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Abstract

Relevance. The study addresses the potential application of configuration rules in creating decorative designs for RMB,
focusing on improving design aesthetics and functionality.

Purpose. To analyze the feasibility of using configuration rules to enhance the design of Chinese currency.

Methodology. The study involved the analysis and synthesis of decorative patterns, the establishment of configuration
rules, and the examination of their application in currency design.

Results. The findings demonstrate that configuration rules can effectively utilize existing patterns to improve Chinese
currency design, providing opportunities for new design variations that align with modern aesthetic and functional
requirements. The analysis revealed that Chinese currency patterns often embody cultural significance, historical events,
and characters through complex geometric and abstract elements. Key features of the patterns were identified, highlighting
the potential for more efficient use of configuration rules in design.

Conclusions. Configuration rules can successfully organize and enhance the decorative patterns in the Chinese currency.
The study confirms the feasibility of applying these rules to create cohesive and culturally rich designs. Additionally, the

integration of configuration rules can streamline the design process and ensure consistency in aesthetic quality.

Keywords: computer technology; image processing; syntactic structure extraction; monetary unit.

Introduction

The traditional process of creating decorative drawings is
often complicated and time-consuming, and the level of
skill and imagination of the artist can limit its results. The
use of modern computer technology to automate this
process can open up new design possibilities, making it
easier and faster to create drawings. The use of such
technologies can not only increase the speed and efficiency
of the process but also create innovative and unique
designs that meet modern market requirements. In
addition, the design process is currently done manually,
which can lead to limitations in the quality and variety of
designs. The use of computer technology, such as artificial
intelligence (AI) and image processing, can not only
increase productivity and accuracy but also open new
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horizons in creating unique and innovative designs that
meet the needs of the modern market. These technologies
can become central in the development of currency design,
contributing to its improvement and opening new
opportunities for creativity and individual expression.

The study by J. Xie [1] showed that the use of Al
technology contributes to the development of innovative
design of intangible cultural heritage, through the analysis
of characteristics and the use of formal grammar for
design. Z. Mang [2] demonstrated that by analysing the
symbolism, security, and visual design of the fifth series of
the Chinese currency, its role in shaping the national image
can be determined. Moreover, W. Guo [3] highlights the
importance of developing ways to promote the RMB as an
international reserve currency, which could affect the
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Innovative RMB pattern design using OpenCV and shape grammars

Chinese and global economies. In turn, N. Bodkhe et al. [4]
demonstrated that the use of image processing in currency
verification systems, including the analysis of its
decorative patterns, could effectively detect counterfeit
currency and improve the authentication of genuine
banknotes. S.B. Kumar et al. [5] emphasised the significant
potential of the OpenCV computer recognition library for
the development of visual data processing applications
with minimal computing time, which can contribute to the
further development of computer recognition and Al. In
addition, B. Ogechi Ogbuokiri and M. Raborife [6]
determined that contextual bag grammars are effective in
creating similar images as distractors in visual password
schemes.

Additionally, A. Mashhour [7] showed that the
structural foundations of organic forms could be
successfully used to develop modern decorative designs
and improve students’ skills in using design tools. S.
Fathima Chandhini et al. [8] created a computer
recognition system based on the OpenCV library for
accurate character extraction from documents and images,
which can process a variety of input data, extract characters
with high accuracy and efficiency, and confidently handle
character processing. Moreover, C.J. Silva Costa and M. A.
Costa Frade [9] emphasised that traditional and innovative
methods should be used to reproduce decorative elements
in relief plaster, ensuring compliance with the ethical
principles of conservation and restoration. U.M. Sikharam
et al. [10] noted a significant improvement in the efficiency
of frequent pattern extraction algorithms using parallel
processing within MapReduce, which can be useful for
practitioners in the field of associative data analysis.

These authors have studied various aspects of
innovative design, and the use of Al technologies, and
analysed product development methods. However, this
study addresses the possibility of using the methods of
designing decorative patterns for the Chinese currency
using configuration rules. To achieve this goal, the
OpenCV library and shape grammars were used. The study
aims to analyse the composition of RMB decorative
patterns, collect digital images of the Chinese currency, use
methods to extract patterns and establish configuration
rules, systematise information about them and define
classifications, and review RMB design methods and their
application.

