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Abstract— This paper introduces a new approach to robust
stabilization of discrete-time delay systems under non-linear
perturbations. For the discrete-time systems with state/input
delays, the robust stabilization problem is transformed to a
constrained convex optimization one. Sufficient conditions on
the existence of state feedback controllers are established in
terms of linear matrix inequality (LMI), which guarantee
stability of the closed-loop system and at the same time max-
imize the non-linearity bound. Finally, numerical examples
are presented to illustrate the efficiency and feasibility of our
proposed approach.
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I. INTRODUCTION

Time delays ubiquitously occur in many dynamical sys-
tems such as biological systems, chemical systems and
electrical networks. Since delays are frequently the main
sources of deterioration of system performance and stability,
there has been increasing interest in the field of analysis and
synthesis of time-delay systems in recent years, see, e.g.
[2]-[8]. Two types of stability conditions have been reported
in the literature: the so-called delay-dependent conditions
(the condition containing delay information) and delay-
independent conditions (the condition without containing
delay information).

During the last decade, continuous-time linear systems
with delays have been extensively studied. Stability re-
sults have been obtained for both of delay-dependent and
delay-independent cases in terms of Ricatti equation [7]
or linear matrix inequalities (LMIs) [3], [12]. More re-
cently, a descriptor approach has been introduced to study
continuous-time systems with delays [4], [6], [5], where
the conservatism that comes from the transformation of the
system and bounding for certain terms has been reduced.
Meanwhile, less attention has been paid to the study of
discrete-time systems with delays. For the constant time
delay case, a discrete-time system can be transformed into
a system with no time delay via augmentation approach [8],
and hence can be dealt with by using the control theory of
discrete-time linear systems. However, this theory cannot
be directly applied to the case of time-varying delays.
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Ref. [13] has considered control problems for discrete-time
systems with time-varying delays in state, where output
feedback controllers have been designed in terms of LMI.
In fact, this result is not LMI in the strict sense because
it has supposed that the matrix in the Lyapunov equation
should be predetermined. Meanwhile, these work has not
considered the case of non-linear perturbation in the delayed
system.

Recently, a new approach to dealing with stability and
stabilization for linear continuous-time and discrete-time
systems under non-linear perturbations have been obtained
in terms of LMI in [9], [10], which provides a possibility
to reduce the conservativeness in computations of maximal
bounds on non-linear terms. But when this method is
applied to the discrete-time systems, it can only be used
for single-input delay and there are structured restrictions
on the Lyapunov matrix. Ref. [15] has presented a less con-
servative result with the above drawbacks removed and has
extended the result to discrete-time systems with constant
delays. However, these approaches do not work in the case
with time-varying delays.

Based on the research mentioned above, inspired by Frid-
man’s recent works (see, e.g., [4], [5]), we investigate robust
stabilization of discrete-time systems with time-varying
delays and non-linear perturbations. Our new approach is
based on an equivalent descriptor form of the discrete-time
system. A new type of Lyapunov function is introduced for
the development of delay-dependent methods on designing
linear memoryless state feedback controllers, where there
are fewer bounds applied. New delay-dependent sufficient
conditions on the existence of robust state feedback con-
trollers which guarantee the stability of the closed-loop
system and maximize the non-linearity bound are obtained
in terms of LML

Notation: In this paper, R is the set of all real numbers, R"
is the set of all n-tuples of real numbers. A7 and A~! Denote
the transpose and the inverse of a matrix A, respectively.
I, denotes the unit matrix with m rows and m columns,
diag{---} is a block-diagonal matrix. A >0 (A < 0) means
that A is symmetric positive definite (negative definite). Z"
denotes the set of non-negative integer and * represents
blocks that are readily inferred by symmetry.
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II. ROBUST STABILIZATION OF DISCRETE-TIME
SYSTEMS WITH STATE DELAYS

