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Abstract

:

This study examines the current technological level and industrial/technical trends in the field of biomimicry technology, as well as recent technological and research and development trends. Patent analysis was conducted, focusing on technology that uses design elements and biological/ecological characteristics to provide solutions to technological problems. The technological scope of the analysis included the field of technologies and materials that apply to the conditions found in ecology, as well as robot machines and devices designed to mimic certain animals and ecological elements. The search for patents was conducted in Korea, the United States, Japan, and Europe from 1975 to 2021, resulting in a total of 8278 raw data cases, from which 940 valid patents were selected. The percentage of patent document and the status of both domestic and foreign applicants varied among the countries of Korea, the United States, Japan, and Europe. Based on the results of the patent analysis, it was found that biomimicry technology is in a growth phase that is expected to continue in the future and that Korea and the United States are leading the development of this technology.
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1. Introduction


Biomimicry refers to studying nature, ecology, and living system to find solutions to problems faced by humanity, and it could provide sustainable, efficient, and innovative solutions [1]. Biomimicry has the potential to transform the majority of domestic and international economies, making it possible to achieve both economic growth and environmental goals simultaneously [2,3]. Although the commercial application of biomimicry is still irregular, several well-known achievements, such as Shinkansen and Velcro, demonstrate the potential of biomimicry [4,5,6]. The public’s awareness of patents related to bio-inspired and biomimetics likely arose when it was revealed that the roof design of the Crystal Palace in London, United Kingdom, was bio-inspired by the functionality of the leaf of a water lily, specifically its ability to support substantial weight in water [7,8]. A catalyst for raising public awareness of patents related to ecological imitation was George Mestral’s invention of VELCRO® in 1955 [9]. The patent analysis related to biomimicry, biomimetics, and bio-inspired were shown in a few studies [10,11,12,13,14,15], but they were still not sufficiently provided for the patent landscape to show technological trends. Moreover, it was challenging to find the latest patent analysis in the fields. Interestingly, there were research papers that specifically focused on methods for patent search and data extraction [16,17,18,19,20].



Over the past 20 years, global interest in biomimicry has increased, while public awareness of this field remains low [21]. To advance biomimicry, patent data based on numbers are needed to change the perception of the public and investors towards biomimicry-related fields. In particular, biomimicry has the potential to connect South Korea’s economic growth goals with environmental protection. Therefore, new designs, processes, materials, products, and systems through biomimicry could greatly transform various industries [22,23,24,25]. As a result, it is possible to optimize product production through improved designs, the use of environmentally friendly materials, and minimizing costs and energy while also creating new markets [26,27,28,29]. Furthermore, the concept of drawing inspiration from nature in biomimicry could help companies fulfill broader social responsibilities demanded by ESG (environmental, social, governance) indicators worldwide while also achieving financial goals [30,31]. The world could lead these changes and reap the benefits.



The development of biomimicry by providing key findings and information on biomimicry through statistical data on biomimicry with a focus on Korea was promoted. The current technology level and industrial/technical trends in the field of biomimicry technology for the continuation of the biomimicry patent trend analysis was identified, and recent trends in technology research and development are analyzed. Many countries, especially Korea, Japan, and USA, often encounter issues related to technology convergence or new technology trends. In the case of Korea, there has been a consistent improvement in both quantitative and qualitative aspects of patent applications in line with the industrial technology trends based on the reports from the Korea Institute of Intellectual Property [32].



This study seeks to discover R&D trends by country and technologies of major applicants by analyzing patent trends. Furthermore, this report gives objective information on future research and development trends and research directions of biomimicry technology through a quantitative analysis to conduct an overall analysis of trends, which is divided into the patent landscape for technology and a key applicant analysis.



Comparative and analytical papers on patents related to biomimicry technologies and industries are not easily found. Therefore, this study provides unique and valuable information to better understand the overall trends in biomimicry fields.




