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Abstract. Aiming at the requirement of multi-axis coupling linkage control operation of dual-
arm nursing robot, a new method based on Beck Hoff TwinCAT3 design PLC control program
and electronic gear function to realize multi-degree-of-freedom coupling control was proposed.
A set of human-like double-arm care robot was developed. Control system. The improved D-H
modeling method was used to establish the mathematical model of the shoulder, elbow and wrist
joints of the arms of the nursing robot, and the forward and inverse kinematics analysis was
carried out. The inverse kinematics solution was solved according to the set of the end position
pose of the arms, and the left and right arms were obtained. The torsion angle of the joints; the
communication between the driver, the motor and the controller is completed by using the
EtherCAT bus technology, and the PLC motion control program is written based on the host
computer software and the relevant function blocks are called. Focusing on the design of the
electronic gear function, the coupling angle of the master-slave axis and the electronic gear is
designed according to the torsion angle of the six arms of the two arms calculated by inverse
kinematics analysis, so that the joint axes can run according to the calculated torsion angle and
reach the set position. Through the on-site debugging experiment and the software real-axis
monitoring module, the actual running speed and position waveform of each joint axis are
obtained. Through the graphical analysis, the arms of the nursing robot can reach the designated
position. The experimental results verify the effectiveness of the design of the nursing robot
software control system.

Keywords: bus technology, coupled control, dual robotic arm, improved D-H modeling, nursing
robot

1 Introduction

At present, the research on humanoid dual-arm care robots with the ability to transfer patients has
received more and more attention [1]. However, due to the complex kinematics and control constraints in
the coordination of the arms and the waist, the control system analysis and precision control of the
nursing robot is quite difficult [7]. At present, the nursing robots developed by foreign institutions such
as the United States and Japan can realize simple displacement, robotic grabbing, intelligent sweeping,
etc. Robots have less freedom and usually only complete simple work [2-3, 8], so for the elderly and the
disabled, there is no real function of nursing. Therefore, according to the actual needs of the old and
weak disabled population, this paper designs a humanoid double robotic arm care robot with twelve
degrees of freedom. The nursing robot has ten degrees of freedom in both arms, and the waist joint has
two degrees of freedom. The physical model of the nursing robot was established according to the
principle of humanity. In order to make the nursing robot have greater driving force, the freedom of the
joints of the two arms is selected by the AC servo motor, and the coordinated movement of the two robot
arms is the key to the control design [9].
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In summary, this paper is to study the control system of the nursing robot’s dual-armed function [4].
The research focus of the control system is based on the computer’s Beck Hoff control technology and
the PLC software control program design using the PC software TwinCAT3. The main function of the
electronic gear is to realize the linkage control between the waist spindle and the two-arm slave axis, so
that the nursing robot has arms and joints. The shafts cooperate with each other and operate according to
the planned path [5] to realize the function of nursing.

2 Arm Care Robot Structure

The main structure of the nursing robot consists of a bottom moving platform, a waist, and a double robot
arm.

The bottom is moved by the omnidirectional wheel to move the platform, and it can move in multiple
directions. The waist has two degrees of freedom. Because of the large load, the design is driven by a
high-power servo motor. The two arms are identical in structure and have five structures. The mechanical
arm of the degree of freedom is used as the left and right arms of the nursing robot. The overall structure
of the nursing robot is shown in Fig. 1:

Fig. 1. Overall structure of the nursing robot

The single robot arm of the nursing robot has five degrees of freedom, the front and rear swinging
degrees of freedom and the left and right swinging degrees of freedom at the shoulder joints; the inside
and outside rotation degrees of the boom; the elbow joints for the lower arm lifting degrees; the wrist
joints The degree of freedom for the robot is lifted. The servo motor drive with the power matching the
maximum load is selected for each degree of freedom. In order to achieve precise and flexible control,
each servo motor is equipped with a reducer for deceleration processing. The structure of a single arm is
shown in Fig. 2 below:

Fig. 2. Mechanical arm structure
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3 Kinematic Analysis

