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ABSTRACT 

640430026 : Major DESIGN 

Keyword : Lotus pattern bionic design parametric technology parametric architectural 

design 3D architectural concrete printing 

Mr. Zhizhi LIU : The lotus bionic parametric design of contemporary Chinese 

architecture Thesis advisor :  Isarachai Buranaut, Ph.D. 

Bionic parametric architectural design is related to the design concept, cultural 

inheritance, technological innovation, and sustainable development direction of 

Chinese architecture. In recent years, construction engineering, as an essential pillar of 

the economy, has become a consensus in China's economic development. The 19th 

National Congress of the Communist Party of China proposed to promote the 

coordinated development of intelligent construction and new building industrialization 

as the driving force to accelerate the transformation and upgrading of the construction 

industry, achieve green and low-carbon development, and effectively improve the 

quality and efficiency of development. As an essential part of the construction project, 

Lotus bionic parametric architectural design has the characteristics of equal emphasis 

on theoretical knowledge and practical operation. Contemporary Chinese architectural 

design needs to think about green buildings and intelligent buildings. Therefore, the 

cultivation of architectural design trends becomes even more critical. To this end, 

researchers based on the characteristics of contemporary Chinese architectural 

development, taking the Lotus bionic parametric architectural design as an example, 

conduct detailed research and elaboration as a guide to the development trend of 

contemporary Chinese architectural design. 

This research paper covers aspects such as lotus bionic design, parametric 

modeling technology, architectural design, and 3D printing concrete building 

production. Comprehensive application of research methods. Combining research tools 

and data analysis, completed the design experiment and design practice of Lotus bionic 

parametric architectural design, improve China's architectural design capabilities. 

Through this research content, we can understand the development trends and design 

research methods of Chinese architectural design, expand design thinking, and improve 

work efficiency when designing architectural plans. This paper combines knowledge 

and practicality, is easy to understand, and provides reference and help for the 

architectural design profession. 
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CHAPTER 1 

INTRODUCTION  

 

Contemporary Chinese bionic parametric architectural design combines bionics 

and advanced computer parameterization technology applied to the emerging field of 

architectural design. Biomimicry is a discipline that draws design inspiration from the 

characteristics of biological forms, structures, and functions in from nature. Parametric 

technology is a method that uses digital algorithms to optimize the design and 

performance of buildings and realize architectural design. In contemporary Chinese 

architectural design, the bionic parametric design method, buildings with bionic 

principles, and intuitive and natural forms, which some buildings apply parametric 

technology to make architectural design more scientific and accurate. It has become a 

highlight in contemporary Chinese architectural design to cope with complex 

architectural design issues and increasingly stringent environmental protection 

requirements. 

The significance and value of bionic parametric architectural design in 

contemporary China, which is more than just applying advanced technical means. It 

also includes rethinking and exploring traditional Chinese cultural elements and 

environmental awareness. The focus is to integrate the concept of harmonious 

coexistence between nature and human beings in traditional Chinese cultural elements 

into architectural design. To achieve the goal of sustainable development of 

contemporary Chinese architecture. Find the intersection between disciplines, become 

an innovation point in research, connect various disciplines, and apply the research 

results of various natural disciplines to contemporary Chinese bionic parametric 

architectural design. Research and explore new design method models to cope with the 

different challenges brought about by the development of the times, inspire and guide 

contemporary Chinese architectural designers to solve complex architectural design 

problems, and combine visual communication design with various computer-aided 

designs, serving the contemporary Chinese construction industry, combining innovative 

thinking and logical algorithms, to improve the technology and aesthetics of Chinese 

architectural design. Inspire Chinese architectural designers to devote themselves to 

studying the local urban spiritual culture and natural environment characteristics and 

conditions, and according to the bionic parametric design method, design an 

architectural plan suitable for the local urban spiritual culture and environment. 

Therefore, contemporary Chinese bionic parametric architectural design is a design 

method full of vitality and creativity. It provides important help for the sustainable 

development of urban architecture in China; it is also an important research content of 

innovative visual communication design. 
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1.1 RESEARCH BACKGROUND 

Background research on bionic parametric architectural design in contemporary 

China mainly includes three aspects: political background, economic background, and 

cultural background. Information age, human resources, and technological progress are 

the general trends. The construction industry needs to improve the professional 

capabilities of talented professionals and continuously upgrade technology. Improve 

the refined manufacturing and management of engineering projects, reduce human 

resource costs, improve integrated model capabilities, and improve the effectiveness 

and efficiency of construction projects. 

 

1.1.1 POLITICAL BACKGROUND 

According to the Recommendations of the Central Committee of the Communist 

Party of China on Formulating the Fourteenth Five-Year Plan for National Economic 

and Social Development and Long-term Goals for 2035, the ecological environment 

will fundamentally improve. Realizing the long-term goal of building a beautiful China, 

the major strategic decision and implementation of urban renewal action was put 

forward. The cityôs master plan covers the period from 2017 to 2035. This is a long-

term plan of the Chinese government. It aims to guide the development of urbanization 

and emphasizes ecological priority, people first, and the principle of coordinated 

development. The construction of beautiful cities is an integral part of beautiful China. 

It is an essential carrier for building a beautiful China. The urban ecological civilization 

construction pilot work plan aims to strengthen the construction of urban environmental 

civilization, promote sustainable urban development, and improve the ecological 

environment quality of the city. 

On October 7, 2022, the General Office of the Central Committee of the 

Communist Party of China and the General Office of the State Council issued the 

Opinions on Strengthening the Construction of High-Skilled Talent Teams in the New 

Era. And give notice that all regions and departments across the country are required to 

implement it based on actual conditions conscientiously. Strengthening the team 

building of senior vocational skills talents, enhancing the countryôs core 

competitiveness and scientific and technological innovation capabilities, and 

Promoting high-quality development in China is of great significance. 

 

1.1.2 ECONOMIC BACKGROUND 

The report of the 19th National Congress of the communist party of China pointed 

out that socialism with Chinese characteristics has entered a new era. China's economy 

has shifted from a stage of rapid growth to a stage of high-quality development. We are 

in a critical period of transforming development methods, optimizing economic 

structure, and converting growth momentum. As a pillar industry of the national 

economy, building on the outstanding achievements made by the construction industry 
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in the past, technological progress, One Belt and One Road, rural revitalization, new 

infrastructure construction, and other opportunities and challenges. The 14th Five-Year 

Plan and the outline of long-term goals for 2035 propose accelerating the construction 

of new infrastructure. It must center on strengthening digital transformation, intelligent 

upgrades, Integrated innovation support, layout and build information infrastructure, 

integrated infrastructure, and new infrastructure such as innovative infrastructure. In 

this economic context, the Chinese government adopts high-tech buildings, reflecting 

China's economic and technological levels. New infrastructure construction is 

infrastructure construction that focuses on science and technology. The vigorous 

development of new infrastructure will drive demand in the construction industry. The 

construction industry faces broad development opportunities for urban and rural 

revitalization. 

 

1.1.3 CULTURAL BACKGROUND 

China's traditional culture carries the Chinese people's historical memory and 

cultural identity. Chinese architecture has different characteristics in different eras. It is 

a cultural symbol and art form. Ancient Chinese architecture was influenced by 

philosophies such as Buddhism, Taoism, and Confucianism. At present, most of the 

ancient buildings left in China are Buddhist temples, pagodas, palace buildings, etc. 

These Buddhist buildings embody the beliefs and spirit of ancient Chinese people. 

Taoist thought pursues the laws of nature; the design and layout of the building must 

comply with the principle of harmony between man and nature, architecture, and the 

trinity of heaven, earth, and man. In ancient Chinese architecture, many building 

designs are inspired by elements such as landscapes, flowers and birds, clouds, and mist 

in nature, pursuing the integration and coordination of architecture and nature. Chinese 

traditional architectural layout, many ideas in orientation come from Confucianism, 

which aims to pursue the harmonious unity of architecture and the natural environment. 

Because Confucianism emphasizes the harmonious relationship between man and 

nature, man and society, it affects the design and manufacturing of ancient Chinese 

buildings. Found in traditional Chinese architecture, during the construction process of 

the building, the decorative components of the building contain profound cultural 

heritage and historical memory. In architectural decoration components, sculpture, 

painting, copper and ironware, porcelain, etc., the art form demonstrates the cultural 

connotation and artistic charm of traditional Chinese architecture. Chinese conventional 

architecture has historical and cultural value and provides a source of inspiration and 

essential design support for contemporary architectural design. 

With the development of the times and the process of modern information, the 

cultural background of China's current architectural design is rich and colorful, 

constantly evolving and expanding. We must part ways with China's traditional cultural 

impression, based on Chinese traditional culture, continuously integrate new ideas and 

technologies, continuously innovate and develop, and Establish a new impression of 
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Chinese architectural culture. In contemporary China, the construction industry has 

progressed rapidly since the reform and opening up. Significant changes have also 

created enormous economic value. Researching and developing intelligent, green, 

energy-saving, and environmentally friendly buildings has become an important 

direction in current Chinese architectural design. China vigorously promotes green 

energy-saving and environmental protection measures, reducing energy consumption 

and environmental pollution; with a new construction industry towards new green 

buildings and energy-efficient buildings, the direction of development of smart 

buildings takes the right path toward energy conservation and sustainable development. 

 

1.2 RESEARCH QUESTIONS 

In recent years, China has been affected by the COVID-19 epidemic. Compared 

with the construction industry in developed countries, there is still a big gap between 

China's construction industry and those of developed countries. Special attention is paid 

to the architectural design industry in the exchange of world cultures, in the case of 

mutual economic circulation, how to improve the competitiveness of China's 

architectural design market, how to improve the design capabilities of Chinese 

architectural designers, issues such as how to integrate building construction 

organization need to be focused on research and analysis. 

(1) Research integrating traditional Chinese cultural model plant elements in 

Chinese architectural decoration. 

(2) Advanced parametric scientific and technological modeling and generation of 

Chinese traditional cultural elements and modern fashion. 

(3) Analysis and verification of art design education by transforming parametric 

2D traditional Chinese cultural elements into 3D modern bionic architectural geometric 

models. 

(4) Contemporary Chinese bionic parametric architectural design, production, and 

evaluation based on 3D printing technology. 

The study found that bionic parametric architectural design has been rarely 

studied in Chinese academic circles.  

Figure 1 CNKI retrieves the annual trend chart of published papers on bionic 

parametric architectural design 

Note. Researchers draw their own, 2023 
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Figure 2 CNKI retrieves bionic parametric architectural design theme distribution 

map 

Note. Researchers draw their own, 2023 

 

1.3 RESEARCH OBJECTIVES 

As global environmental problems intensify, studying the beauty of cities and, 

more importantly, creating them is the purpose of China's urban development. The 

research goals of contemporary Chinese bionic parametric architecture are to explore 

new architectural design concepts of green and sustainable development based on 

protecting and inheriting traditional cultural heritage and to use modern digital and 

intelligent technologies to improve architecture through simulation and optimization. 

Designers design efficiency and quality to promote the integrated development of 

architecture and cities and achieve the goal of sustainable energy development. 

(1) Study the plant elements of traditional Chinese cultural patterns, take 

traditional Chinese Buddhist lotus patterns as an example, and study the cultural 

significance and folklore functions of lotus patterns in China. A research and analysis 

on the changes in the lotus pattern from different periods of Chinese history, other 

cultures, and contemporary Chinese traditional architectural decoration components. 

Design, and re-integrate the standard features of the lotus pattern, which are traditional 

Chinese cultural elements. 

(2) Digital technology should be used in the information age, and the methods of 

combining parametric design methods with traditional Chinese cultural model plant 

elements and research ways and means to improve the efficiency of architectural 

designers. 

(3) Combined with bionics, innovative green architectural forms are extracted 

from nature, and an art design education method is developed that transforms 2D 

Chinese traditional cultural model plant elements and 3D geometric models to realize 
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parametric 3D bionic architectural models and educate students majoring in 

architecture and Chinese architecture. Designers provide training to achieve the goal of 

benefiting the public.  

(4) Combined with China Construction Engineering, 3D printing technology will 

promote construction industrialization and innovate to achieve integrated energy 

conservation and manufacturing generation methods. 

There are three innovative points in this study. 

First, the subject of this study is bionic, parametric, and architectural concepts. 

There are few proposals in related research fields, and there needs to be a complete 

theoretical research and design system to query. 

Second, few previous studies in China integrate lotus pattern bionics, parametric 

digital design, and architecture into collaborative design and development. It provides 

valuable data reference for contemporary Chinese architectural designers and is well-

founded. It can be followed. 

Third, from the perspective of related disciplines, the plant lotus is a 

comprehensive cross-disciplinary study that tries to integrate it into the architectural 

discipline and integrate architecture into the natural environment. 

 

1.4 RESEARCH HYPOTHESIS 

Contemporary Chinese bionic parametric architectural design is a dynamic and 

innovative field. Integrating current modern architecture with traditional cultural 

elements, protecting and passing on traditional culture, making good use of renewable 

energy, sustainable development, allowing digital technology and intelligent 

technology to be applied to architectural design, improving design efficiency and 

quality, realizing the integrated development of architecture and city, these are essential 

assumptions in contemporary Chinese architectural design. 

(1) Studying the significance and benefits of bionic parametric architectural design 

in contemporary China is a way to advocate that living bodies exist in nature most 

reasonably. 

(2) Study the plant elements of the traditional Chinese lotus culture model. 

Because it has different historical and cultural values in various historical periods, it 

can provide a design basis and theoretical basis for contemporary architectural design. 

(3) Researching the latest technology and parametric design to ensure that there 

are data reasons to follow to realize rational design. Use new technologies or theories 

to solve problems encountered in the development of human life. 

(4) By studying contemporary Chinese bionic parametric architecture, we will 

provide valuable reference for contemporary Chinese architectural designers and allow 

more architecture students to gain access to design methods. 

 

1.5 RESEARCH SCOPE 

The research scope of contemporary Chinese bionic parametric architecture 
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involves complex topics in multiple disciplines. It is necessary to comprehensively 

apply bionics, architecture, art, engineering, semiotics, ecology, parametric design 

technology, interaction research, nonlinear research, genetic algorithm, various subject 

knowledge such as the reconfiguration of materials and structures in the material 

organization, parameter, unit, both distributed grid systems and three-dimensional 

organisms can be used in the architectural field. Therefore, the scope of the research is 

complex; the range is extensive. 

(1) The research focuses on the inheritance of plant elements in traditional Chinese 

cultural patterns, especially analyzing element extraction and deformation using the 

traditional Chinese Buddhist lotus pattern. 

(2) Study the deformation of plant element units in traditional Chinese cultural 

models and how they are affected by association rules and the complexity of the unit 

itself. The original numbers of plant elements in traditional Chinese cultural patterns 

were initially derived from living organisms; the surface forms a complex distributed 

grid system, and these biological and natural shapes show the most efficient structures. 

Using parametric methods, combined with the effective structure of traditional Chinese 

cultural model plant elements, develop ways to improve architectural designers' work 

efficiency and design accuracy. 

(3) Combining algorithms and geometric logic to define the organizational rules 

of primitives, generate bionic parametric energy-saving, intelligent, and 

environmentally friendly green building models. 

(4) From the perspective of construction projects in the construction industry, in 

response to the current adjustments to the quality, technology, and cost of labor 

resources in China, using 3D printing technology, developing in the direction of green 

buildings, energy-saving buildings, and information-based buildings, integrated 

energy-saving construction and manufacturing model. 

 

1.6 RESEARCH METHODS 

The research method adopted a mixed research approach, including the literature 

survey method, comparative analysis method, combination of qualitative analysis 

method and quantitative analysis method, field investigation method, case study, design 

practice, expert consultation method, etc. A survey and research on contemporary 

Chinese architectural design evaluation were carried out through questionnaires and 

structured interviews. At the same time, I was studying and researching, setting the 

interview theme for Chinaôs future architectural development trends, conducting in-

depth interviews with experts, conducting a research method that combines quantitative 

and qualitative research methods, conducting on-site inspections of existing buildings 

in China and Thailand, and conducting theoretically constructive research. Finally, the 

existing literature was collected and analyzed through literature research. Documentary 

materials include text, numbers, symbols, pictures, and other information to explore 

and analyze Chinese architectural practices. Interdisciplinary and comparative studies 
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are combined. Through an exploratory approach, research will be conducted according 

to the logical sequence of architectural design, and the research process of the lotus 

bionic parametric design of contemporary Chinese architecture will be gradually 

completed. 

 

1.7 RESEARCH FRAMEWORK 

The research framework starts from the basic structure of raising questions, 

analyzing problems, and solving problems to complete the research on contemporary 

Chinese architecture's lotus bionic parametric design. Taking the traditional lotus 

pattern among the plant elements of conventional Chinese cultural patterns as a case 

study, use parametric technology to conduct bionic parametric design research, analysis, 

and experiments on contemporary Chinese architecture.  

Figure 3 Thesis research framework logic diagram  

Note. Researchers draw their own, 2023 
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1.8 RESEARCH RESULTS 

This study provides framework steps for contemporary Chinese bionic parametric 

architectural design. This model research is no longer an independent discipline. Instead, 

it is a complex research of multiple disciplines. Research results also include 

geographical terrain modeling, shadow and sunlight analysis, visual field analysis, 

ventilation simulation, daylighting calculation, energy consumption simulation, and 

project optimization analysis to stimulate the interest of contemporary Chinese 

architectural designers and university students in future architectural design; it also 

provides professional reference value. It forms a complete set of scientific bionic 

parametric design samples for contemporary Chinese architecture. 

 

1.9 DEFINITION PREDICATE 

In the design of this study, the biomimetic parameterization of the lotus became a 

key element. Using advanced computing technology, researchers accurately analyze the 

morphological characteristics of lotus flowers and convert them into adjustable design 

parameters. This parametric approach gives the building the appearance of a lotus and 

achieves a high degree of flexibility and optimization in structure and function. The 

unique feature of architectural bionic parametric design is that it is an imitation of nature 

and an in-depth understanding and innovative application of natural laws. 

(1) Lotus is one of the oldest dicotyledonous plants in the world. There are records 

of lotus cultivation as early as the Zhou Dynasty in China, and it is widely spread across 

the globe. The lotus pattern is an integral part of Chinese traditional culture. It has been 

commonly used in Buddhist art, literature, architecture, and other fields. The lotus 

pattern has become a clan totem. Due to different periods and cultures, it is an 

auspicious symbol expressing different beautiful meanings. The lotus pattern is one of 

the essential research patterns of contemporary Chinese traditional decorative patterns. 

(2) Biomimetic design is also called design bionics; it is a discipline that integrates 

design and bionics. Bionic design is different from bionics application. It takes the 

shape, color, sound, function, structure, etc., of all things in nature as its research object. 

A design that selectively applies these characteristic principles in the design process, 

combined with the research results of bionics, provides new ideas, principles, methods, 

and approaches to design. 

(3) Parametric design is a design method. In modern design, design solutions are 

generated through parameter combinations, parameters are used to define the design 

thinking process, and design prototypes are built. This kind of design is called 

parametric design. The characteristics and attributes of parametric design objects are 

described and controlled by introducing parameters. Establish a relationship between 

design variables and parameters by changing the value of the parameter; features and 

behavior of designs can be changed automatically. Parametric design exists in a system 

and the elements of each component change. The topological relationship causes the 

entire structure to change. 
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(4) Voronoi diagram, defined as a division of the space plane, is the primary data 

structure for spatial division. It has unique graphical relationships and mathematical 

properties that are closely combined. The Voronoi diagram is an important research 

content in computational geometry. The Voronoi diagram, as a natural subject form, has 

attracted the design community's attention. The graphical form design of the Voronoi 

diagram relies on algorithms and parametric design methods. The complex form of the 

Voronoi diagram has natural laws and artistic rhythm in natural subjects, often used in 

art and design. Many natural structures in nature are very close to the Voronoi diagram; 

the Voronoi diagram itself has specific aesthetic characteristics. 

(5) As a new technology, 3D printing technology integrates digital software with 

processing equipment to achieve personalized customization and mass production of 

objects. 3D printing technology has mold-free molding features such as material saving 

and customization, which are gradually emerging in the construction industry, showing 

great potential in improving construction productivity and safety. The unique potential 

of 3D concrete printing is that it can create complex geometric structures and has 

economic and environmental benefits. 

(6) Parametric architectural design is an architectural design method based on 

parametric design ideas. The shape of architectural elements, structure, material, and 

other properties are controlled and adjusted by adjusting a series of parameters. 

Designers use computer programming or professional design software; many design 

variations can be generated by defining parameters and corresponding rules. 

Through lotus bionic parametric design, the building is no longer just a cold 

structure but a living installation art piece. The appearance of the building is like a 

blooming lotus. Unique curves and proportions let people feel the revival of natural 

beauty in modern architecture. This design concept respects and innovates traditional 

culture, and the building incorporates advanced elements of contemporary technology. 

At the same time, it also inherits the profound meaning of lotus in Chinese culture. 

 

1.10 CONCLUSION 

This research on lotus bionic parametric design of contemporary Chinese 

architecture is an innovation that combines traditional culture and modern technology. 

The bionic parametric art architectural design concept is a new design vitality. 

Researchers introduced the elegant form of conventional lotus flowers into the field of 

architecture. Create a unique look and structure. Because parametric design is 

experimental, characteristics of research and cross-fertilization, therefore, its value has 

been verified in research and practice. Lotus bionic parametric design focuses on 

appearance and has made breakthroughs in practicality and sustainability, achieving 

efficient use of resources through intelligent design parameters. This design concept 

respects traditional culture and actively explores new possibilities of modern 

architecture. It brings unique aesthetic experience and technological innovation to the 

field of architecture. Study contemporary Chinese architecture's bionic parametric 
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design results and deepen parametric design, bionics, and artistic architecture to a 

smaller scale. Combining the three also studies the symbiosis between man and nature. 

