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Robust Sliding Mode Output Feedback Control
Design Using ILMI Approach

Ji Xiang, Hongye Su, and Jian Chu

Abstract—In this paper, a new sufficient and necessary
condition is proposed for the existence problem of
sliding mode output feedback control (SMOFC). This
condition only involves original system parameters. An
iterative linear matrix inequality (ILMI) approach is
developed on such new condition for the robust SMOFC
design. The unit norm sliding matrix is proposed to limit
the control cost. Finally, a numerical example illustrates
the efficacy of the presented ILMI approach.

I. INTRODUCTION

ling mode output feedback control (SMOFC) has been

paid many attentions in recent years, since in many
practical applications the full state information is not always
available and only the output information is known. The
difficulties in the design of SMOFC are focused on the two
aspects. One is the existence problem, i.e., to design a
switching surface on the output space which is usually of
less order than the state space. Zak and Hui [11] and
El-Khazali and Decarlo [6] presented two different design
method using eigenvalue assignment and eigenvector
technique. Edwards and Spurgeon [4] provided a canonical
form on which the design problem of SMOFC is converted
to a static output feedback control problem. Choi [3]
presented a sufficient and necessary condition in terms of
linear matrix inequality (LMI) with a matrix equation
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constraint. The other is the synthesis problem. It is difficult
to synthesis a control law only using the output vector, since
the derivative of the sliding surface is always related to the
unmeasured states. To solve this problem, some additional
restrictive conditions are added in [11] and [4], or a simple
one-order dynamic assistant function estimating the norm
bound of the unmeasured states is introduced in [8] and [9],
or high control effort is required to achieve global
convergence of the sliding surface [3] [5].

In spite of many significant works on SMOFC have been
made, the basic existence problem is still an unsolvable
problem. As stated in [5], all various methods (e.g.
presented in [11], [6] and [4]) for the existence problem are,
in fact, equivalent to a static output feedback stabilization
(SOFS) problem which is consequently more difficult to
solve. In addition, when there are some mismatched
parametric uncertainties, these methods will be not effective
any more. The results of Choi [3] work with the parametric
uncertain system, but the given constrained LMI is difficult
to solve (as stated in [3]) and the presented solution
procedure are complex and still required to solve a SOFS
problem. In real application, parametric uncertain always
exists, so it is necessary and valuable to explore a tractable
robust SMOFC design approach.

In this paper, a new sufficient and necessary condition for
the existence problem is developed by two matrix
inequalities, one of which is bilinear matrix inequality. Then
an iterative linear matrix inequality (ILMI) approach is
presented to solve such kind of matrix inequalities. The key
features are that the proposed method only involves the
original system parameters and does not appeal to directly
solving a SOFS problem. More importantly, it can be easily
extended to robust SMOFC design.

The notations are standard throughout this paper. Both
the Euclidean norm of a vector and the induced spectral

norm of a matrix are given by ||0|| M+ denotes the
orthogonal complete matrix of full column rank of matrix

M . The abbreviation of ‘s. p. d.” stands for symmetric
positive definite.
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II. PROBLEM STATEMENT
Consider the following uncertain system
X(t) = Ax(t)+ Bu(t) + Bf (x,t) ,
(1) = Cx(0), (1)
where x € R” is the state vector, u € R™ is the input vector,
y € R? is the output vector, / € R” represents the matched

model uncertainties and outside disturbances. 4 , B and
C are constant matrices of appropriate dimensions. The
following conditions are assumed valid.

A1) The matrix pair (A4, B) is controllable

A2) rank(B)y=m<n , rank(C)=p<n and rank(CB)
=rank(B)=m .
f(x,t) is unknown but bounded by || f(x, t)|| <b

+a||x(t)|| , where a and b are known constant

A3)

positive scalars.
The sliding surface can be defined as

a()=8y()=0 2
where S e R"™? with rank(S)=m is the sliding matrix.
Introducing a transformation matrix 7 = [( BTZ]_??;: BT} and

applying v="Tx, the system (1) can be expressed in the
following regular form:

HR S e Y T HI
+|:(I)} (u+f(x,0)

where v, € R and v, € R™ are the partition of v. The
sliding surface (2) in new coordinates can be expressed by
o =S8CB*v,+SCBv, =0. 4

Since § is design parameter, the property that SCB is
nonsingular is not limiting [5]. Thus, the reduced-order
system on the sliding surface can be obtained by o =0,

v, = BT AOv, (5)

where ® = B* - B(SCB)'SCB* . If C=1, ,
system (5) is equivalent to the reduced-order system under
the state feedback and many present methods can be used to
design the suitable sliding matrix S . Under the output
feedback, although in style it is very similar to that under
state feedback, the sliding matrix is a surprisingly hard to
select to make the system (5) asymptotically stable.

