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Abstract—1In this paper, a robust nonlinear controller for
a nonlinear system subject to model uncertainties is proposed.
This controller consists in the association of a “robust feedback
linearization” with a robust linear H., controller. The robust
feedback linearization yields a linear system equal to the
linear approximation of the original nonlinear system around a
nominal operating point. The robustness of the resulting overall
nonlinear controller is proved by theoretical arguments and
illustrated through an application example. The advantage of
the robust feedback linearization with respect to the classical
one is emphasized.

I. INTRODUCTION

Feedback linearizing laws are applied to nonlinear systems
to obtain a system that can be regulated using a linear con-
troller. This is the main advantage of the feedback lineariza-
tion, because for linear systems the choice of techniques is
wider and the design is easier.

However, the classical feedback linearization [1] has the
disadvantage of simplifying the nonlinearities of the system,
which might result in a closed-loop that is not robust in the
presence of uncertainties. This simplification also causes the
loss of the physical meaning for the linearized system, which
is in the Brunovsky form.

A new form of feedback linearization, called robust feed-
back linearization, was proposed in [2]. This method gives a
linearizing control law that transforms the nonlinear system
in its linear approximation around a nominal operating point.
Thus, it causes only a small transformation in the natural
behavior of the original system, which is desired in order to
obtain robustness.

In this paper, the robustness properties of the robust feed-
back linearization when associated with a Glover-McFarlane
H, controller [3] are demonstrated by theory and illustrated
through an application example. Furthermore, by the defin-
ition of a nonlinear robustness gain, it became possible to
measure how robust the resulting closed-loop system is, thus
giving mathematical substantiation to what was, until now,
an intuitive result.
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The paper is organized as follows. In Section II, both
the classical and the robust feedback linearizing methods
are recalled. In Section III, the dual case (normalized right
coprime factorization) of the Glover-McFarlane method for
the design of an H,, controller is presented. The robust-
ness properties of the association of the robust feedback
linearization with a Glover-McFarlane H,, controller are
demonstrated in Section IV. Finally, the theory is illustrated
by the application of the two feedback linearizing methods
to a magnetic bearing system, in Section V, where the design
of both controllers is presented and results of simulations are
given.

1I. FEEDBACK LINEARIZATION

Consider the nonlinear system with n states and m inputs
described by the state-space equation

i = f(@)+ gl@u=f@) + Y gl@u W

where x € R™ denotes the state, u € R™ is the control input
and f(z),g1(x), -, gm(x) are smooth vector fields defined
on an open subset of R™. Suppose that this system satisfies
the well-known conditions for feedback linearization [1]. A
vector A(z) = [A1(z) Am ()] T, formed by functions
Ai(x) with relative degree r; (such that ry + - - + 7, = n),
is chosen as the output of the system (1), that is,

y(x) = A) 2)

Thus, the system composed by (1) and (2) is square.

The objective here is to linearize this system by feedback
in a neighborhood of an operating point xy chosen, with no
loss of generality, as g = 0. Two different forms of feedback
linearization are presented next. It is assumed that the state
is available for control purposes.

A. Classical Feedback Linearization

The classical feedback linearization [1] is accomplished
by using a linearizing control law of the form

UC((E,’LU) = ac(x) + ﬂc(x)w 3)
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where w is a linear control, and the change of coordinates
(diffeomorphism)

Te = de() “4)
The linearized system is
T = Acl'c + Bow (5)

where A, and B, are the matrices in the Brunovsky canonical
form [1]. The expressions for a.(z), f.(x) and ¢.(z) are
recalled in Appendix I-A.

B. Robust Feedback Linearization

The main difference between the robust feedback lin-
earization [2] and the classical one is that the linearized
system has the form

T, = Az, + Bpv (6)
with f(x)
T
A = B, =
= e |, and B = g(0)

which corresponds to the linear approximation of the non-
linear system (1).

