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ABSTRACT

This paper presents a real-time software verification technique for the attitude determination and
control system (ADCS) of CubeSats. The on-board computer (OBC) of the CubeSat is equipped
with a single core and limited redundancy, making it essential for reliable software to be installed.
In consideration of cost, development time, resources, and manpower, an accessible software
verification method is necessary. Based on this point of view, this paper first performs a
model-in-the-loop simulation (MILS) using MATLAB, a commonly used software in educational
institutions for ADCS design. Based on the designed model, software verification is performed
by separating the space environment simulator, which provides dynamic models and sensor
measurements, and the ADCS module. RS-232 communication is used for data input and output
between these modules, and MATLAB-based software-in-the-loop simulation (SILS) and OBC-
based processor—in—the—-loop simulation (PILS), which is implemented in a real-time operating
system (RTOS), are performed. The validity of the implemented software is verified by comparing
the results. The proposed technique was validated by presenting the numerical errors of the SILS
and PILS results of the SNUGLITE-II CubeSat ADCS.
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Table 1. ADCS software development plan and objective
for each phase

Phase Target software Objective
1 | MILS Algorithm design
MATLAB .m
2 | SILS Module separation
3 Visual Studio Software
implementation
—1 PILS .C
4 Linux Eclipse Real-time software
(OBC, FreeRTOS) verification
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Fig. 1. Configuration of ADCS software verification
environment for each phase
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Fig. 2. Overall simulation block diagram

Table 2. Comparison of applied simulation models
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Table 3. Variables and data types provided by the
space environment simulator

Data
Module Variable - Target
Type | Size
Sun sensor uint16 | 5x1
§ensor Magnetometer | float | 3x1
Simulator
Gyroscope float | 3x1
Position int32 | 6x1
velocity, time uint16 | 1x1
Number of | ;iyte | 1x1|  ADCS
satellite
GPS PRN uint8 | Nx1
Simulator Pseudorange |double| Nx1
Carrier phase |double| Nx1
Doppler float | Nx1
Carrier to noise | . ia | Ny
power density

Table 4. Variables and data types provided by the

Simulation Space ADCS
Environment
Model . Module
Simulator
Moment of [ 1.1, =0 L0 L, =0
|nert|a xy’ Ty’ Tz xy’Tyz Tz
Gravit EGM-96 Two-body
Y (360x360) equation
Air drag density Harr|ns1—OF;r(|;|ester Extended
<ol diati <oherical shad Kalman filter
olar radiation |Spherical shadow process noise
pressure model
. IGRF-13
o World Magnetic th
Magnetic field Model (WMM) (Reduced 11
order)
Solar system JPL DE405 Simplified DE405

ADCS module
) Data
Module Variable - Target
Type | Size
Attitude Estimated double |10x1 Attitude
Determination state Control
Attitude Agtuator double| 6x1 | Actuators
Control input
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Table 5. Hardware configuration

Table 6. ADCS mode and applied algorithm

Component Model Specification Module Mode Algorithm
Silonex Low-cqst planer Attitude 1 MEMS EKF
Sun sensor SLCD-61N8 photodiode type Determination (AD) 5 GPS
sun sensor
1 B-dot
Magnetometer I:i?vrl]gggfy 3-axis digital compass -
Attitude 2 Nadir
Gyroscope Ir;/\llsaéggze 3-axis MEMS gyroscope Control (AC) 3 Tracking
SNU 4 Magnetorquer (MTQ)
. L1/L2C dual-frequency
GPS receiver | self-develop .
ment GPS receiver[16]
-AC.Mode1
B-dot Control
Reaction Cubespace | maximum torque 0.23 | wews e AC Modez
wheel CubeWheel [mNm], momentum _b/s,w Doteminaion || 7S o Aedir Contro -
Small storage 8000[RPM] apae | ADModez _] Tranke o Space
nultor Determination o imulator
Cubespace Rod type, S s
Magnetorquer | CubeTorquer [maximum dipole moment
Sma” 024[Am2] at 5[\/] Attitude Determination Attitude Control
Fig. 3. Configuration of ADCS
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Table 7. Comparison of key functions implemented

in ADCS
. MATLAB Implemantation
Algorithm function numerical method
Singular v_a[ue svd() Jacobi method
decomposition
Matrix inverse inv() Gauss-Jordan method
QR decomposition
LQR solution qr() (Householder method)