The control objectives are to determine a sliding matrix S,
which is called as the existence problem, such that the

the above

system (5) is asymptotically stable, and to design a control
law, which is called as the synthesis problem, such that the
sliding surface (2) can be reached in finite time and
remained subsequently.

III. NEW CONDITION FOR EXISTENCE PROBLEM

Theorem 1: There exists a sliding surface (2) such that the
system (5) is asymptotically stable if and only if there are

symmetric matrices X; e RU¥mm and X, € RPP
satisfying the following matrix inequalities:
B*X, BT +CT"X,C>0, (6)

(BX,B*" +CTX,C)A+ AT (B*X,B*" +C" X,C)
NG
—C"X,CBB"C"X,C <0

Furthermore, the sliding matrix can be obtained by
S=BTC"X,.

Proof: (Sufficiency) Suppose that (6) and (7) are feasible
and the sliding matrix is set to S=B"C’X, . Define
X=B*'X,B*"+C"X,C , then X >0 and SC=B"X .
Noting that/ — B(B” XB)' BT X = X '\B* (BT X 'B*)" BT,
the system (5) can be written as

v, = BT AX B (BT X BYY 1y, (8)

Consider the Lyapunov function ¥V =v[ (B X'B+)™'v,.

Its derivative along the system (8) is
V =Vl (B X By B (AX " + X AT)BH (B X'BY) My, (9)

It can be seen that ¥ <0 if and only if B'7(AX"

+X'A")B* <0, which can be obtained by pre- and post-

multiplying (7) by B** X' and X'B*, respectively. So it

is concluded that the system (5) is asymptotically stable.
(Necessity) Since the system (5) is asymptotically stable,

there exists a s. p. d. matrix P, € R"=*=m gych that

BT AOF, + RO A"B* <0 (10)
Define a s. p. d. matrix
P 0| O
pP=[® B][é’ J[BT] (11)

Note that @ B+ = I . The inequality (10) is equivalent to

BT (AP + PA")B* <0. (12)

By Finsler Lemma [1], there exists a scalar € >0 such
that the following inequality holds,

AP+ PA" —£BB" <0. (13)
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B ~ . .
By [(SCB)" SC}[@ B]=1, one can obtain the inverse

matrix of P,

P =B P BT + CTST(SCB)T(SCB)'SC. (14)

Multiplying both side of (13) by P' and letting
P=gP', we have
PA+ ATP—PBBTP<0. (15)
Chose X, =¢PB, "' and X, =¢&ST(SCB) " (SCB)™'S, then
the property of that X, and X, are symmetric matrices
obviously follows, and further the inequalities (6) and (7)
can be straightforwardly obtained from P>0 and the
inequality (15). This completes the proof.
Remark 1. Let X =B*X,B*" +C"X,C , then it can be
easily obtained from (6) and (7) that
X>0, XA+ A" X-XBB"X <0, B"X=S8C, (16)
which is the just result presented in [3]. However, due to the
existence of the matrix equation, the third term in (16), the
above constrained LMI (16) is not tractable. Theorem 1

releases the matrix equation constraint using a specially
built s. p. d. matrix (6).

IV. ROBUST SMOFC DESIGN

In this section, the results developed in the above section
will be extended to robust SMOFC design for a class of
more general uncertain system, whose dynamics function is

x(t) = (A+AA@))x(t)+ (B+AB@))u(t) + Bf (x,1)

y(#)=Cx(1), (17
where all the parametric matrices and vector function except

for AA(t) and AB(t) are the same as the definition of the

system (1) and the assumptions A1)~A3) are also assumed
valid. The additional assumptions for AA(¢f) and AB(t) are
shown as follows:

A4) The mismatched parametric uncertainty AA(z) is
unknown but bounded and satisfies ||AA(t)||S a,
where a >0 is a known scalar.

