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Abstract This work investigates the spatial contour tracking on
a new kind of motion platform that is constructed by extending
the parallel platform with a proven planar motion table. Multi-
axis cross-coupled tracking control schemes were developed
on the basis of this hybrid structured Stewart platform, which
formed a 5-axis working machine. A framework for the functions
of this system was established. Roadmap for further development
that leads to a highly versatile and efficient precision motion plat-
form was made.
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Fig. 1. Proposed hybrid motion plat-
form. Left: computer model, right:
prototype

1 Introduction

A parallel machine tool is featured by its high structural rigidity
and precision, while traditional serial machine tool is proven for
its mature performance of continuous path contouring. But both
suffer from inherited disadvantages. Serial structure has long
load-bearing chains and hence limited stiffness and dynamics,
while the parallel structure of a Stewart platform only prevails in
a limited motion space that contains threatening singular points.

The purpose of this work is to pioneer a novel hybrid plat-
form that integrates the advantages of both parallel and serial ma-
chines. The framework for the conceived hybrid motion platform
was established and the multi-axis 3-D precision contour track-
ing was investigated. Figure 1 shows the novel system studied in
this work.

In the trajectory tracking, Koren [1] first proposed the cross-
coupled biaxial control, which has become the state-of-the-art in
precision contour tracking [2–7]. Chin and Lin [8] enhanced the
cross-coupling operation with a velocity precompensation. The
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precompensated cross-coupled control proved to have the best
contour precision in circumstances of high feed rates and great
trajectory curvatures [9, 10].

In the field of Stewart platform, mechanism design and an-
alysis [11–13], accuracy analyses [14–17], workspace and sin-
gular point [18–21] were investigated. Portman et al. [22] con-
structed a 6-DOF parallel platform, which enabled displacements
in the micron and submicron ranges.

Since the proposed novel system works like a 5-axis ma-
chine, some latest development in 5-axis concerning kinemat-

Fig. 2. Block diagram of the MCCPM
controlled hybrid motion platform

ics [23], path generation [24–26] and real-time interpolation [27,
28] were of interest.

2 System construction

Figure 2 shows the system block diagram of the constructed mo-
tion platform. The upper part of Fig. 2 that produces (xa, ya)
represents the control of x-y table while the lower part that pro-
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duces (L1 · · · L6) represents the control of leg lengths of parallel
platform. The cross-coupled, precompensation control (CCPM),
mainly planar techniques, was chosen and extended to multi-axis
CCPM (MCCPM) in this work.

2.1 Six-DOF Stewart platform

2.1.1 Inverse kinematics

Figure 3 shows the upper and the lower platform of a Stewart
platform. The six joint locations of the upper platform in the base
coordinates can be expressed as:

[ bEi
] = [ bTe

]∗ [ eEi
]
, i = 1 ∼ 6, (1)

where [ eEi] = [LeCφi , Le Sφi, 0, 1]T , i = 1 ∼ 6 and [ bTe] is
transformation matrix.

The six joint locations of base platform in the base coordi-
nates are

[ bBi
] = [LbCθi , Lb Sθi, 0]T , i = 1 ∼ 6 . (2)

The leg lengths can be obtained by calculating:

|Li | = ∣∣ bEi − bBi
∣∣, i = 1 ∼ 6 . (3)

2.1.2 Forward kinematics

Contrary to the simple calculation for leg lengths, six non-
linear equations are to be solved to get the required centroid

Fig. 3. The locations of 12 joints of the platform shown in Fig. 1

(x, y, z;α, β, γ ) for a given set of Li=1∼6:

Fi (x, y, z, α, β, γ )

=
[( bEi − bBi

)2
x + ( bEi − bBi

)2
y + ( bEi − bBi

)2
z

]
− L2

i . (4)

2.1.3 Singular points and work space

The advantages of parallel platform are won at the cost of so-
phisticated determination and exclusion of singular points. This
becomes more difficult when a continuous spatial trajectory is to
be tracked. The finding of singular points can be performed by
differentiating equations Fi(x, y, z, α, β, γ) as follows:

dFi

dt
= ∂Fi

∂L

∂L

∂t
+ ∂Fi

∂P

∂P

∂t
= W(L)

•
L +S(P )

•
P = 0 . (5)

Case 1: Inverse kinematics singularities

When det W(L) = 0,
•
P = 0 satisfies the equation dFi/dt = 0,

which corresponds to the workspace boundaries.
Case 2: Forward kinematics singularities

When det S(P ) = 0,
•
L = 0 satisfies the equation dFi/dt = 0,

which corresponds to the singular points.