Materials and Methods

This study was conducted using the Windows 10 system,
the Python 3.7 programming language, and the OpenCV
4.5.1 library of computer recognition functions and
algorithms. First, the narrow and expand operations were
used on the image, followed by the open and close
operations on the image to improve the smoothness. In
addition, morphological gradient operations were applied
to sharpen and make the contours in the image more
visible. The study examined the process of extracting
patterns from a digital library and setting up configuration
rules for their further use in design. This process involved
analyzing the various decorative elements available in the
digital library and selecting those that best met the research
goals and objectives. After selecting the appropriate
patterns, configuration rules were established that

determined the way they were placed, interacted with and
related to each other in the composition.

After that, the design of decorative patterns was
analysed using innovative approaches and methods. The
analysis identified key features and characteristics that
determined and evaluated the aesthetic and cultural aspects
of each pattern. Based on the analysis, new methods and
strategies for the effective use of configuration rules in the
design of the Chinese currency were explored. They were
presented and described in detail, which were used to
define their applicability in practice. Additionally,
formulas and calculations were performed in the study. If
the outline of a floral pattern is defined as, a closed curve
made up of points, then (1):

a = [Xq,Xg, -, Xp ], (1)
where: a — designation of the floral pattern; n — number of
dots.

If a ring pattern pixel is defined as a complex path made
up of paths, then (2):

b = [y1,¥2, -, Vel ()

where: b — designation of the ring pattern; e — number of
contours.
If a symmetrical pattern configuration is defined as a
layout rule composed of partial patterns, then (3):
Cc=[24,24, -, Zl, 3)
where: ¢ — Symbol of a symmetrical pattern; f — number of

partial patterns.
A raised pattern made up of pixels (4, 5):

g = {bll clﬂbZ’CZ’---’bk’ Ck}: (4)

g= {galﬂcalﬂ 8ay» Cays -"'gakﬂcak}: 5

where: g — designation of the enhanced pattern; k — number
of pixels.

Expressions for expansion, reduction, opening and
closing operations are as follows (6-9):

A®B={z|[(B), nA=0]} (6)
A © B={z|[(B), € A}, (7
AoB=(A © B)®B, (®)
A-B=(A®B)O B, ©)

where: A — an image; B — a structural element.
An expression for the morphological gradient operation
(10):
C=A®B-AOB, (10)
where: A — the original image; B — the structural element;
C — the image after the morphological gradient operation.

Assuming the presence of contours A and B, the
contour is defined as (11, 12):
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m{ = sign(hf)loghf, (12)

The difference between contour A and contour B is
expressed as (13):

IAB) =Y, , (13)

1 1
_+_
m® * mf

where: 1(A, B)<0.02.
The identified contours are classified, and a group of
similar contours is formed (14):
Y = {YI'YZ'Y3""'Yn}n (14)
where: Y — group of contours.
The remaining dissimilar contours are classified into a
set (15):
U = {uy,uy,us, ..., uy}, (15)
where: U — set of paths.
A formula for calculating the shortest distance between
outer contours (16):

dimin (A A) = XegrilyizréAj list(x, z), (16)

where: A;, A]- — outer contours.
A formula for calculating the target centre position
using zero- and first-order moments (17-20):

Mgy = ZIZ]V(LD, (17)

M, = ZIZ]i x (1,)), (18)

My, = ZIZ]j x (1,)), (19)
Mio . Mio

c = M_oo’ c = M_ooy (20)

where: My, — the moment of zero order; M43, My; —
first-order moments; i, j. — coordinates of the central point
of the image.

In addition, information about the pattern features is
formalized, and the primitive expression is as follows (21):

RMB decorative patterns feature1V, R;
B = feature2V, _|R: @1
feature nV, R,

where: B — primitive.

Form grammar was also employed, which utilizes
changes to initial formation elements for subsequent
output following a determined set of rules, where the
newly generated elements demonstrate a certain degree of
inheritance from the attributes of the original elements.

Results

Features of the configuration of decorative patterns of
Chinese currency

Currency banknotes are an important part of every
country’s financial system. One of the key characteristics
of banknotes is their decorative patterns, which are not
only aesthetically pleasing but also of great historical and
cultural significance for the country. The decorative
designs of the Chinese currency consist of basic, border,
and auxiliary designs. The main pattern is the main design
of the currency unit, which includes a floral pattern such
as chrysanthemums, and lotuses. A border pattern often
contains a combination of decorative patterns, such as
spherical patterns or ribbon patterns. Therefore, auxiliary
designs usually consist of basic shapes, such as straight
lines, curves, and concentric circles, which create a
complex graphic structure of banknotes.

