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In the production of printed materials, informational materials for the blind,
Braille packages, the main task is to ensure the reliability of reading the information
by the blind. One of the most important parameters for ensuring the reliability of
Braille reading is the height of its elements. When manufacturing products for the
blind using a variety of materials, in this case, from cardboard, it is important to
provide the conditions for conducting the technological process to obtain the re-
quired height of the Braille elements. To do this, we need to conduct the research to
determine the patterns of the formation of the Braille typeface on the appropriate
kind of cardboard and their mathematical description.

The analysis of recent studies, publications [1-12], current legal documents
(Directives, technological conditions, technological instructions, decrees, orders,
regulations) from different countries of the world regarding the requirements for
the Braille typeface and its application [13-26] indicates that the technological
processes of applying the Braille typeface should provide the necessary height of its
elements, which directly affects the reliability of reading the information and oper-
ational parameters.

The aim of the paper is to conduct a study and describe mathematically the
dependency of the height of the Braille elements on the technological parameters of
Chromolux cardboard and the pressure effort.

For the study, Chromolux cardboard (Germany) has been chosen – a high
gloss coated cardboard, made by the method of discharge on a heated chrome-
plated cylinder, which has mirror smoothness (Table 1). As a result, a mirror gloss
is formed on the surface of the cardboard. The cardboard consists of 2-4 cellulose
layers of one-sided coating.

For the study of technological efforts at a different height of Braille element,
which arise during the formation of a relief image on the surface of the cardboard
as a result of congreve stamping, a device that has an electromechanical drive and
allows a simultaneous recording of the stamping effort and the movement of the
counter-stamp at a given cyclicity of the device has been used. The movement dur-
ing the study was not recorded, but only the stamping efforts were recorded. The
stamping effort of the slider is written in the form of charts with the help of a uni-
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versal high-speed eight-channel analogue-to-digital converter. It is a versatile
measuring device and it can be used as an oscilloscope, a recorder and a spectrum
analyser.

According to the results of the experimental studies, we form the linear and
nonlinear dependency of the pressure p on the height h using the method of least
squares (MLS)  (Table 2, Table 3) [27].

Table 2. Results of the determination of technological efforts 
of Chromolux cardboard 

From uneven intervals in h as in Table 2, a transition to an even table in h ⇒
Table 3 is made, where the step is Δh = 0.087 mm.

Consequently, 0.592 = 0.679–0.087; 0.505 = 0.639–0.087, etc. 0.331 = 0.418–
–0.087. Pressures pk are found by the method of linear extrapolation.

pk7 = 2.712 MPa – we take the same as in Table 2.
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Table 1. Technical characteristics of Chromolux cardboard

weight, volume, Roughness according Tensile strength,
g/m2 cm3/g to Taber (15°), μm mN/m    

Transverse Machine Transverse Machine
direction direction direction direction 

250 ± 5% 1.15 80 170 7.8 17

tolerance: whiteness ISO 2470 (R457) – 92% ± 2
gloss ISO 8254-2 - 97% ± 3
relative humidity 50% ± 5 ref. TAPPI 502-98

№    height  pressure surface thickness volumetric
h, mm p, MPa mass ms,   z, mm  density 

kg/m2 ρ, g/cm3

1 0.289 0.283
2 0.313 0.337
3 0.347 0.445
4 0.394 0.85 ms= 0.250 z = 0.29 ρ = 0.73
5 0.612 1.633
6 0.648 1.956
7 0.679 2.712
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Table 4
Dependency of Braille typeface height on pressure (pk)

№ height h pressure pk

5 0.612 1.633   
0.592   

6 0.648 1.956 

Pressure pk for h = 0.592 mm is within [0.612; 0.648].
0.648 – 0.612 = 0.036 (mm). 0.648 – 0.592 = 0.056 (mm). 
1.956 –1.633 = 0.323 (МPа).

We make a proportion:

0.036 0.323  
0.056 pk6

From the proportion:   .   

pk6=1.956 – Δpk6=1.956 – 0.502 =1.454 (МPа). Similarly, we find other pk.
Other pk are put in the table below. Also, we put numbers in the column to

the left (red digits).

Table 5. Calculated values of pressures (pk)

№    height  pressure surface thickness volumetric
h, mm p, MPa mass ms,   z, mm  density 

kg/m2 ρ, g/cm3

3 0.331 0.394 
4 0.418 0.643     
5 0.505 1.249    ms= 0.250 z = 0.29 ρ = 0.73 
6 0.592 1.454     
7 0.679 2.712 

Table 3. Results of the determination of technological efforts of Chromolux
cardboard (evenly spaced height with a step Δh = 0,087 mm)

n pressure pk. МPа

1 0.394  
2 0.643  
3 1.249  
4 1.454  
5 2.712  
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According to the written computer application of the method of least
squares (MLS) and based on the data for pk, we find the linear dependency of the
type p(h) = a + b × n between the pressure p and the number n (in the column on
the left), to which the set of values corresponds: 1, 2, 3, 4, 5: p = a + b × n = –0.3437
+ 0.5447 × n for Table 2 (for linear dependency).

