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that weighing up to 10 kg can easily cause fatigue and induce
chronic diseases such as cervical spondylosis and lumbar
spondylosis[15]. From the perspective of surgical operation
efficiency, long-term fatigue work will reduce the accuracy of
the operation and increase the operation risk.
In order to isolate the risk of surgical radiation and
improve the accuracy of the operation, researchers combined
robotic technology with vascular interventional surgery to
provide remote operation solutions for interventional surgery.
Due to the advantages of robots in operation accuracy and
remote operation, medical surgical robots have become a
focus in robotics research[16]. Nowadays medical robots
gradually provide surgeons with auxiliary operations in
various types of surgery, and even plays the main role during
precision operations. For the research of vascular
interventional surgery robot systems, universities or research
institutions focus on the research and discussion of principles
or mechanisms; enterprises tend to manufacture robotic
systems for vascular interventional surgery that can be used
clinically[26]-[35]. Currently, the representative commercial
products mainly include Corpath®, Sensei® X, MagellanTM,
AmigoTM, NiobeTM, and CGCI[17]-[21].
In our previous research, multiple interventional robot
systems was developed. These systems have force sensors
installed in robot manipulators to provide feedback of catheter
and guidewire[22]-[25]. We also applied the surgeons’
operating habits to robotic operation through the cooperative
operation of the catheter guidewire. At the same time, by
integrating VR simulators and haptic devices, we designed a
virtual training system for the operation training of novice
doctors. In further research, we proposed a cooperative
surgical robot based on the synergy of catheter and guidewire,
and evaluated it through clinical trials[21][22]. The
experimental results show that the surgical robot can complete
complex operations and achieve force feedback.
Although we considered the operating habits of surgeons
during surgeries when developing surgical robots[5], the
surgical risks brought by remote operation still exist.
According to the robot's operating strategy, if the robot detects
a force exceeding the threshold during surgery, it will perform
emergency braking or operation suspension. This dangerous
situation usually occurs in the following two situations: First,
when the surgeons’ operation causes the catheter and
guidewire bend or curl. Second, when surgeon repeatedly
inserts and retreats catheter and guidewire, the repetitive

Abstract -As a solution for remote interventional surgery,
interventional surgery robots can not only protect surgeons from
radiation, but also make surgical control more precise. Based on
previous research in our laboratory, this paper proposes a novel
misoperation preventing device for the robot operation safety
during interventional surgery and evaluates its gripping
performance through experiments. Compared with our previous
research, the novel misoperation preventing device is less affected
by voltage and can be operated more accurately. Experiments
show that the novel misoperation gripping device can complete
the clamping of guidewire by applying a pressure of more than
17.5N.
Index Terms –Interventional surgical robot; Master-slave
surgical robot; Misoperation preventing device;

I. INTRODUCTION
Many cardio-cerebral vascular diseases, such as
arrhythmia, are the main application areas of vascular
interventional surgery[1]. Nowadays, treatments of
cardiovascular and cerebrovascular diseases is divided into
drug treatment and surgical treatment. There are usually two
methods of surgical treatment, one is traditional open surgery,
and the other is minimally invasive interventional surgery[2].
Traditional open surgery mainly uses open cavities or
craniotomy to expose the lesion for further operation. This
method has great damage to the patient's tissues, causing large
amount of bleeding, slow postoperative recovery, and a high
risk of infection[3]-[10]. Compared with traditional open
surgery, minimally invasive surgery only makes a small
incision at the patients’ wrist or base of the thigh. Under the
guidance of medical imaging, surgeons operate special
medical catheter and guidewire and passed through the
incision to the lesion[11]. After the catheter reaches the
affected area, surgeons can use drugs to dissolve blood clots,
or place a vascular stent to complete the operation. Patients
have less bleeding during interventional surgery, recover
quickly after surgery, and have fewer complications[12].
Although interventional surgery is more effective for
patients, surgeons need to use imaging equipment such as Xrays in order to monitor the status of the surgery in real time
during treatment[13]. To avoid the dangers of radiation,
surgeons often wear heavy lead clothes. Due to the protective
area of the lead coat is limited and the operation requires long
time working under radiation, surgeons still have a greater risk
of getting cancer[14]. At the same time, wearing lead clothes
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(a) Schematic diagram of the grasper (b) 3D printing structure
Fig.3 The former gripping device structure diagram.

Fig.1 The complete structure of the master side, including the master
controller and the master control system

Fig.2 The prototype structure of the slave side, including the linear
movement platform and catheter and guide-wire manipulator.

