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Abstract. This research investigated the integration of cultural elements from the Zhujiajiao bridges in Shanghai
into casual shoe pattern design, employing shape grammar and the fuzzy evaluation method. The study focused on
four iconic bridges - Release, Huimin, Chenghuangmiao, and Yong'an - extracting and redesigning their distinctive
patterns to create a collection of decorative elements. These patterns were enhanced by a colour scheme inspired by
the Jiangnan water town landscape. The research process comprised three steps: extracting bridge elements using
design software, redesigning these elements based on shape grammar rules to generate pattern collections, and
evaluating the patterns and colours using a fuzzy evaluation method with input from teachers and students. Shape
grammar, defined as SG=(S, L, R, I), was utilised to evolve initial bridge elements through various rules, resulting
in three pattern sets (SG,, SG,, and SG,). The colour scheme, characterised by neutral tones and contrasting hues,
was developed by extracting colours from significant buildings in Zhujiajiao. Two colour schemes (C, and C,) were
created and matched with the pattern sets. Using the fuzzy evaluation method, these combinations were evaluated
according to criteria such as usability, design characteristics and template attractiveness. The results revealed
that the combination of patterns SG, and SG, with colour scheme C, was the most preferred. These redesigned
patterns and colours were successfully applied to casual shoe designs, resulting in visually appealing and culturally
significant footwear. The study demonstrated the practicality of shape grammar in automating design processes
for culturally creative products, enriching casual shoe designs with traditional bridge patterns while fostering
appreciation of cultural heritage in contemporary fashion

Keywords: Zhujiajiao bridge cultural elements; traditional pattern integration; cultural inheritance; Chinese
culture; modern footwear; fashion; graphic design

INTRODUCTION

As of 2025, there has been a heightened focus on inte-
grating traditional cultural elements into contemporary
designs, particularly in the field of fashion. This study is
especially timely and relevant as it explores the incor-
poration of cultural motifs from the iconic Zhujiajiao
bridges in Shanghai into casual shoe pattern designs,
utilising shape grammar and fuzzy evaluation methods

Suggested Citation:

to enrich modern footwear with traditional aesthetics
and to foster an appreciation of cultural heritage. Pre-
vious research on pattern design and shape grammar
has primarily focused on four key areas. According
to L. Bu et al. (2023), reflecting the local characteris-
tics of ancient towns in order to achieve differentiated
competitiveness has become a significant issue in the
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development of culturally and creatively themed an-
cient towns. Earlier studies related to pattern design
and shape grammar fall into the following categories:
The first concerns the application of shape grammar
in pattern reuse and optimisation. Shape grammar, as
a powerful design tool, has demonstrated considerable
potential in this area. A. Caetano et al. (2020) discussed
computational design (CD) and proposed an improved
and robust classification method based on traditional
shape grammars for key CD concepts, including para-
metric design. D. Chen & P. Cheng (2024) used first-or-
der quantitative theory to establish a correlation model
between shape grammar transformation rules in cloth-
ing pattern design and young people’s image percep-
tions. Their research illustrated the mapping relation-
ship and degree of influence on consumer preference
through graphical methods. The second area was the
exploration of computational design within architec-
tural design. With the rapid advancement of digital
technology, computational design has seen increasingly
widespread application in this field. N. Ding et al. (2020)
defined and applied concepts of parameterisation, gen-
eration, and algorithmic design in architecture, offering
a theoretical foundation for the digital and intelligent
transformation of pattern design. This trend was driv-
ing architectural practice towards greater efficiency,
flexibility, and personalisation.

The third category involved the innovative appli-
cation of traditional patterns in modern design. As an
essential component of cultural heritage, traditional
patterns have received increasing attention regarding
their adaptation and innovation within contemporary
design contexts. A series of studies have focused on the
use of traditional patterns in modern design across dif-
ferent cultural contexts. N. Ding et al. (2020) extracted
and analysed traditional furniture patterns, applying
the shape grammar theory to derive core elements for
new decorative patterns through evolutionary recon-
struction, thereby enabling the morphological trans-
formation and cultural continuity of traditional fur-
niture designs. M. Kulinska et al. (2022) explore how
body measurements are widely used and implemented
in the digital design of traditional garments. Y. Xu &
F. Xia (2024) employed shape grammar to extract and
deduce the basic elements of Miao embroidery pat-
terns in Wenshan, resulting in the creation of innova-
tive designs. W. Huang (2023) selected typical Ruyuan
Yao embroidery patterns for compositional analysis,
deconstructs them into fundamental elements, and re-
constructs these to form innovative base patterns. By
applying shape grammar, these base patterns are devel-
oped into a series of unit innovations that are subse-
quently integrated into product design.

