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Abstract: We present an add-on scheme for multi-input, multi-output systems with a nominal controller in order to avoid
problems caused by amplitude and rate saturation such as integrator windup and phase lag. No modelling information
is needed except the number of input and output. The adaptive error correction estimates the effect of control saturation
on the command following error and directly modify the command following error that is input to the nominal controller
in order to prevent further saturation. A retrospective cost optimization algorithm is applied to obtain the correction
on-line based on measurements of the command following error and the amount of control saturation. Different from
anti-windup scheme, which compensates the control command to enlarge the convergence region, this scheme intends
to adaptively contain the error inside the convergence region provided by the nominal controller. Numerical examples
show that, together with fixed-gain proportional-integral type controller, the adaptive error correction scheme can prevent
integrator windup and phase lag for asymptotically stable plant and critically stable plant in the presence of amplitude

and rate saturation.
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1 Introduction

Input saturation reflects the hard physical limit of the ac-
tuators or the economic margin, and thus is ubiquitous in
control applications [1]. As pointed out by [2], linear con-
trol laws that are designed without regard to saturation ef-
fects can result in closed-loop instability even for open-
loop asymptotically stable system. In addition, integral
control for command following or disturbance rejection can
experience integrator windup, which may cause instabil-
ity [3]. Consequently, an extensive literature has been de-
voted to analyzing the domain of attraction in the presence
of input constraints [4, 5], some of which appear as anti-
windup scheme. An alternative approach to addressing the
effects of saturation is to design a command filter to avoid
violation of saturation bound [6, 7]. However, most of the
methods above assume that the plant dynamics is known.
Thus it is difficult to apply the above methods on plants
with large modelling error.

An alternative approach to address the input saturation on
system with uncertainty is to use adaptive control. Con-
sidering the tracking error caused by input error as a dis-
turbance signal to reject, various adaptive mechanisms are
designed [8]. Without intending to reject the tracking error
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caused by the input error, an indirect adaptive compensa-
tion method is designed to hedge the adaptation mechanism
from saturation characteristics of the plant [9]. With simi-
lar intuitive reason, the saturated control is applied directly
in the regressor to avoid effects of saturation on the retro-
spective cost adaption [10].

In this paper, we present a different approach to tackle the
input saturation problem, which is called adaptive error
correction. As an add-on scheme, adaptive error correction
modifies the command following error in order to compen-
sate for the saturation. Different from anti-windup methods
which directly modify the control input, this method modi-
fies the command following error instead. Since a saturated
system is very hard to be globally stabilized, it is prefer-
able to correct the command following error to be inside
the convergence region. Different from the error governor
in [7, 11], this method uses a correction signal instead of a
command filter or an error filter. Intuitively speaking, the
adaptive error correction revises the command following
error to an amount which can be attenuated by the nominal
controller without causing saturation.

The main contribution of this paper is a technique to adap-
tively correct the command following error without model-
ing information in order to avoid problems caused by sat-
uration such as integrator windup. This technique is an
add-on scheme working with a nominal controller that is
well designed for system without saturation. In addition,



the adaptive error correction does not need modelling in-
formation of the system dynamics, instead, adaptive error
correction re-optimizes the current corrector online based
on past data, which known as retrospective cost optimiza-
tion (see [10,12,13])

2 Problem Formulation

Consider the MIMO discrete-time system

z(k + 1) = Az(k) + Bu(k) + Dyw(k), (1)
y(k) = Ca(k) + Daw(k), ()
(k) = Evx(k) + Eow(k), (©)

where x(k) € R is the state, y(k) € R is the output,
u(k) € R is the actual input, w(k) € R is the exoge-
nous signal, and z(k) € R’ is the performance variable
and command following error. The goal is to develop an
adaptive output feedback controller that minimizes z in the
presence of input constraint on u with exogenous signal w
and limited modeling information about (1)—(3). Depend-
ing on the choice of Dy, D5, and Ej, the components of w
can represent either command signals to be followed, exter-
nal disturbances to be rejected, or both. This formulation
defines the signals that play a role in adaptive error correc-
tion. However, no assumptions are made concerning the
state space realization since adaptive error correction uses
an input-output model rather than a detailed state space re-
alization.

