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( A Continuous Sliding Surface Transformed VSS by Saturation
Function for MIMO Uncertain Linear Plants )
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Abstract

In this note, a continuous sliding surface transformed variable structure systems by the saturation function is presented
for MIMO uncertain linear plants. A discontinuous sliding surface transformed VSS is proposed theoretically. The closed
loop exponential stability together with the MIMO existence condition of the sliding mode on the predetermined sliding
surface is investigated. For practical applications, a continuous approximation of the discontinuous VSS is made by means
of the saturation function. The discontinuity of the control input as the inherent property of the VSS is much improved in
view of the practical aspects. Through a design example and simulation studies, the usefulness of the proposed continuous
transformed VSS controller is verified.

Keywords : saturation function, variable structure system, sliding mode control, continuous VSS,
sliding surface transformed VSS

1. Introduction mode control(SMC) can provide the effective means

to the discontinuous control of uncertain dynamical

The variable structure system(VSS) or sliding systems under parameter variations and external
disturbances! "?. One of its essential advantages 1s

. _ o the robustness of the controlled system to matched
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sliding surface, the MIMO precise existence condition
of the sliding mode, s, - s,<0, i=1,2,...m for the linear
MIMO case should be satisfied and proved where s
is the sliding surface and s; is the sub—manifold of
the sliding surface. For a linear MIMO case, some
studied, the

hierarchical control methodology[lmm, transformation

design methods were those are
(diagonalization) methods'™ 3], simplex a]goﬁthm[G],
Lyapunov approach[%g], and so on. In MIMO VSSs,
it is difficult to prove the precise existence condition
of the sliding mode on the predetermined sliding
surface theoretically, but in [7], [8], and [9], only the
results that the derivative of the Lyapunov candidate
function is negative, ie. V<0 is obtained when
v=1/2s"s. Without the complete proofs, the two
methodologies for SISO plants as well as MIMO
plants is presented by Utkin to prove the existence
condition of the sliding mode on the sliding surface
in 1978". 1t is so called the invariance theorem, that
is the equation of the sliding mode is invariant with
the

(diagonalization)s.

respect to two nonlinear transformation

Those are the control input
transformation and sliding surface transformation.
The essential feature of both methods is conversion
of a multi-input design problem into m single-input
design problems. Those were only reviewed in [3].
DeCarlo, Zak, and Matthews tried to prove Utkin’s
invariance theorem. But, the proofs are not clear and
not complete. In [8], Su, Drakunov, and Ozguner
mentioned the sliding surface transformation, which
would diagonalize the control coefficient matrix to
the dynamics for the sliding surface s. But they did
not prove the MIMO precise existence condition of
sliding
the

is proved comparatively and

the sliding mode on the predetermined
surface.
theorem of Utkin
completely by Lee.
The VSS or SMC has the two main disadvantages

of the reaching phase and chattering problems. The

For MIMO wuncertain linear plants,

reaching phase problems are solved by the integral

augmentation with a special initial condition for s=0
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at t=0 in [5]. The chattering of the control input is
because the VSS or SMC has the discontinuous
inherent property resulted from the high frequency
switching of the control structure to generate the

sliding mode on the predetermined sliding surface so

that the controlled system is theoretically
robust(insensitive) to the uncertainty and external
disturbance in the sliding mode. Because the

chattering of the resultant discontinuous input of the
VSS or SMC is a harmful factor to real plants, the

practically continuous approximation based on the

[HNK’J, boundary layer methods"®~

[22]

saturation function
20], higher order method[zu, and etc™ is essentially
necessary in order to have the high potential of the
real application of the VSS to the continuous control
of real plants. By wusing the saturation function
instead the discontinuous sign function, a continuous
approximation is made by Ambrosino, Celentano, and
Garofalo in [11]. For the tracking control of robot
manipulators, the saturation function is used in [12]
and is combined with the disturbance observer in [13]
and [14]. For the tracking control of brushless direct
drive motors(BLDDSM), the
saturation function, the chattering problems are
improved in [14] and [15].