The end position and attitude representation of the dual robotic arm care robot is typically described in a
matrix format. In the Cartesian space coordinate system, the operating angles of the joints of the robot
arm are not necessarily the same, but the end position and the pose are likely to be the same, so the
forward and inverse kinematics analysis of the robot is a re-radiation relationship. It can be determined
that the joint coordinates obtained by the end pose of the nursing robot have multiple sets of solutions. In
the following, we use the analytical method to perform inverse kinematics analysis on the dual robotic
posture of the nursing robot [6]. This design is mainly to study the realization of the lifting motion of the
dual-mechanical arm nursing robot. Therefore, in the inverse kinematics analysis, the three joints of
shoulder joint lifting, elbow joint lifting and wrist joint lifting are mainly discussed. It is analyzed that the
movements of the three joints of the single robot arm of the nursing robot are the movements in the two-
dimensional sitting plane, so the Z-axis coordinate can be specified as a fixed value, and the joint motion
can be analyzed in the XY coordinate system. According to the numerical analysis method, the schematic
diagram of the initial position and end position coordinates of the single arm of the nursing robot is as
shown in Fig. 3: (Unit: mm)
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Fig. 3. Initial position and end position coordinates

According to the figure, the position coordinates of the end position of the robot end arm in the
Cartesian coordinate space are:

{PL =[p,.p,.p.1=[520,622,208] "

Py =[p,,p,.p.1=[520,622,-208]

The inverse kinematics analysis of the spatial position of the end of the nursing robot arm is carried
out to obtain the torsion angle of the three joints of the arms, and then the software control programming
and algorithm design are performed according to the joint rotation angle. First, as shown in Fig. 4 below,
the three coordinate axes of the main joint degrees of freedom of the dual robots of the nursing robot are
established. According to the coordinate system, the D-H parameters of each link can be obtained as
shown in Table 1 below:
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&

Fig. 4. Link attached coordinate system

Table 1. Nursing robot kinematics linkage parameter table (zero position)

Parameter

Order Number Joint i
a; a, d, i
1 1 0 0 0 0
2 -0.2° 723 313.0 0,
11 3 84.6° 425 105.0 03
4 0 347.5 0 0,4
2 -0.2° 723 313.0 6,
11T 3 84.6° 425 105.0 6s'
4 0 347.5 0 0,'

In summary, the inverse kinematics analysis of the dual-mechanical arm nursing robot is mainly based
on the lumbar joint pitch freedom degree. Here, in order to simplify the modeling figure, the 0 coordinate
system and the 1 coordinate system are coincident. The lumbar joint is the connecting rod C,, the lumbar

joint and the shoulder joint are the connecting rod C,, the shoulder joint and the elbow joint are the

connecting rod C,, and the elbow joint and the wrist joint are the connecting rod C,, and the three are

the main moving joints. Perform inverse kinematic position and pose analysis. According to formula (2)
and the link parameter table 1, the transformation matrix of the three links of the left arm [10] can be

obtained: see the following formulas (3) to (8):
“'T =4 =Trans(a,_,,0,0)Rot(x, ,, a,_)Trans(0,0,d,)Rot(z,,0)

cos —sing, 0 0O

sing, cosg 0 0

lo 0 10

0 0 0 1
cos¢, -—sinf, 0 q
0 0 1 d,

4, =
—sind, —cosd, 0 O
0 0 0

2)

©))

“)
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cos¢; -—sinfd, 0 a,

4= 0 0 1 d,
> | —sin 0, —cosd, 0 0 )

0 0 0 1

cos)y -smnfg, 0 O

4= 0 0 -1 —d, 6

* 7| sin 6, cosg, 0 O ©)

0 0 0 1

The left arm kinematics equation is obtained by the link transformation matrix:

T, = A A, A, A, (7)

The end pose equation of a given nursing robot is expressed by equation (3-24), and the analytic
method is used to solve the inverse kinematics, and the values of 6,,6, and 6, of the rotation angles of

the joints of the left arm of the nursing robot are obtained.

nx O)C ax p X
T, - n, o, a, p,
nZ OZ aZ p X
0 0 0 1

®

Analyze the equation according to the numerical analysis method, substitute the coordinates of the end
point P and the relevant link parameter values, and then, according to the requirements of the joint
motion range of the dual-arm mechanism of the nursing robot, round off the non-conforming value and
determine the left arm of the nursing robot. The torsion angle of each joint at the end position is:

6,=29.67%6,=-16.2° 0, =44.7° 9
Similarly, the torsion angle of each joint of the right arm of the nursing robot at the end position is:

6, =29.67% 6, =163.8 (&}4) - 16.2, 6, =44.7° (10)