We assume that there is a well designed nominal controller
that can stabilize the closed-loop and accomplish satisfac-
tory command following performance without saturation.
However, we do not assume any knowledge about (1)—(3)
except for the number of input /,, and the number of out-
put l,, i.e. [, and I, are known and A, B, C, D1, Do, Ey,
F; are otherwise unknown. We assume that measurements
of the actual input u and the error z are available for feed-
back while a direct measurement of the plant output y and
exogenous signal w is not available.

Let wema be the commanded control signal, that is, the out-
put of the nominal controller. In this paper, we consider the
case where there is no saturation (i.e., ¥ = Ucmq) Or the
case where the commanded control wcyq is either ampli-
tude saturated, rate saturated, or both (i.e., Ucmd 7 w).

3 Adaptive Error Correction

Since the nominal controller is designed without consid-

ering saturation, it is preferable that the error caused by

saturation be invisible to the nominal controller. Thus the

goal of adaptive error correction is to eliminate the effect
Lo - A .

of saturation in the corrected error Z = z + 2.4 in order to

prevent the nominal controller from causing further satura-
tion.

3.1 Error Corrector

We use a strictly proper time-series error corrector of order
Nert Of the form

) = S M) — ) + S Ny ()Ml — ),
- - @)
where
Au(k) = u(k) — uema(k), S)

and, forall i = 1,...,net, M;(k) € RE=%E=and N;(k) €
RE=>le | We rewrite (4) as

zert (k) = (k)0(K), ©)
where the regressor matrix ®(k) is defined by

O(k) 2 2D (k= 1) .. 22 (k — ners)
AuT(k—1) ... AuT(k = new) } ® I,

c Rlleg7 (7)
and

0(k) 2 vec [ My(k)--- M,

Nert

(k) Na(k) -+ Ny, (k) ] €
®)

N .
where lg = nepel. (1 + 1), “®” is the Kronecker product,
and “vec” is the column-stacking operator.

3.2 Cumulative Retrospective Cost Optimization

We define the retrospective corrected error as

A

2(k) 2 2(k) + ®(k)0), ©)

where 6 € R% is determined by optimization below.

Using the retrospective corrected error Z(k), we define the
cumulative retrospective cost function

k
=N G)RAG)
j=0

+ XK — 0(0)) " Ro(6 — 0(0)),  (10)
where R, € Ri=*=| R, € Rl* is positive definite, and
A € (0, 1] is the forgetting factor.

The minimization of .J can be interpreted as the minimiza-
tion of |Z(k)| with the cost of f. Note that Z = 0 implies
that z(k) = —®(k)f, where ®(k) consists of the history
data of Au and z..¢. Thus, defining za,, as the error part
that is caused by Awu, f'b(k:)é can be interpreted as an
approximation of za, (k) in an IIR filter form for a min-
imized .J(6, k). In addition, the optimization process can
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Figure 1: Closed-loop system for command following with retrospective cost adaptive error correction.

be interpreted as evaluating 9: with respect to the approx-
imation error assuming that # was used in the past. Intu-
itively speaking, za, cannot be attenuated by the nomi-
nal controller, thus the nominal controller should not take
Zaqy as an error, otherwise nominal controller may “try
harder” and result in deeper saturation. Therefore, z,¢
serves as a correction for z(k) such that the corrected er-
ror 2(k) = 2(k) + zext (k) = z(k) + ®(k)A ideally do not
contain za,,.

The next result follows from standard recursive-least-
squares theory [14].

Proposition: Let P(0) = R, and 6(0) € R, Then,
for all £ > 1, the unique global minimizer of (10) is given
by 6 = 6(k), where

O(k+1) =0(k) — P(k)®" (k)L (k)

[z2(k) + @(k)0(F)], (1)
Plk+1) = %P(k)
- %P(k)ch(k)P_l(k)@(k)P(k). (12)

where T'(k) 2 ARZ! + & (k) P(k)DT (k).

The adaptive error correction algorithm is given by (6), (7),
(8), (11), (12) with design of A, 6(0), nert, Rz, Rg. The
forgetting factor A can be chosen as 1. The initial error
corrector coefficient §(0) can be chosen arbitrarily and is
chosen as 0;, x1 normally.

