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Abstract—According to the world health organization survey,
the number of patients died of disease of heart head blood-vessel
per year up to 15 million, a serious threat to human health.
Vascular Interventional Surgery (VIS) has been an effective
method for treatment of vascular diseases. However, the
surgeons are exposed to X-ray threatening the surgeons’ health
due to the depositing which lasts long. It is imperative to protect
the surgeons from X-ray during VIS. In this paper, a novel
master manipulation system for VIS has been developed. With
this system, the surgeon operates a real catheter on the master
side, which can make full use of the natural catheter
manipulation experience and skills obtained in conventional
catheter operation. In order to improve the safety of the vascular
surgery, a damper is used to realize the force feedback based on
the electro-magnetic induction. The damper contains a bobbin
and permanent magnets. It could feedback the force to surgeon’s
hand through the operating catheter from the master controller,
which seems that the surgeon operates the catheter beside the
patient. The evaluation experiment for the proposed master
manipulator was done. The experimental results show that the
stability is high and the error is in the permitted range , so the
novel operating system is suitable for the robot-assist catheter
system.

Index Terms- Vascular Interventional Surgery (VIS);
Teleoperation; electro-magnetic induction ; Force feedback.

1. INTRODUCTION

With the development of medical technology, Vascular
Interventional Surgery (VIS) has become the most effective
technique for vascular diseases, and it is popular for the
diagnosis and treatment of endovascular diseases [1]-[2].
Because of its smaller incisions, less blood loss, decreased
pain and quicker recovery, VIS has been widely adopted all
over the world [3]-[4]. In conventional VIS, Surgeons cut an
incision in the groin where a catheter is inserted, and control
the catheter to the target under fluoroscopic guidance [5].
However, it is very difficult to operate a catheter inside the
blood vessels due to the narrowness and complexity of blood
vessels. The difficulty causes not only an extension of
operating time, but also the fatigue of the operators and
patients, which maybe increase the risk of the surgery.
Moreover, in contrast to the large number of patients who
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need to be treated, the lack of well-skilled doctors who can
operate a catheter appropriately for the surgery is an
imperative problem we need to solve. In addition, these
doctors are always exposed to X-ray radiation. In order to
solve these problems, an efficiency tele-surgery system should
be adopted, which can assist the surgeon to operate the
catheter interventional from a safe space [6].

In recent years, many research teams around the word focus
on the study of robotic catheter operation systems for vascular
interventional surgery. A novel method for force feedback in
tele-operative endovascular surgical simulators has been
presented [7]. January 9, 2000, the United States Intuitive
Surgical company successfully developed Davinei Da Vinci
surgical robot, it is one of the few commercial use of
technology and its design idea is through the use of minimally
invasive methods to implement the complex surgery [8]. Japan
Shibaura Institute of Technology Noor Ayuni CheZakaria
developed a system which can avoid catheter failure and
human error, the system is achieved by the rotation of the
friction roller axial movement of the catheter, pipe by electro-
rheological fluid force feedback [9][10]. The UK imperial
college proposed an insertion robot which can transmit
catheter and implement force feedback [11]. Compared to
manual catheter intervention method, these systems can
provide advantages such as improving stability and comfort,
reducing radiation exposure to the operator and eliminating
physiological tremor. However, these systems also have many
disadvantages. Firstly, the axial motion of the catheter is
almost realized by the friction of wheels. And the friction
between the wheels and catheter may bring damage to the
catheter. The impaired catheter could cause damage to the
fragile blood vessel as well. Moreover, most of these systems
have been designed with little consideration of the natural
catheter manipulation skills obtained through experiences and
utilized by operators in conventional catheter navigation [12].
And the surgeons do not really manipulate a catheter, which
removes some of the important tactile cues required in
conventional catheter interventional surgery. What’s more, to
realize the force feedback with motors have the force of
inertia, which cannot provide an accurate force feedback to



the operator in real time.