2. Materials and Methods


2.1. Scope of Analysis


For patent analysis, it was searched for patents filed, disclosed, and registered in South Korea, the United States, Japan, and Europe from January 1975, when patent documents began to be documented, until December 2021. In terms of sheer numbers, Chinese patents are incredibly diverse and abundant, which could lead to distortions when conducting comparative analyses with other countries. It was not excluded from the analysis just because the number of Chinese patents was enormous, but when the trends in Chinese patents and patents of other countries were listed in the raw data analysis, the meaning of comparison was not apparent. Therefore, Chinese patents were excluded from the analysis in this study. It was performed for a patent search using the WINTELIPS search DB, an online patent search service developed by WIPS Co., Ltd. (Seoul, Republic of Korea) [33]. Patents searched in the patent database included not only registered patents for which the patent document was still valid but also patents in the publication, rejection, withdrawal, and examination states. Data were classified for patent documents. The analysis is based on the application date. In order to obtain reliable data for patents applied from June 2020, when undisclosed data still exists, quantitative meaning is not valid when analyzing patents. Thus, only the data until 2019 was viewed as valid data that has quantitative meaning. The analysis was conducted based on the filing date, and generally, it is considered as patents that had been publicly disclosed without any legal issues approximately 18 months after the filing of the patent document as the basis for our analysis.




2.2. Technical Scope of Target Technologies and Valid Patent for Analysis


Patent analysis was undertaken with a focus on technology that presents solutions to technological challenges by borrowing design features found in nature or characteristics of living organisms. The core keywords were derived from the content of biomimicry technology, and the search formula was built and enlarged four times by merging the derived keywords. The number of extended patent families related to the derivation of keywords and the generated search query was a total of 8278 combinations of keywords over 4 iterations to extract the data (Supplementary Materials Table S1), and representative patents were provided (Supplementary Materials Table S2). The numbers of raw data produced by applying the final search formula on the search DB were 1884 for Korea, 908 for Japan, 4994 for the USA, and 542 for Europe. Noise reduction criteria were established from the raw data collected by using the keywords and search formula derived above to eliminate from the analysis patents irrelevant to the target technology that is the topic of this report. If the following main content was present, it was considered noise and excluded from valid patents: artificial lures/mimics resembling living organisms, eco-compatible materials/compounds, pharmaceutical compositions, and the like.



Valid patents were derived from these criteria, and quantitative analysis was performed for the derived valid data. The numbers of valid patents were 287 for Korea, 88 for Japan, 472 for the USA, and 93 for Europe.



The quantitative analysis is separated into two parts: the patent technology landscape and the analysis of major applicants. Regarding the patent technology landscape, the stages of patent technology growth were analyzed through the current status of technology development activities, the trend in domestic and foreign patent documents, the number of applications filed by section, and the degree of increase or decrease in the number of applications in major countries such as South Korea (KIPO), USA (USPTO), Japan (JPO), and Europe (EPO). For the analysis of major applicants, multiple top applicants were derived. The applicants’ capacities to secure technology, their primary technical fields, and the density of patent documents were analyzed.





3. Results and Discussions


3.1. Patent Document Trends in Major Countries by Year


The analysis was to identify leading countries in the target technology field based on the share of patent technology applications by country in South Korea, the United States, Japan, and Europe. Compare quantitative trends in patent technology applications by country from the past to the present to identify the technological position of South Korea in comparison to other countries.



The total patent trend in the target technologies has shown fast growth since 2000 (Figure 1). A rapid growth in patent documents relating to the target technologies appears in the patent trend. Thus, it seems that the rapid increase in applications in South Korea and the United States since the mid-2000s is leading the general trend. In Japan and Europe, however, the number of applications is repeating growing and dropping cycles, but this does not appear to have a substantial effect on the overall trend.



In terms of the status of patent ownership by each country for the target technologies, 472 patents were applied in the United States (USPTO) (50%), 287 in South Korea (KIPO) (31%), 88 (9%) in Japan (JPO), and 93 in Europe (EPO) (10%). Thus, the United States has applied for the largest number of patents regarding this technology. There were almost no applications from the beginning of the analysis period until 2000 in South Korea and the United States, but the number of applications surged after 2000, resulting in them leading the trend until 2019. South Korea (KIPO) appears to have applied for 287 patents in the target technologies. There were no patent documents from the beginning of the analysis period until 2000, but there has been steady growth from 2001 until 2019.



