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Introduction. As an interdisciplinary subject, bionics provides new ideas,
principles and theories for scientific and technological innovation, and is an im-
portant tool for innovation [1,2]. It focuses on the application of "biomorphology,
structure-function, color composition, and texture intention" [3,4], and emphasizes
the inspiration from the structure, function, processes, and mechanisms of living or-
ganisms that adapt to their environment to create innovative designs for sustainable
social development [5,6]. With the advent of the era of the fourth industrial revolu-
tion, bionics has received worldwide attention, and the market scale it relies on is
expected to expand [7]. Bionics has gradually developed into a new interdisciplinary
discipline based on the interpenetration and integration of multiple disciplines under
the demand of modern intelligent manufacturing [8]. Entering the information age,
bionics is more closely connected with frontier technologies. With the rapid devel-
opment of computer technology and the trend of intelligent product innovation, the
market has put forward higher requirements for innovative products in various fields,
and human beings have begun to explore the bionic field at a deeper level [9]. Under
the trend of efficient automation, the single use of traditional bionic design methods
can no longer meet the innovation needs. A variety of software implementations, pro-
gramming languages and technologies have emerged in the software industry [10].
Computer technology is gradually applied to bionic design. With the attempts of
scholars, computer aided bionic design innovation has achieved remarkable results
and has been used as a common innovation method in various fields. In order to
increase the application scope of computer aided bionic design and increase the pos-
sibility of innovation and integration in various fields. This paper summarizes the
relevant literature and practical hotspots of computer aided bionic design in the past
ten years, analyzes the existing problems and puts forward reasonable suggestions to
help scholars of various disciplines understand the advantages and functions of com-
puter-aided bionic design, so as to guide the innovative design and development in
various fields. It mainly focuses on the following three aspects: 1. Current situation
of computer-aided bionic design; 2. Problems in computer-aided bionic design; 3.
Analysis of hot spots and trends of computer-aided bionic design.

Concept and application direction of computer aided technology. Com-
puter aided technology refers to the methods and techniques that use computers as
tools to assist people in completing tasks in specific application fields [11]. It mainly



includes: CAD (Computer Aided Technology); CAPP (Computer Aided Process
Planning); CAE (Computer Aided Engineering); CAM (Computer Aided Manufac-
turing); CAQ (Computer Aided Quality); CAT (Computer Aided Test); and CAM
(Computer Integrated Manufacturing) [12]. The basic concepts and application di-
rections of computer aided technology are shown in Table 1.
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Fig.1 Concept and Application Direction of Computer Aided Technology

Computer technology applied to assist bionic design. In recent years, com-
puter-based graphics knowledge has developed and become the most common trend.
Designers usually use computer aided design to generate design concepts and draft
documents. Computer aided manufacturing (CAM), computer aided design (CAD),
computer related algorithms, and other computer technology support have become
beneficial tools to assist designers and engineers in producing goods [25-27]. In re-
sponse to the development of the times, scholars have started to try to apply computer
aided technologies to guide bionic design and apply natural biological advantages to
innovative practices in more fields. For example, Li et al. used computer 3D printing
technology to build a bionic folding wing and tested its folding and unfolding per-
formance [28]; Jia et al. used theoretical analysis, computer simulation, and design-
expert software to determine the optimal combination of parameters and test it soft-
ware to determine the optimal combination of parameters and experimentally opti-
mize the design to complete the design of an intelligent forelimb discharger for a
bionic mole rat [29]; Zhong et al. proposed a structural topology optimization method
combining bone remodeling algorithm and practical engineering requirements based
on bionic principles using MATLAB and ANSY'S joint simulation [30].

From the above research, it can be seen that computer aided bionic design has
achieved significant results in many fields, such as creating structures with better
mechanical performance, proposing new research methods, and optimizing and ver-
ifying existing designs to improve efficiency, etc. However, no scholars have done a
systematic review of computer-aided bionic design, so it is difficult to form a com-
plete and standardized scientific design method for the reference of academia and
enterprises. Therefore, this paper will further analyze the current situation, research



focus and trend of computer aided bionic design to provide reference for enterprise
innovation.