AS5) The input distribution matrix uncertainty AB(f)
satisfies the matching condition, i.e., there exists a
unknown but bounded function F(¢f) such that
AB(1)= BF(t) , where |F(1)|<w <1 with v a

known positive scalar.

A. Existence problem
Theorem 2: 1f there exists s.p.d. matrices X; € R=x(=m)
X, e R”*? and positive scalar ¢ such that the following
matrix inequalities hold

X =B'X,B +CTX,C>0, (18)

XA+ A" X +ea*l+e' X* - CT" X,CBB"C" X,C <0, (19)
then the reduced-order sliding mode dynamics of system (17)
restricted on the sliding surface o=B"CTX,y(t) is
asymptotically stable.

Proof: Note that AAX + X(AA) <ea’l+&7'X? with

€>0 and replace 4 in Theorem 1 by A4+ AA(¢), then
Theorem 2 can be trivially derived.
Remark 2: 1t is difficult to design the sliding surface by
solving SOFS problem [4]of the reduced-order subsystem
of the transformed system when the mismatched parametric
uncertainty exists, since the subsystem not only owns
system matrix uncertainty, but also input matrix uncertainty.
In such case, more techniques should be needed and more
conversations will be added for SOFS problem.

B. Synthesis problem
Theorem 3: For the uncertain system (17), if there exist
solutions (X, X,,¢) of the inequalities (18) and (19), then
sliding motion on the sliding surface & = p~'B"C” X, y(¢)

with p:"BTCTX2 , can be induced in finite time by the

following static output feedback control law

0.5 . 1 A
u= ——p(l+)/1’1a2)0'——(b+}/2)0'/
1-y -y

where y; and y, are positive scalar.

6

(20)

Proof: From (18) and (19), it is true for a very small
positive scalar y, that

X(A+AAD)+(A+ A" X + I+ pX - XBB"X <0.(21)

Consider the candidate Lyapunov function ¥ = x7 Xx . Its
time derivative along the system (17) is given by

V=x" (X(A+AA4)+(A+A4)X)x+2xT XBu(r)

+2XTXAB(1)M(I)+ZXTXBf(x, t) . (22)

Let o = p6 ,then BT Xx=BT"CT X,y =0 and
0.5 1
u=-———(@+y'a®)oc-——(0b+y,)c/|o]|. 23)
-y -y

Enlarge the last two terms of (22) by
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2x" XBf (x,0) < y'a*c T o+ yx"x + 2b||o

. (24)

257 XAB(u(t) < —~—oT o +—L—2(b+,)|o]. (25)
-y -y

Substituting control law (23) into (22) and using the

inequalities (21) (24) and (25), one can obtain that

V< —px" Xx, (26)

which implies the asymptotical stability of the system (17).
On the other hand, consider another Lyapunov function

V,=0c"Qoc , where Q= (BTCTX2C8)71 . Its derivative
with respect to time along the system (17) is

V. =20TQBTCT X,C(A+Ad)x+207 f(x,t)
20T F(Ou@)+20Tu(t)’

Using the control law (20) and noting (23) and
assumptions A3) and A4), Vg can be enlarged by

v, < 2||cr||{(||QBTCTX2C||(||A||+ a)+a)l- ;/2}

1.2 2

~(+77a?)|o]

27

. (28)

Define a state space domain
Q= {x e :(|0B"CTX,C| (| 4] + @)+ a)|x]| < 7, - ;/3} ,
where 0<y; <y, . Since the asymptotical stability, the
system states will in finite time enter into the domain Q , in
which V_ <2y, ||o-|| Since 0 =0 and & =0 is the same
hyperplane in the state space, this inequality shows that the

sliding surface 6 =0 can be reached in finite time and
remained subsequently. The proof is complete.

Remark 3: Here, we introduce a positive scalar p to make
the norm of sliding matrix of the utilized sliding surface
6 =0 is 1. The advantages of introducing the unit norm
sliding matrix are

I). the control cost can be easily estimated by

0.5 1
e <220+ ad) |yl + b+ 7). 29)

which is mainly depending on p if the y, > a®. The

relationship between the control cost and sliding
matrix is very explicitly shown.

