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Abstract: A new observer, namely a cascade observer,

for a general class of nonlinear SISO systems was presented

by the authors [1]. Inspired by but different from a high-

gain observer, the cascade observer features a cascade struc-

ture and adaptive observer gains. In doing so the cascade

observer attempts to overcome some of the typical prob-

lems that may pose to a high-gain observer. Based on the

cascade observer, the estimation problem of the angular link

velocity is presented in this paper. As in the case of a high-

gain observer, the cascade observer structure is simple and

universal in the sense that it is independent of the system

dynamics and parameters. It is shown that the proposed cas-

cade observer is applicable to robotic state estimation using

only joint position measurements effectively.

1. Introduction

Most popular model-free observers are high-gain observers

that can estimate the derivatives of the output [2],[3]. High-

gain observers to estimate the joint velocities of robot have

been used in a number of studies [4]. The difficulty arising

in practical applications, however, is the determination of

an appropriate value for the observer gain. By choosing the

observer gain large enough (therefore the term “high-gain”),

the observer error can be made arbitrarily small. But for

high values, initial peaking (called ‘peaking phenomenon’)

is generated, i.e. large mismatched values between real and

estimated values for the short initial period [3]. For val-

ues too low, desired bounds on the observer error can not

be achieved. The high-gain observer induces a time scale

separation between the considered system and the estimate

error dynamics; hence, the singular perturbation techniques

[5] have been used in the stability analysis of the error dy-

namics.

One way to remedy the velocity feedback problem is to

determine a velocity signal by first-order numerical differ-

entiation of the accurate position signal. The simplicity of

this technique makes it particularly useful from an imple-

mentation point of view. However, for low and high veloci-

ties especially, such a simple approximation of the velocity

signal may be inadequate [7]. Moreover, the quantization

effect that inherently goes along with this approach may

produce undesired oscillations in the robot joint response,

or even cause it to become unstable. In addition, there is

no theoretical justification for this ad hoc solution. To solve

this problem, the authors in [1] have proposed a new cas-

cade observers for output feedback control and presented

that the estimation errors converge to zero and all the inter-

nal variables are globally uniformly bounded. Based on the

cascade observer, an adaptive output feedback controller is

designed for a class of SISO nonlinear systems represented

globally by a nth-order differential equation.

In this paper, we propose how the proposed observer

with cascade structure is applied to nonlinear systems. Then

by using the cascade observer, velocity estimation for a

robot can be implemented. In addition to the cascade struc-

ture, the gains of a cascade observer consist of two type:

fixed and adaptive ones. In doing so the cascade observer

attempts to overcome some of the typical problems outlined

above for a high-gain observer. The cascade observer struc-

ture is simple and universal in the sense that it is indepen-

dent of the system dynamics and parameters. It is shown

that the proposed cascade observer is applicable to robotic

state estimation using only joint position measurements ef-

fectively.

2. Cascade Observer

2.1 Observer Design

A basic design objective of the proposed cascade observer

is to guarantee the convergence of observer errors in a ‘cas-

cade’ fashion, that is, x̂1 = x1 → x̂2 = ˙̂x1 → x̂2 = ˙̂x1 =
ẋ1 → x̂3 = ˙̂x2 → x̂3 = ˙̂x2 = ẍ1, · · · , x̂n+1 = ˙̂xn →
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Figure 1. The structure of cascade observer.
figure

x̂n+1 = ˙̂xn = x
(n)
1 . Based on this concept, a cascade ob-

server is designed as

˙̂x1 = x̂2 + l1(y − x̂1) + ρ̂1sgn(y − x̂1)
˙̂xi = x̂i+1 + li( ˙̂xi−1 − x̂i) + ρ̂isgn( ˙̂xi−1 − x̂i) n

˙̂xn+1 = ln+1( ˙̂xn − x̂n+1) + ρ̂n+1sgn( ˙̂xn − x̂n+1)
ŷ = x̂1 (1)

where we utilize the condition such that |x̂i+1− ¨̂xi−1| ≤ ρi,

i = 1, · · · , n. i is a step number.

sgn(a) :=

⎛
⎝ 1 if a > 0

0 if a = 0
−1 if a < 0

⎞
⎠.

