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Abstract

:

Intelligent Connected Vehicles (ICV) are reshaping the pattern of traditional automobile industry, and they have gradually become the strategic direction of more and more countries. The test field and demonstration zones, as important bridges linking the technology side and market side of the ICV, are crucial in the development of its technology and industry. At the same time, the integrated construction of the test field and demonstration zones also provides a platform for collaborative innovation in the industry. In this paper, the test field and demonstration zones of the ICV industry in Beijing are selected as the case study object, and the grounded theory research method is used for reference. Based on the logic of “motivation-behavior-result”, the story line of collaborative innovation of ICV industry that is based on the test field is explored. Furthermore, open innovation is incorporated to analyze and optimize the industrial collaborative innovation mechanism that is based on the test field. On this basis, the paper discusses two collaborative innovation paths of the ICV industry based on the test field: the path that is led by the core enterprises in the test field and the path led by the test field. Finally, from the perspective of the government and management departments, several suggestions are put forward for promoting the collaborative innovation of the ICV industry based on the test field, in order to provide reference for the construction and operation of the domestic ICV test field and demonstration zones and the collaborative innovation development of the ICV industry.
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1. Introduction


Intelligent Connected Vehicles (also known as Intelligent Vehicles, Autonomous Vehicles, etc.) refer to a new generation of vehicles that are equipped with advanced sensors and other devices, using artificial intelligence and other new technologies, with autonomous driving functions, and gradually becoming intelligent mobile space and application terminals. Iit has gradually become a key development direction of the automobile industry because of its characteristics of informationization, intelligence, networking, and platform, reshaping the pattern of the traditional automobile industry and being an important carrier of many new industries. As a result, ICV are becoming a strategic direction and a must for the future layout of automotive industry in more and more countries, and all countries are increasing their layout to take the first-mover advantage in the new round of automotive industry changes.



Being driven by emerging technologies, such as 5G, AI, big data, IoT, cloud computing, and the support of governments at all levels, the ICV industry is developing rapidly. According to statistics, the global penetration rate of Telematics is about 20% in 2020, and that of China is 24%. It is expected to increase to 65% and 77%, respectively, in 2025, corresponding to the market space of 1992 billion yuan and 955 billion yuan, respectively. By 2040, the global sales volume of AVs will exceed 30 million [1]. In terms of market size, from 2016 to 2019, the market size of ICVs in China has increased from 49 billion yuan to 122.6 billion yuan, with a compound growth rate of 35.8%. By 2021, the market size will further grow to 235.8 billion yuan [2]. At the same time, the sales volume of L2 intelligent connected passenger cars in China will reach 3.032 million in 2020, accounting for 15% of the total domestic passenger cars, with more than 200 models [3]. The importance of ICV in China’s auto market has become more prominent.



Along with the rapid progress of intelligent network technologies and industries, China has realized the landing application in some scenarios and demonstration operation in a specific scope, such as unmanned truck port transportation, unmanned taxi, unmanned cleaning, etc. For example, since April 2020, Baidu has successively opened self-driving cab trial services to the public in Changsha, Beijing, Cangzhou, and Guangzhou; and, DiDi opened self-driving online taxi services in Shanghai in June 2020. However, the industry as a whole is still in the exploration period of transition from technology research and testing to marketization. As an emerging industry, it needs support from various aspects, such as technological innovation, policy planning, laws and regulations, etc. In the field of ICV industry, the support from the test field and demonstration zones is more special. As an indispensable part of the transition from the technical side to the market side, the demand for ICV test field has been gradually increasing along with the development of the industry and, thus, the construction of the test field and demonstration zones in various regions and types has been in full swing in recent years.



Autonomous driving is divided into six levels from L0-L5, according to the classification standards of the Society of Automotive Engineers (SAE). At present, L2 level technology is relatively mature, and it has the conditions for mass production and commercialization. Most autonomous driving companies are in the transition stage of commercialization from L2 to L3 level, and some companies have L3 level or higher autonomous driving technology and are exploring commercialization pilot in specific scenarios. Under Chinese regulations, self-driving vehicles must meet certain road testing standards before entering formal demonstration operations. “ICV Road Testing and Demonstration Application Management Specifications (for Trial Implementation)” (draft for comment) clearly states that “the initial application or increase the configuration of the same demonstration application vehicle, should be in automatic driving mode in the proposed application of the demonstration of road and area over a total of not less than 240 h or 1000 km of road testing”. Thus, ICV test field and demonstration zones are an indispensable link in the technological innovation and commercialization of autonomous driving applications. From the perspective of industry, the test field can also meet the needs of autonomous driving, from technology development to productization and marketization, and point the way for industrial innovation and business model innovation. Because of its function of linking the technical and application sides, it is highly valued by governments, which have introduced various policies and bills to regulate the management of road testing.



