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Abstract: As a member of modern design, automobile design and architectural design have many similarities. This paper will compare the similarities and differences between automobile design and architectural design from a cross-border perspective, and apply the essence of automobile design to architectural design through the analysis and comparison of comprehensive functions, spatial comfort, artistic form and green energy saving, so as to explore a new attempt and idea.
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1 quote
Automobile design and architectural design are both in the background of modern design and industrial production, and they have their own uniqueness and many similarities. From the cross-border perspective, this paper studies the success of automobile design, quotes or draws lessons from architectural design, and explores new design ideas. The industrial revolution in the 1760s was a revolution of production and technology in which large-scale factory production replaced individual and factory production. All walks of life in the society have their own earth-shaking changes, especially the construction and automobile industries. Therefore, we try to jump out of the rules and regulations of architectural design, stand in the angle of automobile design, and learn from the century-old experience of modern design to provide new ideas for the development of modern architecture. First of all, from the historical point of view, by analyzing and comparing the evolution of automobiles and buildings in various historical periods since the industrial revolution, it is obvious that both sides were influenced by politics, economy, culture and technology in that historical period.

2 Comprehensive perspective of modern design
2.1 the birth of modern design ideas (1840s-early 20th century) 
2.1.1 From carriage to "carriage without horse-drawn"
In 1886, karl benz applied for a patent for its successfully developed three-wheeled car (Figure 1). Although modern cars were invented at the end of the 19th century, as far as the form we know is concerned, modern cars have no
Suspected to belong to the 20th century. Of course, the emergence of common artifacts and their penetration into our daily life was the central theme of that era, and the great influence of technological breakthroughs on human life style was the characteristic of that era. The car became one of the most powerful signs to reflect this phenomenon at that time.
Everyone tries to please others visually and bring them good feelings. The so-called "women are pleasing to themselves" is the truth. When a technology is to be put into practice, it is first faced with a visual test. Before a car forms a design language, it must first establish its own visual characteristics. Like other things produced in the 20th century, there is no doubt that social and cultural functions have an impact on them. Undoubtedly, the early cars borrowed the image of the carriage, and even the cars that were separated from the horses later installed the horse's head logo on the front of the car, so that they didn't look so unusual, and this image was more in line with the aesthetics of the people at that time.
Today, with the rapid development of automobiles, the symbol of many automobiles is still the shape of a galloping horse (Figure 2.1). It is not known whether it commemorates this ancient predecessor of automobiles invisibly. From four-wheeled carriage, four-wheeled two-seater canopy carriage, small four-wheeled carriage to "carriage without horse-drawn", it took several decades for cars to deny this deep-rooted aesthetic tradition. Since that day, cars have injected new vitality into human development. Over the past hundred years, people have applied the latest technology and materials of their time to cars. Nowadays, great changes have taken place in automobiles, and the automobile industry has become an important pillar industry in many countries. Automobile design has also become a comprehensive subject integrating mechanical drawing, material science, aerodynamics, ergonomics, audio-visual communication, manufacturing technology and other knowledge, and has become a model of industrial design. Because of my unique understanding of automobile design and my deep love for architectural design, I want to find subtle differences among different design disciplines and the interoperability of design concepts through cross-border design thinking.
As a master of automobile industrial design,
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Fig. 1 Three-wheeled car designed by karl benz
Fig. 2.1 Car sign with horse image




2.2 Architectural design is the vane of modern design.
In 1909, the turbine manufacturing workshop of German General Electric Company, designed by Baehrens, became a milestone in the history of modern architecture, and was called "the first truly modern building" in the west (Luo Xiaowei,2004,P22). Later, in 1926, the Bauhaus school building designed by Gropius began to take the practical functionality of architecture as the starting point of architectural design, and at the same time, it closely combined materials, architectural technology, architectural art and structure, which marked the beginning of the maturity of modern architecture. The completion of the Crystal Palace in London has epoch-making significance in the history of architecture. Although its function is simple, it has achieved the unity of form and structure, form and function, reached a new height in the application of new materials and technologies, and became the masterpiece of architectural design during the industrial revolution (Figure 2). These buildings all reflect the imprint of the times. Nowadays, architectural design is taking the sustainable development road of low carbon, energy saving and green ecology, leading new ideas and trends.
[image: 2de0e76d3775695a9e4dc7861592506e]It has epoch-making significance in history. Although its function is simple, it has achieved the unity of form and structure, form and function, reached a new height in the application of new materials and technologies, and became the representative work of architectural design in the industrial revolution (Figure 2). These buildings all reflect the imprint of the times. Nowadays, architectural design is taking the sustainable development road of low carbon, energy saving and green ecology, leading new ideas and trends.Fig. 2 Turbine Workshop in Baehrens, Bauhaus School in Gropius and Crystal Palace in London.
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2.3 the search for new buildings