IT). The physical meaning of sliding mode layer width
||6'|| <6 can be clearly shown as || y|| <6, where 0 is

a small positive scalar and represents the sliding mode
layer width by

_05p
-y

u=

1 G
(+77'a*)6 ———(b+ 7)) g (30)
! 1-y R

which is the usual way [10] to smooth the unit control
vector to avoid the chattering. In contrast, if the norm
of the sliding matrix is not unit scalar we can not get

anything from ||o-|| <6, since the distance between the

state vector and the sliding surface may be very great
with a very small sliding surface matrix even if 6 — 0

V. ILMI APPROACH

Noting the inequality (19) can not be converted to an LMI,
it is difficult to solve the matrix inequalities (18) and (19). In
this section, we will propose an ILMI approach to solve (18)
and (19). The ILMI approach is first proposed by Cao et. al.,
[2] to solve a SOFS problem.

Theorem 4: There exists solution pair (X, X,) satisfying
the matrix inequalities (18) and (19) if and only if there exist
X, € Rommxtn=my = X e RPP | W e RP*P and positive

scalar f such that the following matrix inequalities hold

X =B'X,B7 +C"X,C>0, 31)

XA+ A" X + BX —CT X,CBB"C"WC 32
—C"WCBB"CT X,C +C"TWCBB'C'TWC <0

Proof: Tt can be easily proved by the fact that
CT(X,-W)CBB"C™ (X, —W)C = 0. Its details can refer to

[2] and hence are omitted here.

Note that in Theorem 3 the positive scalar y; is needed to
cope with the matching term, so we should add a term y,/

at the left side of the inequality (32) before constructing the
ILMI algorithm

XA+ A" X + X +y[-C" X,CBB"C"WC

33
—C"WCBB"C" X,C +C"WCBB"C"WC <0 33)

Thus, the following algorithm can be established.

Iterative linear matrix inequality (ILMI) algorithm:
Stepl) Chose a suitable positive scalar y, and solve ARE

PA+ATP—PBBTP+y =1 (34)

Step2) W =CB(B'C"CB)'B"PB(B"CTCB)'B’CT is
set as the initial value.
Step3) Solve the following optimization problem to get

the maximum value g*of
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OPI: maximize £, subject to the LMIs (31) and (33).
Step4) Fix f = " and solve the following optimization

problem,
OPII: minimize ¢ , subject to

-5 X
[ X, _3} <0,
and the LMIs (31)(33).
Step5) If ||X ) —W|| < ¢, a predetermined tolerance, go to
Step 6); else let W = X, go to Step2).
If p* >0, then the solution pair (X;,X,) of the

OPIl is the feasible solution of the matrix
inequality (18) and (19); else the matrix
inequalities (18) and (19) can not be solved by this
algorithm. STOP.

(35)
Step6)

Remark 4: The convergence of the above ILMI algorithm
can refer to [2], where the arising problem is somewhat
different in style, but has the same essence as the problem
met here.

Remark 5: If y, is set a very small value, then the control
input will be very large when 6 #0. If y, is set a large

value the algorithm maybe infeasible. So there is a tradeoff
on setting y; between the control cost and the feasibility of

algorithm. Moreover, when y, >a? the OPIl of the
algorithm means to find a sub-minimal value of p . This in

some sense sub-minimizes the control cost.

Remark 6: It can be straightforwardly concluded from the
inequality (26) that the decay rate of the system (17) with
the control law (20) is more than £/2. So we can change

the judge condition of Step6) by B> f3, such that the

closed-loop system get a decay rate more than £, /2 .

VI. NUMERICAL EXAMPLE
Consider the following system [3]

=301 0 01
A:120,B:1,C:[11
01-=2 0

F(t) 0 ”z(f)}
A= 0 0 0|,
0 () 0

0
0 >

AB(1) = BF (1) = 0.5Br (1),

SO, =r @0 1 0]x(?) +75(2)

x(0) :[1 0 —I]T r(t)=sint, i=1,---,6.(36)
From the above datas, one can obtain that a=1.5, b=1,
v =0.5 and a =1. As stated in [3], the previous methods

[4][51[6]1[9][11] can not be applied here since the existence
of the uncertain parameter matrix A4 . Although, a solution
of the above system (32) is given out in [3], its details are not
legible. How to solve a SOFS problem with a LMI restraint,
which is the key problem and is the first step in the
algorithm provided in [3], was not presented.