The ICV test field can be divided into a virtual simulation test platform and a closed test field, according to the testing means. Among them, virtual simulation test platforms are mainly independently developed by enterprises with technological advantages, most of which are Internet or high-tech enterprises, such as Tencent’s TAD Sim system and ICV simulation laboratory, 51VR’s 51Sim-One simulation platform, and Waymo’s Carcraft platform. Because of its relatively low cost, high security, repeatable testing, high testing efficiency, and flexible scenario configuration [4], it can be used as a supplement to the closed test field. However, whether from the perspective of government regulations or practical applications, the construction of closed test field is a top priority. There are more than 50 autonomous driving test fields and demonstration zones open or under construction in China, including eight national test fields that are supported by the Ministry of Industry and Information Technology, such as the Intelligent Vehicle and Intelligent Transportation (Beijing-Hebei) Demonstration Zone, the National ICV (Shanghai) Demonstration Zone, and Chongqing i-VISTA. Closed road testing is a necessary link before the demonstration and application of self-driving vehicles, as stipulated by the policy, and also a prerequisite for mass production and marketization. It not only plays an important role as a bridge for industrial landing, but it also serves as a platform for industrial collaborative innovation. Because many test fields in China adopt the method of integrated construction of test fields and demonstration areas, they usually gather multiple types of innovation subjects, such as government, industry, university, research, and application, and, thus, have the conditions to become independent industrial innovation alliances.



Collaborative innovation is one of the important paths for the development of the ICV industry. In February 2020, the National Development and Reform Commission and another 11 departments issued the “Intelligent Vehicle Innovation and Development Strategy”, which clarifies the basic principles for the development of the intelligent vehicles industry, emphasizing collaborative promotion, innovation-driven, cross-border integration, and open cooperation. In October 2020, the General Office of the State Council issued the “New Energy Vehicle Industry Development Plan (2021–2035)”, which also proposed the implementation of intelligent network technology innovation projects and support for cross-border collaboration among enterprises. Openness, cross-border, synergy, and innovation have become the key words for the development of China’s ICV industry. On the other hand, ICV have cross-industry and interdisciplinary crossover characteristics, integrating multiple industries, such as automobile, communication, Internet, and big data, and involving multiple technical fields, such as perception, decision-making, communication, and control. This determines that its development is difficult to achieve by a single enterprise or even a single industry, and it requires cross-enterprise and cross-industry synergy. In terms of collaborative innovation, China has set up innovation platforms, such as the National ICV Innovation Center, the China ICV Industry Innovation Alliance, and the Zhongguancun Intelligent Transportation Industry Alliance on the basis of the test field, and other industrial alliances that are oriented to common technologies and industry chain collaborative innovation. With the goal of being innovation-driven, they accelerate the pace of technological innovation and industrial innovation by gathering innovation resources, fostering innovation subjects, and forming cross-industry and cross-enterprise synergy mechanisms. In particular, the unique two-in-one construction mode of our test field and demonstration zone gives it the natural advantage of synergistic development. At present, although some test fields have made full use of this advantage to establish industrial consortia or industrial alliances to realize collaborative innovation, the test fields in China are still in the early stage of construction and operation. With infrastructure construction and vehicle testing as the primary focus, the number and types of innovative subjects in the test field are few, and the inter-enterprise cooperation and synergistic effect of industry have not been fully exerted. Most of the test field are developed independently of each other, and there are large barriers to data interoperability and information and resource circulation, which do not form a synergy and hamper the cultivation of industrial innovation ecology.



Based on this, this paper takes the innovation subjects in the closed test field (including the demonstration zones) as the main research objects, and it explores the collaborative innovation methods, mechanisms, and paths among the innovation subjects in the test field of China’s ICV through the method of case study, with a view to reducing the phenomenon of industrial information silos in the test field. It provides reference for forming a collaborative innovation mechanism of the ICV industry with the test field as the core, building an industrial ecosystem with the test field as the platform, and accelerating industrial innovation development.




2. Literature Review and Theoretical Basis


ICV are reshaping the structure of the automotive industry, but as an emerging industry, they have not yet formed a complete industrial system [5], and they are also facing numerous problems in technology and industrial development [6], which need to be solved by technological innovation and industrial innovation. Additionally, because of the complexity and interdisciplinarity of the ICV technology, it is difficult to rely on the resources of a single enterprise to solve all industrial problems. Facing the requirements of this emerging industry for technological innovation, scholars put forward the concept of open innovation that breaks the boundaries of enterprises, unites external organizations, and makes full use of, and integrates, the technology, knowledge, and other resources outside the enterprise to achieve internal innovation [7,8]. On the one hand, as an emerging industry, most of the current ICV enterprises are in the initial and exploratory stage, lacking experience and knowledge accumulation. Open innovation as an effective innovation approach can effectively improve the enthusiasm of enterprise innovation, especially for emerging industries [9]. Unlike closed innovation, which focuses on the internal approach of a single firm, open innovation increases the external access to innovation resources of the firm and improves the holistic nature of R&D and innovation based on a wide range of knowledge and technology. Moreover, open innovation emphasizes the use of external resources throughout the process from idea generation to product commercialization [10], and it has become an important strategic paradigm to support continuous innovation within an organization [11], which is applicable to the current transformation phase of ICV from R&D to commercialization. Open innovation can be used to fully integrate internal and external resources, enrich and supplement the existing knowledge structure and system, improve innovation and problem-solving capabilities, and then promote the development of new products and businesses in the ICV industry and their commercialization [12]. On the other hand, the combination of open innovation and collaborative innovation can be applied to the collaboration and sustainable development among industrial organizations, and the construction of open collaborative innovation system can promote the establishment of an industrial ecosystem and the cooperation between industry, academia, and research [13]. In addition to acquiring external technical knowledge, open innovation is more important for acquiring inter-organizational knowledge synergy. The implementation process of open innovation is the process of the synergy of internal and external resources as well as the technologies of enterprises [14]. Inward and outward open innovation and the synergy between them have a significant contribution to innovation performance [15]. Many scholars have explored the characteristics, motivations, processes, collaborative innovation models, and paths that are presented by inter-firm collaboration under the perspective of open innovation [16,17]. Therefore, open innovation can be effectively combined with collaborative innovation in the ICV industry.