2.2 Cross-coupled precompensation method (CCPM)

CCPM [8–10] was an extended version of cross-coupled control.
The motion platform shown in Fig. 2 is already in CCPM control,
which can be identified by the blocks “contour error calculator”
and the “velocity calculator.”
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The speed precompensation requires that the feeding velocity
be modified as:
−→
V = −→

Vt +−→
Vk . (6)

3 New system developments

Based upon the knowledge stated above, the following function
groups were developed.

3.1 Trajectory planning in the sense of 5-axis motion

3.1.1 Trajectory construction

A continuous spatial surface S(u, v) is shown in Fig. 4, upon
which a trajectory Pi(u, vc) can be constructed by setting v con-
stant and u variable.

If bi-cubic patch [29] is chosen to construct the surface, then

S(u, v) =
3∑

i=0

3∑

j=0

aij u
iv j , (0 � u � 1, 0 � v � 1). (7)

Fig. 4. A trajectory on surface

Fig. 5. The mapping of trajectory to position
and orientation sets

The normal to the surface at the machining point can be obtained
by:

[
nx, ny, nz

] =
(

∂S

∂v
× ∂S

∂u

)
/

(∣∣∣
∣
∂S

∂v
× ∂S

∂u

∣∣∣
∣

)
.

The tool position and orientation (Pt, Ot )
T
M correspond to

(xt, yt , zt; 0, 0,−1)T in base coordinates. The trajectory and its
normal are denoted by [S(u, v); n(u, v)]T

effector, which can be
transformed to base coordinates as follows:

[S(u, v); n(u, v)]T
M = [T.M.]base

M [S(u, v); n(u, v)]T
base , (8)

where [S(u, v)]T
base = [T.M.]effector

base [S(u, v)]T
effector ,

and [n(u, v)]T
base = [R.M.]effector

base [n(u, v)]T
effector .

The transformation leads to α, β and γ as well as the follow-
ing position relationships:

xxy + xc = xt −
(
Sxn1 + Syo1 + Sza1

)
,

yxy + yc = yt −
(
Sxn2 + Syo2 + Sza2

)
, (9)

zc = zt −
(
Sxn3 + Syo3 + Sza3

)
.

The demand leg lengths for a Stewart platform can be ob-
tained by inverse kinematics:

Li = 1 ∼ 6 = Inv-kinematics (xc, yc, zc, α, β, γ ) . (10)

3.1.2 Trajectory generator (real-time interpolator)

Equations 7, 8 are too complicated to be used in real-time path
generation. Instead, the trajectory information [S(u, v); n(u, v)]
could be mapped onto two separate sets of position Pi(u, vc) and
orientation Oi(u, vc) by Hermite curves and be stored in memory
as a database. Figure 5 describes the mapping of centroid of the
upper platform.

Hermite curves:

P(x) = [Fi(x)]
[

P0 P1 P′
0 P′

1

]T
, (0� x � 1). (11)



1392

Fig. 6. The flowchart of real-time trajectory gener-
ation

Tangent vector is obtained as

P′
k(x) =

[
∂Fk(x)

∂x

]
[
P0 P1 P′

0 P′
1

]T
, (0� x � 1). (12)

Figure 6 describes the operation of the real-time trajectory
generation. At each sampling time the MCCPM control provides
P′

k−1 and uk−1 to interpolator, which calculates parameter uk ac-
cording to Eq. 13 [10]. Information Pi , Pi+1, P′

i , P′
i+1, Qi , Qi+1,

Q′
i , Q′

i+1 corresponding to uk are then recalled from the database
and are used by interpolator to produce the trajectory information
Pk, Ok, P′

k, O′
k according to Eqs. 11, 12:

uk = uk−1 + VbT
√

x′
k−1

2 + y′
k−1

2 + z′
k−1

2
, (13)

where Vb is the feedrate.

