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Design of H, Repetitive Control Systems using State Feedback

T &
(Tae-Yong Doh]‘*)
lDepanment of Electronic and Control Engineering, Hanbat National University

Abstract: Repetitive control is a specialized control scheme to track and/or attenuate a periodic reference trajectory and/or
disturbance. Most researches about repetitive control have been performed in the frequency domain. Recently, several
approaches to deal with repetitive control systems in the state space are developed by representing a q filter as a state-space
equation. This paper presents a design method of a repetitive control system in the state space to satisfy H_, performance.

The overall system is composed of a plant, a repetitive controller, and a state-feedback controller, which can be converted to
a standard form used in A control. A LMI (Linear Matrix Inequality)-based stability condition is derived for fixed

state-feedback gains. Under a given q filter, another LMI condition is derived to improve A performance and is employed to

find state-feedback gains by solving an optimization problem. Finally, to verify the feasibility of the proposed method, a

numerical example is demonstrated.

Keywords: repetitive control, q filter, standard form, Lyapunov-Krasovskii function, LMI (Linear Matrix Inequality), H_,

performance, stability

L M2
A (repetitive control)= F718Q 7l AX Ee
= Zte Ao A="le] FF AE £017] g Al
ot} gukx o2 HkE o7 EA|= T
HA 77 wojd 2% EAS Aldsch 1
7= A A Fxo) "]7} AAg-g 7t
of MAHR S ARE FAAZIT od
He Alo] A|2=Elo] A= Y oo}
F=AA7F =23 247 1Tk Hara
e QA 1T Y FF Ak 4
7‘0% HHE Alo] A|z-Hl& zﬂOPél-%{l:]-[l]
g AR e Ze HhE Ao] A
A FEATH2]. Tsai®t Yaos=
AT o)FARl Bee BASHE WHE Aloj7] Qb A
g A 8 AAE F=II3], =3I Felol 4
u

23
(o3 _|hI

e
l-Oll O‘-N[‘

of off 4 © X W N 4| fo
tlo rlo o Ho kI & BN
> o
[>
>
i g
2 o

4

).
T,
Lo
:oé

> T
)
e
)
&
:“.:

(Fourier analysis)% ZHro 2 3 Fr)e] F£F oxto] &

Zgoll thek A5 FSHTH4]. Doh®} Ryoo= A5 7+
FA FrE W Aofr]e] ¢ HEIZ HEste] A1 Ao
oAl AMg3hE ARl e RS ZHE] HHE Ao Alx=H
o 79l oMY =& F=sFATHs) =3 (519 2dE F
Asted, Rl A= 4% 7teA FrERE ¢ 2
HE 78 4 e 2 7A AA 713 A dee] =%
ks A FHA s AAE AABIATH6,T].

* Corresponding Author

Manuscript received August 27, 2013 / revised September 27, 2013 /
accepted October 29, 2013

SH§: g WA} Alo]F-E 2K dolerite@hanbat.ac.kr)

WO ERE 011 Buhsh msEd T AUoz 43

HAe
Copyright© ICROS 2014

olga} ol WE Ao71E TREE TR ATl
A g4 w@YY Foi °%‘°1VH AT wHES o
B Sl Al A2ele EASRE W Foll sl 4
B F3tollA wHE AoE sjMsta AAsH: WEe]
ol T ek FaG FdolA wkE Ao} Azw A
At ENRES] 2L ol 8T & UAT, A I 39
AE ZWES] FH) 5L ol g & glol, A A,
B #57), 29 A% 5 O PHeR wE Ao Al
e A 4 e Aol AUtk Doh 5 ¢ BEIE X
oo Y wE Ao1E AE I PHAow wHs)
AL ZA Al =Ee] RS AP
1:]-

?_}_.
Matrix Inequallty) 2 E?ﬂ‘s}?ﬂ
4245} A5

?ﬂiﬂ H}E x—]]o{ NES=1Y c‘al-;gxsl% E]_Xol-f]s:!.‘]’]_ %,\]oﬂ
XS Fo|aA k= AT JsE o] ANk q] IX]'

A9 B3 HEE FAHE ¢ FEY Ho FI5E E
A FE Aee T BHE Fek °]E}[10-12]
2t g ZE9 dido] YoM FF gl dEHE e
ARdolu, g ojFow VM e AE T Y=
disol Ak shsAol Stk WHE Ao} Alz"lelA DC

o5 10 AY T3 ZH ¢ IH| AT FurE TE
AH Eme ool F7iok HF7IA @ JE 5o ¥
Foll w2t HalAl= Aol dubz|o]ojA, vkE A|oj7]7} 5
ofXl FeellA A A 2He] MYEE BASEAE FF
e TN & e ¥Re] 2o