For the sources of external resources in open innovation, Laursen et al. (2006) grouped them into four categories with a total of 16 sources, namely: market elements, such as suppliers, customers, and competitors; institutional elements, such as universities, government, and other public sectors; professional standard elements, such as technical standards and environmental standards; and, other elements, such as trade associations, conferences, and exhibitions [18]. This almost covers the main sources of external motivation for firms to innovate. In addition, scientific and technological intermediaries, research institutions, and other factors are often considered [19,20]. Unlike foreign countries, the external power sources of enterprise open innovation in the Chinese context generally do not consider elements, such as conferences and exhibitions, but the main sources also include customers, suppliers, competitors, universities and research institutes, science and technology intermediaries, and government [21,22].



The agglomeration of various subjects makes Chinese test fields naturally equipped with the platform conditions for collaborative innovation among the subjects. What kind of open innovation paths and methods can each subject of the test field use to realize the full utilization of platform resources and promote collaborative innovation in the ICV industry has become the focus of research. Scholars have also discussed this issue in numerous ways. Yufen Chen and Jin Chen (2009) believe that common open innovation approaches include cooperation with customers and suppliers, setting up research alliances, promoting cooperation among industries, universities, and research institutes, establishing joint ventures, and purchasing patents and technology usage rights [23]. Yin Yuanyuan (2019) considers open innovation models in the form of open innovation platforms, cooperative R&D, industry–university–research cooperation, and RJVs [24]. Xie X (2020) identifies six models for firms to participate in open innovation: “inter-firm cooperation”, “firm-university-research institution cooperation”, “business-intermediary cooperation”, “business-user cooperation”, “divestiture”, and “technology transfer” [25].



The current academic research on test field is mainly divided into the following categories: first, research on the test technology and test scenarios of autonomous driving vehicles [26,27]. Second, research and evaluation on the current situation, characteristics, and future prospects of test field construction and operation at home and abroad [28,29]. Third, research on the current situation and future development ideas of domestic and international road-testing policies and regulations [30,31,32], of which safety regulatory system and administrative regulations are more concerned in the current research [33,34]. Fourth is the research that is related to the virtual testing platform for autonomous driving [35,36]. Fifth is the public’s awareness and willingness to accept autonomous driving road tests [37]. Along with the rapid development of the ICV industry, the importance of the test field in technological innovation and industrialization has become increasingly prominent.



At present, the research in academia mainly focuses on the road-testing policy and the test field itself. The research on the industry itself is also mostly focused on technology, the current state of industrial development, policies, and regulations, etc. The research on the collaborative innovation of the industry that is based on the test field is relatively scarce. On the basis of summarizing the main subjects gathered in the test field of ICV, this paper identifies the sources of innovation subjects of open innovation in the test field by combining the research results of scholars. Subsequently, it explores the collaborative innovation approach of the ICV industry based on the test field through a case study approach, and it improves the collaborative innovation mechanism and path from the perspective of open innovation.




3. Research Design and Case Study Analysis


3.1. Research Design


3.1.1. Research Methodology


Although there are various research methods for industrial collaborative innovation, common ones include case studies, network analysis, empirical analysis, and so on. However, the ICV industry is still in its infancy, and it has not yet formed a market for mass production at the present stage. The test field and demonstration zones are mostly at the early stage of construction and operation, with few mature business models and a lack of industry data support. Therefore, it is difficult to conduct research through quantitative methods. Consequently, the current research on the ICV industry is mostly based on qualitative research methods, such as case studies and literature studies [32,38]. In addition, most of the current academic discussions on the test field and demonstration zones of ICV are focused on the road test policy and how to plan and construct them, but there is a lack of theoretical support for the test field as a platform for industrial cooperation to facilitate industrial innovation. In addition, this study aims to discuss the impact of the test field of ICV as a platform on industrial collaborative and innovation, focusing on answering the questions of “Why” and “How”. Therefore, it is suitable to construct and develop theories through case studies to explore the industrial development logic and rules behind the phenomenon [39]. Specifically, the embedded case study approach is used to select multiple test fields in the same system, which is, Beijing, as sub-cases to reveal the patterns.




3.1.2. Case Selection


In this paper, we select cases by theoretical sampling [40], because the ICV test field and demonstration zones in Beijing started early and gathered relatively more test field. The operation is relatively mature, the industry has begun to take shape, and a collaborative industrial innovation trend that is based on test field and demonstration zones has initially been formed. In addition, Beijing has a rich collection of innovative elements, such as Tsinghua, Beijing Institute of Technology, Beijing University of Aeronautics and Astronautics, National University of Defense Technology, and other major universities and their high-end talents who are at the forefront of the R&D of ICV technology. There are also research institutions, such as The National ICV Innovation Center, the National Automobile (Beijing) ICV Research Institute, Tsinghua University Institute of Automotive Industry and Technology Strategy, and so on. At the same time, Beijing is a gathering place for leading companies, such as Baidu, JD.com, and Meituan, as well as self-driving unicorns, such as IDRIVERPLUS, Pony.ai, and TuSimple, with rich resources for collaborative innovation of various subjects. Therefore, the test field in the Beijing area are selected as the research objects, mainly including the National Intelligent Vehicle and Intelligent Transportation (Beijing-Hebei) Demonstration Area Yizhuang Base (Beijing Economic Development Zone), Haidian Base (within Zhongguancun Science City), Shunyi ICV Innovation and Ecology Demonstration Zone, Beijing ICV Demonstration and Operation Zone (Shougang Park), and Fangshan 5G Autonomous Driving Demonstration Zone.