The composition methods of Chinese currency
decorative patterns are divided into symmetrical
composition, diverse and unified composition, and divided
composition. In the first case, the decorative pattern of the
Chinese currency has a unified and symmetrical face
composition, which emphasizes balance and symmetry in
the pattern (Figure 1). After selecting a thematic pattern, it
is placed in the centre of the image or repeated
continuously, symmetrically dividing the pattern along the
central axis.

Figure 1. The method of symmetrical composition

Source: compiled by the author.
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Furthermore, a varied and unified composition includes
an organic distribution of patterns in a certain form,

creating an image with rhythm and harmony, in contrast to
a single and static composition (Figure 2).

Figure 2. The method of diverse and unified composition

Source: compiled by the author.

The method of divided composition means division by
geometric shapes with corresponding patterns within each
shape (Figure 3). The patterns correspond to changes in the

outer contour of the geometric shape, reflecting the
rationality and order of the structure.
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Figure 3. The method of divided composition

Source: compiled by the author.

The concept of configuration comes from architecture
and is used to represent the relationships between
components and the whole. Regarding the composition of
RMB decorative patterns, it is necessary to provide
relevant descriptions through observation, and then

demonstrate the pattern around which the symmetrical and
visual patterns using different configurations are different
(Figure 4).

Figure 4. Floral, ring and symmetrical patterns

Source: compiled by the author.

In the aforementioned example, the first flower pattern
is the one around the solar explosion (Formula 1), then the
ring flower pattern (Formula 2), and then the symmetrical
flower pattern (Formula 3). In general, pixels are the basic
unit for creating visual patterns, and their combinations are
formed by employing a range of configuration rules. To
provide a better determination of the hierarchical
relationship between the decorative patterns of the Chinese
currency, a hierarchical expression model for RMB
patterns was developed. In this way, pixels are transformed

and combined according to configuration rules to create a
pattern. The pixels that make up the pattern are located at
different levels in the tree structure. The root part
represents the general pattern, while the branches and
leaves are raised following the configuration rules. A
raised pattern is defined as composed of a certain number
of pixels (Formula 4), where the pixels form a pattern.
Such a pattern can also be described as a set of enhanced
patterns (Formula 5), where the patterns are composed
according to configuration rules. The hierarchical model of
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pixel expression (Table 1) is divided into basic patterns
(Y), additional patterns (F), and edge patterns (B).

Table 1. Example of sub-image selection results

20 RMB Pixel level Subpixels A Subpixels B Subpixels C
FZ1: FZ2: FZ3:
Supplementary pattern F Q
BK1: BK3:
Border pattern B
XS1: XS2:
Embellish am X $ @

Source: compiled by the author.

Thus, the characteristics of the composition of RMB
decorative patterns were considered. Different methods of
composition were used to create distinctive effects, and the
pattern expression model determined their hierarchy and
interconnection. This approach not only analyzed the
patterns themselves but also compared them in terms of
their structure and components.

Removal of patterns and configuration rules

In this study, digital images of Chinese currency
decorative patterns were collected using image collection
devices. However, due to the inherent refractive index of
currency materials, noise can occur in images caused by
factors such as lighting and equipment. Noise can distort

some of the details of patterns, so it is necessary to post-
process images to reduce the effects of noise and restore
clarity to the details. Mathematical morphology provides
certain tools for this, such as dilation, corrosion, and
opening and closing operations, which preserve the main
features of images and get rid of unnecessary elements.
The dilation operation is a method of combining elements
of a set by vector addition, which can be used to identify
local maximum values and increase the number of selected
areas in the image (Formula 6). It transfers the structural
element B to the edge region of image A, centered at the
origin of B, and the intersection with the edge creates an
extended image (Figure 5).

d

Y AD

Figure 5. Schematic diagram of the expansion operation

Source: compiled by the author.
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Figure 6. Schematic diagram of the reduction operation

Source: compiled by the author.

The opening (Formula 8) and closing (Formula 9)
operations are a combination of expansion and contraction.
Discovery first performs a reduction of the image and then
expands it based on the corrosion image. Closing first
expands it and then shrinks it. Moreover, the
morphological gradient operation (Formula 10) defines the
contour of an object in the image, considering its outliers
and dips. This makes it possible to highlight the difference

between highlights and depressions in an image that shows
the edges of objects. It is also worth considering the
removal of RMB decorative patterns by user interaction.
Based on the visual perception of the Chinese currency’s
decorative patterns, users select one or more patterns to be
included in the main pattern. Depending on personal
preferences, choosing an additional pattern can have
several different outcomes (Table 2).