(a) PEEK material printing structure
(b) Schematic diagram of
the mechanism
Fig.4 The improved gripping device structure diagram.

operation could cause misoperation. In both cases, compared
to completely stopping the operation of the robot, designing a
device that can independently stop the movement of the
catheter or guidewire is safer for remote control.
Based on these previous research, this paper proposed a
novel gripping device to prevent the misoperation during
surgery. In the second section, the robot system and gripping
mechanism are introduced. In the third section, the gripping
performance of the proposed device is evaluated using force
sensors. The results obtained from experiments and
discussions are presented in section four. Finally, the
conclusions are given in section five.

installed in each degree of freedom[24]. The controller has
two functions: first is to indicate the current position of the
joystick through the motor encoder: the position signals of the
joystick movement are converted into pulses through the
photoelectric code disc, then transmit to the master industrial
computer to achieve real-time feedback of the position. The
resolution of the joystick can reach 0.023mm. The second is to
provide reliable force feedback. The force feedback of the
Geomagic Touch X is achieved through the interaction of the
torque motor and the drive wire. The relationship between the
torque and the external feedback force is calculated to provide
the operator with accurate force feedback control.
In order to realize the cooperative operation of guidewire
and catheter, the slave side is composed of two parts: a
catheter manipulator and a guidewire manipulator. Each
manipulator is independently connected to a master controller.
The driving mechanism of the manipulator is mainly
composed of a servo motor, a drive shaft, a coupling, a
bearing, and a synchronous belt wheel. The rotation of the
motor drives the synchronous belt wheel to rotate, which
converts the motor's rotational motion into the linear motion
of the slave manipulator. Both the catheter manipulator and
the guidewire manipulator are assembled on the slide rail
through the slider to achieve reciprocating movement. Two
motors in the driving mechanism can realize the linear motion
control of each manipulator respectively. There are also
motors in both manipulators to realize the rotation of the
catheter and the guidewire.

II. SYSTEM DESCRIPTION
In order to realize the remote operation function, the
developed vascular interventional surgery robot system
consists of a master controller, a slave manipulator, and a
communication control system. The slave manipulator is
installed on the operating table through a robotic arm, and is
used to replace surgeon to perform surgical operations. The
master controller is set in the control room outside the
operating room (set on the surgeons’ console). The surgeon
directly manipulates the master side controller to complete the
entire clinical operation. The communication control system
connects the master controller and the slave manipulator
through twisted-pair line, and transmit force and location
signals between the master side and the slave side.
A. Structure Description of the Master - Slave System
The master side includes the following devices: the
master operating controller, industrial PC and control
terminal. The master operating controller uses two Geomagic
Touch X force feedback devices [23]. As an interactive
operator device, Geomagic Touch X has three degrees of
freedom in X, Y, and Z directions, and a torque motor is

B. Structure Description of the Gripping Device
During a remote surgery, the two manipulators at the
slave side of the robot operate the catheter and guidewire
separately. However, due to the limited operating distance of
the master side controller, surgeons can only insert a fixed
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Fig.5 The curve fitting results between the clamping force of the
grasper and the steering angle of the servo motor.

distance when inserting the guidewire. The operator must
perform a reciprocating motion to achieve the insertion of a
large length of guidewire. According to the actual operation
feedback in animal experiments, this repeated operation by
surgeons at this time will cause a two-way movement of
guidewire instead of a one-way insertion movement. To
ensure safety during actual surgery, the developed
interventional robot has a number of operational safety
monitoring indicators: including real-time force feedback data
of catheter and guidewire, the distance detection of the slave
manipulator, the speed and acceleration detection of the slave
manipulator. A series of braking commands for motors was
designed for slave manipulator control, and for double
insurance, we designed a guidewire grasper using
electromagnet to fix the guidewire during emergency in
previous study. However, early experiments shows that the
electromagnetic braking device has multiple using problems,
including its performance is greatly affected by the voltage.
After a long time of repeated use, the temperature rise will
cause danger to the operation. As the surgical robots we
developed aims at animal experiments and clinical trials, a
novel misoperation preventing device is designed. The
assembly structure and 3D structure diagram of the device in
the surgical robot are shown in Figure 4. The whole device is
composed of two parts: driving mechanism and clamping
mechanism. The device uses a full-angle servo motor as the
driving mechanism. The clamping mechanism is a grasper
made of PEEK material. A servo motor is connected to the
grasper through a wire rope. When the motor rotates, the
grasper can be tightened or loosened. Compared with the use
of electromagnets, the servo motor can provide a more stable
pulling force. At the same time, comparing to the non-linear
relationship between the voltage and the pulling force of the
electromagnet, changing the motor gear angle can achieve a
more precise adjustment. To avoid the damaging the
guidewire and catheter during clamping, the grasper is covered
with non-slip mat made by rubber.
In order to establish the relationship between the clamping
force of the grasper and the steering angle of the servo motor,
30 sets of clamping force data are collected within the steering
angle range of 30°, the fitting curve of the misoperation
gripping mechanism is shown in Fig.5. The resulting curve
fitting function is as follow:

(b) Miniature load cell
Fig.6 Clamping and pulling force sensing device.