In this paper, a novel master manipulation system was
developed with true force feedback to the surgeon’s hands.
The surgeons operate the real catheter at the master side, and
the axial information will be acquired by the solid shaft
photoelectric encoder. The rotary information will be
collected by hollow shaft photoelectric encoder. The master
side operation information transmitted to the slave side by
protocol. Then the slave controller will control the slave
manipulator to insert the catheter into the blood vessel during
VIS. The insertion force of the slave manipulator will be
acquired by the slave controller and transmitted to master
controller. With an electric coils bobbin will transmit the force
feedback to surgeon’s hands through the operation catheter
under the control of master controller. The design of this
system accords with the requirements of ergonomic. The
calibration experiment between current and damping force
was done. The results show that master side can adjust the
damping force by changing the current, so that the damping
force and from the operating force is equal.

II. THE STRUCTURE OF ROBOTIC CATHETER SYSTEM

A.  Overview of the robotic catheter system

A conceptual diagram of the master-slave robotic catheter
system is shown in Fig.1. On the master side, the surgeon
operates the real catheter with viewing a monitor. The
operating information is acquired and transmitted to the slave
side. Once receiving the operating information, the slave
mechanism drives the catheter to insert into blood vessel.
Motions of the catheter on the slave side follow the motions of
the catheter on the master side. An IP camera is used to
monitor the process of the operation and give visual feedback.
If the catheter contacts a blood vessel wall, the force
information will be detected and transmitted to the surgeon’s
eyes. And the driving force of the slave manipulator will be
acquired and transmitted to surgeon’s hands as force
feedback. As if the surgeon operates the catheter beside the
patient. In this method, the safety of the surgery can be
improved.

The main task of master side is to acquire the operating
information of surgeons, then send it to slave side. The
operating force on slave side should be transmitted to
surgeon’s hands directly, which plays an overwhelming role
in ensuring the safety of a vascular interventional surgery. The
slave side mainly follows motion of the catheter on the master
side. In the meantime, an IP camera is used to collect the
information of the operation process in the operating room to
transmit to the master side for visual feedback. And the
contact force information between the catheter and the blood
vessel wall will be detected and transmitted to the monitor
software on the master, which can ensure the surgeon see the
information to improve the safety. The slave controller can get
force information and the visual information to transmit to the
master side as to realize closed-loop control.
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Fig.1 The conceptual diagram of the robotic catheter system
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According to the surgeon’s operating information, the slave
controller controls the slave manipulator to insert the surgical
catheter into the blood vessel. The slave controller can also
acquire the contact force between the catheter tip and blood
vessel and send it to master side at the same time.

B.  The master manipulator

The master manipulator is the operating platform of the
doctor who operates the catheter interventional surgery. The
diagram of our designed master manipulator is shown in
Fig.2. The key character of the master manipulator is that the
surgeons could operate a real catheter as conventional catheter
interventional surgery. There are two main tasks of the master
manipulator. The first one is to obtain the motion of the
catheter, which is produced by the operation of surgeon. The
other one is to transmit the operating force to surgeon’s hands
directly. The force is generated when the slave manipulator
drives the catheter to insert into blood vessel. It contains axial
operating force and rotation torque. Solid shaft photoelectric
encoder is used to detect the catheter displacement and the
hollow shaft photoelectric encoder is used to detect catheter
hollow shaft rotation Angle. The surgeon operates the catheter
move with around the coil bobbin. The operating lever driven
guide rail rotating and the solid shaft photoelectric encoder
measure the axial displacement with guide rail. Doctor
rotating duct photoelectric encoder hollow shaft rotates to
measure rotation Angle. The working height for the operator
could be adjusted through the lifting platform according to
different operating habit and demand.

On the master side, the motion of the catheter operated by
surgeon has two degrees of freedom, one is axial motion, and
the other is radial motion. The motion information includes
the axial and radial information two aspects. Moreover, the
operating force includes axial operating force information and
rotation torque information. The damper is used to realize
force feedback to transmit the force information which is
transmitted from the slave side to the surgeon.
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Fig.2 The master manipulator

In order to acquire the axial motion of the catheter, a solid
shaft photoelectric encoder has been adopted, the
circumference of the photoelectric encoder is 100 mm, 2500
lines of the photoelectric encoder forms through orthogonal
decoding chip after 4 times frequency, need one revolution of
the 10000 steps, thus precision can reach 0.01 mm. The radial
motion of the catheter is acquired by the hollow shaft
photoelectric encoder. The circum of the photoelectric
encoder is 360 degree, 2500 lines of the photoelectric encoder
forms through orthogonal decoding chip after 4 times
frequency, need one revolution of the 10000 steps, thus
precision can reach 0.036 degree.

