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Decoupled Controller Design of an Autonomous Underwater Vehicle and
Performance Test Results
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'M&S R&D CENTER, LIG Nex|

Abstract: In this paper, decoupled course, depth and roll controller design for an Autonomous Underwater Vehicle (AUV) and its
performance test results are presented. Control system design is done using the PD control scheme based on a mathematical model of
the AUV. Details of system implementation are given and the results of simulations and experiments using the prototype vehicle
model are discussed. The designed controller was successfully applied to the nonlinear and coupled system under non-ideal actuator

conditions.

Keywords: AUV, course and depth control, PD controller, actuator modeling

L ME
A TEEEAAUV)E Sl BAF FERE =g ol
A oiket 28 W9E etk sl BAF @5 3 of
EAR1 AUVE EAd w8 Algko|u 87
chEARE B gl 2FA0] darg]Fe] &
Utk ofel] v, Ao TR ojF =
A 1 o) E 7|vkete] oft
S gAY, A ofFrh 1
ARE ARste] At Agshs T A
o8 F& AUEE 878k etil] olEg Auvel o
M 28 A7kl MEMS ¥ AIME o]g35fe] 7hdsiar
Adet Peje] 2F Alo] Al="S AT 5 Ak

AUVE| Ao] AJ2E] Foll X AlIAlo]7]e H= Alo]7]=
TEE AFs 233 AUV A Alojdl]l lolA] ul$-
[2]‘ FTEEAY AEY FRE A
A= FHi3], B3P o] AloH
o] &-3h= W[4 % % L, BE 111719} 47he] 3k
= - Jo]Ti5-15]. ool gk A|of 7]
He ﬂh’iagi IDA|0][6,7,9,13-15), Edold HE= xﬂﬂ

[511,127}F & 1 vl JVI Aot LQ [3],

Aoq[2,16] %A Al Alo)71& A&k AHIER Ak
o] gelo] &¥ AUVE ofF] AT B, d4H
o] v, A o] o] =, URkH o R o]
gk oi7]¢] *éﬁl% folal#] FtHs5]. vl AUVE =L
717} ifﬂo] 735 % A A2 kAol Wofx|7] 7] wf

_O|L
=
i
LA

ll
>~
ob
ol
ol
Ir
05
i)
o
ru9
rE‘L
\1 a
o

01ﬂ 9, mlo «HI

* 2 9] 2 Z{Corresponding Author)

Manuscript received May 15, 2013 / revised June 10, 2013 / accepted June
30,2013

& H:LIG Nexl M&S A7 AlE](chulhyun@lignex1.com)

Copyright® ICROS 2013

Eo) A%oR ¢-§3
9y oxpol = JgL
oA olshs e
Folo] AlojEle] miE TL vk, 28 Aolod 7EA
Q1 Aol £4 gk AUVel t Alelr1Z AAES
Ae Pehel WA TAL Slste] weln 4P A
o b selA, Akt A2 E, ea F W) B A
o718 2zt A, AR Aeile] 718
AE A B i PP WY
§ AEEIAE ol gl B, Y

Az sk

2

AojAdo] EA] sl ej¥ot 1
b= 7497} BrH4,6,7,10-13]. E =
9], 10:=E ool 8o 7]

>

1y

off on T
flo Ho

O
00"

S

> e o
o oX I
o o o

e off
2 2 Ho

offt
ol
ol

AFITH6-8]. o] W A xmag A= AUV Hx]9f U
7+s FABkL, B4 1 #HEAE AS5E 2 s §
A gIrhs].
BODY-FAXED INERTIAL OR EARTH-AIXED
OCOORDINATE SYSTEM OOORDINATE SYSTEM
QL e
zv
SWAY : v
PITCH: g
YB
Zs SURGE : u
HEAVE : w ROL :p
YAW r

19 1. AUV 3.
Fig. 1. The coordinate system of AUV.



