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Abstract—Quantized feedback control and quantized estima-
tion have attracted a lot of attention in recent years with many
results available on both research topics. In this paper, we
investigate connections between quantized feedback control and
quantized estimation and try to establish a possible separation
principle for quantized output feedback which would allow the
control design and state estimation to become independent in
a networked control environment. We also consider the use of
a variable rate finite-level logarithmic quantizer and show that
this may approach the minimum averaged bit rate required for
quantized feedback stabilization.

Index Terms—Quantized feedback control, networked control,
quantized estimation, quantization.

I. INTRODUCTION

Quantized feedback control problems have attracted a lot
of attention in recent years. Samples of works in this area
include [1]-[16]. These problems arise in a digital network
based control environment where feedback signals must be
quantized before transmission. Since communication channels
typically have limited bandwidths or bit rates, quantizers and
controllers need to be jointly designed in order to minimize
the bit rate required for achieving a given control task or to
optimize the control performance for a given bit rate constraint.

There are two types of quantizers studied for quantized
feedback control. The first type is the so-called memoryless (or
static) quantizers [11], [12], [13], [16]. This type of quantizers
are easy to use but theoretically require an infinite number of
quantization levels (or infinite bit rate). In practice, however,
these quantizers are truncated to yield a finite number of quan-
tization levels but extra modifications such as dynamic scaling
[14] is needed. In many cases [11], [12], [13], [16], logarithmic
quantization is preferred for this type of quantizers. A major
advantage of logarithmic quantizers is quantization errors can
be readily modeled by multiplicative uncertainties which can
be easily handled under the robust control framework [13].
The second type of quantizers used in quantized feedback
control are dynamic quantizers; see, e.g., [6], [7], [10], [14].
The main advantage of this type of quantizers is that a finite
number of quantization levels is typically needed. However,
signals to be quantized typically need to be dynamically scaled,
which complicates the design of quantizers and controllers and
in addition, they require perfect transmission, or additional
measures to handle transmission errors. For the problem of
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stabilization of a SISO LTI system (in some stochastic sense),
it is shown by [6] that it can be achieved using only a finite
number of quantization levels, and the minimum number of
averaged quantization levels (also known as the minimum
averaged feedback information rate) is explicitly related to the
unstable poles of the system.

In this paper, we consider the problem of quantized feed-
back stabilization. Several results are to be offered. The first
one is a simple separation principle which states that quantized
output feedback stabilization can be done by separately design-
ing a state feedback stabilizer and a state estimator. Using this
result, we then consider the use of an infinite-level logarithmic
quantizer and show that the coarsest quantization density
required for the state feedback stabilization can be achieved
using output feedback. Our last result considers the use of
a variable rate finite-level logarithmic quantizer. For a first
order system, we show that the minimum average bit rate for
quantized feedback stabilization using this type of quantizers
is the same as the minimum feedback rate given by [6]. This is
the first time an explicit link is established between the coarsest
quantization density for quantized feedback stabilization using
logarithmic quantizers [11] and the minimum feedback rate
using arbitrary quantizers by [6].

II. PROBLEM FORMULATION

The problem we study in this paper is a standard quantized
feedback control problem where feedback signals must be
transmitted over a communication channel.

The controlled system we consider is a discrete-time model
given by

AZCt —+ But =+ wy
C’xt—i-vt (1)

Ti41 =
Yy =

where x; € R” is the state, u; € R™ is the control input,
Y+ € R is the measured output which is scalar-valued, w; € R"
and v; € R are independent and identically distributed (i.i.d.)
sequences of Gaussian random variables with zero mean and
covariances Y, and X, respectively, and the initial state z(
is also assumed to be an independent zero-mean Gaussian
random variable with covariance >(. In some cases in the
paper, the conditions on the noises will be relaxed or modified.
We assume that (A, B) is stabilizable and (C, A) is detectable.
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Fig. 1. Logarithmic Quantizer

The communication channel we consider in this paper is
assumed to be a memoryless and error-free channel with a fixed
transmission rate of R bits per (discrete-time) sample. The
encoder is required to be causal mapping from the measured
signal g, and similarly, the decoder is required to be a causal
mapping from the received quantized signal. Under the error-
free channel assumption, the encoder and decoder can be
lumped together and considered as a quantizer:

2 =Qy ") (2

where Q(-) takes value in a finite alphabet set with size of 2%,

In the above, we have used the notation a’ = {ag, a1, ..., a;}.
The controller takes the form

u; = D[z'] 3)

The quantized output feedback stabilization problem is
to design the quantizer (2) and a feedback control law (3)
such that the closed-loop system is stable, subject to certain
constraints on the quantizer.