3.1.3. Data Collection


In this paper, the data were collected from multiple sources, including both primary and secondary sources. The primary data are mainly from field research and observation, structured interviews, and open-ended interviews. The secondary data include the policies and regulations that are related to the ICV issued by Beijing; the relevant policies issued by the management committees of the parks; the reports related to the ICV industry and road testing issued by Beijing; the public speeches of relevant leaders, park leaders, entrepreneurs, etc.; and, the relevant reports on official websites, official microblogs, official media, and other public information on and offline. A total of about 362,000 words of textual information was compiled (Table 1), which was used to meet the requirements of triangulation validation [40] and improve the reliability and validity of the case study.





3.2. Data Processing and Case Analysis


In this paper, we use the coding method in grounded research for reference. We coded the collected data step-by-step, summarized the concepts, and then classified them, and finally formed theoretical interpretations [41].



3.2.1. Open Coding


Firstly, the collected textual materials were sorted out line-by-line and sentence-by-sentence, and the original statements that were related to the collaborative innovation of the industry with the ICV test field and demonstration zone as the platform were screened out, labeled (a), and conceptualized (A) were coded. Subsequently, the concepts with high correlation were further summarized and refined, and the logically related concepts were aggregated into the same category and named (AA). A total of 127 concepts were refined through the collation of the data and then finally grouped into 32 categories (Table 2).




3.2.2. Spindle Type Coding


After the open coding, the above initial categories are deeply excavated and found to establish the logical relationships among them. The 32 initial categories were grouped into 12 main categories (Table 3), which were refined according to the motives, behaviors, and results of collaborative innovation based on the test field. “Motivation” refers to the reasons and conditions for the test field and its enterprises to carry out cooperative exchanges and collaborative innovation. “Behavior” refers to the ways and strategies of carrying out collaborative innovation. “result” refers to the effect of collaborative innovation.




3.2.3. Selective Coding


Selective coding is based on the main axis coding, and the logical relationships between the main categories presented are further summarized and refined [42], and then the core categories are explored. In this study, the core categories are summarized through the universal logic of “Motivation-Behavior-Result”, and the different categories are linked around the core categories through hypotheses or relationship diagrams [43], forming a relatively clear “story line”. In this process, the information set aside was used to perform a theoretical saturation test to ensure that the existing core categories were saturated, and no new categories or relationships were generated. Consequently, the “story line” of collaborative innovation in the ICV industry based on the test field that is shown below was obtained (Figure 1).



According to the above results, the motivation of collaborative innovation in the ICV industry that is based on the test field mainly includes industrial endogenous factors, environmental exogenous factors, and synergistic advantages. Among them, the endogenous factors of the industry are: first, the ICV industry itself has the characteristics of major interdisciplinary, multi-industry integration, and so on. Second, many key problems in the process of industrial development depend on the synergistic solution among various subjects. Third, some enterprises and test fields have expressed their willingness to cooperate, especially the weaker small and medium-sized enterprises, which are more willing to cooperate. Environmental exogenous factors are mainly the external conditions that support collaborative innovation. The top-level design of the government encourages industrial cooperation, and the test field or demonstration zones are also equipped with the conditions for the agglomeration and development of industrial resources and innovation resources. The synergistic advantage means that realizing collaborative innovation in the ICV industry based on the test field can provide a platform for industrial development and promote the landing of scenarios.



Accelerating the gathering of innovation resources, building an innovation cooperation platform, promoting R&D cooperation, building industrial clusters, creating an industrial ecosystem, and promoting cross-regional linkage are the main ways of promoting industrial collaborative innovation based on the test field. Among them, accelerating the gathering of innovation resources is the foundation. By improving the supporting environment of the test field, opening up channels of exchange and cooperation in various ways, and attracting investment to accelerate the gathering of knowledge, talent, and other innovation resources in education, scientific research, financial investment, and other areas in the region. On this basis, build various innovation cooperation platforms for industrial cooperation, such as industrial regional platforms, infrastructure platforms, market-oriented platforms, enterprise service platforms, and industrial alliance platforms that are led by the government or core enterprises. Encouraging all kinds of subjects to jointly build research platforms, promote R&D cooperation through technology integration, joint research, and other forms, and promote technological collaborative innovation. Further, attract all kinds of autonomous driving-related enterprises by supporting headquarters enterprises and encouraging foreign investment. Promote industrial clustering by stimulating the cluster effect of leading enterprises, multi-industry integration, etc. Encouraging cross-industry integration, build multi-industry integration towns, etc. to promote the integration of related industries, so as to promote the establishment of ICV industrial clusters. Finally, we will further build a benign integrated ecosystem on the basis of industrial clusters. This includes the development of the whole industry chain of the ICV industry including upstream, midstream, downstream, and extended industries, the integrated and collaborative development of human-vehicle-road-cloud-network-city, the integrated construction of R&D-test-demonstration application-production, and the construction of the cooperation system of government, industry, academia, research, and application. In the process of these actions, cross-regional linkage can be promoted by strengthening the connection with the other test field, demonstration zones, or related parks, co-built demonstration parks, cross-provincial, and urban industrial synergy layout, etc. to realize the cross-regional flow and allocation of innovation resources, innovation subjects, innovation achievements, etc.