Decoupled Controller Design of an Autonomous Underwater Vehicle and Performance Test Results 769

4 (), @t 2ol FE A
zm}i%ﬁ—a el 2 UVA MY TN, a8

s}

[e3

tlo
N
AN
lﬁi
=
o
ro F
odt MU
ﬁ [-
O"’"
o
E
=
4
:.°=
2
oflt
5

X =mU +QW —RV)

Y =m(V +RU - PW) 0

Z =m(W + PV - QU)
L=1P+(I -1)OR-1I_(R+PQ)
M=10+, ~1)RP~I_(R*~P?) @
N=IR+(I,-1)PO-1_(P-0QR)

= kA3 Alofel <)

272 007 JPFHE A%
1!

the A1l §au ARRTo} S SR o
WAL EA7E AFHell A Al Eshs gl sl &
THkAAlLS. Agshd A ®3), (4)9], Fd iy

m(i+Wyq) =X u+Xu—- W —B)cos®,0
my-W,p+Uyp)=Yyv+Yv+Yr+Yr

+(W = B)sin®y + (W — B)cosOyp +1; 6, 3)
mw-Uq)=Zw+Z,w+Z,q+Z,4q

-(W-B)sin®,0+Z; 6,

I.p=L,p+L,p+Ls6,

1g=Mw+Mw+Mg+Mq

—x,Bsin®0 + M, 5, @
I17=Ny+Ny+N.r+N7F

—x,Bsin®yy —x,Bcos®p+ N, S,

ol 4y
o ol

EA7E 9 ArelM 54 Sx2 a3 A
she 2RoA e 7kl e ARt
A0k 2 =ellME Alel7] AdAle] HelE ¢

(<3}

AR U

Y 2eREAs A vpr
H

Moo (@ i Mo fr &4 o Mo
EOEom_ﬁ‘jQ,—lU
ﬂé&@]{lo&ﬂﬁl
OH&IHO}&;HO
N
ri%fiﬁ
19 (o]
T8
JE_N U:F
= r
‘“‘mlo—lir\r};g
- 0
jud)
o M
e
sg H
£
S
R
2
rEs
I
LE T
o N

e
e foox
N

Ho 2 slo] =T s AolA= o]E o] 83

[v] [-3.1432 26833 0][v] [ 65087

i |=[105197 -104568 0| r |+]26.5229 |5 (5

Ly 0 1 0y 0
W [-3.1432  2.6833 0 0][w] [6.5087
q|_|105197 -104568 0 0 q| |265229
6 0 1 0o ole o |
z | 1 0 -8.2304 0 z 0

©)

5] [-17.0768 0 6.492
R M

1. Hoj7| A
AUVE| 725, AlRFat & el tigh Ale7]= PDA
7ot Ak FElE, vAdE TP 7 FolA A5
AA(AHRS)SE 7445 AN m1e)an AlwAle] &3& o] 83}
o A @) ol BAsIAH 8]

ol W, 5 & W AE 9 W EF(rudder), S, = I
A g A% Aolg A 57 Efelevator), 5, & & A&
£3 = ElZileron)]1, p,q,r < AO|ZAIALE T35}
BE T A= TA 1A HEAC] A5 SHA, ¢,9,1//
AHRS«] E A, & 2de] Ao,
Qo= A% grolth oA d7F 22

7} 7t Ee] R Wy 2% X AES ov|gith
A A ®)olA B4 AL 00] Hojof slnw Ex F7}
< n2 *é*éo} | ¥tk Elal KKK, K, & vl el
5, KKK, & " o]53 #E o5 %ME}.

A)71S E33h 7};&4 AEEe] B2 toloj e

a9 20 EAEGITE MRS 7RSS Hl—ﬂ PEfol AR,
21 (6)°NAe} o] Aol tigk A7t F71Ee] desE &
T Utk EF0 Uig E5AEE EyEe] 002 4]
= 3 AQsiH 7tEF0] 545} FUsh] wliel, &
=irolAe st

21 (8)8] AAg o] 54k FHEMATIHE
59 AL AN vdE o) A 574, AlA
g 9%t A At 8AE FES £ J=E TR
RS 7H ¢ A dojuiglh

AAIE o] o5 tiste] 7+ & MR ©]54FH{(GM: Gain
Margin) / $/3f(PM: Phase Margin)e} Uo]7|=E A%
(Nyquist Plot)= 1§ 30l TA]=o] Qi 72 5e F-3k) <]
GMol| 833 o] PME 7H AL, M52 20.1dB2] GMel| 74.9
o] PM, E52 F3hle] GMI} 8799 PME ESIT] o]
= OE‘HJ@OJ W FE A 4E] ]Sl FES] oAl A
FolA|uk o] 7Pzt e} A el thgk A Aol

&3], AUV 7]

[}
7] B4, Al

= Zg

I
Depth Model
/K": : Thet
| ~ theta -
\Kr i j
z
(b) Vertical axis.