Force feedback is an important part of a tele-operating
robotic system. In our design, the operating forces feedback to
the surgeon through the catheter which is operated by the
surgeon. The surgeon can feel the operating force just like the
way in conventional catheter navigation. The feedback force
contains axial operating force and rotation torque. Around the

electric coils bobbin is used to realize the axial operating force.

Coil by electromagnetic force is the force feedback, as is
shown in Fig.3. The coil number of turns is 500 turns; the
bobbin is magnetic conductivity good iron bar inside.
Magnetic iron bar ends is permanent magnets and one end of
the lever on the bobbin. When electricity to coil, coil by
electromagnetic force impeding the movement in the
electromagnetic field, the greater the current of the
electromagnetic force, the greater the damping force is larger.
Operating rod connected to the catheter through the bearing
and the damping force through the operating lever feedback to
the surgeon’s hand and then forming a closed loop system.

Operating lever

Coils  Bobbin

Magneticiron bar

Fig.3 The realization of axial force feedback
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The rotation Angle was realized with the hollow shaft
photoelectric encoder. When the catheter rotation driven
rotary optical encoder measuring rotation Angle. It is shown
in Fig.4. Compared with the developed master-slave robotic
catheter system in our previous study, which can simulate
surgeon's operating skill to insert and rotate catheter [13] [14],
the best advantage of this system is that the surgeon can
operate a real catheter. The novel system accords with the
requirements of ergonomic and can make full use of natural
catheter manipulation skills obtained in conventional catheter
navigation.

C. The slave manipulator

The slave manipulator inserts the surgical catheter into
blood vessel under the control of slave controller. Surgical
catheter moves forward and backward in general situation.
When the branch of blood vessel or moving difficulty appears,
the catheter must be rotated. The motion of the surgical
catheter follows the surgeon’s operation on master side. The
design of slave mechanism is shown in Fig.6.The slide
platform is fixed on the supporting frame which can be
adjusted easily to change the interventional angle for different
patients [15]. A motor is used to drive slide platform to move
forward and backward, the position of slide platform is
determined by the position of the bobbin on master side. Two
graspers have been designed to simulate the surgeon’s
grasping action. All the graspers on master side and slave side
have the same structure. The manipulator can drive the
catheter to move along both axial and radial directions, when
the catheter is clamped by grasperl. The grasperl clamps the
catheter just as the surgeon’s hand, and the slide platform
imitates the pushing and pulling motion of the surgeon. The
catheter keeps its position and the catheter driven part can
move smoothly when the catheter is clamped by grasper 2.
The selected grasper used for clamp the catheter is related to
the two graspers on master side. To realize axial movement,
all catheter driven parts are placed and fixed on slide platform.
The slide platform is driven by a screw which is driving by a
stepping motor (the driving motor in Fig.5). The rotation
motor drives the catheter to move in radial direction through



the synchronous belt.

Synchronous belt Load cell

Catheter Grasper 2

Grasper 1 l Rotation motor Slide it

driving motor

[
# Torquesensor

" Frame Slide platform
\

Kl

Fig.5 The slave manipulator

Load cell Catheter

Clump plate
Grasper 1 he

A

A

Fig.6 Ax1a1 driving force measurement mechanism

The detecting of surgical catheter operating force is an
important task of the slave manipulator. It is the base of force
feedback on master side. The operating force contains axial
driving force and rotation torque. In order to get the axial
driving force, a load cell is adopted. The detecting mechanism
is designed as shown in Fig.5 in detail. The load cell is fixed
on the slide platform. A clamp plate fixed on the load cell is
linked to the plate which is stalled on the axle of grasperl.
The axle of grasperl is supported by two bearings. The clamp
plate doesn’t affect the rotating motion of the plate. When
graper]l clumps the catheter to move on axial direction, the
counter-acting force of the catheter applying to graperl will
lead to the micrometric displacement of the axle of grasperl
and micrometric displacement will affect the clamp plate, and
then the counter-acting force is acquired by the load cell.