Current situation of computer aided bionic design. Since the 21st century,
the trend of computer aided bionic design research has attracted the majority of re-
searchers to explore and apply, and achieved remarkable results [31]. To some extent,
it has been verified that computer technology is an effective tool as a guide for bionic
design applications and has helped to develop innovations and research methods in
various fields. For example, students from ICD, ITKE and the University of Stuttgart
explored the translation of the biological principles of sea urchin plate skeleton mor-
phology in architecture through computer design simulation and computer controlled
manufacturing methods; Li et al. built the framework of information security active
defense system of digital twin system based on bionic knowledge and digital twin
technology to improve industrial information security defense capability [32]; Zhu
team of Beijing Institute of Fashion used wall surface as a carrier, based on computer
programming technology to imitate the rhythm of deep sea creatures when they
breathe, and changed the exposed area of noise-reducing base material through the
technique of airbag deformation, thus regulating influence the sound absorption ca-
pacity of the noise reduction materials and achieve the effect of indoor sound regu-
lation. It 1s not difficult to see that the application of computer aided bionic design
has made some progress, and there are new explorations in many fields such as ma-
terials, machinery, architecture, and computers.

Hot research fields and technical achievements. Through collecting and
sorting out the literature related to computer aided bionic design at home and abroad
in the past ten years, it 1s found that the application hotspot areas mainly contain
mechanical robotics, material development, product design and so on.

In order to broaden the road of computer bionic applications, this paper sum-
marizes the main application technologies and existing achievements in each hot
field, as shown in Fig.2. It is found that MATLAB and simulation software are mainly
used to establish dynamic models and upgrade and mechanical structures in the field
of robotics. In the field of material development, computer simulation and rapid
printing are mainly used to construct models with excellent performance. In the field
of product design, MATLAB and parametric modeling are mainly used to improve
product performance and provide customized products.
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Fig.2 Hot research fields, application technologies and research achievements of
computer bionic design

Research focus on computer-aided bionic design. By sorting out the hot ap-
plication fields of computer aided bionic design, the main technologies of computer
aided bionic design and the existing achievements in each field are clarified. In order
to explore the research focus of computer technology aided bionic design, clarify the
research ideas and master the related technologies, this paper also analyzes the re-
search focus and methods of computer aided bionic design, and finds that computer
technology for bionic design is mainly focused on four aspects: auxiliary bionic form
extraction and processing, bionic structure establishment and modification, biologi-
cal color extraction and application, and bionic design post-optimization as shown in
Fig.3.
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Fig.3 Key Points of Computer Aided Bionic Design

Problems in computer aided bionic design. At present, computer aided bi-
onic design has not formed a set of systematic methods with certain inapplicability.
The main reason lies in the application field is not comprehensive, lack of norms,
research methods homogeneity and other aspects of the problem.

Applicability in various fields is difficult to prove. By combing and analyz-
ing the current application field of computer aided bionic design, it is found that
computer aided bionic design is a breakthrough interdisciplinary attempt in the 21st
century, but there are still some doubts about the research methods. The main reasons
are as follows: first, there is a lack of practical cases. At present, various scholars
mainly conduct simulation testing and modification through computer software, and
lack ground test and production application, so it is difficult to support the feasibility
of this research method. Second, there are few research results in other fields. In
addition to the relevant research of hot subjects, other disciplines are still in the ex-
ploratory stage. There are few existing studies and no outstanding landmark achieve-
ments. It is still a long way to explore the applicability and limitations of computer
aided bionic design. Third, the lack of comparative verification. Although various
scholars try to infer that the results obtained by computer-aided bionic design method
are better through comparative experiments, as a research method, there is a lack of
horizontal comparison, and few scholars try to compare the research results with



other methods, so it is difficult to explain the advantages of this method and it is not
convincing.

Lack of unified standards and objectivity. The lack of unified standards and
objectivity of computer aided bionic design mainly stems from the following two
aspects: On the one hand: the advantages and disadvantages of the application of
technology are unclear. Through the investigation and summary of the application
technology, it is found that a variety of computer software assisted bionic design can
achieve the same purpose. Scholars often choose the corresponding technology ac-
cording to their own habits, which lacks some objectivity. At present, there is no
complete summary of the advantages and disadvantages of various software, leading
to no norms and standards in the innovation of computer-aided bionic design.

