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Abstract - The catheter-based operating system is a specific
surgical technique that can reduce the pain of the patients and
permit a faster recovery compared with the conventional open
surgery. It has gained increasing acceptance by the clinicians and
patients. This technology has gradually matured. And it has
started to extend from the therapeutic areas of cardiovascular
disease to the cerebral vascular disease with the continuous
development of the intravascular interventional operative
technique. However, comparedto the cardiovascular, the
cerebral blood vessel is more fragile. So it is necessary to strictly
control the operating force during the process of catheter
insertion in order to avoid the irreparable damage.
Simultaneously, the cerebral vascular is more narrow than the
cardio blood vessel, which makes it impossible to use the catheter
equipped with the special sensors during the surgery procedure.
Hence it is hard to achieve the real-time monitoring and
detection of the tool/tissue contact forces. Therefore, it is essential
to realize the collision force detection in the distal of the catheter
for the cerebral vascular interventional procedures. In order to
improve the safety of surgeryand avoid the contact force
between the catheter and the blood vessel wall over the threshold
value that the vessel can withstand. This paper proposed a
method that modelling the distal part of the catheter using the
beam theory that based on the morphology captured from the
image. Meanwhile, a static force-tip model by using a pseudo-
rigid-body 3R model have been developed and validated in this
paper. The presented model detected the collision force at the
catheter tip on the basis of the distal position and orientation
information through extensive experimentally. It
is demonstrated that the proposed method can estimate the
constant force in the distal catheter without directly measuring
the applied force at the tip.

Index Terms — Cerebral vascular interventional surgery;
Catheter operating system; Beam theory; Collision force; Pseudo-
rigid-body model

1. INTRODUCTION

The cardiovascular and cerebrovascular diseases are the
leading cause of death all over the world. As a new technology
in the medical domain, the operation is a minimally invasive
surgery. So it can provide the patients with smaller trauma,
shorter recovery time and less pain compared to open surgery
[1]-[2]. And for surgeons, less time consumption, higher
precision, more securer and higher success rate are better than
traditional operation.The minimally invasive vascular surgery
is a major medical procedure that used to diagnose and treat
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cardiovascular disorder. It is an emerging medical procedure
that under the guidance of medical imaging equipment, along
the vessel operating the intervention catheter to reach the
distant lesion, then implementing the minimally invasive
treatment to the lesion position[3]-[4]. During the operation, a
catheter is inserted into the blood vessels with the completion
of the guide wire. Firstly, the surgeon makes a puncture on the
femoral artery or the subclavian vein, following put the guide
wire into the target vessels or target organ via the puncture
point. Next, the surgeons push the guide wire carefully by the
guidance of the digital subtraction angiography images and
hand feeling until it arriving the specific section, and then pull
out of the guide wire to complete the appropriate course of
treatment. However, there are still various deficiencies exist.
Currently, during the process of pushing the catheter, a more
common practice is done by hand of the skilled operators
directly to insert the catheter in the X-ray images or other gray
image monitoring and guidance. As a new technology, it takes
lots of the operating skills, for the surgical staff, making the
catheter quickly and accurately reach the target position is a
very difficult task. The errors or repetitive operations might
cause some damage to the patients, when the catheter inserted
into the vessel, bring a certain amount of risk to the surgery.
In addition, the operation performed inside the body can not
be directly monitored. At the same time, the contact force
between the catheter and the blood vessel can not be detected.
There is a long time for the doctors to have an operation in the
x-ray radiation, this process would cause damage to the patient
and physician.

The master-slave catheter operating system is proposed to
provide more easier and accurate manipulation of the catheter
insertion. It can reduce the harm caused by the X-ray the
physician and medical staff. This system separate the doctors
from the patients, after receiving the instruction from the slave
side, doctors operate the main system side for the
interventional procedures on the patients with the catheter,
while from the various sensors installed on the slave side to
get the specific information in the body especially
intravascular. The Sensei robotic catheter system (Hansen
Medical, Mountain View, CA) developed a master/slave
control system with the application of the wire-driven
technology for remote navigation and control of an ablation
catheter and widely used in clinical practice [5]. The console
screen displays the real-time contrast image and the ultrasound



