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interventional surgery and developed a set of force feedback
master-end system equipment using magnetorheological fluid
technology[7]. Our laboratory has developed a novel remotecontrolled vascular intervention robot based on previous
research[8][9]. In response to some problems of vascular
robots, our laboratory has made many improvements.
Reasonable improvements have been made in the force
feedback[10]-[13] of the surgical robot, the navigation of the
catheter[14][15], and the coordination of the master and slave
side[16][17].
However, in practical applications, the accuracy of the
operation does not only depend on the surgical equipment.
The final result of the surgical operation is affected by many
factors, the most important of which is the decision made by
the doctor during the operation[18]. The increase in jitter will
reduce the accuracy of the hand movements when the surgeon
performs the operation. Moreover, in minimally invasive
surgery, the impact of the doctor's handshaking on the
operation is significantly amplified [19]. In response to the
tremor of the operator's hand in the joystick robot system, the
MIT research team designed an algorithm to filter out the
tremor signal based on a low-pass filter[20]. Because the
frequency of the tremor signal is between 8-14 Hz[21], the
low-pass filtering method can filter the tremor signal, but there
is no obvious threshold boundary between the frequency of the
tremor signal and the normal motion signal, and the role of the
low-pass filter is to The signal is filtered, so the low-pass filter
cannot effectively filter the vibration of the joystick robot
system. Therefore, this method is only suitable for simple
tremor signal filtering, and cannot accurately filter and
suppress tremor signals while retaining effective motion
signals.
Besides, the research team of the University of Arkansas
in the United States proposed to use a 3rd-order AR model
algorithm based on real-time modeling and prediction to
achieve the filtering of tremor signals[22]. Due to the complex
signal modeling and prediction process, this method is only
suitable for real-time handshake signal processing in small
systems. The advantages of the 3rd-order AR model used in
this method are: easy identification of tremor signals; AR
spectrum can provide a higher resolution signal spectrum;
suitable for small systems, but the disadvantage of this method
is that it uses a linear Gaussian random model The tremor

Abstract - During the operation of vascular intervention
surgery, the surgeon may cause an involuntary tremor of hand
due to a long time operation. However, during the actual surgical
operation, when the surgeon performs complicated operations on
same vascular area (such as selecting a blood vessel and pushing
the catheter/guide wire into the thrombus), he needs to actively
perform tremor to achieve the catheter/guidewire tremor in
order to pass the catheter/guidewire. It is difficult to push or
select the part of the blood vessel. This article is to eliminate the
tremor of the operator's hand, and accurately identify the tremor
signal in the signal through a support vector machine (SVM).
The signal is filtered after identification, so that the signal
received by the manipulator arm during the operation of the
guide wire of the surgical robot does not contain the tremor
signal This paper verifies the performance of tremor suppression
algorithm design experiments and evaluates the algorithm as a
whole. The results show that the algorithm has good tremor
recognition and suppression effect.
Index Terms –Tremor recognition; Interventional Surgical
Robot; Support vector machine; Tremor suppression; Guidewire

I. INTRODUCTION
As a type of minimally invasive surgery, vascular
intervention has been widely adopted to treat various
cardiovascular and cerebrovascular disease[1]. The general
application scenarios of medical robots are: diagnosis,
treatment, surgery, and rehabilitation care of patients[2].
Today, the development of special surgical robots not only has
a major impact on the medical and health field, but has
become an emerging industry in the development of the world
economy development. As a result, the number of commercial
medical surgical systems has increased significantly[3]. After
1990, a series of minimally invasive interventional robots
were developed. Catheter Robotics has developed a set of
surgical robot system for remotely pushing catheters-Amigo
Remote Catheter System[4]. Corindus developed the CorPath
200 System[5], which is the earliest clinical trial of a vascular
interventional surgery robot system using passive catheter
technology. The Sensei X Robotic Catheter System developed
by Hansen Medical is the first robotic catheter system put into
practical use[6]. In addition to some commercial medical
robots, many universities are currently conducting related
research. The team of Professor Guo Shuxiang of Kagawa
University in Japan designed a master-slave minimally
invasive vascular interventional robot system for vascular
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For linearly separable cases, the purpose of SVM learning
is to find a classification hyperplane wx + b = 0 in the feature
space, so that it can separate the two types of samples at the
maximum interval.
The classification hyperplane is determined by the normal
vector w and the intercept b. The learning process of the
support vector machine is essentially the process of iteratively
solving the normal vector w and the intercept b. For sample
points in feature space, define:
γ i = yi ( wxi + b)
(1)

