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Trajectory Tracking Controller for Semiconductor
Equipment Motors based on PI Observer
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ABSTRACT

This paper presents a robust position tracking controller for a motor used in semiconductor equipment, utilizing
the motor angle measurement. Precise position control is challenging due to the presence of uncertainties in
various motor applications. The proposed controller consists of a PD (Proportional-Derivative) controller and a PIO
(Proportional-Integral Observer) to estimate the system’s state and equivalent disturbance compensating for the
uncertainties. Since the stability alternates as the observer gain increases, we have investigated it through the closed-
loop root locus under the system parameters change. The analysis has showed that the inertia of the motor is the main
parameter that affects it, and by adjusting the control gain appropriately, the system can be rendered to be stable even
when the inertia of the motor changes. The effectiveness of the proposed control algorithm is validated through
computer simulations, followed by a comparison of its performance with the results of a previous study.

Key Words : Semiconductor equipment, Position control, Motor, Disturbances, PI Observer

LA 2 9 A o 4 Ame e da ol o
S =)ok o AR SiXE T erghel B 7
o wEA A, AR Y ANE ATHIR BE gA AZL B
| Aol A9 S Bl S 4 T e AR ot % T 53

T ohﬂ# Sh AT Al UEE BAZ 2 AREE 2T A Y2238 daw )
ek el sigiel Hiat Aelat Aot el olel 8 AUEE 7ot WA AS 9 BARS
l

L N

K

A A" FeAE Qe —T—"ﬂo]”ﬂ A B A @AY HEoA HAste § elEolehe HAE et
o] ¢ A o] Zefxnt Hpdof whetload®] AHEA Bl & AASH: AE SRS ot} [5] 2lUo] XEHE A}
gtof| th-Sohe s, U3 ARRE Ao deES 85k Tﬂoliﬁ} e 29 fIAE AEste Feoln 20
g g} 3] REeA] 2240 nlAEtR Qlsf efojo] B U XE 401]*1 8% A F shue, W= g

gk 9] é 45 iAo JEn 24 s 22
"E-mail: sonyi@mju.ac.kr Qete] AR o 7 Fhu, o]= )3t 1 Ao Yra

96



PI ¥157] 7|9k WA ] WE Q] 47 5 Ao]7] A 97

IN
(2
el
fo
it
&
o
S
H
e
%
2
é
N
o,
of
on
)
>
_E

Az Z“ﬂleJ EE] Xﬂ = AA w
o R4 % shtolvl, DY ATLEE Fl T 9
A Aot ejgte] gt AIAQ] B3-S HAE itk
WA AR Ao A] motion systemT} servo system-2> 11
Ad Aoje S B8R st Z] oA o
293 93e 2oty 28 ALY AY E7
AE7I(PMLSMY7} ARS-EH, sig REl= A 7]2/7141 4
A2sw) shefulele] Behay, ok A4y ole S|
o2 olg)] =F a7} Zvlela T&o] Ask ) As)
2 4 Qemz 914 Alo] Axslel AAG) oiA sle
I B AAS flaf iRt Ao gatelgel 4
L=} BH17). 8 WL SOSOMO (Second-Order Sliding Mode
Observer)2 A A| o} [9]°1A= PMLSM @] BEE E2Fo
2 Qs Ash= '1‘7];—(:‘:?_] ogtE | Al717] Sl
PADOB (Periodic Adaptive Disturbance Observer) %2 AR8-5}
oAt} [10]9 4= MLESO (Model Linear Extended State Observer)
= 7]uko @ 1= IMC (Intemal Model Control) PID 4|0} 7]
© A 85191, [11]9] #ZH= MPC(Model Predictive Control)
£ 91t linear polytopicdt E2-4gH A|AHof gtk o A
TS A ol U 2 BT Ae] Ao A%
2171 OFRMPC (Output Feedback Robust MPC)Z A|otatich
st 9]?]_' H=&7|(Disturbance Observer, DOB) 7|9F Ao} =
Agd E ot 22 Bl of-3skr] gt tiE
A2 4 e 71 sjdele i 7} 29
1 [12]o1 M= 22} Al ARLS 915 DOBE A
—T-L 13 JollAl= 2421 A3 DOBY] o]dS 4t
49 A s B ol Same) day
2 A A9 3te Jinpz Bilsl=
‘ﬂ]ﬁﬁé DOB% Zﬂ?_}o}m‘:]' v [Mle oY 24 5
% oJgho] Yi 2dl& DOB 2ol 2Z3HA)7]= A
& AR AT, [ISIAE o A g 2 He
2eo) Bel Fuks AolE 91 oIS 9zt B
& AR A oh S % A2 a8
g E o2 ARIAlY 7ReR, [169A= PO
(Proportional Integral Observer)E AH|QTS}HLAL [17]0]4]= H]A
Y PIOE AAIEISTE o] Qlolk, =] AAito] ofo] F7}
shin maol Szke 13 24719 BaL s 9
8 At e BE7] A Aloi7)7h ATE e 8k
21]. [18ollA= H1AE AlAE 9] v]EZ QHyA(differential
stablhty)—% _/J\_7Ho]—1:t]’ 454X] oo A]—EH W ,4 H]A—]‘dkl
< 7H v AlA"ef iRt H4 Ak BE7] AAE