7 2. %5 2l Alefr)e] B
Fig. 2. Block diagram of linear model and controller.



770

Boda Digrarm
G- dB (a b radises) . P - 833 dog (a1 0.799 radsec) Nyauist Cagram

Magrtuda (46

Imaginary At

T

|

|

|

|

|

|

|

|

|

|

|

|

|

|
V

Phase (deq)

5

.0 A

(a) Horizontal axis.

500 Dagram
Gm=20.1 dB (a1 257 racisec) , Pm=74.9 g (a10.408 radiscc) Nyquist Dagram

Magniude (¢B)

Lo L
.
(b) Vertical axis.
-
) e b1t o gt 185 [S——
Fre_—— === === i
8
g ’
8wl N
b | 2
I - L
N B,
' [E— v " s '
(c) Roll axis.
a9 305 W A Ale]r] oA oL
Fig. 3. Stability analysis of each decoupled axis.
Horizontal axis
2
15 B
2
i
~ o5 4
0 ‘ ‘ ‘ ‘
0 5 10 15 20 25
Time (sec)
Vertical axis
1
08 4
£ 06 1
g
o 04 -
0.2 4
0 ‘ ‘ ‘ ‘
0 5 10 15 20 25
Time (sec)
Roll axis
,
08f g
g 06 f |
5
E 0.4 ]
&
0.2 B
0 ‘ ‘ ‘ ‘
0 5 10 15 20 25
Time (sec)

T 4 Al Bl dIgE A E Alel7] A

Fig. 4. Perfomance of linear controller under parameter uncertain

condition.

]

3Ae] A7} 30%e] WM A W, A
w3ke AT Aol g Bl

2
9
N
Ll
}_,
gt
rot

AEEE, 5 Eeol)7t F9& HERILE Al A9

M O

o 9 ot o

to

=

2

Jiy

[e]

:

g

=8

<

N
M

o

v ok
IR A=A DY)

il =
7Fsgel g, Alelakd %
sAmztel 55 $el7t 9
dehe gy Shask ens

AN d

4o,
el
Lo
2,
2
N
e
X
AL
ox,
olr
o,
N
ﬂ?
o,
oy
2
r o

7IAA
A7k 3
o

Atk

=407 Aald Ao} Bzt
3, ¥ AY AN A7 A 5w
sl

e TENS ATAEL, A%

|
5 05 Rt Bl I Sl Bt
8
g |
5 0 2 S S p—
k) g
3 | ; | | | | [
c? -0.5 [ S i L o
L. 5 | | | | | b
1 1 1 1 I I I I I e
1 1.1 12 1.3 1.4 15 1.6 1.7 1.8 19 2
®
H
3
]
kel
©°
S
[id
=
=g
S
kS
3
w
5
2 . .
SR D N T E 7 ut Y R B ICEEETED Command
w ~+ - -+ - -+ -1 —e— Measurement
: : —&— Actuator Model

1.7 1.8 1.9 2

time(sec)
a9 s e Bk 54
Fig. 5. Response property of Actuator.



+S2SHOI st BIod Moidl & & g5 &0t

B ¥/ BOe sk, ol AlEeeld el £33
o B3 AVYSE HoHE U= Sk

Zrol il Ageld) Qe 7] B4 a9 sol veht
stk Wiz FAR Aol B FE Bl thakel Al
F57) B2 W3 Ao TAR 1Y 59 757] B
ZF W9l T erebel Ao wee) Aitst B gloltk

~
N

TEIE A @ el a5 AR At 14 A A

—1,;8
X

Actuator Transfer Fuction : e
ts+1

t,:pure time delay term ©)

t.: 1st order delay term

AT 2elo] A A5 (et Square)E #-88ko] 7 A
o AR ok AR g Pouiglay, ol Ty 5ol 4
3 How @l EASe] gtk ¥ se] AnEne w5
ARk AL 14 A Ao Bed | 757] Bl
o] sl A7 Aol & RHFL sk