In this note, by using the saturation function, a
surface

structure systems proposed for MIMO uncertain

Servo by using

continuous  sliding transformed variable
linear plants. After a discontinuous sliding surface
transformed VSS is proposed theoretically, the closed
loop exponential stability together with the MIMO
existence condition of the sliding mode is investigated
in Theorem 1. Then, for practical applications, a
continuous approximation of the discontinuous VSS is
the The

discontinuity of the control input as the inherent

made by using saturation  function.
property of the VSS is much improved. Through a
design example and simulation studies, the usefulness
of the transformed VSS

controller is verified. The organization of the this

proposed  continuous

paper is as follows. In section II, a descriptions of
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plants, transformed linear sliding surface, and a

corresponding discontinuous and continuous control
input with the stability analysis are presented as the
main results. A design example and simulation study
is carried out in section I. Finally some concluding

remarks are given in section IV.
II. Continuous Variable Structure Systems

For a MIMO uncertain linear system:

r=(Ay+ AA)z+ (By+ AB)u+ AD(t) (1)

where € R" is the state, v R™ is the control input,
Ay€ R""" is the nominal system matrix, B, R"*" is
the nominal input matrix, A4 and A B are the system
matrix uncertainty and input matrix uncertainty, those
and AD(t) bounded external
disturbance, respectively.

The transformed sliding surface s€ R™

linear combination of the full state variable as

are bounded, is

is the
(101

s=(CB) 'C- = )
Assumption 1:
CB, has the full rank and its inverse for a

coefficient matrix of the sliding surface C.

Assumption 2:

(CB,)'cap=Aal AT is diagonal and

ALl <p <1, i=12,...m
Now, the suggested VSS control input for the

transformed sliding surface is taken as follows:

—K-z2—AK-2—G -

= S
—AG - szgn(s) ®)
where one takes the constant gains as
=(CB,)" 'c4, (4)

G= g4, 94>0,i=12,....,m

and takes the switching gains as follows:

nd

3 ==X HM52¢ M7=
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max{(CB,) ' CAA— AIK},

= min{/+ AT “sign (s z;) >0
Ak, = i
K min{(CB,)) "' CAA— AIK}
= i An, signlsa;) <0
i=1,2,..m j=1,2,. )
max{(CB,) "' CAD(1)}.
min{/+ A7}, - sign(s;) >0
AG — i
' min{(C’BO)”CAD(t)}Y_
min{/+ A7, - sign(s;) <0
i=1,2,...,m 6)
In the discontinuous control input (3), the
transformed sliding surface itself is one of the

feedback elements which makes the controlled system
be closer to the ideal sliding surface”. Then, the real
dynamics of the sliding surface by the discontinuous

control input, ie. the time derivative of s becomes
s=(CRB)) 's=(CB) Gk
:(CBU)AC(AO""AA)IJ"(CBO)?
+(cB,)" ' CcAD(t)
A4, + Ad)z+ I+ ADu+(CB,)~
LA, +AA)z
I+ AD(Kx+ AKx + Gs+ A Gsign(s))
)" CAD(t)
CA T — Kr+ (CB Y lCAAx—
I+ A[)AKac —(I+ A[) Gs
) CAD(t) — (I+ A A Gsign(s)

'AB, + ABJu

:(CBU
= (a5,

LoAD(t)

(7

=(CB, AlKzx

)"
)
—(
+(CR
)7
—(
+(CR
From (4), the real dynamics of s becomes

5= [(CB,) 'CAA— AIK]z— (I+ ADAKz
—(I+AI)Gs + (CB,)"'CAD(t)
—(I+ A Gsign(s)

8)

The closed loop stability with the discontinuous
control input (3) together with the existence condition
of the sliding mode will be investigated in next

Theorem 1.

Theorem 1: If the sliding surface is designed to be
stable, the discontinuous control input (3) with the
transformed sliding surface (2) satisfies the MIMO
existence condition of the sliding mode on the

pre—designed sliding surface and exponential stability.
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Proof: Take a Lyapunov function candidate as
1 7
Vis)= 258 9)
Differentiating (9) with time leads to and
substituting (8) into (10)
V(a:) =sTs
= ST(CBO)
=s"(CB,) 'C(4y+ AA)x
s (C’BOY C(BO—FAB)U
s"(CB,))"'eAD(t)
=s7(CB,) 'C(4y+ AA)x
sT(CB,) 'CAD(t)

—sT(I+ AD{Kz+ A Kz + Gs+ A Gsign(s)}
=s"{(cB)) 'cA,— K}
sT(CB) 'O(AA— AIK)z—sT(I+ AN A Kz
— s (I+ ADGs+s'(CB,)) 'CAD(t)
—sT(I+ ADA Gsign(s)
=sT(CB)) 'C(AA— AIK)z— s"(I+ AI)A Kz
—sT(I+ ADGs+s"(CB)) 'CAD(t)

—sT(I+ ADA Gsign(s) (10)

From the inequalities in (5) and (6), one can obtain

the following equation

V(z) <—es'Gs, e=min{l,+ AL}

=— _il(l — p)gus: (11)
From (11), the following equation is obtained

s; 0 5,< (1—p)gus? i=1,2,....m (12)

The MIMO existence condition of the sliding mode
on the predetermined transformed sliding surface by
the control input is proved theoretically. From (11),

the following equation is obtained.