chEch 199 AR BEHAA] WEH B4y Asg
2 9% Qfitert T8 4 A4 DOBE A|raleich
ROJIAE A 2EAS 20 2R oot F42 9
8 £2 ARWS ol83H S4 X4 DOBE AAA
o g RN ol AZF Golold ZHaE A4
29 7% DOBZ AQISHATh R0t 2o, 54 s
WSS AHgSle] ThE AH Wl ste) W ojRre 57
3 Tk A ARk JFS BAHTE ol A

Yoz

Gl 21 513 Aol AAE sis 24 b Wt
e 24 29 YR G0 90 343 day
HAS FAlo] S3te] Aol7]9] e AN

A|©17] (Feedback Linearization Controller,

ey
FLOS PIOE Abgstel mojg o AFseet & =

RO M= K(AZE 734 A7 28238 Bohs 714 8
o & Zhuk 13t Pl #2719} PD A|o}7] 5 AMg-5}o
Al A 2H o] Ae-& AT ofw PL #5719 o|%

= 71T7ﬂ W g3 34 27 daksiorh oAl
Hole A7 BEEo] HRx A 2H=ZE S
Ao71E BABIAAL = IS mAE 8 et
lElE SoIR1) SALEIck S WAlo] A ol

L et el J(mE] Bt Aletr]e) o5 xHL
E-(,‘H OF3E A|AES A= vHS AASch A8
A7 AT Rk A Briely] e AR uaE
AE TRt a5 uHe ulehug ghe F4A]
A A2ET} sty SalolHE LAY AJAE
}o] PD Ao} 7]yl PL T27] mojAFS E3)