In [13], we considered the use of a static logarithmic
quantizer (where R = 00). In this case,

Rt = Q(yt) )
where
p' o, if T50'm0 <y < 550" 1o,

Qy)=4 0, if y =0, (&)
where p € (0, 1), uo is a scaling constant, i = 0, £1,4+2,---,
and 1—p

1+, (6)

Note that the parameter p can be regarded as the quantization
density. A small p corresponds to a coarse quantizer. Logarith-
mic quantizers are depicted in Figure 1.

The feedback control law used in [13] is of the form

Acizt + B(;Zt, :EO = 07
Cely + Dez, )

T =

Ut

with &; € R™.
For a logarithmic quantizer, the quantization error y: —Q(y+)
can be described by [13]

yr — Qye) = Alye)ye,

It is straightforward to verify that the closed-loop system is
given by

|A(ye)| <6 ®)

T = A(A(yt)) % 9

where 7 = [z72T]T, A(-) is given in (8),

. A0 _ 0 B - 0 I
a-lo o) o=[7 0] e=[o 7]
. To0 A, B,
1_[1}7 c=[cCc 0], K—[Cc D |10
and
A(A) = A+ BK(C +IAC) (11)

The problem of concern is to find the coarsest quantizer for
quadratic stabilization of the closed-loop system.

For the case where state feedback is available, i.e., y = x
and v = Q(Kz) for some K to be designed, it is well known
[11] that the coarsest quantization density allowed for quadratic
stabilization is given by

1— 6sup _ 1
Ltos” 0 TN (4)]

12)

Pinf =

where )\z(-")(A) denotes the ith unstable eigenvalue of A.
For the output feedback case, a result is given below [13].
Theorem 2.1: Consider the system (1). For a given quanti-
zation density p > 0, the system is quadratically stabilizable
via a quantized controller (7) if and only if the following
auxiliary system:

Al‘t + But
(]. + At)Cxt,

Ti41 =

G = |[Ay] <6 (13)

is quadratically stabilizable via (7) with z; replaced with ¢,
where 0 and p are related by (6).
The largest sector bound ds,, (Which gives piy¢) is given
by
1

Osup = 77— 14
T [eXE] (9
where K is defined in (10) and
Ge(2) = (1 - H(2)G(2)) ' H(2)G(2) (15)
where
G(z)=C(zI - A)~'B (16)
and
H(z) =D, + Co(2I — A.)"'B, 17)

Further, if G(z) has relative degree equal to 1 and no unstable
zeros, then the coarsest quantization density for quantized state
feedback can be reached via quantized output feedback.

1414



III. SEPARATION PRINCIPLE FOR QUANTIZED OUTPUT
FEEDBACK STABILIZATION

In general, output feedback stabilization using quantized
output directly requires a denser logarithmic quantizer than the
state feedback case; see [13] for an example. This is due to the
reason that in the former case, the output signal is quantized
before being used for controller design, which tends to create
more information loss than the case of state feedback where
quantization happens to the control signal.

A question we ask is whether it is possible to design a
quantized output feedback controller with the same coarsest
quantization density as in the state feedback case. This question
has been looked at in [13] under the assumption that the
system does not have any noise. It is shown in [13] that
the same coarsest quantization density can be achieved if the
output signal is first applied to a deadbeat observer. Under the
no noise assumption, perfect state reconstruction is achieved
by the deadbeat observer in a finite number of steps. The
reconstructed state can then be used to design a quantized
state feedback controller.

The idea above does not work in general when the system
is subject to noises. Also the use of deadbeat observers
is not usually preferred in practice because it may have a
poor transient behavior. In this section, we consider using a
quantized state estimator and establish a simple separation
principle for quantized output feedback stabilization.