2 =RdAe ook 22 EAKE sidstaal, ozl
F714 71 A E=e ] e, FF A TAAA

o
&



Design of Hw Repetitive Control Systems using State Feedback 7

S TN F Ue THE Ao] Al=Fe] A
Qi HHE Ao AJ2ElS AdE] HF Ao
&l d LMIZ 28EHE g =18
ot FF3lok ske 7]% A7 AAsMF sh= 9IEPOI
B2]-A ] = (power serm-norm)
A FF H5S sk AE AF 0|58 Feith OIE
e, BEE Ao} A~’E AR AololA FE AMREE
TF¥(standard form)O. 2 FHS ¥ H. Aol s LMl
205 T} o|2RE H. HAHS EAE 74353, A

A Azdel =S R
S 5 He A BESE A A% o5 At ¥
Ao AN WA BgHL wol7] 9sl, AHFE A

. 24 M3z} ok =4
2 =2dAe I8 12 285 A A AoE §

3 Alz=Ele] AR} Hed BAsks A& AR 999
W Alo] AlzEle aedth ZREE A (D9 dY ¥
BN ER 28t

D)= Cu ) M
o714 (4,, B,)< 711 /(controllable)°] 1L, (A4, C,)&

7FZ%d (observable)oltt. 1213l z,(t) = [z, x,, JIERTE
EAES e Wl d(t), u(t), y,(t) ERE 242
71 T& 7R F714R1 9l Ao} (gt FE Eo
th v(t) ERE RHE A7) Cp(s) el EHolth o] o, ®k
B Aef7]e] ¢ BHER, ¢(s) e o3t 2Zo] ad Fake
w12 Ay T3 FEekar 7R

L oA

¢

\

als) = —— ®

2 @2 ol8st elt) =—y, () NA o(t) 742 A
FE T8k 2 )% 2k
Vis) = WE(S) 3)

olE o =T} (Laplace) W3S 1, HEE Aor|E 2
@ 22 e I3 g eE 298 & ok

2,(t) = —wa, (t) +o(t—1T)
B _ “
o(t) = wa,(t)—y,(t)
Repetitive State Feedback | d(f) Plant
Cnn}ro]ler Controller
ey O v u() g »ult)
s )

19 1. 3l ARES Zhe W Ao] A 2=HL
Fig. 1. Repetitive control system with state feedback

A71A z, (1) E R W AJel Wolnt. 1ejar e A%
Aof7= A & £

u(t) = K, (t) + Ko(t) = Kl (t) o(t)]" ®)

AN K=[K K)E N=Hel SEst 35 45S @

AA717] 217t dE AR o] 5ot

oMY =18 8] SIEiA, o5 dEd =t d(H) 2 0
olgla 71H3skAL o] Wl HFEZ AlxElE theo] AE F3It
Aoz FHFEL,

x,(t) = Aga,(t)+ Ay, (t—T) ©6)

AN () =[xl (1) x, (D]70)1, 2 N29 WHe o
o3} e,

_ r~p
Ad -

—w

[Ap +Bp([(p —KC ) w(,Bp[(r

0 e
A, { OC 2{] ®)

2| 10 ek 24 9)9] LML 271E WA= 4eHd
oA 38 Py Q7F EAGE, A (6)2] WHE Ao Al
o obAs)t}

]

AJP+PA,+Q PA, 0
A,'p -Q

W 3 B9 [13] FEste FHEh = Aol
H Q3% Lyapunov-Krasovskii $FS th2-3} o] A o3t}

=0
=09

Ve, (),8) =21 (t) Pr, (¢ +/ (Pdr (10)

A S R YN 2,(t) =02 =
A, Wx,(£),t)7F 01Tk Zolof i},

i/(«Td»t) = ingd+x§Pid+x§de
—a2X(t—T)Quy(t—T) <0, V=0

9le] 2l zhekalAl Aelska 4 (11)3 2o}
V(th) =

AJP+PA,+Q PA,
A,/P -Q

ta )}<o, (11

g
xg(t*T) xd(t—T

Vaxy,#0
2l (1) S 3 TEs] YalAs 4 (99 B0 3
gHwjojof Fi, =
O 2z Aoe oy 2 2, A% =23e T8I
slsto] ApgET
22 &2l 1 [Bounded Real Lemma, 14]: T3 22 Y
wHRl AR TEeA

