphics to be seen by conventional 
surveillance cameras or "IR money detector" at 1000 nm.  

684

Figure 5. Embedded, derived graphics in the 
NIR spectrum 



Section Media & Communications 

https://doi.org/10.35603/sws.iscss.va2021/s10.66 

    
Figure 6. Neutral     Figure 7. 630 nm 

 
Figure 6 shows the stamp with light blockages before 400 nm. When using a 630 nm 
filter, the yellow component is excluded. Z graphics appear on that block since one of the 
process dyes is not in that photo.  

   
Figure 8. 695 nm    Figure 9. 830 nm 

 
The magenta component was excluded by IR-Reflectography and a filter at 695 nm. That 
lack of dye enabled the seeing of Z graphics which is recognizable in its entirety even 
though we are in the visual zone. At 830 nm, not even the third component (cyan) from 
four-color printing can be seen. All that remains is a carbon black dye that absorbs NIR 
light well [6]. 
A set of about twenty light blocks [PAG] in the V and NIR-Z area with IR-Reflectography 
shows the transformation of our numismatic stamp as an animation [7]. It is posted at the 
author's address: www.jana.ziljak.hr/markaORL.mp4   
 
CONCLUSION 
The introduction of the IR structure as a unification of the three graphics is VZ design on 
postage stamps, it is a new look at securities. Combining graphics, in several levels, is 
subordinated to the idea that each level is programmed before a prepress is created for 
given printing technology. The stamp, in this article, is realized by a new theory of dye 
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mixing based on the properties of the substance from which the dyes are made. This 
information is programmed into a twin colorants system that carries a new relationship 
towards dye duality, a specificity as a little secret that securities need. The parameters in 
the mathematical model of VZ separation also have elements of randomness (with the 
congruence method), which are known only to the author of the design. Today's prepress 
is performed by a computer to press procedure, and there are operators with experience 
and skills in entering the production of printing plates. This will all provide forensics with 
an outstanding path in discovering the location of the forgery. The designer is expected 
to prepare a "shock" for those who would try to get closer to deciphering the new VZ 
prepress. 
VZ multi-level separation methods are expanded for digital printing that allows each 
postage stamp to be individualized with extracted information generated from the 
database. The application of VZ is suitable for the design of documents because in each 
such design a special, extraordinary, recognizable graphic containing several information 
is planned. Information that identifies the institution, the printer, all the way to the hidden 
name of the author. These are all important details for the future of security design: 
banknotes and even postage stamps. I leave that for future reports on the development of 
multilevel securities making. 

 
Figure 10. Stamp “First day” 24 September 2021 
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