It is the embodiment of the pioneering trend of contemporary Chinese architectural 

design. Provide professional help and professional reference value for contemporary 

Chinese architectural designers and college graduates. 
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CHAPTER 2 

LITERATURE REVIEW  

 

In recent years, nature, green, and environmental protection have become hot 

topics, reflected in people's clothes, food, living, and walking. Natural food has gained 

everyone's attention, and natural color dyes have also become popular in clothing; for 

furniture used in family life, we began to choose furniture made of solid wood, green 

energy-saving, and environmentally friendly buildings are used in urban construction. 

These phenomena reflect people's ideological desire to be close to nature and their 

desire to return to nature. At the same time, these social phenomena put forward 

requirements for design, integrating nature into design, satisfying people's 

psychological needs to be close to nature, and echoing the development trend of the 

times. The integration of ecology, technology, art, and architecture represents the future 

development direction of the new civilization of architectural design. Through 

interdisciplinary research on plant bionics, parametric three-dimensional space 

construction model analysis, and 3D printing technology, this paper constructs a new 

form and method of contemporary bionic parametric architectural design. On June 2, 

2023, Xue Xi Qiang Guo reported that Chinese President Xi Jinping attended a 

symposium on cultural inheritance and development in Beijing and delivered an 

important speech. They emphasize that continuing to promote cultural prosperity from 

a new starting point, building a culturally powerful country, and building a modern 

civilization for the Chinese nation is our new cultural mission in the new era. 

Figure 4 Chinese President Xi Jinping attended the symposium on cultural inheritance 

and development 2023.6.2. 

Note. https://www.xuexi.cn/2023 

 

2.1 BIONIC DESIGN AND RESEARCH 

As an interdisciplinary subject, bionic design must be integrated with natural 

subjects. Many human daily necessities are derived from natural bionics, including 

animal and plant bionics. This paper uses existing systematic natural subject knowledge 
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to serve the design, digest knowledge of plant natural subjects, translate it into botany 

for design, integrate the two fields of humanities and nature, propose the concept of 

plant modeling elements, and establish cases of plant modeling elements. It will provide 

architects with a convenient way to carry out bionic design; the knowledge of plant 

cases is presented to architects in detail and systematically, broadening designers' 

horizons and sources of inspiration. 

 

2.1.1 CONCEPT OF BIONICS 

Biomimicry is the study of biological principles and their application in 

engineering and technology; it is a science that imitates natural organisms and is also a 

borderline subject. In 1958, American Steele first proposed the concept of bionics. The 

core idea of bionics is to study the structure, form, function, energy conversion, 

information control, and other excellent characteristics of biological systems. They can 

be applied to technical systems to improve existing technical engineering equipment 

and create a comprehensive science of new technological processes, architectural 

configurations, automation devices, and other technical systems.  

At present, the scope of research in bionics in China is vast. It is reflected in bionic 

architecture, bionic robots, bionic computing, materials, medicine, etc., the bionic 

architecture field mainly studies issues such as architectural form, building materials, 

building life cycle, and building ecological environment from the perspective of bionics, 

designing innovative architectural solutions suitable for people to live and work(Jan, 

Ulrich, & Thomas, 2019). Research on bionic robots is through the study of the 

physiology, morphology, movement, perception, control, and other functions of 

organisms, achieve innovative applications with more efficient, flexible, and precise 

operations, exploration, rescue, collection, medical care, nursing, military, education, 

entertainment, and other powerful functions. Bionic computing is mainly used in 

computer model design, simulating biological systems, carry out computer autonomous 

learning to form an intelligent computing system. Biomimetic materials are widely used 

in science, biomedicine, and other fields. The application in bionic medicine has made 

significant progress in medicine, medical treatment, and other aspects. 

Biomimicry is a very promising and challenging subject, combining biology and 

engineering to create more efficient and intelligent technologies and materials for 

people(Junior & Guanabara, 2005). 

 

2.1.2 BIONIC DESIGN CONCEPT 

Biomimetic design is also called design bionics; it is a discipline that integrates 

design and bionics. Landhay proposed in the particular study of bionic design that 

bionic design differs from bionics applications. It takes the shape, color, sound, function, 

structure, etc., of all things in nature as its research object. This design selectively 

applies these characteristic principles in the design process and, at the same time, 

combined with the research results of bionics, provides new ideas, new principles, new 

methods, and new approaches to design. Therefore, bionic design is a continuation and 
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development of bionics. The bionic design combines both art and science. Not only 

materially but simultaneously, we also pursue the diversified design integration and 

innovation of tradition and modernity, nature and human beings in spirit. To achieve a 

high degree of harmony between human beings and nature. 

The bionic design has the characteristics of two disciplines: bionics and design. It 

is mainly manifested in the scientific nature, infinite reversibility, and cross-disciplinary 

comprehensiveness of art. 

Table 1 Bionic design features 

Features Design Philosophy Bionics 

Scientific 

nature of art 

 

 

 

A branch and supplement of modern 

design. Have common artistic 

characteristics. It is based on certain 

design principles and has a very 

rigorous scientific nature. 

Based on certain bionics 

theories and research 

results. 

Infinite  

reversibility 

The research objects of design are 

infinite, and the prototype of bionic 

design is also infinite, studying 

nature. 

Looking for design 

prototypes in nature, 

promote the research and 

development of bionic 

design. 

Interdisciplinary 

comprehensive 

Possess certain basic knowledge of 

mathematics, ergonomics, 

psychology, mechanics, aesthetics, 

ethics, and other related disciplines. 

Based on design, a new 

interdisciplinary discipline is 

produced at the intersection of 

several disciplines. 

Have certain basic 

knowledge of biology, 

materials science, color 

science, and other 

related disciplines. Have 

a clear understanding of 

current research results 

in bionics. 

Note. Researchers draw their own, 2023 

 

2.1.3 CURRENT STATUS OF BIONIC DESIGN 

From the perspective of the development status and research application fields of 

bionic design, it is mainly reflected in morphological and functional bionics. Currently, 

bionic design in China is in a stage of rapid development; in recent years, the research 

and application of bionic design have made significant progress and development. 

People continue to expand their life experiences and learn from natural creatures' 

wisdom and structural principles to solve human problems. Summarize and summarize 

biological forms. Human knowledge systems have gradually become more complex 

and systematized; people understand the natural world through basic knowledge of 

mathematics, ergonomics, psychology, mechanics, aesthetics, biology, materials 

science, color science, ethics, and other related disciplines. From ancient times to the 

present, people have continued imitating nature. Bionic design activities in 

contemporary China are ongoing, and many areas show tremendous potential. For 

example, in scientific research, Chinese scientific research institutions and universities 

have extensive activities in biomechanics, materials science, electronic engineering, 

etc., to study the functions and structures of living organisms and apply them to high-
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tech, new materials, etc. In construction engineering, explore and apply bionic design 

to improve the efficiency and sustainability of construction, transportation, aerospace, 

and other projects, promoting the development of related industries. In the field of 

innovation and industrial development, integrated into product development and 

service innovation, integrating into industry provides a new way of thinking to solve 

problems from multiple angles and aspects, promote innovation, transformation, and 

upgrading of China's economic and industrial sectors, promote industrial development 

and inject new impetus into innovation. At the same time, China's bionic design is also 

facing opportunities and challenges. Interdisciplinary collaboration and symbiosis are 

vital to advancing bionic design. Although some progress has been made, cooperation 

and exchanges in different subject areas still need strengthening. The talent shortage is 

also a vital issue; it is necessary to cultivate new types of compound talents and improve 

professional skills; bionic design talents with comprehensive knowledge and skills are 

needed. With the continuous progress and development of China's artificial intelligence, 

biotechnology, materials science, and construction engineering, in the future, more 

cutting-edge technologies will be combined with bionic design to promote 

breakthroughs in innovation and application. 

 

2.1.4 EVOLUTION AND DEVELOPMENT TRENDS OF BIONIC DESIGN 

With the continuous advancement of science and technology and people's in-depth 

study of the natural world, bionic design has gone through a long development process, 

showing its unique charm, and with the development of modern design, it is constantly 

innovated and enriched, from the initial reference to natural forms to todayôs 

interdisciplinary collaboration and innovation. Remarkable progress has been made 

over the past few decades and has shown great potential. Due to the influence of social, 

cultural, economic, technological, aesthetic, and other factors, each stage of bionic 

design has its distinctive characteristics of the times. 

Early bionic designs were influenced by ancient wisdom and traditional culture. 

The form, structure, and function of nature in ancient times and its application in 

various fields. Restricted and influenced by the materials, craftsmanship, and aesthetics 

of the times, more have aesthetic value, it can also improve energy efficiency, 

environmental adaptability, and human comfort, and it is rich in symbolic meaning. 

Early bionic design ideas laid an important foundation for subsequent scientific 

research and modern bionic design. 

Progress in science and technology, and the development of human society, 

provide a more scientific basis for bionic design and expand multiple design areas. With 

the rise of interdisciplinary collaboration, research on bionic design is more diversified. 

System design, sustainable design, integrated design, postmodern design, and 

ecological design trends, affect the development direction of bionic design. Biomimetic 

design shifts from the functional expression of biological systems to the semantic 

expression. From objective and rational design to subjective and emotional design. The 

pursuit of material and technology to the satisfaction of emotion and spirit. From 

globalization to urban regional diversification and personalization has become a trend. 

Biomimetic design will become a key tool in achieving eco-friendly and sustainable 

development goals. The individual characteristics, unique beauty, and meaning of the 

design are expressed more through morphological language, as well as association, 

imagination, representation, and other methods. 
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2.1.5 MORPHOLOGICAL BIONIC DESIGN 

The biomimetic morphological design uses living things as imitation objects. By 

refining and summarizing the characteristics of living organisms, methods such as 

imitation, deformation, and abstraction can be applied to design and design techniques 

to achieve styling purposes. 

Morphological bionic design is based on natural organisms, including animals and 

plants, based on the recognition of the typical external forms of microorganisms, etc., 

seeking breakthroughs and innovations in the form of emphasizing the expression of 

the aesthetic characteristics of the external form of the organism and human aesthetic 

needs. Object functional bionic design mainly studies natural organisms' objective 

functional principles and characteristics. Get inspiration from it to promote the 

improvement of object functions or the development of new product functions. Object 

texture and color bionic design is based on the study of biological surface texture and 

color, gets a simulation and re-creation on the object, and enhances the functional 

significance and expressiveness of bionic design forms. Morphological and functional 

bionic design are currently essential areas of bionic design research and application. 

This paper's Lotus bionic parametric architectural design will mainly focus on 

morphological bionic design(Z. Wang, Long, Huang, & Hu, 2024). 

Figure 5 Principle diagram of bionic morphology design process 

Note. Researchers draw their own, 2023 

 

During this process, researchers extracted the main structural features of biological 

forms and simplified the extracted main structural features. Finally, this main structural 

feature is reproduced in front of people in bionic form under specific requirements. 

From the perspective of object semantics, in most cases, bionic form design gives 

the object form a symbolic role and other visual aesthetics. In contrast, the biological 

form meets and fits the functional role of the bionic form. According to the object 

semantics theory, it usually has a dual meaning; its morphological language is used to 

express the object's physical properties. That is, denotative meaning; to project human 

emotions, describing the things of the soul is the connotation or meaning. 

Corresponding to this are the two roles played; one is the functional role, that is, its 

inherent role. The second is the symbolic role, which means a symbol to represent 

something invisible. It has a permanent connection to meaning. An object's symbolic 

role is formed by people's subjective emotions projected onto the object. It shows 

people's psychological, social, and cultural symbolic value in the context of use. 

 

2.1.6 STRUCTURAL BIONIC DESIGN 

Structural bionic design is based on understanding natural organisms' structural 

characteristics from the inside out. Design innovation combines different object 
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concepts and design purposes, giving objects the meaning and aesthetic characteristics 

of natural life. 

Structural bionics is based on the principles of engineering mechanics, studies the 

different structural levels of organisms microscopically, and takes a closer look at 

macroscopic shapes for inspiration; furthermore, for materials and structure, the system 

performs bionic simulation, a discipline that improves the efficiency of engineering 

structures. Structural bionics involves biology and engineering sciences such as 

materials science, structural design, control science, aerodynamics, and systems 

engineering, and it belongs to the field of interdisciplinary research. 

Early structural bionics often started by simulating biological appearance, for 

example, designing a boat to imitate the shape of a fish and aircraft designs modeled 

after birds. Typical examples include imitating the structural characteristics of bees' 

hives, made of engineered honeycomb structural materials, lightweight, with Great 

strength and stiffness, features good thermal and sound insulation properties, it is now 

widely used in aircraft, on rockets, and buildings structures, functional simulation plays 

a positive role in promoting bionic design. Most of the early structural bionics in 

architecture imitated shapes. For example, the Sydney Opera House, with a thin shell 

structure built in 1973, is a typical application of structural bionics; Laboratory Building, 

Johnson Wax Company, Wisconsin, designed by Wright in 1944, USA imitates Arizona 

cactus hollow structure, the Baha'i Temple in New Delhi, India, built in 1986, is shaped 

like a giant lotus and more(Gruber & Imhof, 2007). 

Structural bionics has been researched and developed for several decades; it has 

been widely used in many fields. Applications in the field of architecture include the 

Sears skyscraper in Chicago, USA, which imitates the bamboo structure; the segment 

type of bamboo includes bamboo nodes and internodes(X. Wang & Song, 2022). The 

internodes are hollow, light in weight, high in strength, and good instability. Kuwait 

Exhibition Hall at World Expo in Seville, Spain, its roof can be opened and closed freely, 

mimicking the free movement of animal joints. The Millennium Tower in Tokyo and 

the Swiss RE headquarters building designed by Foster simulate the skin fibers of 

sharks and the double helix structure of shrimp nests, enhancing the ability to resist 

external forces. Beidaihe Biluo Tower strives to express bionic architecture through a 

structural system, among them, the space spiral structure system is an expansion and 

innovative application of structural technology; the overall structure also adopts a green 

and environmentally friendly structure. Beehives and bird's nests inspire the Tianjin 

Natural History Museum and Beijing Bird's Nest Stadium designs. While achieving a 

beautiful overall design, they also realize the idea of using less material to obtain a 

larger space. In addition to aesthetics, the purpose of structural bionics is the 

corresponding structural functions, and green and environmental protection concepts 

have also been fully developed. 

 

2.2 RESEARCH ON LOTUS PATTERN 

2.2.1 WHY CHOOSE THE PLANT LOTUS PATTERN FOR RESEARCH? 

In China, the lotus pattern was the beginning of primitive society. China's Shang 

and Zhou dynasties began to use patterns, and during the Southern and Northern 

dynasties, the style of the lotus pattern began to change and was used in architectural 

decoration; the lotus pattern flourished during the Tang Dynasty; it was widely 
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popularized in society during the Ming and Qing Dynasties. The lotus pattern is an 

integral part of Chinese traditional culture and has been commonly used in Buddhist 

art, literature, architecture, and other fields. Due to different periods and cultures, 

contemporary Chinese traditional architectural decorative components have also 

undergone various changes. The lotus theme is a significant symbol in conventional 

Buddhist art; as an ornamental component, it is widely used in ancient Chinese 

architectural decoration and Buddhist decoration. The materialized image of Buddhist 

teachings in the current rapidly developing China of the new era is also significant and 

needs to be passed on and carried forward. 

Similarly, through big data, artificial intelligence search engines ask three 

questions. First, what are the traditional Chinese plant patterns? The answers include 

plum blossoms, orchids, chrysanthemums, bamboo, peach blossoms, lotus flowers, 

pine trees, pomegranates, wisteria, and osmanthus. Second, what are the auspicious 

plant patterns in China? The answer is peach trees, plum blossoms, pomegranates, 

auspicious grass, bamboo, peonies, Lotus, and magnolia. Third, what kind of plant 

patterns are generally used in Chinese Buddhism? The answer is Lotus, Bodhi tree, 

Vajra flower, chrysanthemum, and Brahma flower. In the search for big data, the Lotus 

pattern consistently answers consistently answers that the Lotus's value as a traditional 

Chinese pattern can be researched. 

In a study investigating traditional plant and flower patterns, it was shown that 

nearly 82% of the public are familiar with conventional plant and flower patterns, 

almost 12% of the public are very familiar with them, believe that the study of patterns 

should be meaningful in culture and art, it is of great value to apply traditional plant 

and flower patterns to modern design. 

Figure 6 Traditional plant and flower pattern survey data analysis table 

Note. Researchers draw their own, 2024 

 

As shown in the results of a study investigating traditional Buddhist decorative 

patterns, about 60% of the respondents have some understanding of conventional 

Buddhist decorative pattern design, and 15% of people are very familiar with this 

design concept. They believe this design can better integrate with nature and improve 

the beauty and harmony of Buddhist decorative patterns. Another 20% of people 

expressed that they were not very concerned about Buddhist decorative patterns, 
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looking forward to seeing more design cases of traditional Buddhist decorative patterns. 

Figure 7 Survey and analysis form of traditional Buddhist decorative patterns 

Note. Researchers draw their own, 2024 

 

As shown in the research results of investigating traditional plant and flower 

auspicious patterns, 70% of the public is familiar with Chinaôs traditional plant and 

flower auspicious patterns, and 15% of the respondents think they are familiar with the 

application of conventional plant and flower auspicious patterns in various fields, the 

interviewees hope that through innovative redesign of traditional plant and flower 

auspicious patterns, enabling the conventional auspicious patterns of plants and flowers 

to be better inherited and developed in folk customs. 

Figure 8 Survey and Analysis Form on Traditional Plants and Flowers Auspicious 

Patterns 

Note. Researchers draw their own, 2024 

 

The results of the investigation and comparison of traditional lotus patterns and 

other plant and flower patterns show that lotus patterns, green plants, flowers, and other 

bionic elements are trendy. More than 20% of the respondents believe that lotus pattern 

elements can help enhance the integration of architecture and nature, and more than 60% 

of the respondents think they are very familiar with lotus decorative patterns if they can 

be used in architectural decoration design, making people more willing to get close to 

and enjoy the architectural space. At the same time, the interviewees believed that the 

lotus pattern bionic architectural design should pay attention to environmental 
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protection and sustainability. 

Figure 9 Survey and analysis form on traditional lotus patterns and other plant and 

flower patterns 

Note. Researchers draw their own, 2024 

 

2.2.1.1 THE PROPERTIES OF THE LOTUS PLANT 

In the plant kingdom, lotus is one of the earliest plants among angiosperms; it is 

also one of the oldest dicotyledonous plants in the world. At the same time, it has some 

characteristics of monocotyledonous plants. Therefore, lotus is called a living 

fossil(Dong et al., 2005). There are many types of lotus flowers, and people divide them 

into two categories: ornamental and edible. China is rich in lotus variety resources; 

there are more than 200 traditional varieties, and new varieties are constantly 

emerging(Liu amei, 2022). 

 

2.2.1.2 GEOGRAPHIC CHARACTERISTICS OF LOTUS 

There are records of lotus cultivation in China as early as the Zhou Dynasty. Lotus 

flowers can be found in most areas across the country. It stretches from Hainan Island 

in the south to Heilongjiang in the north, Shanghai and Taiwan Province in the east, and 

Xinjiang in the west. Originating in tropical and temperate regions of Asia, A few 

species occur in temperate and boreal areas of South Africa, Europe, and Asia. The lotus 

is one of the ten most famous flowers in my country. It is also the national flower of 

India, Vietnam, Malawi, Japan, North Korea, India, the former Soviet Union, Siberia, 

and Europe. 

2.2.1.3 THE SYMBOL OF THE LOTUS 

The symbolic meaning of the lotus is expressed in four aspects: religious symbol, 

female symbol, folk symbol, and gentleman's sentiment symbol; these four symbolic 

meanings develop independently and intersect; they blend into each other. 

In ancient society, the lotus pattern became a clan totem; it is an auspicious symbol 

that represents prosperity and has a beautiful meaning in people's pursuit of 

reproduction. In Chinese folk culture, the lotus symbolizes peace, harmony, unity, union, 

etc. The lotus symbolizes the cause of peace and the nobility of a harmonious world. 

Coming out of sludge but not stained, the lotus symbolizes nobility, incorruptibility, 
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holiness, and wealth. Lotus is one of the ancient Chinese poets' singing and painting 

themes. Therefore, it promotes Chinese culture. 

 

2.2.1.4 LOTUS FENG SHUI THEORY 

Feng Shui is a traditional culture left over from the long history of the Chinese 

nation; in Feng Shui knowledge, architecture is also divided into five elements: wavy 

and curved buildings belonging to the water. Therefore, buildings mostly use curved 

surfaces; lotus is also the principle of mutual growth between water and wood in Feng 

Shui. According to Feng Shui, water is wealth; the vital breath of the lotus is just enough 

to bring about the wealth of abundant water. Lotus is a tenacious flower plant that 

benefits architectural Feng Shui. Moreover, the lotus has lush branches and leaves, 

making it a promising feng shui object. 

 

2.2.1.5 LIANôS TEACHINGS 

After Buddhism spread to China from the East, the lotus was considered an 

auspicious flower by the Chinese; not only did they plant it widely, but people also ate 

lotus seeds, lotus pods, and lotus roots. Buddhism says flowers bloom, and you can see 

the Buddha's nature. Flowers blooming means that the practitioner has reached a certain 

level of wisdom. This sentence is a metaphor for the state of mind of a person with a 

lotus; Buddha's nature will appear. Lotus also represents a state of wisdom, which is 

called enlightenment. The character and characteristics embodied in the lotus flower 

are consistent with Buddhist teachings. Buddhism has always revered the lotus as a 

sacred and pure flower; Buddhism advocates that people learn from the innocent and 

tenacious spirit of the lotus flower; the Eight Treasures of Buddhism are auspicious and 

headed by the lotus flower. The lotus symbolizes practitioners of Buddhism and 

Taoism(Weibang, 2023). 

Lotus Taoist teachings: Taoism is a native religion of China; China has loved lotus 

since ancient times; the lotus is a symbol of practitioners in Taoism, is a gentleman, the 

magic weapon of He Xiangu, the eight immortals in Taoism, the treasure in hand is the 

lotus, practitioners should cultivate themselves with virtue, virtue carries things. 