Table 2. Example of sub-image selection results

Manual
Original pattern extractio | Main pattern Y Secondary pattern F Border pattern B
n
YTI: FT21: FT22: BT31:
Outcome 7 > .
YTI: FT21: FT22 BT31: BT32:
Outcome _ _
: ® | 3|l

Source: compiled by the author.

Next, the creation of a hierarchy where the user
distributes the selected additional patterns into levels based
on their subjective assessment is necessary. For instance,
if T1 is the only one in the main pattern Y, then YT1 is
itself a higher level of the pattern and can move to the next
step. If T1 is not the only one, additional patterns similar
to T1 are selected, and a hierarchical model is built from
the bottom up based on the user’s choice. The user then

codes and names the selected additional patterns
sequentially from the top to the bottom level and from left
to right. After that, the steps are repeated until the user has
coded and named all the necessary additional patterns,
exited the rule extraction mode, and generated the
appropriate configuration rules for the patterns (Figure 7).

Figure 7. Example of configuration extraction results

Source: compiled by the author.
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Thus, the composition of decorative patterns on
Chinese banknotes is complex, as it contains many similar
contours. Manually selecting similar paths requires many
operations and time and can lead to clusters of similar
paths. Therefore, it is necessary to classify the contours of
decorative patterns of currency by similarity and distance.
Similar contours usually share common features such as
ordered arrays, symmetry, and rotation, while distance can
indicate clustering or have special meaning. In this paper,
Hu’s moments were used to extract similar contours,
which were proposed by Ming Kuei Hu to express the

geometric features of images (Formulas 11-13). In other
words, this work is based on the invariance property of the
Hu matrix to extract and separate similar contours in
patterns. The identified similar contours are divided into
classes to form a group of similar contours (Formula 14).
The rest of the detected contours that are not similar are
classified as a set of contours (Formula 15). At the same
time, the process of clustering contours is based on Hu
moments (Figure 8).

Hu Moments

s g iy
Similar Contour Groups &
e
Calculate
similar A
contours
| Dissimilarity profile group 4 g WL &0

Figure 8. Clustering process based on Hu’s contour

Source: compiled by the author.

Unsimilar contours tend to be spatially close to each
other, forming a subgroup of contours that is visually and
metaphorically different. A convolutional hierarchical
clustering method was used to separate clusters of
contours, which allows to distinction of clustered contours
from dissimilar contours and building a hierarchical
expression model for dissimilar contours. The shape of a
cluster path is usually related to its shape and is measured

by the shortest distance from the edge of the path (Formula
16). By combining the different groups of paths in a
uniform hierarchical way and measuring the shortest
distance between the edges of the paths, cluster classes and
independent classes can be obtained, and a hierarchical
expression model can be created based on the clustering
results (Figure 9).

Cohesive hierarchical clustering

Hierarchical Expression Model

6 e e

Dissimilar contour groups A

Figure 9. Hierarchical representation model for heterogeneous contours

Source: compiled by the author.

When using Hu’s moments to select similar contours,
the central coordinates of the image must be calculated, for
which the zero and first moments are used (Formulas 17-
20). Considering each subsample in the image as

coordinate points, the entire image is made up of these
points, which are connected. The topological structure of
points and lines is also known as configuration rules. Thus,
each RMB decorative pattern is marked in turn, creating a
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database of configurations and expressing a topological
structure (Figure 10).

Figure 10. An example of a topological image

Source: compiled by the author.

To summarize, various methods were used to extract
patterns and configuration rules for images of decorative
elements of Chinese currency. By processing digital
images using mathematical morphology, noise reduction
and restoration of pattern details are achieved. Operations
such as dilation, corrosion, opening and closing were
applied to preserve the main features of the images and to
get rid of unnecessary elements. In addition, the
application of Hu’s moments was used to effectively
identify similar contours, and the method of convolutional
hierarchical clustering was used to further divide the
contours into clusters and build a hierarchical expression
model. This approach established a topological structure of

points and lines known as configuration rules, which
reflects the organization of decorative patterns in Chinese
banknotes.

Innovative design of Chinese currency decorative
patterns

By analyzing the literature for this study, the information
on decorative patterns of Chinese currency was
systematized and the types of classification were identified
(Figure 11). In addition, the collected images of decorative
patterns of Chinese currency were coded in this paper.

