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Abstract:

Geometric structures play an important role in exploring and studying the
world around us. These designs are present both in nature and in technical
solutions implemented by man. At the same time, these structures help influence
various processes that are important to humans. One of the tools for
implementing such designs and their implementation in various areas of
cognition is guilloche. At the same time, the construction of guilloche is largely
determined by the area of its application. Based on this, the work pays special
attention to the peculiarities of the formation of guilloche rosettes.
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Introduction

Various models and approaches are widely used in various fields of
research [1]-[9]. Among such tools, one should highlight both logical structures
and structures based on a certain mathematical formalization, where geometric
structures should be highlighted. These models and approaches allow solving
specific problems and can be used in conjunction with other tools. This
combination makes it possible to consider new conditions for solving more
complex problems.

One example of interesting mathematical formalizations that can be used
to solve various problems is the use of the apparatus for constructing geometric
figures using guilloche rosettes [10], [11].

This technique allows you to: ensure the protection of information in the
financial sector [12]-[14]; create decorative patterns or be used in image analysis
[15], [16]; enter additional information in printing production [17], [18]; provide
new technologies for the production of boards [19], etc.
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The expansion of the capabilities of guilloche and, as a consequence, the
areas of their use is largely determined by the conditions for which such
guilloche is used. These conditions ultimately determine the features of the
formation of various geometric structures.

Thus, the main goal of this work is to consider the features of guilloche
formation, taking into account the area of its use.

This involves a preliminary review of related research and formalization
methods to describe the process of constructing individual geometric structures.

Related works

The creation and use of guilloche rosettes is one of the areas of research.
These issues have been given attention in many works by researchers and
practitioners.

P. Albenda explores the peculiarities of the formation and use of guilloche
rosettes in the art of the Assyrian Empire [20]. The author reveals in detail the
technique of constructing guilloche rosettes and using it for various decorations
and interior design. There are many specific drawings, geometric plots, where
various guilloches are used.

M. Nassar and Z. Al-Muheisen explore geometric mosaics using the
guilloche technique [21]. The work notes the skill of constructing such
ornaments, the art of their creation. At the same time, the special geometry of
such a mosaic is noted. The article also examines the significance of the non-
figurative nature of this mosaic and other church artifacts of similar date in
Lebanon and Syria [21].

S. Usilin, D. Nikolaev and D. Sholomov consider in detail the guilloche
technique for making passport pages [22]. In particular, the authors use this
experience to recognize individual guilloche elements. For these purposes, a
morphological filtering technique is used for pre-processed images using the
Viola-Jones detector. This approach is general and can be used to form more
secure geometric structures based on guilloche.

D. Bansal, S. Malla, K. Gudala and P. Tiwari explore issues of combating
counterfeiting [23]. For these purposes, the feasibility of using guilloche is
considered. Therefore, the work pays due attention to the technique of
constructing guilloche. The authors note that this technique makes it possible to
create various protection technologies, both explicit and hidden. In general, this
allows you to monitor the effectiveness of guilloche in this area.

B. Yoon, J. Lee, I. S. Park, S. Jeon, J. Lee, and J. M. Kim also analyze the
latest anti-counterfeiting techniques [24]. Therefore, special attention is paid to
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guilloche and the technique of its implementation. For these purposes, an
appropriate strategy for protecting and preventing the spread of counterfeits
must be built. In doing so, the authors concentrate on colorimetric and
fluorimetric approaches that use guilloche. This allows you to create active
authentication and use molecular imaging methods [24].

H. Forcinio in his study emphasizes that it is guilloche that provides an
effective fight against counterfeits [25]. At the same time, the work notes that it
IS necessary to take into account the features of such guilloche and use
appropriate techniques for forming geometric structures.

D. W. K. Neo, A. S. Kumar and M. Rahman analyze the possibilities of
using guilloche in various technological processes [26].

