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Abstract:    Hepatocellular carcinoma (HCC) is the second most common malignancy in China. As microwave ablation (MWA) is 
an effective method for liver cancer, a robotic surgical system with ultrasound-directed was designed to assist surgeons on posi-
tioning the needles. This robotic system includes a surgical robot with 5 degrees of freedom, a workstation for path-planning and 
image processing, a conventional 2D ultrasound device, and an electromagnetic (EM) tracking system. Surgery space, clinical 
operation requirements and optimal mechanical structure are the key factors to be considered in designing a medical robot suitable 
for use by surgeons. Based on the mechanics of the needle placement robot, we have conducted detailed kinematic analysis, 
including a combined numerical algorithm and coordinate mapping. Finally, the feasibility of the needle placement robot has been 
validated by experiment. 
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1  Introduction 
 

Hepatocellular carcinoma (HCC) is one of the 
most common malignant neoplasms in the world 
(Colombo, 1992), causing more than one million 
deaths worldwide annually (Esquivel et al., 1999). In 
China, it is the second most common malignancy. 
Current treatments for HCC mainly include surgical 
resection and ablative treatment. Unfortunately, most 
patients with primary and secondary liver cancer are 
not suitable for resection, primarily due to tumor 
location or underlying liver disease. 

A number of clinical studies have shown that 
microwave ablation (MWA) is an effective and safe 
treatment for liver cancer (Seki et al., 1994; 1999). 
Current clinical MWA, however, is manually per-
formed by surgeons. It strongly depends on the sur-
geon’s needling skills against hand’s tremor, hand-eye 
coordination and concentration. Now only a few 

surgeons are experienced and capable enough to use 
MWA, which limits its wider usage.  

For these above reasons, it would be advanta-
geous to develop a robotic system to assist surgeons 
in MWA treatment. Boctor et al. (2004) proposed two 
robot arms for intra-operative ultrasound-guided he-
patic ablative therapy. The two robot arms conduct 
both ultrasound manipulation and needle guidance, 
overcoming the problem of freehand ultrasound. The 
system, however, is complicated by having two ma-
nipulators, which increases the system’s failure rate, 
and is more cumbersome in the clinic setting. 

In this paper, we present a robotic system to as-
sist surgeons on MWA treatment for HCC patients. 
The robot arm is under the guidance of 3D ultrasound 
(3DUS), reconstructed from a conventional 2DUS 
device by 3D freehand reconstruction. This system 
allows for automatic control of the robot arm, by 
which the surgeon inserts the needle into the tumor 
target. This surgical robotic system can position the 
needle into the liver tumor more accurately and 
overcome the problem of hand tremor, so that the 
surgeon can concentrate more on planning and 
monitoring the procedure. 
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2  HCC and its treatment 
 

HCC is a liver disease (Fig. 1), which occurs 
most frequently in Asia, southern Africa and the Pa-
cific Rim area than in other parts of the world. The 
age range of patients with HCC is wide, but most are 
over 40 years old.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The formation of HCC is a slow process, during 

which genomic changes progressively alter the 
hepatocellular phenotype to produce cellular inter-
mediates which evolve into HCC (Thorgeirsson et al., 
2002). During the long preneoplastic stage, it is dif-
ficult to detect, and because of late diagnosis, difficult 
to treat. Studies indicate that hepatitis B virus, hepa-
titis C virus, long-term use of aflatoxin and genetics 
are important etiologic factors. Currently, there are 
two major treatments for HCC, surgical treatment and 
non-surgical treatment (Ye and Qin, 2008). 

The surgical treatment is most often applied in 
the following cases: 

1. Patients are generally in good condition 
without significant heart, lung, kidney, or other seri-
ous organic disease; 

2. Liver function is normal, or there is only slight 
damage (Child-Pugh grade A), or liver function is at 
grade B and after short-term treatment it can return to 
grade B or better; 

3. The liver functional reserve is within the 
normal range; 

4. No unremovable metastatic liver tumor is 
present. 

Most liver cancer patients, however, are not 
suitable for surgical resection because of their poor 
liver function, the multi-center location of the tumor, 
and other factors.  