4 Command Following Using PI Control and
Adaptive Error Correction

In this section we intend to compare the performance of
fixed gain controller with and without adaptive error cor-
rection in different saturation levels and system types. The
numerical examples are constructed as follows:

1. We assume that exogenous commands w = r, where
7 is the reference signal. The reference signal r (k) are

either square waves or triangle waves. Let 7, = 2000
and A, = 1, the square wave reference signal is given
by
(k) 2 { A, TN <k<TN+T/2
s —A,, T,N+T:/2<k<T,N,
(13)

and the triangle wave reference signal is given by

+A:(2k/T; — N),
a T.N — T, /4 < k < T,N +T,/4,
T —A(2k/T, — N 1),
T,N +T,/4 < k < TN + 3T /4.
(14)

’f‘t(k)

2. (A, B, C) is acontrollable canonical realization of the
transfer function fromu to z, C = E1, Dy = 0, D1 =
0;,x1, and Ey = —1. Therefore, (1)—-(3) becomes
x(k+1) = Az(k)+Bu(k) and z(k) = Cx(k)—r(k),
where objective is to have y = C'z follow r.

The closed-loop with both adaptive error correction and
feedback controller is shown in Figure 1.

Example I (Square wave command following for an asymp-
totically stable system with amplitude saturation using Pl
controller and adaptive error correction).

Consider the transfer function

(z4+ 0.2+ 0.57)(z + 0.2 — 0.59)
(24 0.5+ 0.57)(2 4+ 0.5 — 0.57)(z — 0.9)
(15)

G.u(z) =

The control objective is to have y follow the square wave
rs given by (13) with zero initial state in the presence of
amplitude saturation. The amplitude saturated control is
defined as

A Uem. (k)v
u(k) = { sgn(ducmd(k/’))ﬁ7

\ucmd(kﬂ < u,

uema(B)| > @, 1©

where © > 0 is the amplitude saturation level. We consider
the PI feedback control uc,q = Gpi(z)Z, where
0.02

GPI(Z) é —0.2 — o 1.

a7
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Rewrite (17) in time domain yields

Uema (k) 2 tema(k — 1) — 0.2 5(k) + 0.18 3(k — 1).
(18)

Let uss be the steady-state command value required to
achieve zero steady-state tracking error. For the plant (15),
ugs ~ 0.15. The adaptive error correction parameters are
chosen as ney = 2, R, = 1, Rg = 0.114, 0(0) = 04x1-

Figure 2 shows the time history of 7, ¥, Uemd, and u for
the square wave command following problem for (15) with
various methods and saturation level. For the case with-
out amplitude saturation, which is shown on the first row
of Figure 2, y follows r with zero steady-state error. Since
Awu = 0 in this case, there is no difference in turning on
or off the adaptive error correction. For the cases with a PI
controller alone (i.e., Z = 2) in the presence of amplitude
saturation, which is shown on the second and third row of
Figure 2, y is prevented by amplitude saturation to follow
r with zero steady-state error, and the unsaturated control
signal g exhibits windup, which causes a phase lag in y
relative to . For the cases with a PI controller and adaptive
error correction (i.e., Z = z + za) in the presence of ampli-
tude saturation, which is shown on the fourth and fifth row
of Figure 2, y is unable to follow r with zero steady-state
error as the case without adaptive error correction. How-
ever, Uemd does not exhibit integrator windup in this case,
and y is able to shift direction to match the direction of r
without phase lag.

Output y (solid) and Actual Control u (solid) and

reference r (dashed) control command gy (dashed)
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Figure 2: Example 1 (Square wave command following for
an asymptotically stable system with amplitude saturation
using PI controller and adaptive error correction).

Example 2 (Triangle wave command following for an
asymptotically stable system with rate saturation using PI
controller and adaptive error correction).

We consider triangle wave command following problem for
(15) with reference given by r¢ in (14) with the same con-
troller and adaptive error correction parameters as in Ex-
ample 1.

The rate saturated control is defined as

A Ucm (k)7 |5u(k)| < 5’[7,,
ulk) = { U(k’d* 1) + sgn(du(k))ow, |du(k)| > ou,
(19)

where du(k) 2 Uemd (k) — u(k — 1) and du > 0 is the rate
saturation level. Let duss be the steady-state rate required
by the command to achieve zero steady-state tracking error.
For the plant (15), duss =~ 0.0003.

Figure 3 shows the time history of 7, ¥, %cmd, and u for the
triangle wave command following problem for (15) with
various methods and saturation level. For the case with-
out amplitude saturation, which is shown on the first row
of Figure 3, y follows r with zero steady-state error. Since
Aw = 0 in this case, there is no difference in turning on
or off the adaptive error correction. For the cases with a PI
controller alone (i.e., Z = 2) in the presence of rate satura-
tion, which is shown on the second and third row of Figure
3, y is prevented by rate saturation to follow r with zero
steady-state error, and the control command t¢,,q exhibits
windup, which causes that y has larger time period than r.
For the cases with a PI controller and adaptive error correc-
tion (i.e., Z = z + za) in the presence of rate saturation,
which is shown on the fourth and fifth row of Figure 3, y is
unable to follow r with zero steady-state error as the case
without adaptive error correction. However, u.,q does not
exhibit integrator windup in this case, and thus y has the
same time period as 7.

