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Design of Robust Controller using Neural
Network and Sliding Mode
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Abstract— This paper derives a nominal state relationship
(NSR) from the data of a nominal system. Through an
example of a second order system, it is shown that the
relationship can be derived only in the system with different
real eigenvalues. In higher order system, the relationship is
expressed by using neural network (NN). The derived NSR is
used to design a noble sliding surface with a nominal system
characteristic. By using the sliding surface, the robustness of
the sliding mode control (SMC) is added to the pole-
placement control.

Index Terms— Nominal state relationship, Pole placement
control, Sliding mode, Neural network.

I. INTRODUCTION

Sliding mode control can be used to improve the
robustness of systems [1-4]. It is desirable that the SMC
robustness is added to the other control system besides
SMC. However, conventional SMC cannot provide its
robustness to the other control method. For example,
SMC cannot be used with pole-placement control.
Linearly dependency of states in sliding function makes
the control system have the number of poles less than the
original one [5]. This means that the SMC dynamic
cannot have the characteristics of the nominal control
system controlled by pole placement. By defining an
augmented system with an additional state, a special
sliding surface which can have nominal system
characteristics was proposed in [5][6][7]. This paper
proposes a very different sliding surface which uses the
nominal states relationship (NSR). NSR is the relationship
among the states in the nominal system which has desired
characteristics. From an example of a second order system,
we could guess that NSR is possible to obtain only in the
system with different eigenvalues. Therefore, pole
placement give only real different poles to a nominal
system and then NSR is approximated by using neural
network(NN) trained by using the states data of a nominal
system. For the approximation, the very basic NN is used
in this paper [8]. The derived NSR is used to define a
sliding surface and SMC with this sliding surface shows
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that the sliding surface has the nominal control system
characteristic. The pole placement with this SMC shows
robustness for uncertain systems. This paper is organized
as follows. In Section 2, a conventional sliding function
and its problem is described. The NSR is obtained in
section 3. In Section 4, noble sliding surface is designed
by using the NSR. In Section 5, numerical example and
computer simulations are carried out to verify the NSR
and the robustness of the pole placement with the SMC
proposed in this paper. Finally, some conclusions are
presented in Section 6.

II. PROBLEM FORMULATION

Consider the following n-th order system with
parameter uncertainty and unknown disturbance.

(1) = (A+AA)x(t) + Bu(t) + Df(t) ()

where x=R" is the system states, u=R™ is the control
input, f=R" is the unknown disturbance. And the bounded
uncertainties AA and the disturbance matrix D satisfy the
following matching condition.

rank([B:AA :D]) =rank B 2)

With the above condition, the wuncertainties and

disturbance can be expressed as

AA x(t) = BAA | x(t)

D f(t) = BDf{(t) )
The system (1) can be expressed as
x(t) = Ax(t) + Bu(t) + Bh(t) )

where h(#) = AAx(1) + Df(?) is lumped uncertainty and
norm bounded as  [h]<hpqy .
For the above system, the nominal system is as follows.

x(t) = Ax(t) + Buy (1) (5)

Regulator problem with feedback control
ug(t) =—Kx(#) can be described as follows.

input
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X(t) = (A - BK)x() (©)

The above system has desired characteristics. The
relationship between the states is obtained and used to
design sliding surface. In the conventional SMC, the
sliding surface cannot have nominal characteristics
because of the linearly dependent property of the states as
follows.

s=c¢x,(t)+c,x,(t)+--+c,x,(t)=0 (7

where the coefficients ¢,,C, _, =" ,C,, ¢, are chosen to

guarantee the stability of sliding mode dynamics.

In the reference [7], the SMC with virtual stats was
developed. Including virtual state, a sliding surface is
designed for augmented system and has nominal system
characteristics. In the case of using this sliding surface,
the order of controller becomes higher compared to the
SMC proposed in this paper.

The problem to be solved in this paper is to obtain the
relationship of the states belonged to the system and to
use it to determine sliding surface.

IT1. DERIVATION NSR

In the second order system with different real
eigenvalues, it is easy to obtain the relationship among the
system states.

Consider the following second-order system.