(z) <—€gims’s, =min{g;}

= 2€giim V(.’E)

Giim
(13)

(1354)
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From (13), the following equation is obtained

V(x)+ 2€9;im Viz) <0

Vit) < v(o)e ! (4

which completes the proof of Theorem 1.

The high frequency switching of the discontinuous
part of the control input (3) results in the chattering
problems because of the switching of the sign
function in (3) according to the value of the sliding
surface which may be harmful to practical real
plants. Hence, the continuous approximation of the
VSS

practical applications without a severe performance

discontinuous is essentially necessary for
loss. Using the saturation function, therefore, the

continuous VSS is proposed as

=—K-z2—G-s

- Z‘Aku

Jj=1

i
. x]-|+|Ag1.j . szgn(s])}{

Is.|+6;

i 1

} (15)

III. Design Example and Simulation Studies

Consider a fifth-order system with the two inputs
described by the state equation which is slightly
modified from that in [23]

0.0 1.0 0.0 3.20 1.98
) 0.0 0.0 1.0 —14.72 0.49
z= |—8.86 8.0 9.36 —7.92 36.01|x
1.69 1.26 0.08 0.0 1.0
—7.52—5.23—-0.45 32.32—1.36 (16)
0.0 0.0 0.0 .0.0
0.0 0.0 0.0 0.0
+12.0£0.1 00 |u+|£3.0 0.0
0.0 0.0 0.0 0.0
0.0 2.0£0.2 0.0 £5.0

where the nominal parameter 4, and B,, matched
uncertainties A4 and AB, and disturbance A D(t)

are

0.0 1.0 0.0 3.20 1.98

0.0 0.0 1.0 —14.72 0.49
A,=1—8.86 8.0 9.36 —7.92 36.01],

1.69 1.26 0.08 0.0 1.0

—7.52—5.23—0.45 32.32—1.36
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0.0 0.0
0.0 0.0
By=2.00.0],
0.0 0.0
0.0 2.0
0.0 0.0
0.0 0.0
AA=0,AB=|£0.1 0.0 | ,&
0.0 0.0
0.0 £0.2
0.0 .0.0
0.0 0.0
AD(t)=[£3.0 0.0 (17)
0.0 0.0
0.0 £5.0

The stable coefficient matrix of the sliding surface is

determined as

(18)

C= [— 0.436 1.802 1.0 — 14.568 0.0]
1.010 0.5050.0 1.616 0.5

and the equations in Assumption 1 are calculated as

20
2 (19)

05’0:[ 50

and (CB,)" ' = [0'5 0]

By letting the gain

K=(CB)"'C4,
_ {0.50.0} [—33.4799 —10.7917 9.966 — 35.8406 21.4617}
“10.01.0) | —1.0200  0.4312 0.4093 11.9584 3.1833
[—16.7400 —5.3958 4.9983 —17.9203 10.7309}
—1.0290 0.4312 0.4093 11.9584 3.1833

(20)
and A7 in Assumption 2 is
- . _[0:50.0] |
ar=(cr)tean=[0300)
0.0 0.0
[— 0.436 1.802 1.0 — 14.568 0.0] +0691 (())?)
1.010 0.5050.0 1.616 0.5] [T o0
00 +0.2
 [+£0.05 0.0
_[ 0.0 J_ro.l] D

If one take the switching gains as follows:

12 ifsyz; >0

Ak = 42 ifsyzy >0
=12 ifsz, <0

127 {—4.2 ifsxy <O

3.5 ifsyzy >0

Ak — 6.5 ifs;zy >0
1B =35 ifszy <0

Ak = {—6.5 ifsz, <0

t3| =X M52 H7=
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6.5 ifsyz; >0

