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Abstract 
With the rapid development of the current economic and technological level, and the 
emergence of 5G technology, big data, and artificial intelligence, people's lives are 
becoming more and more convenient. In recent years, robotics has gradually become a 
hot topic and a key object of research and development in various countries. Among 
them, medical robots are the most important thing to ignore. Their development shows 
a trend of multi-levels and wide fields, mainly including surgical robots with expanding 
application range and industrial scale, rehabilitation robots with increasingly 
diversified product categories, and nursing robots that have attracted much attention. 
Wait. This article mainly discusses the development status of medical robots and the 
challenges and prospects they face in the current political and economic environment. 
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1. Introduction to Robots 

1.1. The Concept and Development of Robots 

 
Figure 1. The history of robotics 

Source: Open data collation 
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Robot is a kind of autonomous or semi-autonomous intelligent machine. It is a kind of automatic 
electronic mechanical device controlled by computer and capable of programming. The word 
"Robot" first appeared in Czech writer Kellel Kapik's 1920 fantasy play Rosam's Omnipotent 
Robot. In 1954, American engineer George Devore proposed to produce a kind of repetitive 
work robot for industrial production; In 1959, the first "universal automatic" robot made by 
Ingeborg and Devore came out and was applied to the automobile industry, marking the formal 
arrival of the robot era. The history of robotics is shown in Figure 1. 
The first robots helped humans with simple, repetitive and boring tasks. With the advent of the 
intelligent era, most robots have basic functions such as perception, decision-making and 
execution. They can assist or replace human beings to complete a series of heavy, complex and 
even dangerous work, thus greatly improving the work efficiency of all walks of life. In addition, 
robots have been endowed with more intelligence. In March 2016, AlphaGo won a man-
machine match against Lee Sedol with a total score of 4:1, becoming the first AI robot to defeat 
the world champion of Go. The development of advanced robotics, artificial intelligence and 
machine learning technologies is changing human life (Wirtz et al., 2018). 

1.2. Types of Robots 
Table 1. The specific classification and characteristics of the robot 

Name Industrial robots Service robots Special robots 

Concept 

Multi-joint manipulators or 
multi-degree-of-freedom 

mechanical devices for 
industrial production. 

Up to now, there is no strict 
definition. It can be divided 

into professional service 
robots and personal/family 

service robots. 

A variety of advanced 
robots operated or 
used by specially 

trained professionals. 

Operation 
method 

Tasks can be completed 
according to human on-site 

guidance; They can also work 
in accordance with human pre-

set procedures. 

Work through programs 
inputted by humans in 

advance and rely on voice 
recognition technology. 

They are operated and 
controlled by 
professionals. 

Main 
purpose 

They are mainly used in all 
aspects of industrial 

production to assist in the 
completion of operations. 

They are widely used in 
various service scenarios in 

daily life. 

They can help humans 
with all kinds of 

tedious or dangerous 
tasks. 

Application 
field 

Industrial manufacturing, 
intelligent manufacturing 

Medical, education, 
transportation, retail, etc 

Military, medical, 
space, ocean 

exploration, etc 

Pros and 
cons 

High safety factor, high 
production efficiency, high 

level of automation and 
intelligence, easy to use and 

easy to manage; 
Without creativity, the 

established procedures cannot 
quickly adapt to the changing 
real procedures, and the work 

stability is low. 

Wide range of applications, 
saving manpower and 
improving efficiency; 

The cost is high and the degree 
of intelligence is low. 

High level of 
intelligence, which can 
help humans complete 

dangerous tasks; 
The cost is expensive. 

Source: Open data collation. 
 