 

2.2.2 LOTUS PLANTS AND CULTURAL FORMS 

2.2.2.1 THE HISTORY OF THE LOTUS PATTERN IN CHINA 

Chinese traditional decoration, the lotus pattern, is one of the earliest plant patterns 

that appeared in the history of decorative patterns in my country, and it has maintained 

a long period of continuity in the historical development of patterns. The lotus pattern 

has a long history in our country; it has gone through different dynasties such as the 

primitive period, Xia, Western Zhou, Spring and Autumn and Warring States, Qin, Han, 

Wei, Jin, Southern and Northern Dynasties, Sui, Tang, Song, Yuan, Ming, and Qing, its 

meaning and appearance correspond to different dynasties, continuously developing 

and evolving. Lotus flowers are used on buildings with decorative techniques such as 

engraving, wall-pasting, relief carving, painting, and printing; art forms such as paper-

cutting, embroidery, and New Year pictures in traditional folk decorative arts also have 

varying degrees of expression. 
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2.2.2.2 THE EVOLUTION OF LOTUS PATTERNS IN DIFFERENT 

PERIODS OF CHINESE HISTORY 

The development of the lotus pattern in China has four periods. They are the initial 

period, including Xia, Western Zhou, Spring and Autumn Warring States, and Qin. The 

period of Buddhist influence includes the Eastern Han Dynasty, Wei, Jin, and Southern 

and Northern Dynasties. The fusion period consists of the Sui and Tang Dynasties. The 

period of prosperity and popularity includes the Song, Yuan, Ming, and Qing 

dynasties(Xinyu, 2023). 

Figure 10 Lotus pattern developed in China through the ages 

Note. Researchers draw their own, 2023 

 

The lotus pattern is one of the classic patterns in traditional Chinese patterns that 

already existed in primitive times. It is an ancient cultural symbol and is widely used. 

The original lotus pattern in primitive Chinese society originated from the ancestors' 

worship of lotus as food and survival; it is the product of ancestors' sacrifices, the 

mysterious age of irrationality, and the balanced beauty of emotion and reason; it is an 

essential condition for the production of lotus patterns. 

Archaeologists have discovered various species in the ruins of Xixia, such as lotus-

patterned square tiles, for different purposes. Each has its characteristics in composition, 

which are not repetitive and are full of variety; the pattern has prominent national 

characteristics. This shows the ancient people's love for the lotus; people used design 

to express the subjective feelings of objects towards objective things. Use designed 

patterns to decorate various environments and apply them to the decoration of daily 

necessities, enhance artistic flavor, and improve aesthetic taste. 

After Chinese history entered a civilized society, the earliest use of lotus patterns 

can be traced back to the Shang and Zhou dynasties. The lotus pattern was used to 

decorate bronze vessels; most have four, six, eight, or ten petals evenly arranged. 

During the Spring and Autumn Period and the Warring States Period, the use of 

lotus patterns in art and culture gradually increased; lotus patterns mostly appear in the 

form of single petals, double petals, or multiple petals; the shape of the lotus pattern is 
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more natural and vivid than before, it enhances the power and momentum of the lotus 

pattern posture. It mainly appears on bronzes, pottery, jade, and other handicrafts; 

among these utensils, lotus patterns usually appear on the base, ears, rings, etc., to 

increase the beauty and decoration of the utensils(Guo, 28-12-2022). In the middle of 

the Spring and Autumn Period and the Warring States Period, the lotus pattern was more 

unrestrained and natural; in the late Spring and Autumn Period and the Warring States 

Period, the use of lotus patterns gradually increased, close to realistic form, simple and 

elegant, the essential feature is its combination with other patterns. Expressing peopleôs 

pursuit of prosperity and love for life, the symbolic meaning of the lotus also began to 

expand gradually, and it has become an integral part of ancient Chinese culture(Daoling 

Chen & 2021). 

In the pre-Qin period, lotus patterns were mainly decorated on the tops of utensils 

or buildings, representing a symbolic relationship between the sky and the sky. The 

lotus petal pattern also gradually transitions from the initial abstract graphics to 

geometric realism. 

During the Qin Dynasty, Chinese culture entered a new stage, led by pragmatism 

and military thinking. The development of decorative arts was relatively slow; people 

are paying more attention to practicality and functionality. Using lotus patterns in 

decorating utensils is relatively rare and less common than in previous periods. The 

shape of the lotus pattern changes to a large form, a realistic style that doesnôt care 

about minor details; the most outstanding shape is the exaggerated new lotus body, a 

simple and concise overall image; however, realistic modeling has not yet gone beyond 

the freehand brushwork of the primitive period. More abstract lotus patterns are often 

decorated on utensils and buildings. For example, the lotus tiles from the Qin period 

were unearthed from the No. 1 palace site in Qindu, Xianyang, Shaanxi, and the middle 

represents the lotus pod. The lotus has eight petals, four large and four small, with an 

abstract shape.  

The lotus flower in the Han Dynasty became a typical decorative pattern, the use 

of lotus patterns is gradually increasing, and the symbolic meaning of the lotus has also 

been more deeply explored and expressed. Appears in various utensils, fabrics, and 

buildings. The book Historical Records contains records about the lotus pattern carved 

on the jade used by Emperor Wu of the Han Dynasty during his southern tour, reflecting 

the critical position of the lotus in the religion and culture of the Han Dynasty. In the 

early Han Dynasty, China's native lotus pattern had fewer petals; most of them had four 

petals and eight petals; under the influence of Buddhism, the number of petals increased 

significantly, and lotus pods appeared, and the phenomenon of petals became pointed. 

The lotus pattern mainly occurs in the shape of a flower head in different designs; 

among them, the flower heads on the front are radially symmetrical, the lotus pod in 

the middle is round, surrounded by well-proportioned petals, the flower head on the 

side has a more accessible expression. This lotus pattern is often used in caisson patterns, 

various edge patterns, Buddhist pedestals, etc. The emergence and application of lotus 

patterns updated the decorative content of China's Eastern Han Dynasty. They laid a 

good foundation for the development of plant patterns after the Eastern Han Dynasty. 

As a cultural and artistic symbol, the lotus pattern is significant in Chinese history and 

culture. 

The lotus pattern in the Wei, Jin, Southern, and Northern Dynasties was widely 

used in various works of art and cultural relics; the Wei, Jin, Southern, and Northern 
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Dynasties were a period of frequent wars, and the idea of unification of Qin and Han 

was disintegrated during the Wei, Jin, Southern and Northern Dynasties, Buddhism 

flourished in the Wei, Jin, Southern and Northern Dynasties, the lotus flower is used as 

a motif in some Buddhist decorations. The animal patterns that symbolized power in 

the Qin and Han unification thoughts were replaced by plant patterns, and China opened 

the door to plant patterns that celebrate life through art. The lotus pattern has become a 

new art form, showing its unique artistic value in paintings, sculptures, and decorative 

crafts. The lotus pattern is widely spread as a solemn symbol of the Buddha's 

appearance and nature. In the late Northern Wei Dynasty, the lotus pattern continued to 

change. The elegant and flexible beauty of the lotus pattern during the Wei and Jin 

Dynasties was integrated into the pattern design, and the lotus pattern became more and 

more whole; with the aesthetic philosophy of symmetry, it reflects the continuous 

accumulation, precipitation and sublimation of the excellent traditional culture of the 

Chinese nation, it shows the aesthetic significance and cultural value of lotus in the Wei, 

Jin, Southern and Northern Dynasties. 

During the Sui Dynasty, the application of lotus patterns began to increase, and it 

continues to play an essential role in culture, art, and religion. The flowers are complete, 

gorgeous, lively, and entirely of life interest; they have more practical application value. 

The lotus pattern is rich in decoration, detailed and exquisite, and has become a 

representative of the decorative components of the Sui Dynasty. In terms of 

architectural decoration, lotus patterns were also widely used in palaces, Buddhist 

temples, tombs, and other buildings in the Sui Dynasty, for example, the architectural 

decorations of the Daming Palace of Emperor Yang of the Sui Dynasty, the Yungang 

Grottoes of the Northern Qi Dynasty, and the White Horse Temple in Luoyang all have 

carvings and decorative components with lotus patterns. People have used the bionic 

form of the lotus in their designs; later, the lotus pattern was designed to be realistic. 

The lotus pattern reflects secular applications and auspicious expectations in Chinese 

folk customs in dyeing, weaving, and architectural decoration. The use of lotus patterns 

in the Sui Dynasty of China has become a common element in art and architectural 

decoration and deeply integrated into the culture and religion of the time. 

The application of lotus patterns reached its peak in the Tang Dynasty, with the 

influx of cultures from outside the region actively absorbed by the Tang Dynasty; the 

interactive integration of local culture and foreign culture enriched and improved the 

cultural system of the Tang Dynasty, the status of the lotus pattern is more prominent, 

achieved breakthrough development, many rich new styles have been produced, it is 

rich in shape, gorgeous and plump, rigorous in shape and diverse in style. In terms of 

architectural decoration, the lotus pattern was also widely used in architecture during 

the Tang Dynasty. Such as the statues of Guanyin Bodhisattva in the main halls of many 

Chinese temples, there are a large number of decorative components with lotus images 

and lotus pattern column base carvings, lotus-shaped eaves tiles, and flower tiles, lotus-

shaped stone and wood carvings, etc., they were all common elements in architectural 

decoration components at that time. At the same time, lotus patterns were widely used 

as architectural decorative components in temple buildings during the Tang Dynasty. 

For example, the Qixia Temple in Nanjing and the White Horse Temple in Luoyang 

have many lotus-shaped sculptures and architectural decorative components(Lyu, Gong, 

& Li, 2021). During the Tang Dynasty, cultural tolerance and national power were 

strong. Gradually, auspicious graphics symbolizing the Chinese national style were 
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formed. The lotus pattern of this period was complete and total, with colorful auxiliary 

decorative patterns, from simple to complex and raw to mature. Patterns belonging to 

Chinese national tradition are formed by borrowing and merging foreign factors. 

During the Song Dynasty, the lotus pattern changed from the gorgeous and fullness 

of the Sui and Tang Dynasties to the delicate, concise, complex, and secular style. 

Appears in various artworks and architectural decorations. In terms of architectural 

decoration, lotus patterns were also widely used in palaces, Buddhist temples, gardens, 

and other buildings in the Song Dynasty; for example, the Jile Temple in the Southern 

Song Dynasty and the Longmen Grottoes in Luoyang have a large number of lotus 

carvings and decorative components. In Buddhism, the lotus pond, seat, lotus throne, 

etc., symbolize the lotus. The lotus is also closely connected with Buddhist teachings 

such as nirvana and purity. Lotus patterns are rich in form, and the level of painting and 

decoration is becoming increasingly mature and refined, pursuing the interest of 

realistic Chinese painting. The lotus pattern has simple and vivid lines, depicts 

liveliness, and has the style of traditional Chinese painting. In the late Northern Song 

Dynasty, the lotus pattern became a significant trend as a symbol of auspiciousness, and 

its meaning became more secular. 

Political changes and social transformations occurred during the Yuan Dynasty, 

and the lotus pattern also underwent some new changes. The lotus pattern is no longer 

a mainstream decorative pattern, but it cannot resist the widespread secularization of its 

application in people's lives. During the Yuan Dynasty, lotus patterns were still widely 

used in painting, sculpture, ceramics, embroidery, etc. The lotus pattern appears 

frequently, and the shapes of lotus flowers are also more abundant and diverse. In the 

Buddhist art of the Yuan Dynasty, the lotus pattern remains an important symbol. The 

lotus throne of the Yuan Dynasty and shapes such as the lotus pedestal base are still 

widely used in Buddhist temples and towers. At the same time, The Yuan Dynasty 

invented a religious art form of the lotus flower. This form is centered around a lotus 

flower, incorporating Buddhist stories, myths, and legends, and a new spiritual art style 

was formed. The use of lotus patterns in the Yuan Dynasty inherited the Song Dynasty 

tradition; based on this, some new forms and styles were developed. 

The lotus patterns of the Ming Dynasty not only inherited the traditions of the Tang, 

Song, and Yuan dynasties but also achieved more exquisite development in details and 

techniques. Compared with the Yuan Dynasty, the lotus patterns in the Ming Dynasty 

were more detailed and complex, showing a delicate hand-made art style. The lotus 

pattern was also widely used in the Ming Dynasty's architectural art. For example, in 

the palaces, gardens, and temples of the Ming Dynasty, lotus-shaped stone carvings, 

wood carvings, brick carvings, and other decorative components can be seen 

everywhere. The lotus flower is an auspicious symbol; it is widely used in architectural 

art; it not only has ornamental significance but also has profound cultural connotation 

and religious significance. The lotus pattern plays a vital role in architectural art, as it 

shows the profound influence of the lotus on Chinese culture. 

During the Qing Dynasty, the lotus pattern served as a cultural and religious 

symbol, and he played an essential role in the Qing Dynasty's politics, culture, religion, 

and life. The lotus patterns of the Qing Dynasty were more refined and delicate, 

showing a more elegant artistic style. The renewed economic prosperity has prompted 

people to focus on pursuing material enjoyment; the lotus pattern appears in all walks 

of life; the patterns are also more diverse and colorful, and they are more complicated 
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and refined on the original basis. In terms of architectural art, for example, in the palaces, 

gardens, and temples of the Qing Dynasty, Lotus-shaped stone carvings, wood carvings, 

brick carvings, and other decorative components can also be seen everywhere. The lotus 

pattern decorative components in these buildings are made with highly exquisite 

craftsmanship, which shows the high achievements of Qing Dynasty architectural 

decoration art. It not only has decorative and aesthetic value but also has cultural 

connotation and religious significance; it has become one of the essential symbols of 

Chinese culture. 

 

2.2.2.3 THE SIGNIFICANCE OF THE DEVELOPMENT OF LOTUS 

PATTERNS IN CHINESE HISTORY 

After comprehensively analyzing and thinking about the lotus pattern in Chinese 

historical documents, researchers found that the lotus pattern has been throughout the 

origin and development process of Chinese history; in the process of inheritance and 

evolution, the lotus patterns of each period reflect different era characteristics and 

aesthetic characteristics, The political, economic and cultural aspects of various periods, 

Constantly giving new artistic and spiritual connotations to the lotus pattern, Reflects 

the cultural psychology of different eras, China's unique lotus culture has formed. The 

inheritance and evolution of the lotus pattern is not only a summary and selection of 

the past but also a reflection of the integration of Chinese and foreign cultures and the 

achievements of its cultural development. It is also the artistic sublimation of the 

accumulation of Chinese national culture; it reflects the temperament of Chinese culture, 

including everything. 

How to use the perspective of traditional Chinese art and culture, from the 

development form of the lotus pattern, transformed into a source of inspiration for 

creation, Re-engage with new expression media and forms, and effectively used in 

modern design, this research makes it extremely important to deeply study the unique 

stylistic features and decorative ideas of the lotus pattern. In the innovative lotus theme 

design, Designers should base on the theoretical basis of the evolution and development 

of the appearance and connotation of traditional lotus patterns, Inheriting the essence 

of conventional patterns, looking for lotus elements suitable for modern design, the 

individual patterns of the lotus pattern can be recreated, combining tradition with 

modernity. In this way, the lotus pattern is combined with local Chinese characteristics. 

Over the years, it has absorbed foreign decorative elements and retained some fixed 

meanings, and it has become one of the most influential traditional patterns today. 

 

2.2.3 APPLICATION OF LOTUS PATTERN IN ARCHITECTURAL DESIGN 

2.2.3.1 APPLICATION OF LOTUS PATTERN IN CONTEMPORARY 

CHINESE ARCHITECTURAL DESIGN 

Architecture must be beautiful and practical; therefore, it has technology and 

artistic characteristics. Many buildings are expressions of our culture, and it is also a 

great artistic heritage. Lotus-themed Chinese architecture demonstrates the unique 

charm of Chinese architectural art and culture; it is a significant symbol of Chinese 

culture. Specific cases include Changzhou Wu Jin Lotus Pavilion, Hangzhou Olympic 
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Sports Center, Slender West Lake in Yangzhou has a lotus bridge built on the dam, 

Hangzhou Xin Quyuan Feng is a large park mainly dedicated to lotus appreciation, 

Qingdao World Museum Lotus Pavilion, Ordos Lotus Hotel, Luoyang Ling shan Lotus 

Park landmark building, Xinjiang Grand Theater Tian shan Snow Lotus, inner 

Mongolia Xiang shawan Desert Lotus Hotel, etc. The exterior forms of these buildings 

feature regional decoration and details, contain elements of traditional Chinese lotus 

culture, and tend to use lines, a combination of virtual and solid, and light and 

transparent materials better to reflect the cultural characteristics of regional lotus 

element architecture. Make the building appearance colorful and unique. 

Figure 11 Wujin Lotus Pavilion and Hangzhou Olympic Sports Center 

Note. Photographed by researcher, 2022 

 

2.2.3.2 APPLICATION OF LOTUS PATTERN IN CONTEMPORARY 

CHINESE ARCHITECTURAL DESIGN 

In modern design, the lotus element has an auspicious meaning customary in 

Chinese folk culture. It is widely used by designers in various design fields. Lotus 

culture has a considerable influence and robust vitality; it is not only a symbol of 

beautiful personality and beautiful things, but it also has the connotation of the 

reproduction of human life and the prosperity of the nation; it is often used in 

architectural decoration design. Therefore, it has become an essential manifestation of 

the vitality of the Chinese people and national cohesion. 

In Chinese Buddhist temples, lotus flowers are used in architectural decorative 

components. In ancient Chinese palaces and temple buildings, lotus patterns often 

decorate pillars, beam heads, door leaves, and other building parts. For example, the 

Lotus Throne of Famen Temple, the Lotus Cave of Mount Putuo, the Lotus Throne of 

Lingshan Buddha, etc. The Big Wild Goose Pagoda is one of the representative 

buildings of ancient Chinese Buddhist temples built during the Tang Dynasty. The 

appearance of the Big Wild Goose Pagoda is octagonal; each floor is carved with a lotus 

theme, symbolizing Guru Padmasambhava and wisdom in Buddhism. Taishan Dai 

Temple is where emperors of ancient China worshiped Mount Tai. There are many 

buildings in the temple. The pavilion's wood carvings and stone carvings all have the 
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lotus theme. It shows the superb skills of ancient Chinese architectural art. 

Figure 12 Wuxi Lingshan Giant Buddha Lotus Decorative Components 

Note. Photographed by researcher, 2022 

 

The use of lotus patterns in modern architectural design is becoming increasingly 

common. When designing, the development of the lotus theme is often characterized as 

informative, celebratory, entertaining, educational, etc. Lotus patterns are usually 

processed exaggeratedly and composed of geometric shapes or can be geometrically 

shaped. Lotus patterns consist mainly of leaves and petals, which are very simple: 

abstract the lotus image, then decompose and reconstruct. In the current facade design 

of Chinese buildings, it can be seen that a large area of lotus patterns is used to increase 

the visual impact of the building; it can also be reflected in many aspects, such as 

building materials and building structures. Use unique materials on building facades, 

show the details of the lotus pattern through carving or embossing, or use the natural 

form of the lotus in the building structure and apply it to building columns, beam heads, 

and other parts; in this way, a modern building with traditional cultural charm is created. 

It can not only increase the beauty of the building but also express the artistic value and 

spiritual connotation represented by the building. 

 

2.3 RESEARCH ON PARAMETRIC DESIGN METHODS 

The parametric concept makes the design complex. However, there is a sufficient 

rational basis for, as a new trend of thought in the design field, it has developed rapidly 

in the past thirty years. The parametric design method is a parameter-based design 

method that introduces the relationship between parameter variables and parameter 

variables, making the design process flexible and efficient. With the continuous 

development of global digitalization, parametric design technology is constantly being 

used in various design fields. Compared with traditional design methods, parametric 

design extends people's thinking depth through the design software platform and 

expands the breadth of people's thinking by referring to the research results of related 

disciplines; this gives computer-aided design more possibilities for nonlinear design. 

Parametric design methods are often used with design software platform optimization 

algorithms to achieve automated design optimization. The parametric design method 

first requires defining the parameters involved in the design. These parameters can be 

geometric dimensions, material properties, process parameters, etc., and they describe 

the design object's characteristics and range of variation. With the breadth and depth of 
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these complex systems, researchers or architectural designers need to change their 

single-disciplinary thinking mode and establish an interdisciplinary design 

methodology from a new perspective. By defining design requirements, goals, and 

constraints, combined with design software platform optimization algorithms, it can 

automatically analyze and search for optimal parameter values to obtain the best design 

solution that meets the design requirements. Parametric design methods can effectively 

support design verification and iterative processes. Changing the parameter's value 

allows multiple design options to be generated, compared, and evaluated. The 

validation of the design plan can be carried out through simulation, experiment, or other 

verification means; the verification of the design plan can be carried out through 

simulation, experiment, or other verification means. 

 

2.3.1 PARAMETRIC DESIGN 

2.3.1.1 PARAMETRIC DESIGN CONCEPT 

The parameter was first used in mathematical concepts, referring to variables or 

influencing factors. The parametric design we are currently exposed to originated from 

the development of CAD computer-aided design technology in the 1990s(Chen, Zhang, 

Wu, Xu, & Li, 2024). Parametric design is a design method that, in modern design, 

Wang Shaodong's research on parametric interior space design generates design 

solutions through parameter combinations and uses the concept of parameters to define 

the design thinking process and build design prototypes; this design is defined as 

parametric design. The characteristics and attributes of parametric design objects are 

described and controlled by introducing parameters and establishing a relationship 

between design variables and parameters; by changing the parameter's value, the 

features and behavior of designs can be changed automatically. Parametric design exists 

in a system; the elements in each component change, and the topological relationship 

causes the entire structure to change. In the parametric design process, researchers pay 

attention to the design's logic and the design process, adjust corresponding parameters 

or generate rules, and finally find the ideal design result. In his discussion of parametric 

product modeling design, Bian Jing concluded that the parametric design process 

reflects dynamic, self-organizing, and irregular characteristics. Parametric design 

includes concepts such as fractal, emergence, self-organization, and nonlinearity; it is 

an essential direction in contemporary architectural design research and practice. 