The results of collaborative innovation can be discussed in three aspects: business growth, industrial progress, and improvement of social and economic benefits. In the aspect of business growth, collaborative innovation that is based on the test field will accelerate the speed of enterprise R&D innovation, especially the technical cooperation among enterprises is important for the breakthrough and upgrading of key technologies, thus enhancing the technological competitiveness of enterprises. The cooperation between industry, academia, research, and application, as well as cooperation among various enterprises, will accelerate the pace of mass production of ICV and speed up the process of commercial operation. In the aspect of industrial progress, coordination and cooperation between the test field testing field linkage can open up the sharing channels of various kinds of data, especially test data, promote the construction of industrial data sharing platform, increase the amount of data, and enhance the value of data, which can use big data better for technology improvement and upgrading, reduce unnecessary testing and demonstration risks, and promote industrial integration. In addition, the test field builds a cooperation platform for all kinds of relevant subjects of ICV, facilitating their joint development of ICV-related technologies and industrial standards, and promoting the standardization of industrial technologies and industrialization on the ground. For example, the Intelligent Vehicle Alliance, together with the leading enterprises in the industry and the test field alliance, released the first domestic road test evaluation standards and group standards for autonomous driving vehicles. Developing several standards and specifications, such as technical specifications for autonomous driving pure electric minibuses, technical requirements for autonomous driving simulation test platforms, and technical requirements for test field, to further promote the industrialization of ICV on the ground. Regarding socio-economic benefit enhancement, first, the development of the industry and the increasing growth of output value will promote the growth of the regional economy. Second, the progress and landing of autonomous driving technology is also important for improving the efficiency of traffic and traffic safety. Third, the synergy and agglomeration development of industries in the region will optimize the regional industrial development environment, improve the attractiveness to various innovative enterprises and resources, enhance the adsorption effect of the region, and improve the regional innovation environment and capacity. The excellent results that are brought by collaborative innovation will then become one of the motives for industrial collaborative innovation.






4. Collaborative Innovation Mechanism and Path of ICV Industry


The “story line” of “Motivation-Behavior-Result” of collaborative innovation of the ICV industry based on the test field was obtained through the above case coding and analysis of the test field of ICV in Beijing. The open innovation is further incorporated into this “story line” to optimize the collaborative innovation mechanism based on the ICV test field as a platform, and it is extended to most domestic test fields and demonstration zones.



Firstly, the sources of external resources in open innovation in the test fields are clarified. The study provides statistics on the current major players within China’s ICV test field (Figure 2). At present, most test fields in China are jointly built by the government and enterprises, and the government takes the lead. According to the statistics, the main members in the existing ICV test field and demonstration zones can be roughly divided into four categories, government, enterprises, universities, and research institutions.



The enterprises in the current test field are mainly auto-driving-related and technology-based enterprises, and there are relatively few financial investment institutions and technology service intermediaries. However, as an important supporting resource for science and technology innovation, it plays an important role in the improvement of regional innovation environment, and most of the industrial parks have made the introduction of financial and technology intermediaries one of their important tasks. For example, the “Fifteen Measures on Supporting the Innovation-Led Development of ICV Industry in Zhongguancun Science City” proposes strengthening financial capital support by joint investment institutions, etc. When combined with the research results of other scholars, financial investment and science and technology intermediaries should also be made as one of the external sources of open innovation. When the ICV enter the demonstration and operation stage, it will also involve the users as the main body. Therefore, the main power sources of open innovation in the test field are divided into five main categories: government, enterprises, universities and research institutions, financial investment and technology intermediaries, and users. Accelerating the gathering of innovation resources, building innovation platforms, constructing industrial clusters, etc., carry out the process of the selection and cultivation of subjects. On this basis, the open and collaborative innovation of multiple subjects based on the test field is formed.



In the main collaborative innovation system under the perspective of open innovation, the components mainly include four parts: first, the core enterprises of ICV, including automobile manufacturers (traditional automobile manufacturers, new energy vehicles manufacturers, etc.), high-tech enterprises, Internet enterprises, autonomous driving startups, and other enterprises engaged in R&D and the manufacturing of autonomous driving. Among them, automakers usually become the core of integrating technologies and products of other enterprises due to their strong vehicle manufacturing capabilities. These types of enterprises are directly engaged in the R&D or production of ICV technology, and they constitute the industrial collaborative innovation alliance within the core enterprises. Secondly, the main technology and component suppliers of ICV, including perception system suppliers (map manufacturers, sensor suppliers), communication system suppliers (communication and network service providers), decision system suppliers (chips, algorithms, software suppliers), control and execution system suppliers (system integrators, electronic component suppliers, and auto parts suppliers), etc., provide the core enterprises with technology and parts. The third is the auxiliary innovation element, mainly including universities and research institutions, science and technology service intermediaries, financial investment institutions, etc., providing auxiliary technology innovation and R&D support. The fourth is the element of other market players, which mainly includes the government and users, among which users include corporate users and individual users. Corporate users mainly refer to the application-oriented enterprises and institutions (such as logistics enterprises, sanitation departments, port enterprises, etc.) that let the ICV land. The government provides policy support and an institutional guarantee for industrial development, and it creates a favorable market environment for it. The latter three categories constitute a collaborative innovation alliance among stakeholders in the ICV industry chain and they interact dynamically with the internal alliance among core enterprises (Figure 3).