3.2 Multi-axis trajectory tracking

3.2.1 Contour errors

Position control is the basics in CNC tracking. When tracking
continuous contour the contour error become a primary target to
be diminished.

In Fig. 7, the distance E between the actual position Pa and
the desired position Pi is position error. The shortest distance be-
tween the actual position and the desired contour is contour error
Er , which can be found to be the following:

Er = [
Ex, Ey, Ez

]T = [
E − (

E · V
)

V
]∗

(−→
i ,

−→
j ,

−→
k

)T
. (14)

Analogously to the trajectory contour, as shown in Fig. 8, an
“orientation contour” Eor can be built in α, β, γ coordinates:

Eor = [
Eor,α, Eor,β, Eor,γ

]T

= [Eo − (Eo ·ω) ω] ∗
(−→α ,

−→
β ,−→γ

)T
. (15)

The trajectory and orientation contour error, respectively, can
be obtained as
⎛

⎜
⎝

Erx

Ery

Erz

⎞

⎟
⎠ =

⎛

⎜
⎝

Vy
(
Ex Vy − EyVx

)+ Vz
(
Ex Vz − EzVx

)

Vx
(
EyVx − ExVy

)+ Vz
(
EyVz − EzVy

)

Vx
(
EzVx − ExVz

)+ Vy
(
EzVy − EyVz

)

⎞

⎟
⎠ (16)

⎛

⎜
⎝

Eor,α

Eor,β

Eor,γ

⎞

⎟
⎠ =

⎛

⎜
⎝

ωβ

(
Eo,αωβ − Eo,βωα

)+ωγ

(
Eo,αωγ − Eo,γωα

)

ωα

(
Eo,βωα − Eo,αωβ

)+ωγ

(
Eo,βωγ − Eo,γωβ

)

ωα

(
Eo,γ ωα − Eo,αωγ

)+ωβ

(
Eo,γωβ − Eo,βωγ

)

⎞

⎟
⎠

(17)

Among these six error components Erx , Ery shall be distributed
to the x-y table and Stewart platform according to some al-
gorithms or optimization process to be developed in the fu-
ture. The Stewart platform determines the six error components,(
E ′

rx , E ′
ry, Erz , Eor,α, Eor,β, Eor,γ

)
, such that these components

must be the inverse of their leg-length-referred counterparts:

ELi=1∼6

= Inv-Kinematics
(

E ′
rx , E ′

ry, Erz , Eor,α, Eor,β, Eor,γ

)
,

(18)

Erx(X−Y ) = Erx − E ′
rx ; Ery(X−Y ) = Ery − E ′

ry . (19)

Fig. 7. Position error and contour error

Fig. 8. “Orientation contour” error
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3.2.2 Precompensation

The concept of precompensation is a velocity modification,
which gives the machine a better adaptation to higher trajectory
curvature.

Based on the experience in [9], better results could be
achieved by using

−→
V = [

Vx Vy Vz
]T = Vt

−→t + Kv
−→
Er + Ki

t∫

0

−→
Er dt . (20)

Similarly, the precompensation of angular velocity can be ex-
tended to

−→ω = [
�α �β �γ

]T = ωb
−→t0 + Ko,v

−→
Eo,r + Ko,i

t∫

0

−→
Eo,rdt .