The fourth area concerns the application of shape
grammar in automated and intelligent design. L. Zhang
& Y.R. Xiao (2024) analysed the perceptual differ-
ences between residents and tourists regarding the

characteristics of ancient towns, examining the emo-
tional responses these evoke and identifying influenc-
ing factors. E. Yilmaz et al. (2023), following the ar-
rangement of intelligent microcapsules, utilise shape
grammar to determine the pattern structure and de-
sign of a new sports bra, enhancing its aesthetic appeal.
L. Gao & X. Li (2025) introduced topological geometry
into product shape design, conducting hierarchical fea-
ture analysis of a target product prototype and iden-
tifying its form-defining characteristics based on top-
ological weights. Primary features are constrained by
topological properties, while secondary features are
derived through shape grammar rules, ultimately gen-
erating an innovative product design scheme.
Ultimately, this study aimed to contribute to the re-
vitalisation of traditional cultures through modern de-
sign practices, while also offering valuable insights into
the application of shape grammar in pattern redesign.

MATERIALS AND METHODS

The research process involved several key steps. First,
four representative bridges in Zhujiajiao were selected
as the subjects for pattern extraction. These bridges -
namely, the Release Bridge, Huimin Bridge, Cheng-
huangmiao Bridge, and Yong'an Bridge - were chosen
for their distinctive styles and historical significance.
Through meticulous abstraction and line drawing, the
basic elements of each bridge were extracted and sub-
sequently reorganised into a cohesive pattern design.
Next, the extracted patterns were further refined and
transformed using shape grammar rules. It is worth
noting that Adobe Photoshop was used in the study.
This process involved applying various generative and
modifying rules to the initial patterns, producing a
range of variations that preserved the core character-
istics of the original bridges while incorporating mod-
ern design elements. The refined patterns were then
evaluated through a fuzzy evaluation method, which
assessed their aesthetic appeal, cultural authenticity,
and adaptability for footwear design. In order to illus-
trated the redesign of bridge culture, design software
was employed to optimise the derived patterns through
adjustments such as mask transparency, pattern layer
overlays, and transparency locking. While retaining the
original patterns and colours, this process enabled a
more harmonious integration of bridge elements char-
acteristic of the Jiangnan water town. In addition, a
combination of product design techniques was applied
to create patterns embodying the features of the water
village. These culturally rich patterns were then incor-
porated into the design of casual footwear.

The pattern extraction and redesign process for
Zhujiajiao was divided into three main stages. Firstly,
four ancient bridges with distinctive stylistic features
were selected as the basis for element extraction. Their
line drawings were abstracted to obtain the defining
features of water town bridge architecture. Based on
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shape grammar, the extracted elements were arranged
and integrated according to design principles to gener-
ate more complex, orderly, and decorative monolithic
design elements. Subsequently, constraints and trans-
formation rules were applied using graphic design
software. The primary features of the original bridges
were analysed in terms of points, lines, and surfaces.
At the same time, unnecessary design elements were

harmonised or removed to form a comprehensive pat-
tern set. Colour schemes were also developed based on
real-life scenes. Finally, the fuzzy evaluation method
was employed to refine the basic elements of the water
town bridges, compare data, evaluate the pattern and
colour collections, and determine the optimal combina-
tion for application in casual shoe design. The process
is illustrated in Figure 1.
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Figure 1. Flow chart of the study

Source: developed by the authors

The pattern system functioned as a design language
integrating generative and modifying rules. Shape
grammars served as modern computational tools that,
once transformation rules were established, enabled
the combination of basic forms, evolutionary com-
mands, and novel, style-specific design outputs. The
evolutionary rules of generative design allowed for cre-
ative development through the sequential application
of multiple rule sets, resulting in a coherent and inno-
vative design language.