According to the method of least squares (MLS) we calculate the values in
Table 6 and the corresponding formula: p = a + b × n = –0.3437+ 0.5447 × n:

Table 6. Dependency of Braille typeface height on pressure (pn)

Thus, the first intermediate result (a linear formula between the pressure and
the number n), obtained using the method of least squares (MLS):

p = pn = a2+ b2× n = –0.3437 + 0.5447 × n (for Table 2).
First intermediate numerical result: b24 = 0.5447.
At this stage, there is a linear dependency between pn* and the number n,

which varies from 1 to 5 (the first column of Table 6).
This is like the first stage to establish a dependency between pn and the

height h.
The next step ⇒ is to establish a dependency between p and the height h.
For this step ⇒, we select the proportion (the extreme dots of the previous

Table 6):

Table 7. Dependency of Braille typeface height on pressure (pn) 
(the extreme dots of the previous Table 6)

– this is a well-known formula to describe the proce-

dure of drawing a straight line through two dots

n height h, mm pn, МPа

1 0.331 0.201  
2 0.418 0.7457  
3 0.505 1.29  
4 0.592 1.835  
5 0.679 2.379 

n height  h, mm pn, МPа

1 x1 = 0.331 y1 = 0.201  
5 x2 = 0.679 y2 = 2.3798 
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Here, y corresponds to the pressure pn, and h ⇒ to the dots x. As a result:
p = ph = a2+ b2× h = –1.8714 + 6.2609 × h ⇒ for Table 2 (a linear version).
The first basic numeric result: b2 = 6.2609. ⇒ for Table  2 (a linear version).

Fig. 1. Dependencies of the height h = h(і), the pressure p = p(і), where і – is a number 
of the species (for Chromolux cardboard data, the surface mass ms = 0.25 kg/m2 – 
Table 2; і =1, 2, …, 5).

Fig. 1 presents the dependencies of the height h = h(і), the pressure p = p(і),
where і – is a number of the species (for Chromolux cardboard data according 
to Table 2; і =1, 2, …, 5). As we can see from the figure, the dependencies are 
nonlinear.

Using a computer application, we estimate the correlation coefficients be-
tween the height and the pressure data for Chromolux cardboard (according to
Table 3)

As a result, the numerical value of the correlation coefficient Kkor = 1 (be-
tween the pressure and the height data for the Chromolux cardboard, according to
Table 3) has been obtained. Similar values of the correlation coefficients, close to
the values Kkor ≈1 for the pressure and the height data, have also been obtained for
cardboard of other brands.

Using a computer application using the method of least squares and the 
data for p, we find the nonlinear dependency of the type p(h) = a × h^2 + b × h + c 
between the pressure p and the height h for Chromolux cardboard.

As a result, we get the dependency: p(h) = a × h^2 + b × h + c.
For Table 2 (Chromolux cardboard) we get: 

p(h) =15.26 × h2– 9.151× h +1.789.
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Fig. 2. The values of pressure approximated by the actual pk = p(h), linear plin = p(h) 
and nonlinear pnel = p(h) dependencies on the height h

In this case, the number of the figure corresponds to the number of the table,
Chromolux cardboard, the surface mass ms = 0.25 kg/m2 – Table 2 (Fig. 2).

We define the averaged errors (deviations) by correlations that are similar to
the average square deviation:

Table 8.

N height pk, МPа plin, МPа Δplin pnel, МPа Δpnel
h, mm 

1 0.331 0.394 0.201 0.649 0.432 0.092  
2 0.418 0.643 0.746 0.148 0.630 0.020  
3 0.505 1.249 1.29 0.032 1.059 0.164  
4 0.592 1.454 1.835 0.232 1.720 0.167  
5 0.679 2.712 2.379 0.131 2.611 0.038  
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For Table 2, based on the data from Table 8, we get (n=5) σlin = 0.359,  
σnel = 0.128 (their correlation σlin/σnel = 2.8).
We also get a range of approximate dependencies of the linear type plin =

p(h) and nonlinear type pnel = p(h) between the pressure p and the height h for
Chromolux data:
p24= 15.26h2 – 9.151h +1.789, (ms = 0.25 kg/m2);
P2(0,5mm) =1.029 МPа;  P2(0.55mm) =1.372 МPа;  P4(0.6mm) =1.792 МPа;
P2(0,65mm) = 2.288 МPа;  P2(0,7mm)= 2.861 МPа;  Δnel = 0.038.
p2 = –1.8714 +6.2609h, (ms = 0.250 kg/m2);
P2(0.5mm) = 1.259 МPа;  P2(0.6mm) = 1.885 МPа;  P2(0.65mm) = 2.198 МPа;
P24(0.7mm) = 2.511 МPа; Δlin= 0.131

The method for calculating the approximate dependencies of the linear type
plin = p(h) and the nonlinear type pnel = p(h) between the pressure p and the height
h for Chromolux cardboard can be used for other types of cardboard.

