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New stability criterion for singular time-delay systems and
its application to partial element equivalent circuit

WANG Hui-jiao1, XUE An-ke2

(1. Institute of Automation, Zhejiang Sci-Tech University, Hangzhou Zhejiang 310018, China;
2. Institute of Information and Control, Hangzhou Dianzi University, Hangzhou Zhejiang 310018, China)

Abstract: We analyze the stability of singular systems with time-delay, and derive a delay-dependent stability criterion
by using the delay decomposition approach and introducing an integral inequality. In the delay decomposition approach,
the entire delay interval is divided into multiple subintervals for which different energy functions are defined for building
new Lyapunov-krasovskii functional. A partial element equivalent circuit(PEEC) model is used to validate the propose
method; results show this method is with less conservative than other existing methods in the literature.
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2 (Problem formulation)
:{

Eẋ(t) = Ax(t) + Adx(t − r),

x(θ) = φ(θ), ∀θ ∈ [−r, 0],
(1)

: x(t) ∈ R
n , r > 0

, φ(θ) ,
, E, A Ad , E
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, , b, rank E =
b � n.

1 [5] 1) (E, A) ,
det(sE − A) 0;

2) (E, A) , deg(det(sE−
A)) = rank E.

2 [5] 1) (1)
, (E, A) .

2) (1) ,
ε > 0, δ(ε) > 0,
sup

−r�t�0

‖φ(t)‖�δ(ε) φ(t),

x(t) ‖x(t)‖ � ε,∀t � 0, lim
t→∞

x(t) = 0.

,
(1) :

E =

[
1 0
0 0

]
, A=

[
0.5 0
0 −1

]
, Ad =

[
−1.1 1
0 0.5

]
,

(2)

ranalytical = 1.1325.
, [7]

rmax = 0.5567; Lyapunov , [8]
rmax =0.8708; , [9] rmax

= 0.9680, [10] rmax = 1.0423;
, [11] rmax = 1.0660;

, [12]
, Lyapunov-Krsovskii

:

V (t, xt) =

xT(t)ETPEx(t) +
� t

t−r
xT(s)Qx(s)ds +� 0

−r

� t

t+θ
ẋT(s)(rETWE)ẋ(s)dsdθ, (3)

: P = PT > 0, Q = QT > 0 W = WT > 0.

−
� t

t−r
ẋT(s)(rX)ẋ(s)ds �

[xT(t) xT(t − r)]

[
−X X

X −X

][
x(t)

x(t − r)

]

, rmax = 1.0660.
, [12]

, Lyapunov-
Krsovskii P, Q W ,

. rmax = 1.0660
ranalytical = 1.1325 , .

Lyapunov-Krsovskii :

V (t, xt) =

xT(t)ETPEx(t)+
N∑

i=1

� t−(i−1)h

t−ih
xT(s)Qix(s)ds+

N∑
i=1

� −(i−1)h

−ih

� t

t+θ
ẋT(s)(hETWiE)ẋ(s)dsdθ, (4)

: h = r/N, N [−r, 0] (
), h , P = PT > 0, Qi =

QT
i > 0 Wi = WT

i > 0, i = 1, 2,· · ·, N .
Lyapunov-Krsovskii (3) (4)

(4) N ,
.

, .

1 [16] X ∈ R
n×n, X =

XT > 0, r > 0, ẋ : [−r, 0] → R
n,

:

−
� t

t−r
ẋT(s)(rX)ẋ(s)ds �

[xT(t) xT(t − r)]

[
−X X

X −X

][
x(t)

x(t − r)

]
. (5)

2 [17] ϕ: R
+→R, ϕ̇ [0,∞)

, α > 0
t ∈ [0,∞), | ϕ̇(t) |� α , ϕ(t) [0,∞)

.

3 [17] ϕ : R
+ → R, ϕ

,
� ∞

0
ϕ(s)ds < ∞, lim

t→∞
ϕ(t) = 0.

3 (Stability criteria)
3.1 (Delay-dependent stability

criteria)
1 r > 0, (1)

,
P = PT > 0, Qi = QT

i > 0, Wi = WT
i > 0,

i = 1, 2, · · · , N S

Ψ =

[
Ψ (1) Ψ (2)

Ψ (2)T Ψ (3)

]
< 0, (6)

:

Ψ (1) =⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎣

Ψ
(1)
11 ETW1E 0 · · · 0 Ψ

(1)
1 N+1

∗ Ψ
(1)
22 ETW2E · · · 0 0

∗ ∗ Ψ
(1)
33 · · · 0 0

...
...