Output y (solid) and Actual Control u (solid) and

reference  (dashed) control command ugy (dashed)
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Figure 3: Example 2 (Triangle wave command following
for an asymptotically stable system with rate saturation us-
ing PI controller and adaptive error correction).

Example 3 (Triangle wave command following for a criti-
cally stable system with amplitude saturation using PI con-
troller and adaptive error correction).

Consider the transfer function
(z4+0.2+0.57)(2+ 0.2 — 0.59)

(z+0.5+0.57)(z+0.5—0.59)(z—1)
(20)

Gou(z) =
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The control objective is to have y follow the triangle wave
ry with zero initial state in the presence of amplitude sat-
uration. We consider the same PI controller and the same
adaptive error correction parameters as in Example 1 and
Example 2. Let ugs be the steady-state command value re-
quired to achieve zero steady-state tracking error. For the
plant (20), uss =~ 0.0003.

Figure 4 shows the time history of r¢, ¥, tcmaq, and u for
the square wave command following problem for (20) with
various methods and saturation level. For the case with-
out amplitude saturation, which is shown on the first row
of Figure 4, y follows r with zero steady-state error. Since
Awu = 0 in this case, there is no difference in turning on
or off the adaptive error correction. For the cases with a PI
controller alone (i.e., Z = z) in the presence of amplitude
saturation, which is shown on the second and third row of
Figure 4, y is prevented by amplitude saturation to follow
r with zero steady-state error, and the unsaturated control
signal u.mq exhibits windup, which causes a phase lag in y
relative to . For the cases with a PI controller and adaptive
error correction (i.e., Z = z + za) in the presence of ampli-
tude saturation, which is shown on the fourth and fifth row
of Figure 4, y is unable to follow r with zero steady-state
error the same as the case without adaptive error correction.
However, u.nq does not exhibit integrator windup in this
case, and y is able to shift direction to match the direction
of r without phase lag.
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Figure 4: Example 3 (Triangle wave command following
for a critically stable system with amplitude saturation us-
ing PI controller and adaptive error correction).

Example 4 (Square wave command following for an asymp-
totically stable system with both amplitude and rate satu-
ration using PI controller and adaptive error correction).

We consider square wave command following problem for
(15) with reference given by 7 in (13) with the same con-
troller and adaptive error correction parameters as in Exam-
ple 1. Different from previous examples, we consider both
amplitude and rate saturation with @ = 0.03 ~ 20%uss
and 0 = 0.00015 and show more details for adaptive er-

ror correction.

Figure 5(a) shows that without the adaptive error cor-
rection, plant output y suffers from phase lag. Further-
more, the phase lag increases with the number of refer-
ence command cycle. Figure 5(b) exhibits the controller
windup without the adaptive error correction. The control
command keep increasing until the reference command r
change sign and the sign of control command does invert,
which lead to the phase lag in the output. On the contrary,
Figure 5(c) shows that with the adaptive error correction,
there is no phase lag for y and Figure 5(d) shows that the
control command invert sign the same instant of the rever-
sal of the reference command.

The direct reason for the adaptive error correction to pre-
vent phase lag is that the corrected error Z becomes ap-
proximately zero when the control is saturated, which is
shown in 5(e). In addition, Figure 5(e) shows that the cor-
rected error Z keep small in most of the time. From step
2000 to 2400 when the absolute value of error |z| keeps
decreasing and the control is not saturated, Z keeps a con-
stant —(0.003, which enable the integrator in the controller
to work on the error. From step 2400 to 3000, when the er-
ror z is a constant and the control is saturated, |Z| is smaller
than 1 x 10~6 which prevent the integrator in the controller
from generating larger control command.

Since adaptive error correction tend to eliminate the com-
mand following error that caused by saturation and the cor-
rected error Z ideally do not contain the part of error that is
caused by Au. Thus, Z = 0 implies that all the actual com-
mand following error is caused by saturation. Applying the
final value theorem of Z-transform on the output signal of
(15) with the constant input 0.03 yields

. (z+0.24+0.57)(2 4+ 0.2 — 0.59) 0.03z

im

2=1(24+0.540.57)(2 + 0.5 — 0.5))(z = 0.9) z — 1
= 0.2028.