According to the method and strategy of promoting industrial collaborative innovation and the open innovation system of the test field, two collaborative innovation paths of the ICV industry can be evolved by relying on the test field, namely, the industrial collaborative innovation path led by the core enterprises in the test field and the industrial collaborative innovation path led by the test field.



4.1. Industrial Collaborative Innovation Path Led by Core Enterprises in the Test Field


The industrial collaborative innovation path that is led by the core enterprises of ICV in the test field emphasizes the interaction between enterprises engaged in the R&D of ICVs and other enterprises and market players in the test field. Through the internal operation of the core enterprise, it will actively acquire external resources and communicate and integrate with the internal resources of the core enterprise, in order jointly realize the innovation of technologies and products in the ICV industry and promote the industrialization process (Figure 4).



The path relies on the gathering of innovation resources in the test field and the core enterprises’ access to innovation resources. The managers of the test field attract multiple types of core enterprises of ICV, universities and research institutions, suppliers of technologies and components, financial investment institutions, technology service intermediaries, and other innovation resources to enter the test field or establish cooperative alliance relationships based on the test field and build a platform for innovation cooperation, etc., through investment attraction and the construction of supporting environment in the test field. Universities and research institutions are the main sources of innovative talents and innovative knowledge. The government provides directional guidance and financial support to create a favorable institutional environment. Financial investment institutions provide financial support in the process of R&D and production. Technology service intermediaries have an important role in the process of the transformation of technological achievements and technology transfer.



Technology and component suppliers are not only essential in the production of ICV in the industry chain supply side, but also in the technology R&D partners that are generally chosen by core enterprises, such as chip, sensor suppliers, communication service providers, etc. Similarly, core enterprises, such as automobile manufacturers, Internet enterprises, autonomous driving startups, and high-tech enterprises that are engaged in the R&D and production of ICVs, are not completely competitive with each other. They have common cooperative relationships, such as the strategic cooperation between Baidu and FAW, Horizon Robotics and Neolix, Pony. ai, and Guangzhou Auto. The clustering of these subjects creates good external conditions for the core enterprises to obtain innovation resources. However, the ultimate realization of collaborative innovation depends on the core enterprises’ internal ability to acquire and transform innovation resources. The stronger the ability, the higher the degree of their acquisition and utilization of external resources, especially the ability to absorb and transform heterogeneous knowledge. In the open innovation framework, the core enterprises of ICV in the test field are used as the link between knowledge inflow and outflow, and the knowledge from different external subjects, such as universities and research institutions, government, and other enterprises, are integrated to make up for their own deficiencies and realize the complementary advantages of innovation resources. Subsequently, they combine internal knowledge and resources to generate new knowledge and technologies through learning, transformation, and reuse, and finally realize the innovation of ICV products and services.




4.2. Industrial Collaborative Innovation Path Led by the Test Field


The industrial collaborative innovation path that is led by the test field is to take the whole ICV test field or demonstration zone as the main body of collaborative innovation. Exchange and cooperation are realized with other test fields or demonstration zones in the region or across regions through knowledge sharing and knowledge diffusion, forming a collaborative innovation and mutual benefit between multiple test fields and demonstration zones, and jointly promoting the development of the whole industrial innovation and commercialization (Figure 5).



The path is built on the basis of cooperation and innovation among the subjects in the test field, and it further takes the test field as an innovation subject. By establishing a cross-regional linkage mechanism, the collaborative innovation of the intelligent networked automobile industry is realized. On the one hand, it is the linkage among the test field in the region. Test fields and demonstration zones in the same region usually have their own positioning and planning, and, although there is some competition, they also have conditions for cooperation. For example, Beijing’s Yizhuang and Haidian bases focus on the testing and verification of autonomous vehicles, Shougang Park focuses on application demonstration, and Shunyi is a traditional auto industry district in Beijing, with an auto industry base and a commitment to building an ICV town. They can establish an integrated R&D–production–testing–demonstration–commercialization promotion system for the innovation and development of the ICV industry in the city through reasonable planning and layout, coordination, and cooperation. Subsequently, build and improve the linkage development system of the whole chain, the whole process, the integration, and the market-oriented, and promote the formation of a coordinated development pattern of ICV test field with mutual support and cooperation. On the other hand, it is the linkage between cross-regional test field, which is, the linkage of a test field between different provinces and cities. This kind of linkage is more difficult, involving cross-regional resource allocation and planning identification, and it is easier to achieve between regions that are geographically close or have common planning. For example, Hebei and Beijing, because of the advantages of Beijing–Tianjin–Hebei integration strategy, geographic proximity, and convenient flow of resources and technologies, have been jointly promoted by the Ministry of Industry and Information Technology, Beijing Municipal Government, and Hebei Provincial Government to build the National Intelligent Vehicle and Intelligent Transportation (Beijing–Hebei) Demonstration Zone, which is committed to becoming an industry gathering booster and a base for intelligent vehicles industry development.



The establishment of cross-region linkage mechanism depends on the communication and coordination between the government and test field management departments and the knowledge sharing and knowledge diffusion among the sites. At the early stage of industrial development, the test field may not be willing to cooperate with each other due to different planning concepts and the initial idea of “land enclosure”. For example, in the interview, the person that was in charge of Shunyi BeiXiaoying mentioned that Beijing Yizhuang Base was willing to cooperate with Shunyi, but Shunyi had its own ideas regarding construction and operation, so no cooperation was reached for the time being. Therefore, the realization of cross-regional test field synergy in the early stage requires the strength of the higher government in addition to the efforts of the test field management department or inter-agency.



