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Figure 4. SmartTag Creation and Printing (Basic Identity Provisioning) 
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3.1.2 Encoding of QR codes 
 
There are several issues associated with encoding tags that change with environmental 
conditions. These issues stem from the error correction mechanisms built into the QR code 
generation algorithms. Actually these issues apply to all visual codes, but we will discuss only 
QR codes as a specific example. 
 
The simplest approach to encoding a changing tag would be to simply design the two tags that 
are needed and then print the differences in disappearing or invisible inks that change under 
the same conditions. However, it is very difficult, and for some environmental conditions 
impossible, to change both inks under the same conditions. Therefore, the approach to 
encoding requires that only one type of ink (disappearing or invisible) be used. 
 
As a result, the code can be constructed in such a way that sensor dots either appear or 
disappear, but not both. It might be proposed that simply having a new dot appear so that the 
encoded URL for http://www.example.com/Product123/Condition0 changes to 
http://www.example.com/Product123/Condition1 as this only changes one bit from 0 to 1. This 
is true of the message part of the QR code. However, the nature the Reed Solomon error 
correction requires that many bits in the error correcting parts of the code also change. The 
location of these bits and whether they change from 0 to 1 or from 1 to 0 is determined by the 
complex mathematics of the Reed Solomon encoding algorithm.  
 
One of the TagtSmart partners, FLE, has developed and made available during the project, 
two protected techniques for addressing these issues, dual and mono coded tags. 
 
Note that by using nonstandard encoding schemes, simple encoding schemes are possible. 
 
Dual Coded Tags 
 
In this technique, two tags are created. Each is designed in the normal way; one tag reads as 
the 'before' activation and the other reads as the 'after' activation. Before printing a carefully 
chosen set of dots on each tag are identified for printing with reactive inks. For example, let's 
assume disappearing ink. For the 'before' tag some 1 dots are printed with the reactive inks, 
so that when they disappear the tag no longer reads as valid. The 'after' tag has some 0 dots 
printed with reactive ink so that the tag fails to read before activation. When these dots 
disappear the tag reads correctly. Both tags are printed side by side and the scanner will only 
read one of them. 
 
Mono Coded Tags 
 
The mono tag approach is more complicated and restrictive. The design process must be 
allowed to choose some of the characters in the code. For example, if the code is formatted 
as follows AAAAAA - AA the user can choose the initial part, but the encoding algorithm must 
choose the last two characters. The technique is similar to the above but with both 0 and 1 bits 
printed in reactive inks and carefully placed to allow the code to be read in both ways. 
 

 Conclusions 
 
Creation of mono and dual Tags with QR codes has been evaluated against the corresponding 
KPIs below and it has been proven possible to create such SmartTags. 
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KPI title  Dual Code Tags Printable 

Actors: The user, the design algorithm, reactive ink, scanner. 

Description: Is it possible to endode two tags so that only one reads at a 
time in a before and after exposure to an environmental 
conditional, e.g. heat. 

Trigger: Exposure to environmentall contitions change. 

Preconditions: None. 

Normal Flow: Design the tags, print them with normal ink and one reactive 
ink, scan, environmental exposure, and scan. 

Notes and Issues: None 

Value Possible. 

 

KPI title  Mono Code Tag Printable 

Actors: The user, the design algorithm, reactive ink, scanner. 

Description: Is it possible to endode one tag so that its reads differently 
before and after exposure to an environmental conditional, e.g. 
heat. 

Trigger: Exposure to environmental contitions change. 

Preconditions: The design algorithm must have control over part of the 
encoded text. 

Normal Flow: Design the tag, print it with normal ink and one reactive ink, 
scan, environmental exposure, and scan. 

Notes and Issues: Limit on the flexibility of the encoded messages due to the 
algorithm needing to have choice over two characters. 

Value Possible. 

 
3.1.3 Encoding as a combination of QR code and image  
 
The encoding methodology for SmartTag based on QR code in retail is described in deliverable 
D2.1. The proposed format for the SmartTag is extended with an image encoded as a part of 
QR code (Figure 5) and it is being used for testing purposes to evaluate the accuracy for 
different types and positions of a logo that is going to be partialy printed with functional ink.  
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3 cm and 5 cm x 5 cm in size. Paper substrates were used: label and copy paper. 
Approximately 25 printed tags were made altogether. 
 