signal of hand movement simplifies the mathematical
expression of tremor excessively, but it cannot accurately
describe the essential characteristics of the tremor signal.
In previous studies, there is no obvious threshold
boundary between the frequency of the tremor signal and the
normal motion signal, and the basic characteristics of the
tremor signal cannot be accurately described.
Based on the above research, the paper proposed an
algorithm based on support vector machines to identify
surgeon's hand tremor during surgery. Further, we used a
filtering algorithm to eliminate the inactive tremor signals.
Experiments have proved that this method has good
performance in signal recognition.

Formula (1) represents the function interval from the
sample point to the classification hyperplane. The concept of
the function interval can measure the confidence of the
classification of the sample point, but it cannot be used to
uniquely determine the classification hyperplane. The concept
of geometric spacing also needs to be introduced. The
definition of geometric spacing is shown in Fig.2.
Define:

II. METHODS
The isometric vibration caused by muscle tension during
the operation of the surgical operator is likely to threaten the
safety of the operation and needs to be dealt with. An
important part of this subject is to eliminate the periodic jitter
caused by muscle tension, while at the same time keeping the
safe operation of the doctor's operation as much as possible.
The jitter filtering that affects the safety, thereby improving
the safety of the operation and ensuring the smooth operation
of the operation and the health of the patient. This requires
that the surgical robot system has a jitter recognition function,
which can more accurately identify the jitter part in the
operation signal from the doctor on the master end, smooth the
identified jitter part, and then transmit it to the slave end of the
surgical robot.
In paper, the support vector machine[23] is used to
recognize the jitter caused by muscle tension. The support
vector machine is a binary classification model and a learning
method with a solid theoretical foundation.
A. Support Vector Machines
1) Linear SVM:
As shown in Fig.1, if there is a hyperplane wx+b = 0 that
can correctly separate the samples to be classified, the
classification problem is said to be linearly separable.

γ i =yi (

w
b
)
xi +
w
w

(2)

The hyperplane wx+b=0 regarding the geometric interval
of the data set T is defined as the minimum value of the
hyperplane regarding the geometric interval of all sample
points in T:
γ = min γ i
(3)
i =1,..., N

Learning process of support vector machines is essentially
an iterative solution process for w and b. The problem of
solving w and b can be transformed into a problem of
maximizing its geometric interval. Specifically, the problem
of finding the maximum interval classification hyperplane can
be expressed as the following constraint optimization problem.
max γ
(4)
w ,b

s.t. yi

w
b
≥ γ i , i = 1, 2,..., N
xi +
w
w

(5)

Since the value of the function interval γ does not affect
the values of w and b, the problem can be further simplified,
so the following optimization problem of the linear separable
support vector machine is obtained:

1 2
w
2
s.t. yi ( wxi + b) − 1 ≥ 0, i = 1, 2,..., N
min
w,b

(6)
(7)

If the optimal solutions of w and b are obtained, the
optimal hyperplane can be obtained.
2) Nonlinear SVM:
In addition to the linearly separable case, the actual
classification problem often encounters another capable
situation, namely the linear inseparable classification problem.
As shown in Fig.3, there is no hyperplane in the feature space
that can separate the positive and negative sample points. In
this case, the linear support vector machine is not applicable.
For linearly inseparable problems, kernel functions are
often used to implicitly map the original space to a high-

Fig.1 Linear SVM.

