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Abstract. The emergence of artificial intelligence (Al) technology has once again
promoted the development of robots by making them more efficient, independent, and
intelligent. With the progress of the times, the two promote each other and develop
together in many fields, especially in the field of medical and health. This paper describes
the strengths and limitations of surgical robots and intelligent medical robots as well as
their possible development trend in the future from both hardware and software aspects.
Conclusions can be drawn that, on the one hand, surgical robots can improve the safety
and reliability of the surgery and intelligent medical robots can help achieve drug research
and development, intelligent diagnosis and treatment, intelligent image recognition, etc.
These can help doctors make diagnoses and treatments more accurately; on the other hand,
it is difficult to install an electronic sensor on the mechanical arm at present, the current
positioning technology is not perfect, and the rotation angle of the mechanical arm is
limited. These limitations improve the difficulty for doctors to use surgical robots.
However, with the continuous progress of robot and Al technology, the limitations of
many surgical robots can be improved and more targeted Al technology can be developed
and applied in specific fields.
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1. Introduction

The original generation robots are a kind of remote control operator, while the second generation
robots can achieve the purpose of automatically completing certain operations according to the
program prepared in advance. The current generation robots are more intelligent. They can use various
sensors to capture information and then analyze it through intelligent technology to achieve the
expected autonomous action. A current robot is generally composed of hardware and software. The
hardware of the robot is an integration of machinery and electronics, including the body of the robot,
as well as the components of the control system. Software refers to the operating system of the robot
and various application packages. With the continuous updating and iteration of software types and
functions, requirements for hardware are becoming stricter and stricter. Nowadays, robots become
more and more intelligent, especially medical surgical robots. This paper mainly studies the effective
solutions to the limitations of surgical robots, including the application of current artificial intelligence
technology in some specific medical fields. This paper can help understand how artificial intelligence
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technology can solve the limitations of surgical robots from both hardware and software aspects, the
problems that still exist today, as well as the future development and ethical issues that people are
concerned about.

2. Hardware: the development of surgical robots

Since the 1960s and 1970s, the design and control of general-purpose robotic arms were studied, and
in the following two decades, robotics was developed to perform simple tasks on upper production
lines. As robotics continued to evolve, more applications in new areas appeared in the 1990s,
particularly in the health care and service sectors as well as in defense [1]. Robotics development is
analyzed through the range of hardware and software applications of robots. Firstly, hardware makes
up the body of the robot. For example, most robotic vehicles and robotic dogs are now relatively
mature in technology, but humanoid machines are not yet flexible enough. They have rigid movements
and a high failure rate when performing their assigned tasks. However, robots like those developed by
Boston Company have developed better and better body size, stiffness, flexibility, and perception.
Moreover, they can already do many difficult actions. Different types of robots are now used in
specific fields, such as search and rescue missions, service robots, and the health care industry.

2.1. Strengths of surgical robots

The surgical robot is a medical device mainly used for minimally invasive surgeries. Figure 1 shows
researchers using a surgical robot, which can be seen as the surgeon driving the surgical robot through
a computer console at a certain distance from the patient to perform the surgery. Laparoscopic surgery
is an important transition from traditional open surgery to minimally invasive surgery, usually using
traditional surgical instruments such as endoscopes, small tubes, and miniature cameras [2]. However,
the freedom to use traditional surgical instruments is limited because most actuators are rigidly
connected to axial handheld instruments, which makes some procedures difficult to perform,
especially in narrow surgical areas and complex surgical settings [3,4]. Surgical robots can effectively
help solve these difficulties. One of the most popular teleoperated robots, the da Vinci system, has
four robotic arms, each consisting of an active part and a passive part, and only the active part can
move during the operation. Out of the four robotic arms, three of them operate surgical instruments
and the other is a kind of camera with two lenses, which can provide the surgeon with a clearer,
three-dimensional vision and facilitate surgeons to observe the surgical area [3,5]. In addition, surgical
robots can eliminate physiological tremors, thus reducing the probability of accidents and making
surgery safer and more reliable [6].

Figure 1. Robotic arms and the surgeon’s console [6].
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2.2. Limitations of surgical robots

However, surgeons cannot perceive the magnitude of the force while performing surgery due to the
difficulty of installing any electronic sensors on the robotic arm, which means that even small errors in
operation can cause large damage to human tissue [7]. The surgical robot can also calculate the best
target position by automatic positioning through system calculations, but there are still some problems
that have failed to be taken into account [5]. Moreover, when the robot performs adaptive scene
analysis, the operation time may be prolonged in order to avoid singularities, and the failure rate of the
operation and the cost of the associated optical tracking system may increase as a result [8]. Although
the surgical robot offers a great degree of convenience and efficiency, more research is needed to
improve and increase its safety and reliability in order to get the most appropriate position for the
surgical operation, which requires higher demands on the software.

3. Software: the development of intelligent medical robots

If hardware is the body of a robot, then the software is the robot's brain, controlling its behaviour.
Many robots are autonomous or semi-autonomous. They simply perform actions according to a
program and act according to the program design. They can perform repetitive movements but are not
intelligent. It can be said that artificial intelligence gives robots the ability to think about problems,
and robots are the outward expression of artificial intelligence. Intelligent robots are advanced robots
that are capable of achieving predetermined goals independently and autonomously, using various
sensors to obtain information about the environment. The expert system interprets the data from the
sensors and enables inference, prediction, diagnosis, design, and control, increasing not only its safety
but also its reliability. Its research areas include language learning and processing, knowledge
representation, reasoning, machine learning, etc. It has been applied to intelligent control, expert
systems, machine translation, aerospace applications and many other fields [9].