We first consider the following discrete-time system with
time-varying delays in state

x(k+1) = Ax(k) + Agx(k — ©(k)) + Bu(k) 4+ h(k,x(k)),
(D
where x(k) € R", u(k) € R™ are the plant state and the
plant input, respectively, A, B, A; are known real constant
matrices with appropriate dimensions. 4: ZT x R” — R" is
a nonlinear perturbation function that satisfies the quadratic
constraint condition

T (k, x(k))h(k,x(k)) < oxT (k)HT Hx(k), 2)

where o > 0 is the bounding parameter on the uncertain
perturbation function i and H is a constant matrix. Note
that constraint (2) is equivalent to

xT—OczHTHO X
e o

For any given H, we define the set

Hy = {h: R — R AT (k,x(k))h(k,x(k)) < o’ (k)HT
x Hx(k) for all (k,x) € Z* x R"}.

“4)

It is assumed that the pair (A,B) is stabilizable and the
time-varying delay 7(k) satisfies the following assumption:

0< 1 <7(k) <T) <oo, (®)]

where 7; and 7, are known positive integers.

In the sequel of this paper, we will use the following
concept of robust stabilization for the system (1).

Definition 1: Given positive integers 71, 7> such that 0 <
T1 < To, the system (1) is robustly stabilizable with some
degree « if there exists a control law u(k) = Fx(k) such that
the resulting closed-loop system is robustly stable for any
time-varying delay satisfying (5) and for all A(k,x(k)) € Hy.

In this section, we shall develop method for designing a
linear memoryless state feedback controller for the system
(1) which both ensures robust stability and maximizes the
non-linearity bound for any time-varying delay satisfying
condition (5).

Since the robust stability of the system (1) is crucial to
this solution, we shall address it first.

Lemma 1: Consider unforced system (1) with u(k) =0.
Given positive integers Tj, 7o such that 0 < 71 < 1y, the
system is stable with degree « if for any time-varying delay
7(k) satisfying (5) there exist matrices Py >0, P, P;, 0 >0

and a scalar v satisfying the following LMI:

(Tz—Tl—i—l)Q—Pl—ATPz—PzTA —ATP3 -l—PZT
* P +P+ 133T
* *
*k *
* *
—PZTAd -, HT
P, Pl 0
-0 0 0 |<o,
* -1 0
* * —vl
(6)

where y = a 2.

Proof: We represent (1) with u(k) =0 in an equivalent
descriptor form [5]

{ x(k+1) = y(k),

0= —y(k) + Ax(k) + Agx(k — (k) + h(k,x(k)), "

which is valid in the case of 0 < 71 < 7(k) < Ty < o for
k > 0. Given initial condition x(k) = ¢ (k) (k € [—12,0]),
where ¢ is a discrete-time function, x(k) satisfies (1) for
k > 0 iff it satisfies (7).

We use the following Lyapunov-Krasovskii functional

V (k) = Vi (k) + Vo (k) + V3 (k), 8)
where
k—1
Vi(k) =%(k)TEPR(k), Va(k)= Y x"(i)0x(i),
i=k—1(k)
—71+1 k—1
Vi(k) = Y, Amox),
J=—T42, I=k+j—1
with
x(k) P 0 0 0
_ _ y(k) o P2 P3 0 0
O=1 co—zy " =10 0 1 0
h(k,x(k)) 0 0 0 I
I, 0 0 0
0 000
E=19 00 0
0 000

and P, = P > 0, P,, P; are matrices with appropriate
dimensions.

It can be easily verified that (8) satisfies the following
inequalities:

alx(k)? <V(k)<b sup |¥(k+s)* a>0, b>0.
SE[*‘L’LO]

Note that
i (k)EPx(k) = x(k)T Px(k).
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Then the difference of the first term of (8) with respect to
k is given by

AV (k) = x(k+1)TPx(k+1)—x(k)T Pix(k)
50(k)

=y (k)Piy(k) —2x(k)" PT (O) O
0

Substituting the first 0 in the right-hand side of (9) by the
expressions in (7), we obtain