Conclusions
The main parameters on which the technological efforts in cardboard (i.e.

pressure p) depend on are the height h and the mass of the cardboard ms.
The technological efforts in the cardboards (pressure p) do not need to be

determined depending on the thickness z and the volumeric density ρ, since the de-
pendencies p = p(z),  p = p(ρ), p = p(ms) are equivalent, this means the correlation
coefficient between them is close to one (Kkor = 0.95÷1).

To compare the technological efforts in the cadboards, that is, the pressure p,
p must be compared for the same values of the height h and for the surface mass ms.

To compare the analytical dependencies of the type p = p(ms), p = p(h) for
the cardboard, a graphical method has been used, since the dependencies on the
graphs are visual and allow to do some analysis and establish local conclusions
about the course of dependencies, that is, the conclusions about larger or smaller
values of the pressure and the inclination of the curves or direct corresponding 
segments.

References
1. Mayik V. Standarty dlya markuvannya upakovky (shryft Brajlya) / Mayik V., Golob G.,

Bracko S., Dudok T. // Upakovka. – 2014. – # 1. – s. 35–38 (in Ukrainian).
2. Mayik V. Z. Problemy standartyzaciyi shryftu Brajlya pry vyhotovlenni vydan dlya

nezryachykh / Mayik V. Z., Durnyak B. V., Golob G., Bracko S., Dudok T. G. //
Poligrafiya i vydavnycha sprava : nauk.-tekhn. zb. – 2013. – # 3–4 (63–64). – 
s. 68–77 (in Ukrainian)

3. Vakulich D. Charakterystyka użytkowa znaków alfabetu Braille’a tłoczonych na gorąco
folią / Vakulich D., Maik V., Rymarzewska V., Yarka N. // Opakowanie. – 2015. – 
№ 3. – s. 72–74 (in Polish).

4. Kibirkštis E. Investigation of geometrical and physical – mechanical parameters of
Braille by assessing the different types of cardboard materials / Kibirkštis E., Venytė I.,
Mayik V., Vakulich D. // Mechanika. – 2011. – № 17 (6). – c. 656–660 (in English).



5. Golob G. Braille Legibility on the Pharmaceutical Packaging / G. Golob, B. Rotar //
VІІІth Seminar In Graphic Arts. – 2007. – p. 98–104 (in English).

6. Vakulich D. A. Doslidzhennya vplyvu tekhnologichnykh faktoriv na vysotu elementiv
shryftu Brajlya / Vakulich D. A., Mayik V. Z., Motyka M. T. // Tekhnolohiya 
i tekhnika drukarstva : zb. nauk. prats. – K. : NTUU «KPI», 2009. – # 3. – s. 48–51 
(in Ukrainian).

7. Havenko S. F. Poligrafichni tekhnolohiyi markuvannya produkciyi shryftom Brajlya :
monogr. // S. F. Havenko, M. T. Labeczka. – Lviv : Liha-Pres, 2014. – 140 s 
(in Ukrainian).

8. Braillejet: Fully Digital Inkjet Solution for Braille Printing [E-resource] : Leave 
a Comment / [by Gary Steel ] // Pharmaceutical Braille. – 2009. – April 16. – 
Available at: http://www.emis-poland.com/szczegoly.php?id=242& lang=pl 
(in English).

9. Braille dot height research: Investigation of braille dot elevation on pharmaceutical
products [E-resource] : final report 31 January 2008 / Graeme D., Weston A., 
Whittaker J. – Birmingham : University of Birmingham, 2007. – Available at: http://
www.education.bham.ac.uk/research/victar/research.shtml (in English).

10. Buszyński L. Drukarki i maszyny do pisania systemem Braille’a w Polsce / Ludwik
Buszyński // Swiat druku. – 1997. – № 3. – s. 56–62  (in Polish).

11. Kubera Н. Wymagania stawiane pudełkom tekturowym do pakowania wyrobów 
przemsły farmaceutycznego / Hieronim Kubera, Joanna Sierzptowska // Przeglad 
papierniczy. – 2008. – sierpień (64). – s. 437–439 (in Polish).