In the historical period of rapid development of production and rapid progress of technology, everything in the capitalist world is changing. What was new yesterday has become obsolete today, and a new thing has become obsolete before it can be finalized.((France) by le corbusier, 2004.P26) Now that the production is developing so fast, architecture, as a department of material production, has to keep up with the requirements of social development. It quickly adapts to the requirements of the new society, gets rid of the limitations of old technologies, and gropes for the renewal of new materials and structures. (Wang Shouzhi, 2015.p19) 
The tireless exploration of new technologies and the constant attempts of new materials have become the foundation of the development of modern architecture. The use of steel in high-rise buildings undoubtedly became the greatest breakthrough of that era. The achievements of the revolution provide necessary means for the development of modern architecture, and new materials emerge in endlessly, which provides necessary conditions for modern architects to seek a new architecture that can adapt to the changing society.
The contradiction between the increasingly frequent application of new materials and new technologies and the old forms has become increasingly acute. Architects have put forward different solutions according to the different realities in different countries. Architects represented by the Art Nouveau movement, which started in Belgium, believe that the old form should be reformed to solve the fetters of new technologies and materials. The Chicago School in the United States believes that the contradiction between form and content should be unified by function; Deutscher werkbund, from Germany, advocates finding an aesthetic concept and art form that can explain the new technology. All kinds of explorations have made the architectural concept get rid of the aesthetic fetters of retro-ism and eclecticism, which originally depended on the masonry structure of handicraft industry, and initially embarked on the road of modernization (Arnold Burlington ,2006.P15).
Different from the three-stage and eclecticism of classical architecture (Figure 2.2), modern architecture promotes the development of new forms from the basic requirement of function. As a branch of modern design, architecture is in the background of industrial revolution with other contemporary designs, and the technological breakthrough brought by industrial revolution is the theme of that era. From horse-drawn carriage to "horse-drawn carriage" to fully automatic metal car, it is not only a change in form, but also an earth-shaking change brought by technology. Just like architecture, in their initial period, the old crafts and traditional appearance all created great constraints on their development, and it was technology that injected them with the power of bursting out, making them break through the traditional barriers and accept the baptism of the new era.
[image: IMG_256][image: IMG_256]Fig. 2.2 Three-stage layout of Life Insurance Building and Roman architecture



2.4 Similarity between automobile design and architectural design

The four basic living needs of human beings, namely, "food, clothing, housing and transportation", are closely related to automobiles and buildings. Therefore, there are many similarities between automobile design and architectural design, such as pursuing the rationality of functions, the comfort of space, the artistry of appearance, etc. At the same time, they also need technical support to take the road of green and energy-saving sustainable development.
After hundreds of years' development, the automobile has formed its own unique style and reflects the brand of the times. From classicism to modernism, and then to post-modernism, architecture also bears the mark of the times. Understanding architectural design from the perspective of automobile design can see the past and present of architectural design, and inspire the future of architectural design.
Modular design is the evolution product of standardized production. In the field of automobile, on September 27th, 1908, Henry Ford produced the "Ford Model T", which has been selling well in the United States for 20 years, on the assembly line (Figure 3) invented by him, and brought the standardized production line into the machinery industry. This new mode of production has brought new vitality to the manufacturing industry, and this standardized mode of production is a technological innovation to the manufacturing industry.(Zhu Ning.2013.P33) The so-called modular design refers to the design that the whole vehicle is divided into several independent modules according to its functions, and each module is integrated with multiple parts or assemblies. The connection between each module is fixed and will not change because of the changes of the parts or assemblies, so it is assembled on the basis of modules during assembly. In terms of architecture, there are actually such attempts. For example, Corbusier's "Domino System" (Dom-lno) (Figure 3) actually hopes that houses can be produced in a standardized way like dominoes. The whole architectural design is divided into different components in advance for design, and the splicing of different components forms the modularization of standard parts. This is Corbusier's Domino system, and it is also his response to Ford-style manufacturing. Corbusier hopes that houses can be produced like automobile assembly lines.((Italy) by Bruno Saiwei,1986.P22) However, Smith's "less is more" is not only a description of internationalism style, but also deeply implies the production logic of "fewer varieties and larger quantities". Smith exerted this production logic to the extreme through his own practice and influenced the whole world.
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Fig. 3 Ford's assembly line and Corbusier's domino system