AV (k) = & (k)Wx(k), (10)
where

0 0 00 lr 0o o0 o
_ 0 Pl 00 _ pT —1 Ad 1
Y=1o 000l P]0 0 0o
0 0 0 0 0 0 0 0

I AT 0 0

0 -1 0 0

0 AL 0 0 F
0 I 00

The difference of the second term of (8) is given by

k k=1

Ay (k) = Y xHox() - ¥ 2 ()0x()
i=k+1-1(k+1) i=k—1(k)
k—1;
= Y xT@)0x(i) +x" (k) Qx(k)
i=k-+1—T(k+1)
T (k—t(k))Qx(k — T(k)
k=1 —
+ L Ao - r K@)ox().
i=k+1-1 i=k+1—1(k)
(1)

Since t(k) > 11, we have

k—1 k—1

Y Looxi)- )Y

i=k+1-11 i=k+1-1(k)

xT(i)Qx(i) < 0.

This together with (11) implies

k7T|

A< E X (0)0x(i) +xT (k) Qx(k)
i=k+1—1(k+1)

—xT(k—1(k))Qx(k — t(k)).
For the third term of (8), we derive

AVs(k) = ]:21 (" (R)Qx(k) =T (k-+ = 1)Qx(k+ = 1)

- (T Reh) - T

i=k+1-1,

X7 (1) Ox(i).
(12)
Noting that (k) < 1,, we have

k—11 k—1;

Y TGoxi) <o.

i=k+1-1

X" () Qx (i) —
i=k+1—T(k+1)
Then it follows that
AV (k) +AV3(k) < (T —T1 + l)xT(k) Ox(k)
(k= (k) Qx(k — T(k)).

So, we obtain

where
(b—7+1DQ 0 0 0
_ 0 P 0 0
= 0 0 -0 0
! 0 0 0 0
(i1 0 0 i AT 0 0
A —I Ay I 0 -1 0 0
_pT d _
PPlo 0 0 o 0 AT 0 0 F
| 0 0 0 0 0 I 00

A sufficient condition on the stability of the system (1) is
given by

¥ <0. 13)

By the well-known S-procedure [14], inequality (13) with
constraint (3) is equivalent to the existence of matrices P >
0, Q>0 and a scalar € > 0 such that

(-7t +1)Q+ea*HT™H 0 0 0
0 PR 0 0
0 0 -0 0
0 0 0 —&l
0 0 AT 0 0
A I A; 1 0 —1I 0 0
_pT d _
Plo o o0 o 0 a7 o o |P=©
0 0 0 0 0 I 00
This can be written as
A —-ATp+PI —PIA, -P,
x P+P+Pl —PlA, —PI <0
* * -0 0 ’ (14)
* * * —&el

P>0,0>0, €>0,

where A= (1, — 71+ 1)Q+¢ea’*HTH — P, — ATP, — PTA.

It should be noted that inequalities (14) represent non-
strict LMIs since € > 0. It is well known that minimization
under non-strict LMI constraints gives the same result as
minimization under strict LMI constraints when both strict
and non-strict LMI constraints are feasible [1]. This is true
for (14) because if there is a solution for € = 0 there is a
solution for some € > 0 and sufficiently small ¢. Thus we
can substitute € > 0 for € > 0 in (14). Therefore (14) is
equivalent to the existence of matrices P:=P/e >0, Q :=
Q/& > 0 such that

A —ATB+ Bl _PlA; P
x P+ B +P3T —P3TAd —133T
N N _Q— 0 <0, (15)
* * * —1I

where A = (1, — 71+ 1)Q + «?HTH — P, — ATP, — PI'A.
Using Schur complement formula, (15) is equivalent to (6).
|
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To obtain the maximal parameter ¢« for the bound of
non-linear perturbations on the system, we propose the
optimization problem

miqimize v o } (16)

subject to P >0, P, P35, Q>0and (6).

We arrive at the following theorem.

Theorem 1: Consider unforced system (1) with u(k) =0.
Given integers 71, 7o such that 0 < 7| < 7, this system is
robustly stable with maximal non-linear bound o =1/,/7 if
there exist matrices P; > 0, P>, Pz, Q > 0 such that problem
(16) is feasible for any time-varying delay 7(k) satisfying
condition (5).