 
(a)                   (b)                      (c) 

 
Figure 7. QR code layout for thermochromic red ink: (a) original QR code printed with 
regular ink, (b) cells printed with the thermochromic ink, (c) resulting QR code 
containing (a) and (b). 
 

   
 
Figure 8. Final layout of the printed tags and working principle when attached to a coffee 
cup. On the left the coffee cup is empty. On the right the cup contains hot water resulting 
in cells and a circle printed with the red thermochromic ink to disappear. The areas will 
appear when the water is cooled below +47 oC. 
 
A similar approach was used with a reversible black thermochromic ink (Chameleon WB flexo 
ink slurry, colour black, temperature 31 oC from LCR Hallcrest) that is black < +31 oC and clear 
> +31 oC. The following printing settings were used: 3 printed layers, anilox 18 cm3/m2. Printed 
samples were used for demonstration purposes with Fujitsu Smart Bin demonstrator. The 
layout was similar to Figure 7, but the QR codes led to a different website. Paper substrates 
were used : label and copy paper. Approximately 10 printed tags were made altogether. 
 
Flexography printing of a reversible green thermochromic ink (WB FLEXO GREEN TO CLR 
FC 08C from Chromatic Technologies Inc. = CTI) that is green < +8 oC and clear > +8 oC was 
carried out on different substrates (copy paper, IJ label). Different anilox (18 cm3/m2 and 38 
cm3/m2) and the amount of printed layers (1, 2 and 3) were used. The larger the anilox the 
more ink is transferred to the substrate thus producing a darker printed area, but also providing 
more ink spreading having an effect on detail rendering. The printing layout consisted of Data 
Matrix codes of different sizes (cell size 0.25 mm - 1.5 mm with 0.25 mm intervals). Printed 
samples with different substrate, anilox and amount of layers are presented in Figure 9. The 
codes with cell size 0.5 mm or more were of good print quality and cells were reproduced 
properly, but there was too much ink spreading in codes with cell size 0.25 mm. The same 
applied to all printing process combinations used. An example of the codes with different cell 
size is presented in Figure 10, where the poor print quality of the smallest codes can be seen. 
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c1                c2              c3               c4                 c5               c6 

 
d1                d2           d3              d4            d5            d6 

 
Figure 9. Data Matrix codes with cell size 1.00 mm printed with a green thermochromic 
ink. The images are taken when the samples are below +8 oC. The samples are 
(substrate, anilox cm3/m2, amount of layers): c1 = copy paper, 38, 1; c2 = copy paper, 
38, 2; c3=copy paper, 38, 3; c4 = copy paper, 18, 1; c5 = copy paper, 18, 2; c6 = copy 
paper, 18, 3; d1 = IJ label, 38, 1; d2 = IJ label, 38, 2; d3 = IJ label, 38, 3; d4 = IJ label, 18, 
1; d5 = IJ label, 18, 2; d6 = IJ label, 18, 3. 
 

 
 
Figure 10. Data Matrix codes with cell sizes 0.25 mm, 0.50 mm, 0.75 mm and 1.00 mm 
printed with a green thermochromic ink on copy paper with 38 cm3/m2 anilox and 1 ink 
layer. 
 
With all the tested thermochromic inks, colour change from clear to colour or vice versa 
occurred in less than 30 seconds. UPC read the printed codes with LG G3 device. Results are 
presented in Section 5.2.1 and compared against the KPIs. 
 

 Digital printing 
 
Inkjet formulation of the red thermochromic ink was also made in order to enable printing of 
individual QR codes and quicker change between layouts. The formulation contained water 
and alcohol (2:1), a surfactant (0.05 wt-%), and the thermochromic ink (5 wt-%). This 
formulation was inkjet printable with DMP-2831 inkjet printer and the same layout as with 
flexography printing was used. In inkjet printing 10 ink layers were used in order to achieve a 
dark enough red colour for code detection (Figure 11). Approximately 10 printed tags were 
made altogether. 
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Figure 11. QR codes inkjet printed with the red thermochromic ink formulation. 
 