Cognitive classification of RMB
decorative patterns

Basic STylistic Functional Cunural
cour}ition coqr}ition coanlition coqr}ition
. . config User symbolic|| Usage || historical Folk
mold || print || size ||Pattern| [colour - ; . )
uration| | group meaning | | scenario || sources | jsymbolism

Figure 11. RMB knowledge classification

Source: compiled by the author.

It is worth emphasizing the externality, which is a
formal model used to analyses and solve problems.
Primitives, which are the logical components of
extensiology, include elements of matter, elements of
substance, and elements of relations. For the OpenCV
calculator to understand the configuration and relevant
features of RMB decorative patterns created by humans,
and to achieve the recognition and design of such patterns,
this study uses the basic theory of extensibility to transform
the language. Vectorised samples of RMB decorative
patterns become the object of study, and cultural
connotations (such as author, history, style), visual
graphics, encoding information, and hierarchical
information are used as features. The information about
pattern features is formalized and expressed in a primitive
form (Formula 21).

Using the theory of primitives, a pattern representation
model was created, which, combined with the collection of
RMB decorative patterns, created a digital library of
resources. From this library, representative patterns were
selected for vectorisation, which was used to create a
digital library of vectorised decorative patterns. In the
process of reusing configuration rules, the user first selects
a configuration rule from the resource library and then
selects sub-templates from the database to fill in the
corresponding configuration nodes (Figure 12). When
filling in subpatterns into nodes, the user addresses their
preferences and uses the hierarchical information of the
main pattern, auxiliary pattern, and border pattern.
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— Sub Pattern
Library

— library of
configurations
(computing)

Figure 12. Selecting configurations and sub-patterns

Source: compiled by the author.

To avoid overlap during filling, the identification
matrix method is used, where the initial value of 0 is
changed to 1, indicating the presence of a pattern in the
corresponding position, informing that other patterns can
no longer fill this position. Finally, once completed, users
can make local adjustments to the overall pattern to
achieve the desired results.

Overview of methods for creating RMB design and
their application
The study of innovative methods for creating decorative
designs for Chinese currency through configuration rules
is a relevant task, as it ensures the efficient use of existing
patterns to create new and updated designs. These methods
play an important role in preserving the cultural heritage
of the RMB and contribute to the development of modern
design, reflecting traditional and innovative aspects of
culture. The first method collects and classifies data on
decorative yuan patterns. It involves the systematic
collection of various data related to decorative examples of
the Chinese yuan. In turn, this process involves collecting
information from field research, as well as analyzing
literature and other available sources that contain
information on various aspects of decorative designs.
Once the data is collected, it is classified for further use
in the design process. This stage involves organizing and
structuring the information obtained according to certain
criteria, such as cultural aspects, historical context, style
and other characteristics. The classification was used to
systematize the data and make it available for further use
when studying new designs and analyzing decorative
samples. Thus, the method of collecting and classifying
data on decorative yuan designs is an important step in the
process of analyzing innovative design methods, as it
provides systematization and structuring of the
information necessary for further analysis and creative use
in the process of creating new decorative designs.
Another method is to build a digital library of resources
for decorative yuan designs. This method aims to create an
important tool for researching and reviewing new
decorative examples of the Chinese yuan. It involves the

creation of a digital library that includes a variety of
resources necessary for analysis and the creative process.
The main element of this library is vectorised images of
representative decorative samples, which ensure the
accuracy and quality of the original drawings. The digital
library is created to provide access to a variety of resources
necessary for the further design and analysis of new
decorative designs. It becomes the basis for further
research, analysis and creative process in the field of
decorative art.

The creation of a digital library allows researchers,
designers and artists to effectively use available resources
for an innovative creative process. It provides wide access
to information and materials, which increases productivity
and quality of work in the field of decorative design.
Equally important is the method of using configuration
rules for sample processing. It involves the use of
configuration rules to explore and analyze the placement
of subsamples in the master sample. The main idea is to
determine how the subsamples are arranged within the
main sample and in what order, they are arranged relative
to each other.

Once the configuration of the selected sample is
detected from the digital library, other samples are selected
to fill in the corresponding sample elements. This process
is based on analyzing existing configuration rules and
selecting the best patterns to create a new design. The use
of configuration rules ensures a logical and balanced
composition of a decorative sample, which is an important
aspect in the process of its creation. This method not only
analyses but also actively applies existing configuration
rules to create new, unique designs. The use of
configuration rules simplifies and speeds up the design
process, as well as allows for greater flexibility and
creativity in shaping decorative patterns. Moreover, it is
worth addressing the method of local optimisation of
sample design, which is focused on making local
adjustments to the design of samples based on the user’s
requirements and wishes. After creating a new sample
design, the user can make certain changes to achieve the
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desired result, which makes this method quite flexible and
adaptive.