A0
xa)={01x2}xa> )

The solutions are as follows.

x ()= ¢ x,(0)

ot ©)
Xy () =e™ x,(0)
The above equation is changed as follows.
M
X2 =xp! (10)
X0 0 Mo X2®
where X _(xl(O)) > and X, (xz(O))

The above condition is called as nominal states
relationship in this paper. By using (10), a novel nonlinear
sliding surface which has the characteristics of nominal
system will be proposed.

In the case of complex conjugate eigenvalues, the
diagonalization is achieved as follows.

ka)={_z 2}xa) (11)

The solutions are as follows.

X, (t) = e” (cos(wt)x; (0)+sin(wt)x, (0))

X, (t) = €% (cos(Wt)x, (0) —sin(wt)x, (0)) (12)
From (12), the following equation is obtained.
xf )+ x3(1) = 7' (x (0) + x3(0)) (13)

The relationship (13) shows that the state relationship
cannot be described independently on the initial values.
Therefore, we can conclude that the state relationships of
the systems with only different real eigenvalues can be
described as states variables. However, the relationship is
not easy to be derived in a higher order system. So, in this
paper, the following NN is used to describe the states
relationship of higher order system as in the Fig. 1.

X () —p
x(0)

) —p | —— | —
%{(0) NN — | x,(0) | —» %D

1

a® —> 5

Fig. 1. NN block in NSR.

The type of NN used in this paper is the feed-forward
multilayer NN, which is shown in the Fig. 2.

Input Hidden Layer

Output Layer

Fig. 2. Structure of NN.

T
Xn-1 (t)
Xp-1 (0)

In Fig.2, X005 L 0) %0)

&R™is input
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©_ . .
vector, S &R is target vector and k is the number of

%,(0)
hidden layers, W, ER* is hidden layer’s weights, b, =R*
is the hidden layer bias, W,&R!"* and b,=R are weights

of the output layer and bias respectively.
Through the NN, a NSR can be described as follows.

X, (D)

=W, N(t)+b, (14)
X, (0)
where
_ | _
]+e_(ml ®+by(1)) n,(t)
. S — . )
N(t) = logsig(M(t)) = 1+ef(m2(t)+b1(2)) = :
i ny (t)
1+e*(mk(t)+b1(k))

M()= W, X,(t) + by,

a0 g 00, Xai(®) |
%0 %0 x50

Xl (t) Xz(t) . Xl’l*l (t)
= %0 W<”)x(0)+ ey Co)
x® Xz(t) Xp—1 (1)

D00
b11 my (t) + by,
by | |my(®)+byy

40
n— .

by my (t) + by

Wiijis a matrix W, with the i-th row and the j-th

column, by is a the i-th element of the vector by .

Back propagation method is used for training by using
the data from the states of nominal control system with
the following state feedback control.

ug(t)=-Kx(t) (15)

The trained NN will be used for designing sliding
surface and the sliding surface can have pole-placement
control performance.

IV. SLIDING SURFACE DESIGN WITH
TRAINED NN

The relationship of nominal states in the state feedback
control system, the system (1) is approximated as (14).

By using the nonlinear relationship between the states
in (14), a novel sliding surface is proposed as follows.

o= :—((to)) — (W,N(H)+by) (16)

Differentiating  WoN(t, such as (14) with respect to
time, the following equation can be obtained.

dN(t dn (¢ dno (t dn (¢
WP T Ty TR
_ g 9m(t) o (D) dny(t) 8)(2(t) any(t) o, (t)
M0 Pan a L a0 a
ohy(t) (1) (1) () oy(t) Iy ()
Mo a  Pagn a T a0 a
NONO, o, BORO DO Kyy1)
Moo a  an a T Yagw a
—(m;(t)+by;) . .
X TWighe T X0 M %)
_El EWZJ (1+¢ MiO™1)2 - x;(0) é X(O)
a7

For the ease of calculation, let’s consider the following
controllable canonical form of the nominal system (5).

0 0
0 0 1 - 0 0
A=| : : R , B=|0 (18)
0 0 0 1 :
-0 —0y —O3 -+ —0, 1
Then (17) may be written as
X, (1)
L= =W X (t
%.(0) (1) (19)
where
W= [\N1 Wz W ] X (t) Xz(t) X3(t) Xn(t)

x;(0) x,(0) X,.1(0)
To make the state stays on the sliding surface, the
following hitting condition must be satisfied as follows.