Then, we focus our attention on designing linear constant
feedback control laws to robustly stabilize plant (1).

Theorem 2: Given integers T1, Tp such that 0 < 71 < 7o,
the system (1) is robustly stabilizable with degree « if for
any time-varying delay t(k) satisfying condition (5) there
exist matrices W) >0, Z >0, W5, W3, Y and a scalar y >0
satisfying the following LMI:

[ —wi W] —wAT —YTBT 0 0
* W +Ws —AZ -1
* * —Z 0
* * * -1
* * * *
* * *

* * * *
W]HT W2T Wl ] (17)

o wf o
0 0 0
0 0 0 <0,

—vI 0 0
* *Wl 0
* * -nZ

where 7 =1/(72 — 71 + 1), Y= a 2. Furthermore, the state
feedback control law is given by

u(k) = YW, x(k).

Proof: Following the proof of Lemma 1, the robust
stability of the system (1) with u(k) = Fx(k) can be guar-
anteed by the existence of matrices P, > 0, P, P3, 0 >0
and a scalar y > 0 satisfying the following LMI:

(Tz—Tl—l—l)Q—pl—ATPz—PzTA —ATP3+P2T
* P +P+Pf
k *
* *
* *
—PzTAd -, HT
~PIA, —PI 0
-0 0 0 | <0,
* —1 0
* * —vl
(18)

where A = A+ BF. In order to design the controller and
obtain LMI we use P~L. It can be easily verified in (18)

that P3+ P} < 0. Because P; > 0, we know

P 0 0O

= | B P 00

P= 0 0 I 0

0 0 0 1[I

is nonsingular. Define

Wi 0 0 0
5 1. o | Wa W3 0 0
Pr=w= 0 0 I 0
0 0 0 I

Multiplying diag{W7,I} and its transpose on the left and
on the right sides of (18), respectively, using Schur com-
plement, we know that (18) is equivalent to

E W -wAT 0 0 wHT
* W3T —W3 —Ag -1 0
* * -0 0 0
* * x =1 0
* * * * —vI 19)
w)
Wi | 5
+ 03 P1[W2 Wz 0 0] <0,
0

where & = (1, — 11 + 1) W QW — W;.

Denoting Y := FW;, Z = Q~!, Pre- and post-multiplying
diag{I, I, Q, I, I} on both sides of (19), using Schur
complements, we obtain that (19) is equivalent to (17).
Furthermore, the feedback gain is given by F = YW{'. [ ]

Theorem 2 provides a delay dependent condition on
robust stabilization of discrete-time linear state delayed
systems in terms of the solvability of LMI. One important
advantage of Theorem 2 is that the largest uncertain per-
turbation parameter o which preserves the robust stability
of the closed-loop system can be computed by solving the
following optimization problem in Wy, Z, W,, W3, Y for
given positive integers 7j, T:

minimize Y
subject to Wi >0 W, W3, Z>0,Y
and (17).

(20)

Theorem 3: Given integers Tj, Tp such that 0 < 7] <
Ty, the system (1) is robustly stabilizable with maximal
non-linear bound o = 1/,/7 if there exist matrices W; >
0, Wo, W3, Z > 0, Y such that problem (20) is feasible
for any time-varying delay 7(k) satisfying condition (5).
Furthermore, the state feedback control law is given by

u(k) =YW, ' x(k).
ITI. ROBUST STABILIZATION OF DISCRETE-TIME
SYSTEMS WITH INPUT DELAYS
Now, we pay our attention to the following discrete-time

system with time-varying input delays

x(k+1) = Ax(k) + Bu(k — t(k)) + h(k,x(k)), (1)
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where (k) and h(k,x(k)) are defined as that of Section II,
and satisfy conditions (5) and (4), respectively.

In this section, we shall develop delay-dependent condi-
tions on the robust stabilization of the system (21).