MWA is an alternative, a non-surgical treatment 
characterized by greater procedural simplicity, effec-
tive tumor inactivation, and fewer complications. 
MWA treatment is most often applied in the following 
cases: 

1. Single tumor and tumor ≤5 cm in diameter; 
2. Multiple tumors, with the number of tumors 

≤3, the largest tumor ≤3−4 cm in diameter; 
3. No tumor embolus in blood vessels and gall 

vessels, or transfer lesion outside the liver; 
4. The distance between liver tumor and liver’s 

main vessel is at least 5 mm. 
Current MWA treatments are manually per-

formed by surgeons. The general surgical procedure 
is as follows. First, a computed tomography (CT) scan 
is taken over the zone about and around the patient’s 
liver; from the CT image, the surgeon can position the 
HCC tumor and thereafter consider a needle path 
taking into account the surrounding anatomy includ-
ing vessels and other important structures. Then, us-
ing the 2DUS-directed image, the surgeon inserts the 
needle along the pre-planned path to the center of 
liver tumor. The surgical performance, however, re-
lies on surgeon’s superior experience and judgment. 
Furthermore, it also depends on the surgeon’s nee-
dling skills against hand tremor, hand-eye coordina-
tion and concentration. Therefore, we developed a 
US-directed robotic system to assist the surgeon in 
positioning the needles for the MWA treatment. 

 
 

3  System overview 
 

Fig. 2 describes the overall structure of a 2DUS 
guided robotic system for MWA in liver cancer. Major 
system components include: 

1. A PC-based surgical workstation providing 
overall application control, 2DUS and 3DUS proc-
essing, surgical planning and surgeon interfaces. 

2. A conventional 2DUS device (WEUT-70X 
ultrasound machine, China-well, Inc.), which is 
connected to surgical workstation via video cable. 

HCC

(a) 

(b) 

Fig. 1  Liver cancer (a) and the ultrasound image of 
HCC (b) 
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(3) A 5-degree of freedom (DOF) needle 
placement robot for positioning a needle guide for 
MWA controlled by the workstation via RS-422. 

(4) An electromagnetic (EM) tracking system 
(Fastrak, Polhemus, Inc.), which is connected to the 
surgical workstation via USB, and which is used to 
position the robot arm and attain 2DUS images’ po-
sitions and orientations to fulfill the 3D model re-
construction. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
4  Mechanical design 
 

Effective and rational mechanical structural de-
sign of the robot system is the foundation of the entire 
system (Cleary and Nguyen, 2001). Tsai and Soin 
(1984) synthesized a robot with two or three links 

according to the design charts of the working space. 
They also divided the robot into two parts, the position 
structure and the orientation structure (Tsai and Soin, 
1985). From this aspect, the impact of structural pa-
rameters and motion parameters on the position and 
posture could be analysed to inform the design of other 
robots. Ying and Ma (1991) summed up the simple 
specification program, using a level-screening method 
for mechanical design. We adopted the screw theory to 
design the mechanic of robot assisting MWA. 

Based on the requirements of operating tasks, 
operating environments, and workspace area, we 
designed a 5-DOF robot including a robot arm with 
three DOFs and a robot wrist with two DOFs as 
shown in Fig. 4. This structure can also attain very 
precise positioning. The first DOF of the robot arm is 
vertical movement, while the other DOFs rotate in the 
level plane. The position of the tool in the selected 
working plane is determined by three DOFs. The 
required posture of the surgical tool within workspace 
is controlled with the two DOFs of the wrist. This 
mechanical structure has the advantages of having a 
small-size, large-scope, high-precision positioning 
and ease of use in operation. There is also the avail-
ability of kinematics analysis. 

The parameters of the robot are shown in Table 
1. The scope and speed of each axis are shown in 
Table 2. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 1  Parameters of the robot 

Parameter Value 
DOF 5 
Dimensions* 
 

800×230×680 (when the arms expand)
550×320×680 (when the arms fold) 

Weight (kg) 25 
Custom speed 
(mm/s) 

20 

Drive mode DC brush motor 
Driver power 24 V DC 
Control power 12 V DC 

* length×width×height, mm×mm×mm 

Table 2  Scope and speed of each axis 

Joint Motion scope Maximum speed 
Prismatic joint 300 mm 100 mm/s 
Joint 2 55° 20 (°)/s 
Joint 3 110° 20 (°)/s 
Joint 4 90° 40 (°)/s 
Joint 5 90° 40 (°)/s 

Fig. 2  Overall structure of US-directed robotic system 
for MWA in liver cancer. (a) System architecture; (b)
Experimental setup 

(b) 

(a) 
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4.1  Robot arm 

The robot arm with three DOFs can reach any 
position within the operating space. Currently, the 
typical configurations of robot arm patterns are: ar-
ticulated configuration, cylindrical configuration, 
selective compliance assembly robot arm (SCARA) 
configuration, Cartesian configuration and polar 
configuration.  