- (0)(2 o x; Fu(ty+h(D) - W X, (1)< 0 (20)
Xn =1

For the above condition, the sliding mode control input
which can force the state of the system onto the proposed
sliding surface such as (16) is given by

U= %, (0) WX, (0 = 30 %; — hy(® sgn(s) (21
i=1
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where hp,, is a upper bounded value of h(t) and sgn(s) is
a signum function.

V. NUMERICAL EXAMPLE AND
SIMULATION RESULTS

To show the performance of the proposed sliding mode
controller, consider the following third-order system.

x;(t) 0 1 0 |x( 0 0
LM[=]0 0 1| x®)[+|0]ut)+|0h(t) (22)
u(t) = uy(t) + ugyc(t) , h(t) = 0.5sin(5t) and

x0)=[3 2 1T.
The eigenvalues of the following canonical system are -

where

1, -2 and -3 by nominal control input ug(t).

ol To 1 olx®] [o
X0 (=] 0 0 1 |[x,(0) [+]0ug®) (23)
GO -1 -2 3o |1

where uo()=—-Kx(t) and K= [5 9 3].
Diagonalization is achieved as follows.

z®| |-1 0 0 |z®)| |-0.87 -0.87
z(t)|=] 0 =2 0 | z,(t)|+|—4.58ugyt)+ —4.58/h(t)
z®| |0 0 =3|z(t)| |-4.77 -4.77
(24)
where
-0.5774 02182 -0.1048
) =P'x(),P=| 0.5774 —04364 03145
—-0.5774 0.8729 —-0.9435

Training data is obtained from the following nominal
system by simulation.

() |={ 0 =2 0| z() (25)
73(t) 0 0 =3z

where the input vector is {Zﬁﬂand the target vector is
z3(t)

For the system such as (25), the hidden layer’s neurons
are chosen as k = 10.

In the NN structure, weights and bias in two layers are
given as W, ER'"% b, &R'™, W,&R"!? and b,ER.

Training is carried out 8794 times. And the result of
training performance is shown in Fig. 3.

Error of 23 - 23 cap

At i

1 1 | 1 1 1 1
o 1000 2000 3000 4000 5000 6000 7o0o 5000
Steps of data

Fig. 3. Training performance of NN.

After training, the following weights and bias can be
obtained.

W, = [2.0804 0.5799; -1.4610 0.9997; -0.2870 0.6049;
-0.8299 0.2561; -1.2725 -1.6830; 0.3170 -0.6339; 0.5010
1.7531;-1.4756 1.6222; 1.2402 -0.6392; -0.0629 1.5086]

W, =[-0.3872 -2.4782 2.4262 -1.7072 0.5762 -1.9295
-0.6514 2.8646 1.8755 -0.5891]

b, =[0; 0; 0; 0; 0; 0; 0; 0; 0; 0]
b, =0 (26)

In this paper, using weights and bias such as (26), the
proposed sliding surface is defined by

z() L0 z3(t) 10 1
=—— -2 Wn()= =Y Wy ———
L0 El % 73(0) E A emo (D
[ 2,(t) 2, ]
1(1,1)% + W) 222(0)

10 W 2 | 2y (t)
where > mi(H)=| "'V () ' 1227 (0)

i=1

2,(t)
2,(0) |

7 ()
W](lO,l)m + Wiqo.2)

Differentiating S with respect to time, the following
equation can be obtained.

-m;i(t) |
“Wigme T (o
)2 Zi(o)

-m;(t) .
Wi e T2

ORI

ss=s( > YW,
23(0) i=l j=1 % (1+

MO

=s(i3(t) _ %W

2j

z;(0) 5 (1+e ™Y z(0)
“mio .

_%walo.be B2

S (e ™) 2,(0)
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20 _wal _w 20
2,00 70 2,0

W, W, _ 3z,
20 V20" 2o

+("4'77 108714458 W Yugye (1)

z5(0) z,(0) 2,(0) (28)
“4TT 087N 4458 Vo )h(t))
75(0) 7,(0) 2,(0)

From the above equation, the following sliding mode
control input is constructed by

=s( )

=s (

+(

Ugpie () = o= (7 (1) ~ 225 (1)

W z/(0) 2,(0) 29
350 4 (0 sign(s- W)
75(0)
— 477 W, W
W= 0.87—1—+4.58—2 =
where . (0)+ . (O)+ 2(0) and h,, = 1.1.