Robots can be divided into three categories according to their use: industrial robots, service 
robots and special robots. 
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Industrial robots, the earliest type of robots in human history, are multi-joint manipulators or 
multi-degree-of-freedom mechanical devices oriented to industrial production. They can work 
according to on-site command or according to human pre-set procedures. They are mainly 
applied in all links of industrial production (Hua, 2021; Ruan et al., 2021). With the rapid 
development of informatization and intelligence, people's requirements for production 
efficiency are constantly improving. Industrial robots are favored by the field of intelligent 
manufacturing because of their high safety factor, high production efficiency, high level of 
automation and intelligence, ease of use and easy management. In addition, as long as the 
program is set correctly, the robot can operate safely and efficiently. 
The emergence of service robots is relatively late, but in recent years, with the rapid 
development of the global service industry and the acceleration of the aging process of the 
population, service robots have shown a rapid growth trend in the world (Belanche et al., 2020). 
Service robots include professional service robots and personal/family service robots, which 
are widely used in various service scenarios in daily life, including medical care, education, 
shopping malls, rescue, transportation and so on. Among them, medical service robots, as the 
robot equipment most closely related to human life, are currently the key research objects of 
various countries and are also a new direction for the development of the global medical field. 
Special robots mainly refer to various advanced robots operated or used by trained 
professionals (Wang 2021). Special robots can be divided into two categories: civilian and 
military. Their operating environment is complex, diverse and uncertain, and they are often 
used to help human beings complete a variety of tedious or dangerous tasks. In recent years, 
with the rapid development of science and technology, special robots have also maintained a 
rapid development speed. While their performance has continued to improve, their application 
fields have become more and more extensive, and they have been involved in high-end fields 
such as medical, space, and ocean exploration.  
The specific classification and characteristics of the robot are shown in Table 1. 

1.3. Medical Robots 
Medical robots refer to intelligent service robots that are used in the medical field and act as 
assistants for medical staff. They mainly include surgical robots, rehabilitation robots, service 
robots and auxiliary robots. At present, technologies such as the Internet of Things, big data, 
and artificial intelligence are gradually developing in depth, making medical robots more and 
more attention in the field of clinical medicine (Beasley, 2012; Guo, 2021). Compared with 
doctors, robots have some special advantages: they can perform high-intensity, high-precision 
work for a long time; micro-robots can perform operations on difficult-to-reach tissues; they 
have the characteristics of medical equipment and are convenient to operate; they are highly 
adaptable and safe, and can treat a variety of diseases. However, the robot for clinical medicine 
is difficult to develop and needs strong technical support. 
Surgical robots are a category of medical robots with a relatively high technical threshold. Most 
of them are transformed from the research achievements of colleges and universities, and have 
distinct characteristics of combining production, learning and research. The Da Vinci surgical 
robot is a well-developed surgical robot (Freschi et al., 2013), which uses minimally invasive 
techniques for surgical treatment and has been widely used in obstetrics and gynecology, 
urology, cardiothoracic surgery, head and neck surgery and other fields. The Da Vinci robot has 
the following advantages: wide viewing angle, flexible operation in narrow operating space, 
reduced hand tremor and attention loss caused by fatigue; higher accuracy of operation and 
less surgical trauma, which can effectively accelerate the recovery and healing after operation. 
Rehabilitation robots are a combination of industrial robots and medical robots. Its main 
function is to assist patients to complete rehabilitation training scientifically and efficiently, and 
to create more convenience for patients' lives (Ju et al., 2005). At present, rehabilitation robots 
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mainly include rehabilitation manipulator, hospital robot system, intelligent wheelchair, 
artificial limb and rehabilitation robot, which can help patients recover motor function faster 
through intelligent adjustment and control of interaction with patients, and have broad 
application prospects. 
 

Table 2. The classification and characteristics of medical robots 

Name Surgical robots 
Rehabilitation 

robots 
medical service 

robots Auxiliary robots 

Example 

Da Vinci robot 

 

Handy1 

 

Vasteras Giraff 

 

Paro 

 

Features 

High technical 
threshold, with a 

distinctive 
combination of 

industry-
university-

research 
characteristics. 

The combination of 
industrial robots 

and medical robots 
is controlled by a 

computer and 
equipped with 
corresponding 

sensors and safety 
systems. 

In direct contact 
with people, the 

operators and users 
of the robot are non-

professionals. 

With high flexibility 
and a wide range of 

applications. 