According to the definition of shape grammar by
G. Stiny & J. Gips (1971), it can be expressed as SG= (S,
L, R, I), where SG denoted the finite set of shapes re-
sulting from the application of evolution rules; S rep-
resented the set of shapes derived through operations
such as proportional transformation, rotation, mir-
roring, etc.; L referred to the finite set of markers; R
was the finite set of inference rules for evolution; and
[ was the initial shape from which the inference pro-
cess begins. In practical product shape inference, the
initial shape corresponded to the target morphological
curve. Evolutionary inference can be applied to part
or all of these curves, with the optional use of shape
markers. Affine transformations allow for arbitrary an-
gular tilting and longitudinal scaling while maintaining
co-linearity, co-pointing, and mutual parallelism. The
corresponding operations include translation, scaling,
rotation, and miscutting. Bézier curve transformation
refers to stretching a curve through four control points
while preserving affine and geometric properties.
This study primarily applied evolutionary rule con-
straints, with modifying rules serving as the primary
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mechanism and generative rules as a supplement. The
aim was to ensure that the elements extracted from the
target scenery retained the defining cultural character-
istics of the bridges after undergoing transformation
through the evolutionary reasoning process, as illus-
trated in Figure 2.
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Figure 2. Evolution rule description
Source: developed by the authors

Evolutionary rules encompass design operations
such as addition, subtraction, division, modifica-
tion, replacement, deletion, scaling, mirroring, copy-
ing, rotation, and miscutting. As shown in Figure 3, a
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design language can be derived from these fundamen-
tal operations and then applied to design objects. These
rules demonstrated that shape grammar functions as
a design methodology governed by the principles of
arithmetic logic.
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Figure 3. Scheme of rule instructions
Source: developed by the authors

To begin with, based on the principles of modelling
and composition of basic elements, the initial shape of
the pattern was extracted with careful attention to the
monolithic modelling structure and the continuity of
the subsequent design. The distinct elements required
for the design were extracted using Photoshop 2024

Feature refinement | Fangsheng Bridge - 1,

Yong'an Bridge - I,

and Procreate 5.3.4. These four basic elements were
imported into Procreate, where, using a single-line
brush, they were manipulated according to shape
grammar: the first step involved retaining the original
form of each initial element while incorporating new
design features; the second step filtered and removed
overly complex components to highlight each element’s
distinctive characteristics; the third step applied mod-
ification instructions while preserving the structural
skeleton of the original form, thereby generating alter-
native stylistic variations. The architectural outlines of
the four historic bridges in Zhujiajiao were abstracted
and simplified into line drawings, yielding four groups
of basic elements: I, I, I, and I,. While maintaining the
distinctive features of the bridges, a degree of defor-
mation was introduced using affine transformations
and generative rules. These served as secondary evo-
lutionary tools. The generative evolution rules enabled
the preservation and enhancement of the bridges’ most
distinctive design features.

RESULTS AND DISCUSSION
Characterisation of Zhujiajiao bridge elements
The extraction process of the bridge elements is pre-
sented in Table 1. Firstly, real-life images of the bridges
were processed to extract features, and line drawings
were generated using Adobe Photoshop.

Table 1. Characterisation and extraction of Zhujiajiao bridge elements

Chenghuangmiao

Bridge - I, Huimin Bridge - I,

Picture

Line draft extraction

Line abstraction

Evolution of element 1 ~NNA A~ -~ .
R: R R: R:
< Sy
Evolution of element 2 N, -
b T
R:Re R:R10 R RR:
] 1 1 LT L
Evolution of element 3 : J
R:R- R. R:Ris R,

Extraction result

New element - T,

New element - T,

New element - T, New element - T,

Source: developed by the authors
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As observed across the four groups of elements, the
abstracted forms exhibit not only structural stability but
also distinct stylistic features characteristic of Jiangnan
water town architecture. The compositions primarily
consist of quadrilateral and smooth, circular surface
elements. Subsequently, generative evolutionary rule
R, was applied to amplify key features by selectively
deleting components from the four structural groups
(I, L, I, and 1,), without compromising their skeletal
morphology. These elements were then further refined
and amplified, retaining their defining characteristics
and adhering to rule-based constraints. During the fea-
ture refinement process, it was essential to apply mod-
ifiability rules to deepen shape derivation and produce
more nuanced characteristic elements. To ensure align-
ment between the derived forms and the target design
intentions, a combination of evolution rules - add (R,),
enlarge (R), vertical mirror (R,), and miscut (R,)) -
were applied alongside R,. These helped optimise fea-
ture modelling under positional constraints. Finally,