(21)

The velocity components Vx, Vy shall be distributed to x-y table
(Vx(X−Y ), Vy(X−Y )) and Stewart platform (V ′

x , V ′
y). In order to

execute the required velocity precompensation by Stewart plat-
form, the following inverse kinematics is necessary:

L̇ i=1∼6 = Inv-Kinematics
(

V ′
x , V ′

y, Vz, ωa, ωb, ωγ

)
. (22)

3.2.3 Coordination between the Stewart platform and the x-y
table

The x-y table provides additional degrees of freedom that can be
used to detour singular points or pursue optimization of motion.
Assume that at (n − 1) discrete time point the centroid of plat-
form is at Pa,n−1 = [x, y, z, α, β, γ ]a,n−1, and the command feed
at time n is ∆Pn among which the components µx∆xn, µy∆yn

shall be assigned to the Stewart platform where µx, µy are the ra-
tios of distribution. This makes the distributed feed of the Stewart
platform and x-y table, respectively, at time n to be as follows:

∆Ps,n = [
µx∆xn − xa,n−1, µy∆yn − ya,n−1,∆zn ,

∆αn,∆βn ,∆γn
]
, (23)

∆Pxy,n = [
(1−µx)∆xn + xa,n−1,

(
1−µy

)
∆yn + ya,n−1

]
.

(24)

The feeds of Stewart platform in terms of axis movement are

[
∆Li,n

] =
[

J

(
Pa,n−1 + ∆Ps,n

2

)]
∗ [

∆Ps,n
]

i=1∼6 ,

and Ps,n = Pa,n−1 +∆Ps,n . (25)

Equation 25 issues the command feed of each axis for the
Stewart platform:

∆Li,n = (ai x +bi)
(
µx∆xn − xa,n−1

)

+ (ci y +di)
(
µy∆yn − ya,n−1

)+ ei∆zn

+ ( fi y + gi) ∆αn + (hi x + ii y + ji)∆βn

+ (ki x + li y +mi)∆γn , (26)

where x = xa,n−1 + (µx∆xn − xa,n−1)/2;
y = ya,n−1 + (µy∆yn − ya,n−1)/2.

It gives

∆Li,n = Aiµ
2
x + Biµ

2
y +Ciµx + Diµy + Ei , (i = 1 ∼ 6).

(27)

The stroke of motion axes of Stewart platform can be written as

6∑

i=1

Li,n = Aµ2
x + Bµ2

y +Cµx + Dµy + E , (28)

6∑

i=1

Li,n = A (µx +C/2A)+ B
(
µy + D/2B

)+ E ′ � E ′ . (29)

Substituting µx = −C/2A, µy = −D/2B into Eqs. 28, 29
yields the respective command feed.

3.2.4 Multi-axis CCPM

The extension of CCPM to multi-axis (MCCPM) is featured by
generating tracking command for x-y axis and the axes of Stew-
art platform as follows:

x f(X−Y )(n) = x f(X−Y )(n −1)+ TVx(X−Y ) , (30)

yf(X−Y )(n) = yf(X−Y )(n −1)+ TVy(X−Y ) , (31)

L f,i (n) = L f,i (n −1)+ T L̇i , i = 1 ∼ 6 . (32)

Fig. 9. The hybrid platform under multi-axis CCPM
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The feeding errors of respective motion axis are calculated by

Ex(X−Y )(n) = Ex(X−Y )(n −1)+ [
x f(X−Y )(n)− Xt(X−Y )(n)

]
,

(33)

Ey(X−Y )(n) = Ey(X−Y )(n −1)+ [
yf(X−Y )(n)− yt(X−Y )(n)

]
,

(34)

EL,i(n) = EL,i(n −1)+ [
L f,i (n)− Lt,i(n)

]
, i = 1 ∼ 6 . (35)

The control signals for respective motion axis in MCCPM are
generated as follows

Ux(X−Y )(n +1) = Kex Ex(X−Y )(n)+ Kεr,x Er,x(X−Y )(n), (36)

Uy(X−Y )(n +1) = Key Ey(X−Y )(n)+ Kεr,y Er,y(X−Y )(n), (37)

UL,i(n +1) = KeL,i EL,i(n)+ Kεr,Li Er,Li(n) , i = 1 ∼ 6 .