Figure 13 Schematic diagram of the relationship between digital design and 

parametric design 

Note. Researchers draw their own, 2023 
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Parametric design is a parameter-based method that introduces parameters and 

relationships between parameters, promotes design collaboration and integration, and 

achieves design flexibility, efficiency, and reliability. 

 

2.3.1.2 PARAMETRIC DESIGN THEORY 

The theoretical foundation of parametric design originates from the foundation of 

complexity science, the ideological foundation of Deleuzian philosophy, and the 

ideological foundation of the first-generation design methodology(Rosser, 2022). 

(1) Complexity science originates from studying complex systems, but academia 

needs to have a precise definition. Liu Yanchuan believes parametric design method 

thinking, the work organization model, and nonlinear theory are integral to arts. 

Nonlinearity means that a straight line in the coordinate system between them cannot 

represent the relationship between two variables. For example, in the process of playing 

go, with each drop, the outcome of the entire chess game presents new possibilities; 

this is a typical nonlinear process. Linearity in the scientific world is the classic linear 

theoretical discipline established by scientists such as Newton to understand natural 

things through linear relationships. The nature of nature is nonlinear, and linear 

relationships are only theoretical approximations of nature. Only complexity science 

can reveal complex phenomena. Topology, fractals, chaos theory, etc., are all essential 

theoretical sources of parametric design in complexity science. 

Figure 14 Complexity Science Diagram 

Note. Researchers draw their own, 2024 

 

a. Topology 

Topology is a broad subject; it is an essential branch in contemporary mathematics, 

different from traditional European geometry; topology does not define actual 

dimensions, has nothing to do with distance and angle, and mainly studies spatial 

properties and spatial deformation. Topology provides a way to analyze and optimize 

space's shape and connection properties and realize topology optimization, analysis, 

and improvement of design shapes. Topology is primarily concerned with the invariant 

properties of space, even by stretching, twisting, and bending; as long as the basic 

structure remains the same, these spaces are considered equivalent. 

Topology can transcend the logic of traditional Euclidean geometry and handle 
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transformation relationships of complex shapes(Nowak, 2020). This complex 

transformation relationship can be described by topology; computer technology can 

generate rich and varied forms. 

b. Fractal 

Fractal science is an emerging discipline that studies fractal structures and 

phenomena; fractal refers to a structural shape or phenomenon with self-similarity; a 

fractal object can be composed of several parts, and each part approximates the overall 

shape and has similar characteristics. To put it another way, no matter how you look at 

any part of the fractal, it all has a similar shape or structure to the overall fractal. Fractal 

science provides these phenomena with mathematical research methods for complex 

phenomena(Rodr²guez-Cuadrado & San Mart²n, 2024). 

c. Chaos 

Chaos theory is a discipline that studies chaotic phenomena in nonlinear dynamic 

systems. American meteorologist Lorenz proposed it. In complex systems, a seemingly 

disordered and unpredictable dynamic behavior, small changes in initial conditions, will 

affect the disordered state of the entire system. Chaos theory originated from the 

exploration of nonlinear system behavior. Such systems exhibit complex and 

unpredictable behavior. Chaos theory studies the seemingly random and complex 

behavior of systems. Deep chaos theory manifests itself as order; there are some hidden 

patterns and structures and fractal characteristics at different scales. Chaos theory has 

essential and widespread applications in weather forecasting, fluid mechanics, biology, 

architecture, economics, cryptography, and other fields. It prompts designers to start 

thinking about the complexity of design from a nonlinear perspective(Jing, Zhen, Guan, 

Luo, & Liu, 2022).  

(2) Deleuzeôs philosophical thought basis 

Deleuze's philosophical thought was proposed by Gilles Deleuze, a French 

philosopher and cultural theorist in the 20th century. It extensively influences 

philosophy, political science, cultural studies, art theory, etc. Therefore, Deleuze's 

philosophical thoughts put forward many views and theories that differ from 

postmodernist philosophy in politics, aesthetics, ethics, etc(Harris, 2014). 

a. Fold 

The philosophy of wrinkles is one of the essential philosophical concepts 

pioneered by Deleuze. In the philosophy of folds, Deleuze proposed trying to eliminate 

the limitations of binary opposition thinking. A different point of view from the 

traditional concept of binary opposition, he said that the world is composed of infinite 

folds, surges, and changes, not defined by fixed opposing concepts. He emphasizes the 

importance of complexity, fluidity, and diversity. The pleat philosophy proposed by 

Deleuze is widely used in cultural studies, architectural theory, artistic creation, etc.; at 

its core, it breaks the shackles of traditional binary structures.  

b. Nomadic 

Nomadic philosophy is a critical concept proposed by Deleuze and Auguste in 

their book A Thousand Plateaus, Capitalism and Schizophrenia. Nomadic philosophy 
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furthers Zouziôs thought and mainly studies the concepts of fluidity, variability, non-

linearity, and non-hierarchy, which are the spatial expressions of foldsô thoughts. The 

core of the parametric design is to regard design as a change process; researchers can 

adjust parameters, explore a broader design space, and encourage adaptation and 

innovation. Facing the complexity of space has important implications for studying 

architecture and form(Surman, Str§ner, & Haslinger, 2014). 

c. Diagram 

Diagram is a non-verbal expression in Deleuze's philosophy, a thinking tool used 

to express complex ideas and concepts, and plays an important role. Illustrations serve 

as a supplementary form and use graphics, symbols, arrows, etc., to show the 

relationship, flow, and changes between concepts that cannot be described in words. In 

parametric nonlinear architectural design, Professor Xu Weiguo from Tsinghua 

University thinks that Deleuze describes the diagram as an abstract machine that 

connects input functions and output forms. The parametric design process establishes a 

dynamic and generative diagram of the relationships between various elements, 

described by a set of computer instructions, and Creates digital illustrations. Therefore, 

Deleuze diagrams, on the one hand, in simple abstract form, are interpretive tools for 

illustrating the design process; on the other hand, they represent the generative 

properties of an abstract machine between inputs and outputs.  

d. Becoming 

Becoming occupies an essential place in Deleuze's philosophical work. Becoming 

is considered by Deleuze to be the fundamental attribute of things; a thing is a state of 

the generating process. Deleuze proposes a way of thinking different from traditional 

notions of essentialism and substantiality. Yu Yang and Jia Xinfeng discussed the impact 

of parametric design on architectural design. They proposed relevant factors to 

constitute design parameters, a theory of outcomes in generative design under the 

mechanism of algorithms.  

(3) The ideological basis of the first-generation design methodology 

In the late 1950s and early 1960s, systems theory and operations research into the 

methodological research field of architectural design proposed models of various 

design processes tried to solve problems in new ways and reorganized the design 

process. The methodological results emerging from this stage are the first-generation 

design methods. Systems theory, represented by Jones, proposes that the architectural 

design methodology is related to elements that form a definite whole. It is a three-stage 

process of analysis, synthesis, and evaluation; it becomes the center of the design 

method. Help researchers organize, analyze, and evaluate literature, data, and 

information sources. Ge Junjieôs research on industrial design development and 

methods summarizes that the Jones system design method consists of three phases. 

a. In the analysis stage, the researcher collects data on all design influencing 

factors, organizes them into categories, helps form a clear overview, and relies and 

relies on diagrams to clarify the relationships between design factors. Establish a 

systematic data organization, expressed in terms of design performance; specific 
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morphological and material characteristics are not considered for later comprehensive 

analysis. 

b. In the comprehensive stage, researchers analyze all data information to integrate 

and synthesize it to form a thorough conclusion. Find possible answers for each 

performance statement and create a combined set of answers or an extensive view. The 

relationship between an element and the whole is between the answers and the sets they 

constitute. 

c. In the evaluation stage, the researcher evaluates and verifies the comprehensive 

results. Using statistics, operations research methods, and some emerging simulation 

techniques, etc., assess the logic and consistency of the answer set to meet the design 

requirements, verify and evaluate whether the combined results can solve the design 

problem, and select a design solution. 

Figure 15 Jones System Design Methodology Diagram 

Note. Researchers draw their own, 2023 

 

Luckman added to Jones's thinking that Luckman's method is based on operations 

research theory, defining design as a decision-making process. Luckman believes that 

design is not a simple and complete linear process; designers must continuously go 

through the cycle of analysis, synthesis, and evaluation, rising from a general problem 

level to a more specific level. Then, at every level of decision-making, the solutions to 

all sub-problems always have relative oppositions and appropriate sub-question 

answers; there is no guarantee that the combination will result in a successful total 

solution to the problem. In his exploration of the parametric design of complex 

architectural shapes, Ren Zhenhua summarizes Jones and Luckman's research, 

Breaking the problem into smaller ones, a collection of answers to small questions that 

make up the entire design. 

Figure 16 Luckman's method diagram 

Note. Researchers draw their own, 2023 

 

In the late 1960s, based on the application of systematic methods to analyze 
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architectural design methods, many researchers introduced the results of behavioral 

science and psychology into the field of architectural design, which people call second-

generation design methodology. Alexander believes that the design process is a process 

of resolving conflicts. People's behavioral activities are related, and the relationship 

between context and form is discussed. Therefore, contemporary theoretical approaches 

to research design have the following aspects. 

a. Urban architecture theory is a method of studying architectural design from the 

perspective of the city as a whole. 

b. Theoretical research on behavioral and environmental architecture is an 

interdisciplinary science of architecture, psychology, and behavioral science. Explore 

the demands of human activities on architecture and the reaction of the built 

environment on people's thoughts, emotions, and needs. 

c. Architectural morphology theory studies methods and means of architectural 

design and uses psychology, sociology, ergonomics, aesthetics, and other principles to 

explore the nature and laws of morphogenesis. 

d. The study of architectural semiotics theory starts with semiotics, combined with 

information theory aesthetics, understanding architecture through semiotic concepts, 

and forming new design thinking methods. 

e. The theory of ecological architecture focuses on the two critical contents of 

maintaining the environment and saving energy. The above design research contains 

bionic parametric architectural design characteristics that emphasize elements to the 

whole. Objectifying the design, the research on design methods is inspiring and 

provides an ideological basis for parametric design. 

 

2.3.1.3 PARAMETRIC DESIGN APPLICATION AREAS 

The application of parametric design concepts currently in the design fields in 

China mainly includes architectural design, graphic design, industrial design, and 

clothing design.  

(1) Architectural design field 

The use of parametric design in the construction field is gradually increasing. The 

parametric design we are exposed to is reflected in many subject areas; the construction 

industry is particularly prominent. Utilizing design software platform algorithms and 

computer programming languages, methods for generating and controlling parametric 

building designs create diverse architectural design options by adjusting parameters and 

rules. In architectural design, based on the logic of parameterization, the design process 

can be translated into a digital method group, presented in a virtual three-dimensional 

space using computer language. Parametric design can be applied to building 

appearance design, structural design, functional design, environmental energy analysis, 

construction and manufacturing, etc. Through parametric design, architectural 

designers can quickly generate and control multiple design plans, compare and optimize 

design effects, and better meet the functional and performance requirements of the 
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building. Parametric design breaks through the limitations of traditional architectural 

geometry. From a physical point of view, according to geometry and Newtonian 

mechanics, the original regular form and curved surface are transformed into a twisted 

form, with the help of computer language algorithm technology, various displays in 

non-standardized forms (Lotfabadi, Alibaba, & Arfaei, 2016). In China, traditional 

Chinese architectural elements can be combined with parametric ones to create 

parametric architecture with Chinese cultural characteristics. This concept has been 

developed to a great extent in the works of Frank Gehry and Zaha Hadid; it has almost 

become a symbol to identify them. 

Figure 17 Works by Frank Gehry and Zaha Hadid 

Note. https:/ soso.nipic.com/2024 

 

China has also made considerable progress in the field of parametric architectural 

design. Many Chinese architects and design institutions have begun adopting 

parametric design methods, demonstrating their creativity and technical prowess in 

essential and iconic architectural projects. For example, the Bird's Nest, the National 

Stadium in Beijing, China, and the Water Cube, the National Aquatics Center in Beijing, 

were both realized through parametric design. 

Figure 18 Beijing National Stadium Bird's Nest and Beijing National Aquatics Center 

Water Cube, Beijing, China 

Note. https: // soso.nipic.com/2023 

 

(2) Graphic design field 

The application of parametric design in graphic design can be used for packaging 

design, layout design, pattern design, graphic design, user interface design, etc. Using 

parametric design as a tool or method inspires changes in how researchers or designers 

think and design concepts. Therefore, the entire parametric design process in graphic 

design is revolutionary. Parametric design can realize 2D graphic design, complex 3D 

graphic structures in graphic design, and even 4D images to extract 2D graphic designs 
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and provide ideas for topology optimization. Applying parametric graphic design 

stimulates designers' creativity and brings new possibilities to graphic design. Design 

shapes, sizes, angles, spacing, etc., through parametric patterns, define and adjust 

various parameters, generate countless unique pattern designs, and enhance the user 

experience. User participation provides more personalized solutions; the interaction is 

closer to the solution's maturity. Applying parametric design in graphic design reduces 

the designer's long editing and unnecessary mechanical changes. It improves design 

efficiency and accuracy, which differs significantly from traditional graphic design. 

Parametric logical thinking provides innovative thinking patterns for graphic design. 

We can solve complex logical relationships that are difficult to calculate, innovate, and 

optimize the graphic design system through the overall macro thinking mode. 

Parametric design, as a new-era technological product of innovative development, will 

bring new possibilities to the development and progress of the design field. Using 

parametric tools and technology provides graphic design with the potential and 

development space for innovation, personalization, efficiency, sustainability, etc. 

China's anti-counterfeiting design incorporates the concept of parametric design; the 

currency used in China, the RMB, is a typical example of graphic parametric design. 

Figure 19 Graphic design parametric application diagram  

Note. Researchers draw their own, 2024 

 

(3) Industrial design field 

Applying parametric design in industrial design is a crucial design approach to 

change the rigidity and minimalist emptiness of traditional industrial design modeling. 

The combination of parameterization in industrial design has changed design thinking 

and poses new difficulties for complex industrial manufacturing and parametric 

algorithm translation of traditional Chinese culture. With these parametric design 

generation algorithms and 3D printing technologies, a comprehensive analysis and 

evaluation were conducted from factors such as materials, ergonomics, structural 

performance, production technology, etc., which guarantees industrial design products 

in terms of structural strength, comfort, and material performance. Parametric design 

can result in industrial design being process-oriented, that is, parametric variable design. 

That is to find logic from industrial design, use computer language to edit and combine 

this logical relationship, realize control of parameter variables, improve the designerôs 

work efficiency to a certain extent, and complexity design issues. At the same time, it 
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also helps designers in the creative thinking process and gives them the ability to think 

and calculate; it is an extension of the designerôs brain (N. J. H. W. H. L. X. H. W. Li, 

17-19 November 2010). 

Figure 20 Industrial design parametric application diagram 

Note. Researchers draw their own, 2024 

 

(4) Fashion design field 

The application of parametric design in clothing design is also innovative research 

on cross-border design, as it provides fresh vitality and novel design methods for 

modern clothing design. Improvements in the quality of living standards have led to 

more and more modern clothes that seek personalized design. Traditional clothing 

styles are simple in structure; parametric clothing design uses unique materials and 

folding methods, produces rhythm and rhythm, highlights exaggerated contour shapes, 

gives people visual activation, and has excellent visual impact. It is unique modern 

clothing. This kind of parametric complexity clothing design is impossible in traditional 

craft clothing design. Parametric design means and methods bring higher value and 

interest to clothing design. 

Figure 21 Parametric application diagram of clothing design  

Note. http://www.nipic.com/2024 

 

2.3.1.4 THE DIFFERENCE BETWEEN PARAMETRIC DESIGN 

METHOD AND TRADITIONAL DESIGN METHOD 

There are significant differences between parametric design methods and 

traditional design methods. Design of any object, from the early stage of design to the 

production of finished products, has to go through the process of ideal construction in 

the early stage, media construction in the mid-term, and production and manufacturing 

in the later stage. Traditional design usually relies on manual operations and experience 
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to complete the design plan; parametric design uses computer algorithms and 

mathematical models to generate design solutions automatically. Traditional design 

generally adopts a top-down linear design thinking design method. Judgment and 

decision-making relying on artificial intuition and experience can express the 

designerôs design ideas intuitively; what you see is what you get; the generation process 

is relatively subjective; however, the design results are relatively simple, and it is 

unknown. Traditional design usually requires a lot of human resources and time; 

responding and adjusting quickly during the design iteration and optimization process 

is complicated. The parametric design adopts nonlinear design ideas; parameterization 

has the advantages of reasonable induction and encapsulation logic, can be based on 

specific parameters and constraints, automatically generates, evaluates, and optimizes 

design plans that meet the designerôs expected design goals, and achieves the original 

purpose of the design. At the same time, during the design process, it can be modified 

and optimized in real-time, generating multiple design solutions more efficiently; 

comparative analysis of various solutions can find the best design solution. This kind 

of flexibility and repeatability is not possible with traditional designs. 

Table 2 Comparison table between parametric design methods and traditional design 

methods 

 parametric design method 
traditional design 

methods 

Theoretical basis nonlinear theory linear theory 

design concept bottom-up top-down 

designing process 
Controllability and high fault 

tolerance 

Low controllability and 

predictability 

design features rational, process 
a brief burst of 

inspiration 

Design results complex and diverse definite and single 

Advantages reflected 

Efficient and accurate, 

convenient for collaborative 

and intuitive expression of 

design inspiration. 

Intuitively express 

design inspiration, 

what you see is what 

you get 

Disadvantages reflected 

The process of building the 

algorithm framework is 

complicated and requires 

certain programming basics 

The workload of 

repeated modifications 

during plan adjustment 

is huge 

Note. Researchers draw their own, 2024 

 

Based on design theory and concepts, the parametric design method uses nonlinear 

theory. It is a bottom-up algorithmic logic architecture that Generates multi-

dimensional design systems. Traditional design methods adopt linear design theory, a 

top-down end-to-end structure that generates single-dimensional design solutions. In 

the design process, features and results, the parametric design method enables diverse 
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adjustments and optimizations to achieve design goals, realize controllable data for 

parametric models, there may be a lot of detailed calculation errors in the algorithm 

process, increases the likelihood of error rates, however, through the process logic 

adjustment and modification of the corresponding parameter data, finally, a series of 

parameter models with reasonable and complex data architecture logic were obtained, 

the traditional design method is mainly to get the initial plan of inspired design through 

the designer's direct or indirect design experience, this process is uncontrollable, human 

factors have a more significant impact, unknown factors will appear along the way, if 

an error occurs, it will return to a particular link in the original design process to 

continue modification. Therefore, the parametric design method is efficient and 

accurate; traditional design methods are intuitive. Taken together, no matter which 

design method is applicable, it can be used flexibly to find a balanced relationship in 

design; this is the original intention of design practice research. 

 

2.3.2 PARAMETRIC MODELING 

Parametric modeling is a technology that relies on the mighty computing power of 

modern computers; it is an essential technical basis for realizing parametric design. 

Parameterization aims to build a complex adaptive system in parametric design, using 

parametric modeling tools or design software platforms to build parametric 

models(Goncharova, 2023). Parametric modeling establishes a correlation model, a 

carrier for later design deepening. Relying on the mighty computing power of 

computers is the fundamental guarantee for realizing parametric design, allowing 

adjustment of parameter values during the design process, thereby gradually changing 

the design and implementing modification and optimization of the original design. 

Modifying the parameter's value allows models to be updated automatically and quickly 

generate new design solutions. There is currently a wide variety of design modeling 

tools, and many design software platforms have been installed. Most modeling tools 

use grid modeling, which could be more accurate; however, it is inconvenient to modify, 

and the field of use is also limited. Neil Leach and Yuan Feng, in the book Digital 

Programming in Architecture, believed that most parametric modeling tools can be 

design tools; they can also be design expression tools; therefore, in Yin Zhiwei's 

research on the parametric design and construction of nonlinear buildings, it is 

concluded that parametric modeling and design software platforms are divided into 

human-computer interaction, visual programming, and pure script programming 

(Grosman, Macorini, & Izzuddin, 2023). 

 

2.3.2.1 HUMAN-COMPUTER INTERACTION CLASS 

Human-computer interaction in parametric modeling is the process of parametric 

modeling and the methods and methods of direct information interaction between 

humans and computers(Costa, Barcellos, Falbo, Conte, & de Oliveira, 2022). Designers 

use interactive techniques such as graphical interfaces, command lines, and script 

programming to observe changes in the design model through Windows and make 

interactive adjustments; the computer provides real-time feedback on design results. 
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However, the threshold for such tools is relatively low, with strong operational skills. 

AUTOCAD design platform software, a typical example, can design and output the 

entire design process. 

Figure 22 AUTOCAD design platform software interface diagram  

Note. Researchers draw their own, 2023 

 

2.3.2.2 VISUAL PROGRAMMING CLASS 

Visual programming for parametric modeling is a visual programming 

environment provided by some modeling tools platform that allows designers to operate 

without coding, change code logic according to design intent, and use graphical node 

connections to represent model parameters and operational relationships. The writing 

of code is weakened, and the visual framework is emphasized. Grasshopper is a visual 

programming plug-in where designers build form builders without programming and 

scripting knowledge. It is a graphical algorithm editor tool that enables designers to 

explore forms using generative algorithms and can completely express the logic of 

parametric design. It needs to be integrated with the Rhinoceros 3D modeling tool 

platform. Grasshopper is a convenient, efficient, and easy-to-use design software 

platform(Rodr²guez-Cuadrado & San Mart²n, 2024). 

Figure 23 Grasshopper design software platform operation diagram 

Note. Researchers draw their own, 2022 

 

2.3.2.3 SCRIPT PROGRAMMING CLASS 

Script programming for parametric modeling is the process of using a script 

programming language to achieve automated parametric modeling, not constrained by 

the user interface; designers are required to have a good foundation in computer 

languages, directly input the coding algorithm to generate the model, implement the 

construction of parametric models. The Rhinoceros 3D modeling tool platform can 

create 3D models for design, modeling, proposal, analysis, and implementation. Fitting 
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curves through mathematical calculations and NURBS curve modeling supports 

numerous plug-ins and exports to multiple formats and facilitates subsequent 

conversion between different platforms. RhinoScript is a parametric script editing 

program that comes with Rhinoceros, requires mastery of complex scripting languages, 

utilizes scripting command line interactive commands, and the creation of parametric 

models. This pure script programming method increases the threshold for designers to 

use; therefore, it is not widely used. 