additionalrules, such as central mirror (R ), vertical mir-
ror (R,), and 90-degree rotation (R,,), were employed
to further evolve the forms, resulting in the final new el-
ements: (T,=R,+R +R +R,+R ), (T,=R,+R,+R +R ),
(T,=R,+R,+R,+R J}),and (T,=R,+R  +R +R,). These
four evolved groups of elements successfully retain the
modelling characteristics of the original bridges while
also expressing a more structured and coherent formal
style, contributing to the understanding of morphologi-
cal principles and the preservation of visual rhythm.
Evolution and redesign of foundation elements
Building upon the refined elements described above,
four sets of foundational forms were derived. These
forms employed affine transformations under the mod-
ifiability rules, enabling arbitrary angular tilting, tele-
scopic scaling, and rotational transformations while
preserving co-linearity, common points, and paral-
lelism. This approach facilitated the directional con-
trol and precision required in the subsequent redesign
phase, as shown in Table 2.

Table 2. Transformation rules applied to foundational element evolution
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Table 2. Continued
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Source: developed by the authors

According to the formal characteristics of the Ji-
angnan water town bridges, and following the refine-
ment and evolution of the geometric elements, select

forms from the base set in Table 2 were used to gen-
erate reconfigured designs under defined constraints,
as illustrated in Figure 4. Subsequently, the final pat-

tern design was executed, and three sets of pattern
results - SG,, SG,, and SG, - were generated, as shown

in Table 3.

vertical mirror

The refined base elements provided a structured
foundation for precise and directionally consistent pat-

tern redesign, inspired by the architectural characteris-
tics of bridges in the Jiangnan water town region.

Table 3. Matrix of final cultural and creative pattern designs
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Figure 4. Schematic diagram of element evolution
Source: developed by the authors
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Table 3. Continued
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Source: developed by the authors

Colour extraction, pattern evaluation and screening
The predominant colour palette of Zhujiajiao Ancient
Town comprises neutral tones such as green, white, and
grey, with a balanced contrast between warm and cool
hues. The buildings display a marked contrast in bright-
ness, with harmonised transitions between walls and
roofs, creating an overall natural and refined visual im-
pression. The low-saturation colour system defines the
core chromatic perception of the town. Representative
buildings emblematic of Jiangnan culture were selected
for their significant architectural and cultural value. The
primary colours include black, white, grey, ochre, lake
blue, indigo, universal blue, dark grey, and deep red,
complemented by secondary tones such as light green,
vermilion, emerald green, dark green, light yellow, and
gold. Two sets of colour schemes - C, and C, - were
designed by extracting hues from photographs using
Adobe Photoshop, and these colour groupings were ap-
plied in the subsequent redesign process. The schemes
are illustrated in Figure 5. To effectively evaluate and
optimise the visual characteristics of the redesigned
patterns and to preserve their cultural associations
with bridge architecture, this study employed a fuzzy
comprehensive evaluation method. This addressed the
limitations of shape grammar-based evolution, pattern
redesign, and colour matching. Three pattern sets and

two-colour schemes were assessed using this method.
Evaluation criteria and weighted indicators were es-
tablished to quantify the performance of each design
scheme. These indicators enabled a preference-based
synthesis of design attributes under environmental
constraints, laying a strong foundation for the applica-
tion and innovation of the design elements, as present-
ed in Table 4.

Colour schemes - C2

Colour schemes - C1

& . .

Figure 5. Colour scheme collection table
Source: developed by the authors

Table 4. SG, advantage indicator table

K, Description of indicators Weighting/%
K, -utilisation capability Excellent formal sensibility and broad applicability in creative contexts 0.51
K, -design features Clear representation of Jiangnan water town architectural elements 0.36
K, - pattern advantage High continuity, replicability, and strong potential for reinterpretation 0.13

Source: compiled by the authors

After the morphological evolution process, three
groups of pattern collections were generated, pro-
ducing a wide range of pattern elements suitable for
design combinations. Based on the aforementioned
deductions, three pattern collections - SG,, SG,, and
SG, - were established. In order to identify the optimal
combination of pattern and colour scheme, the fuzzy
evaluation method was employed to determine the
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preferred evaluation outcomes for the pattern and col-
our schemes used in this design. The dominant indices
were defined as follows: K,, the pattern ensemble in-
dex, and KB, the colour scheme index, as illustrated in
Figure 6. In conjunction with the reference to corridor
bridge structures and their historical origins, the five
sets of dominant indices for the design - K, and K, - are
presented in Tables 4 and 5.