The robust feedback linearization is accomplished by
using a linearizing control law of the form

u(z,v) = a(z) + B(x)v (7

where v is a linear control, and the change of coordinates
(diffeomorphism)

The expressions for a(z), B(x) and ¢(z) are recalled
in Appendix I-B. More details on how the robust feedback
linearization is derived are given in [2].

III. H,, ROBUST STABILIZATION

In this section, it is presented the method used to calculate
the linear controllers for linearized systems (5) and (6). These
are the controllers applied, together with the corresponding
feedback linearization, to the nonlinear system (1).

The Glover-McFarlane method [3] deals with the H,
robust stabilization problem of perturbed linear plants, given
by a normalized left coprime factorization. The case of
a normalized right coprime factorization (needed for the
nonlinear analysis in Section IV) is considered below.

Lemma 1: Consider a strictly proper! linear system, con-
trollable and observable, with transfer matrix G(s), which
has a normalized right coprime factorization given by
G(s) = Nr(s)My'(s) and a family of perturbed plants,
also controllable and observable, with transfer matrices

Gp(s) = (Nr(s) + Ang (5) (Mr(s) + A (5)) 7

where A (s) and Ang(s) are stable unknown transfer
matrices which represent the uncertainty in the system. A
controller K that guarantees

[ Mg (s)(I = K(s)G(s)) ™" [K(s) ]|, <~

o D

'Only the strictly proper case is of interest in this paper, since it deals
with systems whose output depends directly only on the state of the system,
not on its input.

for a given v > Ymin, that is, a controller K that guarantees
that the closed-loop system is stable for uncertainties such

that
]| IR

is given by

- T 2 T -1 T
K:[A ZC"C +4*BB XL | ZC ©)

V?BTXL™T | 0

with L = (1 — ) + ZX, where (A, B,C) is a minimal
state-space realization of G(s) and Z and X are the unique
positive definite solutions to the algebraic Riccati equations

AZ +72AT —zcTcz + BBT =0
ATX + XA- XBBTX +CTC =0

Proof: The proof is obtained by “dualizing” the one
given in [3] for the case of a left coprime factorization. [
Remark: As shown in [4, Corollary 18.8], K is also an
H, controller for the normalized left coprime factorization
of G(s), but its above state space representation (9) is dual
to the one usually obtained in the latter case.

IV. ROBUSTNESS PROPERTIES

In this section, it is proved that the robustness properties of
the controller obtained by the method of Glover-McFarlane
for the linearized system are kept when this controller is
applied, together with the robust feedback linearization, to
the nonlinear system.

This demonstration uses the concept of local W-stability
[5], [6], which allows the analysis of the local input-output
stability of a nonlinear system by the means of a local version
of the Small Gain Theorem. The local W-gain of a nonlinear
system H is denoted by vy, (H). One of the main properties
of this gain is the following one:

Property 1: Let H be a nonlinear system with state z,
equilibrium zy = 0, and linear approximation H; around
xo = 0. Assuming that Hj is detectable and stabilizable and
has a transfer matrix H, then the local W-gain of H around
xo = 0 is such that yw, (H) = || H|| .

Consider the nonlinear system P described by the state-
space representation & = f(x)+ g(z)u, y = x. Suppose that
this system has a normalized right coprime factorization [7]
and that it is subject to uncertainties Any, and Apg, as
shown in Fig. 1.

5u| w :6X
| [P +1
Sl T o
L "

Fig. 1. Closed-loop system.
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The perturbed nonlinear system has a normalized right
coprime factorization given by [7]

Ngr: &= f(z) + g(x)w

y:x+5x
Mg @@ = f(z) + g(a)(u — 8,
w = (u— &) — h(z)
with
- o (VYT - oV
f=F-g9 <8x> and  h=—g <6a;)

where V' (z) is a smooth proper positive definite solution of
the Hamilton-Jacobi-Bellman equation