image. By 3D visualization module, this product can display
three-dimensional image of the heart and the catheter in real
time as well as a rough estimation of the tip contact forces on
the screen [6]. Jayender et al. [7] proposed a master-slave
robotic system which guides an active catheter instrumented
with Shape Memory Alloy (SMA) actuators through the
vasculature. The NIOBER magnetic navigation system
(Stereotaxis, St.Louis, MO) provides magnetic navigation of a
soft catheter [8]-[10]. Guolab developed a novel robotic
catheter system for vascular interventional surgery [11]-[16].
However, none of these systems provide haptic feedback or
any sort of force/impedance control of the catheter tip.

Force feedback device
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(b) The slave side

Fig.1 The master-slave interventional surgery robot system

The passive catheter technology has also been developed in
the wvascular interventional procedures. The Corindus
COMPANY provided a CorPath 200 System is the first
vascular interventional surgical robot technology system used
in the clinical trials by a passive catheter. It is consist of a
catheterization mechanism and a console. A three-DOF
manipulator locates the catheterization device to a surgical site
that suitable for the patients. Doctors handle the control lever
and there is atouch screen outside the operating room. It
provides the remote control to realize the indoor insertion of
the catheter and the guide wire. Thereby, this
system completes the completion of the entire vascular
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interventional procedures. But the system can not
automatically switch the catheter and the guide wire, the
doctor needs to assist completing this process during the
interventional procedures in the operating room. However,
whether have the auxiliary of the vessels three-dimensional
reconstruction, the use of magnetic navigation technology,
ultrasound images, or Master side force feedback collection,
these improvements are mostly focused on security issues of
the master-side, and the lack of the studies to the security
policy for the slave-side.

The previous studies show that the forces applied by the
catheter tip have a significant impact on the security of the
interventional surgery. Excessive force could easily lead to
severe cerebral vascular injury, while larger impact sensor
volume and smaller cerebral vascular diameter, the size of the
collision force can not be measured by using a sensor. We
model the distal part of the catheter using the beam theory that
based on the morphology captured from the image and detect
the tool/tissue contact force by the pseudo-rigid-body model
of the catheter tip, then investigate the performance of such a
model. The developed model describes the in-plane bending of
a catheter when the applied forces are also in the catheter
plane. Notably, the proposed model does not require massive
knowledge of the catheter internal structure and it can be
applied with a fairly simple calibration step. An experimental
setup is used to validate the proposed model empirically. In
Section II, the experimental setup is described. The modelling
method and the contact force estimation are presented in
Section III. Section IV provides experimental results which
are then discussed in Section V. Section VI concludes the
paper with suggestions for future research.

II. SYSTEM DESIGN

Fig.1 shows a master-salve interventional surgical robot
system structure designed in our previous works developed by
Guolab that consists of two parts: the master side and the slave
side [17]-[24].

The master side for the operation includes the force
feedback device, the movement limited device, the measuring
device of the linear displacement. It can simulate the
operators' push and rotary motion that required in the
surgery. At this point, the laser range finder will measure the
push volume caused by the operator shoving the function
lever, as well as the rotation angle can be detected by the
phantom mechanical arm. Then it feedback the force to the
operator though the master side (Fig. 1(a)). The slave side for
the catheter insertion mainly consists of two linear motors, a
rotary motor, a mechanical guide, a force sensor, a guide wire
clamp which can detect the actual value of the displacement
and the rotation, and feed back to the control system. Thus this
side completes a closed-loop displacement control as shown in
Fig. 1b. The red part is a guide wire clamp, the big gear is
driven by a small gear on the bottom, and a DC motor controls
the guide wire clamp to realize tighten and relax of the guide
wire. There is a clamp mechanism which is used for fixing the
guide wire clamp. It is controlled by a rotary motor to achieve
tighten and relax of the guide wire. The yellow part is a force
sensor, which is used to detect the force feedback signal from
the slave. When the guide wire is contact with the vascular



wall in the moving process, go through the white connection
part, the force feedback signal is transferred to the pressure
sensor, so that we can get the force feedback information from
the slave.