Note that ρi, i = 1, · · · , n and ρn+1 are upper bound

values and constants. And this will be verified through The-

orem 1. It is also shown in Theorem 1 that the ρi’s exist and

are bounded. ρ̂i denotes the estimate of ρi, and li is a pos-

itive constant. When lis are chosen as commonly used, li
will be larger than li+1 because the estimation of the former

step contributes more than the estimation of the latter one

in terms of the cascade construction. Such a gain selection

requires a smaller gain value as the state order increases,

unlike the high-gain observer demands a higher gain value

as the state order increases. Fig.1 shows the structure of the

proposed observer. Each step is connected in a cascade way.

Notation. For convenience, ˙̂x0, in this paper, refers to

y.

Adaptive law of ρ̂i in (1) is designed as

˙̂ρi = γi| ˙̂xi−1 − x̂i| if ρ̂i ≤ ρ̄i i = 1, · · · , n + 1

= γi[1 +
ρ̄i − ρ̂i

δi
]| ˙̂xi−1 − x̂i| otherwise (2)

where δi is a positive constant that plays the role to reduce

the adaptation gain in the case of ρ̂i > ρ̄i and prevent ρ̂i

from being divergent. ρ̄i can be set to any positive value but

should be chosen judiciously as they affect the transient re-

sponse of the cascade observer. Equation (2) is the updating

law to ensure that ρ̂i is bounded.

Remark 1: The upper bounds of |x̂i+1 − ¨̂xi−1| and |¨̂xn|,
i.e. the ρi’s, can be obtained under certain circumstances

(please note that the ρi’s exist and are bounded as shown in

Theorem 1). For example, in the case of vehicle dynamics,

the maximum velocity and acceleration values are known

from performance specifications. However, to determine

the values of these upper bounds a priori can be troublesome

or may be difficult under certain circumstances. Therefore

it is often more desirable to estimate them using adaptation

laws. As in typical adaptation schemes, it does not matter

that the estimated values do not converge to the real ones.

The estimated values serve to organize the cascade observer

to guarantee stability in the sense of Theorem 1.

Theorem 1: For system (Σ′), the proposed cascade ob-

server guarantees asymptotic stability of the estimation er-

ror.

Proof of Theorem 1 To examine the stability analysis of

the proposed observer, we consider the Lyapunov function

candidate

V =
1
2

n+1∑
i=1

( ˙̂xi−1 − x̂i)2 +
1
2

n+1∑
i=1

1
γi

ρ̃2
i (3)

where ρ̃i = ρi − ρ̂i.

Differentiating V along the system trajectory gives

V̇ ≤ −
n+1∑
i=1

li( ˙̂xi−1 − x̂i)2. (4)

From (4), we can recognize that ( ˙̂xi−1 − x̂i) and ρ̃i are

bounded. Also, ρ̂i is bounded from (2). Thus, ρi and

|x̂i+1 − ¨̂xi−1| are bounded. Integrating (4) gives

∫ t

0

n+1∑
i=1

li( ˙̂xi−1(τ) − x̂i(τ))2dτ ≤ −V (t) + V (0) ≤ V (0)

=
1
2

n+1∑
i=1

( ˙̂xi−1(0) − x̂i(0))2 +
n+1∑
i=1

1
2γi

ρ̃2
i (0). (5)

Thus, because V (0) and li are constants,
∑n+1

i=1 ( ˙̂xi−1 −
x̂i) ∈ L2. Since we have proven that ρi, ρ̂i, ( ˙̂xi−1 − x̂i)
and |x̂i+1 − ¨̂xi−1| are bounded, we have

∑n+1
i=1

d
dt ( ˙̂xi−1 −

x̂i) ∈ L∞. Using the Barbalat’s Lemma [6],

limt→∞
∑n+1

i=1 ( ˙̂xi−1(t) − x̂i(t)) = 0.

Remark 2: From Theorem 1, it follows that state estima-

tion errors converge to 0 in a ‘cascade’ fashion, i.e., first x̂1

converges to x1, x̂2 then converges to ˙̂x1 = ẋ1. It follows

that x̂3 converges to ˙̂x2 = ẍ1. Therefore x̂i converges to
˙̂xi−1 = x

(i−1)
1 . Moreover, the succession of convergence

implies that x̂i are bounded. Therefore all the internal vari-

ables are globally uniformly bounded.