From 2001, when applications began to increase, until recently, South Korea’s patent trend was similar to the general patent trend, and it appears to dominate the technology market in the recent section alongside the United States. Because the quantitative flow of South Korean patent technology differs from that of Japan and Europe, it is difficult to determine whether the technology level is comparable. It is possible to find out later by discovering the details of the patented technology through in-depth analysis. The patent trend in South Korea indicates steady growth without a dramatic spike or fall. However, there were temporary declines in 2004, 2006, 2013, and 2017.



The United States (USPTO) applied for 472 patents in the target technologies. The trend of gradually increasing patent documents has been maintained from the beginning of the analysis period to the present. The United States appears to be influencing the patent document increase and decrease trend since 1995. At the start of the analysis period, the United States had a comparable number of applications as Japan. However, unlike Japan, where applications have been continuously decreasing since 2003, applications in the United States have been steadily growing until recently.



The number of applications dropped dramatically temporarily in 2010. It is thought that there was a temporary drop in applications in 2009 due to a reduction in government spending. In target technologies, Japan (JPO) has filed 88 patents. Applications have been filed intermittently since 1995, but the number of applications increased slightly from the 2000s. However, it appears that around five applications are continuing while the increase and decrease cycles are repeated. The trend in applications was similar to that of the United States until 2000, but the number of applications has remained around five cases without growing since 2000. There have been significantly decreasing sections since 2006. This is considered to be owing to a change in Japan’s Intellectual Property Office’s patent document policy in 2006, which urged action from the industry to carefully choose quality above quantity when filing for patents.



There have been 93 patents in Europe (EPO) in target technologies. The number of applications has undergone repeated rises and declines during the analysis period. European patents are not directly applied for by individual European countries but rather by designating specific countries through the European Patent Office (EPO). As a result, they have more technical value, a higher possibility of product connection, and a larger family size than patents in other nations. Furthermore, it can be asserted that global policy has a significant impact. In Europe, the number of applications surged after 2000, followed by a trend of repeated increases and decreases. The size of the family per application is characterized by significant differences between large increases and decreases. No section leading the rise and decline trend in the entire patent technologies exists. However, given the technical significance of European patents, it is worthwhile to investigate the application trend in multi-application organizations and global companies that have entered Europe.




3.2. Application Trends of Locals and Foreigners in Major Countries


The distribution of applications filed by locals and foreigners by classifying the nationalities of applicants by country in South Korea (KIPO), the United States (USPTO), Japan (JPO), and Europe (EPO) were identified. The number of applications filed by foreigners by nationality by country to infer the inflow of foreign technology into the country, dependence on foreign technology, and the technological power of the country was analyzed. The number of locals and foreigners’ applications by country from the past to the present to identify changes in the number of locals and foreigners leading technology development within the country were compared. The number of patents filed in target technologies by country was 287 cases for South Korea (KIPO), 472 cases for the USA (USPTO), 88 cases for Japan (JPO), and 93 cases for Europe (EPO) (Figure 2). The detailed status of patent applications by domestic and foreigners is shown in Supplementary Materials Table S3. The current status of domestic and foreign patent applications for the past 10 years was representative of 223 cases for South Korea (KIPO), 300 cases for the USA (USPTO), 36 cases for Japan (JPO), and 52 cases for Europe (EPO) (Figure 3). The analysis concluded that the proportion of domestic and foreign patent documents by country gauges the globalization of their respective technology markets. When assessing the attractiveness of the technology market, Korea appeared to have a lower level compared to the United States and Japan, while Europe showed a high level of the market. In addition, as a result of comparing the patent competitiveness index and technological influence by applicant’s nationality, the patent impact index was high in France, Canada, and USA, while the technology strength was high in USA, Korea, and Japan, in order. Furthermore, when the applications for registered patents were analyzed, SpinCore Technology INC, as a US national applicant, ranked first, followed by universities in USA and Korea (data were not shown). The trend could be seen as consistent with the results from the US patent related to biomimetics and bionics had increased from 1985 to 2005 [16]. This analysis showed the patent trends in biomimicry technology by combining various keywords. However, upon closer examination, patents explicitly named as biomimicry technology or similar terms are rare in the titles of patents. In the future, focusing on patents that specifically involve biomimicry technology and commercial examples would provide more useful information.