Application 

Minimally 
invasive 

techniques are 
used for surgical 

treatment, mainly 
in cardiac surgery 

and 
prostatectomy. 

It is mainly used to 
help patients carry 
out scientific and 

effective 
rehabilitation 

training, so as to 
better restore their 

motor functions. 

It replaces medical 
staff to transport 
medicines, cases, 
etc., helps nurses 

move patients with 
limited mobility, 

shares nursing tasks, 
and performs 

disinfection work. 

Assist the medical 
process, expand the 

capabilities of 
medical staff, and 
meet the specific 
medical needs of 

patients with 
mobility problems 
or elderly patients. 

Advantages 

Broaden the angle 
of view, flexible 
operation, focus, 

reduce hand 
tremor; high 

accuracy, small 
surgical trauma, 

less bleeding, 
quick recovery 

and good healing 
after surgery. 

Effectively promote 
the functional 

reorganization of 
the mental system, 
effectively alleviate 
muscle atrophy and 

joint atrophy; a 
higher degree of 

automation, 
optimize medical 

resources. 

High safety 
performance, 

accurate positioning, 
timely feedback, 
stable state, can 

shorten the medical 
time, so that medical 
staff can concentrate 
on important work. 

High safety and 
reliability, strong 

flexibility and 
stability, saving 
manpower and 
improving work 

efficiency. 

Disadvantages 
Slow promotion 

and high cost 

High cost, low 
product experience, 

technical 
constraints 

High cost 
High cost and high 

technical 
requirements 

Source: Open data collation. 
 
The medical service robots are highly intelligent, mainly used for auxiliary medical care, and 
can independently make operation plans according to the actual situation. Its main function is 
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to transport drugs and cases instead of medical staff, and to help nurses move patients with 
mobility difficulties for nursing and disinfection (Limin & Peiyi, 2017). Their existence saves 
the time of medical staff and improves the communication efficiency between doctors and 
patients. In addition, the use of Xenex robots for disinfection can kill more than 70% of bacteria, 
reducing disinfection costs while increasing safety. 
Auxiliary robots are mainly used to assist diagnosis and treatment, and can help medical staff 
to better complete the treatment work (Zhang et al., 2021), including capsule robots, dispensing 
robots, telemedicine robots and accompanying robots, etc. In addition, social assistance robots 
can help children relax and distract in a stressful medical environment, which has a potential 
positive impact on patients. 
The classification and characteristics of medical robots are shown in Table 2. 

2. The Development of Medical Robots 

With the continuous development and progress of artificial intelligence and technology, the 
people's demand for a better life is increasing, and the medical industry has attracted much 
attention as an industry related to people's lives and health. Although a large number of medical 
workers enter the medical industry every year, it still cannot change the fact that there is a 
shortage of medical staff. As a high-tech product in the intelligent age, medical robots can 
effectively assist doctors in completing a series of complex treatment tasks and alleviate the 
shortage of medical human resources. It is the focus of competition at home and abroad. 
At present, the medical robot industry chain has been continuously improved, showing a trend 
of rapid development from upstream core components (Servo motors, sensors, controllers, 
reducers, system integration), to midstream complete machine manufacturers, and to 
downstream applications (surgery, rehabilitation, nursing, hospital services, etc.). 