...
. . .

...
...

∗ ∗ ∗ · · · Ψ
(1)
NN ETWNE

∗ ∗ ∗ · · · ∗ Ψ
(1)
N+1 N+1

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎦

,

Ψ
(1)
11 = AT(PE + RST) + (ETP + SRT)A +

Q1 − ETW1E,
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Ψ
(1)
22 = −Q1 − ETW1E + Q2 − ETW2E,

Ψ
(1)
33 = −Q2 − ETW2E + Q3 − ETW3E,

Ψ
(1)
NN = −QN−1 − ETWN−1E + QN − ETWNE,

Ψ
(1)
N+1 N+1 = −QN − ETWNE,

Ψ
(1)
1 N+1 = (ETP + SRT)Ad,

Ψ (2) =

⎡
⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎢⎣

hAT
N∑

i=1

Wi

0
0
...
0

hAT
d

N∑
i=1

Wi

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

, Ψ (3) = −
N∑

i=1

Wi,

R ∈ R
n×(n−b) ETR = 0

.

(1)
.

rank E = b � n,

G H ∈ R
n×n Ē = GEH =

[
Ir 0
0 0

]
.

, Ā = GAH =

[
Ā11 Ā12

Ā21 Ā22

]
,

[12] , Ā22 .

det(sE − A) =

det(G−1)det(sĒ − Ā)det(H−1) =

det(G−1)det(−Ā22)det(sIr −
(Ā11 − Ā12Ā

−1
22 Ā21))det(H−1),

det(sE −A) 0 deg(det(sE −
A)) = rank E. 1 , (E, A)

, (1)
.

(1) .

Lyapunov-Krsovskii (4),
ETR = 0, 1, V (t, xt) (1) t

V̇ (t, xt) � ξT (t)(Ψ (1) +
N∑

i=1

LT
1 h2WiL1)ξ(t), (7)

:

ξT(t) = [xT(t) xT(t − h) · · · xT(t − Nh)],

L1 = [A 0 · · · Ad].

Schur , (6)

Ψ (1) +
N∑

i=1

LT
1 h2WiL1 < 0,

V̇ (t, xt) < 0 .

ς(t) =

[
ς1(t)
ς2(t)

]
= H−1x(t),

ς1(t) ∈ R
b, ς2(t) ∈ R

n−b. [5]

,
� t

0
‖ς1(s)‖2ds ‖ς̇1(t)‖ , 2 ,

‖ς̇1(t)‖ .
� t

0
‖ς1(s)‖2ds ,

3 , lim
t→∞

ς1(t) = 0. lim
t→∞

ς2(t) = 0.

2 , (1) .

1 Lyapunov-Krsovskii (4), 1

, .

(2) , N =2 , rmax =1.1075;

N = 3 , rmax = 1.1151; N = 4 , rmax = 1.1171;

N = 5 , rmax = 1.1179 ; , rmax =

1.0660 ,

, .

, N = 1 , 1 .

1 r > 0, (1)
,

P = PT > 0, Q1 = QT
1 > 0, W1 = WT

1 > 0
S⎡

⎢⎣Ψ̃
(1)
11 Ψ̃

(1)
12 rATW1

∗ −Q1−ETW1E rAT
d W1

∗ ∗ −W1

⎤
⎥⎦ < 0, (8)

: Ψ̃
(1)
12 = (ETP + SRT)Ad + ETW1E, Ψ̃

(1)
12

R ∈ R
n×(n−b) 1.

2 , N = 1 , Q1 = Q,

W1 = W , Lyapunov-Krsovskii (4) [12]

Lyapunov-Krsovskii (3). Q1 = Q, W1 =

W , 1 [12] (

1, [12]).

3 E = I , (1)

, ẋ(t) = Ax(t) + Adx(t− r). ETR = 0 R =

0, E = I R = 0 (6), 1 [12]

1.