Figure 24 Script programming diagram 

Note. Researchers draw their own, 2024 

 

2.3.3 PARAMETRIC DESIGN VORONOI DIAGRAM ALGORITHM 

The graphical form design of the Voronoi diagram relies on algorithms and 

parametric design methods. The Voronoi diagram, as a natural subject form, has 

attracted the design community's attention. The complex form of the Voronoi diagram 

has natural laws and artistic rhythms in natural subjects, often used in art and design. 

The Voronoi diagram is an important research content in computational geometry. 

Many natural structures in nature are very close to the Voronoi diagram; the Voronoi 

diagram itself has specific aesthetic characteristics. Using parametric design methods 

combined with the graphic topology relationship of the Voronoi diagram in natural 

subjects, let's study the application of the Voronoi diagram to complex architectural 

geometry.  

 

2.3.3.1 VORONOI DIAGRAM CONCEPT 

The definition of a Voronoi diagram is a dissection of a space plane, which is the 

primary data structure for spatial division; it has unique graphical relationships and 

mathematical properties that are closely combined. In recent years, many researchers 

have introduced the Voronoi diagram into design fields such as urban, landscape, 

architecture, interior, and art installations, forming a new parametric architectural space 

form. This is different from the traditional architectural space form breaking the 

boundaries of conventional spatial order norms, establishing a new architectural theory 

that combines freedom, flexibility, complexity, and openness, paying attention to the 

topological relationships between things through computer-aided design, using 

innovative simulation to generate new model parameterizations, reusable open 

algorithms, dynamically generate architectural forms. This new design method cross-

integrates natural science and design art to develop content beyond traditional subject 

studies. 
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2.3.3.2 VORONOI DIAGRAM RESEARCH OBJECTS 

The Voronoi diagram algorithm is the object of research; the Voronoi diagram 

algorithm is a vital algorithm language in the field of natural sciences; with the rapid 

development of the computer age, researchers have begun new architectural 

experiments, and traditional architectural design forms cannot meet the design needs of 

current social development, architectural design is extended to research based on 

complexity science. Traditional architecture focuses on the processing of mathematical 

geometric forms and the control of proportion and scale and uses them as aesthetic 

standards and cultural concepts; at the same time, it combines materials, building 

structures, construction techniques, etc., to form the basis of the building. Therefore, 

architecture and geometry are closely related, and geometry is a vital discipline that 

supports the design and construction of buildings. In todayôs development of digital 

technology, Digital forms have higher requirements for complex geometric structures. 

From the perspective of natural science, taking the parametric design method as the 

starting point, whether from a two-dimensional graphic relationship or a three-

dimensional spatial structure relationship, produces a new architectural geometric 

spatial form order. Voronoi diagram belongs to the critical category of computational 

geometry, and complex architectural geometry has become the basis for theoretical 

research on Voronoi diagram algorithms. It is very different from conventional 

architectural geometry and forms a sharp contrast. 

Table 3 Comparison between traditional architectural geometry and complex 

architectural geometry 

 Traditional architectural 

geometry 

complex architectural geometry 

Time 

background 

Industrial production Information and digital 

technology 

cultural 

background 

Rationality, context, place, 

diversity 

Graphics, generation, folds, 

nonlinearity, parametric 

Subject 

foundation 

Humanities, Social Sciences Nonlinear science and complex 

science 

Geometry 

basics 

Euclidean geometry, analytic 

geometry 

Topological geometry, fractal 

geometry, algebraic geometry, 

differential geometry, 

computational geometry, discrete 

geometry, etc. 

Application 

objects 

Simple architectural form complex architectural form 

Aesthetic 

trends 

Clarity, stillness, order 

Simplicity, abstraction, 

rationality 

Dynamic, smooth, free, 

continuity difference, complexity, 

hierarchy, integrity 



 
 43 

Note. Researchers draw their own, 2024 

 

2.3.3.3 PURPOSE OF STUDYING VORONOI DIAGRAM 

The purpose of studying the Voronoi diagram is that in the information age with 

new scientific concepts, to meet the development needs of the current society, in 

addition to meeting the functional requirements of the building, we began to look for 

more spatial forms, using new scientific concepts and computer-aided design, it has 

become a trend to explore various possibilities of architectural design experimentation. 

The form of the Voronoi diagram has a certain degree of rationality and artistic beauty 

in terms of spatial form.  

Figure 25 Bubble theory experiment diagram 

Note. Photographed by the researcher, 2023 

 

Combining mathematical geometric theoretical ideas such as Delaunay triangular 

grid, foam theory, and honeycomb structure, be inspired to explore the possibilities of 

new spaces. It was found that the Voronoi diagram algorithm can solve the spatial shape 

and the controllability of the shape, integrated with parametric design ideas. 

Interpreting the influence of the Voronoi diagram in design art can trigger new design 

trends and the emergence of new design forms. Using architectural design theory, 

Design 

Source 

Opposition or fusion of man-

made rules 

Imitation learning and integration 

of natural rules 

Design 

method 

Top-down control Bottom-up generation or a 

combination of both 

Operating 

platform 

Hand drawn computer generated 

Designing 

process 

Logical order, physical 

combination, proportion and 

scale, functional configuration, 

etc. 

Rules for morphogenesis; 

geometric logic of parametric 

processes 

Design 

expression 

Horizontal and vertical sections, 

axonometric drawings, 

perspective drawings 

Illustrations, scripts, animations 

Drawing 

expression 

Plane construction drawings 3D computer information model 

Construction 

features 

Simple, mass industrial 

production 

Complex, CNC machining and 

assembly 
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artistic aesthetics, design structure, computer technology, etc., these powerful tools of 

contemporary science carry out theoretical analysis and practical research, creating new 

and unique architectural space forms. Therefore, the study of the Voronoi diagram is 

significant; it also guides the practical process of parametric design methods.  

 

2.3.3.4VORONOI DIAGRAM MEANING 

The research significance of the Voronoi diagram is mainly reflected in the 

interdisciplinary aspect; new trends are formed at the intersection of natural science and 

design art, bringing new forms to architectural design. Mathematical iterative 

algorithms give full play to computer autonomous algorithms, generating unexpected 

spatial concepts. In terms of designing experimental research and exploring new design 

methods, it is experimental. Mainly driven by computer-aided design technology, with 

the help of parametric design software, constantly try out various possibilities for 

building models; in the design process, it is necessary to not only meet the functional 

needs of the building but also find new spatial forms using the Voronoi diagram 

algorithm in geometry, conduct basic research on mathematical architectural space, 

discuss the generative significance of architectural form. In terms of the meaning of 

digital construction, due to the continuous development of digital construction 

technology, 2D cutting from CNC machine tools to 3D print three-dimensional models, 

to intelligent robots building concrete-printed buildings, to update and use construction 

techniques such as chemical synthesis. It is bringing about a massive transformation in 

the construction industry and pioneering emerging digital construction technologies. 

Get rid of the traditional construction frame form, dispelling the hierarchical concept 

of architecture, look at new forms of architectural space from a new perspective, and 

explore the building process. 

 

2.3.3.5VORONOI DIAGRAM PRINCIPLE 

The research principle of the Voronoi diagram used in lotus bionic parametric 

architectural design is the ordinary Voronoi diagram, a continuous polygon consisting 

of a set of perpendicular bisectors connecting two adjacent points. By discrete points 

on the plane, divide the plane into multiple regions; each region contains a point, and 

the area where this point is located is the set of points closest to this point(Moulinec, 

2022). Carry out plane division according to the nearest neighbor principle; each 

discrete point has a cell polygon area associated with its nearest neighbor, and the point 

inside the region is the closest to the corresponding discrete point. Voronoi diagram 

expanded from multiple angles, and it differs from the cell structure in the plane case 

of the Voronoi diagram. It is the perpendicular bisector of a straight line connecting two 

adjacent points and is no longer a straight line. In 2006, Zhao Renliang mentioned in 

the book GIS Spatial Relationship Calculation based on the Voronoi Diagram that the 

cells forming the Voronoi diagram will transform from polygons on the plane to high-

dimensional polyhedral structures. Voronoi diagram generates triangular meshes and 
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geometric shape reconstructions. The polygons adjacent to the Voronoi region, a 

triangle formed by connecting related points that share an edge, become the Delaunay 

triangle, and the center of the circumcircle of a Delaunay triangle is a vertex of the 

Voronoi polygon associated with the triangle. In this case, the resulting connected and 

associated clustered triangles,s are the Delaunay triangle meshes. Therefore, the 

Delaunay triangulation network and the Voronoi diagram are dual diagrams. This can 

be known from the Voronoi diagram's definition. Voronoi diagram is a spatial division 

structure based on the principle of proximity. It comprises a collection of polygonal 

areas formed after spatial division; each polygonal area corresponds to a point target, 

and each point in the polygon area is closer to its corresponding point target than any 

other target. Zhao Renliang believes that it mainly depicts the adjacent area or the 

boundary of the influence area of the spatial point. Understanding the principle of the 

Voronoi diagram will help researchers better understand and apply this computer 

geometry algorithm and promote the development of this field.  

Figure 26 Voronoi graphics 

Note. Researchers draw their own, 2024 

 

2.3.3.6 VORONOI DIAGRAM ALGORITHM AND PROGRAM 

The Voronoi diagram algorithm is also called the Voronoi segmentation algorithm, 

a crucial computer geometry algorithm. The concept was first proposed in 1908 and 

named after geologist Georgy Voronoi. In the 1970s, the application of computers to 

automatically generate Voronoi diagrams was closely related to algorithm generation; 

the imaging technology of Voronoi diagram has been extensively developed in 

geographic information systems; it can be used for regional division, map drawing, 

spatial analysis, and other applications. The Voronoi diagram algorithm takes discrete 

points as input and builds a Voronoi diagram based on the distance between a point and 

its nearest neighbor. For a given set of points, each point has one or more nearest 

neighbors; the point closest to that point is the nearest neighbor. The nearest neighbor 

is the core of the Voronoi diagram algorithm. The Voronoi diagram is a graph composed 
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of vertical bisectors from each point to its nearest neighbor. Each point is a node in the 

Voronoi diagram, and the perpendicular bisector is the edge between nodes and forms 

the boundary of a series of adjacent areas. There are many ways to implement the 

Voronoi diagram algorithm, including recursive algorithms, incremental algorithms, 

iterative algorithms, etc. These methods have their advantages and disadvantages. 

Depending on application needs and scenarios, choose a suitable Voronoi diagram 

algorithm. The core principle of the Voronoi diagram algorithm is to calculate the 

distance between each point and its nearest neighbor point. Construct a Voronoi 

diagram based on these distances. By connecting the perpendicular bisector between 

each point and its nearest neighbor, the area where each point is located can be divided, 

forming a Voronoi diagram. This kind of nearest-neighbor search, spatial analysis, 

regional division, and other work provide convenience for researchers. 

Currently, because computer programming is complicated for most architectural 

designers, architectural designers can choose the appropriate design software platform, 

for example, generating components for a Grasshopper application, plug-ins such as 

Grasshopper and Rhino Script for design software developed using parametric 

platforms, putting the Voronoi diagram algorithm into the design software platform, 

into a visual graphic script form. The Voronoi diagram algorithm is no longer 

complicated; it becomes easier for ordinary architectural designers to accept it and use 

it according to their needs. Architectural designers can choose the Grasshopper design 

software platform, which uses the Voronoi diagram algorithm program for graph-biased 

algorithms; whether it is a two-dimensional graphics or a three-dimensional space 

model, it is converted into a geometric data model. The process steps can be divided 

into the following.  

a. Use computers to convert the Voronoi diagram algorithm into a geometric data 

model. 

b. Enter the generation conditions according to the algorithm's requirements, such 

as the input point set. 

c. After inputting the conditions, generate the Voronoi diagram or Delaunay 

triangular mesh required by the architectural designer. 

d. The architectural designer creates a new point set within the algorithm 

conditions based on the design elements. 

e. Algorithm software related to other algorithms or Voronoi diagram algorithms 

can diversify graphics. 

f. Modify and adjust the generated Voronoi diagram within the controllable range. 

g. Finally, output the final result. 

 

2.3.3.7VORONOI DIAGRAM ALGORITHM STEPS 

The Voronoi diagram algorithm steps can be divided into three situations: the 

algorithmic steps of plane drawing, the algorithmic steps based on graphics, and the 

algorithmic steps of Grasshopper. 
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(1) Algorithmic steps of plane drawing 

Voronoi diagram algorithms mostly use plane Voronoi diagrams as an example, 

preferring interpretations of geometric drawings. It is a geometric drawing method that 

uses the results of the plane Voronoi diagram to infer. The key to the algorithmic steps 

for plane mapping is to establish the Voronoi diagram algorithm for discrete data points 

reasonably connected to form a triangular network, the process of constructing the 

Delaunay triangulation network. 

a. Input a point set, with each discrete point as the original point, representing a 

specific location on a plane or a set of coordinates in space. 

b. Using the coordinates of the maximum and minimum values in the point set to 

determine the boundary or circumscribed circle of the input point set helps limit the 

scope of the Voronoi diagram. 

c. Make cross correspondences between these discrete points to connect them into 

triangles. 

d. Make the circumcircle of the triangle form a plane grid with triangles as the 

primary form. If the circumscribed circle contains no original point, then the triangle 

that generates the circumscribed circle is retained. Otherwise, the triangle that generates 

the circumscribed circle is deleted. 

e. Through the generated Delaunay triangulation network, according to the 

adjacent triangles of each discrete point, connect the centers of the circumcircles of 

these adjacent triangles, make a perpendicular bisector at the midpoint of the line 

segment on the three sides, perpendicular bisectors intersect, form a new grid pattern, 

finally, a Voronoi diagram forming a plane is formed. 

Figure 27 Voronoi diagram based on charting algorithm step chart 

Note. Researchers draw their own, 2024 

 

(2) Graph-based algorithm steps 

The graph-based algorithm in the Voronoi diagram algorithm has many similarities 

with the plane drawing algorithm; graph-based algorithms input vertices or control 

points in the graph, the vertices can be of any shape and have other properties. 

a. Draw a circle with any discrete point as the center. 

b. Gradually increase the circle's radius until the adjacent circle begins to intersect 

and intersect until the plane where the discrete point set is located is entirely occupied 

by the set of circles. 

c. A straight line connects two intersection points between two adjacent circles; 

the intersection points where these lines eventually intersect form a new set of points. 
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d. Connect the points corresponding to the new point set and form a line segment; 

finally, a flat Voronoi diagram is obtained. 

Figure 28 Voronoi diagram based on graphic algorithm step chart 

Note. Researchers draw their own, 2024 

 

(3) Grasshopper algorithm steps 

Grasshopper's algorithm is based on the RhinoScript software platform under the 

parametric design platform, a plug-in that uses procedural algorithms to run generated 

models in the Rhino environment. Voronoi diagram algorithms are applied to design, 

and computer algorithm language is used to program it into a software program; this 

generates a series of controllable Voronoi diagram architectural spatial forms. The 

Voronoi diagram algorithm transforms knowledge in natural science into basic research 

on architectural space with mathematical properties. Based on the principles and 

properties of the Voronoi diagram, an extended Voronoi algorithm script is developed 

and designed as your own Grasshopper operator. It promoted the popularization of 

parametric design technology and theory. 

a. Using the Grasshopper interface interaction form, the point set data for two-

dimensional or three-dimensional Voronoi diagrams is set in the RhinoScript software 

platform. 

b. The script was edited according to the Voronoi diagram algorithm, Voronoi 

battery input via Grasshopper software, and point set data was generated. 

c. Set the point set area range for two-dimensional or three-dimensional space; 

adjust as needed. 

d. By running the Grasshopper script, use the Rhino software platform to provide 

a way to visualize algorithms and output a 2D or 3D Voronoi diagram. 

Figure 29 Voronoi diagram plane based on Rhino platform Grasshopper program 

algorithm diagram 

Note. Researchers draw their own, 2024 
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Figure 30 Voronoi diagram 3D algorithm diagram of Grasshopper program based on 

Rhino platform 

Note. Researchers draw their own, 2024 

 

Figure 31 Two-dimensional Voronoi effect and battery diagram 

Note. Researchers draw their own, 2024 

 

Figure 32 3D Voronoi effect and battery diagram 

Note. Researchers draw their own, 2024 

 

2.3.3.8VORONOI DIAGRAM APPLICATION IN CONSTRUCTION 

FIELD 

Digital technology was used to develop the geometric properties of the Voronoi 

diagram algorithm, and a series of effective spatial forms and complex geometric 

surfaces were produced to apply the Voronoi diagram in the construction field. From 

the dimension of the Voronoi diagram used in the design field, divided into two sizes 

and three dimensions, the Geometric expansion of the two-dimensional Voronoi 

diagram can be applied to building skins, facades, curtain walls, plane decoration, etc. 

The three-dimensional Voronoi diagram is mainly about a similar cell structure's spatial 
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structure and plausibility. It can be used in building structural framing systems, and it 

can also be used for urban furniture, spiritual fortresses, public installations, industrial 

product models, etc. The Voronoi diagram's proximity property and linear principle can 

be applied to land plot analysis and planning, landscape planning, building space 

outline, and shape planning, interior functional layout differentiation, polygonal or 

polyhedral structural configuration, etc. Applying the Voronoi diagram, combined with 

topology, fractal, iteration, tessellation, and other algorithms, is widely used in graphics 

language diversification and model optimization. 

Architecture is an integral part of the urban development process. It was created 

to meet the needs of human beings and affect the development of urban form. 

Architectural environment with the development of science and technology, the form 

of buildings has undergone significant changes. Many innovative architectural 

experiments have attracted much attention in today's society. The form of the building 

becomes continuous, smooth, flowing, complex, chaotic, overlapping, dynamic, 

twisted, hollow, plastic, conflicting, floating, uncertain, light, and other ideological 

characteristics. In their research on parametric environmental design teaching, Zhan 

Heping and Xu Jiong, to sum up, the pioneering architectural designers, using 

mathematics, geometry, design, physics, and complexity science, using science and 

technology as new design styles and trends, breaking the traditional architectural 

geometric form of architecture, using ultra-avant-garde architectural design concepts, 

using parametric design and algorithmic design methods, create a unique architectural 

ideology, to try to solve their problems. Under the influence of this design, the Voronoi 

diagram design generates a relationship between the properties of the Voronoi diagram 

and the graph, letting researchers or architectural designers get inspiration and 

inspiration, and there is an increasing focus on disciplines other than those of 

architecture. By studying theories and methods from the natural sciences, a construction 

theory that relies on geometric logic to construct complex architectural forms, develop 

various design art theories and practices related to the Voronoi diagram. Researchers 

and architectural designers use the Voronoi diagram in space analysis and division of 

many architectural designs to achieve optimal resource allocation and divide the space 

without overlapping. Therefore, it is widely used in construction science and 

engineering, urban planning, environmental design, design art, etc.  

In 2000, Arup Associates established the Advanced Geometry Department ACU, 

committed to in-depth research on various types of nonlinear geometry and its 

application in architectural design, analysis, and construction; later, there were 

advanced geometry and structure research departments such as Balmond's nonlinear 

systems research institute NLSO, partly founded by Hanif Kara, and Buro Happold's 

GGU. Then, some companies researched geometry and algorithms, for example, 

Foster's Special Model Group and Zaha Hadid Architects' Code Research Group, and 

for architectural design proposals, a company that provides consulting and analytical 

optimization modeling and other programs, in 2008, Helmut Portman founded the 

Evolute company, the Swiss DesigntoProduction company, etc. Their research covers 
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geometry and computer graphics on multiple surface, space, and form topics, including 

two- and three-dimensional mosaic systems, as well as spatial organization forms such 

as folding, branching, tangles, and topology. This provides a powerful design platform 

for designing and constructing the Voronoi diagram; through these platforms, various 

forms of iterative design architectures derived from the Voronoi diagram algorithm can 

emerge. 

Researchers have recently summarized the practical application of the Voronoi 

diagram in architectural design. 

Figure 33 Application table of Voronoi diagram in architectural design 

Note. Compiled and analyzed by the researcher, 2023 
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As a result, there have been many research cases where the Voronoi diagram 

algorithm has been used in building construction and planning. Through the process of 

experimentation and practice in architecture through the Voronoi diagram, the 

researcher, it is found that in this Voronoi form generation algorithm based on the mid-

perpendicular line between two points, the following results are possible: 

Through the concept of information analysis and feedback space of the built 

environment, data-parameterized process models are created. 

Environmental information can be created in various forms through Voronoi 

diagrams to create parameterized structures, and the induction type can be controlled 

based on expectations. 

The Voronoi diagram and other algorithms are implemented through various 

methods, and the multiple types of potential arising from a change in the system's 

algorithm must be exploited. 

Extend from the two-dimensional Voronoi diagram to the reference point in the 

three-dimensional space to create a three-dimensional view of the space. This can 

progress to space construction, combining structural geometry to optimize polyhedral 

space architecture and space utilization in architectural design. 

Voronoi diagrams are introduced in many fields because they find a way and the 

possibility that some alternative configurations will work. However, if there is no finite 

geometric information remaining, and generates variables given only by functions and 

control characters, further research with large amounts of controlled data is needed. 

 

2.3.4 PARAMETRIC DESIGN GENETIC ALGORITHM 

A genetic algorithm was developed in the 1960s and proposed by Professor 

Holland from the University of Michigan, USA, in the early 1970s; he suggested the 

fundamental theorem of genetic algorithms, a model theorem, that laid the theoretical 

foundation of genetic algorithms. Genetic algorithms draw lessons from the 

evolutionary laws of biology. That is, the random search method developed from the 

survival of the fittest mechanism. It is a search algorithm with an iterative process of 

survival and detection. Subsequently, experts such as De Jong, Goldberg, and Davis did 

much calculation and application work. This algorithm has been widely used in 

combinatorial optimization, machine learning, artificial life, and other fields; it is a 

crucial technology for modern intelligent computing. Since the late 1980s, there have 

been frequent international academic activities on genetic algorithms; genetic 

algorithms are booming. Fan Huiyuan and Wang Shangjin believed in genetic 

optimization design that, in the early 1990s, China had just begun to study genetic 

algorithms. Although it started late, it developed rapidly, and remarkable results have 

been achieved in many fields. John Frazer introduced the algorithm into architectural 

design in the 1990s and created the evolutionary architectural algorithm. Make 

buildings as adaptable as species in nature; evolution yields the best results. Genetic 
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algorithms can perform curve and surface fitting, which are used for structural analysis 

design(Cavallaro, Cutello, Pavone, & Zito, 2024). 