(38)

Figure 9 describes the operation of the proposed hybrid platform
under multi-axis CCPM control.

4 Simulation for the hybrid platform under MCCPM

4.1 Virtual axes

Despite its simple appearance the proposed system (Figs. 1, 2) is
highly sophisticated. Inverse kinematics shall be performed three
times before the platform can do anything in terms of pursuing
a contour (Eqs. 10, 18, 22).

An approach using a virtual axis is proposed and shown in
Fig. 10 to simplify the whole control process. In Fig. 10 P repre-
sents virtual axes X, Y , Z and O represents virtual axes α, β, γ .

The inverse kinematics calculation is only performed at
the final stage to find the control signals: UX−Y & Li=1∼6 =
Inv-kinematics(UP , UO), where U denotes control signals.

Fig. 10. Control process using “virtual axes”

Fig. 11. The trajectory of free-form surface (S(u, v), vc = 0.6)

Fig. 12. Desired position trajectory Pi(u, vc) transformed from S(u, vc) of
Fig. 11
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Fig. 13. Desired position trajectory Oi (u, vc) transformed from S(u, vc) of
Fig. 11

Fig. 14. The position contour error (MCCPM)

4.2 System simulation

Figure 11 shows the shape of a computer mouse for which
the trajectory S(u, vc) is to be tracked. The hardware specifica-
tions are: φ = 15◦, θ = 15◦, Le = 50, Lb = 70, Ob = [0, 0, 20],
Pt = [0, 0, 150] (unit: mm) (see Fig. 3). The trajectory is first
transformed to position and orientation information according to
Sect. 3.1.2, as shown in Figs. 12 and 13, respectively, and then
the tangent vector is computed. The results of overall tracking
are shown in Fig. 14. The position IAE for the case in Fig. 14
is 0.019 mm, and the IAE orientation is 0.0004 rad. It is seen
that the proposed hybrid motion platform is capable of precision
tracking of continuous 3-D trajectory.

5 Conclusion and future work

This work pioneered a novel hybrid motion platform, which in-
tegrated the precision and the stiffness of parallel structure and
the continuous contour tracking ability of serial machine. Frame-
work for the multi-axis cross-coupled tracking control schemes

based on this hybrid motion platform was established. Topics
including trajectory construction, trajectory generation, forward
and inverse kinematics, coordination of serial table and paral-
lel platform, multi-axis tracking and system simulation were
addressed.

In order to do real-time interpolation, the trajectory, which
was derived from surface model, was mapped into position and
orientation sets and stored as database. Real-time trajectory gen-
eration was performed by the calculation of trajectory parameter
and retrieval of information from database. In order to cope with
the five-axis feature, the planar CCPM scheme was extended
to include both position and orientation precompensation. And
the motion coordination between the x-y table and Stewart plat-
form was explored. Finally, a simulation system was developed
in which virtual axes were used to avoid repeated computation of
inverse kinematics.

It was shown that this new kind of motion platform is capa-
ble of doing precision 3-D contour tracking under the proposed
system structure. Extensive implementation of the system struc-
ture on a prototype platform is currently underway and new
aspects of the technological advantages will be reported in future
analyses.

References

1. Koren Y (1980) Cross-coupled biaxial computer control for manufac-
turing systems. ASME J Dyn Syst Meas Control 102(4):265–272

2. Koren Y, Lo Ch-Ch (1991) Variable gain cross coupling control for
contouring. Ann CIRP 40:371–374

3. Yeh Z-M (1998) A cross-coupled bistage fuzzy controller for biaxis
servomechanism control. Fuzzy Sets Syst 97:265–275

4. Chuang H-Y, Liu C-H (1991) Cross-coupled adaptive feedrate con-
trol for multiaxis machine tool. ASME J Dyn Syst Measure Control
113:451–457

5. Tarng YS, Chuang HY, Hsu WT (1999) Intelligent cross-coupled fuzzy
federate controller design for CNC machine tools based on genetic al-
gorithms. Int J Mach Tools Manuf 39:1673–1692