T
28?3(;) Fz)— mgix)g(w) (9(x))" (3‘;;@) T — 0

The nonlinear system P has a linear approximation
with transfer matrix G and with state-space representation
(A, B,C, D) where

of(z)
or

Theorem 1: The linear controller K given by (9), com-
bined with the robust feedback linearization and applied to
the nonlinear system P (as shown in Fig. 1), ensures that
the closed-loop is locally W-stable for nonlinear uncertainties
Anyg and Apg, such that

Ang 1
ol <3

Proof: As seen in section III, by using the Glover-
McFarlane method, it is possible to obtain, for the linearized
system G, a controller K that guarantees

[MR(s)(I = K (5)G(s)) ™" [K(s) 1]

A:

,B=g(0),C=Tand D=0
=0

<~ 10

HOO

where My '(s) = I+BTX(sI—A)~'B and X is the unique
positive definite solution of

AT X + XA - XBBTX +1=0 (11)

For this controller K, the nonlinear system T with output
w and inputs dx and J, is given by
T i = f(a)+g(e)(u—d)
w = (u—0d,) — h(x)
u=a(z+dx) + Bz + dx)v
v =Koz +0)
This system, linearized around the origin, (x = u = §, =
0y = 0), using the results in (22), gives
T: &=Az+ B(u—4,)
w=(u—0d,) — BT Xz
U=

v=K(x+d)

where X is the positive definite solution of the Hamilton-
Jacobi-Bellman equation for the linearized system

eT(ATX + XA - XBB™X + Nz =0

which is equivalent to the Riccati equation (11). By unique-
ness of this solution, X =X.

After some algebraic manipulation, and the use of the
Laplace transform, the transfer matrix of the linearized
system is obtained as

T(s) = Mg ' (s)(I — K(s)G(s)) ™" [K(s) ]

From (10), it is known that || 7'(s)||,, < ~. Therefore, by
Property 1,
Y, (T) =T (s)ll o <
Considering the closed-loop standard form in Fig. 2, the
local version of the Small Gain Theorem [5], [6] implies that
this closed-loop is locally-W-stable if

(]

that is, the closed-loop system is locally-W-stable for uncer-
tainties Ay and Apgg such that

O
+ ANg
_ Amp
+
+
T
Fig. 2. Standard form for closed-loop system.

The statement of the above theorem is not valid with the
classical feedback linearization. Thus, there is no guarantee
that the robustness obtained by a controller K for the lin-
earized system in the Brunovsky form is kept when the same
controller is applied, together with the classical feedback
linearization, to the nonlinear system. This is illustrated
through the application example in the next section.

V. APPLICATION TO A MAGNETIC BEARING

Consider the magnetic bearing system [8] depicted in Fig.
3, which is composed by a planar rotor disk and two sets of
stator electromagnets, the first acting on the y-direction and
the second on the x-direction. This system may be decoupled
into two subsystems, one for each direction, with similar
equations. Here only the subsystem in the y-direction is
given.

The rotor is positioned by the magnetic forces F; and F;
generated by the stator electromagnetic circuits. These forces
are produced by the currents ¢; and i- in each stator coil and
these currents depend on the voltages e; and es applied to
each stator. The inputs to the magnetic bearing system are
the voltages e; and e,. The measurable signals are the rotor
position y, the rotor velocity y and the currents ¢; and 5.
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Fig. 3. Top view of a planar rotor disk magnetic bearing system [8].

A. System Model
Along the y-direction, the system is denoted by

de — Lo i1 2 _ i2 2

dt? m k—2y k+2y

diy _ (k=2y _ A i1 dy
a — \ Lo (e1 — Ryiy) — 2 2y ) dt
dip _ (k4+2y _ ; io dy
a — \ Lo (€2 — Ryia) +2 F+2y ) dt

with & = 2go + a, where go is the air gap when the rotor
is in the position y = 0, a is a positive constant introduced
to model the fact that the permeability of electromagnets is
finite, Lo is a positive constant depending on the system
construction, m represents the mass of the rotor and R; and
R, are the resistances in the first set of stator electromagnets.