V. AlEelo]d & Al &3 H|m
o AollA AAE Ao)7)= A, A 7Hgskel v
sl &5 WA o] 83dle] Lozl Aolmg, AlA| nA3
A Az"el Hg 7ledA Hed davt ok o=
A= 4 AAE Ao7E exHrE BIAE AN FF
A 2ald] 28slo] AEo|AS Fasla AA s
Aol A8k Al vus)] Bkl o]F Fske] 7Hge]
A, AR Ao7le A HEe] 6AHTE &5 B
o] A3d7HA ERlE B 4 Uk
O 62 B =1 i AUV AlZEe) gt
& 79248 MATLAB Simulinkol| 4] 7@+ &5 &=
o

=
S st Feie 2e, Aojea

%

>
1 o > Mo MO oft

T
E(-‘ —_—
o

b oft

o Mo

AHE A B,
FE B2l SO 7AH glom, o]F o]83le] AUV A
25l 543 Al Alef7]e) dee BARE & ok

=
dojd 2 s AE AdE s o 2l 5
A AL & 27] As HEEE 4EE % 6027t Sm
olgflo] AEE FAIBHEA, 10-E o] ite] A4 35 b
0%t 150%9] = BAS WA oR gl oe
a8 79 AElEe] th 18 7@ 3059 1505 E YHEE

X ‘ { —i=
Hydro & Fin force —Ll—=
Model

a5 6. AlEU OIS WY 62T REL
Fig. 6. Nonlinear 6DOF Model for Simulation.

M e
ol e e

AN 2y
o2 [
o g

ol
=

>
Ll rlo oy

X
o

)

Euler Angle(deg)

)
fitl
R
ol
ol
ot

o

>
o

o

N

ot

~
_Y‘_l’

E_,
~
-
AQOJ‘HJE

e Al el we AEol
7 29 81000 242} Ao} e 7
5 alo] P& Aol AL

2

‘Yaw Command

Az} A
] q_ T

BO — — — — F---

|
——— -

|

|

|

I

|

|

|
L
|

|

|

+ - =
|

|

|

1

1

-150
[¢]

30 40
Time(sec)

@

771

AR AR 13013, (b o
o= FYYE W) AR 74 P2

50 60

B

B

(b)

a9 7.8% ¥E I AUV A9 A

Fig. 7. Yaw command and AUV test trajectory.

Q (deg/sec)

R (deg/sec)

ad

Gyro Output

o

N
o

A
S

T
I
20F - - - - T [
I
|

-50

Test Data

---------- Simulation

-100
0

8. w9,

Fig. 8. Gyroscope output.

time(sec)

50

60



772 Chul Hyun

Euler Angle
=)
7]
k=2
5
i
=)
(0]
z
=4
2
o
50
04
=)
3
S sl __1__
2
gl
> 100 Command
e Test Data
---------- Simulation

-150
0 10

time(sec)

a9 9. 99e 7
Fig. 9. Euler Angle output.

Normalized Control Surface

Upper Rudder

Lower Rudder

Right Elevator

: Test Data
*********** |~ 7| e Simulation

|

|

Left Elevator

time(sec)

7 10. Alof B2t
Fig. 10. Control Surface output.

A Ao s FEEAe A5 A Wds & WE
SISt 0 PhE S TS SAARL 5 9
I U Hol Frh

Wl vhete] s Awe] A7t A ¥

sk L A W A ek A2 2 &

TISA, E LY s dge AT & sick. 75}
o

el 2t BE AT Zﬂ°1

ARle] zdout 7)ol A8 Fow AT F s e
= ¥ Hlek

9 102 9ok Z2 AU Al waeket $7be
o] Ale] Bk Aatslste] wmAIE Aatelr). 547ke] Bzt
xﬂfﬂ z71 Slell A= AUV Alole AeH o a8kl s

S BTk

:Lal 8~100914 vEh AlEHolA Axel Alg ARt 4

2

93] fAke AskE wol AomyE, AEUeld A
& G el 10 o] 4 A4 £5E s 2
A FFEEA AP AS & wAS 9SS B
01 3)o)s) 2= 010431_

= L_E T AR
olglgh Ao HFTH LT RIS FTEA
54 getelut Alo7] 7Y 5, 5 AT A=
=]
=

e

o] ﬁ%i 13?11]0]/‘1 73J+9Jr a1

S Algte] glolw, A A
3] ;(ﬂo}7]L— B3 A 2"l gaprozn Hews dolst
T Auder, gio] AlEdoldd Al Aart A= frAL
@ ANE ol Aomi, Aol ALT 6AHE

welo] A £FEFA AP AFS B mASa 9

REFERENCES

[11 A. Hwang, S. Yoon, C. Choi, and H. Cho, “Verification of the
underwater vehicle control algorithm with MEMS inertial
sensor based on hardware in the loop simulation,” Proc. of the
2009 KIMST annual Conference (in Korean), pp. 1988-1991,
2009.