Quantized state estimators we consider in this paper are of
the following form:

Ziy1 = A%y + Bup + LiQ(ye — 9t), &0 =0
9 = Ciy (18)

where L, is the estimator gain which is bounded. That is,
instead of quantizing y; directly, we quantize the “innovation”
signal y; — ¥;.

Note that the quantized state estimator needs to be im-
plemented on both the transmitter and receiver sides: It is
needed on the transmitter side for constructing the innovation
signal y; — ¢; It is also needed on the receiver side to
construct the state estimate ;. Under the assumption of error-
free transmission, the quantized innovation is available on both
sides, thus there is no problem for implementing the estimator.

It is straightforward to verify that the estimation error e; =
x; — & admits the following dynamics:

éip1 = Aey — LiQ(Cey +vy) +wy, eg =19 (19)

We have the following simple separation principle:

Theorem 3.1: Consider the system (1) and any quantizer
Q). Let uy = Kux; be any state feedback stabilizer in the
sense that the closed-loop system under this feedback has a
bounded state covariance. Then, u; = K2; with Z; given by
(18) is also a stabilizer if and only if the estimation error
dynamics has a bounded error state covariance.

Proof: Rewriting Ky = Kx; — Ke; and using the fact that
the error dynamics (19) is independent of x, it is clear that the
closed-loop system of (1), (18) and u; = K2 has a bounded
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covariance for the joint state x; and Z, if and only if (19) has
a bounded covariance for the error state e;. [

Using the separation principle above, we have the following
result on quantized output feedback stabilization:

Theorem 3.2: Consider the system (1). Let pj,s be the
coarsest logarithmic quantizer for quanitzed state feedback
quadratic stabilizer uy = Q(Kx). Then, the same quantiza-
tion density can be achieved using estimated state feedback
quadratic stabilizer u; = K4 with the quantized state estimate
(18).

Proof: Using Theorem 3.1, it suffices to show that the
coarsest quantization density for Q(-) to make the error state
in (19) bounded is the same as for quantized state feedback
stabilization. Since a logarithmic quantizer is used,

Q(s) = (1 + A(s))s

with [A(s)] < d = (1 —p)/(1+ p), where 0 < p < 1 is
the quantization density. Denoting s; = C'e; + vy, (19) can be
rewritten as

€41 = A@t — Lt(l —l—A(st))Cet +77t = Aet — LtQ(Cet) +’I7t

where
m = —Lt(l =+ A(St))'l)t + W

which has a bounded covariance (because A(s;) and L; are
bounded). It follows that the covariance of e; is bounded if
and only if

€t+1 = Ae; — LtQ(Cet)

is stable for L;. This is known [11] to be a dual to the quantized
state feedback stabilization problem:

Tt41 = A.Z’t + BQ(K[L‘t)

and the two require the same quantization density for quadratic
stabilization. O

Remark: A natural consequence of the separation principle
is that the estimation error e¢; should be “minimized” in order
to reduce its effect on the state feedback.

IV. VARIABLE RATE LOGARITHMIC QUANTIZATION

We now consider the system (1) without noises w; and v;. It
is well known that quantized feedback stabilization of (1) can
be achieved using a finite-level quantizer. Indeed, the minimum
average number of bits required for the quantizer to achieve
stabilization is given by [6]

Rint = logy(JT A (4)) (20)

Note that this is an average bit rate. In other words, a variable
rate quantizer needs to be used.

It is also known in [14] that quantized feedback stabilization
can be achieved by using a finite-level logarithmic quantizer.
The specific scheme given in [14] gives a fixed bit rate required
for stabilization, but this rate is in general greater than Rj,¢ in
(20).



Also note the striking fact that the term [], )\E”)(A) de-
termines both the minimum bit rate R;,r and the coarsest
logarithmic quantization density pins.

The question we ask in this section is whether the use of a
logarithmic quantizer requires a higher bit rate for stabilization
if a variable rate quantizer is used. It turns out that the answer
is negative. That is, the use of a variable rate logarithmic
quantizer does not require any more bit rate than Rj;,g.

In this paper, we restrict ourselves to a first-order unstable
system without noises. The result can be generalized to high
order systems and systems with noises. We consider the
following system:

Ter1 = ATy + Uy
Yy o= x @1

Without loss of generality, we let a > 1.