The local government should reasonably select the partners according to the local industrial planning and development needs. This opens up the channels of coordination and communication among the inter-regional test field from the perspective of top-level design. From here, a trust relationship is built up, and regional industrial synergy and innovation are promoted. Cross-regional knowledge sharing and knowledge diffusion built on the basis of cooperation and trust play an important role in the process of cooperative innovation that was carried out by the test field. The test field subjects that were involved in innovation cooperation have their own advantages and disadvantages in terms of technology and resources. Such differences in knowledge potentials will generate knowledge diffusion and sharing among the test field, realize the flow of knowledge among test field, and bring differentiated high-quality knowledge resources to test field. After obtaining new knowledge and resources from the outside world, the test field generates new knowledge and technology through internal innovation subjects’ knowledge absorption, integration, processing, and reuse, and then promotes industrial innovation.





5. Conclusions and Recommendations


This paper takes the test field of ICV in Beijing as the object of case study, draws on the coding method of grounded theory, and explores the collaborative innovation of ICV industry based on the test field through the logic of “Motivation–Action–Result”. From the perspective of open innovation, we optimize the collaborative innovation mechanism based on the test field as a platform and analyze the path of collaborative innovation on this basis. The study shows that: (1) the main motives for promoting the formation of test-field-based collaborative innovation in the ICV industry include industrial endogenous factors, environmental exogenous factors, and synergistic advantages. (2) The main methods for promoting test-field-based industrial collaborative innovation include: accelerating the gathering of innovation resources, building an innovation cooperation platform, promoting R&D cooperation, building industrial clusters, creating an industrial ecosystem, and promoting cross-regional linkage. (3) The realization of collaborative innovation in the ICV industry based on the test field is important for the growth of enterprises, industrial progress and the improvement of social and economic benefits. (4) The government, enterprises, universities and research institutions, financial investment and technology intermediaries, and users are the main power sources of open innovation in the ICV test field. Through the above-mentioned collaborative innovation approach for subject cultivation and selection, a multi-subject open collaborative innovation that is based on the test field is formed. (5) Relying on the open innovation system of the ICV test field, two industrial collaborative innovation paths can be evolved: the industrial collaborative innovation path that is led by the core enterprises in the test field and the industrial collaborative innovation path led by the test field. Based on the above research, the following suggestions are made to promote the collaborative innovation of the ICV industry based on the test field from the perspective of the government and management department.




	
Play the guiding role of the government, accelerate the pace of policy innovation, and support the collaborative development of the industry from the perspective of a top-level design. First, accelerate the pace of revision of relevant management systems and laws and regulations, especially the standardization and improvement of the management system of self-driving road tests and the right-of-way of autonomous vehicles, business permits, and accident attribution. This is the institutional prerequisite for the large-scale market promotion of autonomous vehicles. Second, promote the establishment of a collaborative innovation platform for the ICV industry based on the test field. Promote the gathering of innovation resources in the test field through strategic planning, financial and tax incentives, as well as other innovative policies, so as to provide convenience and preferential conditions for the stakeholders of the ICV industry chain in the test field. Third, the government takes the lead in building bridges for cross-region linkage among test field. Open up channels for cross-region cooperation from the perspective of top-level design, accelerate test data sharing, the mutual recognition of test results, knowledge and resource sharing, etc., pay more attention to removing barriers to cooperation [44], and promote the establishment of trust relationships among the test field.



	
Support the establishment of industrial innovation alliances using the test field and demonstration zones as platforms. China’s ICV test field gathers multiple types of innovation subjects, such as government, universities and research institutions, and enterprises, because they are usually built in conjunction with application demonstration zones. Accordingly, make full use of this condition to establish an ICV industry innovation alliance. On the one hand, it builds a platform for collaborative innovation among subjects in the test field, breaks down communication barriers, smooths communication channels, and reduces the cost of collaborative innovation. On the other hand, it promotes the construction of industrial clusters in the test field, creates a regional ICV industrial ecosystem, improves the industrial development environment, and enhances the industrial adsorption capacity of the test field and its region, thus further accelerating the gathering of innovation resources and forming a virtuous cycle.



	
Promote the diversification of innovation subjects and resources in the test field and play the role of intermediary institutions, such as finance. At present, the innovation subjects in the test field are mainly government, enterprises, universities, and research institutions, while intermediaries, such as financial investment institutions, are relatively few or lacking. Financial investment institutions are an important resource in assisting innovation, and they are particularly important in the development of innovation in the ICV industry because of the large amount of capital investment that is required for the construction and operation of the test field, the preliminary R&D, and production of ICV. Take the initiative to introduce banks, venture capital, insurance, and other financial investment institutions into the test field, or join the industrial alliance that formed with the test field as a platform to provide sufficient financial support for the technological innovation and industrialization of ICV in the test field, and provide a financial flow for the collaborative innovation of all subjects.