Potter’s method
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Fig. 4. ADCS software verification environment

Table 8. Comparison of programming languages and

processors used for each module

Module Phase [Language Processor / RAM
Space SILS Desktop PC
Environment MATLAB (Intel i5-9600KF

Simulator | PILS 3.70GHz2)
/ DDR4 32GB
SILS | MATLAB
ADCS Gomspace A3200
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2

L

r

3.2 AMEE 2ZEQ0f HE At

AMZEY A2ZEQE HISsH7] Hsh SILS, PILSE
St AMZEY AZEQols Y AvtdE dard
Eol gAlxlo] el w40 tigt AFo] HHs] 4
Tlojof gt} wEtM BE RAZAY mEE 47 24413
et l%EﬂOWOl Frlo] Wry R47F HEHCH

2% AFNELS Table 40 =AE 24 e vlag
%ﬁ AZE 4101 ASS FYsitt B =Foie #He
¥ A4Sl FAEUQ, Z4x, vhojoja 371X
EU<Ql, &=t ZASHEE St} Table 60l =
MEMS EKF, GPS AMZAY mE= ZHZo] tigt &

A% A= S Figs. 5~1201 =AY HRe

A Figs. 5~82 MEMS EKF ANZ7A m=o tigh
AT EQ0] & AFNE yehdch AZEYo] A
AX 2729 EFAEES AAsH7] s FEAEY x}

] =y

ARlS) 5ol 7 AstEE MTQ ARl RES
237 ABHolEo] Z7lsto] AMAH mEC AZE

9o} A& 4335ttt Fig 55 MEMS EKF ZE9|
4 #HEUR, Fig 72 A&E=o] tiet MATLAB 7I%t
9] SILS, AAIZF RTOS 7189l PILS ZIE 27 vl
gt A3ts yEpdh ofo tigh £X3 QA= Figs. 6,
8ol =AJE uieh At 3PS RIS B MATLABS
35 A& SILS ZA3tet OBColAM d4td PILSS| HH
140* aga ZEe el A4 4t 7## 107 0[],
“Sldeg/s] fFoR wle HWUS §8 Ao Ui &
4E°1°17} TAFNSS AT & Ut
b7k A] 2 Figs, 9~12% GPS AHMZA% Rof thgh
ZEQ 101 74% 7%4— Uehdith GPS AHAZEA =
4151- 0% A%ﬂ—a]—‘:_ /3@1—9— 7}7(4—3]—
o R LR F Aol o] of
AlEdold A3t Figs. 9,
g HEUR], 4= SILS,
e Figs. 10, 12 Z+
4 QAE =AIRE Aoty agoA FRl
ukeb Zro] SILS9F PILSS HEUA g
FAA a7k 242k 1077, 107 [deg/s]
ol#, o]= MEMS EKF AAZAA mzEtt 4
o AdsHA Az Eol7t #E Aol FlH
. GPS At ZA = MEMS EKF AANZHY mzet
sto] ZE 9l A4 Aert Ao it Bl
Wk ME} Bejgdol A7 Aol dso] 4
=]

Algdeld 27e AAsIAL

r_{

112 GPS EKF &
PILSo] thgt Hhi' &9

o] A3

mlo R 38 oX

-

)

Lo

4

A
2

N
38
rr

g
eRTe)

a2 N b
o o ki

:lﬂ

S 3@ e (0 oot & m oo & Y N opol
foeot o Rl

o
o g
= 1]
m
=)
Yol
R
o ﬂﬁ
[
=]
m
)
2
ol
2
i
>
%0

(
=



H 51 # H3F, 2023. 3.