In particular, the use of guilloche for the manufacture of a polygonal array
of Fresnel lenses is considered. The proposed technology also makes it possible
to solve other problems of eliminating production barriers when processing free-
form surfaces with complex curvature [26].

The above discussion allows us to conclude that the guilloche technique is
used in different tasks. Moreover, such a technique assumes the possibility of
taking into account individual features of its use to solve individual problems.
Therefore, the formation of geometric structures using guilloche is an urgent
task.

Guilloche elements as functional description

Guilloche, as a unique way of forming geometric structures, can be
considered in the form of several separate components. Each component has its
own characteristics of formation and connection into a single whole. Thus, it
should be noted that guilloche is a special technology based on the composition
of guilloche elements placed on a surface that is protected [25]. At the same
time, guilloche elements are called small ones with a large number of vertical
thin lines, tasks, including mathematical formulas [26].

Therefore, to construct gquilloche, you can use the appropriate
mathematical formalization. At the same time, the principle of guilloche
elements is based on the use and superimposition of standard functions, such as
sine and cosine [11].

As an example, we can cite the following analytical generalizations [11],
[27]:
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where ¢ is the polar angle, and n is the parameter of the shape of the curve
(epitrochoides),
or

X = (R +r)cos(mt) + (r + p)cos(@tj +Q cos(mt);

y = (R+r)sin(mt) = (r + p)sin(@tjmsin(mt),

where t is a parameter, and other letters indicate “secret” parameters that
are embedded in the geometric shape of the socket outlets.

Then, by changing the parameters, you can get a family of guilloche
rosettes. By imposing restrictions on these types of geometric designs, it is also
possible to form their color scheme. These sockets can be placed within certain
frames of their construction. This also creates new types of guilloche. Below we
consider some constructions of such sockets.

Some examples of forming guilloche rosettes

Let's consider one type of guilloche task using the following formula:

X = acos(t)+%cos( bt)+%sin(ct),

y:asin(t)+%cos(bt)+%cos(ct),

t — some parameter that determines the boundaries of the pattern change,

other parameters determine the geometric shape of the outlet.

By changing the range and step of changing the guilloche, you can get
completely different images. Examples of such constructions are shown in
Figure 1. In Figure 1a, the smallest step of changing the guilloche lattice nodes
Is specified, in Figure 1c — the largest step of changing the guilloche lattice
nodes. The remaining parameters are unchanged.
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Figure 1: An example of constructing a guilloche with different iteration steps
of its nodes

Next, let's look at an example of changing color schemes when creating
guilloche.

To do this, consider the construction of guilloche in accordance with the
formula:

X=(2+sin(al*tl)/2)*(cos(tl+sin(bl)/cl)),
y=(2+sin(al*tl)/2)*(cos(tl+sin(bl*tl)/cl)),

t1 — some parameter that determines the boundaries of the pattern change,

other parameters determine the geometric shape of the outlet.

The corresponding geometric figure is shown in Figure 2. Here we also
change the iteration step of the guilloche knots.
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Figure 2: Color representation of guilloche by changing the iteration step of its
nodes
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It is also possible to obtain more complex geometric objects if you specify
a complex mathematical formalization. Some examples are given below.

a) [1+ parccos(cos(s))]" (w=1, p = 0,785)

b) [1+ parccos(cos(s))]” (w=1, p = 0,804)
Figure 3: Complex form of defining guilloche rosettes
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Thus, by specifying the analytical guilloche formula, various types of
rosettes can be formed.

Conclusion

The paper examines the features of the formation of geometric structures
using guilloche. Attention is paid to various areas of using such structures in
practice. This made it possible to pay attention to the features of the formation
of such structures: from simple to complex. Among such features, the article
highlights the guilloche parameters and the iteration step for determining the
nodes for their construction. Attention is also drawn to the possibility of
changing the color scheme of guilloche. The results of constructing such
guilloches are presented using specific examples.
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