We first assume that the initial condition xg is known to
be within the bound Q¢ = { : |z| < 1} and we consider the
use of a fixed-rate R-bit logarithmic quantizer and quantized
feedback control to stabilize the system in the sense that the
state z; € (g for all £. Denote the quantization density by p
and 6 = (1 — p)/(1+ p) and denote N = 2(F~1) We use the
following finite-level logarithmic quantizer:

P /(1 =0), ifptl<y<p 0<i<N-2
. 0, if0<y< prl
Qze) = undefined ify >1

(22)
In comparison with (5), we have chosen p9 = 1/(1 — p). The
quantizer above is well defined for inputs in {2y and it has
2N — 1 or 27 — 1 levels. The control law is chosen to be

Ut = —GQ(Z/t) = —GQ(%) (23)

We let x; € Qo and consider two cases, Q(z:) = 0 and
Q(z;) # 0. In the former case, |z;| < pV ! and therefore,

|@41] = alz] < ap™Tt
which is still in £ if
apV <1 (24)
In the latter case, it is known [13] that
Qze) = 1+ Az, |A¢ <0
Therefore,

|zt 1] = alAze| < ad

Letd =a ' orp=(a—1)/(a+1) as in (12). Then, the above
Ty1 remains in €. Returning to (24), a sufficient condition
for x4y to remain in €y in both cases is

In(a)
In(a—1)/(a+1)
Now we consider the following variable rate logarithmic

quantizer:
[ Qzy) iftmodm=0
“=Y 0 otherwise

N>1+ (25)

(26)

where m is a positive integer number and Q(+) is given in (22).
That is, the bit rate is zero for all ¢ except when ¢t mod m = 0.
Since the control input is applied periodically, we define z; =
ZTme and an equivalent system:

Ty = CLn{it -+ Uy (27)
where 4; = Q(Z,;). It is clear that z; is bounded (as ¢ — o00)
if and only if Z, is bounded. As before, we assume Zg = g €
Qq. Using (25), z; remains ) for all ¢ if
m
N>14 In(a™)
In(a™ —1)/(a™ + 1)
Let m — oo, In(a™—1)/(a™+1) — 2a~™, which implies

m

(28)

N21+ma

In(a)

The required minimum average bit rate, as m — oo, is
therefore given by

1
R = lim —log, (2N — 1) =log,(a) (29)
m—oo M

which is exactly the same as the minimum average bit rate
Ry in (20).

It remains to remove the assumption that z¢ € 2. To do
so, we need to scale the input to the quantizer by

Uy = a; ' Q) (30)

where a; > 0 is a scaling parameter to be defined but with
initial value oy, say, equal to 1. Recall that the quantizer Q(-)
in (22) has 2N — 1 levels. We may use two more levels to
indicate whether the scaled input a;Z; € ). That is, if @, 2; €
Qo, Q(ayy) is given as in (22), otherwise,

sign(z¢)

QayTy) = o(1—0)’ 3D

The scaling parameter can then be updated as follows:

a _ O[t/’}/l if \Q(atft)\ > 1
e+l oy otherwise

(32)

where v is chosen to be any constant greater than a™.

What happens is that when (initially) |Z;| is too large, o
will decrease at a rate such that the scaled state «;Z; decreases
exponentially. Eventually, the scaled state will be bounded
within ¢ and the previous quantized feedback law will keep
oy in Q and oy stops decreasing for all future ¢. This way,
T+ (and thus z;) will remain bounded.

Note that the scaling above increases only by 2 levels for
the quantizer, which does not affect the averaged bit rate in
(29).

Finally, we point out that if the given average bit rate R >
R, we can modify the scaling factor a; to drive z; (hence
x¢) to zero asymptotically. Indeed, if R > R, and the scaled
state ayTy € (g, it can be easily shown the next scaled state
Qi1 1Tt41 = T4 18 strictly inside €2g. This means that we
can modify (33) to the following:

_ { Oét/"}/l if ‘Q(O{tit)‘ > 1
Qg1 =

a¢ya  otherwise (33)
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where v > 1 is such that, if a;Z; € Qo, r1Te41
aY2Zey1 € Qo. It follows that, as t — oo, ay — oo and
a; Ty € €. Hence, z; — 0 as t — oo.