Art and Design Vol. 8, No. 2
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Figure 6. Example of K, pattern advantages

Source: developed by the authors

Table 5. C, advantage indicator table

K, Description of indicators Weighting/%
K, - utilisation capability Design value after integrating pattern elements 0.64
K, - colour attributes Reflects the Jiangnan water town cultural style 0.36

Source: compiled by the authors

To enhance clarity in both demonstration and eval-
uation, a schematic table illustrating the advantages of
the K K, pattern was produced (Fig. 6), along with a
schematic table demonstrating the K K, utilisation ca-
pability, as shown in Figure 7.

SGy SGy SGs

Figure 7. Example of K K, pattern advantages
Source: developed by the authors

Ten lecturers and 35 visual communication design
students from the teaching and research department
participated in evaluating the dominant indices of the
pattern and colour collections. They contributed to
determining the weighting percentages of each dom-
inant index in the bridge design, thereby constructing
a comprehensive weighting system for pattern design
evaluation.

Evaluation and optimisation of culturally-inspired
design solutions

Taking into account the requirements of both pattern
design and colour schemes, a five-point rating scale was
used: very good, excellent, fair, not very suitable, and
unsuitable. The scoring vector was assigned as o= (90
80 70 60 50) X. The 45 aforementioned participants
evaluated each aspect of the styling and decorative de-
sign independently. This is summarised in Table 4. A
fuzzy comprehensive evaluation matrix was then con-
structed, and the calculation method along with the re-
sults are presented in Tables 6 and 7, using pattern SG,
and colour scheme C, as examples.

Table 6. SG, final assessment score calculator

Evaluation matrix Weighting Scores
0.56 0.24 0.13 0.07 0.00 0.51 0.286 | 0.122 | 0.066 | 0.036 0
P, 0.32 0.27 0.37 0.04 0.00 K, 0.36 P*k 0.115 | 0.097 | 0.133 | 0.014 0
0.24 0.37 0.23 0.16 0.00 0.13 0.031 | 0.048 | 0.023 | 0.021 0
Total 0.432 | 0.220 | 0.222 | 0.071 0
a 90 80 70 60 50
/ Total*a 38.88 | 17.57 | 15.57 4.25 0
Score 76.27
Source: compiled by the authors
Table 7. C, final rating score calculator
Evaluation matrix Weighting Scores
b 0.37 0.39 0.13 0.04 0.00 K 0.64 Pk 0.237 | 0.250 | 0.083 | 0.026
“ 0.40 0.13 0.28 0.19 0.00 B 0.36 0.144 | 0.047 | 0.1008 | 0.068
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Table 7. Continued

Evaluation matrix ‘ Weighting Scores
Total 0.381 | 0.296 | 0.184 | 0.094 0
a 90 80 70 60 50
/ Total*« 34.27 | 23.71 | 12.88 | 5.64 0
Score 76.50

Source: compiled by the authors

From the above, the evaluation weight vectors
H,, =P *K,, H, =P_*K for pattern SG, and Colour
C,, together H,  =(0.4320, 0.2169, 0.2224, 0.0709, 0),
H_ =(0.3808, 0.2964, 0.1840, 0.094, 0). Finally, multi-
plying by the scoring vector a=(90 80 70 60 50)X, the
final scores for pattern H,, and colour H_, were 76.27
and 76.50, respectively. The evaluation also produced
the following scores for pattern SG, - 74.33, pattern
SG, - 76.27, and colour C, - 79.34. As pattern SG, and
SG, achieved equal scores, and colour scheme C, out-
performed C,, the final design presentation incorpo-
rates pattern SG,, pattern SG,, and colour scheme C,.