During the local optimization process, the user can
make various changes, such as changing the size, colour,
shape, or location of sample elements. These changes can
be made using a special interface or editing tools provided
to the user. Local design optimization allows users to
actively interact with the process of creating decorative
samples, including their personal preferences and needs.
This method can be used to customise sample designs
quickly and efficiently. This approach creates individual
and unique decorative designs that meet the needs and
requirements of the user. The application of these methods
will effectively use existing decorative designs to create
new yuan designs that meet user requirements and reflect
the cultural and historical characteristics of the Chinese
currency.

Discussion

The results of this study have shown that configuration
rules are successfully applied to create new decorative
designs for Chinese currency. They can be used to
effectively use existing patterns that reflect traditional
aspects to create an aesthetically pleasing and functional
design.

While the findings of this study pointed to the
importance of currency design for the perception and use
of currencies, the results of a study by S. Catherine et al.
[11] showed that in the metaverse, currency design plays a
key role in determining their aesthetics and functionality.
The study by L. Tambunan et al. [12] showed that the use
of OpenCV improves the accuracy and efficiency of visual
data analysis, which is also confirmed by the results of this
work. Moreover, this study found that the use of OpenCV
provides for faster and more accurate extraction and
processing of decorative elements, which significantly
improves the quality and variety of designs created. In
contrast to the results of the study by Y.V. Teja [13], which
indicated that image processing can effectively detect
counterfeit currency, this study used image processing
techniques specifically to optimise the design of decorative
RMB samples. In addition, this paper investigates the
possibilities of using the obtained methods to create unique
designs, and the results of M. A. Otitoju et al. [ 14] indicated
that changing the design of currency can increase its
security and reduce the level of counterfeiting.

It is necessary to address the design of not only paper
currencies, as in this study, but also digital currencies. As
such, C. Bilgen et al. [15] analysed the design of the Sand
Dollar digital currency using the Central Bank Digital
Currency (CBDC) Tree framework, finding that this
currency focuses on socio-political and legal aspects,
promoting financial inclusion and modernising the
financial system. F. Syarifuddin [16] determined the
optimal design of the CBDC digital currency using a
Strength, Weakness, Opportunity, Threat (SWOT) meta-
analysis and proposed a hybrid architecture with
anonymity tracing to ensure an efficient payment system
and financial inclusion. Thus, this research attempted to
complement existing approaches to currency design by
focusing on automation and innovation in the creation of
decorative patterns.
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In addition, the results of the study showed the high
efficiency of using automated methods to create decorative
patterns for currency, which can significantly reduce the
time and resources required to develop new designs. In
comparison with the study by E. Diniz et al. [17], which
proposed principles of currency design that consider the
goals of the currency, its functioning processes and the
assessment of its impact on sustainable development, this
study focused on automating the process of creating
decorative patterns for currencies using electronic libraries
and shape grammars. This study also focused on creating
unique and high-quality designs for paper currencies,
whereas C. Bilgen [18] analysed the design of CBDC
digital currency through a systematic literature review and
determined that the successful implementation of CBDC
requires an interdisciplinary approach for the future world
of digital finance. In summary, this study has suggested
innovative automation methods that can be useful for
improving the design processes of both paper and digital
currencies.

The conclusions of this study confirmed the relevance
and effectiveness of the use of new technologies in solving
problems in the field of decorative design of Chinese
currency. In comparison with the study by S. Sweetline
Shamini et al. [19], which emphasised the effectiveness of
the system for recognising counterfeit paper banknotes,
this paper extends this understanding. It presents the
results of using a methodology that applied computer
recognition algorithms in the field of decorative design,
where the problem of counterfeiting also exists, in the
context of the Chinese currency. Furthermore, since the
results of the study by Y. Yusmerita et al. [20]
demonstrated an increase in students’ creative results in the
field of design, the study showed not only the effectiveness
of new design methods but also their potential use for
creating unique decorative samples of Chinese currency.

Thus, the conclusions of the studies are valuable, as
they pointed to the potential of new design methods in the
field of Chinese currency, which may open up new
opportunities for the development and improvement of this
methodology. Thus, this study fits into the general context
of applying the latest methods in design and technology to
solve practical problems, including various problems in
this area. This study in the context of the OpenCV library
application is identified not only as a method for studying
decorative samples of Chinese currency. Compared to the
work of S. Desai et al. [21], which is devoted to the
development of a system for identifying banknotes, this
study goes beyond the usual methods of detecting
counterfeit notes, aiming to create designs with unique
traditional symbols of the Chinese Yuan.