3.3. Patent Document Status of Locals and Foreigners


The patent documents by locals and foreigners in South Korea (KIPO) were 89% (254 cases) for locals and 11% (33 cases) for foreigners (Figure 4). In comparison with South Korea’s typical patent document tendency with a local application rate of about 70–75% in other technology fields, the target technologies showed a strong tendency of applications by locals. This is highly similar to the ratio of applications by locals in the last decade. In the current status of locals and foreigners’ applications for patent technologies in South Korea (KIPO), the high proportion of applications by locals has been maintained without an inflection point in the graph of the proportion of locals and foreigners’ applications from the beginning of the analysis period to the present. In particular, the gap in the proportions of locals and foreigners tends to widen gradually in the recent section. This suggests strong local-centered R&D characteristics of the target technologies. Regarding the nationalities of foreigners who applied in South Korea (KIPO), applicants with USA nationality applied for the largest number of patents in all sections.



In addition, German, Danish, Japanese, and Chinese applicants applied for patents in South Korea. The trend in the recent decade was similar to the overall trend. The ratio of locals and foreigners filing patent documents in the United States (USPTO) was 71% (334 cases) for locals and 29% (138 cases) for foreigners. When compared to the US patent document trend with a local application rate of around 65%, which commonly appears in other technical fields, the United States also showed an application trend centered on locals, as in South Korea. However, the proportion of local applicants in the last decade was 66%, suggesting that the proportion of foreigners’ applications has increased compared to the past.



In the patent technology application status by locals and foreigners of the United States (USPTO), the proportion of applications by locals was higher than the proportion of applications by foreigners from the beginning of the analysis period. From 1995 to 2010, the proportion of applications by locals tended to outnumber that of foreigners. Since 2010, the number of applications by foreigners has increased slightly, narrowing the gap between locals and foreigners. The United States (USPTO) also showed characteristics of research and development centered on locals compared to other technology fields, but the ratio of research and development by foreigners was higher than that of South Korea (KIPO). The United States also did not show the point of inflection in the graph of the proportion of applications by locals and foreigners. Regarding the nationalities of foreigners who have applied for patents in the United States (USPTO), Chinese applicants have applied for the largest number of patents. In addition, applicants from South Korea, Taiwan, Japan, and Germany applied for patents in the United States. In the last decade, new countries such as Italy have entered the market.



The proportion of locals and foreigners filing patent documents in Japan (JPO) was 48% (42 cases) for locals and 46% (52 cases) for foreigners. In comparison with Japan’s patent document tendency with a local application rate of around 85%, which is common in other technology fields, the target technologies showed a strong tendency for applications by foreigners. The proportion of applications by locals in the last decade was 36%, suggesting that the proportion of applications by locals is further decreasing compared to the past. In the patent technology application status of locals and foreigners in Japan (JPO), the inflection points of the graph line for the proportion of locals and foreigners tended to fluctuate a lot throughout the analysis period. The proportions of applications by locals and foreigners showed an equal trend. The nationalities of foreigners who applied for Japan (JPO) showed that applicants of United States nationality applied for the largest number of patents. In addition, applicants from South Korea, China, Singapore, and Germany applied for patents in Japan. A trend similar to this has been observed in the last decade.



The proportion of patent documents by locals and foreigners in Europe (EPO) was 34% (32 cases) for locals and 66% (61 cases) for foreigners. In European patents, locals refer to applicants of EU member nationality, and foreigners refer to applicants of other nationalities.



For European patents in target technologies, the proportion of foreigners was about twice as high as that of locals. The rate of applications by locals in the last decade was 40%; thus, the proportion of applications by locals has increased compared to the past. In the current status of applications by locals and foreigners for patent technologies in Europe (EPO), the inflection point of the graph of the proportions of applications by locals and foreigners repeatedly appears from the beginning of the analysis period to the latest. This suggests that the dependence of patent technologies on locals and foreigners is constantly changing due to the nature of European patents. Regarding the nationalities of foreigners who applied for Europe (EPO), applicants of US nationality applied for the majority of patents. Applicants from South Korea, Japan, China, and Taiwan also applied for European patents. A similar trend was observed in the last decade.