e Eelgtth

ol @ -l>
ol

= 3
mg
B 7

riﬁ

2. =2

T

&SRO 48 AT DI 28 st ¢
£} o)2 vigoR mday B 99 P e My
Eeol8 A28 42 Agstec

_I

Journal of KSDT Vol. 22, No. 2, 2023



9% 28R - HEAZE - AN - ARNE - oA G - R - £
14, + MgLsin(qy) + K(q; — q2) = 0, (1) PLHS7|E AREste] HE ZERte s 2440
Jiz — K(q1 = q2) = u. EAste AollA Fa AXE FET 4 e AS Fg
FIHE A 2ER g gt 242 Yast na) 29] 28] A= Al 5 A
L1 ), KM, L= Zk2F 893, ®mE, Ango] 714 AL s
‘3—! 239] Ak Zolg yeH, 48 ues B3|t
s meoflA =2 $1A] A qf = 30sin(t) [deg] ol 2t
istod q, 9 +F 2AE ek ‘ﬂ
1 ‘ ; 1
- I
2.1 PI #&7| + FLC - ‘-\ﬂ"”‘w e N ¥
-y = = L 0 ‘ \ c" %\ f N / b
A A [25]0llH = g ’ﬂ%‘% Aot71& *}%_ﬁ’ii‘ﬁ e W W M VWl
gt At (FL= BAE i vdg gt 49 LU |
= ARgoto] AE AlAE mEs de ok, AY Al \“
Qe Ak 7ol 2t :
WE 929 AHRte 2 & 7Hed PIREY] AAE
A8 A & A 2HstaL A x = [q4, 41, G2, (?z]T _30 2 ;1 é é 1‘0 1‘2 1;1 1é 1‘8 20
2 Qogt F, #57] A4S Slef wehvle B2 9 . | _meteec]
wE A2 ok d, = x, 02 7HEGH] P2 BE Ao Fig. 3. Link Pos. Tracking Error (w/ Motor Angle).
F7FsFolek .
ok, B30 g QIgh YAZte] 2F A7} o[ 9]
2= R+ Ly(xs — %3) @ EAFE Fig3ozRE o 4 ek
¢ L o MgL R
X, = _T( 1= 83)-——sin(®y) + X5 + Ly (03 — £3) 22PI ZAE7| +PD 07|
£3 = Rg + L3 (x5 — £3) TE7] Aol sxpE EAstar A AE9 A457) HE
< L g eAp 9l oeket el EAshy] wizel] ofegt
Xy =700 = %)t Ju+ Ly(xs — %3) AL 783 33} PL B=7) + PD Ajo]7|2 ugsh) ®
P - ok A A9 skt Sefow o] K7b R e A
¥s = Ls(xs = %) 3 7P,
K7} 523] =the AgolAs ZE et 929 749 @
o0] =  7z7b ' . .
T e B ey A 71) g7 e AT 7 S 10
Ei;ﬂ' 5 o;,EK._ ,]_'tiﬂt?flﬁ—Joo d § , L2 57 g Zt vasle] 33} Pl W72 AA sl w3k o
o|5o|t}. o] & §3 #H Fed vt 27 2HS oJat oet d gaztyt wEZRY] QS

[Deg]

10 12 16 18 20
Time[sec]

Fig. 2. Link Pos. Estimation (w/ Motor Angle).

0 2 4 6 8

WA AEE 0)7]E3te]A] A22d A3, 2023

Qgto g 7hEdle] d = K(xy — x3) & LE &= o
Zhabe web 4 A otefel 2ok

TTo 1T

X3 = R4+ Ly (x3 — £3) ©)]
%4 = () (w+ D)+ Ly = 1)
é = L3(x3 — %3)

o714 LI} %32 Pl #57] + FLCS THE MEE B
719] ol A goltk PD Aloj719] 4 u=
Ky(q1 —q2) + Ka(41 — 42) = Kp(30sin(t) —x3) +
K;(30cos(t) — x,) 2 ¥3T 4= Utk



PI ¥157] 7|4k WA ] RE 9] 3

5 Alo17] A 9

[Deg]

0 2 4 6 8 10 12 14 16 18 20
Time[sec]

Fig. 4. Comparing Link Pos. Tracking Error.

Fig 41 Pl #157] + FLCSE o] ~1652)9] Pl
7|+ PDAlOY|Y] W 912 FF XS vlwg TexE
2 PIRE7) + PDAol/] 9] §2L 913 2F 94 Fol7)
Slal G 2712 719 mouEE Apstsict

800

reference

[Deg]

600 . . . . . | . . .
0 2 4 6 8 10 12 14 16 18 20
Time[sec]

Fig. 5. Link Pos. Estimation (All poles at s= —100 (triple
roots)).

Fig 5t 257]9] 230] ~10063 D22 Pl #5712
AgE B3 A 24 e e molug Aol
o 2ol 2718 719w Tl waelel o] &
Phet A ST 4 9l

SHAT Fig 62 B57]9) 370] —2006F DO Pl
P22 LT B3 97 24 45 e mola
 Azlolct, Tzl Watelo] 240 B71E Fig 59}
£ vheA) 249 2717k AXA e @3 97 2]
R B E R

40

reference
x1

30 [

20

£ o
-0 F
-20
-30
-40 - . . . L L L L L
0 2 4 6 8 10 12 14 16 18 20
Time[sec]
Fig. 6. Link Pos. Estimation (All poles at s = —200 (triple
roots)).

[Deg]

\ . . . \ \ I \ .
(o] 2 4 6 8 10 12 14 16 18 20
Time[sec]

Fig. 7. Comparing Link Pos. Tracking Error.

