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1. Outline of the research

With the quickening pace of modern life, the brain diseases of people are
increasing, such as cerebral aneurysm and infarction and so on. The
traditional surgery spends patients a lot of operation time and has long
recovery time, the burden on patients is heavy. Minimally invasive surgery
(MIS) has grown as a very suitable domain by using robot-assisted system.
A lot of diagnosis and medical surgery with an endoscope or a catheter are
performed for minimally invasive surgery recently. There are a lot of
advantages as earliness etc. However, it requires a lot of skills for the
operation so that this may do the operation in the inside of the body that
cannot be watched directly. Such surgery presents many challenges: 1)
Doctors must be very well trained and possess the skills and experience to
insert catheters. Intravascular neurosurgery is much more difficult than
traditional surgery and there are few skilled doctors who can perform this
type of operation. To keep pace with the growing number of patients, a
mechanism is required to allow the training of sufficient numbers of doctors.
2) During the operation, doctors check the position of the catheter tip using
the X-ray camera. Although they wear protective suits, it is very difficult to
shield the doctor’s hands and face from the effects of the X-ray radiation,
which may result in radiation-related illness after long periods of exposure. 3)

In intravascular neurosurgery, catheters are inserted into the patient’s blood



vessels, which in the brain are very sensitive. When operating in this area,
extreme care 1s required to avoid damaging the fragile vessels. An
experienced neurosurgeon can achieve an accuracy of about 2 mm. However,
as the contact force between the blood vessel and the catheter cannot be
judged accurately by the doctor, so how to measure the contact force and
feedback to the surgeon become significant. 4) There is not a kind of robotic
catheter system can imitate surgeon’s operating skill to insert and rotate
catehter. Therefore, a master-slave robot-assisted catheter system 1is

required for such cases so that the operation can be proceeded.

2. Research results

(1) Development of a robot-assisted catheter system with PID fuzzy control

In this study, a new prototype robot-assisted catheter system has been
designed and constructed based on the requirements for the endovascular
surgery. After completing evaluation performance of this developed system,
we presented a practical application of a fuzzy PID control to this developed
system and compared it with the traditional control method experimentally.
The accuracy of axial and rotational movement during the remote operations
has been improved. The tracking error with fuzzy PID is below 2mm and 10°
in terms of insertion and rotation and it can satisfy the practical application

in minimally invasive surgery.

(2) Evaluating performance of a novel catheter manipulating system

We redesigned and developed a novel robotic catheter manipulating system
with haptic device which surgeon could manipulate the clinical catheter in
the master side and can feel force feedback. Performance evaluation of this
system was conducted to test both the dynamic and static performance of
manipulation and synchronization between master and slave side. The
presented system is a unique platform that provides the surgeon with the
ability to use their dexterous skills to perform catheter interventions from a
location remote to the patient. The experiments showed the system has the
ability to be a training system for neurosurgeons and to complete the clinical

interventional surgery in the future.

(3) Experiment (In Vitro) of the robotic catheter manipulating system

In this part, the experiment of the robotic catheter manipulating system
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was carried out by using Endovascular Evaluator (EVE). Combining the
remote operation on EVE simulator, implementation with the surgeon’s skill
verifies this system as an effective approach to reduce surgeon’s radiation
exposure and physical discomfort. The experimental results indicated that
the contact information between catheter and blood vessel can be measured
well. Also, the detected information can be transmitted to the surgeon as the
feedback information.

3. Conclusions and future work

In this research, firstly, we designed and developed a kind of novel
robot-assisted catheter system, including design of mechanisms and design
of control system. After completing evaluation performance of this developed
system, we improved control method to this developed system and the
feasibility and effectiveness of this control method were demonstrated.
Secondly, We redesigned and developed a novel robotic -catheter
manipulating system with haptic device which surgeons could operate the
clinical catheter in the master side and could feel the force feedback. The
whole system was evaluated in terms of dynamic and static performance
both in the axial and radial motions. The results of synchronization
experiments had to evaluate the accuracy and precision of sensed and
replicated motions. Finally, Tele-operation had been done by EVE simulator
to provide the performance under the similar situations of clinical surgery.
In the future, the performance of the haptic device will be discussed.
Moreover, utilizing this system to perform a range of interventional surgery

in vivo is required to the clinical practice.
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