Fig.2 A view of the catheter tip, camera and the force sensor in the
experimental setup

Figure 2 shows the experimental setup of the collision force
detection. Ithas two main parts, one is the slave robotic
manipulator system in the left side of the image that can
control the guide wire forward and back. On the other side is
the two-dimensional linear bench with the overall white
background. The 0.76mm diameter angiographic guide wire is
actuated by the slave robotic manipulator to get through the
3mm diameter medical soft tube with the length of 200mm
to simulate the guide wire movement within the blood vessels
in the human body. The catheter is the deflectable shaft that
the distal part is out of the soft tube and its shape is
monitored using a camera that acquires images with a
resolution of 640 x 480, such that can provide the position and
orientation information of the catheter tip. In order to measure
the actual contact forces at the catheter tip, a micro force
sensor (LA-S2, CN) is fixed to the experimental stage with a
custom printed adapter.

III. PSEUDO-RIGID-BODY 3R MODEL OF A CANTILEVER BEAM

The goal of this paper is to develop a static model which
describes the mapping between the distal catheter deformation
and the force. A cantilever beam model may be used to
describe the behavior of this segment of the catheter. The
catheter is adjusted such that the applied forces and the
bending of the tip all occur in a 2D plane. Several methods
have been proposed to solve the problem of modeling a
catheter. Numerical approaches have been used for modeling
and simulating a catheter inside the vasculature. A number of
these approaches describe the catheter as a multi-body system
with rigid links and flexible joints [11]. Another category of
numerical methods assumes that a wire-like object is
composed of multiple beams and uses a finite element method
(FEM) to model it [25]-[26]. Although FEM can be used to
model the behavior of long flexible instruments, it is
computationally expensive and may lead to inaccurate results
if all the constraints are not known. Continuum robot theory is
another approach to modeling a catheter [27]. The
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performance of continuum robots has been well studied and
different models have been proposed [28]. In this model, a
single section of the manipulator is considered as a cantilever
beam which undergoes large deflection due to actuation by a
single tendon. This approach requires detailed information of
the actuators continuum robot which is not available for a
catheter.

According to the study and analysis of the collision force
detection method in the interventional surgical robot systems
at this stage, we found that the current calculation precision is
still not high and the calculative process is too complex to
achieve the real-time contact force detection in the catheter tip
during the interventional procedures and other issues. In
order to solve the problem of these methods, this paper still
uses the physical modelling method based on the catheter or
guide wire to have an in-depth study of the collision force
detection at the catheter tip.

Aim at the accuracy and the complexity requirement of the
contact force detection in the new-type robotic interventional
surgical system, in this paper, the cantilever model that the
load applied at the free end is equivalent to the pseudo-rigid-
body mode of the compliant mechanism. The Pseudo-rigid-
body (PRB) models provide an easier and more efficient
method of describing the force-deflection relationships of a
compliant system that undergoes large deflections. The PRB
of a cantilever beam has been studied extensively to
the different loading conditions with high accuracy [29]-[30].
Su suggested a PRB 3R model of a cantilever beam to further
improve the model accuracy for different load models [30].
The PRB 3R model replaces a flexible cantilever beam with
four rigid links connected by three revolute joints and three
torsional springs [30]. And it is an improvement on the PRB
IR model [29] with higher accuracy.

In order to solve these issues and improve the accuracy of
the model, a PRB 3R model for the catheter tip is presented to
describe the force-deflection relationship of the catheter tip.
The model parameters are determined such that the model will
estimate the contact force applied at the catheter tip. The
model performance is evaluated empirically and it is shown
that the proposed model can define the relation of the contact
force and different deflection condition of the catheter [31]-
[33].