Algorithms require editing of programming languages and scripts. Common 

scripting platforms in architectural design and construction include RhinoScript, 

MAYA Mel, and Python based on C language, processing based on JAVA, and editing 

platforms such as CATIA based on CAA. During the execution of the script, Processes 

such as conditional statements, loop statements, and situational statements can express 

different algorithm logics, which enables complex calculation processes. Fractal 

iteration and recursion, cluster intelligence, and multi-agent systems are essential tools 

for digital architects to perform form generation. Many algorithms also serve essential 

computational functions in analyzing and optimizing curves and surface forms. 

Many algorithms also serve essential computational functions, Summarizes the 

genetic algorithm as an optimization method, the basic theory is that the mathematical 

model consists of design variablesὢ ὼȟὼȟȣȣȟὼ , The objective function F(X) 

and the constraint conditions Ὣ (X)Ó0 (or Ò0), Ὥ =1,2,é,n are composed. The basic 

concepts, main characteristics, and algorithm structure of genetic algorithms are as 

follows. 

 

2.3.4.1 BASIC CONCEPTS OF GENETIC ALGORITHM 

Chromosome, a tiny compound contained in biological cells, is the primary carrier 

of genetic material, made up of multiple genetic genes.  

Fitness, in the process of inheritance and evolution, is used to measure the degree 

of adaptation of species to the living environment. 

Individual, collection of design variables. 

Population, collection of individuals. 

Encoding, genetic information is arranged in a pattern, and mapping from 

phenotype to genotype. 

Decoding, mapping from genotype to phenotype. 

Selection, the operation of selecting several individuals from the population with 

a certain probability, generally based on survival of the fittest based on fitness. 

Crossover, where the code is cut off at the same position on both chromosomes, is 

the process in which the two strings before and after are crossed and combined to form 

a new chromosome, also called genetic recombination. 

Mutation, when cells replicate, may produce replication errors with a very small 

probability, thereby changing the characteristics of the cell and producing new 

chromosomes. 

 

2.3.4.2 MAIN CHARACTERISTICS OF GENETIC ALGORITHM 

Universality, the genetic algorithm only needs to use the objective function to 

obtain information; there is no need to calculate high-order information. Therefore, it 

is suitable for large-scale, highly nonlinear discrete multi-peak and objective function 

optimization without analytical expressions. 

Parallelism, the genetic algorithm operates on multiple feasible solutions. Many 
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trajectories are used to search for the target point, so it has parallel characteristics. 

Globally, the selection mechanism of the genetic algorithm is based on the entire 

population, coupled with its good parallelism, which gives it an excellent overall 

character and robustness. 

Simplicity, the set of feasible solutions for a genetic algorithm operation is 

encoded, and the objective function can be interpreted as the fitness of the encoded 

feasible solution. 

 

2.3.4.3 GENETIC ALGORITHM CONSTRUCTION PROCESS 

First, the design parameters of the decision variables and their various constraints, 

that is, the individual phenotype X and the problem's solution space, are determined. 

Second, an optimization model must be established to determine the type of 

objective function and its mathematical description form. 

Third, the chromosome encoding that represents the feasible solution and the 

corresponding decoding method is determined; the relationship between individual 

genotype X and individual phenotype X is determined. 

Fourth, the quantitative evaluation method of individual fitness is determined, and 

the specific operation method of the genetic operator is designed. 

Fifth, determine the relevant operating parameters of the genetic algorithm. 

Figure 34 Construction process diagram of genetic algorithm 

Note. Researchers draw their own, 2022 

 

There is an excellent connection between digital design and genetic algorithms; 

genetic algorithms can optimize parametric design's parameter selection and adjustment 

process. In parametric design, we can use parameters to control the object's shape, size, 

location, and other attributes. Through different parameter settings, we can get different 

design results. The genetic algorithm is an algorithm that simulates the natural 

biological evolution process through operations such as selection, crossover, and 

mutation to select the optimal solution from the initial population. We must first 

determine the objective function and parameter range when applying genetic algorithms 

for parameter optimization. We can then use a genetic algorithm to randomly generate 

an initial set of parameters and calculate the corresponding objective function value. 

Next, we can use select, crossover, and mutation operations to create new parameters 
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continuously optimized by calculating the objective function value. Finally, we can get 

the optimal parameter combination for the optimal design result. Therefore, parametric 

design can be combined with genetic algorithms, thereby achieving automation of the 

global optimization design process, and the design efficiency and optimization degree 

are greatly improved. 

 

2.4. RESEARCH ON PARAMETRIC ARCHITECTURAL DESIGN 

2.4.1 RESEARCH BACKGROUND 

In the mid-1990s, architectural parametric design teaching began to appear at 

Columbia University in the United States. MIT School of Architecture, the 

Architectural Alliance College in the UK, has set up teaching courses on parametric 

design. The early experiments of avant-garde architects, represented by Greg Lynn, 

Hani Rashid, and Jason Lesser, promoted a form of expression known as fluid 

architecture. Fluid architecture is an architectural style that is streamlined and organic; 

the works created by Greg Lynn in this expression are the original representative of 

parametric architectural design and have become classic works. 

Most people questioned parametric architectural design at the beginning. For a 

long time, computers were only used as tools for drawing and rendering, and their 

powerful automatic generation function was ignored. Over time, digital design 

technology has gradually become more popular worldwide. More and more designers 

and offices are beginning to apply digital technology to their work. In 1997, the 

Guggenheim Museum, designed by American architect Frank Gehry, was completed in 

Bilbao, Spain, just boldly used aerodynamic computer software to create the overall 

structure of the museum on the computer; this is also one of the early parametric 

architectural designs practices. 

 

2.4.2 THEORETICAL BASIS OF PARAMETRIC ARCHITECTURE 

2.4.2.1 FRACTAL THEORY 

Fractals can be represented as geometric figures, such as the Koch curve, a 

geometric curve shaped like a snowflake, and the Mandelbrot set of point sets in a 

complex plane(Su et al., 2024). 

Figure 35 Koch fractal graph 

Note. Researchers draw their own, 2024 
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There are also widespread fractal phenomena in nature, such as winding coastlines, 

melted snowy ground, winding mountains, intertwined rivers, strange animal and plant 

textures, natural phenomena of clouds and lightning, etc.; these all have typical 

characteristics of fractals. Fractals manifest as geometric figures and natural fractal 

phenomena and can also reflect numerous fractal behavioral phenomena. For example, 

in a society, the social fractal of human social performance is at different scales in the 

country, province, city, and family. 

Figure 36 Sierpinski triangle diagram 

Note. Researchers draw their own, 2024 

 

The fractal theory reveals the simple rules behind complex phenomena; designers 

consciously apply fractal thinking to architectural design, interior decoration design, 

etc., and generate design works with complex rhythm and order.  

 

2.4.2.2 THE IMPACT OF FRACTAL GEOMETRY ON ARCHITECTURAL 

DESIGN 

The emergence of fractal art, which brings new developments to the aesthetics of 

architecture, lets people pursue the irrational beauty of chaos. Published by China 

construction industry press, the book Kurokawa Kisho, translated by the author Zheng 

Shiling, mentioned that Japanese architect Kisho Kurokawa once said, with the help of 

Heisenberg's quantum mechanics and Einstein's general theory of relativity, fractal 

geometry hinted at the possibility of a new order. There is a fractal order in natural 

phenomena; it was previously rejected due to its complexity. Fractal geometry, located 

in the middle realm between order and chaos, is the principle of life itself; architecture 

in the age of life will be developed based on fractal geometry.  

Figure 37 Fractal art design drawing 

Note. http://www.nipic.com/2023 

 

The fractal theory allows people to realize the nonlinear beauty contained in nature 

and biological organisms, changes people's previous aesthetic views, and makes people 
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more willing to get closer to all natural things. At the same time, it also affects people's 

aesthetic appreciation of architecture; people no longer need the same standard 

geometry boxes and eagerly look forward to the emergence of a new architectural form. 

Under this idea's guidance, architects began to use new aesthetic perspectives and 

design a unique architectural formðDanish architect Jorn Utzon designed Australia's 

famous landmark, Sydney Oper957. The Sydney Opera House building is like a piece 

of substantial white shell like a sailboat. It was created by architects using the 

mathematical principles of fractal geometry.  

Figure 38 Jorn Utzon Sydney Opera House renderings 

Note. http://www.nipic.com/2024 

 

2.4.2.3 PHILOSOPHY OF PARAMETRIC ARCHITECTURAL DESIGN 

French postmodern philosopher Gilles Deleuzeôs non-centrality, non-totalization, 

a philosophical perspective that advocates immediacy and contingency. Especially for 

wrinkles, explaining concepts such as nomadism, diagramming, and becoming directly 

influenced the parametric architectural design and found the basis of ideas, a point of 

convergence of ideas. In other words, parametric architectural design is a technology 

and method that, according to the philosophy of Gilles Deleuze, provides a framework 

for understanding and creativity. Diversity in the philosophical thought of Gilles 

Deleuze, difference and repeatability, enables researchers to use design methods based 

on algorithms and parametric models to adjust parameters and rules to generate diverse 

architectural design plans, provide new ways for complex forms, encourage researchersô 

knowledge and understanding, provides a philosophical perspective.  

First, fold philosophy explains the complexity of relationships and changes 

between things through abstract concepts and mental models such as folding, splitting, 

and twisting. Matter is subject to various internal and external forces to produce creases, 

causing multiple morphological characteristics. The philosophy of fold advocates 

viewing reality as a continuous process of change; various elements interact and fold; 

this kind of two-way folding includes time and space; the wrinkles are curved, dynamic, 

and intertwined in a non-linear, non-hierarchical way. The germination of a seed and 

the rise and fall of the earth's surface are all pleats. Inspired by this idea, various forms 

of expression have appeared in architecture that break the traditional view of time and 

spaceðpresented from a complex, diverse, and fluid perspective.  

Second, nomadic philosophy comes from thinking about the fluidity of living 

space and the differences between nomadic and sedentary lifestyles. The nomadic 

lifestyle has no fixed residence, relying on cultural groups that constantly migrate and 
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adapt to environmental changes; nomadic space is topological. Nomadic philosophy 

sees this fluidity and variability as a philosophical pattern, trying to transcend 

traditional binary opposition thinking and fight against settled and fixed ways of 

thinking. The core of parametric architectural design is to regard design as a change 

process, explore a broader design space, and face the complexity of space; the study of 

architecture and form has important implications.  

Third, Diagrams serve as tools for expanding the boundaries of thinking, 

explanation, and analysis in architecture. Deleuze diagrams are not simple images or 

photographs but symbolic systems with deep philosophical thinking. Traditional 

diagrams are static, explanatory forms of diagrams, while new diagrams are dynamic, 

generative diagrams. It can explain the inner relationship of things and the expression 

of the architectural designer's design inspiration intention. 

Fourth, the generation concept makes traditional design search for specific results; 

it establishes a dynamic process, and the result is the design work. In parametric 

architectural design, relevant factors constitute architectural design parameters, and 

architectural design results are generated using algorithms.  

 

2.4.3 PARAMETRIC ARCHITECTURAL DESIGN ANALYSIS 

In parametric architectural design, two types of factors affect the design results: 

one is a variable factor, and the other is an immutable factor. Various results can be 

obtained when variable factors change as a parameter in architectural design. Therefore, 

parametric design is an architectural design method that produces different results based 

on changes in variable factors. The variable characteristics of parametric design make 

architectural design more flexible. Compared with traditional design methods, the 

processing of complex shapes becomes more accessible and more accurate. The 

architectural designer only needs to change the parameters in the operational 

relationship, and you can modify or change the final architectural design result. 

Parametric architectural design, broadly, refers to all architectural forms 

conforming to parametric characteristics. Covers architectural design before the advent 

of nonlinear theory. In a narrow sense, in the information age, with the help of complex 

architectural shapes processed by digital technology, this building uses computer 

technology in its design and construction, parametric architecture. Parametric 

architecture is a building with continuous and flowing shapes; its physical 

characteristics are affected by architectural performance and surrounding 

environmental factors; it is an abstract reflection of natural forms in architecture. In the 

Architecture of Jumping Universes, published by China Construction Industry Press, 

author Charles Jenks once said that complexity in architecture is loosely based on 

scientific complexity and has reached maturity. Some architects consciously accept the 

basic ideas of complexity science and its many generative and design methods. Due to 

the complexity of factors affecting construction, this determines the irregular 
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appearance of the parametric nonlinear building.  

Figure 39 Reloading Lands diagram 

Note. http://www.archcollege.com/2024 

 

Therefore, we call this design method parametric architectural design, that is, 

parametric nonlinear architectural design in a narrow sense. In the final analysis, the 

parametric architectural design originated from digital technology innovation. 

Therefore, it is subject to the development level of computer technology. At the same 

time, parametric design provides an integrated production process from design to 

construction, changing the traditional construction production model. It is a new trend 

that emerged after deconstruction; it is currently in its initial stages. There are presently 

two situations in parametric architectural design. One is computer-aided design, which 

is to complete the scheme design by hand, and then the parametric design method is 

used to produce the model. The other is to thoroughly apply parametric design, combine 

architectural design ideas and design tools, and generate new architectural forms. 

 

2.4.4 DEVELOPMENT OF PARAMETRIC BUILDING MATERIALS AND 

CONSTRUCTION TECHNOLOGIES 

The shape of the building depends to some extent on the structural form and 

material selection. Alejandro Zaera Polo once said that architecture is not a plastic art; 

itôs the engineering of the material itself. Due to the cross-development of multiple 

disciplines, the digital age triggered a massive change in building materials, and new 

composite building materials are constantly being manufactured. Unlike traditional 

masonry materials, these new composite materials are difficult to classify based on 

typical mechanical properties; they are affected by the structure and the location of the 

structure and exhibit different characteristics; this also requires architects to have the 

ability to deal with the complexity of materials(Chac·n et al., 2024).  

Furthermore, since the skin of the complex building is independent of the 

traditional building facade, it becomes a free and continuous skin surrounding the entire 

building, thus getting rid of the load-bearing function and other functions, making it 

more abstract and expressive(Yuan et al., 2017). Therefore, the materials that can be 

used as building materials are more comprehensive; for example, copper plates, zinc 

plates, metal plates, ceramic plates, acrylic, cards, ETFE plates, etc., can be used to 

express the effect of building skin. Through computer technology, traditional materials 

also have different forms of expression than in the past.  
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Parametric design has also brought about considerable changes in how buildings 

are produced. With the development of electronic technology, computer-aided 

manufacturing technology has been gradually applied to engineering construction, and 

achieving the construction of complex shapes is no longer a problem in architectural 

design. At present, computer numerical control machine tools are commonly used tools 

in the construction industry. They control the system through a computer program, 

perform various operations on the objects to be processed, and finally, complete the 

processing of building components. This method removes excess parts from the blank 

and keeps the required model, Computer Numerical Control. In contrast, another CNC 

machining technology is rapid prototyping technology prototyping, which includes 

fused deposition modeling, three-dimensional printing molding method, selective laser 

sintering method, and 3D printing method. This technology uses additive or subtractive 

molding principles, and the raw materials are gradually stacked and formed.  

 

2.4.5 THE IMPACT OF PARAMETRIC ARCHITECTURAL DESIGN ON 

ARCHITECTURAL ART 

Architectural art is a three-dimensional art form; it is the reflection of aesthetic 

laws in architecture; the most significant difference from other categories of art is that 

architectural art is an art that combines practicality and aesthetics. Architecture 

becoming an aesthetic object is a product of history; it is a development process from 

practicality to aesthetics. Due to the constraints of material materials and physical 

structure, the aesthetic character of a building is influenced by its practical function, 

and there are certain limitations in the form of expression.  

The functions of architecture and art interact, which are two inseparable 

characteristics. The quality of the building's use function directly affects people's 

judgment of architectural aesthetics. If a building has a lovely shape, but the usage 

function is not satisfactory, it is also a failure in people's lives. For an architectural work, 

functionality is essential, but the artistry of architecture must be addressed. In 

architectural reality applications, functionality and artistry are often intertwined; it's 

hard to tell which part is functional or art.  

Parametric architectural design is an architectural design method that emerged 

after deconstruction; it is the inevitable result of the development of computer 

technology. It uses parametric technology and effectively solves many problems in 

architectural design. Zaha Hadid is one of the leading representatives of the post-

deconstruction design period; her designs' eternal theme is to arouse the viewer's 

curiosity constantly. In the Chanel Mobile Art Exhibition Hall, she uses the latest 

architectural design language through coherent and well-organized design concepts, 

giving the building a sculptural sensual beauty. This new building uses the latest data 

modeling technology, breaks the limitations of traditional design, and promotes the 

design development of flowing shapes. Zaha Hadid explains the process, complexity, 

and advancement of data imaging software and construction technology make the 
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construction of mobile art exhibition halls possible. We use new data design and 

manufacturing processes to generate a naturally flowing architectural language. We 

created the organic form of the entire exhibition hall, and it is no longer a repetitive 

building from the industrial era of the 20th century.  

The improvement of architectural technology level has promoted the development 

of architectural art, allowing architectural art to express people's aesthetic needs more 

fully. At the same time, the development of architectural art also requires continuous 

progress in construction technology. The unique charm of architecture is displayed in 

the perfect combination of technology and art.  

 

2.5. 3D ARCHITECTURAL PRINTING TECHNOLOGY AND PRODUCTION 

With the development of China's economy in recent years, 3D concrete printing 

has gradually emerged as a new construction technology. The industrialization of 

Chinese construction, intelligent manufacturing, and green construction have become 

significant development trends in China's construction industry. The unique intelligence 

of 3D concrete printing, automation advantages, etc., provides a new development 

method for the industrialized construction of buildings. Based on the development 

situation of China's domestic building modernization construction, researchers for the 

development of 3D concrete printing, 3D concrete printing equipment, printing 

concrete materials, research on printing technology optimization, and some typical 

successful project cases in China. In the construction industry processing and 

production, 3D printing can be used according to architectural needs and specific 

attributes such as specific shapes, textures, colors, etc. Create personalized buildings. 

For the smooth development of intelligent construction in China's construction industry, 

provide beneficial reference value and promote the development, transformation, and 

upgrading of China's digital sector. 

 

2.5.1 DEVELOPMENT HISTORY OF 3D PRINTED CONCRETE 

As an innovative technology that subverts traditional building construction 

methods, 3D-printed concrete is expected to play a more critical role in the construction 

industry in the future and promote the development of the construction industry in the 

direction of digitalization and intelligence(L. Wang, Wang, Li, & Wang, 2024). The 

earliest concepts of 3D-printed concrete emerged in the 1990s. At that time, researchers 

began exploring machine control methods to print concrete according to predetermined 

design templates. Only at the beginning of the 21st century did 3D printing concrete 

technology start to make breakthroughs; some research institutions and universities 

have begun to conduct more in-depth research and proposed various printing 

technologies and prototypes. In 2004, Professor Behrokh Khoshnevis of the University 

of Southern California developed Contour Crafting's 3D printed concrete technology. 

Use large robotic arms to control concrete spraying and build the entire building layer 

by layer. Contour Crafting is an essential milestone in developing 3D printing concrete 
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technology and provides innovative solutions for large-scale construction. At the same 

time, many research teams and companies began to work on developing commercial 

3D printing concrete machines and completed a series of construction projects. Among 

them, a research team from the University of Eindhoven in the Netherlands successfully 

printed the world's first fully habitable 3D-printed concrete house in 2014; this marks 

the practical application of 3D-printed concrete technology. By 2015, Chinese building 

materials company Winsun and American technology companies such as Apis Cor had 

successfully printed some buildings such as houses and office buildings, further 

promoting the development of 3D printing concrete technology. 2016 French 

technology company XtreeE developed the BOD2 3D printing concrete machine. 

BOD2 uses a mobile robotic arm to print various shapes and sizes of concrete 

components, including walls, columns, and beams. The emergence of this equipment 

has promoted the application of 3D printing concrete technology in the construction 

industry and received widespread attention. France's XtreeE company has printed the 

world's first 3D-printed concrete bridge prototype, demonstrating the potential of this 

technology. In 2017, China Construction Corporation's Architectural Innovation 

Institute successfully printed a garden in Shanghai. It has the characteristics of 

traditional Chinese architecture. This further highlights that 3D printing concrete 

technology can retain traditional culture while the advantages of personalized 

construction can also be realized. In the same year, a 3D printing concrete machine was 

developed by Italian 3D printing company WASP. Provides a variety of WASP printer 

series models and configurations, with the ability to adapt to construction projects of 

varying sizes and complexity. These printers use unique injection systems and control 

technology, high efficiency can be achieved, precision and sustainability can be 

achieved, and they have become critical players in the 3D printed concrete industry. In 

recent years, 3D-printed concrete technology has become more widely used worldwide. 

From building homes and bridges to urban infrastructure, it drives the construction 

industry toward digitalization and intelligence. 3D printed concrete is also expected to 

enable larger-scale building printing, reduce construction waste, increase construction 

speed, etc., bringing new possibilities for future construction innovation.  