This opens the possibility of using the banknote design
method proposed in this paper as an effective measure to
prevent counterfeiting, as unique traditional symbols can
complicate the process of counterfeiting banknotes and
facilitate their detection. In contrast to M.H. Gouri and M.
Kumar [22], who highlighted the importance of the
OpenCV library in computer recognition and machine
learning for visual data analysis, this study showed the
possibility of extending this potential to the field of
decorative design. It also focused on the recognition of
unique cultural elements, which is important for the
development of innovation in design and cultural heritage.
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This study has proposed a new approach to the creation
of decorative yuan designs that allow for the preservation
and dissemination of valuable cultural heritage by modern
technologies in the field of cultural design. Compared to
the work of D.R. Prayudya and S. Al-Ayubi [23], who
proposed a central bank digital currency design that is in
line with Islamic principles, using SWOT analysis to
identify the strengths, weaknesses, opportunities and
threats of such a design, this study used a different
analysis, which consisted of applying methods for pattern
extraction and establishing configuration rules. In
comparison with the work of I. Telalbasic [24], which
proposed the design of an alternative digital currency for
entrepreneurs in the early stages of business development,
this study was aimed at improving the methods of analysis
and development of visual elements of currencies.

This focus allows for improving the quality, efficiency,
and originality of banknote design, enhancing
accessibility, transparency, and economic efficiency. In
this study, digital libraries and shape grammars are used to
develop currency design, allowing for the creation and
analysis of decorative patterns. In contrast to the work of
S.R. Samaei and E. Behdadfar [25], which presents a
design reconstruction system using Al and machine
learning that uses various models to recreate existing or
create new designs based on learned patterns. As in the
present study, H.M. Kumar [26] used image processing
methods and electronic libraries to recognise graphic
forms and text. However, while the present study
automated the process of creating decorative pattern
designs, the aforementioned work created electronic
design symbols from technical documents and other
images.

Based on the use of the form grammar and the OpenCV
library, this work allows for real-time tracking and analysis
of objects in cultural design. Similar to the results of A.A.
Johani [27], who showed that currency is directly related
to culture and strongly influences people’s cultural
identity, the results of this study indicated the importance
of using decorative patterns that reflect cultural and
historical features in the design of Chinese currency. The
authors’ results are also confirmed by B. Blazhev [28],
who emphasised that Al could automate certain design
processes, improve work efficiency and create new graphic
elements. Compared to the study of K. Ueda and C. Hay
[29], which considered the impact of digital currency
design on the central bank and the economy, addressing
the unique features of each system, this study focused on
the creation of currency design.

It is worth agreeing with the conclusions of this paper,
as they studied an important aspect of the impact of
currency design on government institutions. In comparison
with the work of H. Deng [30], investigated the
international integration of the digital yuan, this study
focused on the impact of design on cultural heritage and
the promotion of international recognition of the Chinese
currency through its cultural aspects. These findings are

References

important, as the study could have a significant impact on
the perception of the currency and its role in the world.

In general, the study revealed that the use of the form
grammar and the OpenCV library opens new opportunities
for creating decorative samples of the Chinese yuan, which
contributes to the preservation and dissemination of
valuable heritage. This highlighted the importance of using
analytical methods in contemporary cultural design
research and showed the potential for further application in
various fields.

Conclusions

The study examined methods for creating designs for
decorative samples of the Chinese yuan using
configuration rules, the OpenCV visual library, and shape
grammar. The study determined that this approach
provides efficient use of existing patterns to create new
decorative designs that meet market needs and help speed
up the production process. Furthermore, the analysis of
decorative patterns of the yuan revealed traditional
symbols that can be successfully integrated into modern
design.

In terms of qualitative indicators, the study
demonstrated the potential effectiveness of design
methods. For instance, the use of configuration rules has
improved design efficiency and increased the diversity of
the designs created, which is an important step in further
improving these methods. In addition, an approach was
used that included processing the original image using
morphological operations, as well as applying Hu’s
moments and a hierarchical clustering method to extract
configuration rules. This created an innovative design
system for Chinese yuan decorative patterns, which
effectively improves design productivity and implements
an intelligent method of generating modern designs based
on traditional patterns.