(z—1

21

Note that in each reference cycle in Figure 5(c) when the
reference command equals to 1, the output of the plant
with adaptive error correction converges to 0.2028 and 2
converges to 0. The fact that 0.2028 is the closest possi-
ble output to the reference command 1 with input smaller
or equals to 0.03 is in accordance with the inference that
z = 0 implies that all the actual command following error
is caused by saturation.

5 Conclusion

We proposed an adaptive error correction method as an
add-on scheme that can cooperate with nominal controller
to deal with amplitude or rate saturation. Numerical exam-
ples show that adaptive error correction prevents PI con-
troller from windup and prevents phase-lag in command
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Figure 5: Example 4 (Square wave command following
for asymptotically stable system with both amplitude and
rate saturation using PI controller and adaptive error cor-
rection). du = 0.03 and du = 0.00015.

following. Future work includes stability analysis, exten-
sion to nonminimum-phase system and unstable system,
and application on nonlinear plant.

REFERENCES

[1] F. Tyan and D. Bernstein, “Global stabilization of sys-
tems containing a double integrator using a saturated linear

(2]

(3]

[4]

(3]

(6]

(7

[8]

[9]

[10]

(11]

[12]

[13]

[14]

controller,” International Journal of Robust and Nonlinear
Control, vol. 1156, no. August, pp. 1143—-1156, 1999.

B. Aguirre and J. Alvarez-Ramirez, “First harmonic analy-
sis of linear control systems with high-gain saturating feed-
back,” in Proc. IEEE Conf. Dec. Contr., no. December,
1997, pp. 1170-1171.

V. Kapila and K. Grigoriadis, Actuator saturation control.
CRC Press, 2002.

A. Saberi, Z. Lin, and A. Teel, “Control of linear systems
with saturating actuators,” IEEE Transactions on Automatic
Control, vol. 41, no. 3, 1996.

Y. Cao, L. Zongli, and D. Ward, “An antiwindup approach
to enlarging domain of attraction for linear systems subject
to actuator saturation,” IEEE Transactions on Automatic

Control, vol. 47, pp. 140145, 2002.
E. Gilbert and 1. Kolmanovsky, “Fast reference governors

for systems with state and control constraints and distur-
bance inputs,” International Journal of Robust and Nonlin-
ear Control, vol. 9, pp. 1117-1141, 1999.

I. Kolmanovsky, “Reference and command governors: A
tutorial on their theory and automotive applications,” Proc.
Amer. Contr. Conf., pp. 226-241, 2014.

S. Karason and A. Annaswamy, “Adaptive control in the
presence of input constraints,” IEEE Transactions on Auto-
matic Control, vol. 39, no. 11, pp. 2325-2330, 1994.

E. Johnson and A. Calise, “Limited authority adaptive flight
control for reusable launch vehicles,” Journal of Guidance,
Control, and Dynamics, vol. 26, no. 6, 2003.

B. J. Coffer, J. B. Hoagg, and D. S. Bernstein, “Cumulative
retrospective cost adaptive control of systems with ampli-
tude and rate saturation,” in Proceedings of American Con-
trol Conference, San Francisco, CA, June 2011, pp. 2344—
2349.

K. T. Tan, “Maximal output admissible sets and the non-
linear control of linear discrete-time systems with state
and control constraints,” Ph.D. dissertation, University of
Michigan, Ann Arbor, 7 1991, ph.D. dissertation.

A. D’Amato, B. Teixeira, and D. Bernstein, “Semi-
parametric identification of Wiener systems using a single
harmonic input and retrospective cost optimisation,” /ET
Control Theory & Applications, vol. 5, no. 4, p. 594, 2011.
J. B. Hoagg and D. S. Bernstein, “Retrospective cost
model reference adaptive control for nonminimum-phase
systems,” AIAA Journal of Guidance Control and Dynam-
ics, vol. 35, pp. 1767-1786, 2012.

G. C. Goodwin and K. S. Sin, Adaptive Filtering, Predic-
tion, and Control. Prentice Hall, 1984.

2016 28th Chinese Control and Decision Conference (CCDC)

25




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 false
  /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
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /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 200
  /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 400
  /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

  /CreateJDFFile 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 "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