 

2.5.2 TYPES OF ARCHITECTURAL 3D CONCRETE PRINTERS 

(1) D-Shape printer 

The D-Shape printer was initially designed and invented in 2008 by Italian 

architect Enrico Dini. The D-Shape printer is a tool suitable for large-scale construction, 

with a larger printing area and accuracy, and can print concrete elements of immense 

dimensions. The d-shaped printer uses a high-precision control system and specially 

designed inkjet heads, so excellent printing accuracy and detail performance can be 

achieved. The ability to print complex geometric shapes and delicate textures brings 

more creative inspiration and personalized design possibilities to the building. The D-

shape printer uses a unique cantilever printing principle. Unlike traditional support 
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structures, buildings can be printed without additional support structures. This 

simplifies the printing process and reduces post-construction cleanup work. In addition, 

D-Shape printers can utilize renewable materials, such as recycled concrete, to improve 

sustainability and promote environmentally friendly development in the construction 

sector. Customization capabilities are also a significant advantage of D-Shape printers. 

Customized printing can be carried out according to the requirements of architectural 

designers, and individual building components and structures can be created. This 

enables creative design and personalized architecture and provides greater freedom. 

Figure 40 D-Shape printer  

Note. Researchers draw their own, 2023 

 

(2) Frame printer 

The frame-type 3D printing concrete machine is a widely used 3D printing 

concrete equipment made of sturdy metal or steel construction; the stability and rigidity 

of the equipment are ensured. This structure can provide accurate positioning and 

guarantee precision and accuracy during printing, thereby printing a solid structure and 

stable buildings. Modular design is often used to connect the print head, injection 

system, and separation of components, such as the feeding system, to facilitate 

maintenance and replacement; this design makes equipment maintenance and updates 

more convenient and improves reliability and maintainability. Frame printers usually 

use multi-axis motion systems; Accurate movement can be achieved in three or more 

directions. This design allows the print head to be precisely positioned on the x, y, and 

z axes to achieve architectural printing of complex shapes and structures. At the same 

time, the frame-type printer is equipped with an automated control system; through 

automated control, it can precisely control the movement of the print head and concrete 

spraying, achieve a high-precision and high-efficiency printing process, and increase 

productivity. The injection system is a critical component of the frame printer. For 

controlling concrete spraying and realizing architectural printing stacked layer by layer, 

the injection system includes elements such as a concrete feeding system, nozzles, and 

control valves, which can accurately control the amount and speed of concrete spraying 

to meet various printing needs. Frame-type printers have a certain degree of flexibility. 

Ability to adapt to construction projects of varying sizes and complexity. It can be 

customized according to the designer's requirements and has flexible printing parameter 

adjustment capabilities, such as adjusting the printing speed, concrete layer thickness, 

etc. To meet the needs of different construction projects. 
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Figure 41 Frame printer  

Note. Researchers draw their own, 2023 

 

(3) Gantry printer 

The gantry 3D printing concrete machine is a highly flexible and efficient 3D 

printing concrete equipment with adjustable print height; the height of printed objects 

can be flexibly adjusted as needed. Gantry printers usually have large printing areas, 

can print larger-sized concrete components, have greater flexibility in the construction 

industry, and can achieve large-scale and volumetric building printing, providing 

feasible solutions for large construction projects. Gantry printers also have a stable 

frame structure constructed from sturdy steel or aluminum materials, which have 

excellent rigidity and stability. This structure ensures the stability and accuracy of the 

printer during the printing process, ensuring the accuracy and quality of printed objects. 

A high-precision motion control system is one of the essential features of gantry printers. 

It enables precise positioning and motion control on the X, Y, and Z axes, providing 

excellent printing accuracy and layer flatness. Gantry printers often support multiple 

printing tools, such as numerous nozzles or applicator tools. This design allows various 

operations to be performed simultaneously, improves printing efficiency and flexibility, 

and speeds up building printing and completion times. 

Regarding open systems, some gantry printers have open architecture and software 

systems that can be integrated with other devices and software. The gantry-type 3D 

printing concrete machine is a height-adjustable, large printing area, stable frame 

structure, High-precision control system, and advanced printing equipment with 

features such as multi-tool support and open systems. It has crucial application potential 

in the construction industry; it will support efficient printing and personalized design 

of buildings. 

Figure 42 Gantry printer 

Note. Researchers draw their own, 2023 
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(4) Robotic arm printing system 

The robotic arm 3D printing concrete system is an advanced printing equipment 

with high flexibility and precision. The system uses a robotic arm as the leading printing 

tool, accessible and flexible movement, and printing operations can be performed in 

three-dimensional space. This design enables the robotic arm printing system to adapt 

to the printing needs of buildings of different sizes and heights, from small components 

to entire building structures. Robotic arm printing systems usually have an extensive 

printing space, a large working radius, and a printing range. This feature enables it to 

cover a wide range of spaces and achieve printing of buildings of various sizes. Whether 

a small residential or a large commercial building, robotic arm printing systems can 

meet the needs. The robotic arm printing system has precise positioning and motion 

control capabilities. I achieved exact positioning and accurate movement on the X, Y, 

and Z axes using high-precision positioning and motion control systems. The robotic 

arm printing system is equipped with real-time sensors and feedback mechanisms, with 

the ability to monitor changes and corrections during the printing process in real time. 

Through real-time data feedback, the system can adjust printing parameters and correct 

posture in time to ensure the accuracy and stability of printing results.  

Regarding material selection, robotic printing systems are generally appropriate 

for various concrete materials. It can use ordinary concrete, reinforced concrete, or even 

specially formulated concrete materials for printing. The robotic arm 3D printing 

concrete system focuses on sustainability and environmental protection. The system 

minimizes material waste and energy consumption with accurate concrete spraying and 

fine print control. This ecological awareness is significant in the construction industry 

and contributes to sustainable development. The robotic arm 3D printing concrete 

system is also mobile and removable. Due to its independent mechanical structure, the 

system can be quickly deployed and moved between different construction sites or 

construction sites. This flexibility makes the robotic arm suitable for temporary 

buildings and particular scenarios such as emergency disaster relief and hard-to-reach 

terrain. In addition, robotic arm 3D printing concrete systems also have innovative 

potential in the construction and engineering fields. It can realize the printing of 

complex geometric shapes and curve structures, promoting innovation in architectural 

design and construction. This new printing technology brings sustainability to the 

construction industry and provides customizable and efficient solutions. 

Figure 43 Robotic arm printing system 

Note. Researchers draw their own, 2023 
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Table 4 Equipment comparison data of 4 concrete printers, a D-shape printer, a frame 

printer, a gantry printer, and a robotic arm printer 
Features/Types D-Shape Framework style Gantry Mechanical arm 

Structure type Multi-dimensional 
framework 
structure, 
providing support 
for large-scale 
printing. 

Featuring a 
framework 
structure, 
providing 
stability for the 
equipment. 

Equipped with a 
gantry structure, 
it provides 
stability and 
support for the 
equipment. 

The robotic arm 
structure 
provides 
flexibility and 
multi-directional 
motion 
capability. 

Print range Large printing 
range 
12m*12m*10m 

Medium printing 
range 
2m*1m*1m 

Large printing 
range 
12m*12m*10m 

Medium printing 
range, 
5m*2.5m*4.5m 

Accuracy High precision, 
capable of 
achieving precise 
stacking of 
concrete layers. 
10mm 

Medium 
precision, able to 
meet the 
requirements of 
many building 
applications. 
15mm 

High precision, 
capable of 
achieving precise 
printing of 
complex 
structures.10mm 

High precision, 
able to achieve 
precise printing 
paths and layer 
stacking. 
8mm 

Speed Medium to slow 
speed 
0-150mm/s 

Faster 
0-160mm/s 

Medium speed 
0-150mm/s 

Faster 
0-160mm/s 

Applicable 
scenarios 

Mainly used for 
building 
structures, 
sculptures, etc. 

 Mainly used for 
small and 
medium-sized 
building 
structures, walls, 
foundations, etc. 

Mainly used for 
large-scale 
projects such as 
building 
structures and 
bridges. 

Mainly used for 
small and 
medium-sized 
building 
structures, 
decorative 
elements, 
artworks, etc. 

Manufacturing 
costs 

High Medium High Medium 

Advantage Large printing 
range, high 
precision, suitable 
for complex 
structures. 

Stable structure, 
wide 
applicability, and 
relatively high 
printing speed. 

High precision, 
suitable for 
large-scale 
projects, stable 
structure. 

High flexibility, 
suitable for 
complex 
structures, and 
relatively high 
printing speed. 

Disadvantage High cost, 
large volume, 
relatively slow. 

High 
manufacturing 
costs and limited 
applicability. 

High 
manufacturing 
cost, large 
equipment 
volume, and 
slow speed. 

The 
manufacturing 
cost is high, and 
the accuracy is 
limited by the 
structure of the 
robotic arm. 

Note. Researchers draw their own, 2023 

 

2.5.3 3D PRINTING CONCRETE REINFORCEMENT TECHNOLOGY 

The key to 3D printing concrete optimization technology is combining computer-

aided design with concrete materials and injection technology through machine 

automation processes and translating architectural designs into concrete structures(J. 

Wang, Zhang, Feng, & Cai, 2024). 3D printing concrete optimization technology aims 

to improve printing efficiency and printing quality and the feasibility of 3D printing 

concrete optimization technology.  
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Figure 44 3D printing concrete technology diagram 

Note. https://www.cram.com/2023 

 

Optimization of 3D printing concrete material formula is a critical factor in the 

printing process; optimizing material formulations can improve print performance and 

strength. By adjusting the composition, particle size, and fluidity of concrete, better 

layer adhesion, stability, and flow can be achieved, thereby improving the print quality. 

Optimizing printing parameters is an essential step in improving 3D-printed concrete. 

Adjusting the nozzle diameter and printing speed can control parameters such as layer 

thickness and temperature, print quality, and structural strength. Optimization of 3D 

printed concrete also requires consideration of structural design. Reasonably designing 

the structural form, internal support structure, and spatial layout can improve the 

stability of the building and the utilization of internal space. Reducing unnecessary 

overhangs and increasing internal hollow structures can reduce printing load and save 

materials. Path planning plays a crucial role in 3D printing concrete. Reasonably 

arranging the printing path and reducing the print head movement distance can improve 

efficiency and stability. In addition, mastering printing skills, such as controlling the 

nozzle posture, choosing the appropriate printing speed and nozzle movement method, 

print quality, and process control can also be improved. Optimizing 3D-printed concrete 

involves quality control and inspection mechanisms. Introduce sensors and detection 

devices and monitor the temperature, pressure, flow, and print quality during printing; 

you can adjust printing parameters and correct errors in time, ensuring print quality and 

consistency. Considering the cost and environmental sustainability of concrete slurries, 

optimization technology also involves recycling and reusing materials. Developing 

renewable concrete materials and recycling systems and reusing discarded materials 

can reduce costs and reduce waste. 

 

2.5.4 APPLICATION OF 3D PRINTING TECHNOLOGY IN CHINESE 

ARCHITECTURE 

Currently, China's prefabricated buildings continue the traditional construction 

model by transferring the cast-in-place work to factory prefabrication, and there is no 

qualitative change. With the rapid development of science and technology, 3D printing 

prefabricated buildings with digital models, 3D printing concrete technology has 

received widespread attention and application in the construction industry. 3D printing 
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concrete technology, with its efficient, sustainable, and personalized characteristics, has 

brought an innovative change to the development of China's construction industry. 

The application of 3D printing concrete technology in Chinese construction and 

disruptive technology has revolutionized Chinaôs construction industry, Opening up 

new possibilities for architects and engineers. 3D printing concrete technology is 

processed through automated machines, able to print building structures quickly and 

efficiently, and the construction time is significantly shortened. This not only reduces 

the manual burden but also effectively lowers construction costs. They are providing 

housing solutions with good living conditions to more people. 3D printed concrete 

technology makes building construction more sustainable, with the ability to precisely 

control the amount of material used; waste is reduced. The limitations of traditional 

construction techniques often limit the realization of creative and complex structures. 

Through 3D printing concrete technology, architectural designers can achieve more 

complex and unique architectural forms and structures. 

Figure 45 3D printing construction case diagram 

Note. https://3w.huanqiu.com/a/667415/42PCtQdacA6, 2021 
 

    Currently, there are an increasing number of application cases of 3D printing 

concrete technology in Chinese construction; in an innovation park in the Shanghai 

Pilot Free Trade Zone, a curved office building was printed using 3D printing concrete 

technology; it shows the combination of future technology and art. Like these science 

and technology innovation parks, more and more people use 3D-printed concrete 

technology to build unique buildings. In a low-cost community called Sunroom in 

Hunan Province, China, dozens of tiny houses were built using 3D printing concrete 

technology, significantly reducing construction costs and providing residents with a 

high-quality living environment. 3D-printed concrete technology offers innovative 

solutions for low-cost housing projects in China. In terms of cultural architecture, this 

technology was used to print an exquisite and detailed garden building with cultural 

significance and artistic value in a traditional garden scenic spot in Zhejiang Province. 

Combining traditional and modern design concepts shows the charm of Chinese 

traditional culture. In terms of urban infrastructure construction, such as bridges in large 

Chinese cities, tunnels, and other structures, this technology can be used for quick, 

efficient construction, saving time and cost. 

These cases demonstrate part of the application of 3D-printed concrete technology 

in Chinese architecture. With the continuous advancement of technology and the 
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expansion of applications, more innovative cases will emerge, bringing more 

opportunities to develop China's construction industry.  

 

2.5.5 CURRENT PROBLEMS IN 3D PRINTING CONCRETE 

TECHNOLOGY 

China has made impressive progress in 3D printing concrete technology. Still, it 

faces challenges and problems that must be gradually solved through continuous 

research and practice. Equipment selection and equipment system design are essential 

key points. Current equipment could be faster in printing speed, limiting the efficient 

construction of large-scale buildings. The scale expansion of equipment also faces 

challenges; effective methods must be found to increase productivity. The accuracy and 

stability of the equipment directly affect the printing quality. Unstable equipment can 

lead to wastage of materials and poor bonding between layers, thereby affecting the 

overall strength and appearance of the building structure. Since 3D printing concrete 

technology uses a layer-by-layer stacking method, it may cause problems such as poor 

bonding between layers, cracks, etc., which may affect the structure's consistency and 

stability. Complex structures and details may be challenging to achieve accurately 

through layer-by-layer stacking technology, limiting design creativity and architectural 

geometry(Y. Chen et al., 2024). About 3D printing slicing software processing, slicing 

software plays a key role. Because the need to process large amounts of data may cause 

software performance to degrade, especially when dealing with large construction 

projects. In addition, file format standardization and compatibility may lead to problems 

with data transmission and processing. Slicing software must support complex building 

structures to ensure the accuracy and quality of the printing process. The construction 

process characteristics of concrete 3D printing technology require in-depth research and 

verification. One of the critical issues is the strength and durability of the structure. 

Sufficient experiments and practical applications are needed to verify. Construction 

safety is also an issue that needs to be re-examined to ensure the safety of workers and 

sites during the 3D printing construction process.  

Regarding the entire construction industry, 3D printing concrete technology still 

needs to overcome some challenges. The development of standards and norms is 

necessary to ensure the safety and quality of technology. The construction industry 

needs to cultivate professionals with knowledge and skills in concrete 3D printing 

technology; this requires joint efforts from the education system and industry. With the 

continuous development and progress of science and technology, these limitations and 

shortcomings in all aspects will be gradually solved, bringing innovation and change to 

China's construction field. 

 

2.6. DIGITAL DESIGN 

The meaning of digital design is relatively broad. Since the 1970s, the introduction 

of computers and the digitization of design methods began, and CAD computer-aided 
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design has developed rapidly. In actual design practice involving computer use, it is 

called digital design. In the 1990s, when architectural designers used computing 

software and algorithms to generate new architectural forms that no one had seen before, 

many people started cheering because it presented a new form of neighborhood; the 

architectural era of digital design was beginning. The latest generation of information 

technology, represented by the internet of things, big data, cloud computing, and 

artificial intelligence, is giving birth to a new round of industrial revolution. E-

commerce has subverted traditional business models, social networks have put pressure 

on the conventional communication publishing industry, autonomous driving makes 

people look forward to the future of intelligent transportation, and Blockchain is 

reshaping the financial sector, in particular, the manufacturing revolution with 

intelligent manufacturing as its core is sweeping the world, become the focus of 

competition, such as Germany's Industry 4.0, the United States Industrial Internet, the 

United Kingdom's high-value manufacturing, Japan's Industrial Value Network, and the 

Made in China 2025 strategy, etc.  

 

2.6.1 RESEARCH ON THEORIES AND METHODS OF DIGITAL 

ARCHITECTURAL DESIGN  

The exploration of digital architectural design started the transformation of digital 

computing images into materialized actual construction; it is a smooth channel from 

digital design to digital construction. With the rapid development of computer 

technology, digital technology is widely used in various disciplines. Computers unify 

reality and virtuality, as well as humans and machines, time and space. Negroponte said 

in his book Digital Survival that computing is no longer just about computers; it 

determines our survival. The new 3D design software can quickly present non-

orthogonal and non-linear shapes on the screen, and the NURBS modeling system 

allows architects to control surface modeling as soon as they can control European 

geometry. With those non-standard and complex graphics, from virtual graphics to the 

construction of physical entities, architectural designers seek the possibility of 

experimental building construction in novel forms.  

An essential feature of the built environment in the digital age is the dispersion 

and reorganization of space; the dispersion and reorganization of space has caused some 

traditional building types and use spaces to shrink or even disappear; at the same time, 

other building types and use spaces have been strengthened and combined. Neil Leach 

said in his monograph Designing for a Digital World, published in August 2002, In the 

digital age, people have less and less need for fixed or designated spaces; what is more 

needed is electronic, interesting, diverse, and humane living spaces. The boundaries 

between different building types are becoming blurred; space becomes more 

multifunctional, a space with more depth, permeability, and continuity will meet the 

increasing density of communication, and a new dynamic system will satisfy 

accelerated structural reorganization and flexible space allocation at the same time, an 

open and uncertain environment that allows for real-time interpretation and borrowing 

will satisfy the transition from a command-and-control management style to a self-

organizing style.  

 



 
 71 

2.6.1.1 PHILOSOPHY OF DIGITAL ARCHITECTURAL DESIGN 

In people's daily lives, People tend to ignore the most common natural phenomena 

by observing everything in nature; none of their shapes are regular. Most artificial 

objects are geometric shapes with regular rules; architecture is even more so. It may be 

that human science, technology, and production capabilities are limited; it may also be 

that Euclid's geometric theory greatly influences people.  

Figure 46 3D printing construction case diagram 

Note. https://www.cram.com/2022 

 

In the mid-20th century, nonlinear scientific theories continued to be invented, 

breaking through the shackles of linear science on humans; people doubted the 

authority of Euclid's geometric system, and Products in non-standardized forms began 

to be produced. The establishment of fuzzy theory, chaos theory, dissipative structure 

theory, emergence theory, non-standard mathematical analysis, and other theories 

shows people the dynamic stabilized ordered structure far from the equilibrium state, 

revealing nature's rich potential for complexity, eliminating the binary opposition 

between time and space, showing the unified state of time and space, it celebrates a 

high degree of continuity and fluidity. Professor Xu Weiguo, in nonlinear architectural 

desiproposessing that buildings, like other artificial objects, are affected by these new 

scientific theories and begin to eliminate the shackles of regular and standard geometric 

shapes towards a nonlinear development path.  

 

2.6.1.2 THE CREATION OF DIGITAL ARCHITECTURAL DESIGN 

In 1988, Columbia University pioneered digital design; Bernard Tschumi, dean of 

Columbia University School of Architecture, using his unit structure education model 

at the British Architectural League, changed the structure of the college, using computer 

software technology and replacing tools such as paper, pen, ruler, etc., carry out 

architectural design, putting architectural design on the path of digital development. 

1994, the Columbia University Graduate School of Architecture established the 

paperless design studio. They combine research and teaching, specializing in nonlinear 

digital design theory research and design. It mainly uses Maya's embedded language 

(MEL) as the programming language. Students must use (Cellular Automata, CA), L-

system, Genetic Algorithmic (GA), and other theories used for design generation. Try 

to make connections between different things, use graphic language to express the 
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internal logical characteristics of different things, and use models to explore the 

possibilities of form. Finally, the graphic language formed in the above process is 

transformed into a computer three-dimensional shape; each design studio has its 

personality and different design methods, and the possibilities of digital design are 

explored in various directions. 

Figure 47 Paperless Design Drawing 

Note. Researchers draw their own, 2022 

 

In 2000, Peter Testa from the Department of Architecture at the Massachusetts 

Institute of Technology collaborated across disciplines with several computer experts 

to form a new matrix of disciplinary collaboration. Developed a plug-in Morphogenetic 

Surface Structure that uses the L-system to generate free-form surfaces; software 

development is based on Alias/Wavefront Studio software as the platform, based on 

MOSS, Peter Testa Emergent Design Group continues research into digital generative 

design, added genetic algorithm GA, improving connections between design methods 

through digital means, further emphasizing the combination with architectural design, 

In 2001, the GENR8 plug-in running on MAYA was launched. The Hemberg Extend 

Map L-system controls GENR8's surface generation. GENR8 introduces Grammatical 

Evolution based on genetic algorithms; this algorithm can generate program grammar 

and realize program evolution; architectural designers can export and analyze surfaces 

or modify the parameter environment at any time during the evolution process. This 

allows architectural designers to control the shape of the surface generated more 

effectively. He pioneered digital architectural design theory and methods.  

Figure 48 Free form plot 

Note. Researchers draw their own, 2024 

 

From December 2003 to March 2004, the non-standard architecture exhibition at 
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the Pompidou in Paris displays built or experimental works by 12 international 

architectural design offices, shows the achievements of nonlinear theory in the field of 

architectural design and research, also showcases the construction industry that is being 

redefined. 

Figure 49 Non-standard architecture exhibition at the Pompidou in Paris 

Note. https://www.abbs.com.cn/bbs/2023 

 

From September 2004 to October 2004, Xu Weiguo, a professor at the School of 

Architecture at Tsinghua University in China, and Neil Leach, a British architectural 

theorist, co-curated the exhibition, an international exhibition of avant-garde architectsô 

works titled Fast Forward, HotSpot, brain cells, the latest works of 12 pioneering 

architects who are currently the most influential in the international architectural 

community are on display. Not only was it the first time that China held a world-scale 

avant-garde architecture exhibition, but it was also the first time that this kind of non-

standard architectural idea and work was introduced to the field of Chinese architecture. 