3.1. Strengths of intelligent medical robots

Since its introduction at the Conference on Machine Simulation Intelligence in 1956 and its rapid
development, artificial intelligence has gradually been applied to the field of medicine, and in recent
years it has played an increasingly important role in medical robotics, drug development, medical
imaging, clinical assistance and treatment selection [10]. For minimally invasive surgery, as medical
technology continues to advance, in addition to the da Vinci system, there are now robots that can be
targeted to perform specific tasks, such as intelligent tissue-autonomous robots that are designed for
soft tissue suturing. There are also autonomous robotic systems capable of achieving direct
collaboration with surgeons. For instance, the Smart Autonomous Robotic Assistant Surgeon Project
(SARAS) is capable of performing surgical operations that are normally performed by assistant
surgeons [11]. It is able to process real-time data and compare it with actual surgical data through
embedded specific surgical knowledge. By recognising and interpreting the surgeon's movements, it
can predict the development of the operation. Figure 2 illustrates the SARAS Solar-Surgery platform
architecture, which can be clearly seen with two autonomous robotic arms holding laparoscopic
surgical instruments that can collaborate with the attending surgeon through voice commands, etc. The
SARAS Al is able to receive, understand, and execute explicit requests, making decisions like humans
and cooperating with the attending surgeon when necessary. The artificial intelligence integrates a
perception module, a cognitive module, and a planning module, which allow it to reconstruct the
surgical environment with sensor markers, identify possible anomalies, predict the development and
needs of the surgeon's operation, and plan the appropriate trajectory for the decisions made by the
surgical instruments through the cognitive module. The minimally invasive surgical system SARAS
Solo-Surgery is able to autonomously understand current and future surgical situations and perform
predefined operations at the right time and place.
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Figure 2. Solo-Surgery platform architecture [11].

As mentioned earlier, the surgical robot can calculate the best position through the system, but this
does not guarantee that this is the most appropriate position for the operation, and Al-guided surgery
can better solve this problem. Surgeons usually need a long period of training and years of experience
to be able to perform precise surgical operations. An Al-assisted surgical navigation system can build
a dataset by collecting a large number of videos of experienced surgeons performing surgery and then
converting the information about the surgical incisions in the scene into digital data. Figure 3
illustrates the general surgical navigation process, where, depending on the surgical situation before
the surgeon performs the operation, the Al model presents the appropriate incision line as a reference,
which can be safer than before and reduce the probability of accidents [12]. The integration of
artificial intelligence technologies into health care continues to deepen, and the shortcomings and
limitations of surgical robots are slowly being solved.
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Figure 3. The procedure of general surgical navigation [10].

In addition to its evolving and significant role in minimally invasive surgery, artificial intelligence
systems can be used to reduce common complications in balloon angioplasty applications [13]. Based
on Al deep learning capabilities, researchers have attempted to investigate Al neurotechnology to
decode the motor intent of an amputee's peripheral nerves through an Al agent, and have obtained
satisfactory performance and high success rates through a series of tests [14]. With all these examples
of applications and ongoing process research, it is easy to see that Al is not only being used more and
more widely, but is also becoming more and more targeted, applying Al techniques and robotics to
specific scenarios and practical needs.

3.2. Limitations of intelligent medical robots

However, this does not mean that the development of Al is smooth sailing. Along with its rapid
development, Al is also facing many engineering ethical issues, particularly in the areas of privacy and
surveillance, such as the opacity of Al systems and bias in decision-making systems and
human-computer interaction [15]. In addition to ethical issues, the responsibilities and obligations of
Al and robotics are also a concern, including the moral responsibility of Al, and the practical
responsibility, which requires better laws to regulate and constrain its development [16].
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In addition to this, Al technology continues to have limitations. Currently, the results of Al
technology play an important role in many specific areas, including speech recognition, image
recognition, etc., but functioning in the so-called individual zone is only part of the various areas of
the human brain that perform intelligent work; it does not perform the full range of functions similar to
the human brain. It has speech recognition and image recognition, but artificial intelligence cannot yet
work in concert with functions such as self-control, self-awareness, and self-understanding. Currently,
there are also a number of researchers who have proposed a number of ways to address the limitations
of Al, for example, through the extension of Al models and the development of a super-intelligent
model of brain function, by combining artificial life technologies and Al technologies with memory
functions to build a brain intelligence model to extend current Al [8]. In the future, robotics and Al
technology will continue to evolve and improve, becoming not only more efficient and intelligent, but
also more safe and reliable.

4. Conclusion

Artificial intelligence technology and robots have been developed for many years, playing an
increasingly important role in the medical and health field. With the continuous improvement of
technology, more and more problems have been improved and solved. With the help of medical
intelligent robots, doctors can make more accurate judgments. By providing doctors with clearer
stereo vision and eliminating physiological tremors, surgical robots improve the safety and reliability
of surgery, which not only reduce the burden of doctors, but also help patients recover faster. In
particular, the emergence of artificial intelligence surgical navigation technology can help doctors find
the most appropriate operation position more quickly by processing a large amount of collected data,
videos and other information, and further improve the efficiency of surgery. In the future, artificial
intelligence technology will continue to be used to assist doctors in disease diagnosis and surgery, with
more expansion, becoming more intelligent, safe and effective. In addition, service robots and robots
working in dangerous and harsh environments will also get greater development. The combination of
artificial intelligence technology and robot technology will become more efficient and intelligent,
realizing machines with both robot limbs and human intelligence, and creating a more intelligent
world. At the same time, the issue of engineering ethics should also be paid attention to. When robots
obtain corresponding rights, they should also have corresponding obligations and assume
corresponding responsibilities.
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