Fig 72 PI #27] + FLCS} 0] —2003%-H2 PI ¥
Z7] + PD Aoj7]¢] A 97| FF A4S vwdt 1
ZE Aol J3 A FF eapkt 22 AL F
BEECE I

wkebAL, PL927] 4 PD Alol7|S AL Slaial B
7] o150l AR FAA Abgslor st Alzgle) 3t
ehojele] we B571e) ol ekl 4 Atk ok %
ol A= PIL #57] + PD #[0}7]9] #57] o5 m
S 2% IS QXS] Aolr|S BASE WAk
o Qe A Fast HetuE s BAg,

_1

I

3. Mo7] ¥ =2 mt2jolE 24

B oAl Pl 27] + PD Alo}7] ] #27] oS
= gk B4 2 oW sheulelzh whak] 8% 20l
Q7 DA aLE Fa) Bagh B4 Ao Ay

=

a

Journal of KSDT Vol. 22, No. 2, 2023



o
g
N
b
of
1

o

2 RHEA] S ] HE Aof e i
S

@ Ao A MgLFE 002 il 24

imaginary
o

-20 [

-30

. R e e

50 } | L } ; |
5 -4 3 2 -1 0 1 2

real

Fig. 8. Close-Loop Root Locus Plot.

Fig 82 #2719 379) Hrigh 2713 120074
8}A7) T2 292 aesolch Fig 59 go] R
A TN T F AR AR 347 ohd B
Ro| FAfstel 91X 4 A% T ZsL WA whet
A, PIEZ7] + PDAOY71 2 AFgdto] elzk 242 sHe 4
9, 9] 27)0] wpe} Aol Herack

3.1 matolg 24

7|% PL #57] + PD A|07]¢] 24 T2 szof A ufet
HElE HRE ROAF Y| 2 A I E ANFOEN
ol mefule7} Al o] fagt JFE A=A 2}l
steh AdollA AMgsh= K (BHeY E=gtolH el A A
), J(LE o] )} I(F-312] ¥d)s= Table 13} Lk

Table 1. System Parameters

Spring Stiffhess Load Inertia Motor Inertia

[N - m/rad] [kg - m?] [kg - m?]

K R 1 I ] J

80 100 1.2 1 1.2 1

800 100 1.2 1 1.2 1
14000 14100 1.7e-5 1.0e-5 1.7e-5 1.0e-5
BO|UHLE 19} )5 K| 27]of wet 3 WA~

WA AEE 0)7]E3te]A] A22d A3, 2023

x10*

©

T
K=80 (red)
k=800
(green)
k=14000
(blue)

N
T

imaginary
o
T

3 I L I I
5 -4 3 2 El 0 1
real

Fig. 9. Root Locus with Variations of 1.

Fig 9 3 19 A44) sfebu] g2 v A sgo] of
Aoke WRL DA aHE A S ok E
K =800, K = 14000 o|4% oHY3t AL wmojAde
%3 sk

20

J[23] = 1.2 (red)
J[New]=0.000017 (blue)

imaginary

20 . . I . L I L I L
-5 -4 -3 -2 -1 0 1 2 3 4 5

Fig. 10. Root Locus with variations of J [K = 80].

imaginary

-30 1

40 e e e aeenanneen |

50 . , . . . . , .
-5 -4 -3 -2 -1 0 1 2 3 4 5
real

Fig. 11. Root Locus with variations of J [K = 800].



Pl #=7] 74k WA

Apu) we ol WY 25

A7) AA 101

50
40+ J[23] = 1.2 (red) K
J[New] = 0.000017 (blue)
30 |
.w/
- ,
©
£ 4
&
E |
S——
-30
40 +
50 . ‘ ‘ ‘ ‘ . . . ‘
5 4 3 2 4 0 1 2 3 4 5
real
Fig. 12. Root Locus Plot with variations of J [K =
14000].