3.4. Patent Technology Growth Stage


To analyze the patent technology growth stages of target technologies, the entire analysis period of 40 years was divided into five periods of 8 years. In Figure 5, Section 1 (1981–1988), Section 2 (1989–1996), Section 3 (1997–2004), Section 4 (2005–2012), and Section 5 (2013–2020). The growth stage of target technologies based on patent technologies can be interpreted as a period of growth in which both the number of applications and applicants increase on the graph. In particular, the number of applications and applicants tends to increase significantly from Section 3 to Section 4. Overall, it exhibits the shape of the growth stage.



The patent technology growth stage of South Korea (KIPO) can be interpreted as a period of growth in which the number of applications and applicants increased. The number of applications and applicants showed a significant increase from Section 3 to Section 5. However, there was no application from Section 1 to Section 3. The target data for South Korea’s patent technology growth stage analysis consists of 284 cases; thus, the validity of the analysis can be acknowledged.



The patent technology growth stage of the United States (USPTO) can be interpreted as a period of growth in which the number of applications and applicants increased. The number of applications and applicants is on an increasing trend from Section 1 to the latest section. The US patent technology growth stage appears similar to the overall growth stage. In particular, the shape of the overall growth stage from Section 3 to Section 4 is highly similar to the shape in which significant technology growth occurs. The data subject to analysis of the US patent technology growth stage consists of 467 cases. Thus, the validity of the analysis can be acknowledged.



The patent technology growth stage of Japan (JPO) can be interpreted as a period of maturity in which both the numbers of applications and applicants decreased after showing a growth stage until Section 4. The number of applications decreased slightly from Section 4 to the latest section, indicating that it has entered the maturity stage. Japan’s patent technology growth stage shows a similar pattern to the overall growth stage from Section 1 to Section 4, but it shows a pattern different from the overall growth stage after Section 4. The target data for analysis of Japan’s patent technology growth stage consists of 88 cases. Thus, it is rather unreasonable to say that the validity of the analysis can be acknowledged.



The patent technology growth stage of Europe (EPO) can be interpreted as a period of growth in which both the number of applications and applicants increased. The number of applications and applicants increased greatly from Section 1 to Section 4, and the number of applications and applicants increased slightly from Section 4 to Section 5. The shape of Europe’s patent technology growth stage is similar to the overall growth stage from Section 1 to Section 4. However, there is a short break between Section 4 and Section 5. The target data for analysis of Europe’s patent technology growth stage consists of 93 cases. Thus, it is rather unreasonable to say that the validity of the analysis can be acknowledged. In the growth stage of target technologies, the increase in the number of applications and applicants continues for an extended period from Section 1 to the latest section. In the later sections, there is room for maintaining the same shape or entering the maturity stage in which the number of applications decreases while the number of applicants is slightly increased or maintained.



The patent technology growth stage of South Korea (KIPO) appears to be most similar to that of the United States (USPTO). The graph shows that the growth rate of South Korea’s technology is almost equal to that of the United States.



In this analysis, most technology and industrial sectors are experiencing growth, leading to an increase in the influx of various new applicants and subsequent application activities. It is determined that the barriers to entry in the technology sector are low, and there is a high potential for success among new entrants.




3.5. Patent Share and Growth Rate of Major Countries


This study found the patent document trend, technology characteristics, and relative prospect for each detailed technology by simultaneously considering the patent share and the growth rate of each detailed technology. The patent share and the growth rate of detailed technologies by country among Korea (KIPO), USA (USPTO), Japan (JPO), and Europe (EPO) were compared.



The characteristics of the relative application trend in each major nation can be found by concurrently analyzing the recent patent document growth rate and application share compared to the past for each major country (Figure 6). The patent share is the ratio of the number of patents for each given technology to the total number of patents. The patent growth rate is the 10-year average value of the compound annual growth rate (CAGR) of patents. The patent document trend and technical characteristics based on the location of the specific technology were assessed by presenting each value of the patent share and the growth rate by major countries on the X-axis and Y-axis. If the country’s patent share and growth rate are in the first quadrant of the graph, it is assumed that it has constantly active patent documents. If it is in the second quadrant, it is assumed that patent documents have become active recently. If it is in the third quadrant, the country’s technology is considered to be in its early stages. If it is in the fourth quadrant, it is assumed that patent documents are recently declining. However, the analysis based on each major country’s patent share and growth rate is a relative comparison and should not be interpreted as an absolute interpretation of the target technology.