In (29), the input chattering is occurred. It causes an
undesirable high frequency component in the state
trajectory.

To solve this problem, the following saturation function
can be obtained.

sl S Mo
4 sgn(s) ||s|| >0

where ¢ is the boundary layer thickness neighboring the
sliding surface.

The simulation results are shown as follows. The Fig. 4
shows that the convergence of the states. The state
trajectories of the proposed SMC which has the same
performance with the pole-placement control system
without uncertainties. The proposed sliding surface and
the proposed sliding mode control input are shown in Fig.
5 and Fig. 6 respectively.

sat[

(30)

35
3

251
%

71,72, 73

time s
Fig. 4. State trajectories of the state feedback control
and the proposed SMC with uncertainty.
—— state feedback control without uncertainty
------ state feedback control with uncertainty
O proposed sliding mode control with uncertainty

0.0t

0.003 -

0.006 -

0.004 -

0.002 -

-0.002

-0.004

-0.006

-0.008 -

-0.01
]

tirne,s

Fig. 5. Sliding surface of the proposed SMC.

time,s

Fig. 6. Control input of the proposed SMC.

VI. CONCLUSIONS

This paper derived the NSR of the system with
different real eigenvalues by using NN. The NSR is used
for designing sliding surface which can have the
characteristics of a nominal system controlled by pole
placement. The NSR of this paper is very useful for
adding the robustness of SMC to other control methods
besides SMC.

ACKNOWLEDGMENT

The authors of this paper were partly supported by the
Second Stage of Brain Korea 21 Projects and Changwon
National University in 2009

REFERENCES

[1] U. Itkis, Control systems of variable structure, JOHNWILLY &
SONS, 1976.

[2] V. 1 Utkin, Sliding modes and their application in variable
structure systems, Mir Publishers, 1978.



338

Min Chan Kim, ef a/.: DESIGN OF ROBUST CONTROLLER USING NEURAL NETWORK AND SLIDING MODE

[3]

[4]

[5]

(6]

(71

(8]

J. Y. Hung, W. Gao, and J.C. Hung, “Variable structure control : A
survey,”, IEEE Trans. on Industrial Electronics, vol.40, no.1, pp.
2-22, February 1993.

K. D. Young, V. I. Utkin and U. Ozguner, “A control engineer’s
guide to sliding mode control,” IEEE Trans. on Control Systems
Technology, vol.7, no.3, pp. 328-342, May 1999.

S. K. Park and H.K. Ahn, “Robust controller design with novel
sliding surface-linear optimal control case,” [EE Proceedings,
Control Theory and Applications, vol.146, no.3, pp. 242-246, May
1999.

Young Sam Song, Sung Ha Kwon, Seung Kyu Park, Eun Tae
Jeung, “Sliding Mode Control for Time delay System using a
Virtual State,” American Control Conference , Arlington USA,
pp4669-4674,2001.

Seung Kyu Park, Ho Kyun Ahn, “Nonconservative Sliding Mode
Control with the Feedback Linearization of Nonlinear System,”,
39th IEEE Conference on Decision Control, Sydney, Australia,
pp-2210-2211, 2000.

Daniel Graupe, Principles of Artificial Neural Networks 2 ed. :
Advanced Series in Circuits and Systems - vol. 6, World Scientific
Publishing Company, 2007.

Min-Chan Kim
Received the B. S., M. S., and Ph. D. degrees in
Electrical Engineering from Changwon National

— University in 1996, 1998 and 2003, respectively.
3 From 2006 to 2009, he was a research professor
- under the Brain Korea 21 Project Corps and is

currently research professor under the Human
resource development center for Offshore and
Plant Engineering(HOPE) at Changwon National
University. His research interests include in the

area of H_ robust control theory, sliding mode control theory, system
identification and its applications.

Tae-Kue Kim
Received the B. S., M. S. degrees in Electrical
Engineering from Changwon National

University in 2006, 2008, respectively. He is
currently in Changwon National University
for Ph. D. degree. His research interests
include in the area of nonlinear control,
system identification, motion control, power
electronics.