2.1. The Global Development of Medical Robots 
In recent years, medical robots have maintained rapid development around the world, the most 
prominent of which are surgical robots and rehabilitation robots. As of 2017, the global market 
for medical robots had reached $11.9 billion and is expected to grow to $20.7 billion by 2021. 
2.1.1. Development of Foreign Medical Robot Industry 
Foreign medical robots have been put into use earlier and have rich clinical experience. In 1985, 
PUMA500 robot completed the first brain surgery as an auxiliary positioning device. Up to now, 
medical robots have experienced more than 30 years of development, and thousands of surgical 
robots have been put into use in the field of global medical research and practice. Medical 
surgical robots are mainly used in obstetrics and gynecology, cardiac surgery, thoracic surgery, 
urology, hepatobiliary surgery, gastrointestinal surgery, otolaryngology and other fields. The 
global surgical robot market has grown from $3.2 billion in 2015 to $8.3 billion in 2020. 
2.1.2. Da Vinci Surgical Robot 
In 1996, Intuitive Surgical Company was established; In 1999, the first generation of Da Vinci 
robot system was came out. The Da Vinci Robotic system is an advanced robotic platform for 
surgical operations using minimally invasive techniques. It consists of a surgeon's console, a 
bedside robotic arm system and an imaging system. In 2000, the Da Vinci robot system passed 
FDA certification, and the Da Vinci Si system went on the market in 2009, and it has now 
developed to the fifth generation. The Da Vinci surgical robot system is fully controlled by 
doctors. Under the joint action of its core processor and image processing equipment, the 
surgical field can be enlarged by more than 10 times, which can break through the limitations 
of human hands and perform surgery in patients' bodies more accurately and safely. As the 
leader of medical robot industry, American enterprises occupy absolute advantage in surgical 
robot field represented by Da Vinci surgical robot system. 
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2.2. The Development of Medical Robots in China 
China's medical robots started relatively late, and they have obvious characteristics of 
combining production, teaching and research. Most of the research and development of medical 
robots are participated by the scientific research teams of universities (Tsinghua University, 
Harbin Institute of Technology, Tianjin University, Beihang University, etc.). In 2014, medical 
surgical robots began to be introduced, mainly appearing in the top three hospitals in some 
central cities. The market scale of medical robots in China is about 65 million US dollars, 
accounting for 4.96% of the global medical robot market. Driven by conditions such as the 
deepening of the aging population, the increase of consumer groups, the tight supply and 
demand of medical resources, favorable policies, and the rapid development of information 
technology, my country's medical robot market has developed rapidly. Since 2016, with the 
development of technological reforms in the international medical field, the research and 
development and implementation of medical robots in China has gradually risen. The clinical 
development of various medical robots has effectively improved the problems of uneven 
distribution and shortage of medical resources in China. The "2020-2026 China Medical Service 
Robot Industry Market Operation Risk and Development Trend Analysis Report" pointed out 
that in 2019 China's medical robot market, surgery, rehabilitation, medical service, auxiliary 
robot accounted for 23%, 47%, 13%, 17%. 
2.2.1. The Driving Factors for the Development of Medical Robots in China 
In recent years, as the main demand of the medical service industry, the growth trend of the 
elderly population has gradually deepened. The number of the elderly population over 60 years 
old in China has reached 240.9 million in 2017, and is expected to increase to nearly 500 million 
by 2050. The current situation of population aging and the aging of the elderly population has 
made China's demand for medical robots great. In addition, there are about 80 million disabled 
people in China, and the demand for rehabilitation robots is also quite high. 
Since 2015, China has issued a series of important policies to support the transformation and 
upgrading of the medical field. The "Technical Roadmap for Key Fields of "Made in China 2025" 
(2015 Edition)" regards medical rehabilitation robots as one of the key development robots; 
The "13th Five-Year Plan" encourages the innovation of medical equipment and requires the 
development of medical robots; "The Notice on Expanding the Pilot Medical Device Registration 
System" clearly stated that the pilot medical device registration system has been expanded 
from Shanghai, Guangdong and Tianjin to 21 provinces, municipalities and autonomous regions 
including Beijing, Tianjin and Shanghai. The support of relevant policies has promoted the rapid 
development of medical robots. 
In China, due to the lack of financial investment and the limited number of medical personnel, 
the overall investment of medical resources is insufficient, as well as the low resource 
utilization rate caused by the unreasonable allocation of medical resources, which makes the 
medical resources tight and provides realistic conditions for the development of medical robots. 
In addition, the rapid development of information technology, such as 5G technology, Internet 
of Things, big data, cloud computing and artificial intelligence, provides technical support for 
accelerating the development and implementation of medical robots. 
2.2.2. The Development of Medical Robot Industry in China 
At present, China's medical robot industry has shown a rapid development trend, with broad 
market and application prospects. The distribution of medical robot industry in China presents 
an obvious phenomenon of regional aggregation. Beijing, Shenzhen and Shanghai have 
gathered nearly half of the outstanding enterprises, with the strongest strength and relatively 
obvious development advantages. The Beijing-Tianjin-Hebei region has the most outstanding 
development in the field of medical service robots, and is also the center of surgical robots. The 
Yangtze River Delta region has a complete industrial chain and market channels in the field of 
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medical equipment, and has obvious advantages in the field of rehabilitation robots. It is the 
leader of the regional development of medical robots, and also the center of surgical robots and 
the development of health service robots. The Pearl River Delta region has developed in the 
field of health service robots, but lags behind in other product segments. 
2.2.3. Present Situation of Various Medical Robots in China 
China's medical surgical robots are in the initial stage, and the number of them used in the 
market is far less than that of developed countries such as Europe and America. Facing the 
impact of European and American surgical robots that have entered the Chinese market, 
domestic companies are also making every effort to develop, trying to make domestic surgical 
robots able to compete in the international market. In 2014, Suzhou Kondo Robot Co., LTD., led 
by the technical team of Harbin Institute of Technology, was founded. The company has 
successfully developed two endoscopic surgical robots. In 2016, "Tianji ", the third-generation 
domestic orthopedic surgery robot developed by Tianzhihang Company, obtained CFDA 
certification. "Tianji " is the first domestic surgical robot to be certified, and also the first 
orthopedic robot in the world capable of performing full-segment surgery. In addition, 
representative surgical robot enterprises have gradually emerged in China. As of the end of June 
2019, there have been 7 outstanding surgical robot companies in the market. 
China has a relatively late start in the field of medical rehabilitation robots, and the high-end 
market is monopolized by foreign products, and there is a lack of mature domestic products. 
However, rehabilitation robots are developing rapidly in China. In 2019, it became the largest 
market segment in the field of medical robots in China, accounting for 42.9% of the market 
share. There are a large number of people with brain injuries in China, and the market scale of 
the rehabilitation industry will reach 700 billion yuan in 2020, which provides important 
conditions for the research and development of rehabilitation robots. At present, it is necessary 
to clarify the key development direction of human-computer interaction control, combine the 
research and development of rehabilitation robots with clinical practice, and overcome 
technical problems in practice to meet people's needs. 
The development of medical service robot and auxiliary robot is late in China, but the number 
of enterprises occupy an obvious advantage. In recent years, with the continuous improvement 
of China's independent research and development capabilities, some new products with 
independent intellectual property rights have come out, especially in the product development 
of capsule robots, diagnosis guidance and pre-diagnosis robots. During the COVID-19 pandemic 
in 2020, disinfection robots played a huge role (Zeng et al., 2020). 