Theorem 4: Given integers Ty, T such that 0 < 71 < 7o,
the system (21) is robustly stabilizable with degree « if for
any time-varying delay t(k) satisfying condition (5) there
exist matrices Wi >0, Z > 0, W,, W3, Y and a positive scalar
Y satisfying the following LMI:

-wi Wf-wAT 0 0
* WI+ws —BY —I
* * —-Z 0
* * * —1I
* * * *
* * *
* * * *
WlHT W2T W1 7] (22)
o w o
0 0 0
0 0 0 <0,
—vyl 0 0
* —-W 0
* * -nz

where 11 = 1/(72 — 71 + 1). Furthermore, the state feedback
control law is given by
u(k) =YZ 'x(k).

Proof: Using quadratic function V(x(k)) defined by
(8), following the proof of Lemma 1, we obtain that the
robust stability of the system (21) with u(k) = Fx(k) can
be guaranteed by the existence of matrices P, > 0, Py, P
and Q > 0 satisfying

TH—T1+1 Q—Pl —ATPQ—PTA —ATP3 +f_’T
2 2

* P+ P;+P]
* *
*k *
* *
—-PIBF —-P, HT
—PIBF —Pl 0
-0 0 0 <0.
* -1 0
* * —yl
(23)
Analogous to the proof of Theorem 2, we can easily obtain
the conclusion. [ ]

Theorem 4 provides a delay-dependent condition on
robust stabilization of a class of discrete-time systems with
input delays. The smallest y for a given 717 in Theorem 4 can
be computed by solving the following convex optimization
problem:

minimize Y
subject to Wi >0, W, W5, Z2>0, Y
and (22).

Theorem 5: Given integers Ti, Tp such that 0 < 7] <

Ty, the system (21) is robustly stabilizable with maximal

(24)

non-linear bound o = 1/,/7 if there exist matrices W; >
0, W, W3, Z > 0, Y such that problem (24) is feasible
for any time-varying delay 7(k) satisfying condition (5).
Furthermore, the feedback gain is given by

F=yz "

Remark 1: For a given ¥, similar procedure can be
applied to the computation of the largest delay-related pa-
rameter Tp — 7] + 1 by solving a quasi-convex optimization
problem using the LMI toolbox [1].

Remark 2: For discrete-time systems with both state and
input delays, the robust control problems can be solved by
using the approach proposed above.

IV. NUMERICAL EXAMPLES

Example 1: Let us consider the discrete-time system
with state delays

9 j3]ﬂm+[ﬂ;

*(k+1) = [
4 [ 0 ]u(k)—i—h(k,x(k))

| }x(k—’c(k))

1
(25)
with H = [2 0] and the state feedback gain F to be designed.
It is assumed that the time-varying delay t(k) satisfies
(5) with
T1=1, = 4.

By solving the convex optimization problem (20) using
LMI toolbox, we obtain

Wi [ 148818 0348
= —03482 14814 |
00697 0.2098
Wz_{ 0.0035 —0.0080}’
~125221 —0.0503
W3:{ 0.2353 —1.5296}’
[ 1257780 —6.5237
= | —65237 87844 |

Y = [28.7967 3.4557], Yimin = 53.2980.

Then it can be easily calculated from Theorem 3 that

O = 0.1370, F =[2.0006 2.8031]

with the eigenvalues of matrix A + BF located at 0.0031

and —0.2000.

This example shows that our method can be efficiently
applied to the discrete-time system with time-varying state
delays and non-linear perturbations.

To further illustrate our approach, we consider a discrete-

time system with input delays.
Example 2:

0 1

o]0

u(k) = Fx(k)
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with H = 2 0 ] and state feedback gain F to be

0 1
designed.

We assumed that the time-varying delay (k) satisfies (5)
with
T = 1, Ty = 5.