12. Stępień K. Drukowanie pisma Braille’a na opakowaniach (Printing Braille on packaging
/ К. Stepień // Przeglad papierniczy. – 2013. – № 8. – s. 412–418 (in Polish).

13. Andrea Fajdetić Standardisation of  Braille in the EU and other European Countries
Faculty of Special Education and Rehabilitation Sciences University of Zagreb
http://bib.irb.hr/datoteka/551906.Standardization_of_Braille_in_EU_and_other_
European_Countries.pdf (in English).

14. Directive 2004/27/EC of the European parliament and of the council on the Community
code relating to medicinal products for human use [E-resource]. – [Activity 
Report 1 May 1999 to 30 April 2004 (5th parliamentary term). – Available at: http://
ec.europa.eu/health/documents/eudralex/vol-1/index_en.htm (in English).

15. Marburg Medium spacing convention for braille [E-resource]. – Braille-Druckerei. –
[17.06.2013]. – Available at: http://www.blista.de/ download/druckerei/braille-
dimensions.pdf (in English).

16. Packaging. Braille on packaging for medicinal products [E-resource] : Standart LST EN
15823:2010. – [BS EN 15823 is the standard aimed at supporting the implementation 
of Braille on medicinal products in the European Union (EU) and European Economic
Area (EEA) and in particular, Part 1 of the associated European Commission Braille 
Implementation Guidelines]. – Available at: http://www.shop.bsigroup.com/en/
ProductDetail/?pid=000000000030180500 (in English).

17. Domačastran Rikoss [E-resource]. – Available at:http://www.zveza-slepih.si/ 
(in Slovenian).

18. Braille Dimensions Deutsche Blindenstudienanstalt e.V.  Braille-Druckerei [E-resource].
– Available at:www.blista.de (in German).

19. Size and Spacing of Braille Characters. Standards for Braille Embossed on Paper. 
Standards for Braille Signage. American National Standard: Accessible and Usable
Buildings and Facilities: 2003.ICC/ANSI A117.1. National Library Service for the Blind
and Physically Handicapped, Library of Congress. Specification 800: Braille Books 
and Pamphlets (in English).

VOLODYMYR MAYIK14



RESEARCH OF FORMATION OF BRAILLE ELEMENT HEIGHT ON CHROMOLUX CARDBOARD 15

20. Accessible and Usable Building and Facilities. American National Standard. ICC/ANSI
A117.1-1998 Chapter 7. Communication Elements and Features: Section 703 Signs –
1998 (in English).

21. Tiresias – Scientific & technological reports: Braille Cell Dimensions [E-resource].–
Available at: http://www.tiresias.org/research/reports/braille_cell.htm. (in English)

22. Braille Standards Set by Ministère chargé des personneshandicapées Code Braille
Français Uniformisé (CBFU) 2nd edition, September 2008 [E-resource]. – Available at:
http://www.avh.asso.fr; http://www.avh.asso.fr/rubriques/infos_braille/nouveau_
code_braille.php (in French).

23. Korean Blind Union [E-resource]. – Available at: http://www.kbuwel.or.kr:8002/
English/English_ABT.asp (in English).

24. Latvian Society of the Blind [E-resource]. – Available at: http://www.lnbrc.lv/
english.htm; Braille Standards Set by: Latvian Society of the Blind (LSB) [E-resource]. –
Available at: http://www.lnbrc.lv/english.htm; The Latvian Library for the Blind 
[E-resource]. – Available at: http://www.neredzigobiblioteka.lv/ (in English).

25. Braille Standards Set by Nucleo de Braiile e Outros Meios Complementares de Leitura,
INR [E-resource]. – Available at: http://www.inr.pt/ (in Portugese).

26. Braille Standards Set by: Organización Nacional de Ciegos Españoles (ONCE) 
[The National Organization of the Blind] [E-resource]. – Available at: www.once.es 
(in Spanish).

27. Rudenko V. M. Matematychna statystyka. Navchalnyi posibnyk / V. M. Rudenko. – 
K.: Tsentr uchbovoi literatury, 2012. – 304 s. (in Ukrainian).

Streszczenie
Badanie formowania wysokości znaku Braille’a na tekturze Chromolux

Artykuł prezentuje badania zależności wysokości elementów alfabetu
Braille’a na tekturze Chromolux od parametrów technologicznych oraz wartości
nacisku. W celu wyjaśnienia analitycznych współzależności pomiędzy naciskiem
(p) i parametrami procesu (h, ms), dokonano przekształcenia nierównych przedzi-
ałów h i ms na równe, tj. Spełniające zależności Δh = const, Δms = const. W opisy-
wanym przypadku do wyznaczenia nieliniowych i liniowych zależności w postaci 
p = p(ms), p = p(h) użyto interpolacji oraz metody najmniejszych kwadratów.