Fig 10~12:% Kof| whep Jrt A7 siejue 2 vt 58
Z A aEzE o Jofl wlsh K7t AR ALH
o] okYEs} Al Ao g AstEL sholst 2 i) wle)

A mEe] o] Aadle] RS AR o 7
ejnlel7} ik

ot AlofAl g AA AN mEE HeE o 2

A5 5 ZHe wEE AgejoRiths A ojulsitt

32 QFFBH AlAR 47

PEREER L UEEL P B EERE!
A 4 Qi geloln] o) sst] $I9 212 ul Ky
& 714 2T gsislnh

Fig. 13-15% 717} Fig 10~129] H|22 294 T1ef=o)

A 9w Kd% 71 ol ToIA 5002 e e
2 A2ge] ebgye] ARE AL TS Fof
& 4 9k

imaginary
o
|

Fig. 13. Root Locus with Different K; from Fig. 10.

Kd=7 (red) |
Kd=50 (blue) |4

imaginary
o
i
i

-5 -4 -3 -2 -1 0 1 2 3 4 5
real

Fig. 14. Root Locus with Different K; from Fig. 11.

60
Kd=7 (red)
40 - Kd=50 (blue) |
20 o
> el coeeneessene R
e
£ o0
©
£
20f E—
40
60 . | | | . :
-8 -6 -4 -2 0 2 4

real

Fig. 15. Root Locus with Different K; from Fig. 12.

E3L K7F S0 w2 2049 HoNdE Ky

S0l Ale] e o] et A% Fie 14 Fi 13
2 F3) 31T 4= 9k
4.2 B

2 =RolAe wiEA 34 913 BE 91A Aol &
AL b3k WAL K7F S88] Athe 714 stol| Pl
7] + FLCO}PIFHE7] + PDZﬂOVH e vkl
k. PI#57] + PDA|0)7]9] #57] o] 55 7]$-1 e v}
sttt dsks 2AI7E )lof a3 stetulE #3)

of wg HFL ZHH IHZE Tl ALFY S
BASHGITE 24 A 29E g 2 5 UR A
H7F 557t obd Fgo] EAste] A ey Ak
AL HE Q] Wo] FRE F= T s EdS
QAskglek Aol Y9 o5& AHsA Ao =N B

Bl 9] 74 Wlo = obEk Al AEIL AAE 2= 9lglTh

3]

Journal of KSDT Vol. 22, No. 2, 2023



102 234 - HEE - AR - AAE - o] G - oHF - £
ZtAIe] 2 servo systems,” IEEE Access, vol. 9, pp. 49036-49046,
2021.
o] =R2 203 HAEAY HI=AAFED A 11. B. Ding, H. Pan, “Output feedback robust MPC with

3 Ak 7] &S (G02P18800005501) ] A
ol =3l dtolm, At Sl =g 41 BA
ok SR aae A AARE-Y TR

o
=
o
=
rﬂ:‘l o O

o2
rar

ke

Y. Wang, X. Chen, X. Li, “Modified robust sliding-
mode control method for wafer scanner,” Adv. Mech.
Eng., vol. 7, no. 3, pp. 1-9, 2015.

H. Ding, Z. Xiong, “Motion stages for electronic
packaging design and control,” [EEE Robotics &
Automation Magazine, vol. 13, no. 4, pp. 51-61, 2006.
H. Kim, J. Yang, S. Kang, D. Choi, S. J. Hong, “RF
impedance matching algorithm using phase detector,” J.
of the Semiconductor & Display Technology, vol. 21, no.
2, pp. 32-37,2022.

W. Wang, S. Tatic-Lucic, W. Brown, J. Iceman, S. Hyun,
R. Vinci, “Precision in-package positioning with a
thermal inchworm,” Sens. Actuators A Phys., vol. 142,
no. 1, pp. 316-321, 2008.

K. C. Kim, J. J. Kim, Y. M. Choi, D. G. Gweon,
“Design of a hybrid controller to eliminate the force
ripple in the linear motor,” J. of the Semiconductor &
Display Technology, vol. 7, no. 1, pp. 17-22, 2008.

S. Mishra, J. Coaplen, M. Tomizuka, “Precision posi-
tioning of wafer scanners segmented iterative learning
control for nonrepetitive disturbances [Applications of
control],” JEEE Control Systems Magazine, vol. 27, no.
4, pp. 20-25,2007.

Z. Z. Liu, F. L. Luo, M. A. Rahman, “Robust and
precision motion control system of linear-motor direct
drive for high-speed X-Y table positioning mechanism,”
IEEE Trans. Ind. Electron., vol. 52, no. 5, pp. 1357-
1363, 2005.