By using the ILMI algorithm with y, =a? and £, =2,
we can get the solution

x, =| —1.1250 7.0619
27 7.0619 1.6230

So the sliding surface is 6(r)=[0.5643 0.8255]y(7)
with p=10.5203 . Set y, =1 and §=0.01, then the
smoothed control law (30) is obtained,

46

él+0.01°

u=-21.04066 — (37)

which spends less control cost than that in [3].

Figure 1 shows the simulation results, from which one
can see that the sliding surface is reached in finite time and
remained subsequently, and the closed-loop uncertain
system is asymptotically stable under the control law (37).

VII. CONCLUSION.

In this paper, the robust SMOFC design problem is studied
for a class of system with mismatched parametric
uncertainty. For the existence problem, we first present a
new sufficient and necessary condition consisting of two
matrix inequalities, one of which is bilinear matrix
inequality. An ILMI approach is then put forward to solve
the two inequalities. The interesting feature is that the ILMI
approach only involves the original system matrices and can
be easily extended to robust SMOFC design. For the
synthesis problem, the sub-optimal design is preliminarily
explored to minimize the control cost.

REFERENCE

[1] S.Boyd, L. El Ghaoui, E. Feron and V. Balakrishnan, Linear matrix
Inequalities in Systems and Control Theory, vol. 15, Philadelphia:
SIAM, 1994.

[2] Y.Y.Cao,J.Lamand Y. X. Sun, “Static output feedback stabilization:
An ILMI approach,” Automatica, Vol. 34, No. 12, pp. 1641-1645.

4082



1.5 T

0.5 \

N //‘/’ _ — - - o
[ _~
-0.517 —~ .
-
1 _
15 ! ! ! ! !
0 0.5 1 1.5 2 25

Figure 1. The trajectories of the state vector and the sliding surface: & solid line, X; dashed line, X,

dotted line, x5 dash-dot line.

H. H. Choi, “Variable structure output feedback control for a class of
uncertain dynamic systems,” Automatica, vol. 38, pp. 335-341, 2002.
C. Edwards and S. K. Spurgeon, “Sliding mode stabilization of

uncertain systems using only output information,” /nt. J. Control, Vol.

62, No. 5, pp. 1129-1144, 1995.

C. Edwards, S. K. Spurgeon and R. G. Hebden, “On the design of
sliding mode output feedback controllers,” International Journal of
Control, vol. 76, no 9/10, pp. 893-905, 2003.

R. El-Khazali and R. A. Decarlo, “Output feedback variable structure
control design,” Automatica, Vol. 31, No. 6, pp. 805-816, 1995.

J. Y. Hung, W. Gao and J. C. Hung, “Variable structure control: A
survey,” IEEE Trans. Ind. Electron., Vol. 40, pp. 2-22, 1993.

C. Kwan, “On variable structure output feedback controllers,” I[EEE
Trans. Automat. Contr., vol. 41, pp. 1691-1693, Nov. 1996.

C. Kwan, “Further results on variable output feedback controllers,”
IEEE Trans. Automat. Contr., Vol. 46, pp. 1505-1508, 2001.

J. J. E. Slotine and W. Li, Applied nonlinear control, Prentice-Hall,
1991.

S. H. Zak and S. Hui, “ On variable structure output feedback
controllers for uncertain dynamic systems,” [EEE Trans. Automat.
Contr., Vol. 38, pp. 1509-1512, Oct. 1993.

4083

3.5



	MAIN MENU
	Go to Previous Document
	CD-ROM Help
	Search CD-ROM
	Search Results
	Print


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (None)
  /CalCMYKProfile (None)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveEPSInfo false
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /ArialNarrow-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /Courier-Oblique
    /Helvetica
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Oblique
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldOblique
    /Times-Oblique
    /Times-Roman
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 2.00333
  /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 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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 <<
    /JPN <FEFF3053306e8a2d5b9a306f300130d330b830cd30b9658766f8306e8868793a304a3088307353705237306b90693057305f00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /FRA <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <FEFF005500730065002000740068006500730065002000730065007400740069006e0067007300200074006f0020006300720065006100740065002000500044004600200064006f00630075006d0065006e007400730020007300750069007400610062006c006500200066006f007200200049004500450045002000580070006c006f00720065002e0020004300720065006100740065006400200031003500200044006500630065006d00620065007200200032003000300033002e>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