The torque sensor is applied to measure the torque
information during the operation. The torque sensor is linked
to rotation motor and the axle of the pulley below. The
rotation torque of the catheter can be transmitted to the torque
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sensor by coupled pulleys then measured by the torque sensor.
The torque information will be sent to the master side and
generate a torque feedback to the surgeon.

The contact force between the catheter tip and blood
vessel is vital to improve the safety of the vascular
interventional surgery. To obtain the contact information, a
novel type of catheter sidewall tactile sensor array was
developed in our previous research. The relationship between
the contact area and the conductivity was analyzed using finite
element analysis method [16]-[19]. The obtained contact
information on the slave side will be transmitted to the master
side.

III. THE FORCE FEEDBACK

In order to assess the performance of new master
manipulator system, force feedback experiments have been
done, setting a simulating force to simulation of internal force
of side catheter in the vessel, with a force sensor feedback to
physicians, comparing the results of the errors. With the visual
feedback which contains the real time image of the slave side,
collision between the catheter tip and blood vessel, contact
information between the catheter sidewall and blood vessel,
the surgeon operates the catheter on master manipulator. The
axial displacement is measured by solide shaft optical encoder
and the radial motion is detected by the hollow shaft optical
encoder. Then the master DSP controller analysis if the
operation is false operation or system malfunction. Once the
operation is right, the master DSP controller transmits the
motion information to the master PC, and the master PC
communicate with the slave PC using internet. Then the slave
DSP gets the motion information and controls the slave
manipulator to insert the surgical catheter into the blood
vessel [20].

Fig.2 shows this system through the electromagnetic
induction to implement force feedback. The -calibration
experiments between the electromagnetic force and the current
had done. The doctor operation the catheter, the operating
information transmitted to the slave side, once receiving the
moving information of the master catheter, the slave controller
controls the slave manipulator to drive the surgical catheter on
slave side with tracking the movement of master catheter. The
motors adopted to drive the surgical catheter are step motors.
The speed of the step motor is controlled by pulse frequency,
and the number of pulses decides the distance. On the slave
side, catheter operating information of vascular within the
collision force feedback to the master side of the doctor's
hands, thus forming a closed loop system.

In our design, we consider that the master catheter have the
same speed among two times communication of the system.
Then we can calculate the pulse frequency with the moving
variation of master catheter and communication cycle.
Therefore, the surgical catheter can track the master catheter
in a high accuracy.



IV. EXPERIMENTS AND RESLUTS

A. Experiments

In the calibration test, we can obtain the relation of the
current and damping force. Fig.7 is shown the calibration
experiment result of force and current. Until
when the coil is energized after, due to the influence of
magnetic field of permanent magnets to form, power coil by
magnetic force. As shown in it that with the increase of coil
current, magnetic force tends to a constant value. But the
implementation equipment coil to the maximum current is 0.6
A, and the input current of the coil is the output current by
voltage controlled current source. Damping force of the range
is 0 to 5 N, as shown in figure experiment for magnetic force
of the measured values in the permitted range. Based on the
data of correlation between the input current and the magnetic
force, the fitting curve equation was established with
MATLAB. Where F is the electromagnetic force, I is the input
current.

The fitting formula is as follows with MATLAB,

F =-290I" +5561 (1)

According to the fitting formula can get the relationship
between the feedback force and current by controlling the
current to change force. Using the formula can be changed by
adjusting the current magnitude of the electromagnetic force.
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Fig.7.The calibration experimental results of the force and current

According to the range of the electro-magnetic force
setting a simulating force, the maximum force is lower than
24Im N and the maximum current is lower than 0.6 A,
Simulating force is a simulation within the catheter in the
vessel. On the master side, the force feedback obtained by the
force sensor, then compare the two results. The comperison
results is shown in Fig.8, Fig 9. is the errors force.
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Fig.8 Comparison curve of the simulating force and the feedback force