3.2 (Robust stability criteria)
A Ad ,

(1)⎧⎪⎪⎨
⎪⎪⎩

Eẋ(t) = (A + DF (t)Ea)x(t)+

(Ad + DF (t)Ed)x(t − r),

x(θ) = φ(θ), θ = [−r, 0],

(9)

: D, Ea, Ed , F (t)
, FT(t)F (t) � I ,
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[13] , (9)

{
Eẋ(t) = Ax(t) + Adx(t − r) + Dp(t),

q(t) = Eax(t) + Edx(t − d),
(10)

p(t) = F (t)q(t). (11)

1 ,
(9), Lyapunov-Krsovskii (4),

.

2 r > 0,
(9) ,

P = PT > 0, Qi = QT
i > 0, Wi =

WT
i > 0, i = 1, 2, · · · , N , ε > 0 S⎡

⎢⎢⎢⎣
Ψ (1) Π12 Ψ (2) Π14

∗ − εI Π23 0
∗ ∗ Ψ (3) 0
∗ ∗ ∗ −εI

⎤
⎥⎥⎥⎦ < 0, (12)

:

Π12 =

⎡
⎢⎢⎢⎢⎣

(ETP + SRT)D
0
...
0

⎤
⎥⎥⎥⎥⎦ , Π14 =

⎡
⎢⎢⎢⎢⎣

εET
a

0
...

εET
d

⎤
⎥⎥⎥⎥⎦ ,

Π23 = hDT
N∑

i=1

Wi, Ψ (1), Ψ (2), Ψ (3) R ∈ R
n×(n−b)

1.

4 PEEC (Stability analysis of
PEEC)

(PEEC)
, .

PEEC ,
. PEEC 1 [15].

PEEC , [15,18,19] [20]
,

. [20], PEEC

{
ẏ(t)=Ly(t)+My(t − d) + Nẏ(t − d), t � t0,

y(t) = φ(t), t � t0.

(13)

PEEC ,⎧⎪⎪⎨
⎪⎪⎩

ẏ(t) =(L + ΔL(t))y(t) + (M + ΔM(t))

y(t − d) + Nẏ(t − d), t � t0,

y(t) =φ(t), t � t0.

(14)

:

[ΔL(t) ΔM(t)] = HF (t)[Ha Hb],

‖ΔL(t)‖ � δ, ‖ΔM(t)‖ � δ.

1 PEEC

Fig. 1 Small PEEC model for metal strip

x1(t) = y(t), x2(t) = ẏ(t)−Ly(t), (14)
:

Eẋ(t) = (A + ΔA)x(t) + (Ad + ΔAd)x(t − r),

:

E =

[
I3 0
0 0

]
, A=

[
L I3

0 −I3

]
, Ad =

[
0 0

M+NL N

]
,

L=100×

⎡
⎢⎣β 1 2

3 −9 0
1 2 −6

⎤
⎥⎦ , N =

1
72

×

⎡
⎢⎣−1 5 2

4 0 3
−2 4 1

⎤
⎥⎦ ,

M =100×

⎡
⎢⎣ 1 0 −3
−0.5 −0.5 −1
−0.5 −1.5 0

⎤
⎥⎦ , Ea =Ed =[δI3 0],

[ΔA ΔAd] = DF (t)[Ea Ed], D =

[
0
I3

]
.

PEEC , δ = 0,
β , 1

rmax, , 1.

1 rmax

Table 1 Comparison of rmax using different methods

β=−2.105 β=−2.103 β=−2.1

[18] 1.0874 0.3709 0.2433
[19] 1.1413 0.3892 0.2553

[15] 1.0874 0.3709 0.2433
N = 1

1 1.1413 0.3893 0.2554

[15] 1.5328 0.5185 0.3381
N = 2

1 1.6086 0.5451 0.3558

[15] 1.6238 0.5490 0.3577
N = 3

1 1.7053 0.5773 0.3765

[15] 1.6567 0.5599 0.3647
N = 4

1 1.7399 0.5888 0.3839



10 : 1435

PEEC , δ = 2,
β , 2

rmax, , 2.

2 δ = 2 , rmax

Table 2 Maximum rmax allowed when δ = 2

β = −2.105 β = −2.103 β = −2.1

[19] 0.4064 0.2783 0.2079
[20] 0.4064 0.2783 0.2079

2(N = 1) 0.4065 0.2784 0.2079
2(N = 2) 0.5640 0.3854 0.2877
2(N = 3) 0.5964 0.4073 0.3040
2(N = 4) 0.6080 0.4152 0.3099

1 2, , N = 1 , 1
2 [19] , N � 2 ,

1 2 .