Fig.2 Geometric interval.
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device Geomagic TouchX produced by SensAble
Technologies of the United States to realize the collection and
recording of motion information. Geomagic TouchX is a joint
coordinate type tactile feedback robotic arm with 6 degrees of
freedom. Holding, as shown in the Fig.5, the mechanical
mechanism contains 3 joints, each joint is equipped with a
photoelectric code wheel, which can detect and record the
angle of each joint in real-time, and its sampling period is
1000Hz, which can be collected accurately and in real-time.
The change of the joint angle can be calculated by the position
and posture of its internal algorithm, and the threedimensional space position information of the front end of the
pen handle can be calculated. In this study, five volunteers
used Geomagic TouchX, holding a pen-shaped handle to
perform uniform linear advancement operation, is shown in
Fig.6, to imitate the guidewire catheter advancement during
cardio-cerebrovascular interventional surgery, with stable and
uniform reciprocating motion multiple times, and
advancement. The muscles are controlled to varying degrees
in a short time to obtain jittery motion signals and smooth
operation motion signals caused by muscle tension.
The specific experimental process of the motion signal
acquisition experiment is as follows:
a. Turn on the Geomagic TouchX device and connect it to
the computer to perform sensor calibration on the X, Y,
and Z directions of the Geomagic TouchX device to
eliminate errors.
b. Volunteers imitate the operation of the doctor to push the
guidewire catheter to hold the pen handle of the
Geomagic TouchX device, and push the pen handle
forward evenly and slowly.
c. In each group of experiments, each volunteer reciprocated
multiple times, and the advancement distance was
controlled at 100mm up and down, not more than 120mm,
and muscle tension was added only during the forward
advancement. The pen handle was withdrawn at a normal
speed during the backward movement.
d. Then return the pen handle of the Geomagic TouchX
device to prepare for the next volunteer's hand sports data
collection.
e. The exercise data collection experiment was repeated a
total of five times, and five volunteers conducted a total
of five sets of reciprocal advancement and withdrawal
exercise data collection experiments.
According to the above exercise data collection
experiment process, the five volunteers collected a total of five
sets of exercise signals, which consisted of three-dimensional
displacement information at the front of the pen handle of the
tactile feedback device. The sampling frequency was 1000 Hz
and the sampling resolution was 0.001 mm, which was more
accurate. It reflects the jitter signal caused by normal hand
movement and muscle tension during the guidewire pushing
process. The hand movement signal collected by the
experiment is a continuous signal, and it needs to be
segmented before segment recognition to construct a discrete
feature sample point input support vector machine to perform
support vector machine training. Therefore, the collected

dimensional space, transforming the original linear inseparable
classification problem into a linearly separable problem
without increasing the computational complexity.
Commonly used kernel functions:
polynomial kernel function:

K ( x, z ) = ( xz + 1) p

(8)

Gaussian kernel function:

 x−z
K ( x, z ) = exp  −

2σ 2


2






(9)

Sigmoid kernel function:

K ( x, z ) = tanh( xT y + 1)

(10)
B. Design of Support Vector Machine for Tremble Signal
Recognition
1) Principle of tremble recognition
For the identification of isometric jitter, this study uses the
support vector machine method to identify the operation signal
every 50ms. If it is recognized as a normal jitter-free signal, it
is not processed and the operation signal is directly output to
the slave mechanism of the surgical robot. If it is recognized
as a jitter signal, a filtering algorithm is applied to filter the
jitter therein. The algorithm block diagram is shown in Fig.4.

Fig.3 Linear inseparability.

Fig.4 Tremb recognition algorithm block diagram.

2) Sample collection and pretreatment

Fig.5 Master manipulation device[24].

Fig.6 A linear motion platform in slave side[24].

This subject uses the three-dimensional force feedback
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three-dimensional motion signal is segmented according to a
50ms time window, and the label is manually labeled segment
by segment. The normal and smooth motion is labeled 1, and
the jitter caused by muscle tension is labeled -1.
3) Feature extraction and preprocessing
In order to accurately identify the jitter movement signal
and the normal movement signal, it is necessary to extract
corresponding features for the characteristics of the hand jitter
movement and the characteristics of the normal hand
propulsion movement. The extracted features should
effectively describe their movement characteristics. Therefore,
the following feature extraction scheme is designed:
For a hand motion signal in a continuous period, the data
at a single point in time cannot effectively reflect the
difference between the jittered motion signal and the normal
stationary signal, so the statistical characteristics of the entire
motion signal sequence over some time should be investigated.
For the continuous hand motion signals in each time
window, the extracted sequence statistical features are as
follows:
Average speed vmean :
50

vmean = 
t =1

v(t )
50

(11)