The results obtained indicate the importance of using
computer recognition and programming technologies for
the development of traditional art. According to the results
of the study, it is necessary to emphasise the importance of
high-quality datasets for the successful implementation of
the approach, as well as the need for careful design of data
models for the effective study and adaptation of the
characteristics of decorative samples. Another important
step was to determine the optimal loss function that would
improve the model’s performance. Future research
opportunities include expanding the pattern database and
improving image processing algorithms for a greater
variety of designs.
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JociailzkeHHsT 3 BHJIYYeHHs KOH(irypaunii /JeKOpaTHBHOIO Bi3epyHKa 0aHs Ta ioro
iHHOBaWiiHOTO AN3aiiHy: AHAJIi3 HA OCHOBI Bi3yaJibHOI 0i0ioTekn kaabKyasTopa OpenCV Ta
rpamatuk Qiryp

HOe Csn Jlin
Vuisepcurer Kpipka
10220, 3 Pam Iutpa Pa, banrkoxk, Tainang

AHoTauis

AKTYyaJIBHiCTb. J[0CTI/DKEHHS pO3TJIsiIae MOTEHIIHE 3aCTOCYBaHHS MPaBuII KOH(DIrypamii y CTBOpPEHHI AeKOPaTUBHUX
JM3aliHIB JUIS I0aHIB, 30CEPEDKYIOUNCH Ha MOKPAIICHHI €CTETUKH Ta (DYHKIIOHAIBHOCTI M3aiHYy.

Merta. [IpoanasnizyBaTy JOIUIbHICTS BAKOPUCTAHHS MPABIII KOH(ITypaiii st HOKpaIeHHsT U3aiiHy KUTaChKO1
BaJIOTH.

MeTtonodorisi. JlociipKeHHS BKIIIOYAJIO aHaJIi3 Ta CHHTE3 ACKOPATHBHUX MTATEPHIB, BCTAHOBIICHHS ITPABUIT
KOH(]Iryparii Ta BUBYEHHS iX 3aCTOCYBaHHS B JU3aiiHi IPOIIOBUX 3HAKIB.

PesyabraTn. OTprMani pe3yabTaTH JEMOHCTPYIOTh, 1110 IpaBmiia KOH}iryparii MoXyTb e()eKTHBHO BUKOPHUCTOBYBATH
ICHYI04I TaTepHHM ISl HOKPAIEHHS M3aiiHy KUTAHCHKUX I'POIIOBHUX 3HAKIB, HA/Ial0YM MOXKJIMBOCTI [yl HOBUX Bapialliid
JM3aiiHy, 110 BiIIOBIZAI0Th CyYaCHUM €CTETHYHUM Ta (DYyHKI[IOHAJILHAM BUMOTaM. AHaJIi3 T0Ka3aB, 1110 ATePHH
KATaChKUX TPOIIOBUX 3HAKIB YaCTO BTUIIOIOTH KYJIbTypHE 3HAUCHHS, ICTOPUYHI 1OJIiT Ta CHMBOJIN Yepe3 CKJIaIH1
TeOMETPUYHI Ta a0CTPAKTHI €JIeMEHTH. BUSABICHO KIIIOUOBI 0COOIMBOCTI Bi3€pPYHKIB, IO MiIKPECIIOIOTH TOTEHIIA /IS
6ibII1 €(pEKTHBHOTO BUKOPUCTAHHS NIPABIJI KOH(Iryparii B An3aiHi.

Bucnoskn. [Ipasua koH}Iiryparii Mo>KyTh yCIIIIHO OpPraHi30BYBaTH Ta BJIOCKOHAIIOBATH IEKOPATHBHI Bi3epyHKH Ha
KATaChKUX TPOIIOBUX 3HaKax. J{ociiDKeHHS MiATBEP/IXKY€E JOUIIBHICTD 3aCTOCYBAHHS LIUX TPABUJI JJISl CTBOPEHHS
LITICHUX 1 KyJIbTypHO OaraTux qu3aiiHiB. Kpim Toro, iHTerparis mpaBui KoH(Irypamii Mo>ke BITOPSIKYBATH ITPOIIEC
MIPOCKTYBAHHSI Ta 320€3MEYNTH CTAOIIBHICTh ECTETUYHO] SKOCTI.

Kiro4oBi ci10Ba: KOMITIOTEpHI TEXHOJIOTIT; 00poOKa 300paXeHb; BUAUICHHS CHHTAKCHYIHOI CTPYKTYPH; TPOIIOBA
OJIMHUIIA.
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