= )
t) = (1) + Dw(t) (12



) A= w(t) oA z(t) 7 AL 84 7, (s)
o] H, Hmom)< vET Atk &, 7,0, <

2) O LMIE W53k o3 did &g prt &A%
o,

QLA Sl

PA+ATP PB CT
B'™P  —v D"|<0 (13)
C D —x
. 7, 85 #3s}
FaE AYe 2 3122 Ase] A% AFE AE
He 39 Alv] 52 2 (14)9F 2ol Ae] HTH14].
.1 [T
IAp=ylims [ F7 0@ (14
T 2T 7
ol vk go] e ASle] UES UBE e A
Ho] F5=9 E(induced norm)S H, 2 wOT, H, w2 F
43} e Ao gn F71H 5 S Zte Al
SHlel B ol Zo] ARHele), B el F
12l 917 d(t) ol sl BAE 29 ¢ (1) S Axseh
71 glatel, d(t)oh y, (17 AT Beel B, Ee Has
she ZAIE ARt olF Hdl, WA O™ 19 ¥ A
ST | g
Wy g(s) > H oz = (1)
Wy = d(t)—
% 50— 50 %= 300
HU) B‘, 1 s q, T
A, e
G
Wi
+ K, [«
K |« »2
K

EUPR SR ERESBE )

Fig. 2. A standard form of the repetitive control system.

e’ |4
Wi of|
Wp— G ——»
—»
u — J
K -

93 2929 gees)
Fig. 3. Simplification of Fig. 2.

[
el

B =

o] A2l 17 29} Zo| H, AojolA Agsh= At
(standard form) © & LtERAC 29 3¢ 19 28 S
T3S Aol

d(t) ok y, () A2 4 T,
A Aol o]&9
17, (F(GK) e ™)l & HisA71= AL FYsich
A7\ F(-, )3 F(-, )&
(upper linear fractional transform, upper LFT)¥} 319 A3
HHlower LFT)E 2JW|atH, tha3} o] %4%@[14].

Mol 1 4] B4 Iy pe ULd o] BiIE
AEC" Mok A ECTT e B TE B Yol 8
2k

2 Wy

.

ol H, 5& #4388t
s

= BAE

M, M, (y+2) % (g1 +42)
— EO 1 2 1 2
{]‘/[21 M,
o] wj (I—M,A,) tol EARTHE, A o tE F A
H3ke

F,(MA,) = My, + M, A, (I— M,A,) "M,

u

o} o] Aolgrh =& (/- MyA) o] EATTH, Al

F}(MAI) =M, Jr[‘412A/([_ MQAl)ﬂM

s} o] Hojdnt.

g Yozt wkE Aojr1e] Azt KA o] fe P, =1
o] EBAE TEIEE,  small ol&e uwl
1£,(F(GK).e” P, & Axspele EAE 1F(GK).,
=y <1€ WESE 1 AL el [, A
ol wAI= W EH ]. ( )7} Toiaig wl, #, Ao
EAE = A% A7
K=

AE G} Ao}
Ke u}—g—4 o) 7 w.

PR
/YE;l—t%

o714 e wWE z(t) ek Al z(t)=
w(t) =z, (t) x, ()71, z(t) =[v(t) y,()] olck.

o A2 w(t) =lw,(t) d@)]"2 Holdch. dd A
Aoi71e) 4L y(t) =[x, (1) v()]"2 FejErh Alz=d

YL2e TR o] AeojHrk

29
)y

=b B1"

A=diag(—w, Ap), 31:[1 0]

0 B,

wc _C;) C_
0o C |0

p

C =

0 Vs
o —G,

c

A (15)9F 4 (16) 027 Tz, HFZ A28 T



AE AES

3} 2,

(A+B,KCy)x(t) + Bw(t)
Cix ()

z(t) =
2(t) =
4 (173 Bz e 1§ ol8st] tF BElE <=
el 20 2 (152 #28=e Al2dS 18skAk whek *4
(19)°] LMl 2315 Wshe by oid 39 xeo 44
& Aol 4 wrt SAIT, H, K 4E 2488
5 17, . <v& BAsH= du Ag Ao o]
2] 0)o.2 Tl

17

o)X=

A~
TR,

=
=

K=

oI B X
B —yI 0 |<0 (18)
OlX 0 - ’y]

= AX+B,W+ XA+ w'B]
F=KC,, W=FX

1ol o8, 28 39 HFEXZ A2Ho

Lo 3 vE BASHs 48 R 2Ue oy
LMI &Zﬂ% {é—‘c‘?}—t— &y oA FE pPrl EAERE A
olct.