(a) Film pressure sensor

−4 5
−2 4
3
Fc = −6.9954 × 10 φ + 5.3355 × 10 φ − 1.3938φ
(1)
2
+1.5433 × 10φ − 1.7388 × 10φ + 5.8214
where Fc represents the pressure exerted by the clamping
device and φ represents the rotation angle of the servo motor.
III. EVALUATION EXPERIMENT
In order to evaluate the clamping performance of the
misoperation gripping device, we designed experiments to
compare the pressure exerted on guidewire during clamping
and the magnitude of the tensile force. As shown in the fig.6,
the pressure detection in the experiment is obtained through
the film pressure sensor, and the real-time tensile force of the
guidewire is feedback through the miniature load cell inside
the slave manipulator.
In order to accurately obtain the pressure data of
clamping, the film pressure sensor was placed between the
guidewire and the clamping mechanism. During the
experiment, the rotation angle of the servo motor was changed
within the range between 97.3° to 67.3°, and the angle
decreased one degree at a time by changing the pulse width of
the PWM. In consideration of the influence of torque on the
experimental data, guidewire doesn’t perform rotary
movements during the experiment. At the same time, in order
to ensure that the experiment reflects the actual state of
guidewire under real surgical environment, the surface of the
guidewire is lubricated with clean water before the
experiment. During the experiment, the guidewire manipulator
moved in a single direction at a speed of 2 mm per second.
The force sensor inside the manipulator recorded the tensile
force data each time the guidewire was clamped. The whole
experiment is divided into 30 groups according to the angle
change, and the experiment of each angle is carried out ten
times. The average value of tensile force and pressure is taken
as the final result of each angle experiment, the experimental
results are shown in Fig.7. In order to exam whether the actual
pressure applied by the gripping mechanism is consistent with
the fitting curve, we compared the theoretical pressure value
(obtained from the fitting curve) with the actual pressure value
(collected by the film pressure sensor). The experimental
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the servo motor cannot be fully applied to the film sensor.
According to Fig.8, due to the clearance between the non-slip
mat and the servo driven mechanism, the pressure value
collected by the film pressure sensor is less than the
theoretical pressure value. Also the surface of the guidewire
was lubricated, which reduces the roughness of the guidewire
surface, making μ less than normal value. When the clamping
pressure force detected by film pressure sensor is between
10N-17.5N, the value of μ is relatively fixed, the tensile force
of the guidewire and the sliding friction force at this time are
equal in the opposite direction. Guidewire and gripping
mechanism are in sliding friction state. When the clamping
pressure force detected by film pressure sensor is over 17.5N,
the guidewire is fixed by the gripping mechanism, and the
static friction force received by the guidewire is equal to the
pulling force generated from the motor inside the guidewire
manipulator. It can be seen that the gripping mechanism can
complete the clamping of the guidewire by applying a pressure
of more than 17.5N, and able to suppress the movement of the
slave manipulator when misoperation occurs.

Fig.7 Experiment and curve fitting results between the clamping
pressure and the magnitude of the load cell feedback force.

V. CONCLUSIONS
A novel misoperation preventing device is designed in
this paper to meet the surgical safety of the interventional
surgical robot. The structure and operation method of the
device are introduced in the upper page. Through the
experiments of guidewire clamping, the designed gripping
mechanism can stop the guidewire movement by applying
pressure over 17.5N.
However, there are still several aspects of the research
that have not been solved. Such as whether the clamping force
needs to be changed under the application of torque, and the
safety of clamping when the guidewire is moved at a higher
speed. These aspects will be explored in our follow-up study.

Fig.8 Force comparison results between the theoretical pressure value
and the actual pressure value detect by film pressure sensor

ACKNOWLEDGEMENT

results are shown in Fig.8, where X-axis represents the
number of experiments and Y-axis represents the force
detection value.

This research is partly supported by National High-tech
R&D Program (863 Program) of China (No.2015AA043202),
National Natural Science Foundation of China (61375094),
National Key Research and Development Program of China
(No. 2017YFB1304401).

IV. RESULTS AND DISCUSSIONS
The fitting curve of clamping pressure received by the
film pressure sensor and the tensile force data received by the
force sensor inside guidewire manipulator is shown in Fig.7.
According to the fitting curve, we can find that because the
surface of guidewire is lubricated before the experiment, the
clamping pressure and the tensile force of guidewire are not in
a fixed proportional relationship. During the experiment, the
relationship between the pressure on the guidewire N and the
sliding friction f can be expressed by f = μ N. Where μ means
the dynamic friction factor between the guidewire and the
gripping mechanism. It can be seen from Fig.7 that when the
clamping pressure force detected by film pressure sensor is
less than 10N, μ is not a fixed value. The possible reason is
that the gripping mechanism and the guidewire are not in
complete contact, and at the same time, due to the gap
between the non-slip mat on the surface of the grasper and the
grasper itself, the pressure generated by the rotation angle of
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