3 Cross-border research on architectural design from automobile design
3.1 Functional comprehensiveness
The function of automobile is mainly embodied in three aspects: handling, comfort and safety, which shows that people have many requirements from power output to space quality, and then to safety and reliability. The function of architecture is also a simple function of sheltering from the wind and rain from the beginning. With the maturity of people's architectural thinking, a comprehensive understanding of building materials, an in-depth grasp of building technology, and the richness of activities, it gradually develops to diversification, and houses, palaces, tombs, temples and other buildings begin to appear.(Penny Spark, 2005.P25)
It can be seen that people's functional requirements for automobiles and buildings are from simple to complex, and from single to complex. This is because the complexity of people's own activities leads to the diversity of functions of automobiles and buildings. And automobile architecture have become the closest partners of human life, which gives inspiration to architects: at the beginning of design, people should be fully oriented, and people's needs should be met from the design itself, so that the functions of buildings can be more reasonable and perfect, the comprehensive technology can be grasped in depth, and the activities can be enriched, and gradually diversified, and buildings such as houses, palaces, tombs and temples have begun to appear.
    

It can be seen that people's functional requirements for automobiles and buildings are from simple to complex, and from single to complex. This is because the complexity of people's own activities leads to the diversity of functions of automobiles and buildings. And automobile and architecture have become the closest partners of human life, which inspires architects: at the beginning of design, people should be fully oriented, and people's needs should be met from the design itself, so that the functions of buildings can be more reasonable, perfect and comprehensive.
3.2 And the application of bionic colors.

In the field of automobile design, it is not only the reasonable physical structure that can be used for reference. From the aesthetic point of view, bionic design method has always been the trump card in the hands of automobile designers (Figure 4). Whether it is bionic in function or shape, it can strengthen the character of automobile, and bionic can also provide more creative space for automobile designers. As early as before the Second World War, ferdinand porsche designed a small car that looked like a beetle, and it became the biggest-selling car in the world. Color design is also an important part of automobile design and the most intuitive part.
The visual characteristics of color show that color has the characteristics of "synthetic aperture". The response of optic nerve to color far exceeds the grasp of shape, and it is the first feeling of people to observe things. Color directly affects the quality of modeling, and even affects the function and use effect of products to some extent. The designer's control of color and scale directly affects the design effect. Good color can beautify the car's shape, giving users psychological goodwill and pleasure. On the other hand, it will destroy the aesthetic feeling of the proportion and shape of the car body, causing users' visual aversion and psychological discomfort.
In terms of architecture, the aesthetic principle of color also applies to architectural modeling. Whether the shape and color of the building have artistic effect depends on whether the architect can find the aesthetic factors of the form from the inherent architectural content and the ability to deal with them. For example, Sydney Opera House (Figure 5), the design prototype comes from the conch in the ocean and the sailboat walking on the water. The shape of the sail is matched with pure white, which makes the building obtain a very high formal beauty. The Pontu Art Center (Figure 6) also applies a lot of colors to the architecture, resulting in a special architectural beauty, and people feel the artistic atmosphere.
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Fig. 5 The shape of Sydney Opera House is bionic.
Fig. 4 Bionic design of automobile
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Fig. 6 Color application of Pompidou Art Center