South Korea (KIPO) and the USA (USPTO) are considered to have the potential for the development of the target technologies compared to Japan (JPO) and Europe (EPO) due to a rapid increase in patent documents and an increase in patent share in the recent period. In contrast, Japan (JPO) and Europe (EPO) are considered to be in the initial stage of technology development.





4. Conclusions


Research showed objective information by reviewing patent document status, identifying R&D trends and key applicants by nation, and understanding current patent technology trends. The patents were analyzed with a focus on technologies that provide solutions to technological issues by borrowing design features from nature or the features of living organisms. The technical scope of this report included the field of technologies and materials, a domain of ecological imitation technologies that mimic conditions similar to those found in ecology. Furthermore, the technological scope of this report included robot machines and gadgets modeled after certain creatures and ecological elements.



When the entire patent trend in target technologies is examined, a dramatic growth trend can be observed, beginning in the year 2000. In the patent trends relating to target technologies, some areas constantly grow. The quick growth of patent documents in South Korea and the United States has led the overall trend since the mid-2000s, showing a rising tendency from the mid-2000s. In Japan and Europe, however, the number of applications is undergoing constant growing and declining cycles. However, it does not appear to have a substantial impact on the overall trend.



The number of patents filed for target technologies by country was 163 cases for South Korea (KIPO), 137 cases for the United States (USPTO), 43 cases for Japan (JPO), and 20 cases for Europe (EPO). The number and status of patent documents filed by locals and foreigners vary by country. The ratio and current state of patent documents filed by locals and foreigners in South Korea (KIPO) was 93% (152 cases) and 7% (11 cases), respectively. The growth stage of target technologies based on patented technologies can be understood as an increase in both the number of applications and applicants on the graph. Particularly, the number of applications and applicants increased dramatically from Section 4 to Section 5. Overall, the graph shows the shape of the growth stage.



South Korea (KIPO) and the United States (USPTO) are expected to have the potential for technology development in the target technologies compared to Japan (JPO) and Europe (EPO), owing to the rapid increase in patent documents in the recent period. In contrast, Japan (JPO) and Europe (EPO) are considered to be in the initial stage of technology development.



When considering the relative technological prospects of major countries, it is evident that Korea and the United States emerge as nations with anticipated sustained technological development activities due to the increasing patent applications. On the other hand, Europe and Japan, relatively, exhibit lower patent growth rates and patent occupancy, indicating their roles as countries for technology adoption rather than extensive technological development. Of course, the patent trend analysis in this study is a relative comparison among major countries, and it cannot be considered an absolute interpretation of the respective technologies.








Supplementary Materials


The following supporting information can be downloaded at https://www.mdpi.com/article/10.3390/biomimetics8030288/s1: Table S1: The final search query; Table S2: Representative patents; Table S3: The status of domestic and foreign patent applications in major countries.





Funding


This study was supported by grant number NIE-B-2023-18 from the National Institute of Ecology and grant number 2019002800008 through its Biomimetic Environment Pollution Management Technology Development Project from the Korea Environment Industry & Technology Institute funded by the Ministry of Environment of the Republic of Korea.




Data Availability Statement


The author confirm that the data supporting the findings of this study are available within the article.




Conflicts of Interest


The author declares no conflict of interest.




References


	



Bae, H.; Lee, E. Biological and ecological classification of biomimicry from a biology push standpoint. Ecosphere 2019, 10, e02959. [Google Scholar] [CrossRef]

	



Lebdioui, A. Nature-inspired innovation policy: Biomimicry as a pathway to leverage biodiversity for economic development. Ecol. Econ. 2022, 202, 107585. [Google Scholar] [CrossRef]

	



Wommer, K.; Wanieck, K. Biomimetic research for applications addressing technical environmental protection. Biomimetics 2022, 7, 182. [Google Scholar] [CrossRef] [PubMed]

	



Hapsari, F.N.; Purwaningsih, R.; Azzahra, F.; Sari, D.P. Velcro product design with biomimicry approaches. In IOP Conference Series: Earth and Environmental Science; IOP Publishing: Bristol, UK, 2022; Volume 1111, p. 012057. [Google Scholar]