	
Relying on the test field to accelerate the pace of technological innovation and industrialization of the results of ICV. Give full play to the technical advantages of the innovation subjects in the test field, build a R&D cooperation platform that relies on the test field, and promote scientific research cooperation among subjects. Focus on key technologies in the fields of perception system, communication system, decision-making system, and control execution system. Break through the bottlenecks of ICV technologies and components, such as sensors and chips, and improve the technical innovation capacity, independent R&D, and manufacturing capacity of enterprises that are related to ICV in China. At the same time, supporting the construction of the whole industry chain, integration construction, and the construction of the cooperation system between government, industry, academia, research, and application to create an ICV ecosystem. Finally, providing the necessary guarantee for the transformation of the technological achievements of ICV, and providing the testing and application scenarios for demonstration operations nearby in order to accelerate the pace of industrialization and commercialization.
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Figure 1. The “story line” of collaborative innovation in the ICV industry based on the test field. 
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Figure 2. Classification table of the subjects of China’s ICV test field/demonstration zones (partial). 
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Figure 3. The collaborative innovation mechanism of ICV industry based on test fields. 
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Figure 4. Collaborative innovation path of the industry led by the core enterprises of ICV in the test field. 






Figure 4. Collaborative innovation path of the industry led by the core enterprises of ICV in the test field.



[image: Sustainability 13 05880 g004]







[image: Sustainability 13 05880 g005 550] 





Figure 5. Industrial collaborative innovation path led by the test field. 
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Table 1. Source of case study data.
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Test Field/Demonstration Zone

	
First-Hand Information

	
Second-Hand Information






	
National Intelligent Vehicle and Intelligent Transportation (Beijing-Hebei) Demonstration Zone Yizhuang Base and Haidian Base

	
Three semi-structured interviews (approximately 35,000 words).

Field observation records (approximately 0.7 million words).

	
Various media coverage (approximately 110,000 words).

Relevant policy documents of Beijing and the park (6 copies, about 70,000 words).

Reports related to the ICV industry and road testing in Beijing (4 copies, about 65,000 words).




	
Shunyi ICV Innovation Ecological Demonstration Zone

	
Two semi-structured interviews (approximately 27,000 words).

Field observation records (approximately 0.5 million words).




	
Beijing ICV Demonstration Operation Area (Shougang Park)

	
3 semi-structured interviews (32,000 words).

Field observation records (approximately 0.5 million words).




	
Fangshan 5G Autonomous Driving Demonstration Zone

	
Field observation records (approximately 0.6 million words).
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Table 2. Example of open coding.
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Typical Information

	
Open Coding




	
Conceptualization

	
Categorization






	
ICV have the characteristics of great intersection of disciplines and great integration of multiple industries (a1) …… Integration and innovation and open cooperation are the characteristics of the times for the development of ICV (a3).……

	
A1 Interdisciplinary

……

A3 Industrial characteristics of The Times

	
AA1 Characteristics of industrial development




	
……

	
……

	
……




	
To achieve faster scenario landing for autonomous driving, it also needs more ecological power, especially the participation of Internet technology companies (a18).

	
A18 Scene landing

	
AA7 Drives scenarios to the ground




	
Actively unblocking the channel for the docking of innovation resources and the implementation of achievements projects in the “Three Cities” (A19) ...... We will hold regular seminars and forums on autonomous driving-related applications (a22).

	
A19, A20 Open communication channels

A21, A22 break the communication barrier

	
AA8 Break barriers and open channels




	
……

	
……

	
……




	
Establish and improve the linkage development mechanism of the three regions, accelerate the integrated development of Taihu and Majuqiao areas and the core area of the development zone (a105) …… Accelerate the market connection and project cooperation with key regions in Beijing-Tianjin-Hebei, and build a cross-regional, multi-echelon industrial development layout with enterprises as the main body…… (a111).

	
A105, A106 Joint development of the park

……

A109, A110, A111 Collaborate layout across regions

	
AA24 Cross-district linkage




	
……For Audi its a favourable position, will greatly accelerate the progress of the enterprise’s R&D innovation (a112) …… The development of the domestic ICV industry is still facing numerous key technical bottlenecks. The cooperation among various subjects realizes complementary advantages and speeds up the breakthrough of technical bottlenecks. (a113)

	
A112 Accelerate enterprise R&D innovation

A113 Key technology breakthrough and upgrade

	
AA25 Improving the technological competitiveness of enterprises




	
……

	
……

	
……




	
……It seems that the adsorption effect of the Smart Town demonstration project has already appeared, and more and more innovative enterprises and projects are gathering here (a127).

	
A127 Adsorption effect

	
AA32 Enhances the adsorption effect
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Table 3. Coding Analysis.
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Core Scope

	
Main Category

	
Sub-Categories






	
Motivation

	
Industry endogenous factors

	
Characteristics of industrial development; industrial development needs; willingness to cooperate




	
Environmental exogenous factors

	
Top-level support; resource base




	
Synergistic advantages

	
Have the advantage of platform; drive the scene to land




	
Behavior

	
Accelerate the gathering of innovation resources

	
Break down barriers and open channels; supporting environmental construction; attracting investment




	
Build an innovative cooperation platform

	
Establish industry alliances; create platforms




	
Promoting R&D cooperation

	
Joint construction of research platform; joint technological research; technology integration




	
Building Industrial Clusters

	
Attracting enterprises to move in; promoting industrial clustering; promoting industrial integration




	
Create an industrial ecosystem

	
Develop the whole industry chain; Integration of test and demonstration application; promote coordination between human, vehicle, road, cloud, network and city; promote cooperation between government, industry, academia, research and use




	
Promote cross-district linkage

	
Cross-district linkage




	
Result

	
Business growth

	
Improve enterprise technology competitiveness; accelerate commercial operation




	
Industrial progress

	
Data sharing and value-added; promoting industrialization; promoting industrial technology standardization




	
Socio-economic benefits

	
Promote regional economic growth; improve traffic efficiency and safety; enhance the adsorption effect
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