Seung-Kyu Park

Received the B. S., M. S., and Ph. D. degrees in
Electrical Engineering from Korea University
in 1984, 1986 and 1990, respectively. He was a
visiting professor of Strathclyde University,
England from 1995 to 1996. Since 1990, he is
currently a professor in the Department of
Electrical Engineering at Changwon National
University, Changwon, Korea. His research
interests include in the area of adaptive control

theory, robust control theory and nonlinear control theory.

Gun-Pyong Kwak

Received the B. S., M. S., and Ph. D. degrees in
Electrical Engineering from Korea University
in 1982, 1985 and 1990, respectively. He was a
section chief of CNC team, LGIS from 1990 to
1997. Since 1998, he is currently a professor in
the Department of Electrical Engineering at
Changwon National University, Changwon,
Korea. His research interests include in the area
of control algorithm and motion controller.

-

-

—
—

s |

i:' a‘ﬁ
e XL /R

electronics, power conversion and alternative energy.

T

Ho-Kyun Ahn

Received the B. S., M. S., and Ph. D. degrees in
Electrical Engineering from Korea University
in 1980, 1988 and 1992, respectively. He was a
chief of Electrical Design Team, Hanshin
Construction from 1980 to 1986. Since 1992,
he is currently a professor in the Department of
Electrical Engineering at Changwon National
University, Changwon, Korea. His research
interests include in the area of power

Tae-Sung Yoon

Received the B. S., M. S., and ph. D. degrees,
in Electrical Engineering from Yonsei
University, Seoul, Korea, in 1978, 1980 and
1988, respectively. He worked with the
Department of Electrical Engineering at the 2nd
Naval Academy, Jinhae, Korea, as a member of
the teaching staff from 1980 to 1983. He
worked with the Department of Electrical
Engineering at Vanderbilt University, Nashville,

as a Visiting Assistant Professor from 1994 to 1995. Since 1989, he has
been with the Department of Electrical Engineering, Changwon National
University, Changwon, Korea where he is currently a Professor. His
research interests include robust filtering and mobile robotics.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams 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
    /AmeriGarmnd-BT
    /AmeriGarmnd-BTBold
    /AmeriGarmnd-BTBoldItalic
    /AmeriGarmnd-BTItalic
    /Baskerville-BT
    /BernhardFashion-BT
    /Blippo-BlkBT
    /Bodoni-BdBT
    /Bodoni-BdBTItalic
    /Bodoni-BkBT
    /Bodoni-BkBTItalic
    /BroadwayEngraved-BT
    /BrushScript-BT
    /CentSchbook-BT
    /CentSchbook-BTBold
    /CentSchbook-BTBoldItalic
    /CentSchbook-BTItalic
    /CommercialScript-BT
    /Cooper-BlkBT
    /Cooper-BlkBTItalic
    /Courier10-BTBold
    /Courier10-BTBoldItalic
    /DomCasual-BT
    /Freehand591-BT
    /FuturaBlack-BT
    /FZWBFW--GB1-0
    /FZXKJW--GB1-0
    /GoudyOlSt-BT
    /GoudyOlSt-BTBold
    /GoudyOlSt-BTBoldItalic
    /GoudyOlSt-BTItalic
    /H_CIRNUM
    /H_EQSYM1
    /H_EQSYM2
    /H_HEBREW
    /H_KEYBD
    /H_MULTI1
    /H_MULTI2
    /H_PROSYM
    /HighlightLetPlain
    /Hobo-BT
    /JohnHandyLetPlain
    /LaBambaLetPlain
    /Liberty-BT
    /MBatang
    /MDotum
    /MekanikLetPlain
    /MGungHeulim
    /MGungJeong
    /MJemokBatang
    /MJemokGothic
    /MSugiHeulim
    /MSugiJeong
    /MurrayHill-BdBT
    /Newtext-BkBT
    /OCR-A-BT
    /OCR-B-10-BT
    /OdessaLetPlain
    /OrangeLetPlain
    /Orator10-BT
    /ParkAvenue-BT
    /PumpDemiBoldLetPlain
    /QuixleyLetPlain
    /RuachLetPlain
    /SandSm
    /SandTm
    /ScruffLetPlain
    /Swis721-BT
    /Swis721-BTItalic
    /TirantiSolidLetPlain
    /UniversityRomanLetPlain
    /VictorianLetPlain
    /WestwoodLetPlain
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /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 0.15
    /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 300
  /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 0.15
    /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 true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /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
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