A PRB 3R serial chain for modelling a flexible beam
subject to a combined end force and moment is showed in the
Fig 3 that denote the deflection angles and spring stiffness by

®,,0,, and @, and k1, k2, and k3 respectively. The ratios of
the four link length to the length of the beam are characteristic
radius factors, denoted by Y,,, Y, V5, and 7Y, satisfying

Notnt+nty =1 ()
Given external loads Fc ,0; and M, on the tip of the 3R
chain, the torques at the three pin joins are given by[34]
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Where F, =F.cos6; and F, =F.sin0;. And matrix [J"] is the
transpose of the non-dimensional Jacobian of the 3R chain
obtained by differentiating kinematic equation, written as [35]
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Assuming that the joint torque is proportional to the joint
deflection angles and the spring torque is proportional to the
PRB angles, the following equation yields tip loads [30]

7, =kp, i=123 (&)
F Lcos6, ko,
FLsin6, v=[J" ] k0, ©
M, ko,

where J denotes the Jacobian of the 3R manipulator illustrated
in Fig. 3, and L is the length of the deflectable shaft.

Torsional N
spring

Y FC N

Fig.3 Pseudo-rigid-body 3R model

The optimal link parameters and spring stiffness values for
the PRB 3R model are found by feeding the collected data into
the optimization algorithm [31]

% =0.05 »=03, =04, y,=0.25 )
k, =109, k, =-1.18, k, =1.12

where vi , 1= 0,1,2,3 are the normalized link lengths and kg, i=
1,2,3 are the normalized spring stiffness values.

In order to verify the suitability of the proposed collision
detection methods based on 3R pseudo-force body model for
the angiography guide wire , this paper design 6 different
bending angle form of the deflecting guide wire is showed in
the Fig.4, the guide wire is actuated by the slave robotic
manipulator to get through the medical soft tube to simulate
the guide wire movement within the blood vessels in the
human body, the catheter is the deflectable shaft that the distal
part is out of the soft tube and its shape is monitored using a
camera in the vertical direction that acquires images such that
can provide the position and orientation information of the
catheter tip, meanwhile the measure the force sensor that fixed

704

to the experimental stage measure the actual contact forces at
the catheter tip. The image of each guide wire bending form
captured by the camera can extract the guide wire trajectories
by the binary processing, and use the guide wire terminal slope
to calculate deflection angle, @;, i = 1,2,3,4,5,6 at the end of
the guide wire(Fig.5), the require date contact force F
measured by the force sensor is collected at a sampling rate of
200Hz.

. 3

) (a) At O, (b) At @, _ (c) At O,
S ' !
A [
|\
(d) @, (e) Os () @

Fig.4 Different bending form of the guide wire

If the position and orientation of the ablation tip are known,
the contact force at the guide wire tip can be estimated using
the optimization parameters value of the proposed pseudo-
rigid-body (PRB) 3R model to solve distal collision force
problem of the catheter-based interventional surgical robotic
system. Finally, the contact force F that measured by the force
sensor is compared with the value of F. estimated by the
presented model to evaluate the performance of the collision
force detection method using the pseudo-rigid-body (PRB) 3R
model.
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Fig.5 The guide wire movement locus obtained by binary processing

IV. EXPERIMENTAL RESULTS



The performance of the pseudo-rigid-body 3R model for
estimating the contact force at the catheter tip is evaluated
experimentally.

In order to avoid measurement errors caused by the misuse
of the operator, the guide wire is controlled to push and back
for five times of the different bending angle with recording the
collision force information generated at the catheter tip, and
obtaining the average value as the contact force detected by
the force sensor. The result is shown in the Fig.5.

sw — b —F =+ = =+ — 4=+ — o —

(c) The collision force of the angle

(e) The collision force of the angle s

(f) The collision force of the angle

Fig.5 The distal collision force results of the different tip angle

Comparing the actual contact force F measured by the
force sensor with the contact force Fc estimated by the
presented modelling method, the performance of the force
estimation method based on the pseudo-rigid-body 3R model
is assessed at different tip angle from each of the guide wire
bending form and Table 1 summarizes the results.

The maximum experimental error is 2.62gf, the average
error is 1.93gf, RMSE (root-mean-square error) is 1.89gf,
have reached the requirement of the collision force detection.
Due to the structure of their distal shaft, unidirectional
catheters can apply such forces only if the contact force acts
in the plane of the bent catheter. In practice, out-of-plane
forces might act on the distal shaft. Nevertheless, the contact
force should be the dominant force acting on the tip,
otherwise the tip would slip away from the target tissue.
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Thus, in this study, we have focused on the tip contact
forces applied in the plane of the bent distal shaft.