3. Application to the Robot Angular Link Velocity

3.1 Manipulator Model

Consider the dynamic model for a robot manipulator with

two degrees of freedom [6]. The corresponding Lagrange
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equation is given by

M(θ)θ̈ + W (θ, θ̇) = u(θ, u ∈ R2) (6)

where M(θ) represents the inertia matrix M(θ) =

MT (θ) =
[

M11(θ) M12(θ)
M21(θ) M22

]
> 0 with components

M11(θ) = (m1 +m2)a2
1 +m2a

2
2 +2m2a1a2c2, M12(θ) =

m2a
2
2+m2a1a2c2, M22 = m2a

2
2, M21(θ) = M12(θ), ai =

di, ci = cosθi, si = sinθi and c12 = cos(θ1 + θ2). Here

θi = θi(t) (i = 1, 2) denotes the independent joint angular

position defining two degrees of mobility, mi and di are the

mass and the length of the corresponding links.

W (θ, θ̇) represents the Coriolis and centrifugal matrix

W (θ, θ̇) = W1(θ, θ̇)+W2(θ̇) with components W1(θ, θ̇) =[
W1a

W1b

]
, W1a = −m1a1a2(2θ̇1θ̇2 + θ̇2

2)s2 + (m1 +

m2)ga1c1 + m2ga2c12, W1b = m2a1a2θ̇
2
1s2 + m2ga2c12

and W2(θ̇) = kν. k can be expressed as k = k0 + Δkt

where k0 is the friction parameter and Δkt is the time-

varying uncertainty. ν(t) is νT = [θ̇1, sgnθ̇1, θ̇2, sgnθ̇2].
To represent this system in the standard form, we intro-

duce the extended vector

xT = [θ1, θ2, θ̇1, θ̇2]

and , in view of this definition, the dynamic equation can be

written as follows [6]: [ẋ1, ẋ2, ẋ3, ẋ4] =

⎡
⎢⎢⎣

x3

x4

(−M−1(x)W1(x) − M−1(x)kν(x) + M−1(x)u)1
(−M−1(x)W1(x) − M−1(x)kν(x) + M−1(x)u)2

⎤
⎥⎥⎦
(7)

where ( )1 and ( )2 denote the 1st component and the 2nd

component in the vector, respectively [5].

It is assumed that only the angular positions can be mea-

sured. Since the system (7) is an interconnected system,

the combination of observers for separate subsystems is

needed. We use similar ideas for the observer design of in-

terconnected systems which treats the velocity reconstruc-

tion problem for a robot manipulator application.

3.2 The Observer for the Robot

If the joint velocities x3 and x4 are not measurable and

the dynamics of manipulator are unknown, the cascade ob-

server can be used to estimate them for the system (7).

As for the observer design, two separate observers can be

designed where we assign the proposed observer for the

robot manipulator dynamics. One is composed by the sub-

dynamics of ˙̂x1, ˙̂x3 and ˙̂x5. The other is composed by the
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Figure 2. The convergence of the estimated
states in the presence of uncertainties: (a) x1

and x̂1, (b) x3 and x̂3, (c) x2 and x̂2, (d) x4 and
x̂4.

figure

sub-dynamics of ˙̂x2, ˙̂x4 and ˙̂x6.

˙̂x1 = x̂3 + l1(x1 − x̂1) + ρ̂1sgn(x1 − x̂1)
˙̂x2 = x̂4 + l2(x2 − x̂2) + ρ̂2sgn(x2 − x̂2)
˙̂x3 = x̂5 + l3( ˙̂x1 − x̂3) + ρ̂3sgn( ˙̂x1 − x̂3)
˙̂x4 = x̂6 + l4( ˙̂x2 − x̂4) + ρ̂4sgn( ˙̂x2 − x̂4)
˙̂x5 = l5( ˙̂x3 − x̂5) + ρ̂5sgn( ˙̂x3 − x̂5)
˙̂x6 = l6( ˙̂x4 − x̂6) + ρ̂6sgn( ˙̂x4 − x̂6). (8)

Adaptive law of ρ̂i is designed as

˙̂ρi = γi| ˙̂xi−2 − x̂i| if ρ̂i ≤ ρ̄i, i = 1, · · · , 6

= γi[1 +
ρ̄i − ρ̂i

δi
]| ˙̂xi−2 − x̂i| otherwise (9)

where ˙̂x−1 is replaced by x1 in the case of i = 1 and ˙̂x0 is

replaced by x2 in the case of i = 2.

4. Simulation

The system parameters of (6) are a1 = a2 = 0.365m,

m1 = m2 = 1.53kg,

k0 =
[

0.35 1.25 0 0
0 0 0.35 1.25

]
and Δkt =[

0.5ωsin(ωt) 0.9ωcos(ωt) 0 0
0 0 0.2ωsin(ωt) 0.6ωcos(ωt)

]
.