= PB C
BIP —~I 0 |<0 @1
G 0 -9

7|4, & e} o] AojHr)

== P(A+B,KC,)+(A+ B,KC,)"P (22)

KC,E FE A3},
233} diag( X, LD S

212D el X=P '>0%
=eth ol& AEsiH

(A+ B, X+ X(A+B,F)T B, X
BT -y 0 |<0 (23

ClX 0 —"}/]
7F "k 4] 23)0lA FXE W= AgEhE 24 (18)S IS
& 9k =
A 25 olgsl H, e A3 BA= o2 2

o] T 4 Utk

Minimize v over X, W, v satistying (18) 24

4 e Eolyomm, I 19 WE Ao] Alzwle)

H, A% 75 BAste 4H A% o155 K& 78 F Utk
Iv. A|E8o]d AT

ArE e EREAES Holr] fstd, AlEdHelAS
SR, TR A 0ew 4o

= [_010 _13] B =0 17, ¢,=2 0o @5

aglan 2 ()9 ¢(s) = AE T3 w7} 50 rad/seco]th.
MATLAB LMI Toolbox [I5]% ©]-§3tol, 4] (24)9] =5}

0128 He. Bt5

Sl

HOi AlAgIS] &3 9
Tzﬂ%— F9, H, 8% A% 1 070792 AL, xo}
 ohe st gol Tl
0.02823 0.3516  0.1256
X=|03516 1500 —1881 |>0 (26)
0.1256 —1881 4.497 x 107
W=[—22 —4.476x 10" 9.204x107] (X))

2263 A 27e] 2ot 4 (2002
°)5 Kot K= 7 & Atk

ol-gsto] el g

WX '=KC, = | K, (28)

o)

c D

(oK, K,—-KGCl=[4 2]=wx"" (29)

AZIN 23} Z= —F‘K%Kﬂrx}
F e A e Eod

o] Zt} 4 9=
7Y d& o=ZH, K9 K,

g 7

K,=[-2135x10° —1758], K, =1.057x10°

T 7 TR Q] tiEiA 28 AxE vlugth
WA, d(t) =10sin(7t) 2 AS, = F7] T=2 sec?l H
Al Feje| 9ol VkE 9ol ‘?_ Aoy7= & 5
717 At &, &, 2235 F2% 401]/‘1 BE v

g} o] WHE Ao}7]7} FHe] Alaf& FE| ZWE
=9 y, ()= T4 FAaska ok o —% AA717} &2
ol mel, F712e] ejvke] FFol whEAl ARPAAL e
& otk F U ARHeR v HE, vk Aof7)
7h B&87] Ay, (1) o Ho) 271 8.65x10 ol
W v A7k 2 F A Al =Rge w,
y, ()2 Hol 271 557<10 T2 FTh Elassy
7] &2 AET 6% FEo] 7|2 Aadit)
W (1) 2

tlo uO"

s

ZHE

mlH _IlN

lo 4

o
o
o
0]
M
ol

F AEs) ol thest

=10 sin(7rt)+%sin(37rt)+%sin(57rt) (30)

Qlﬂbl wo} goacL
29] 7|8 Zu A5 A
AARA 3] Aol
od BT} £& A5 o
F3)3, Aol
7} gy,

i

H, A% 20L& U55HA



10 Tae-Yong
AN A )
JANAWANAWANAWEEE
S R R
LYY/ /S VR VY
g 05 /\ g
g 0 \ g
\\/ i i
k ’ P tmete " "
(a) Disturbance d(t) and plant output y,,(£).
10’

Tirne (sec)

(b) State variable ().

Doh

Time (sec)
(a) Disturbance d(t) and plant output y,,(£).

£107

i
g
Tirme (sec)

(b) State variable ().

I 4. &) d(t) 7} 10sin (7t) 91 735-2] Al Edo) A A}, 235, 9= d(t) 7F A (30)Sl Z$-o] AlEE o)A At
Fig. 4. Simulation results in case of d(¢) = 10sin (rt). Fig. 5. Simulation results in case that d(t)is given as Eq. (30).
V. 28 REFERENCES