On the other hand, the rationality of application of bionic elements lacks cer-
tain objectivity. Especially in the case of morphological bionics, although computer
technology can extract biological forms and optimize lines very well, the cognitive
gap between users and designers is gradually shortened through the constructed
model [33]. However, in the process of application, the matching degree mostly de-
pends on the designer's aesthetic and subjective consciousness judgment, which is
easy to appear unreasonable application and poor effect.

The homogenization of research methods is serious. At present, this method
can quickly provide support for the establishment, optimization and modification of
bionic elements by applying the advantages of computer software to assist bionic
design. The application mainly focuses on two-dimensional plane drawing, three-
dimensional convenient modeling and finite element analysis, which provides great
convenience for innovation in various fields. However, too much focus on the appli-
cation of software, only the pursuit of rapid processing of biological elements, the
limited software function leads to the basic consistency of research methods in vari-
ous fields, the advantages of quantitative analysis gradually evolved into rigid han-
dling plagiarism, homogenization is serious, not conducive to the development of
new ways of innovation.

Research Development Trends. At present, with the improvement of com-
puter aided bionic design, this method has been gradually applied in many fields such
as computer, material, product design and so on. The discussion on computer aided
bionic design can be carried out from the following aspects:

(1) Adapt to the trend of the times and apply to the design of products suitable
for aging. Based on the research results of existing robots, we can apply computer
aided bionic design to service robots. Such as Thamaki, Zhang,Xiaodong, Zhang
Wanyu and other scholars have started to study bionic robots serving the elderly [34-
36], using science and technology to serve the elderly, paying attention to the eco-
nomic development of the elderly enabled by science and technology, and making
contributions to the physical and mental health of the elderly and their better integra-
tion into society. It will be a very promising attempt to apply interdisciplinary meth-
ods to the research of hot topics.

(2) Realize effective mapping of product modeling and biological elements. At



present, computers can well realize the extraction and processing of biological fea-
tures. In the application of element matching, although some scholars have tried to
use computer technology to judge whether the application of elements is accurate,
there are still some limitations. In the future, qualitative and quantitative tools can be
combined to develop a set of norms for evaluating whether the effective mapping
between product modeling and biological elements is realized.

(3) Optimization of computer aided bionic design method. Although the exist-
ing methods have created some value, the application technology width and research
depth are not enough. In order to broaden the breadth of technology, we should first
master the advantages of various computer technologies, and then try to match the
technology to the appropriate research of bionic design. At this stage, theories in
other fields can be introduced to improve the shortcomings of existing methods, so
as to increase the applicability of the method. In order to deepen the research depth,
the advantages and disadvantages of applied technologies can be summarized to pro-
vide references for scholars in other fields to choose appropriate innovation methods.

Conclusion. Computer aided bionic design is an effective means of modern
innovation and a multidisciplinary trend under the incentive mode in the intelligent
era. It is very beneficial to the whole process modeling and the overall optimization
of the process, and can effectively support the integration of innovation in various
fields.

(1) This paper collects the application data of computer aided bionic design in
the past ten years, systematically combs and summarizes the hot research fields, re-
search achievements, applied computer technology and research priorities of com-
puter aided bionic design.

(2) At present, there are still many limitations in the application process of
computer aided bionic design. Therefore, the reasons are analyzed, such as incom-
plete application field, lack of norms, homogeneity of research methods, etc., and the
problems behind the reasons are analyzed to provide suggestions for future optimi-
zation and upgrading.

(3) The development trend of computer-aided bionic design is analyzed, and
the exploration idea of broadening the breadth of technology research - combining
theories in other fields - extracting biological elements efficiently - realizing the ef-
fective mapping between products and elements - verifying the rationality of appli-
cation and market value - enhancing the practicability is proposed; how to optimize
the existing methods, maximize the use of the previous work, and how to provide
reference for other scholars are discussed.
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