In order to more effectively present the redesigned
bridge culture concept, design software was employed
to refine and optimise the output. Building upon pat-
terns SG, and SG,, mask transparency adjustments in
Procreate 5.3.4, along with the stacking and interweav-
ing of pattern layers and alpha-locked overlays, were
utilised to enhance the texture of the colour scheme
without altering the original patterns or palette. This
process helped to ensure that the pattern design, based
on the architectural features of bridges in the Jiangnan
water town, appeared more cohesive and harmonious.
Additionally, modifications and enhancements were
made to the design according to the characteristics of
the patterns, integrating elements consistent with Ji-
angnan bridge culture. These refinements were intend-
ed to align with the aesthetic preferences of tourists,
thereby facilitating the seamless integration of the de-
signs into both footwear and broader cultural and cre-
ative applications.

Innovative design of Zhujiajiao bridge pattern
casual shoes

Following the redesign of the bridge patterns, a
cross-disciplinary approach combining product design
principles was applied to create pattern motifs that
convey both a strong design language and the unique
character of water towns. This initiative not only pre-
sents a novel pathway for the preservation and inno-
vation of Zhujiajiao’s bridge culture but also provides
inspiration for the development of cultural and creative
products - particularly the design of Zhujiajiao-themed
casual footwear, as illustrated in Figure 8.

Using graphic design software, these culturally rich
motifs were skilfully embedded into casual shoe de-
signs, creating a bridge between tradition and moder-
nity, and between cultural heritage and contemporary
fashion (Fig. 9).

Figure 8. Casual shoe pattern - design presentation 1
Source: authors’ material

Figure 9. Casual shoe pattern - design presentation 2
Source: authors’ material

Locally representative casual footwear products
were selected and combined with refined pattern de-
signs. A minimalist approach was adopted, with the
patterns arranged in a continuous and layered compo-
sition. Design elements primarily included patterns SG,
and SG,, while the colour palette was dominated by the
cool tones of scheme C,. The final visual outcomes are
shown in Figures 8, 9, and 10.

Figure 10. Casual shoe pattern - design presentation 3
Source: authors’ material
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The impact of technology on modern society is both
profound and multifaceted, influencing nearly every as-
pect of daily life. This transformation is especially visi-
ble in the field of design. Through parametric modelling,
generative techniques, and algorithm-driven design, re-
searchers have advanced the automation and optimisa-
tion of design processes, enhancing both efficiency and
creative capability. In the area of ethnic pattern design,
for instance, shape grammar enables the creation of in-
tricate, culturally significant motifs with a level of pre-
cision and repeatability that is challenging to achieve
manually. Similarly, in architecture, computational
design tools have enabled the exploration of complex
geometries and structures, pushing the boundaries of
design and construction possibilities. Furniture design
has also benefited greatly from these advancements,
enabling designers to create bespoke pieces that fit
seamlessly within a given space and meet specific func-
tional requirements. Three-dimensional shape gener-
ation, cultural heritage conservation, and textile and
fashion design are further fields in which shape gram-
mar and computational design have made notable con-
tributions. In each of these disciplines, the ability to de-
fine and manipulate forms using algorithmic rules has
led to more efficient and innovative design processes.

C. Cui & N. Shaari (2023) enhanced shape gram-
mar to enable the efficient reuse and innovative devel-
opment of national patterns, offering a new approach
to intelligent and automated pattern design. A. Chan-
tamool et al. (2024) improved shape grammar by in-
corporating a national narrative research method, fo-
cusing on a hand-woven silk group selected through
purposeful sampling. Data were gathered via in-depth,
face-to-face interviews, and analysed using interpretive
thematic analysis. F. Zhang et al. (2023) applied shape
grammar to interpret the characteristics of box-type
furniture in detail, highlighting its importance within
Korean traditional furniture. The study proposed ideas
for the organic integration of traditional and contem-
porary Korean furniture design. Y. Li et al. (2024) used
innovative derivative patterns in the design of modern
leather goods, ensuring that the products aligned with
contemporary aesthetic sensibilities while retaining
national characteristics and cultural depth. Y.L. Wang et
al. (2024) combined grounded theory principles, shape
grammar, and sustainable design methodologies to
reinterpret and innovate the aesthetic design of Ming-
style furniture. A. Wutte & J.P. Duarte (2021) proposed
a parametric shape grammar for ancient Egyptian fu-
nerary monuments, which could be used to reconstruct
incomplete tombs, extend existing ones, or generate
new designs. Y.G. Ying & ET. Jin (2024) inferred that
shape grammar facilitates the effective transforma-
tion of designers’ knowledge, providing technical sup-
port for the intelligent application of shape grammar
in design and manufacturing processes. Research into
the automatic generation of rule-based logo designs

further illustrates the significant potential of shape
grammar in automated design systems. This line of in-
quiry not only enhances design efficiency but also es-
tablishes a solid foundation for the future of intelligent
design development.