3. Challenges and Prospects of the Development of Medical Robots in 
China 

3.1. Development Challenges of Medical Robots in China 
High requirements for safety certification: Both in China and abroad, the product certification 
of medical robots is very strict, while ensuring the orderly development of the medical robot 
industry, it sets a higher threshold for the market access of medical robots. Compared with 
foreign countries, China's review of medical robots is more stringent. For example, in the field 
of rehabilitation robots, China requires that all products must be certified through clinical trials, 
which virtually extends the research and development cycle of medical robots in China, and 
puts forward higher requirements for the industrial development of medical robots. 
The coordinated development of various industries needs to be further improved: It is a 
relatively long process from project approval, research and development to clinical trial and 
formal application of medical robot, and it is also a process of multi-technology interaction 
including robotics, computer technology, virtual reality technology and other science and 
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technology. The development of medical robots involves many disciplines, including medicine, 
mechanics, biomechanics, materials science, computer science, etc., which requires the 
coordinated development of related industries in various disciplines to ensure that medical 
robots can reach high standards in all aspects of research and development and eventually form 
high-quality products. 
Difficulties to raise funds: Medical robots have many advantages, which can not only bring huge 
profits to enterprises, but also accurately treat diseases, assist medical staff to complete their 
work, and help patients recover and live a better life. However, due to its long R&D cycle and 
high R&D costs, sufficient funds are required to ensure the smooth progress of the entire R&D 
process. High risks and high investment are a major challenge facing the R&D of medical robots. 
The innovation of intelligent technology is relatively weak: The innovative application of 
medical robots in China is still in the stage of introduction. Compared with the excellent R&D 
teams and original core technologies owned by some developed countries in Europe and 
America, the innovative R&D of the core technologies of medical robots in China is relatively 
backward. The products are mainly auxiliary and service types, and most of them are 
concentrated in the low-end market. There is an urgent need to break through technological 
innovation and enhance core competitiveness. 
Industrial talent gap is large: The research and development process of medical robots involves 
a variety of disciplines and technologies including medicine, mechanics, big data, artificial 
intelligence and so on. With the increasing complexity of its functions, there is an increasingly 
urgent demand for talents with professional skills in multiple fields. However, at present, the 
professional courses of medical robots in domestic universities are not perfect, and there is a 
large talent gap in the professional field, so the task of training professionals in China is very 
arduous.  