6 T T : :
1 1
4+ — - - — — - - — -4 -

)
. |
=z |
Eo e
© ) | | | |
<) | | | | | | |
L | | | | | | | | |
= 2 n [ AT n | | Lo
g | [ | | | | [ | |
w | | | | | | | | | | |
| | | | | | | | | | |
4 1 L_1_1 I - _L_21 | L_d
| | | | | | | | | | | |
| | | | | | | | | | | |
| | | | | | | | | | | |
6 1 L_1_1 L_Q - _L_21 | L_d
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
| | | | | | | | | | | | | |
-8 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
Time (s)

Fig.9 The error between the simulating force and the feedback force

B. Results

The experiments set a simulating force, then according to
the formula (1) to calculate the current value by adjusting the
current measuring feedback force, compared the results of the
forces and error. Fig.8 shows the result of the comparison
experiment and the Fig.9 shows the error of the experiment.
Fig.8 shows the simulating force and the feedback force
generated by the damper as time going on. In the Fig.8, the
force is maximal in the time range of 10s to 18s. It’s because
that the catheter is inserted in the vessel bend and suffers larger
resistance. In the Fig.9, we can see the maximum error
between the simulating force and the feedback force is lower
than 0.1 N, which can meet our design requirement according
to a study presenting that the force larger than 0.12 N will
injure the vessel . So the error is in a safe range. The force
feedback of the system is effective through the experiment.



V. CONCLUSIONS AND FUTURE WORK

In order to improve precision of force feedback for the
vascular interventional surgery, a novel master manipulator
for the robot-assist catheter system was proposed. The results
of calibration experiments and force feedback experiments
proved that the novel master system is feasible. The following
conclusions can be obtained:

1) A novel master manipulator for the robot-assist catheter
system was proposed.

2) This system was designed in accordance with the
requirements of ergonomic, which allowed the surgeon to
operate a real catheter on master side.

3) The damper based on electro-magnetic could be used to
transmit the force feedback to surgeon’s hand.

4) The force feedback experiments indicated that the
accuracy is high and the maximum error is 6 mN in the
permitted range.

In the future, we will add the position feedback in our real
time control. Moreover, we will optimize the dynamic
performance of developed master-slave robotic catheter
navigation system.

ACKNOWLEDGMENTS

This research is supported by National High Tech.
Research and  Development Program  of  China
(2015AA043202), and General Research Program of the
Natural Science Foundation of Tianjin (13JCYBJC38600) and
the Project-sponsored by SRF for ROCS, SEM.

REFERENCES

[1T Yu Wang, Shuxiang Guo, Baofeng Gao, “Vascular Elasticity
Determined Mass-spring Model for Virtual Reality Simulators”,
International Journal of Mechatronics and Automation,Vol.5, No.1, ppl-
10, 2015.

J. Guo, S. Guo, “A Haptic Interface Design for a VR-based Unskilled
Doctor Training System in Vascular Interventional Surgery”,
Proceedings of 2014 IEEE International Conference on Mechatronics
and Automation, pp.1259-1963, 2014

Shuxiang Guo, Jian Guo, Lin Shao, Peng Wang and Yunliang 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, July 26-29,
China, 2014.

Yuan Wang, Shuxiang Guo, Nan Xiao “Modeling and Simulation of
Passive Catheter based on Piecewise Constant Curvature Method,”
Proceedings of 2014 IEEE International Conference on Mechatronics
and Automation, pp.958-963, August 3-6,Tianjin, China, 2014.

Jian Guo, Peng Wang, Shuxiang Guo, Lin Shao and Yunliang Wang
“Feedback Force Evaluation for a Novel Robotic Catheter Navigation
System,” Proceedings of 2014 IEEE International Conference on
Mechatronics and Automation, pp.303-308, August 3-6,Tianjin, China,
2014.

M.Tanimoto, F. Arai, and T. Fukuda, “Telesurgery System for
Intravascular Neurosurgery,” Medical Image Computing and Computer-
Assisted Intervention - MICCAL, pp.29-39, 2000.

C. Tercero, Z. Najdovski, S. Ikeda, S. Nahavandi and T. Fukuda,
“Haptic Feedback in Endovascular Tele-Surgery Simulation through
Vasculature Phantom Morphology Changes,”Proceedings of IEEE
World Haptics Conference 2013, pp. 359-364, 2013.