TABLE 1: Performance of the force estimation at different guide wire form

Maximum Average N
@ F(N) | Fe(N) | Error{Fc} Error{Fc} RM(S:D{F o
(gh (gh
@, = arctan0.3 0.076 0.103
®r=arctan0.556 0.155 0.132
@s= arctan0.714 0.206 0.176
®4=arctanl.414 0.261 0.227 2.62 193 189
®s = arctan2 0314 | 0279
O= arctan4.2 0.341 0.303

V. DISCUSSIONS

In the previous section, the performance of the pseudo-rigid-
body 3R model in estimating the shape of the catheter tip was
evaluated and statistical measures for model performance were
provided in section IV. The factors that contribute to errors for
all approaches include:

1) The error in measuring the tip angle and the horizontal and
vertical components of the displacement due to camera
registration error.

2) The inherent error of the pseudo-rigid-body 3R model and
the error generated in the calculation process. This model
equalizes the flexible guide wire into four rigid links that is
connected by the torsion spring. The equivalent process
have some internal errors in the calculation, at the same
time the slope and angle measurement will produce some
calculation errors;

3) Force Sensor has its own optimum operating temperature.
As the experiment progresses, the sensor will continue to
produce heat-induced temperature rise, thus affecting the
measurement precision of the force sensor, resulting in the
experimental error.

VI. CONCLUSIONS

An analytical 2-dimensional mapping between the actual
collision force in the distal catheter and the evaluated force
volume provided by the model of the catheter proposed in this
paper. This model is the pseudo-rigid 3R model based on
using a certain deformation beam model and it does not
require extensive knowledge of the catheter internal structure.
The suggested model was validated through experiments on
the catheter and it was shown that the developed model is
capable of estimating the shape of the distal section of the
catheter if the amount of applied force is known.

A static analytical model for the catheter used in the
interventional surgery which can be a first step towards
designing a model-based force detection of the catheter tip is
presented in the paper. This model can be used in the various
kinds of the catheter bending to calculate the collision force
along the catheter. Hence, we have focused on developing a
general static model that can describe the catheter behavior.
Extending the proposed model to a 3-dimensional model by
considering out-of-plane bending, evaluating the model in
more realistic experimental setups and providing real-time
force-deflection calculations will lead to a generalized model



that could potentially be used to design a hybrid force/position
or impedance controller for a robot-assisted catheter control
system.

ACKNOWLEDGEMENTS

This research is supported by National High Tech. Research
and Development Program of China (No.2015AA043202).

REFERENCES

[1] B. Gao, K. Hu, S. Guo, N. Xiao, “Mechanical analysis and haptic
simulation of the catheter and vessel model for the MIS VR operation
training system”, Proceedings of 2013 IEEE International Conference on
Mechatronics and Automation, pp. 1372-1377, 2013.

[2] G. A. Antoniou, C. V. Riga, E. K. Mayer, N. J. Cheshire, C. D. Bicknell,
“Clinical applications of robotic technology in vascular and endovascular
surgery”, Journal of Vascular Surgery, vol. 53, no. 2, pp. 493-499, 2011.

[3] J. Dewire, H. Calkins, “State-of-the-art and emerging technologies for
atrial fibrillation ablation”, Nature Reviews Cardiology, vol.7, pp. 129-
138.2010;

[4] Willems S, Steven D, Servatius H, Hoffmann BA, Drewitz I, Mullerleile
K, Aydin MA, Wegscheider K,Salukhe TV, Meinertz T, Rostock T,
“Persistence of Pulmonary Vein Isolation After Robotic Remote-
Navigated Ablation for Atrial Fibrillation and its Relation to Clinical
Outcome”, Journal of Interventional Cardiac Electrophysiology, vol. 21,
pp. 1079-1084, 2010.

[5] Walid Saliba, Vivek Y. Reddy, Oussama Wazni, JenniferE. Cummings,
et.al, “Atrial Fibrillation Ablation Using a Robotic Catheter Remote
Control System: Initial Human Experience and Long-Term Follow-Up
Results”, Journal of the American College of Cardiology, vol. 51, pp.
2407-2411, 2008.