Choosing the state variables ©1 =y, xo =y, 3 = i1 — Iy
and x4 = i2 — I and the control inputs u; = e; — R; Iy and
ug = ey — Roly, where Iy is a pre-magnetization current,
the system may be written in the state-space form

b= f(z) + glo)u 12)
with
€2
Lo g((strIo))z _ ((w4+10);>
m k—2x1)" k+2x
f(z) = Ry k7221;23 . 2x2(x31+10)
Lo k—2x1
_ Ro(k+2z1)x4 + 2z2(xa+1o)
Lo k+2xq
0 0
0 0
g(x) - k—2x, 0
Lo k+2
1
0 To

whose only equilibrium point is g = 0.

The nominal values of the system parameters are m =
2 kg, g0 = le—=3 m, a = 1.25e—5 m, Ly = 3e—4 Hm,
Rlzlﬁ,Rgleand10:6ef2A.

B. Controller Design

Since the well-known conditions for the feedback lin-
earization [1] are satisfied, the nonlinear system (12) may be
linearized by feedback around its equilibrium point zy = 0.
The output (2) is chosen as A(z) = [z1 23] T Two different

controllers are designed: one that associates the classical
feedback linearization with a linear H,, controller, and one
that associates the robust feedback linearization with a linear
H_, controller.

The linear H,, controllers are obtained using the Glover-
McFarlane method with loop-shaping [9], which consists in
applying the method to an augmented system G, = WG,
where W is the weighting matrix that “shapes” the frequency
response of G to provide a better performance.

1) Classical Feedback Linearization + H,: The classical
linearization of the nonlinear model (12) is obtained by using
the linearizing feedback control law (3) and the change of
coordinates (4) with

2Loz2(z3+1o)
aley= | BT emE )21 (13)
Rowy + 2(’;—2951)3%9044?10)0
0 o
Be(®) = | —m(kt221)  Lolk+221) (ws+1o) (14)
2(xa+1o) (k—2z1)?(za+1o)
Tl
T2
pe(r) = Lo ((zs+10)® _ (zatlo)® 15)
m \ (k—2x1)? (k+2x1)?
€3
The linearized system is then
01 0 0 0 0
P 0 010 o 0 0 w
710 0 0 0] 1 0
0 0 00O 0 1
—_—— ——
Ac Be

For this system, the linear control law is w = K.x.. In
order to calculate the linear controller K., the first step is
to determine the transfer matrix G¢(s), given by G¢(s) =
(sI — A.)"!Be.. Then, it is possible to perform the loop-
shaping, in the form G,. = W.G., where W, is chosen as

10000(s+1)(s40.5) 0 50(s+12)

s(s+10) s(s+10)
W, = 0 125 0 2
0 0 125 2
0 0 2 12

In Fig. 4, the singular value plots of G, and W .G, are
shown. The weighting matrix W, adds an integrator to the
first line of transfer matrix G .., which is related to the rotor
position z1, to avoid steady-state errors, and zeros and poles
to better shape the position response. To the other lines
of transfer matrix G,., related to the velocity zo and the
currents zg and x4, only gains are added. W is not diagonal
to avoid obtaining a decoupled controller that would result
in a poor performance.

The next step is to calculate the controller K,. for the
augmented system G,. using (9). For this a 7. = 2.3 is
used, which gives a robustness index of 43%. The controller
K. is given by K. = K, .W,. The singular value plot of
K_.G. is also shown in Fig. 4.
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Classical Linearization
250
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Fig. 4. Singular value plots of G, W.G¢ and K.Ge.