B.L. Qi et al. (2023) analysed and extracted shape
feature lines at various levels of train head forms, creat-
ing abstract design elements by applying shape gram-
mar. An interactive genetic algorithm was then used to
encode these design features. F. Zhang et al. (2024) con-
ducted research on gene extraction and intelligent as-
sisted design in the context of Nanjing Republic archi-
tecture, highlighting the characteristics of inheritance,
selection, replication, and variation in architectural
gene expression. This work achieved a creative trans-
formation and innovative development of architectural
heritage, demonstrated the potential for intelligent, as-
sisted cultural and creative design, and enhanced the
cultural depth of such products. However, in the field
of footwear creative design, there remains a lack of re-
search on the application of shape grammar. Footwear
design is a complex discipline that integrates both art
and technology. Its cultural and creative aspects require
not only aesthetic appeal and uniqueness but also ac-
count for comfort and functionality. Shape grammar,
with its strong capabilities in shape transformation and
rule-based reasoning, offers a distinct opportunity for
innovation in footwear design. By defining shape rules
and transformation logic, a wide variety of shoe designs
can be automatically generated while maintaining co-
herence and design unity. This approach would not only
streamline the design process but also create new pos-
sibilities for creativity and innovation. Designers could
more easily experiment with diverse shapes, patterns,
and materials, thereby expanding their range of de-
sign options. In addition, shape grammar can support
designers in capturing and transforming traditional
footwear elements, enabling the modern expression of
cultural heritage and its innovative transmission. This
is particularly valuable in the context of cultural herit-
age conservation, where the preservation of traditional
footwear design holds significant importance. P. Ger-
chanivska (2021) conceptualised cultural identity as
a resource for social development, revealing its struc-
tural integrity through correlations with cultural codes
and transformation models.

This study explores casual shoe pattern design us-
ing shape grammar, through the extraction and redesign
of elements from the ancient town bridges of Zhujiaji-
ao. Other related studies - such as N. Ding et al. (2022),
on the reuse and optimisation of patterns in furniture
design using shape grammar; Y. Li et al. (2024), on
the automatic generation of logo designs; and Y. Xu
& F. Xia (2024), on the integration of shape grammar
and the analytic hierarchy process in redesigning Miao
embroidery patterns - all demonstrate the broad ap-
plicability of shape grammar across design field. These
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studies share a common approach with the present arti-
cle in their application of shape grammar rules for inno-
vative and optimised design. However, this study differs
in its design subject, objectives, and evaluation meth-
odology. Moreover, the fuzzy evaluation method em-
ployed here offers a novel perspective on design assess-
ment, which is less frequently seen in related research.