4 Hardware Control System Design

The hardware system of the nursing robot control system is mainly composed of Beck Hoff controller,
driver, servo motor, planetary reducer and the like. Multiple motor drives and controllers are connected
in series topology via an industrial real-time Ethernet EtherCAT bus communication protocol. The
EtherCAT bus technology with excellent high-speed transmission performance, flexible topology, simple
and durable openness, it is executed once with the servo axis for 100us for actual position and status
update [12]. The hardware diagram and physical map of the nursing robot are shown in Fig. 5 below:
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Fig. 5. Hardware system physical map

5 Software Control System Design

Software control is the core of the entire robot control system by software programming the motor driver
to send signals to control the motor. The TwinCAT3 based on Beck Hoff controller is used as the upper
computer software of the nursing robot control system. It can realize motion control through the NC
configuration interface, and can also realize logic control through PLC programming. Based on the
inverse kinematics analysis and solution of the end position of the double manipulator of the front
nursing robot, the values of the joint torsion angles of the three main joints running to the end position
during the nursing process are obtained. Joint torsion angle, writing control program and design
algorithm, so that the three main joint axes of the nursing robot’s one arm can run according to the
calculated torsion angle, so that the arms reach the set end position, and complete the nursing robot
software control system design.

5.1 NC Motion Control

The control of the NC axis of the TwinCAT3 software interface is pure software control based on the
computer software interface, motion control is the basis of PLC program control. In actual control, the
NC axis feeds the status position of the drive to the PLC axis, while the PLC axis writes the data of the
function block to the NC axis[11]. In the debugging of the NC axis, the distance between the motor and
the actual rotation of the motor is set to be equal, that is, 360 mm is run in the program, and the motor
actually rotates 360 degrees. The NC axis control does not require motion programming. The defined NC
axis interface operation enables multiple operating mode settings such as motor shaft enable operation,
single axis JOG operation, and specified position operation. The software operation interface of the NC
axis of the motor is shown in Fig. 6 below:

| General [ Settings [ Parameter | Dynamics| Online | Funetions| Coupling| Compensatien)
Setpeint [mm]
£5.4253 s45161
Lag Distance [nm] Actual Yelocity: [mmfs] Setpoint [mm/=]
-0.3083 (-0.543, 0.511) -89.5T10 -100. 0000
Overrida: [%] Totsl / Control #] Error:
100. 0000 % -4.56 / -0.01 % 0 (0=
Status (log. ) Status (phys. ) Enabling
[¥] Ready [C]H0T Mowing  [|Coupled Mode [#]Controlle [ Set
[[]calitrated [|Mowing Fw [F]In Target Pos [¥|Feed Fx
[#]Has Tob [ZIMoving B [[1In Fos. Range  []Feed Bw
Controller Kv—Factor: [mm/s/nm] Reference Velocity: [mn/=]
1 Y e 1
Target Fosition: [mm] Target Yelocity: [mm/'=]
] 1 [
— = + ++ ® —s
F1 | F2| F3| F4 F8 | Fe
[ Ondine
MName Actual Pos. Setp. Pos, ‘ Lag Dist. Actual Velo Error |
EEze 97.1844 960839 02994 1001559 [
ERNE 973959 982839 02877 1000371 00
EENE | 97.5837 984839 0.2980 997213 00

Fig. 6. NC axis motion control interface
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5.2 PLC Main Program Design

TwinCAT3 software has a powerful database and supports PLC, C++ and other programming languages.
The main program design mainly adopts modular PLC motion control program. After adding the function
library, it can be written in the MAIN window under PLC. The PLC program calls the relevant function
block. The control program design of the six joint axes of the dual-mechanical arm of the nursing robot is
the same, so the design is described by one single-arm design. The design of the PLC main control
program is mainly to write function block call instructions, such as motor enable, jog operation, relative
position operation, set, electronic gear design, etc. After the required function block call is completed, the
parameter design is completed in the function writing window.

5.3 Electronic Gear Design

The electronic gear function is called by PLC command to realize the correspondence between the
coupling of the master-slave axis and the nonlinear position and speed. The design of the nursing robot
control system software sets the precise electronic gear ratio and coupling speed through the analysis of
the running torsion angle of the joint shaft, so that the three joint axes of the nursing robot can run
according to the calculated torsion angle and reach the set end point. The position, the care action of the
nursing robot is carried out. The electronic gear function block diagram is shown in Fig. 7 below:

MC_Gearln

—Execute InGear—
—RatioNumerator Busyr— MC_GearQOut
—RatioDenominator Activel— -|Execute Donef—
—Acceleration CommandAborted— Options Busy—

. —Slave & Error—
—Deceleration Eror— ErroriDl—
—Jerk ErorlDf—
—BufferMode
—Options
—Master &
—Slave &

Fig. 7. Electronic gear function block

The control system is designed to facilitate the control of the program, as well as the collection of
experimental data during operation and commissioning.