5 (Conclusion)
,

, ,
,

Lyapunov-Krsovskii ,
, (LMI)

, PEEC
.

H∞ H∞ .
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[4] HALE J K, VERDUYN LUNEL S M. Introduction to Functional
Differential Equations[M]. New York: Springer-Verlag, 1993.

[5] XU S, DOOREN P V, STEFAN R, et al. Robust stability and sta-
bilization for singular systems with state delay and parameter un-
certainty[J]. IEEE Transactions on Automatic Control, 2002, 47(7):
1122 – 1128.

[6] ZHOU S, LAM J. Robust stabilization of delayed singular systems
with linear fractional parametric uncertainties[J]. Circuits, Systems &
Signal Processing, 2003, 22(6): 579 – 588.

[7] ZHONG R, YANG Z. Delay-dependent robust control of descriptor
systems with time delay[J]. Asian Journal of Control, 2006, 8(1): 36
– 44.

[8] GAO H L, ZHU S Q, CHEN Z L, et al. Delay-dependent state
feedback guaranteed cost control uncertain singular time-delay sys-
tems[C] //Proceedings of IEEE Conference on Decision and Control,
and European Control Conference. New York: IEEE, 2005: 4354 –
4359.

[9] FRIDMAN E, SHAKED U. H∞ control of linear state-delay descrip-
tor systems: an LMI approach[J]. Linear Algebra and Its Applica-
tions, 2002, 351(1): 271 – 302.

[10] YANG F, ZHANG Q. Delay-dependent H∞ control for linear de-
scriptor systems with delay in state[J]. Journal of Control Theory and
Application, 2005, 3(1): 76 – 84.

[11] WU G Z, ZHOU W N. Delay-dependent robust stabilzation for un-
certain singular systems with state delay[J]. Acta Automatica Sinica,
2007, 33(7): 714 – 718.

[12] WANG H J, XUE A K, LU R Q. Absolute stablity criteria for a class
of nonlinear singular systems with time delay[J]. Nonlinear Analysis:
Theory, Methods and Applications, 2009, 70(3): 621 – 630.

[13] HAN Q L. A delay decomposition approach to stability and H∞ con-
trol of linear time-delay systems–Part I: stability[C] //Proceedings of
the 7th World Congress on Intelligent Control and Automation. New
York: IEEE, 2008: 284 – 288.

[14] HAN Q L. A delay decomposition approach to stability and H∞ con-
trol of linear time-delay systems–Part II: H∞ control[C] //Proceed-
ings of the 7th World Congress on Intelligent Control and Automa-
tion. New York: IEEE, 2008: 289 – 294.

[15] HAN Q L. A delay decomposition approach to stability of linear neu-
tral systems[C] //Proceedings of the 17th World Congress The Inter-
national Federation of Automatic Control. Seoul, Korea: Omnipress,
2008: 2607 – 2612.

[16] HAN Q L. Absolute stability of time-delay systems with sector-
bounded nonlinearity[J]. Automatica, 2005, 41(12): 2171 – 2176.

[17] KRISTIC M, DENG H. Stabilization of Nonlinear Uncertain Sys-
tems[M]. London: Springer-Verlag, 1998.

[18] HAN Q L. Stability analysis for a partial element equivalent cir-
cuit(PEEC) model of neutral type[J]. International Journal of Circuit
Theory and Applications, 2005, 33(4): 321 – 332.

[19] YUE D, HAN Q L. A delay-dependent stability criterion of neu-
tral systems and its application to a partial element equivalent cir-
cuit model[J]. IEEE Transactions on Circuits and Systems–II: Ex-
press Briefs, 2004, 51(12): 685 – 689.

[20] ZHU S, ZHANG C, CHEN Z, et al. Delay-dependent robust stability
criteria for two classes of uncertain singular time-delay systems[J].
IEEE Transactions on Automatic Control, 2007, 52(5): 880 – 885.

:
(1976—), , , ,

, E-mail:

hjwang@hdu.edu.cn;

(1957—), , , , ,

, E-mail: akxue@hdu.edu.cn.



<<
  /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
  ]
  /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 <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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.)
  >>
  /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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