The analysis above is summarized below:

Theorem 4.1: Given the first order system (21), asymptotic
stabilization can be achieved using a variable rate finite-level
logarithmic quantizer if and only if the average bit rate exceeds
Rint = log,(a).

Proof: The sufficiency is given in the analysis above. The
necessity follows from [6]. O

We note that the scaling method in (33) has been used in
[14] for fixed rate finite-level quantizers. The tradeoff between
a fixed rate quantizer and variable rate quantizer is that the
former gives better transient performance whereas the latter
requires a smaller averaged bit rate.

V. CONCLUSION

In this paper, we have studied a number of quantized
feedback control problems. Our main contributions include
the following. We have given a simple separate principle
for quantized feedback stabilization. We have shown that the
minimum quantization density for output feedback stabilization
using a (static) logarithmic quantizer is the same as the min-
imum quantization density for bounded state estimation. We
also consider the use of variable-rate finite-level logarithmic
quantizers and show, in the first order case, that this type
of quantizers can reach the minimum averaged bit rate for
quantized feedback stabilization.

REFERENCES
[1] D. F Delchamps, ”Stabilizing a linear system with qunatized state
feedback,” IEEE Transactions on Automatic Control, vol. 35, no. 8,
pp. 916-924, 1990.
W. S. Wong and R. W. Brockett, “Systems with finite communication
bandwidth constraints I: state estimation problems,” Transactions on
Automatic Control, vol. 42, no. 9, pp. 1294-1299, September, 1997.
W. S. Wong and R. W. Brockett, “Systems with finite communication
bandwidth constraints II: stabilization with limited information feed-
back,” Transactions on Automatic Control, vol. 44, no. 5, pp. 1049-1053,
May, 1999.
J. Baillieul, “Feedback designs in information-based control,” Stochastic
Theory and Control Workshop, Kansis, pp. 35-57, Springer, 2001.
R. W. Brockett and D. Liberzon, “Quantized feedback stabilization of
linear systems,” IEEE Transactions on Automatic Control, vol. 45, no. 7,
pp. 1279-1289, July, 2000.
G. N. Nair and R. J. Evans, “Exponential stabilization of multi-
dimensional linear systems,” Automatica, vol. 39, pp. 585-593, 2003.
G. N. Nair and R. J. Evans, “Stabilization with data-rate-limited feed-
back: tightest attainable bounds,” Systems and Control Letters, vol. 41,
pp. 49-56, 2000.
S. Tatikonda and S. Mitter, “Control under communication constraints,”
IEEE Transactions on Automatic Control, vol. 49, no. 7, pp. 1056-1068,
July, 2004.
S. Tatikonda and S. Mitter, “Control over noisy channels,” IEEE Trans-
actions on Automatic Control, vol. 49, no. 7, pp. 1196-1201, July, 2004.
S. Taikonda, A. Sahai and S. Mitter, “Stochastic linear control over
a communication channel,” IEEE Trans. Auto. Contr., vol. 49, no. 9,
pp. 1549-1561, 2004.
N. Elia and K. Mitter, “Stabilization of Linear Systems with Limited
Information,” IEEE Transactions on Automatic Control, vol. 46, no. 9,
pp. 1384-1400, September, 2001.
N. Elia, “Design of hybrid systems with guaranteed performance,”
Proc. 39th IEEE Conf. Decision and Control, pp. 993-998, 2000.

[2]

[3]

[4]

[5]

[6]
[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]
[15]

(16]

1417

M. Fu and L. Xie, “The sector bound approach to quantized feedback
control,” IEEE Transactions on Automatic Control, vol. 50, no. 11,
pp. 1698-1711, Nov. 2005.

M. Fu and L. Xie, “Finite-Level Quantized Feedback Control for Linear
Systems,” IEEE Conference on Decision and Control, December 2006.
M. Fu, “Robust stabilization of linear uncertain systems via quantized
feedback,” IEEE Conference on Decision and Control, December 2003.
M. Fu and S. Hara, “Quantized feedback control for sampled-data
systems,”, IFAC World Congress, Prague, July 2005.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /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 false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /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
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 PDFs that match the "Recommended"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