2) Robust Feedback Linearization + H.,: The matrices
L, T and R for nonlinear system (12) are

0 0 _2101131 2101;2
L= 21 FK m (16)
0 -2 _HL o Tp
1 0 0 0
0 1 0 0
T - SLOIg O QL(]I(] _ 2L()I[) (17)
mk3 mk?2 mk?2
0 0 1 0
0 Lo
R= {_ me b } (18)
21y k

The results (13), (14), (15), (16), (17) and (18) substituted
in expressions (19), (20) and (21) allow to determine, re-
spectively, a(x), 5(x) and ¢(x). The robust linearization of
the nonlinear model (12) is obtained by using the linearizing
feedback control law (7) and the change of coordinates (8).
The linearized system is then

0 1 0 0 0 0
8Lol§ 0 2Loly  _ 2Lolo 0 0
P — mk3 W}Ckz mk? | + ) v
r 0 _ 2y, _kRy 0 r £ 0
ol Lo kR oo
410 —hig
0 k 0 Lo 0 Lo
A, B,

with a linear control law v = K, z,.

The transfer matrix for this system is G,(s) = (sI —
A,)"1B,. The loop-shaping G., = W,G, is done with the
weighting matrix W, chosen as

1
W, = diag ( 000
s

——,100, 20, 20
(s+10)" " 777 >

The singular value plots of G, and W, G, are shown in Fig.
5. As in the classical case, the weighting matrix W, adds an
integrator to the first line of G,;, to avoid steady-state errors
in the position, and gains to the other lines of G, related
to the velocity and the currents. A ~. = 4.34 is used to
calculate the controller K, for the augmented system G,,.
This gives a robustness index of 23%. The controller K, is
given by K, = K, W;, where K,, is obtained from (9). The
singular value plot of K,G, is also shown in Fig. 5.

Robust Linearization
60 T

Singular Values (dB)

-2 -1 0 1 01
Frequency (rad/s)

Fig. 5. Singular value plots of G, WGy and K.G .

C. Controllers Analysis

For this analysis, the closed-loop formed when the con-
troller K. is applied to the linearized system G, (respec-
tively, to the nonlinear system together with the classical
linearizing control) is called F, (respectively, F.). In the
same form, the closed-loop formed when the controller K.
is applied to the linearized system G, (respectively, to the
nonlinear system together with the robust linearizing control)
is called F; (respectively, F}).

A similar loop-shaping is used in the design of the
two linear controllers, in order to provide a close nominal
performance for systems F. and F;, as shown in Fig. 6.

Nominal Performance

— Robust Linearization
0.6 — = Classical Linearization 0 -
-0.2
-0.4

Voltage e. X V)

T
£
> 0 0.2 0.4 0.6 0.8 1
8 Time (s)
=
o —
o 2, "
o 044
o "
p=d ]
£ 02
g e
> [\Set i
-0.1 0
0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Time (s) Time (s)

Fig. 6. Comparison of nominal performance.

The robustness guaranteed by the Glover-McFarlane
method is of 23% for F; and of 43% for F.. Therefore, the
robustness of the closed-loop system F¢ is better than that
of F,. However, the only important point is to compare the
robustness of F. and that of F,. This comparison is made
in the next subsection.

D. Simulation with Parameter Variations

The simulations are carried out with Simulink/Matlab,
using the variable-step algorithm ode45 (Dormand-Prince)
with a max step size of 1 ms. For these simulations, it is
supposed that the parameters m, k, Lo, R; and Rs may
present variations of +10%, which results in 32 different
combinations of their extreme values. All these combinations
are tested. The results for the classical linearization are given
in Fig. 7 and the results for the robust linearization are given
in Fig. 8.

These results show that with all the considered para-
meter variations the robustly linearized system F,. behaves
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Classical Linearization
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()
Q
2 ot :
s
>
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=
& 0.5 ]
Q
(=]
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©°
>
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Fig. 7. Position y and voltages e and ea for the classical linearization.

as desired, with performance close to the nominal one.
Meanwhile, the classically linearized system J. is unstable
for some combinations of parameters and presents a poor
performance for the other ones.