[6] S. Ikeda, F. Arai, T. Fukuda, M. Negoro, K.Irie, and 1. Takahashi, et.al.,
“In Vitro Patient-Tailored Anatomaical Model of Cerebral Artery for
Evaluating Medical Robots and Systems for Intravascular
Neurosurgery”, Proceedings of 2005 IEEE/RSJ International Conference
on Intelligent Robots and Systems, pp. 1558-1563, 2005.

[7] Fumihito Arai, Ryo Fujimura, Toshio Fukuda, and Makoto Negoro, “New
Catheter Driving Method Using Linear Stepping Mechanism for
Intravascular Neurosurgery”, Proceedings of 2002 IEEE International
Conference on Robotics and Automation, pp. 2944-2949, 2002.

[8] Jan Peirs, Joeri Clijnen, Dominiek Reynaerts, Hendrik Van Brussel, Paul
Herijgers, Brecht Corteville, et. al., “A micro optical force sensor for force
feedback during minimally invasive robotic surgery”, Sensors and
Actuators A: Physical, vol.115, pp. 447-455, 2004.

[9] X. Yin, S. Guo, N. Xiao, T. Tamiya, H. Hirata and H. Ishihara, “Safety
operation Consciousness Realization of MR Fluids-base Novel Haptic
Interface for teleoperated Catheter Minimally Invasive neuro Surgery”,
IEEE/ASME Transactions on Mechatronics, vol.21, no.2, pp. 1043-1052,
2016.

[10] W. Saliba, J. E. Cummings, S. Oh, Y. Zhang, T. N. Mazgalev, R. a.
Schweikert, J. D. Burkhardt, and A. Natale, “Novel robotic catheter
remote control system: feasibility and safety of transseptal puncture and
endocardial ~ catheter navigation.” Journal of Cardiovascular
Electrophysiology, vol. 17, no. 10, pp. 1102-5, Oct. 2006.

[11] J. Guo, S. Guo, L. Shao, P. Wang and Q. Gao, “Design and performance
evaluation of a novel robotic catheter system for vascular interventional
surgery”, Microsystem Technology, doi 10.1007/s00542-015-2659-4, pp.
1-10, 2015.

[12] X. Yin, S. Guo, N. Xiao, T. Tamiya, H. Hirata and H. Ishihara, “Safety
Operation Consciousness Realization of a MR Fluids-based Novel Haptic
Interface for teleoperated Catheter Minimally Invasive Neuro Surgery”,
IEEE/ASME Transactions on Mechatronics, pp. 1043-1054, 2015.

[13]J. Guo, S. Guo, T. Tamiya, H. Hirata and H. Ishihara, “Design and
Performance Evaluation of a Master Controller for Endovascular
Catheterization”, International Journal of Computer Assisted Radiology
and Surgery, vol.11, no.1, pp.1-13, 2015.

[14] X. Yin, S. Guo, H. Hirata and H. Ishihara, “Design and Experimental
Evaluation of a Teleoperated Haptic Robot Assisted Catheter Operating
System”, Journal of Intelligent Material Systems and Structures, vol. 27,
no.l. pp. 3-16, 2014.

706

[15] S. Guo, J. Guo, L. Shao, P. Wang and Y. Wang, “Performance
Evaluation of the Novel Grasper for a Robotic Catheter Navigation
System”, Proceedings of 2014 IEEE International Conference on
Information and Automation, pp.339-344, 2014.

[16] J. Guo, P. Wang, S. Guo, L. S and Y. Wang, “Feedback Force
Evaluation for a Novel Robotic Catheter Navigation System”,
Proceedings of 2014 IEEE International Conference on Mechatronics and
Automation, pp.303-308, 2014.

[17] X. Ma, S. Guo, J. Guo, W. Wei, Y. Ji and Y. Wang, “A Developed
Robotic Manipulation System for Remote Catheter Operation”,
Proceedings of 2014 IEEE International Conference on Mechatronics
and Automation, pp. 912-917, 2014.

[18] W. Peng, N. Xiao, S. Guo, Y. Wang, “A Novel Force Feedback
Interventional Surgery Robotic System”, Proceedings of 2015 IEEE
International Conference on Mechatronics and Automation, pp.709-714,
2015.