Inkjet ink formulation was also tested with the black thermochromic ink, but no printability was 
achieved probably due to too a large particle size typical for black pigments in general. 
 

 Combination of two functional inks 
 
Flexography printing of two thermochromic inks (Chameleon WB flexo ink slurry, colour red, 
temperature 47 oC from LCR Hallcrest and Chameleon WB flexo ink slurry, colour black, 
temperature 31 oC from LCR Hallcrest) on single Data Matrix code was also evaluated. This 
was done by registering cells with two inks on codes that were 2 cm, 3 cm and 4 cm squares. 
It was found that printing two functional inks into a single code is a feasible solution with good 
enough registration. This idea can be utilized for making codes that contain cells that disappear 
and other cells that appear when exposed to certain external stimuli. 
 

   
 
Figure 12. Data Matrix code with two functional inks. Code size is 3 cm x 3 cm. In the 
left picture both thermochromic inks can be seen (T < +31 oC). In the middle picture 
black thermochromic ink has disappeared (+31 oC < T < +47 oC). In the right picture both 
black and red thermochromic inks have disappeared (T > +47 oC). 
 
3.2.2 Photochromic inks 
 

 Analog printing 
 
Flexography printing of a red reversible photochromic ink (UV flexo red photo from CTI) was 
carried out on different substrates (copy paper, IJ label, PE coated paper) with different anilox 
(18 cm3/m2 and 38 cm3/m2). Only one ink layer was printed in all cases since it already provided 
dark enough printing and multiple layers spread too much. The printing layout consisted of 
Data Matrix codes of different size (cell size 0.25 mm - 1.5 mm with 0.25 mm intervals). After 
printing the codes are clear, and when exposed to UV or sunlight turn red in approximately 10-
30 seconds. The red colour starts to fade immediately when the light source is removed. 
Printed samples are presented in Figure 13 and Figure 14. The codes with cell size 0.5 mm or 
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more were of good print quality and cells were reproduced properly, but there was too much 
ink spreading in codes with cell size 0.25 mm. The same applied to all substrates used. 
 

 
 
Figure 13. Data Matrix codes with 1 mm cell size printed with a reversible photochromic 
ink when under UV light. From left: copy paper with 38 cm3/m2 anilox, copy paper with 
18 cm3/m2 anilox, IJ label with 38 cm3/m2 anilox, IJ label with 18 cm3/m2 anilox, PE coated 
paper with 38 cm3/m2 anilox, and PE coated paper with 18 cm3/m2 anilox. 
 

 
 
Figure 14. Data Matrix codes with different cell size printed with a reversible 
photochromic ink when under UV light on copy paper with 38 cm3/m2 anilox. 
 
The Data Matrix codes were detected with Samsung Galaxy S7 mobile phone and Upcode 
code reader software was used. With all the substrate and anilox combinations codes with cell 
size down to 0.50 mm were decoded correctly. With the copy paper substrate also codes with 
0.25 mm cell size were occasionally decoded. Colour change from clear to red occurred in less 
than 30 seconds under UV light that simulated sunlight. 
 
Screen printing of a red reversible photochromic ink (Chameleon water based screen ink RED 
from LCR Hallcrest) was carried out on different substrates (copy paper, IJ label) in order to 
produce even darker codes since compared to flexography printing screen printing produces 
thicker ink layers. One, two and three ink layers were printed. The printing layout consisted of 
Data Matrix codes of different size (cell size 0.25 mm - 1.5 mm with 0.25 mm intervals). After 
printing the codes are clear, and when exposed to UV or sunlight turn red in approximately 10-
30 seconds. The red colour starts to slowly fade when the light source is removed, but remains 
slightly red even after 24 hours. Printed samples are presented in Figure 15. With both the 
substrates the codes with all the cell sizes were of good print quality and cells were reproduced 
properly. When multiple layers were printed, the ink started to crack and deattach from the 
substrate (Figure 16). Also, when printed with a laboratory scale printer the ink started to dry 
on the screen mesh quite soon. Thus, it seems to be more suited for high speed printing (pilot 
and industrial scale). Also a blue version of the same ink was tested (Chameleon W/B screen 
ink, photostar BLUE, from LCR Hallcrest), but it dried more quickly and only one ink layer 
samples were produced. 
 


































































































