Arm structures of minimally invasive surgery 
robots mostly utilize the cylindrical configuration 
(ROBODOC), SCARA configuration (ZEUS) and 
Cartesian configuration (neurosurgery 3D orientation 
surgical robot which was developed by Switzerland 
Swiss Federal Research Institute). We used cylin-
drical configuration, because of its advantages com-
pared to others, such as smaller and larger workspace, 
higher precision positioning and human-robot inter-
action. Fig. 3 shows the workspace of MWA treat-
ment for liver cancer using an ultrasound imaging 
system.  

 
 
 
 
 
 
 
 
 
 
 
Considering the medical environment, the robot 

should have sufficient strength, accuracy, safety and 
dexterity. Based on the above operation requirements, 
we designed the articulated manipulator robot as 
shown in Fig. 4. 

 
 
 
 
 
 
 
 
 
 
 
 

4.2  Robot wrist 

The orientation of the surgical tools is controlled 
by the robot wrist. Fig. 5 shows the detailed antenna 
in ablation. Qinjun DU, a member of our research 
group, has discussed the detailed wrist design (Du et 
al., 2006). Based on the requirement of MWA treat-
ment, we designed the wrist with a 2-DOF structure 
(Fig. 4). 

 
 
 
 
 
 
 
 
 
 
 
 
 
Finally, we integrated the robot’s mechanic, 

control unit, cabling and outward appearance design.  
The prototype of our robot is shown in Fig. 6. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The safe issue is an important aspect on medical 

robot (Fei and Ng, 2001). We considered three aspects 
of safety. Firstly, the robot system is used only to 

Fig. 3  Workspace of MWA treatment for liver cancer

Fig. 5  Ablation antenna position and orientation 

Ablation
antenna

Fig. 4  Medical robot arm and wrist structure 

Joint 1

Joint 2
Joint 3

Joint 4

Joint 5

Arm

Wrist

(a) 

(b) 

Fig. 6  CAD model (a) and prototype of the robot (b)
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assist positioning, and the final insertion is operated 
by the surgeon, guided by ultrasound images. Sec-
ondly, every motor is equipped with a brake on the 
back, and after the robot has the correct position, the 
brake will lock the motor axis and the motor power 
will be cut off. Thirdly, the trajectory planning of the 
manipulator is placed over the lesion during the sur-
gical operation, and the manipulator itself cannot 
directly contact the patient. 
 
 
5  Kinematic analysis 
 

Kinematic analysis in this system is mainly on 
two coordinates: robot coordinate and EM tracking 
system coordinate (EM coordinate). Robot coordinate 
is used for the robot’s manipulation during the treat-
ment; EM coordinate is used in two areas: monitoring 
the robot wrist and reconstructing the tissue with 
2DUS images. 

The 5-DOF needle placement robot is a 
low-DOF robot; the wrist designed here has a more 
compact mechanical structure, however, the robot 
structure cannot be easily obtained through algebraic 
solutions. Thus, we proposed a combined numerical 
method, and main kinematic analysis is given as 
below. 

5.1  Forward kinematic analysis 

To decide the position and orientation of the 
end-effector of manipulators, it is necessary to estab-
lish a kinematic equation relating the joint space to 
the coordinate space. The coordinate frame of adjacent 
links is shown in Fig. 7.  

We calculated the direct kinematic equation ac-
cording to the D-H method. The kinematics equation 
is  

 
4 5 23 5 23 4 23 4 5 23 5 23 4 23 2 2

4 5 23 5 23 4 23 4 5 23 5 23 4 23 2 2r
5

4 5 4 4 5 1

.