[2] K. Y. Jung, I. S. Kim, S. Y. Yang, and M. H. Lee, “Autopilot
design of an autonomous underwater vehicle using robust
control,” Tramsaction on Control Automation, and Systems
Engineering, vol. 4, no. 4, pp. 264-269, 2002.

[3] K.S. Yoon, K. C. Park, and M. H. Lee, “Controller design for
depth control of vehicle under seawater,” Transactions of the
KSME A (in Korean), vol. 20, no. 1, pp. 24-34, 1996.

[4] R. McEwen, Modeling and Control of a Variable-Length AUV,
PhD Thesis, Monterey Bay Aquarium Research Institute, 2006.

[5] T. Salgado-Jimenez and B. Jouvencel, “Using a high order
sliding modes for diving control a torpedo autonomous
underwater vehicle,” Proc. OCEANS 2003, pp. 934-939, 2003.

[6] B. Jalving, “The NDRE-AUV flight control system,” /EEE
Journal of Oceanic Engineering, IEEE, vol. 19, no. 4, pp. 497-
501, 1994.



Decoupled Controller Design of an Autonomous Underwater Vehicle and Performance Test Results

[7] B. Jalving and N. Storkersen, “The control system of an
autonoumous underwater vehicle,” Proc. of the 3rd IEEE
Conference on Control Applications, vol. 2, pp. 851-856, 1994.

[8] T. L. Fossen, Guidance and Control of Ocean Vehicles, John
Wiley & Sons, 1994.

[9] C.Hyun, “Course and depth control of autonomous underwater
vehicle,” Proc. of the International Conference on Electronics,
Information and Communication, pp. 70-71,2012

[10] S.T. Kwon, W. K. Baek, I. Kang, H. S. Choi, and M. G Joo, “A
study on way-point tracking of AUV using state feedback,”
Journal of Institute of Control, Robotics and Systems (in
Korean), vol. 17, no. 12, pp. 1266-1272, 2011.

[11] S. T. Kwon, D. H. Shin, and M. G. Joo, “Way-point tracking of
AUV using sliding mode controller,” Journal of Korean Institute
of Information Technology (in Korean), vol. 10, no. 10, pp. 17-
22,2012

[12] S. J. Ma, B. H. Jun, P. M. Lee, and S. B. Kim, “Design on
yawing and depth controller and analysis of disturbance
characteristic about the AUV ISiML,” Proc. of the 2006 KSOE
fall conference (in Korean), pp. 351-354, 2006.

[13] P. Maurya et al., “Control of the MAYA AUV in the vertical and
horizontal planes: Theory and practical results,” Proc. of the
MCMC2006, 2008.

[14] J. H. Hwang, D. H. Baek, S. K. Hong, H. J. Cho, and S. S. Kim,
“Design of micro-integration attitude controller of the unmanned
underwater vehicle using MEMS inertia sensor,” Proc. of the
CASS2008 (in Korean), pp. 368-373, 2008.

[15] J. H. Hwang, S. K. Hong, and H. J. Cho, “Implementation of
integrated simulator for design of control system for
autonomous underwater vehicle - verification using HILS,”
Journal of Institute of Control, Robotics and Systems (in
Korean), vol. 14, no. 4, pp. 42-50, 2008.

[16] S. Y. Yang, “He depth and course controllers design for
autonomous underwater vehicles,” Transactions of the KSME A
(in Korean), vol. 24, no. 12, pp. 2980-2988, 2000.

A

2001 29 Agoigtu It A7)
shEEkab. 2011 29 Mg tistal Fa)
et A7 SR AD. 2011
W 2984 LIGY =Y M&S ATAIE
AT FARoEs AAAIA Ao,

=
A=A, FosA Ao R F

773




<<
  /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