(1) Nursing robot freedom specification: the left arm shoulder joint is the 1st axis, the elbow joint is
the 2nd axis, the wrist joint is the 3rd axis; the right arm shoulder joint is the 4th axis, the elbow joint is
the 5th axis, the wrist joint it is the 6th axis.

(2) All joint axis lifting motions of the dual manipulators are in the positive direction, and the joint
axis is moved in the negative direction.

(3) In the electronic gear design, the No. 1 axis is the main axis, and the rest are the slave axes.

According to the joint torsion angle, the left and right arm joint axis motor of the nursing robot needs
to run in the TwinCAT3 software control system: the running distance between the No. 1 axis and the No.
4 axis at the shoulder joint is 29.67 mm, and the No. 2 axis at the elbow joint is The running distance of
the 5th axis is -16.2mm, that is, 16.2mm in the opposite direction; the running distance of the 3rd axis
and the 6th axis at the wrist joint is -44.7mm. The coupling coefficient of the motor gear is designed
according to the actual running distance of the two-arm joint motor. The running distance of No. 1 axis
and No. 2 axis and No. 5 axis is close to 2/1; the running distance ratio of No. 1 axis to No. 3 axis and No.
6 axis is close to 2/3; the running distance between No. 1 axis and No. 4 axis is close to 1. Therefore, in
the design of the electronic gear, the coupling coefficient of the electronic gear of the No. 1 axis and the
No. 4 axis is set to 1; the coupling coefficient of the electronic gear of the No. 1 axis, the No. 2 axis, and
the No. 5 axis is set to 1/2; The coupling coefficient of the electronic gear of the number axis with the 3rd
axis and the 6th axis is 3/2. Set the electronic gear coupling coefficient parameters as follows:
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/ / Electronic gear master-slave coupling coefficient setting
gearin2 (

Master: = axisl,

Slave: = axis4,
Execute: = gearin2 do,
Ratio Numerator: = 1,
Ratio Denominator: = 1,
gearin3 (

Master: = axisl,

Slave: = axis2, axis5,
Execute: = gearin3 do,
Ratio Numerator: = 1,
Ratio Denominator: = 2,

gearind (

Master: =axisl,

Slave: =axis3, axise6,
Execute: = gearin4 do,
Ratio Numerator: = 3,
Ratio Denominator: =2,

According to the coupling factor set by the program, when the speed of the main shaft is 60m/s, the
speed of the slave axis No. 4 should be 60 m/s; the speed of the slave axis No. 2 and the No. 5 axis
should be 30 m/s; The speed of shaft 3 and axis 6 should be 45m/s. The design control program is
verified by the on-site debugging experiment and the software oscilloscope monitoring module.

6 Field Debugging and Graphic Output Monitoring

After the design of the nursing robot based on PLC programming and calling the electronic gear module
control system is completed, the Scope View graphical output tool of TwinCAT3 software is applied to
verify the designed PLC program and the electronic gear function to realize the correct coupling of the
master-slave speed. The actual running speed and position change curve of each axis can be monitored in
the Scope View function, as shown in Fig. 8, Fig. 9, and Fig. 10 below:
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Fig. 8. No. 1 spindle speed and displacement curve
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Fig. 10. No. 3 slave axis speed and displacement curve

The on-site commissioning results shown in the above figure show that the actual running speed of the
No. 1 and No. 4 axes of the nursing robot arms is 58 mm/s; the actual running speed of the No. 2 and No.
5 axes is 26 mm/s; the actual running speed with the 6th shaft is 87m/s. After running for 15s, the
running distance between the No. 1 and No. 4 axes is 900mm; the running distance between No. 2 and
No. 5 axes is 450mm; and the running distance between No. 3 and No. 6 axes is 1350mm. In summary,
the displacement proportional relationship of the three main joint axes of the single arm is consistent with
the inverse kinematic solution of the torsion angle ratio, and the actual running speed and displacement
values of each axis are collected by the Scope View monitoring module. Compliance, and the error
between the actual running speed and the set speed value does not exceed 5%, which is a reasonable error
range. Therefore, the on-site debugging experiment verifies the correctness, feasibility and stability of the
software control system design.