VI. CONCLUDING REMARKS

As shown by the theory in Section IV and illustrated by
the simulations in Section V-D, the use of the robust feed-
back linearization combined with a Glover-McFarlane H,
controller yields a robust controller for nonlinear systems.
This is not true when the classical feedback linearization is
used. In addition, the choice of the weighting matrix of the
loop-shaping is much easier and intuitive when using the
robust linearization (see Section V-B).

In the near future, this method will be applied to other
control systems and experiments are planned.

APPENDIX I
EXPRESSIONS FOR THE FEEDBACK LINEARIZATION
A. Classical Feedback Linearization
The expressions used in this linearization are:
L;l )\1 ((E)
: , Be(x) = M~ (x)
L;’” Am ()
- -1
Lg, L} M (2) Ly, L'~ A (2)

Ly L7 Am(2)
e (37)] *
Ly, (x)} '

LglL;;m;lA,,L(;c)
QSC(Z) = [¢C1 (33)

be, (@) = [Mi(x) Lehi(a)

Robust Linearization

€ 06 — Nominal 1
S Parameter Variation
< 04f 1
c
£ oz2f : 1
3
a of
0 0.2 0.4 0.6 0.8 1 1.2 1.4
1 T T T T T T
S o5 1
[ ok
(0]
g -05 ]
S :
15 i i i i i i
0.2 0.4 0.6 0.8 1 1.2 1.4
1 T T T T T T
s
o~ 0.5 ]
) A
£ or g
o
>
_05 i i i i i i
0.2 0.4 0.6 0.8 1 1.2 1.4
Time (s)
Fig. 8. Position y and voltages e; and ez for the robust linearization.

B. Robust Feedback Linearization

The expressions used in this linearization are:

a(r) = ac(r) + Be(x) LT ¢e(z) (19)
B(z) = Be(z)R™" (20)
o(x) =T ' ¢o(x) (21)
B Oay 0 1
L=—M(0) & R T="" » and R = M~1(0)
da(z)| o 0¢(x)| _ _
el 0, =5~ = Tand B(0) =1 (22)
REFERENCES
[1] A. Isidori, Nonlinear Control Systems - An Introduction.  Springer-

Verlag, 1989.

[2] H. Guillard and H. Bourles, “Robust feedback linearization,” in Proc.
14t International Symposium on Mathematical Theory of Networks
and Systems (MTNS’2000), Perpignan, France, June 2000.

[3] K. Glover and D. McFarlane, “Robust stabilisation of normalised
coprime factor plant descriptions with H-infinity bounded uncertainty,”
IEEE Trans. Automat. Contr., vol. 34, no. 8, pp. 821-830, Aug. 1989.

[4] K. Zhou, J. C. Doyle, and K. Glover, Robust and Optimal Control.
Prentice Hall, 1995.

[5] H. Bourles and F. Colledani, “W-stability and local input-output stability
results,” IEEE Trans. Automat. Contr., vol. 40, no. 6, pp. 1102-1108,
June 1995.

[6] H. Bourles, “Addendum to W-stability and local input-output stability
results,” IEEE Trans. Automat. Contr., vol. 45, no. 6, pp. 1220-1221,
June 2000.

[7]1 J. M. A. Scherpen and A. J. Van Der Schaft, “Normalized coprime
factorizations and balancing for unstable nonlinear systems,” Int. J.
Contr., vol. 60, no. 6, pp. 1193-1222, 1994.

[8] M. S. de Queiroz and D. M. Dawson, “Nonlinear control of active
magnetic bearings: a backstepping approach,” IEEE Trans. Contr. Syst.
Technol., vol. 4, no. 5, pp. 545-552, Sept. 1996.

[9] D. McFarlane and K. Glover, “A loop shaping design procedure using
H-infinity synthesis,” IEEE Trans. Automat. Contr., vol. 37, no. 6, pp.
759-769, June 1992.

4932



	MAIN MENU
	PREVIOUS MENU
	---------------------------------
	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
  ]
  /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