Ak — 1.8 ifs; >0
157 =65 ifszy <0

g {—1.8 ifs, <022

Ak — 5.2 ifsyz; >0 o = 4.2 ifsyry >0
AT =52 ifsyr; <0 TR =42 ifsym, <O

Ao — 3.5 ifsyws >0 Ak — 6.5 ifsyzy >0
871 =3.5 ifsywy <0 27 —=6.5 ifsyr, <O

Ak, — 6.5 ifs,z; >0 A — 5.8 ifs, >0
27| =6.5 ifs,w, <0 ~ 927 |—58 ifs, <0

g1 =10 g5 =10 (23)

then
$;+85,< —1.9s2 andsy - sy< —0.8s2 (24)

The simulation is carried out under 0.1[msec]
sampling time and with z(0)=[2 0 0 —1.5 0]7 initial
condition. Fig. 1 shows the five state output
responses, z; and z, in a top figure, z; in a middle
figure, z, and =z, in a bottom figure by the
discontinuous control input. The two real trajectories
and two ideal trajectories are shown Fig. 2, z,—uz,
plane trajectories in a upper figure and z,—z. plane
trajectories in a lower figure. The two sliding
surfaces and two discontinuous control inputs are
depicted in Fig. 3 and Fig.4, respectively. As can be

seen, the large chattering of the two discontinuous

control inputs 1is shown which results in the
) T
= p ——— XY
S 1
&a i )
o a.s 1 1.8 =2 25 3
o
;‘E -10 4
5 o
-20 ' ; . . "
o 0.5 1 1.5 2 2.5 3
;
=0
- — s
= . . . .
o 0s 1 1.6 2 25 %
Tirme [sec]
I3 1. 295 Mojd=ol 2olst 57he MEef#Hy SE
(z, 2t z,= MY S 38, z,= 2 I8
o, z,2t z,= Mg ofzf I=lof)
Fig. 1. Five state output responses, x; and z, in a

top figure, z; in a middle figure, =z, and z; in
a bottom figure by discontinuous control input.
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Fig. 2. Two real trajectories and two ideal trajectories
(z, —x, plane in a upper figure and x,—z;
plane in a lower figure).
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Fig. 4. Two discontinuous control inputs.

chattering problems and may be harmful to real

plants. For the continuous approximation by the

continuous  control  inputs (15) with  proper

5, =6,=0.008, Fig. 5 shows the five state output

responses, z, and =z, in a top figure, =, in a middle

(1356)
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Fig. 5 Five state output responses, z; and z, in a
upper figure, =z, in a middle figure, =, and z;
in a lower figure by continuous input with
8, =4, =0.008.
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Fig. 6. Two real trajectories and two ideal trajectories
(z, —x, plane in a upper figure and x,—z;
plane in a lower figure)
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Fig. 7. Two sliding surfaces.
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Fig. 8. Two continuous inputs for 4, =4, =0.008.

figure, z, and z; in a bottom figure. The two real
trajectories and two ideal trajectories are shown Fig.
6, z,—z, plane trajectories in a upper figure and
z, —z; plane trajectories in a lower figure. The two
sliding surfaces and two continuous control inputs
are depicted in Fig. 7 and Fig. 8 respectively. As can
be seen, the large chattering of the two control
mputs is much improved with almost the same

output performance as that of the discontinuous VSS.

IV. Conclusions

In this note, a MIMO discontinuous sliding surface
transformed VSS with the feedback of the sliding
surface itself is proposed. The closed loop exponential
stability together with the MIMO existence condition
of the sliding mode on the selected sliding surface by
the proposed control input is investigated in Theorem
1 for all matched uncertainties and matched
disturbance. For practical application of the proposed
VSS to real plants, the harmful chattering of the
discontinuous input is effectively much improved
without severe performance loss by means of the
saturation function. Through a design example and
simulation studies, the usefulness of the proposed
continuous VSS controller is verified. Theoretically
the discontinuous input is considered and practically
the continuous VSS based on the saturation function
method can be applicable to the continuous control of
the real plant.

References

[1] V.I Utkin, Sliding Modes and Their Application
in Variable Structure Systems. Moscow, 1978.

[2] Young, K. D. Utkin, V.I. Ozguner, U, “A Control
Engineer’'s Guide to Sliding Mode Control,” 1996
IEEE Workshop on Variable Structure Systems,

pp.1-14
[3] Decarlo, R. A., Zak, S. H, and Mattews, G. P,
“Variable  Structure Control of Nonlinear

Multivariable Systems: A Tutorial,” Proc. IEEE,
1988, 76, pp.212-232.

[4] Drazenovic, B..The invariance conditions in
variable structure systems, Automatica, 1969, (5),
Pp.287-295.