The program design makes the nursing robot dual-arms cycle the cues, and the actual running speed
and position changes of the six joint-axis motors are shown in the following Fig. 11:
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Fig. 11. Speed waveform of each axis cyclic operation

7 Conclusion

In order to realize the design of the humanoid double-arm care robot control system, the PLC program is
completed by using the Beck Hoff controller and the host computer software TwinCAT3. The
mechanical structure of the main body of the nursing robot and the two arms is introduced. According to
the mechanical structure, the positive kinematic model of the six joint axes of the shoulder joint, the
elbow joint and the wrist joint of the double mechanical arm is established by using the improved DH
modeling method and the arms are set. The end pose matrix is obtained by inverse kinematics to obtain
the torsion angle of the three joints of the left and right arms. The hardware platform of the control
system is completed based on the EtherCAT bus communication protocol. The software interface of the
NC axis is implemented by the TwinCAT3 PC software of Beck Hoff controller. Design with PLC
motion control program. PLC motion control realizes multi-axis coupling linkage control by writing
motion control code, and calling function blocks such as enable, relative position setting and electronic
gear. The key design electronic gear function block is solved according to inverse kinematics analysis.
The torsion angle of the joints is designed to couple the primary and secondary shafts to the electronic
gear. Based on the design of the PLC control program, each joint axis can be operated according to the
calculated torsion angle, so that the arms of the nursing robot can reach the set position. Finally, the on-
site debugging of the nursing robot was completed and the oscilloscope graphical output module of the
Scope View of the PC software TwinCAT3 was used to verify the effectiveness of the software control
system design. The nursing robot arms were run to the set end position according to the calculated joint
torsion angle. The experimental results are in line with the expected design, and the dual-arm care robot
realizes the care action of the person. The control method of electronic gear coupling using PLC
programming makes the control of the robot easier and more precise, and is innovative in the control of
multi-degree of freedom nursing robot.

References

[1] Z. Deng, Z. Cheng, Research on the status quo of China’s assisted and disabled robot industry and technology development,
Robotics and Applications 2009.
[2] C. Smith, I. Karayiannidis, L. Nalpantidis, J. Gratal, Dual arm manipulation - a survey. Robotics and Autonomous Systems

60(10)(2012) 1340-1353.

329



Design of a Control System Based on Beck Hoff TwinCAT Nursing Robot

[3] F. Caccavale., C. Natale, Achieving a cooperative behavior in a dual-arm robot system via a modular control structure,
Journal of Robotics Systems 18(12)(2001) 691-699.

[4] R.S. Jamisola, RG. Roberts, A more compact expression of relative Jacobins based on individual manipulator Jacobins,
Robotics and Autonomous Systems 63(2015) 158-164.

[5]J. Wang, J. Wang, H. Kong, Design and implementation of parallel quadrilateral palletizing robot control system based on
beckhoff TwinCAT, Automation Expo. 35(9)(2018) 76-79.

[6] K. Song, Q. Liu, Q. Wang, Olfaction and hearing based mobile robot navigation for odor/sound source search, Sensors
11(2)(2011) 2129-2154.

[71 C.P. Tonetto, C.R. Rocha, H. Simas, A. Dias, Kinematics programming for cooperating robotic systems, in: Proc.
Technological Innovation for Value Creation, 2012.

[8] M. Kumar, D.P. Garg, Fuzzy logic based control of multiple manipulators in a flexible work cell, in: Proc. International
Symposium on Intelligent Control, 2003.

[9] L. Ribeiro, D. Martins, Screw-based relative jacobian for manipulators cooperating in a task using assure virtual chains, in:
Proc. 20th International Congress of Mechanical Engineering, 2009.

[10] M. Tan, D. Xu, Z. Hou, Advanced Robot Control, Higher Education Press, Beijing, 2007.

[11] L. Zouari, M.B. Ayed, M. Abid, Embedded control of robot arm driven by Brushless DC motor on FPGA, in: Second
World Conference on Complex Systems (WCCS), 2014.

[12] H. Wang, Multi-degree-of-freedom Robot Control Simulation System Based on EtherCAT Communication Protocol,

Shandong University, Shandong, 2017.

330




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo true
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 false
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHT <FEFF005B683964DA300C005000440046002800310032003000300064007000690029300D005D0020>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 400
        /LineArtTextResolution 1200
        /PresetName <FEFF005B9AD889E367905EA6005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