3.3 Formal artistry

 The appearance conveys the initial and deep impression to people through vision. The form of automobile design reflects its orientation and concept, and conveys its spirit and connotation. And architecture also follows the rules of formal beauty, such as master-slave and emphasis, balance and stability, contrast and difference, rhythm and rhythm, proportion and scale, etc. The rational application of these rules makes cars and buildings leap over the technical level and become a considerable and rewarding work of art.
3.3.1 From Square Box to Streamline
From the early square box shape to today's streamline shape, the car body not only meets the requirements of the functional design and artistic aesthetics of the car, but also reduces the wind resistance coefficient when the car is running. Like BMW X6 (Figure 7), its back-sliding model is the perfect combination of aerodynamics and streamline. The whole body lines are smooth and powerful, and its shape is very fashionable and dynamic, which caused an uproar once it came out.
From Farnsworth House in Mies to Dubai Avant-Garde Museum in Zaha (Figure 8), the architectural form has been sublimated from "square box" to streamline shape. In the tide of modern architectural design, architects represented by Zaha and Gehry are pursuing the dynamic composition and the flow of space. Many buildings, especially high-rise buildings, design streamline shapes through wind environment simulation, which can not only reduce the wind load, but also improve the ventilation of the surrounding environment of the city. This design method not only makes rational use of aerodynamic laws, but also makes the forms of cars and buildings interesting.
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Fig 7 BMW X6




Fig 8 Farnsworth House and Dubai Avant-Garde Museum





Regional style design
Automobile designers' design inspiration comes from the regional culture where they live, so different regional style characteristics of automobiles are formed. For example, the rationalism ( Wang Shouzhi, 2015) element is highlighted in German traditional culture, which makes German cars simple and generous in performance, practical in function, steady and accurate. The core of Japanese Zen culture is "pure and unadorned, emphasizing self-cultivation and attaching importance to the pure Zen spirit of spiritual realm" ( Diyani Mark. 1998,p20), which implements the simplicity, practicality, simplicity and delicacy of Japanese automobile style. The United States, on the other hand, has a strong visual impact and exquisite interior space because of its vast territory, abundant energy and American character.
The regional characteristics of architectural design are also very obvious, and the differences in climate and living habits in different areas have led to different architectural styles. Taking residential houses as examples, such as Beijing Quadrangle House, Fujian Tulou, Shaanxi Cave Dwelling, Ayiwang in Xinjiang, Inner Mongolia Felt Bag, etc., these architectural forms not only meet people's basic living requirements, but also can resist certain natural and man-made disasters, and at the same time form a variety of regional styles.


3.4 Aerodynamics and Architectural Design
It has been more than 20 years since the principle of aerodynamics was developed and applied to automobile design, and it influenced the shape of automobile. The 20 years from the Great Depression of 1930s to the end of World War II was an important period for the transformation of automobile design to modernization.（ Peng Yigang, 2008.P16） The field of automobile design dominated by Americans also joined Europeans, and Europe took the lead in streamlined design.
Actually, streamline is in the same strain as futurism and symbolism. They all sing the praises of "speed" with symbolic expressions to embody the spirit of the industrial age. The influence of this American streamlined style is not limited to the United States. As a symbol of American culture, it spreads all over the world through visual media such as publications and movies. Aerodynamics has also attracted the attention of architects. The headquarters building of Swiss Re Insurance Company in London (1997-2004) designed by British architect NormanFoster (Figure 9) is a typical case: facing a special condition-a small base, Foster did not design exaggerated expressions like Gary, but tried to find the "most effective structure suitable for the base" facing aerodynamics.
The air physical performance of this building is particularly excellent: the outer surface of the tower is designed as a curved surface with aerodynamic performance, which can guide the natural wind blowing from different directions to blow along the preset direction, thus preventing the strong wind at high altitude from being bounced to the ground, forming a street air duct, and causing discomfort to pedestrians when the wind pressure is too high. This smooth curtain wall structure minimizes the impact of wind on the load of the building, and also improves the ventilation of the urban environment around the building (Figure 9); Moreover, when the wind slides along the curved surface of the building, it will form a certain wind pressure around the building surface, thus enhancing the natural ventilation performance of the tower. Besides effectively enhancing the space and visual contact of the staff, the six spiral shared spaces cut out of the tower surface also create a good ecosystem for the whole building. The spiral shared spaces connecting the green belts in the air are not only conducive to sunlight penetrating the building from top to bottom, but also conducive to the circulation of air flow in the building, forming the stack effect.
[image: src=http___dpic.tiankong.com_f3_15_QJ8563472644.jpg&refer=http___dpic.tiankong]
[image: IMG_256]