	



Yeter, I.H.; Tan, V.S.Q.; Le Ferrand, H. Conceptualization of biomimicry in engineering context among undergraduate and high school students: An international interdisciplinary exploration. Biomimetics 2023, 8, 125. [Google Scholar] [CrossRef] [PubMed]

	



Hwang, J.; Jeong, Y.; Park, J.M.; Lee, K.H.; Hong, J.W.; Choi, J. Biomimetics: Forecasting the future of science, engineering, and medicine. Int. J. Nanomed. 2015, 10, 5701–5713. [Google Scholar]

	



Schoenefeldt, H. Adapting glasshouses for human use: Environmental experimentation in Paxton’s designs for the 1851 great exhibition building and the crystal palace, Sydenham. In Architectural History; SAHGB Publications Limited: London, UK, 2011; Volume 54, pp. 233–273. [Google Scholar]

	



Guedes, P. Firm Foundations or Shaky Ground? Unraveling Tangled Threads of Attribution; Society of Architectural Historians, Australia and New Zealand (SAHANZ): Brisbane, Australia, 2011. [Google Scholar]

	



Hookandloop.com Invention of VELCRO® Brand Hook and Loop. 2023. Available online: https://www.hookandloop.com/invention-velcro-brand (accessed on 27 April 2023).

	



Lepora, N.F.; Verschure, P.; Prescott, T.J. The state of the art in biomimetics. Bioinspir. Biomim. 2013, 8, 013001. [Google Scholar] [CrossRef]

	



Walter, L.; Isenmann, R.; Moehrle, M.G. Bionics in patents—Semantic-based analysis for the exploitation of bionic principles in patents. Procedia Eng. 2011, 9, 620–632. [Google Scholar] [CrossRef]

	



Bonser, R.H.C. Patented biologically-inspired technological innovations: A twenty year view. J. Bionic Eng 2006, 3, 39–41. [Google Scholar] [CrossRef]

	



Kristina, W.; Heike, B. Perception and role of standards in the world of biomimetics. Bioinspired Biomim. Nanobiomater. 2021, 10, 8–15. [Google Scholar]

	



Lenau, T.; Metze, A.-L.; Hesselberg, T. Paradigms for Biologically Inspired Design, SPIE Smart Structures and Materials + Nondestructive Evaluation and Health Monitoring; SPIE: Washington, DC, USA, 2018. [Google Scholar]

	



Fatimi, A. Exploring the patent landscape and innovation of hydrogel-based bioinks used for 3D bioprinting. Recent Adv. Drug Deliv. Formul. 2022, 16, 145–163. [Google Scholar] [CrossRef]

	



Russo, D.; Fayemi, P.-E.; Spreafico, M.; Bersano, G. Design Entity Recognition for Bio-Inspired Design Supervised State of the Art, Automated Invention for Smart Industries, Cham, Switzerland 2018; Cavallucci, D., De Guio, R., Koziołek, S., Eds.; Springer International Publishing: Berlin/Heidelberg, Germany, 2018; pp. 3–13. [Google Scholar]

	



Baumann, M.; Domnik, T.; Haase, M.; Wulf, C.; Emmerich, P.; Rösch, C.; Zapp, P.; Naegler, T.; Weil, M. Comparative patent analysis for the identification of global research trends for the case of battery storage, hydrogen and bioenergy. Technol. Forecast. Soc. Chang. 2021, 165, 120505. [Google Scholar] [CrossRef]

	



Ernst, H. Patent information for strategic technology management. World Pat. Inf. 2003, 25, 233–242. [Google Scholar] [CrossRef]

	



Arundel, A.; Kabla, I. What percentage of innovations are patented? empirical estimates for European firms. Res. Policy 1998, 27, 127–141. [Google Scholar] [CrossRef]

	



Ailia, M.J.; Thakur, N.; Abdul-Ghafar, J.; Jung, C.K.; Yim, K.; Chong, Y. Current trend of artificial intelligence patents in digital pathology: A systematic evaluation of the patent landscape. Cancers 2022, 14, 2400. [Google Scholar] [CrossRef] [PubMed]