CONCLUSIONS
This study provides a detailed account of the process
of redesigning cultural design elements from bridges
in Jiangnan water towns, through the extraction and
reinterpretation of features from the Zhujiajiao bridge.
The coherence of this redesign is closely aligned with
the conceptual framework of footwear design. In the fi-
nal design outcome, a colour scheme was applied that
not only integrated the distinctive colours of the water
town but also effectively combined regional hues with
modern commercial appeal. At the same time, the au-
thors curated a series of patterns that reflect the ele-
ments of the Zhujiajiao bridge, which not only enrich
the visual layering of the design but also express the
harmonious integration of tradition and modernity.
The design outcomes not only demonstrate the unique
charm of Shanghai Zhujiajiao’s traditional culture but
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AHoTauia. JloctipkeHHs: GyJ0 COpsiMOBaHe Ha IHTErpalil KyJIbTYPHHUX eJeMeHTIB MOCTiB UDKyu3su3sio B
lllanxai y Au3aiiH Mo/iesiell MOBCAK/JEHHOTO B3y TTs 3 BUKOPUCTAHHSAM rpaMaTUKU GOPMHU Ta METOAY HEYiTKOTO
onjiHIOBaHHs. Jloc/i/PKeHHs 6Y/10 30CepeP)KeHO HAYOTUPbOX3HaKoBUXMocTax - Release, Huimin, Chenghuangmiao
Ta Yong'an - 3 KUX GYJI0O BUOKpPEMJIEHO Ta NepepobJsieHO XapaKTepHi Bi3epyHKU [Jisi CTBOPEHHS KOJIEKIil
JleKOpaTUBHUX esieMeHTIB. lli BisepyHkH Oy/iM [JOOBHEHi KOJIbOPOBOIO raMOI0, HATXHEHHOIO JIaHAIapTOM
BoaHoro Micra l3sgHbHaHb. [Iponec gociifKeHHs CKJIaAaBCs 3 TPbOX eTaliB: BUJIYYEHHS €JIEMEHTIB MOCTIB
3a /ZI0TIOMOr010 JIM3alHEePChbKOro NMPOrpaMHOro 3abe3nedyeHHs, pe/ju3aiiH I[MX eJieMeHTIB Ha OCHOBI NMpaBUJI
rpaMaTUKy GopMHU /151 CTBOPEHHS KoJieKIii Bi3epyHKiB, a TaK0X OLjiHKa Bi3epyHKIB i KOJIbOPIB 3a ONOMOTI010
MeTO/ly HE4iTKOTO OLiHIOBaHHS i3 3ajiyueHHAM BHUKJaZadiB i cTyseHTiB. 'pamaTtuka ¢dopmu, BU3HAYEHA SK
SG=(S, L, R, I), 6bys1a BUKopucTaHa AJis €BOJIIOLI] MOYAaTKOBUX €JIEMEeHTIB MOCTIB 3a pi3HMMU IpaBUIAMH, B
pesysbTaTi 4oro 6ys10 CTBOPEHO TpU HabopH BizepyHKiB (SG,, SG, i SG,). Konmboposa rama, 1o xapakTepusyBasacs
HeUTpaJIbHUMK TOHAaMU Ta KOHTPACTHUMHM BiJTiHKaMy, Gysa po3pobJseHa LIJISXOM BUJIYYEHHs KOJIbOPIB 3
BU3HaYHUX 6y/iBesb y Dxynsausso. byno creopeno aBi kosipHi cxemu (C, i C,), Aki 6y.1m 3icTaB/ieHi 3 Habopamu
3paskKiB. 3a JOMOMOTOK METO/y HEHYiTKOI0 OI[iHIOBaHHS 1[i KOMOGiHaIil 6yJi0 OlliHeHO 32 TAKUMH KPUTEPiAMU, K
3pY4HICTh BUKOPUCTAHHS, AU3alHEPChKI XapaKTePUCTHUKHU Ta MPUBAGJIMBICTh NaTepHiB. Pe3ysbTaTH MokasaJiy,
o KoMmb6inauisa BisepyHkiB SG, i SG, 3 xosipHorw ramoro C, 6ysna Haikpamomw. Li oHOBJIeHI BisepyHKH Ta
KOJIbOPH 6yJIM YCHILIHO 3aCTOCOBAHI B IM3aliHi MOBCAKAEHHOT0 B3YTTs, 1[0 IPU3BEJIO /10 CTBOPEHHS Bi3yaJbHO
MPUBAGJIMBOTO Ta KYJbTYPHO 3HAYYLOr0 B3y TTs. JlOC/IiI>KeHHS IPOZeMOHCTPYBaIo NPAKTUYHICTb rPaMaTUKH
¢dopMu B aBTOMaTH3alii npoleciB NPOeKTyBaHHS KyJbTypPHO-KpeaTHBHUX NPOJYKTIB, 36arayyrouu Au3aiH
MOBCAKAEHHOT0 B3yTTA TPAAULIMHUMHU BizepyHKaMU MOCTIB | BOJHOYAC CIPUAIOYH NOLiIHOBYBaHHIO KYJIbTYPHOI
CraJUHU B Cy4acHIN Moji

Karouosi crosa: KY/IBTYPHi e/leMeHTI MOCTa YKy113:113510; iHTerpania TpafuLifiHNX Bi3epyHKiB; KyIbTypHa CIIaJI/Ha;
KUTaJCbKa KY/IbTyPa; Cy4acHe B3y TTs; MOJIa; rpa(’pquI/{ﬁ[ II3aiH
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