6. Srinivasan K, Kulkarni PK (1989) Cross-coupled control of biaxial feed
drive servomechanisms. ASME J Eng Ind 111:140–148

7. Shieh Y-S, Lee A-C, Chen C-S (1996) Cross-coupled biaxial step con-
trol for CNC EDM. Int J Mach Tools Manuf 36(12):1363–1383

8. Chin J-H, Lin T-C (1997) Cross-coupled precompensation method for
the contouring accuracy of computer numerically controlled machine
tools. Int J Mach Tools Manuf 37(7):947–967

9. Chin J-H, Lin S-T (1997) The path precompensation method for flexi-
ble arm robot. Robot Comput Integr Manuf 13(3):203–215

10. Chin J-H, Lin H-W (1999) The algorithms of the cross-coupled prec-
ompensation method for generating the involute-type scrolls. ASME J
Dyn Syst Meas Control 121:96–104

11. Zhang C-d, Song S-M (1993) Forward kinematics of a class of paral-
lel (Stewart) platforms with closed-form solutions. Proceedings of the
IEEE Int. Conf. on Robots and Automation, pp 2676–2681

12. Geng ZJ, Haynes LS (1994) A 3-2-1 kinematics configuration of
a Stewart platform and its application to six degree of freedom pose
measurements. Robot Comput Integr Manuf 11(1):23–34

13. Zhao X, et al. (2000) A successive approximation algorithm for the
direct position analysis of parallel manipulators. Mech Mach Theory
35:1095–1101

14. Huynh P, et al. (1997) Maximum velocity analysis of parallel manipu-
lators. IEEE Int. Conf. on Robotics and Automation, pp 3268–3273

15. Ropponen T, et al. (1995) Accuracy analysis of a modified Stewart
platform manipulator. IEEE Int. Conf. on Robotics and Automation,
pp 521–525



1396

16. Wang J, et al. (1993) On the accuracy of a Stewart platform-I. The
effect of manufacturing tolerances. IEEE Int. Conf. on Robotics and
Automation, pp 725–731

17. Masory O, et al. (1993) On the accuracy of a Stewart platform-II. Kine-
matic calibration and compensation, IEEE Int. Conf. on Robotics and
Automation, pp 114–120

18. Wang Z, et al. (2001) A study on workspace, boundary workspace
analysis and workpiece positioning for parallel machine tools. Mech
Mach Theory 36:605–622

19. Bhattacharya S, et al. (1998) Comparison of an exact and an ap-
proximate method of singularity avoidance in platform type parallel
manipulators. Mech Mach Theory 33(7):965–974

20. Khalil W, Murareci D (1996) Kinematics analysis and singular
configurations of a class of parallel robots. Math Comput Simul
41:377–390

21. Portman V (2000) Deterministic metrology of platform-type machine
tools. Int J Mach Tools Manuf 40:1423–1442

22. Portman VT, Sandle B-Z, Zahavi E (2001) Rigid 6-DOF parallel plat-
form for precision 3-D micromanipulation. Int J Mach Tools Manuf
41:1229–1250

23. Bohez ELJ (2002) Five-axis milling machine tool kinematic chain de-
sign and analysis. Int J Mach Tools Manuf 42:505–520

24. Pi J, Red E, Jensen G (1998) Grind-free tool path generation for five-
axis surface machining. Comput Integr Manuf Syst 11(4):337–350

25. Kim J-H, et al. (2001) Development of a trajectory generation method
for a five-axis NC machine. Mech Mach Theory 36:983–996

26. Lo C-C (1999) Efficient cutter-path planning for five-axis surface ma-
chining with a flat-end cutter. Comput-Aided Des 31:557–566

27. Lo C-C (1999) Real-time generation and control of cutter path for
5-axis CNC machining. Int J Mach Tools Manuf 39:471–488

28. Koren Y (1995) Five-axis surface interpolators. Ann CIRP 44(1):
379–382

29. Lee K (1999) Principles of CAD/CAM/CAE system. Addison-Wesley,
Boston



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /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
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