	



Oguntona, O.A.; Aigbavboa, C.O. Assessing the awareness level of biomimetic materials and technologies in the construction industry. In IOP Conference Series: Materials Science and Engineering; IOP Publishing: Bristol, UK, 2019; p. 012050. [Google Scholar]

	



Forniés, I.L.; Muro, L.B. A top-down biomimetic design process for product concept generation. Int. J. Des. Nat. Ecodyn. 2012, 7, 27–48. [Google Scholar] [CrossRef]

	



Del Bakhshayesh, A.R.; Asadi, N.; Alihemmati, A.; Tayefi Nasrabadi, H.; Montaseri, A.; Davaran, S.; Saghati, S.; Akbarzadeh, A.; Abedelahi, A. An overview of advanced biocompatible and biomimetic materials for creation of replacement structures in the musculoskeletal systems: Focusing on cartilage tissue engineering. J. Biol. Eng 2019, 13, 85. [Google Scholar] [CrossRef]

	



Vincent, J.F.V. Chapter 17—Biomimetic materials. In Materials Experience; Karana, E., Pedgley, O., Rognoli, V., Eds.; Butterworth-Heinemann: Boston, MA, USA, 2014; pp. 235–246. [Google Scholar]

	



Chaturvedi, I.; Jandyal, A.; Wazir, I.; Raina, A.; Ul Haq, M.I. Biomimetics and 3D printing—Opportunities for design applications. Sens. Int. 2022, 3, 100191. [Google Scholar] [CrossRef]

	



Varshabi, N.; Arslan Selçuk, S.; Mutlu Avinç, G. Biomimicry for energy-efficient building design: A bibliometric analysis. Biomimetics 2022, 7, 21. [Google Scholar] [CrossRef]

	



Webb, M. Biomimetic building facades demonstrate potential to reduce energy consumption for different building typologies in different climate zones. Clean Technol. Environ. Policy 2022, 24, 493–518. [Google Scholar] [CrossRef]

	



Chayaamor-Heil, N. Biomimicry: Optimization strategy from nature towards sustainable solutions for energy-efficient building design. In Proceedings of the SB-LAB 2017—International Conference on Advances on Sustainable Cities and Buildings Development, Porto, Portugal, 15–17 November 2017; Green Lines Institute for Sustainable Development: Braga, Portugal, 2017. [Google Scholar]

	



Himel, M.H.; Sikder, B.; Ahmed, T.; Choudhury, S.M. Biomimicry in nanotechnology: A comprehensive review. Nanoscale Adv. 2023, 5, 596–614. [Google Scholar] [CrossRef]

	



Yong, G.Y.V. Climate-resilient urban design from a biomimicry-arcology perspective. Int. J. Environ. Archit. Soc. 2022, 2, 1–15. [Google Scholar]

	



Alkaraan, F.; Albitar, K.; Hussainey, K.; Venkatesh, V.G. Corporate transformation toward Industry 4.0 and financial performance: The influence of environmental, social, and governance (ESG). Technol. Forecast. Soc. Chang. 2022, 175, 121423. [Google Scholar] [CrossRef]

	



KIIP. Korea Institute of Intellectual Property. 2023. Available online: https://www.kiip.re.kr/en/index.do (accessed on 27 April 2023).

	



WIPS Co., Ltd. 2023. Available online: https://edu.wips.co.kr/dataroom/Search_site.jsp (accessed on 27 April 2023).








[image: Biomimetics 08 00288 g001a 550][image: Biomimetics 08 00288 g001b 550] 





Figure 1. Patent trends in major applicant countries by year. 
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Figure 2. Patent document status of locals and foreigners in major applicant countries (1980–2021). 
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Figure 3. Patent document status of locals and foreigners in major applicant countries over the last decade (2011~2021). 
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Figure 4. Patent document status of locals and foreigners in major applicant countries by year. 
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Figure 5. Patent technology growth stages of major countries. 






Figure 5. Patent technology growth stages of major countries.



[image: Biomimetics 08 00288 g005]







[image: Biomimetics 08 00288 g006 550] 





Figure 6. Portfolio analysis interpretation according to patent share and growth rate (by country). 
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