Speed variance vvar :
50

vvar = 
t =1

y (t ) =

2

v (t )
50

(12)

a (t )
50

(13)

a 2 (t )
50

(14)

50

amean = 
t =1

t =1

t



f ( x)dx

(18)

t −T0

T0 is the selected filtering time window length,
f ( x) is the original signal, and y (t ) is the filtered output

signal.
Compared with other filtering methods, the moving
average filtering algorithm has two advantages:
1. Moving average filtering algorithm has a good
suppression effect on periodic interference.
2. The filtered signal has high smoothness and is
suitable for high-frequency vibration systems.

Acceleration variance avar :
50

1
T0

Where,

Average acceleration amean :

avar = 

adopted in this topic is: offline training support vector
machine, online recognition of jitter signals. The support
vector machine is trained offline using the training sample set
to obtain the training results, and the classification hyperplane
wx + b = 0 is calculated, so as to construct a classification
decision function that can identify the jitter signal.
After normalizing the feature vector, we preprocess the
collected volunteer motion signals and extract the
corresponding features. A total of 1990 data were collected,
including 1144 negative samples (normal motion and smooth
motion signals) and 846 positive samples. These signals are
risky jitter signals due to muscle tension. 80% of the data set
containing 1990 sample points are used as the training set, and
the remaining 20% of the samples are used as the test set for
cross-validation. Input 1592 training samples and
corresponding labels of the training set into the support vector
machine to train it, and obtain the support vector machine
structure, including all the support vectors and their
corresponding α values.
After identifying the tremor signal, we used a filter to
process it. Trembling signal filtering method used in this
subject is a moving average filtering method, and its basic
principle is to calculate the average value of the current
sampling value and the historical multiple sampling values to
obtain the filtering result. The basic principle is as follows:

Maximum speed vmax :

vmax = max(v(t ))

(15)

Acceleration maximum amax :

amax = max(a (t ))

(16)

The feature of the operator's hand pushing motion signal
extracted according to the above method cannot be directly
used, and it needs to be normalized. The function of
normalization is to map the features of each dimension into
the range of [0, 1] or [-1, 1], so that the features of each
dimension has the same order of magnitude. We use a linear
function to normalize the data. The formula is shown in (17):

x − min value
y=
max value − min value

Fig.7 The filtered signal is compared with the original signal.

After processing the experimental data, the results are as Fig.7.
In our experiment, the test sample set has a total of 498
sample points. And the overall classification correct rate is
92.71% (the number of correctly classified samples / all the
samples of the test set). The recall is 90.91% (the number of

(17)

III. EXPERIMENT AND RESULT
Support vector machine training and recognition method
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positive samples correctly identified / the number of all
positive samples in the test set), and the precision is 87.72%
(the number of positive samples correctly identified/the
number of positive samples identified).
It can be seen from the experimental results(in figure 7)
that the algorithm can more accurately identify the jitter signal
in the original signal, and can be effectively smoothed while
retaining other normal and smooth motion signals, maximally
retaining the information in the operator's operation.
Ⅳ. CONCLUSIONS
The paper introduces the identification method and
filtering method of mid-distance jitter during the operation.
The steps of data preprocessing, feature extraction, and
performance verification of support vector machines were
introduced in detail, as well as the jitter signal filtering
algorithm used. From the experimental results, the recognition
accuracy of the algorithm is high, and the smoothing effect of
the French jitter part of the operation signal is better. While
filtering the jitter signal, the details of the non-jitter part of the
original operation information are retained to the greatest
extent. Effectively prevent signal distortion. The scope of this
study is only for a handshake during the forward push of the
guidewire/catheter during operation, and the effect of shake
during retraction or rotation is not discussed. There is still
room for further improvement in the safety mechanism of
surgical robots, and the surgeon's strategy and experience can
be combined to design high-order features to specifically
suppress jitter.
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