Y. Fu, A. Gao, H. Liu, K. Li and Z. Liang“Development of a Novel
Robotic Catheter System for Endovascular Minimally Invasive

942

Surgery,”Proceedings of the 2011 IEEE/ICME International Conference

on Complex Medical Engineering,pp.400-405, 2011.

W. Feng, C. Chi, H. Wang, K. Wang, X.Yeand S. Guo. “Highly Precise

Catheter Driving Mechanism forlntravascular ~ Neurosurgery.”

Proceedings of 2006 IEEE InternationalConference on Mechatronics and

Automation, pp 990-995, 2006.

Jian Guo, Lin Shao, Shuxiang Guo, Yang Yu and Qiang Gao “A

Multidimensional Information Monitoring Method for a Novel Robotic

Vascular Interventional System,” Proceedings of the 2015 IEEE

International Conference on Information and Automation, pp.609-613,

China, August 2015.

N.Zakaria, T.Komeda, C. Low , K.Mahadhir, “Development of

Foolproof Catheter Guide System based on Mechatronic Design,”1st

Joint International Symposium on System-Integrated Intelligence

2012:New Challenges for Product and Production Engineering, pp. 1-3,

2012.

C. Payne, H. Tari and G. Yang, “A Force Feedback System for

Endovascular  Catheterisation,”Proceeding of 2012 IEEE/RSJ

International Conference onlntelligent Robots and Systems, pp. 1298-

1304, 2012.

Yang Yu, Jian Guo, Shuxiang Guo and Lin Shao, “Modelling and

Analysis of the Damping Force for the Master Manipulator of the

Robotic Catheter System,”Proceedings of 2015 IEEE International

Conference on Mechatronics and Automation, pp.693-697, August 2-

5,Beijing, China, 2015.

Jian Guo, Shuxiang Guo, Lin Shao, Peng Wang, Qiang Gao, “Design

and Performance Evaluation of a Novel Robotic Catheter System for

Vascular Interventional Surgery” Journal of Microsystem technologies,

DOI.10.1007/s00542-015-2659-4, 2015.

Jian Guo, Shuxiang Guo, Nan Xiao, Xu Ma, Shunichi Yoshida, Takashi

Tamiya, and Masahiko Kawanishi, “A Novel Robotic Catheter System

with Force and Visual Feedback for Vascular Interventional Surgery”,

International Journal of Mechatronics and Automation, Vol. 2, No. 1, pp.

15-24,2012.

Nan Xiao, Ping Guo, Shuxiang Guo, “Push Force Feedback for a Kind

of Robotic Catheter Navigation System”, Proceedings of the 2015 IEEE

International Conference on Information and Automation, pp.32-37,

Lijing, China, August 2015.

Hengrui Li, Shuxiang Guo, Jin Guo, Xuanchun Yin and Yu Wang,

“Development of a Force Measurement Device for the TeleOperative

Catheter Operating System”, Proceedings of 2015 IEEE International

Conference on Mechatronics and Automation, pp.425-430, August 2-

5,Beijing, China, 2015.

Weili Peng, Nan Xiao, Shuxiang Guo,Yuan Wang, “A Novel Force

Feedback Interventional Surgery Robotic System”, Proceedings of 2015

IEEE International Conference on Mechatronics and Automation,

pp.709-714, August 2-5,Beijing, China, 2015.

Xuanchun Yin, Shuxiang Guo, Xiao, Nan; Tamiya, Takashi, “Safety

Operation Consciousness Realization of a MR Fluids-Based Novel

Haptic Interface for Teleoperated Catheter Minimally Invasive

Neurosurgery”, Journal of IEEE/ASME Transactions on Mechatronics,

Vol 21, No 2, pp 1043-1054, April 2016.

[20] Yu Wang, Shuxiang Guo, Xuanchun Yin, “Laser Mouse-based Master-
Slave Catheter Operating System for Minimally Invasive Surgery”
Proceedings of 2015 IEEE International Conference on Mechatronics and
Automation, pp.871-875, August 2-5,Beijing, China, 2015.

]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]



	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