Figure 50 Tsinghua University Fast Forward, Hotspot, Brain Cells curatorial image 

Note. Photographed by the researcher, 2023 

 

 2.6.1.3 THE MATERIAL CONSTRUCTION OF DIGITAL 

ARCHITECTURAL DESIGN IN THE WORLD AND CHINA 

In the 1990s, digital design still relied on algorithms and programs to generate 

virtual forms and the resulting graphics while having graceful features on the screen. 

Still, far from being a possible building, avant-garde architects were not only interested 

in morphogenesis but also turning to these generated complex forms to conduct 

physical construction research on material structure and structural performance. 
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British Architectural Association, School of Architecture, emerged as a technology 

group Semtech through teaching, research, and design practice, exploring how to 

comply with the structural diversity and performance variability of natural systems in 

design, research on forms that are suitable for the environment, form-finding methods, 

and behavioral characteristics of material systems related to CNC manufacturing, and 

under geometric or topological definitions, establishment of digital parametric models 

of material structures and production of full-scale models, etc. Explore the feasibility 

of irregular shape structures in actual projects. This research explores using biological 

structures as prototypes to illustrate biological tissue structures, analyze force 

characteristics through full-scale models, write a numerical parameter model of the 

structure and form, and use it as a design approach for nonlinear bulk structural systems. 

The 10th-anniversary pavilion of the Architectural League School of Architecture DRL 

is an example of the combination of digital design and CNC machining. The pavilion's 

form was determined through a rigorous process; it was built by directly cutting the 

structural ribs with CNC machine tools. The practice mentioned above of CNC 

construction and research on CNC construction methods fully demonstrate the 

possibility of realizing complex irregular architectural shapes with the help of digital 

production tools. Neri Oxman from the Media Lab of the Massachusetts Institute of 

Technology in the United States explores the relationship between the form, material, 

and structure of nonlinear bodies based on the structure of biological tissue. In 2007, 

Ni Xin's work Raycounting is a complex body of light and shadow in a specific 

environment. 

Figure 51 Pictures of Nixinôs works 

Note. https://www.nipic.com/2023 

 

The most representative digital architectural design project in recent years is the 

Beijing Phoenix Media Center hosted by Shao Weiping of the Beijing Institute of 

Architectural Design. The Phoenix Media Center project design uses the mathematical 

concept of the Mºbius circle to generate a complex curved shell. Wrapping the 

magnificent atrium space, a structural steel diagrid supports the shell glass curtain wall. 

The Chinese entirely independently designed this project. China Construction 

Company CNC Machining and Construction, parametric modeling, BIM, 3D scanning, 

and other digital technologies were used throughout the process. The built result is high 

in completion and exquisite in construction quality, with features such as perfect 

building performance, and it has become a new landmark in Beijing. In addition, the 
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Qingdao Garden Expo service facilities designed by Wang Zhenfei Architects, Sichuan 

Niubei Mountain Volunteer House designed by Li Daode, Lanxi Pavilion in Chengdu, 

Sichuan designed by Yuan Feng of Tongji University, Shenzhen OCT Design Museum 

designed by Zhu Pei, the Foshan Art Village building designed by Song Gang, 

Hangzhou Alibaba Exhibition Center designed by Zhang Xiaoyi, Xiamen T4 Terminal 

designed by Lin Qiuda of Hedao Company, etc., they are all representative cases of 

digital architectural practice in my country. 

Figure 52 China Digital Architecture Practice Case Map 

Note. https://www.nipic.com/2023 

 

2.6.1.4 THEORY AND METHODS OF DIGITAL ARCHITECTURAL 

DESIGN 

Digital architectural design is inseparable from education, and its rapid spread 

worldwide is attributed to school education, media dissemination, exhibition displays, 

construction projects, etc. It started at Columbia University in the United States in the 

1990s, organized teaching in the paperless design studio of Columbia Univethe city in 

the United States; almost every spring and autumn semester, more than 15 professors 

open design studios for students to choose from, and each professor's design topics are 

combined with their own research and design practice, and all have their different 

perspectives. Digital architectural design education in China began in 2003 with the 

non-linear architectural design course of Tsinghua University School of Architecture; 

this course takes ideas such as emergence, fractals, and clusters as the basis of design 

uses Rhino, MAYA, and other software as standard tools, explore design through 

material experiments, biological morphological analysis, site simulation, etc. How to 

find form after that, many domestic institutions such as Southeast University, Tongji 

University, South China University of Technology, Hunan University, and Xi'an 

Jiancheng University have opened design or technology courses related to digital design. 

In 1993, Greg Lynn edited the AD magazine's special issue, folding in architecture; 

in 1995, he published Bubble in the Journal of Philosophy and Visual Arts and 

published the monograph Animate FORM, thus starting the research on digital 

architectural design theory and methods.  

In 2004, Neil Leach edited and published Digital Tectonics; some papers explore 

combining digital design and construction. 

In 2006, Reiser and Umemoto published the Atlas of Novel Tectonics. Combine 

the knowledge system you have established with architectural design examples and the 

vision of new construction is opened through scattered discussion. 
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In 2011, Mark Burry's book Scripting Cultures, Architectural Design, and 

Programming researched standard methods and technical routes of digital design. The 

digital design process also allows routine and repetitive work to be replaced by 

computers; designers can spend more time on design thinking. 

The Autopoiesis of Architecture, published by Patrik Schumacher in 2011 and 

2012, elaborates on a new parametric architectural style. 

The most representative work in the field of digital architecture in China is the 

series of books co-edited by Professor Xu Weiguo of Tsinghua University and British 

architectural theorist Neil Lynch; hot spots, the think tank group, brings together 

international and domestic research results and design works from various periods in 

the field of digital architecture, it laid the foundation for the development of digital 

architectural design and research in China. 

Based on learning from Western digital design ideas, Chinese researchers, 

considering Chinaôs primary national conditions, look for theories and methods suitable 

for developing Chinese architectural design practice. 

a. The combination of nonlinear system theory and digital architectural design. 

Euclidean geometry and Newtonian classical mechanics are no longer sufficient to 

explain diverse natural phenomena and complex artificial systems. As a result, a series 

of nonlinear systems and theories were born, such as fractal theory, chaos theory, 

cellular automaton, multi-agent, artificial neural networks, etc. 

b. These include fractal theory, chaos theory, cellular automaton, multi-agent, 

artificial neural networks, etc. The acquisition and processing of information and 

information-based system control have become the core content of current natural 

sciences and engineering. It has also affected architectural design in many aspects. 

c. The influence of Deleuzeôs philosophical ideas on digital architectural design. 

Gilles Deleuze's philosophical concepts directly and profoundly impact digital 

architectural design. His philosophical concepts include Fold, Diagram, Striate & 

Smooth, etc. They have been repeatedly cited by architects and reflected in their works. 

Changed the way architects view and solve problems. 

d. A theoretical study of digital Construction. The core idea of traditionally 

constructing Tectonics is that the building should express its structural and material 

construction logic. Digital Construction is its development and extension, the use of 

digital technology to generate architectural shapes in computers, and the Construction 

of buildings with the help of CNC equipment. Becoming is for actual Construction, and 

Construction should follow the generated logic. The final architectural form will 

express structural and Construction logic to the greatest extent; simultaneously, the 

results will express a new poetic quality. 

e. Parametric architectural design and algorithmic prototyping. In the article 

Parametric Design and Algorithm Generation, Professor Xu Weiguo of Tsinghua 

University systematically explains the theoretical methods, implementation links, and 

design examples of parametric design and algorithm generation. The definition of 

parametric architectural design regards various influencing factors as parameter 
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variables, and based on the research on the site and building performance, find the rules 

that connect the multiple parameters, then establish a parametric model, use computer 

technology to generate building volumes, space or structure, and can obtain multi-

solution and dynamic design solutions by changing the values of parameters. It is one 

of the most essential theoretical methods of digital architectural design. Algorithmic 

modeling uses algorithms or rule systems, uses a specific computer language to describe 

the algorithm to form a program, and generates architectural prototypes through 

computer calculations; it is a specific technical means to realize the parametric design 

method. 

f. Research on systematic methods for controlling errors in digital building design 

and construction processes. The difference between the designed form and the built 

building is the error; minimizing mistakes is a sign of high-quality Construction. 

Researching error control methods in the digital building design and construction 

process will help reduce mistakes and improve quality. 

 

2.6.2 COMPLEXITY SCIENTIFIC ALGORITHM MODEL IN DIGITAL 

DESIGN 

Complexity Science Algorithm Model in Digital Design Digital Design, using 

computers as essential tools using methods such as computer programming, can be 

based on theories from complexity science; models and algorithms are used to generate 

forms. 

Complexity science is developed from system science; the research object is 

complexity and complex systems. In the 1940s, complex systems saw the birth of 

systems science, dominated by organizational theories such as systems theory, 

cybernetics, and information theory. It is the beginning of the development of system 

science. In the 1970s, systems science theories based on dissipative structure theory, 

synergy theory, catastrophe theory, and o, o and their organizational theories were born, 

and it became the second stage of systems science. In the 1980s, chaos dynamics, fractal 

theory, complex adaptive system theory, and complexity science theories such as open 

complex systems theory emerged and became the third stage of the development of 

system science. In addition, complex network theory, combination system theory, 

optimization theory, mathematical theory, etc., enrich the content of complexity science. 

Figure 53 Schematic diagram of complex network theory 

Note. Researchers draw their own, 2024 
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2.6.2.1 BIRD MIGRATION MODEL 

The agent model of bird migration aims to simulate the cluster morphology of bird 

flocks during migration. During the migration of birds, the actual situation is more 

complicated; bird flight is a continuous process, and the interaction between birds also 

occurs continuously and affects the flight process, which constantly affects the actual 

flight of each bird. However, the above process has been simplified and changed during 

the simulation. First, the process of influence and change is discretized, dividing it into 

several time points. At these specific points in time, the current status of each bird is 

determined, and the reactions are accordingly. Secondly, the coping modes are also 

simplified into three types; that is, the three significant countermeasures are to avoid 

collisions, move in the same direction as neighbors, and stay close to the center of the 

flock. In addition, each bird in the flock is simplified to a point, thus completely 

ignoring the influence of the individual itself and only focusing on its position change 

in the flock. From a microscopic perspective, each bird in the flock is primarily 

concerned with its relationship with neighboring birds; its macro performance 

sometimes gathers and sometimes scattered birds, resulting from the continuous 

interaction between several monomers.  

Based on the above principles, constructing a simulation algorithm for bird 

migration mainly includes five parts: generating an initial flock of birds, separating, 

aligning, approaching, and moving forward.  

Figure 54 Simulation algorithm and diagram of bird migration 

Note. Researchers draw their own, 2024 
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The model contains a large amount of data and rich dimensions, and different 

analysis results can be obtained from various angles. Therefore, the bird migration 

model generates morphology rather than directly using the simulated morphological 

results. Instead, you can use the data information in the simulation results to process it, 

and then the morphological generation results can be obtained. This result may show 

the characteristics of bird migration. Still, it may also be different from its 

morphological generation, which relies only on the simulated data results rather than 

the intuitive morphological results of the simulation. Therefore, the simulation results 

are processed differently, and different complex forms can be obtained.  

 

2.6.2.2 CELLULAR AUTOMATA 

Cellular Automaton is a computing model first proposed by Von Neumann and 

Ulam, using the concept of Cellular Spaces. These cells change state in discrete time 

steps through the same basic rules, as a realization possibility of biological systems, 

used to simulate the self-replication process of organisms. Cellular automata are widely 

used to simulate complex systems and natural phenomena, including physics, biology, 

sociology, and other fields. 

The core content of cellular automata is the rules of interaction between units. The 

setting of rules is relatively free. As long as the basic rules remain unchanged, even 

without the influence of external conditions, only changes based on the two states of 

life and death, different initial shapes will also evolve into entirely different 

morphological results. For example, it will die if the unit cluster is used as the initial 

shape and has 1, 3, or 5 neighbors. 2, 4, and 6 neighbors survive as a basic rule; as time 

progresses, the body gradually grows and becomes spherical. However, different initial 

states will also produce different morphological results during the evolution process; in 

trying to find a natural transition between them, a cellular automaton was chosen as the 

biomorphic algorithm to generate this transitional shape. 

Figure 55 Cluster processes in different initial states under the same basic rules 

Note. Researchers draw their own, 2024 
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Cellular automata provide a simple and robust method; complex overall behavior 

can be produced by simple repeated application of local rules; this helps us 

understand and study the dynamics of natural and artificial systems. 

 

2.6.2.3 BEE HONEY COLLECTION MODEL 

The bee nectar collection model involves interactions between individual bees, 

Environmental factors, and individual behavioral patterns. The bee nectar collection 

model is algorithmically more complex than the bird migration model or the ant colony 

algorithm. The bee honey collection model is similar to the ant colony algorithm but 

different. The honey-gathering model of bees can simulate the honey-gathering 

behavior of bees, and the simulation process can obtain a large amount of spatial 

information about bees and flowers. Further processing of these data can generate form. 

Different simulation models will produce different data results. 

The bee honey collection model is a new intelligent optimization algorithm 

consisting of three parts: honey source, hired bees, and non-employed bees. The honey 

source is a feasible solution to the optimization problem; it is the primary object to be 

processed in the bee colony algorithm. The quality of the nectar source is the quality of 

the feasible solution; the amount of nectar evaluated in the source is the fitness. There 

is a one-to-one correspondence between the hired bees and the location of the honey 

source. Non-hired bees are follower and scout bees, providing nectar source 

information to select nectar sources and making greedy choices. Scout bees search for 

new nectar sources to replace their original nectar sources. 

Figure 56 Flow chart of honey collecting model algorithm for bees 

Note. Researchers draw their own, 2024 
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2.6.2.4 FIGURE 

The graph is a standard computer science and mathematics data structure that 

represents the relationship between elements within a particular set. It can be used to 

construct polyhedrons or more complex spatial networks. It means a network and a 

structural relationship, and the types of graphs are infinite; each different network 

relationship can generate a corresponding graph. Based on the graph, the shortest path 

between two grid nodes can be found. Algorithms and operations on graphs help solve 

various problems, such as the shortest path problem, the minimum spanning tree 

problem, etc. 

Figure 57 A variety of diagram examples 

Note. Researchers draw their own, 2024 

 

The morphological result based on the shortest traversal is a continuous curve; 

there is no self-intersection, and it is a closed curve, which may be a plane curve or a 

three-dimensional curve, depending on the distribution of initial points. The shortest 

traversal solves the morphological results.  

Figure 58 The shortest traversal solves the morphological results 

Note. Researchers draw their own, 2024 
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2.6.2.5 STRANGE ATTRACTOR 

Strange Attractor is an attractor with a complex geometric structure and has some 

hyperbolicity. Strange Attractor describes the trajectory of a system in phase space, 

showing a strange and complex structure. A Strange Attractor is a particular attractor 

observed in chaotic dynamic systems. This structure is usually aperiodic and cannot be 

described by simple geometric shapes or trajectory equations. Strange attractors are 

complex reflections in chaotic dynamic systems, mathematical structures of nonlinear 

behavior. Not all attractors are strange attractors; the simplest of these is to attract fixed 

points. For attracting fixed points, all orbits have the same asymptotic properties; 

therefore, they are not sensitive to initial conditions, and small changes in initial 

conditions do not affect their asymptotic results. The strange Attractor is different; small 

changes in initial conditions can significantly impact the results. In addition, the 

peculiar Attractor also has a fractal structure, and it exists widely in power systems. The 

strange Attractor can generate a series of shapes with a sense of circular motion; it can 

be used for the morphological design of construction sites or individual buildings. 

Multiple morphological results are superimposed through different attractors and 

parameter settings to form the site's overall form. When generating a building unit, the 

spatial curve based on the strange Attractor generates a linear structural skeleton and a 

planar building skin; the two combine to create an architectural form.  

Figure 59 Building blocks of strange attractors are formed 

Note. Researchers draw their own, 2024 

 

2.6.2.6 SHORTEST PATH ALGORITHM 

Algorithms for finding the shortest path include the Deegers algorithm, Floyd 

algorithm, SPFA algorithm, etc., and these algorithms focus on the final result; the 

application value for morphogenesis is small. The original ant colony path-finding 

model simulates the path-finding behavior of ants to obtain the shortest path. Its 



 
 83 

algorithm contains more data and is more suitable as a model for morphogenesis. 

Figure 60 Shortest path diagram 

Note. Researchers draw their own, 2024 

 

In the most primitive ant colony model, how ants find their way, usually there are 

more than two ants of different lengths, and paths to food are available. In the initial 

state, the probability that ants choose various paths is the same, but ants that choose the 

shortest path can travel faster between food and their nest. Therefore, the frequency of 

round trips is higher. Ants also leave more pheromones along the shortest path than on 

other paths. This will affect the ant's choice; therefore, after some time, most ants will 

consciously choose the shortest path under the influence of pheromones, thus 

completing the self-organizing process.  

Figure 61 A simulated map of ant colony pathfinding 

Note. Researchers draw their own, 2024 

 

2.6.3 COMPUTATIONAL SIMULATION OF BIOLOGICAL FORMS 

The study of biological forms by architectural design scholars is not like the 

scientific exploration of biological forms by biological scientists; architectural research 

is, to some extent, more valuable than the design profession; its primary interest is in 

biomorphic forms, the internal structural relationship of biological body and biological 

form, the laws of biological morphogenesis and development, biological dynamic 

behavior trajectories, etc., the forms displayed by these biomorphs have endless appeal 

for architectural design and Provide rich form creation prototypes for architectural 

design.  
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The core of computational simulation is an algorithm or rule system. The 

algorithm describes the characteristics of the form to be generated, and algorithms 

determine the results of morphologies generated through calculations. Therefore, if the 

design firm is to be generated by borrowing biological form, first, we need to identify 

the characteristics of biological forms and embody these characteristics in the algorithm, 

then write the algorithm into the program through calculation and graphics with specific 

biomorphic characteristics that can be generated. The program can simulate biomorphic 

prototypes, and new design shapes can also be generated based on different conditions. 

Therefore, the computational simulation of morphology mainly lies in studying 

morphology algorithms and algorithm-by-algorithm case studies through varying levels 

of morphology; finally, a biomorphic simulation algorithm library can be established. 

Biomorphic design simulation, starting from the observation and recording of 

biological forms, uses language to describe the characteristics of biological forms, uses 

analysis diagrams to represent its characteristics, creates algorithms and writes 

algorithms into computer programs, runs the program through the computer, generates 

simulated biological forms, and use this program to generate architectural design shapes. 

Forms of simulation will be developed from this process. 

I am taking the phyllotaxis of plant organ morphology as an example, algorithmic 

research into biomorphology, and the process of using digital graphic design methods 

for architectural design. The phyllotaxis is divided into alternate phyllotaxis, opposite 

phyllotaxis, whorled phyllotaxis, and clustered phyllotaxis. Alternate phyllotaxis means 

one leaf grows on each node, born through interaction. Opposite phyllotaxis means two 

leaves growing on each node, born relatively. Whorled phyllotaxis is three or more 

leaves growing on each node, radiating arrangement. Clustered phyllotaxis is the 

growth of leaves in clusters on short branches(Yu, Zhang, Zhang, & Han, 2023).  

Figure 62 Leaf order morphology map 

Note. Researchers draw their own, 2024 

 

The morphological characteristic of alternate phyllotaxis is that one leaf grows on 

each node; the plane projection angle between adjacent leaves is 137.5Ü; observed on a 

flat surface, The leaves form two sets of Archimedean curves in opposite directions; the 

number of adjacent two-term curves in the two sets of Fibonacci numbers is regular, 

The spiral coil formed by the leaves and the number of leaves growing in the coil are 

also regular, It can be represented by two adjacent terms of the Fibonacci sequence.  



 
 85 

Figure 63 Morphological analysis of alternate leaf order 

Note. Researchers draw their own, 2024 

 

If you use a program to implement the morphological algorithm of alternate 

phyllotaxy, it can be implemented using various software or computer language 

programming. Rhinoceros' built-in Python language programming is one of these 

methods.  

Figure 64 Alternate leaf order morphology of Archimedes spiral linear calculation 

simulation 

Note. Researchers draw their own, 2024 

 

Figure 65 Simulation diagram of logarithmic spiral linear calculation of alternate 

leaf order morphology 

Note. Researchers draw their own, 2024 
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Figure 66 Alternate leaf order morphology was calculated to generate the shape map 

Note. Researchers draw their own, 2024 

 

Figure 67 Alternate leaf order morphology was calculated to generate the 

construction form map 

Note. Researchers draw their own, 2023 

 

2.6.4 DELEUZEôS PHILOSOPHICAL THOUGHT AND DIGITAL DESIGN 

Gilles Deleuze graduated from the Philosophy Department of the Sorbonne 

University in Paris. Deleuze's classic anti-philosophy theory aligns with the 

development of nonlinear science in the same period; Deleuze's philosophy can be 

called a new nonlinear philosophy. Deleuze's theories have become the bible of today's 

architectural designers. Gilles Deleuze created a series of distinctive poststructuralist 

philosophical and aesthetic concepts. He is a nomad in the realm of ideas. There is a 

natural fit between Gilles Deleuze's thought and digital architecture. It has important 

implications for the development of architecture as a whole.  

  

2.6.4.1 DELEUZEôS PLEAT THOUGHT 

Gilles Deleuze's creative interpretation of Monadology by G. W. Leibniz, 1646-

1716, combined with the Baroque style, Developed and perfected the important pleat 

French Pli, English Fold concept and was published in the book The Fold, Leibniz and 

the Baroque in 1988, this concept also leads to the idea of nomadism. Monads and folds 

and their nomadic thoughts explain the unity of one and many and how the world is 

constituted, manifold, automaticity, etc. Deleuze coined the concept of pleats; for 

Deleuze, folds are everywhere, everything in the world contains folds, there are 

wrinkles everywhere, and some things can fold, unfold, and cycle over and over again; 

things are also composed of monads spiraling into pleats. It cannot be seen as just a fold 

of reality; it represents several philosophical characteristics. We need to have an overall 

understanding of pleats by understanding their characteristics.  