R. Yang, M. Wang, L. Li, Y. Zenggu, J. Jiang, “Integra-
ted uncertainty/disturbance compensation with second-
order sliding-mode observer for PMLSM-driven motion
stage,” IEEE Trans. Power Electron., vol. 34, no. 3, pp.
2597-2607, 2019.

K. Cho, J. Kim, S. B. Choi, S. Oh, “A high-precision
motion control based on a periodic adaptive disturbance
observer in a PMLSM,” [EEE/ASME Trans.
Mechatronics, vol. 20, no. 5, pp. 2158-2171, 2015.

Y. Liu, J. Gao, Y. Zhong, L. Zhang, “ Extended state
observer-based IMC-PID tracking control of PMLSM

10.

vhER|E| 2 E e o] 7| 4s8k] ) A AR, 2003

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

one free control move for the linear polytopic uncertain
system with bounded disturbance,” Automatica, vol. 50,
no. 11, pp. 2929-2935, 2014.

Y. Choi, K. Yang, W. K. Chung, H. R. Kim, I. H. Suh,
“On the robustness and performance of disturbance
observers for second-order systems,” IEEE Trans.
Automat. Contr., vol. 48, no. 2, pp. 315-320, 2003.

J. Back, H. Shim, “Adding robustness to nominal
output-feedback controllers for uncertain nonlinear
systems: a nonlinear version of disturbance observer,”
Automatica, vol. 44, no. 10, pp. 2528-2537, 2008.

Y. Joo, G. Park, J. Back, H. Shim, “Embedding internal
model in disturbance observer with robust stability,”
IEEE Trans. Autom. Control, vol. 61, no. 10, pp. 3128-
3133, 2016.

I. R. Fitri, J. Kim, H. Song, “High-gain disturbance
observer-based robust load frequency control of power
systems with multiple areas,” Energies 2017, 5, 595.

D. Softker, T. J. Yu, P. C. Miiller, “State estimation of
dynamical systems with nonlinearities by using propor-
tional-integral observer,” Int. J. Syst. Sci., vol. 26, no. 9,
pp. 1571-1582, 1995.

W. -H. Chen, “Disturbance observer based control for
nonlinear systems,” IEEE/ASME Trans. Mechatronics,
vol. 9, no. 4, pp. 706-710, 2004.

Z. Ding, “Differential stability and design of reduced-
order observers for non-linear systems,” IET Control
Theory Appl., vol. 5, no. 2, pp. 315-322, 2011.

J. Back, H. Shim, “Reduced-order implementation of
disturbance observers for robust tracking of non-linear
systems,” IET Control Theory Appl., vol. §, no. 17, pp.
1940-1948, 2014.

C. W. Lee, Y. I. Son, “Design of model-based low-order
disturbance observer to estimate a sinusoidal distur-
bance with unknown constant offset,” KIEE Trans., vol.
65, no. 4, pp. 652-658, 2016.

K. Kim, K. Rew, “Reduced order disturbance observer
for discrete-time linear systems,” Automatica, vol. 49,
no. 4, pp. 968-975, 2013.

W. -H. Chen, J. Yang, L. Guo, S. Li, “Disturbance-
observer-based control and related methods—an
overview,” IEEE Trans. Ind. Electron., vol. 63, no. 2, pp.
1083-1095, 2016.

S. M. Lee, 1. H. Kim, Y. I. Son, “Design of a robust po-
sition tracking controller for flexible joint manipulator



PI ¥157] 7|9k WA ] WE 9] 417 5 A|o]7] A 103

using motor angle,” KIEE Trans., vol. 63, no. 9, pp. experimental validation,” IEEE Trans. Ind. Electron.,
1245-1247, 2014. vol. 57, no. 4, pp. 1411-1419, 2010.

24. M.W. Spong and M. Vidyasagar, Robot Dynamics and
Control. Wiley, 1989.

25. S. E. Talole, J. P. Kolhe, S. B. Phadke, “Extended-state- J:2023 69 4, AAFL: 20239 6Y 16¢,
observer-based control of flexible-joint system with ~ AIA1=HE ¥:2023'd 64 21

Journal of KSDT Vol. 22, No. 2, 2023




<<
  /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
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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