By solving the convex optimization problem (24) using
LMI toolbox, we obtain the following feasible solution

Wi | 174313 00484
T | 0.0484 6.9765 |’
0.0027  1.5790
W2= { ~0.0001  0.0027 }
~13.0822  0.0029
W3 = [ ~0.0441  —5.9243 }
,_ [ 2358203 0.6192
| 06192 172.8935 |

Y =[—0.0483 —6.8897], Yimin = 8.5312.
By Theorem 5, we obtain
Omay = 0.3424, F =[—0.0001 —0.0398].

with eigenvalues of A+ BF located at 0.0001 and 0.9600.

Therefore, the unstable input delayed non-linear discrete-
time system (26) can be effectively stabilized via the state
feedback controller designed in this paper.

V. CONCLUSION

We have investigated the robust stabilization problem for
discrete-time delay systems with state/input delays subject
to non-linear perturbations. We first deal with the robust
stabilization of discrete-time systems with state delays.
Then the robust stabilization for discrete-time systems with
input delays is studied. Delay-dependent conditions on the
stabilization of such discrete-time systems are given in
terms of LMI. The designed stabilizing feedback controllers
produce a closed-loop system which is maximally tolerant
to the uncertain non-linear terms. Numerical examples have
been worked out to show how an unstable system can
be effectively stabilized via the controller designed in this

paper.
REFERENCES

[1]1 S. Boyd, L. El Ghaoui, E. Feron and V. Balakrishnan, Linear Matrix
Inequalities in Systems and Control Theory, SIAM Studies in Appl.
Mathematics, Philadelphia, 1994.

[2] L. Dugard and E. I. Veriest, “Stability and control of time-delay
systems,” Berlin, New York: Springer, 1998.

[3] K.K. Fan, J.D. Chen, C.H. Lien and J.G. Hsieh, “Delay-dependent
stability criterion for neutral time-delay systems via linear matrix
inequality approach,” Journal of Mathematical Analysis and Appli-
cations, 273(2): 580-589, 2002.

[4] E. Fridman and U. Shaked, “An improved stabilization method for
linear time-delay systems,” IEEE Transactions on Automatic Control,
47(11): 1931-1937, 2002.

[5] E. Fridman, “New Lyapunov-Krasovskii functionals for stability
of linear retarded and neutral type systems,” Systems and Control
Letters, 43(4): 309-319, 2001.

[6]

[7]

[8]

[9]

[10]

(11]

[12]

[13]

[14]

[15]

3440

E. Fridman and U. Shaked, “A descriptor system approach to
H., control of linear time-delay systems,” IEEE Transactions on
Automatic Control, 47(2): 253-270, 2002.

J.C. Shen, B.S. Chen and F.C. Kung, “Memoryless stabilization of
uncertain dynamic delay systems: Riccati equation approach,” IEEE
Transactions on Automatic Control, 36(5): 638640, 1991.

S.H. Song and J.K. Kim, “H. control of discrete-time linear systems
with norm-bounded uncertainties and time delay in state,” Automat-
ica, 34(1): 137-139, 1998.

D.D. Siljak and D.M. Stipanovic, “Robust stabilization of nonlinear
systems: the LMI approach,” Mathematical Problems in Engineering,
6: 461493, 2000.

D.M. Stipanovic and K.K. Siljak, “Robust stability and stabilization
of discrete-time nonlinear systems: the LMI approach,” International
Journal of Control, 74: 873-879, 2001.

T.J. Su and C.G. Huang, “Robust stability of delay dependence for
linear uncertain systems,” IEEE Transactions on Automatic Control,
37(10): 1656-1659, 1992.

X. Li and C. E. De Souza, “Criteria for robust stability and stabiliza-
tion of uncertain linear systems with state delay,” Automatica, 33(9):
1657-1662, 1997.

S. Xu and T. Chen, “Robust H., control for uncertain discrete-time
systems with time-varying delays via exponential output feedback
controllers,” Systems and Control Letters, 51: 171-183, 2004.

V.A. Yakubovich, “The S-procedure in nonlinear control theory,”
Vestnik Leningrad University Math., 4: 73-93, 1977.

Z. Zuo, J. Wang and L. Huang, “Robust stabilization for non-linear
discrete-time systems.” International Journal of Control, 77: 384—
388, 2004.



	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