3.2. Development Prospect of Medical Robot in China 
National policy support: Since 2015, China has issued a series of policy documents supporting 
the research and development of medical robots. During the COVID-19 pandemic in 2020, there 
was a serious shortage of medical staff, which virtually promoted the reform and development 
of the medical system. In addition, 2020 will be the first year of 5G commercialization, and with 
policy guidance and technical support, the medical robot industry will see rapid development. 
The scale of the market continues to expand: With the rapid development of information and 
science technology, the related research of medical robots is also gradually deepened; With the 
acceleration of the aging process of population, the improvement of people's awareness of 
diseases and the level of disposable income, China's demand for medical robots is also 
increasing. Under the two-way promotion of supply and demand, the market scale of medical 
robots in China will further expand. 
Human-computer interaction continues to deepen: The use of medical robots emphasizes the 
interaction between human and machine, through visual and tactile interactions, to achieve 
information feedback and enhance the sense of reality. In order to enhance the sense of 
experience, the research and development of medical robots will pay more attention to the 
improvement of accuracy. With the support of interactive multi-model, three-dimensional 
sensing and other technical means, the recognition rate can be improved, and under the 
synergistic effect of AR technology, things in the surrounding environment can be more 
accurately identified, so as to respond to various changes. At the same time, the perception, 
cognitive and learning abilities of medical robots will be improved, and the combination of 
doctors and the robot industry will be deeper. 
The rise of new medical robots: Minimally invasive surgery is favored for its advantages of small 
trauma, less pain and faster recovery. Currently, Da Vinci porous surgical robot is used in most 
minimally invasive surgery, while single-hole surgical robots require lower operation space, 
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smaller postoperative trauma, faster recovery and lower cost than porous surgical robot, which 
has become the key development direction of medical surgical robot. In addition, the current 
medical micro-robots are mainly capsule robot, and the research of Harbin Institute of 
Technology and Tianjin University in the field of nano-targeted robots has shown initial results; 
In 2020, the research team from the Second Affiliated Hospital of Zhejiang University 
successfully developed a photosynthetic organism hybrid micro-nano robot system, which can 
be used for targeted therapy of tumors. With the continuous development of high and new 
technologies, nano-targeted robots that can deliver drugs to patients' wards through magnetic 
field control and vascular injection, as well as flexible robots that enhance the convenience of 
operation will become the development trend of medical robots. 
Penetration into various fields: At present, China's medical robot market mainly includes 
surgical robots, rehabilitation robots, service robots, nursing robots and teaching robots. With 
the improvement of information level and the acceleration of intelligent process, its application 
fields will continue to expand. The field direction including various new medical robot 
mechanisms, equipment, remote information transmission technology, intelligent sensors, etc. 
have become the research focus of enterprises and research teams. In the future, medical robots 
will gradually penetrate into all medical practices and related research, including surgical 
treatment, service, nursing and rehabilitation, and bring greater benefits to mankind. 
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