5] . H Tlee and M ] Youn, “An
Integral-Augmented Optimal Variable Structure
control for Uncertain dynamical SISO System,
KIEE(The Korean Institute of Electrical
Engineers), vol.43, no.8, pp.1333-1351, 1994.

[6] S. V. Baida and D. B. Izosimov, “Vector Method
of Design of Sliding Motion and Simplex
Algorithms.” Automat. Remote Control, vol. 46
pp.830-837, 1985.

[71 R. DeCarlo and S. Drakunov, “Sliding Mode
Control Design via Lyapunov Approach,” Proc.
33rd IEEE Conference on CDC, pp.1925-1930,
1994.

[8] W. C. Su S. V. Drakunov, and U. Ozguner,
“Constructing Discontinuity Surfaces for Variable
Structure Systems: A Lyapunov Approach,”
Automatica, vol.32 no.6 pp.925-928,1996

[9] H. H. Choi, “ LMI-Based Sliding Surface Design
for Integral Sliding Mode Control of Mismatched
Uncertain Systems, IEEE T. Automatic Control,
vol.52, no.4 pp736-742, 2007.

[10] J. H. Lee, 'A Poof of Utkin's Theorem for a MI
Uncertain ~ System,” KIEE, vol39, no.9,
pp.1630-1685, 2010.

[11] G. Ambrosino, G. Celentano, and F. Garofalo,
“Variable Structure Model Reference Adaptive
Control Systems,” Int. J. Control, Vol. 39, no.6
pp.1339-1349, 1934.

[12] H. Hasimoto, K. Maruyama, and F. Harashima,
“A Microprocessor-Based Robot Manipulator
Conrtol with Sliding Mode,” IEEE Trans.
Industrial Electronics, vol. IE-34, no.l, pp.11-18,
1987.

[13]]. J. Lee, J. H. Lee, and J. S. Lee, Efficient
sliding mode control for robot manipulator with



134

prescribed tracking performance. Robotica, vol 10,
pp.521 530, 1992.

[14] Jung Hoon Lee, Jong Sun Ko, Se Kyo Chung,
Dae Sik Lee, Ju Jang Lee, and Myung Joong
Youn, “Continuous Variable Controller for
BLDDSM Position Control with Prescribed
Tracking Performance,” IEEE Transaction on
Industrial Electronics, Vol. 41, no. 5 ppl-9,

1994.
[15] J. H. Lee and W. B. Shin, Continuous variable
structure systems for tracking control of

BLDDSM, Proc. Of IEEE Int. Workshop on
VSS, Tokyo, pp.84-89, 1996.

[16] J. J. Slotine and S. S. Sastry, “Tracking Control
of Nonlinear Systems Using Sliding Surface,
with Application to Robot Manipulators” Int. J.
Control, vol. 38, no. 2, pp.465-492, 1983.

[17]1]. A. Burton and A. S. I Zinober, “Continuous
Approximation of Variable Structure Control”
Int. J. System Sci. voll7, no. 6, pp. 875885,
1986.

[18] G. Bartolini, “Chattering  Phenomena in
Discontinuous Control Systems” Int J. System
Sci. vol.20, no. 12, pp. 2471-2481, 1989.

[19] J. X. Xu, H. Hashimoto, J. J. Slotine, Y. Arai,
and F. Harashima, “Implementation of VSS
Control to Robotic Manipulators - Smoothing
Modifications” IEEE Trans. on Industr. Electr.,
vol. 1.LE.-36, no.3, Aug., 1939.

[20]F. Esfandiari and H K Khali, “Stability
Analysis of a Continuous Implementation of
Variable Structure Control,” IEEE Trans.
Automat. Control, vol.AC-36, no5 pp. 616-620,
May 1991.

[21] G. Bartolini, A. Ferrara and E. Usai, “Chattering
Avoidance by Second-Order Sliding Mode
Control,” IEEE Trans. Automat. Control,
vol.AC-43, no.2 pp.241-246, Feb. 1998.

[221 H. Lee and V. L Utkin, “Chattering Suppression
Methods in Sliding Mode Control Systems,”
Annual Reviews in Control, vol. 31, pp.179-188,
2007.

[23]1 M. Zohdy, M. S. Fadali, and J. Liu, “Variable
Structure Control Using Decomposition,” IEEE
T. Automatic Control, vol.37, no.10 ppl514-1517,
1992.

(1358)

ot
0z

ol

Rl
A

1988

19904

19951 &= 38} 7] = U (KAIST)
A7) A o)

A E4.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /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 1048576
  /LockDistillerParams false
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