Fig 8 Headquarters Building of Swiss Reinsurance Company in London







3.5 And space functionality.
"Marxist philosophy regards content and form as a pair of basic categories of dialectics, and believes that in general, the form of things is determined by its content. Since function is the primary purpose for people to build buildings, it naturally constitutes an important part of building content. For this reason, it must influence the form of buildings, and this is certain. " —— "Theory of Architectural Space Combination," Peng Yigang （Peng Yigang, 2008，p10）
Bruno Saiwei, a great Italian theorist of organic architecture School, said in "Modern Architectural Language": "The arrangement of functions is the basic principle of modern architectural language, which contains almost all other principles ..." Car space includes driving space and storage space. ((Italy) by Bruno Saiwei,1986.P11)The comfort of automobile is to provide drivers and passengers with comfortable and pleasant riding environment, safe transportation of goods and safe and convenient operating system. Automobile designers follow technical standards, study and apply ergonomics to design comfortable driving space.
Mr. Peng Yigang described the stipulation of function to space in the "Theory of Architectural Space Combination. "The function of a container is to hold articles, and different articles require different forms of containers. Articles have three stipulations for the spatial form of containers: First, the stipulation of quantity: that is, having the appropriate size and capacity to hold articles; Second, the stipulation of shape: that is, having a suitable shape to meet the requirements of holding articles; III. Qualitative stipulation: that is, the enclosed space has appropriate conditions (such as temperature, humidity, etc.) to prevent the goods from being damaged or deteriorated. " （Sun Lu.2005，P11） For the sake of image contrast, the single space form of the building is compared horizontally with the car space. Take an apartment (Figure 9) as an example for analysis: a residential unit for a family or a single person should at least include a resting living space; Cooking kitchen; Wash the toilet; Storage space for storage. In order to adapt to these functions, regardless of the similarities and differences in the size and shape of the house, these needs must be met. On the contrary, these needs also make the size and shape of the room have their own characteristics. 
As far as size is concerned, the living room, as the main activity area, should be the largest one with more furniture. While the kitchen and bathroom can be smaller, just arrange the necessary facilities and equipment; As the use function of the living room is the most complex, its shape should be flexible, regular and not too narrow. As the main use space, the living room should have enough lighting and ventilation, so the setting of doors and windows should be larger, and the kitchen and bathroom space, doors and windows should meet the basic ventilation and lighting conditions and the handling conditions of furniture and facilities. As for orientation, as the main use space, the living room must have a good orientation, so as to ensure warm winter and cool summer, and provide a comfortable living environment. As for other rooms, the frequency of use is low, and the orientation has little impact on the quality of life. Like the automobile building, it is a "container" for people. However, as a dynamic container, the automobile not only meets the basic demand of riding, but also has to overcome the hydrodynamic problems such as air resistance during driving. In this section, we only analyze the requirements of the automobile space from the aspect of static functions. Like architecture, automobile space, as a single space, has double standards of practicality and aesthetics. 

Even in the simplest unit house, every room will be different, and even cars with high integrity will have different sizes and types according to different functions. All these differences are endowed by functions. The difference of size is the prescriptive response of function to quantity, the difference of shape is the prescriptive response of function to shape, and the setting of window opening, orientation and air conditioning system in the car is the prescriptive response of function to quality. The regulation of space flexibility of this function originated from the famous five principles of Corbusier: free plane, free facade, ground floor through the air, roof garden, bar windows. 
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Fig 9 Plan of an apartment