FEHE A2 9 AolAlade)

>
>

dAIZE AZEQ 0 A 7Y

213

05 T T T T
t 0 WW\—W
T
[ SILS(MATLAR) =memesn PILS{0BC) |
s . . T T
0 5 10 15 20
Time [hour]
05
o — e
o o N nad
05 -
0 5 10 15 20
Time [hour]
05 r r - r
T, | 1 ‘ Al ‘ ‘ i
a Vg BRI a4 ‘ vV W ¥V
s . . I .
[} 5 10 15 20
Time [hour]

Fig. 5. AD MEMS EKF mode: SILS, PILS
estimated quaternion

<1071
2F . -
[
T 0
s ]
0 5 10 15 20
Time [hour]
10 r r - r
ol 1
e
0
0 5 10 15 20
Time [hour]
o
=

Time [hour]

Fig. 6. AD MEMS EKF mode: numerical error
in estimated quaternion

T T T :
=02 l [ SILS{MATLAB] -==---- PILS{0BC)|
2 Aadd - AR Bea o A o
3 0 | ek amhd ' Burl etk dan aee adon aad gt
> oz2p 1

0 5 10 15 20

Time [hour]
T T T T

— 02 ]
)
&
£ ob A A -~ el 4
> ool j

0 5 10 15 20

Time [hour]

— 02 1
=
g‘ y
£ o
N oozt q

0 5 10 15 20

Time [hour]

Fig. 7. AD MEMS EKF mode: SILS, PILS
estimated angular velocity

<10

o 5[

8

=0

><_5_ L L L L ]
0 5 10 15 20

Time [hour]

Y [degls]

Z [deqls]

1 T T T T
; I !
AF

-2

[1] 5 10 15 20
Time [hour]

Fig. 8. AD MEMS EKF mode: numerical error
in estimated anqgular velocity

al [
o

T
s SILS(MATLAB) = ==s=n= PILS(0BC)]

Time [hour]

a2

a3 [

Time [hour]
Fig. 9. AD GPS mode: SILS, PILS
estimated quaternion

oat [

]
P T

o a2H

Time [hour]

Time [hour]
Fig. 10. AD GPS mode: numerical error
in estimated quaternion

X [degls]

PILS(OBC)]

e SILS(MATLAB)

Y [degis]

Z [degls]

Time [hour]
Fig. 11. AD GPS mode: SILS, PILS
estimated anaular velocity

<107
=
% ogbhihdn,
>

2 . . . .
o 5 10 15 20
Time [hour]
<107

Y [deg/s]

Time [hour]

Fig. 12. AD GPS mode: numerical error
in estimated anqular velocity



214 e - HAE - 1RE t

ol

StDo=x
=382+

Jon
o

Al

33 XHHO AZEYOf HE Bt AHAS] mERT JrHOR 2 A7t EAIF] %

AAA] RES FUH AxEQolE AET DE o ST T wEse ST LR Al
FN AAAY BE QR 48T ANE U 4 oo Seor] A 7HE QR Fe el HH
o3

S Ea < :
FY AAAS £xmflole Fagdsl A7, A4 fi(lterjti‘ffoilofﬁﬂﬁ Faas apwa 9
A REZERY AIZEE AHEH4, a9 AA Aol Ta= al ¢ ;—i—

mRlEd] o

Lgr e

oj=S E3 QLS A=t HZA wad ZAzto|tt YHAIE]E A7|EF O] AIX
A oz

Ko

2| -

ZEojojz LAET 2HE AxE 0] 3;} Qam T A 3= AT A7 9 Ag = 9
M Table 70 ZAIE 3H47p 9lom W20 wmg g B39 oA FEAAFY AMZEA Aol B
AA IS Ss)sto] wlmal Rovh wRAIEHA] oFe A ole FAIE e 29 JFS v

E9lol2 Tdstg; watA AAAHo] AZEZol= T B e e e K
Table 6ol 7148 47149 Alo] mEo] ojs) Alw @ oo eRuE PAH SAE Tl YT+ WA
- o WA B =Rl AgE wie g8std FusAol
F7] B9l SILS, PILSE —rOOPil 3 Aol gt
g UYL SF AL T ol =a® Ay TIES B AGIEE SRRRCE G98 T A
E7] 9 dhR830] Aol ola:] HIE =3 5\.&5%]01 ARl "H23F AFE FHoA RS-232 FAlolgtes X
Aze 46@%&@ B =RoldE 7 Ao mEe] g DAY WHoRE SaHe AT ARESIS 7
agolo) uld] e Az ARE Easms au BT+ gles, FEE sl ey U Asde o
Table 60 EAI® B-dot, Nadir, Traking, MTQ ApAlA] =2 T &= &+ A%
of mE 77| tid AmEge] AF A TS
Figs. 13-200] =A% upet 2t} V.8 &