[19] Y. Wang, S. Guo, B. Gao, “Vascular Elastcity Determined Mass-spring
Model for Virtual Reality Simulators”, International Journal of
Mechatronics and Automation, vol.5, no.1, pp.1-10, 2015.

[20] N. Xiao, P. Guo and S. Guo, “Push Force Feedback for a Kind of Robotic
Catheter Navigation System”, Proceedings of 2015 IEEE International
Conference on Information and Automation, pp. 32-37, 2015.

[21] W. Peng, N. Xiao, S. Guo and Y. Wang, “A novel force feedback
interventional surgery robotic system”, Proceedings of 2015 IEEE
International Conference of Mechatronics and Automation, pp. 709-714.
2015.

[22] Y. Wang, S. Guo, B. Gao, "Vascular Elastcity Determined Mass-spring
Model for Virtual Reality Simulators”, International Journal of
Mechatronics and Automation, vol.5, no.1, pp1-10, 2015.

[23] Nan Xiao, Shuxiang Guo, Jian Guo, Xufeng, Xiao, Takashi Tamiya,
“Development of a Kind of Robotic Catheter Manipulation System”,
Proceedings of 2011 IEEE International Conference on Robotics and
Biomimetics, pp. 32-37, 2011.

[24] Xiaonan. Wang, Max Meng, “Perspective of Active Capsule Endoscope:
Actuation and Localization”, International Journal of Mechatronics and
Automation, vol.1, no.1, pp. 38-45, 2011.

[25] L. Di Biase et al., “Relationship between catheter forces, lesion
characteristics, popping, and char formation: experience with robotic
navigation system”, Journal of Cardiovascular Electrophysiology, vol.
20, no. 4, pp. 43640, 2009.

[26] J. Jayender, M. Azizian, and R. V. Patel, “Autonomous image-guided
robot-assisted active catheter insertion”, IEEE Transactions on Robotics,
vol. 24, no. 4, pp. 858-871, 2008.

[27] C. Pappone et al., “Robotic magnetic navigation for atrial fibrillation
ablation”, Journal of the American College of Cardiology, vol. 47, no. 7,
pp. 1390400, 2006.

[28] R. A. Beasley, “Medical robots: current systems and research directions”,
Journal of Robotics, doi 10.1155/2012/401613, 2012

[29] S. L. Dawson, S. Cotin, D. Meglan, D. W. Shaffer, and M. A. Ferrell,
“Designing a computer-based simulator for interventional cardiology
training”, Catheterization and Cardiovascular Interventions, vol. 51, no.
4, pp. 522-527, 2000.

[30] Y. Fu, A. Gao, H.Liu, S. Guo, “The master-slave catheterisation system
for positioning the steerable catheter”, International Journal of
Mechatronics and Automation, vol. 5,no.1 pp.1-10,2015.

[31]J. Lenoir, S. Cotin, C. Duriez, and P. Neumann, “Interactive physically
based simulation of catheter and guidewire”, Computers & Graphics,

vol. 30, no. 3, pp. 416422, 2006.

[32] A. A. Transeth, K. Y. Pettersen, and P. 1. Liljeb"ack, “A survey on snake
robot modeling and locomotion”, Journal of the Robotica, vol. 27, no.
07, pp. 999-1015, 2009.

[33] B. Jones and I. Walker, “Kinematics for multisection continuum robots,”
IEEE Transactions on Robotics, vol. 22, no. 1, pp. 43-55, 2006.

[34] H.-J. Su, “A pseudo-rigid-body 3r model for determining large deflection
of cantilever beams subject to tip loads”, Journal of Mechanisms and
Robotics, vol. 1, no. 2, pp. 021008.1-021008.9, 2009.

[35] M. Khoshnam and R.V. Patel, “A pseudo-rigid-body 3R model for a
steerable ablation catheter”, Proceedings of 2013 IEEE International
Conference on Robotics and Automation, pp. 4412-4417,2013.



	Search
	Print


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /blex
    /blsy
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /Cmb10
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Tiger
    /TigerExpert
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