The initial conditions for the system and the observer are

taken as x1(0) = π
2 , x2(0) = −π

2 , x3(0) = 0, x4(0) = 0,

x̂1(0) = −π
2 , x̂2(0) = 7, x̂3(0) = π

2 , x̂4(0) = −4,

x̂5(0) = 0, and x̂6(0) = 0. Design parameters are set
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to l1−6 = 100, 100, 50, 50, 10, 10, γ1−6 = 2, 2, 2, 2, 1, 1,

ρ̄1−6 = 10, 10, 5, 5, 1, 1, ρ̂1−6(0) = 0 and δ1−6 = 0.1.

We set the control input as uT = (sin(t), sin(t)).
In the presence of uncertainties ω = 2.5, the conver-

gence of estimated states for the proposed observer are

shown in Fig.2. Fig.2 indicates the satisfied estimation per-

formance without peaking phenomenon. For the sake of

comparison, we have also tried to solve this problem us-

ing a high-gain observer but it showed peaking phenomenon

where −30 ≤ x̂3 ≤ 180 and −180 ≤ x̂4 ≤ 30 in the inter-

val of t=[0,0.1] when ε = 0.01 in the case without or with

uncertainties. Even if compared with the results of [6] us-

ing nonlinear high-gain observer, the proposed method gets

much better performance. The estimation in Fig.2 is sim-

ply to show the result in the presence of uncertainties and

compare the result of [6]. Because the use of a high-gain ob-

server for a robot manipulator shows peaking phenomenon

either without or with uncertainties. In the paper, the analy-

sis of the proposed observer in the existence of uncertainties

is not dealt with. Note that our attention is restricted to over-

come peaking phenomenon by using smaller observer gains

than a high-gain observer through a cascade structure.

5. Conclusion

In this paper, we present a new observer, namely a cascade

observer, for a general class of nonlinear SISO systems.

Based on the cascade observer, velocity estimation for a

robot manipulator with two degrees of freedom has been

presented. The proposed observer features a cascade struc-

ture and adaptive observer gains. In doing so the cascade

observer attempts to overcome some of the typical problems

that may pose to a high-gain observer. As in the case of a

high-gain observer, the cascade observer structure is sim-

ple and universal in the sense that it is independent of the

system dynamics and parameters. The proposed observer

doesn’t require a information about the manipulator model

at all. Also, the proposed observer doesn’t cause a peak-

ing phenomenon, differently from the high-gain observer.

It is shown that the proposed cascade observer guarantees

asymptotic stability of the estimation error. Research is on-

going to address robustness issues for the proposed observer

in the presence of bounded disturbances and uncertainties.

Acknowledgment
This work is supported by the Kyungnam University Re-

search Fund, 2008.

References

[1] D. H. Kim, E. S. Kim, H. O. Wang, “Cascade Ob-

server for Nonlinear Systems and Application to Non-

linear Output Feedback Control,” JSME International
Journal Series C, vol.49, pp.463-472, 2006.

[2] G. Besancon, “Further results on high gain observers

for nonlinear systems,” Proceedings of the 38th IEEE
Conference on Decision and Control, vol. 3, pp. 2904-

2909. 1999.

[3] E. Bullinger and F. Allgower, “An adaptive high-gain

observer for nonlinear systems,” Proceedings of the
36th IEEE Conference on Decision and Control, pp.

4348-4353. 1997.

[4] H. K. Khalil, “Adaptive output feedback control of

nonlinear systems represented by input-output mod-

els,” IEEE Trans. Automat. Control, vol. 41, no. 2, pp.

177-188, 1996.

[5] A. Isidori, Nonlinear Control Systems, Springer-

Verlag, 1995.

[6] R. Martinez-Guerra, A. Poznyak, E. Gortcheva, and V.

Diaz de Leon, “Robot angular link velocity estimation

in the presence of high-level mixed uncertainties,” IEE
Proc. Control Theory Appl., vol. 147, no. 5, pp. 515-

522, 2000.

[7] P. R. Belanger, “Estimation of angular velocity and

acceleration from shaft encoder measurements,” IEEE
Conference on Robotics and Automation, pp. 585-592,

1992.

1016



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /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 true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /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 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /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.)
    /JPN <>
  >>
  /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 [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