0 0 0 1

C C C S S S C C S C C S d S a C
C C S S C S S C S S C C d C a S

T
S C C S S d

+ − − + +⎡ ⎤
⎢ ⎥− − − − − +⎢ ⎥=
⎢ ⎥−
⎢ ⎥
⎣ ⎦

     

(1) 
 

where 
 

4 4 5 5 23 2 3

2 2 4 4 5 5 23 2 3,

cos , cos , cos ( ),
sin , sin sin , sin ( ).

C C C
S S S S

θ θ θ θ
θ θ θ θ θ

= = = +

= = = = +
 

 

5.2  Inverse kinematic analysis 

For low-DOF robots, we can only obtain two 
values of columns in target’s matrix. As the robot’s 
wrist has a more compact mechanical structure, the 
robot structure cannot be easily described by alge-
braic solutions. Thus, we have proposed a combined 
numerical method for this robot structure. The de-
tailed process is as follows.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Step 1: we order one joint angle as a known 
value, which increases incrementally from the 
minimum to the maximum of the joint angle range. 

Step 2: based on the known joint angle, we can 
compute the inverse kinematic solution with an al-
gebraic method. Simultaneously, we examine the 
domain of the trigonometric functions of the joint 
angles.  

Step 3: if Step 2 returns all five joint angles 
without exceeding the requirements, the computed 
result is the robot’s numerical solution; if not, the 
computed process should return to Step 1 to itera-
tively derive the solution. If the known value arrives 
at the maximum of joint angle range, then the process 
proceeds to Step 4. 

Step 4: we analyze the iterative results and ob-
tain the solution. 

5.3 Coordinate mapping between robot and EM 

The target position and orientation in the EM 
device coordinate is em

tT , the EM device coordinate in 

robot base coordinate is r
emT , so the target position 

and orientation in robot base t t em
r em rT T T=  (Fig. 8). 

 

Fig. 7  Coordinate frame of adjacent links 
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6  Experiment 

 
The experiment was performed to test the accu-

racy of the robot. The experiment flow is as follows. 
First, we marked a point (Fig. 9) beside the arm’s 
guiding hole; then randomly selected a preset point 
within the robot’s workspace and solved the joint 
angles with inverse kinematics. We then manipulated 
the robot arm to the preset point and measured the real 
position of the marked point with a coordinate 
measure machine after manipulation. Finally, we 
defined that presetq  and arrivedq  are the 3D positions of 

the preset point and arrived point, respectively. Then 
we calculated the error in Euclidian space with 
Eq. (2): 

 

preset arrivederr .q q= −                           (2) 

 
 
 
 
 
 
 
 
 
 
 

This experiment was repeated 5 times with 5 
different preset points as shown in Tables 3−5.  

The error mainly comes from the harmonic 
backlash, and the servo’s error also has a small con-

tribution to the robot’s error. From the data above, it 
is seen that the 5-DOF needle-placement robot’s 
accuracy is less than 0.5 mm, which meets the re-
quirements of a robot for MWA in liver cancer 
treatment. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
In addition, we also have conducted animal trials 

(Fig. 10). Experiment results show that the robot 
mechanical design also meets the requirements of 
MWA treatment. In the animal experiments, the res-
piration motion mostly influences the robotic sys-
tem’s accuracy, however, this topic will be dealt with 
in future studies. 

 
 

 
 
 
 
 
 
 

Table 3  The preset and actually arrived points along 
axis X (mm) 

Test point No. Preset Measured Error 
1 533.2 533.0 0.2 
2 499.3 499.2 0.1 
3 466.6 466.8 0.2 
4 410.3 410.5 0.2 
5 366.6 366.7 0.1 

Table 4  The preset and actually arrived points along 
axis Y (mm) 

Test point No. Preset Measured Error 
1   61.3   61.5 0.2 
2   43.7   43.8 0.1 
3   31.7   31.5 0.2 
4   16.6   16.5 0.1 
5 −36.2 −36.4 0.2 

Table 5  The preset and actually arrived points along 
axis Z (mm) 

Test point No. Preset Measured Error 
1 80.7 80.9 0.2 
2 60.8 70.0 0.2 
3 70.6 70.4 0.2 
4 10.2 10.1 0.1 
5 30.2 30.3 0.1 

(a) (b) 

Fig. 10  Experiment on animals (pig). (a) Ultrasound 
scanning; (b) Robot assisting needle placement 

Fig. 8  Coordinate mapping 
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Fig. 9  Accuracy test of the needle guiding robot 
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7  Conclusion 
 

According to the requirements of MWA treat-
ment in liver cancer, we have designed a compact 
ultrasound-directed robot for needle-positioning. 