3.6 Inspiration of Virtual Manufacturing Technology of Automobile Machine to Architectural Design

Virtual reality technology (Figure 5.4) is also known as "virtual environment" and "spiritual environment technology", etc. It is simply called VR(Virtual Reality) technology. This technology makes comprehensive use of simulation technology, multimedia technology, computer network technology, artificial intelligence technology, parallel processing technology and multi-sensor technology, etc. to simulate human organ functions such as vision, hearing and touch. 
General Motors of the United States is one of the earliest automobile companies to apply virtual reality design, and has successfully developed a set of virtual reality design system called "Virtual Eyes", which uses three displays, multiple stereoscopic glasses and the CAVE Automatic Virtual Environment technology of the head tracker. Designers can use this system to analyze and study the design style, structure and manufacturing problems of the car body. Virtual assembly (VA) of the car body through virtual reality technology can virtually realize every link of the whole car assembly through simulation technology, thus improving the assembly quality of the whole car body and reducing the overall error of the car body. Generally speaking, the virtual assembly technology has the following advantages.(Ma Xiaoxu, 2016,P55) 1. Multi-directional comparison of schemes in virtual environment can select the best implementation scheme from multiple perspectives to ensure the high-quality rate of products. 2. Through virtual assembly analysis, the motion performance of various parts of the automobile is simulated, and through feasibility analysis in the conceptual stage, the R&D cost is reduced to meet the market demand. 3. Through digital simulation, the designer can analyze and study the automobile in three dimensions, and observe the problems that will occur in the actual assembly process from a predictive perspective, so as to avoid the problems as much as possible (Figure 10). 4. Through virtual assembly, To analyze the possibility of car problems in actual use, and analyze the safety, convenience and scientificity of disassembly, so as to maximize the quality and reliability of products (Figure 10).
1. Architects can completely withdraw from the solid model, feel the simulated internal space created by virtual technology wholeheartedly, observe the external visual effects in a 360-degree all-round way, and investigate the relationship between the building and the surrounding environment, so as to better integrate the building into the environment (Figure 11). 2. The traditional design method is mainly based on drawings and supplemented by models, but in the design of "virtual architecture", this design method is completely broken, and drawings become by-products of models.
The design revolves around the model. Using the virtual model, the architect can generate any view at any time according to his own design intention, and modify the parameters in the front view, so that the data of other views will be updated in real time. As a complete set of drawings are generated, the production efficiency is greatly improved (Figure 11). 
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Fig. 11 "Virtual Building" automatically generates drawings and architects can design 360 degrees.


Fig. 10 Designers perform visual virtual assembly and virtual disassembly of components










3.7 Green energy saving

Since the advent of the automobile, it has been supported by energy. From steam engine to internal combustion engine, to gasoline engine invented by Ben Ci, all of them are fueled by non-renewable energy, and automobile exhaust has caused great pollution to the atmosphere. In recent years, people began to look for new clean energy sources to replace traditional energy sources, such as gas vehicles, fuel cell electric vehicles, pure electric vehicles, hybrid electric vehicles, etc., which will effectively reduce exhaust emissions, and the construction industry is also facing the sustainable development problem of low carbon, energy saving and emission reduction. As a result, green buildings came into being. It doesn't mean roof gardens in general sense, three-dimensional greening, and it doesn't just represent a concept and symbol, but is based on ecological balance. Therefore, at the beginning of architectural design, it is necessary to take the "green" concept, so that architecture and environment can coexist harmoniously and return to nature. In this respect, we can learn from the rapidly developing human-computer interaction system of the automobile industry and the popularization and application of intelligent materials, so that buildings are more intelligent and convenient, and the application of solar energy and renewable energy is increased, so that buildings are more environmentally friendly and green, and they can grow in the sunshine.

4 summary

By using the cross-border thinking mode, this paper tries to establish a connection between architecture and automobile, two seemingly unrelated industries, in time and space, to break through the old bad feelings of each other, eliminate the strangeness and distance between them, and really let design return to life, let creativity integrate into life, and at the same time provide an open and diversified development pattern for industrial design. Cross-border thinking extends the three dimensions of design space, which not only makes design collide and blend with different fields such as culture, economy and society. Through the examination of the century-old automobile design process by architectural design rules, we can see the essence and experience of automobile design, which is a valuable design element that cannot be found by looking at architectural design alone.
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