E =EoAe B F3telA vEE Ao /‘]’\Eﬂ:‘g 27 [1] S. Hara, Y. Yamamoto, T. Omata, and H. Nakano,
she WHES AARETE BHE Alojs FE Fake g9 “Repetitive control system: a new type servo system for
A ATETE 1 A, 29 AF 52 OHH”} k= periodic exogenous signals,” IEEE Transactions on
s AAT 4 Atk B =FelAe old BHs F53) Automatic Control, vol. 37, no. 7, pp. 659-668, 1988.
Iz FE FTtelA FHESL HHE Aoy Rdsta [2] J. Li and T.-C. Tsao, “Robust performance repetitive con-
A AS AorE o]qg_;s}oq FA A2HES PSP trol systems,” ASME Journal of Dynamic Systems,
gk oofdel, F71AR1 lgtel tisiM H, HeE wEEke Measurement, and Control, vol. 123, no. 3, pp. 330-337,
B glo] AlzEle AAlsks WS AR LML # 2001,
AS 38 H, s HA3 EAE Sodo =z, A [3] M.-C. Tsai and W.-S. Yao, “Design of a plug-in type re-
A3 oSS T8 5 Y, o9} 7o wHo| gL A petitive controller for periodic inputs,” /EEE Transactions
EyolH A1E &3 lstyh on Control Systems Technology, vol. 10, no. 4, pp.

B e W Alouel sk ¢ BH, F qls) 547-555, 2002.
=2 12 Y E3 Qe 2 7PEskgck m}g]_,q thorsl 3 [4] M.-C. Tsai and W.-S. Yao, “Analysis and estimation of
9 ¢(s)E zZt= HEE Aojrle] tslA Hgstr] oJHr) tracking errors of plug-in type repetitive control system,”
weta] F3o) o9} e EAE FE3ly] 9ste], gubH IEEE Transactions on Automatic Control, vol. 50, no. 8,
QA NE Alorlel thsiA e AR Aor)E AT pp- 1190-1195, 2005.
Q= wio| o3k ALy} e s [S] T-Y. Doh and J. R. Ryoo, “Robust stability condition



Design of Hw Repetitive Control Systems using State Feedback

and analysis on steady-state tracking errors of repetitive
control  systems,” International Journal of Control,
Automation, and Systems, vol. 6, no. 6, pp. 960-967,
2008.

[6] K. S. Kim and T.-Y. Doh, “Repetitive controller design
for a robust feedback control system,” Jowrnal of
Institute of Control, Robotics and Systems (in Korean),
vol. 16, no. 7, pp. 668-673, Jul. 2010.

[71 T.-Y. Doh and J. R. Ryoo, “Robust approach to repeti-
tive controller design for uncertain feedback control sys-
tems,” [ET Proc. Control Theory and Applications, vol.
7, no. 3, pp. 431-439, 2013.

[8] T.-Y. Doh and M. J. Chung, “Repetitive control design
for linear systems with time-varying uncertainties,” /EE
Proc. - Control Theory and Applications, vol. 150, no. 4,
pp- 427-432, Jul. 2003.

[9] T.-Y. Doh, J. R. Ryoo, and M. J. Chung, “Design of re-
petitive control: an application to the track-following ser-
vo system of optical disk drives,” IEE Proc. - Control
Theory and Applications, vol. 153, no. 3, pp. 323-330,
May 2006.

[10] Q. Quan, D. Yang, K.-Y. Cai, and J. Jiang, “Repetitive
control by output error for a class of uncertain time-de-
lay systems,” IET Control Theory and Applications, vol.
3, no. 9, pp. 1283-1292, 2009.

[11] W. Chen, S. Chang, and W. Zhang, “Linear matrix in-
equality-based repetitive controller design for linear sys-
tems with time-varying input delay,” IET Control Theory
and Applications, vol. 4, no. 6, pp. 1071-1078, 2010.

[12] J.-H. She, M. Wu, Y.-H. Lan, and Y. He, “Simultaneous
optimization of the low-pass filter and state-feedback
controller in a robust repetitive-control system,” IET
Control Theory and Applications, vol. 4, no. 8, pp.
1366-1376, 2010.

[13] M. S. Mahmoud, Robust Control and Filtering for
Time-delay Systems, Marcel Dekker, Inc., 2000.

[14] K. Zhou, J. C. Doyle, and K. Glover, Robust and
Optimal Control, Prentice-Hall, 1996.

[15] P. Gahinet, A. Nemirovski, A. J. Laub, and M. Chilali,
LMI Control Toolbox User's Guide, The MathWorks,
Inc., 1995.

TEE

19921 AEdgtn Az 4.
19943 F=ashrled A7) 9 AR
3'_‘8]—34. /\4/\]_ 199914 E ]:HG% Hl—/\]_‘
1997'3~2001'd AAd8x CAE wy
o] d74a YA 2002 3€-
A FPEListn AAA o8
. ARk ARAA, EFAle], HEEA], tAE Ao

]





<<
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