The system allows for detailed kinematic analy-
sis, including a combined numerical algorithm to 
compute the robot’s inverse kinematic solutions, path 
planning and coordinate mapping between different 
coordinates. Finally, experimental results show that 
the robot’s accuracy meets the operation requirements 
for MWA in liver cancer. To date now, we have con-
ducted several animal trials. After further animal 
trials, clinical trials will be considered.  

 
References 
Boctor, E.M., Fischer, G., Choti, M.A., Fichtinger, G., Taylor, 

R.H., 2004. A Dual-armed Robotic System for Intraop-
erative Ultrasound Guided Hepatic Ablative Therapy: A 
Prospective Study. Proceedings of IEEE ICRA, New 
Orleans, p.2517-2522. 

Cleary, K., Nguyen, C., 2001. State of the art in surgical ro-
botics: Clinical applications and technology challenges. 
Computer Aided Surgery, 6(6):312-328.  [doi:10.3109/ 
10929080109146301] 

Colombo, M., 1992. Hepatocellular carcinoma. Hepatology, 
15(4):225-236.  [doi:10.1002/hep.1840150421] 

Du, Q.J., Huang, Q., Tian, L.B., Liu, C.C., 2006. Mechanical 
Design and Control System of a Minimally Invasive 
Surgical Robot System. Proceeding of IEEE ICMA, 
Luoyang, China, p.1120-1125. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Du, Q.J., Zhang, X.Y., 2006. Manipulability Analysis and 
Design of Radio Frequency Ablation Robot. Proceeding 
of IEEE WCICA, Chongqing, China, p.7432-7437. 

Esquivel, C., Keeffe, E., Garcia, G., Imperial, J., Millan, M., 
Monge, H., So, S., 1999. Hepatic neoplasm: Advances in 
treatment. Gastroenterol Hepatol, 14(suppl):37-41. 

Fei, B.W., Ng, W.S., 2001. The safety issues of medical ro-
botics. Reliability Engineering and System Safety, 
73(2):183-192.  [doi:10.1016/S0951-8320(01)00037-0] 

Seki, T., Wakabayashi, M., Nakagawa, T., Itoh, T., Shiro, T., 
Kunieda, K., Sato, M., Uchiyama, S., Inoue, K., 1994. 
Ultrasonically guided percutaneous microwave coagula-
tion therapy for small hepatocellular carcinoma. Cancer, 
74(3):817-825.  [doi:10.1002/1097-0142(19940801)74:3< 
817::AID-CNCR2820740306>3.0.CO;2-8] 

Seki, T., Wakabayashi, M., Nakagawa, T., Imamura, M., Tamai, 
T., Nishimura, A., Yamashiki, N., Okamura, A., Inoue, K., 
1999. Percutaneous microwave coagulation therapy for 
patients with small hepatocellular carcinoma. Cancer, 
85(8):1694-1702.  [doi:10.1002/(SICI)1097-0142 
(19990415)85:8<1694::AID-CNCR8>3.0.CO;2-3] 

Tsai, Y.C., Soni, A.H., 1984. The effect of link parameter in the 
working space of general 3R robot arms. Mechanism and 
Machine Theory, 19(1):9-16.  [doi:10.1016/0094-114X 
(84)90004-1] 

Tsai, Y.C., Soni, A.H., 1985. Workspace synthesis of 3R, 4R, 
5R and 6R robots. Mechanism and Machine Theory, 
20(6):555-563.  [doi:10.1016/0094-114X(85)90072-2] 

Ye, S.L., Qin, S.K., 2009. Expert consensus of standardized 
treatment of primary liver cancer. Tumour, 4:295-304. 

Ying, X., Ma, X.F., 1991. Synthesis of types of manipulators 
and determination of their structural parameters in me-
chanical system design of robots. Journal of University of 
Science and Technology Beijing, 13(3):252-258. 

 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /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 /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /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 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