WA, Figs. 13, 14= &7] #FESEY A4&5= A&

913t B-dot AHAMAl0] mEo] AZEQ0] A= AT 2 =M FEAEE AT AAZEAY 2 A ofA]
UEMATH Fig 132 B-dot AHAAl0] mEo|A Atzge  2HS AZEQ0S] FI AHI 7S AAISHITH
A71E7]0] A¥eS MATLAB 7]Hte] SILSet Azt BRHAA 2§ F29 FEA Z=2AES Aof 235
RTOS 7]8te] PILS Zito] ths] zhz wlmst Aoy — ALEsto] HEAoR A fF0] 753t E a8
B-dot AHAAlO] mEL A7 2A A9 AJZF Wshgo]  °la W FEAY AMZAA L AJALHY] AZE
s @t Alo] o]=o] dAEE= whadt rxz 3y ol HE EHE Adsilth ol sl WA MILS 7]
o] Qith webAd Fig 149 4 X2 slstge WY AAEA U AoAIA”Y] HAE £ & AA
o} SILS, PILS9] A4H&E0] SUFS AT 4 Stk H mdg uigoR Fofst mdl 9 M SHAE AlF

Som WASHS BEIE ATAF(Nadir) U 2 = LFHA ABUolE, aum azEgH HAZE =
A (Tracking) AAAl0l mEQ] 1% ABh: Figs. 15-18 & E{:M AR D AoiAAEE Besta Bl
o] =AIE Hie} Zt} T Rl AmEodor o ¥ ZES MATLAB 7|%te] SILSEF Visual Studio 714F
§ 28 doin fet), AAW LAl O 4% o PILS 2eln AAT RTOSS dAnE FHE A8
2 wEas] 95 Aol7lel o= o] thA MAEo] 94 OBC 4 PILSE S¥sto) axEgo] A5 4
SAth. Figs. 15, 179 agollA SILS Z¥tet PILS ZAxt  Asileh ojwf AMZAY U AoAIA" BER AFH

7} ZUg wz—a JJQ g0l EQlEH, upxziA=
9l Figs. 16, 18914 102 [Nm], B3l AFgo=m A st=go] tlolelE mAlsgIt
10° 18[Nm] 4 4‘1 oS Eth o]Z %3] SNUGLITE-II FESAo| gA=ls ANZ
hakgglo] wgo] W ARRS Z4AS A7) A W AlojAlagle] AAlz OBC 7I¥te]l PILS Aurt
7 (MTQ) moo]| tigt AZ AdE Figs. 19, 2001  MATLAB 7]%te] SILS Zaprt 2UA3S E%";Ek AHA
mmaiur. LS tiAst] AVEAS @EEy] o= AtE WES F8H WEo AlAHS T2
A FE Xl sl WMIste gux Aoz FHYYR AAZEH U AojAAH

.

|

rr

tolele 5874 AlEHCIEAM RS-232 SAl&

FU
)]t

At 1}71 & asto] Ao} o]55 AtEstolor gk o 31HEY} HE S ST 4+ UALE ﬁ%ﬂ%‘ﬂ A}t
w2hA AAE kAol gk Alo] o]50] ypHAo=®  wpHe wrie] |, SYEXR], QEAA OFa HE)
WHohe 2 =FoA A= LQR Alo] o]5& Wiz & HAZ AAEo] oEsiA] Fur Y gAIE ZHFET
stojof gt} wEbrd FHEE AZEFolE: Table 7014 oc2m FEYA AEE AZEC HES AAH
AA" LQR Aojo]5 4tEol thek MATLABS Wdd o= 488t 4~ glok= EXo] 9t} AUE AZEY 0]
42t OBC 7+ 44 ol thsh @af E4Jo 2 Hidd A= 7|Me 28dozHN 8 A0 FHH Ax
T} Fig. 19914 #R1E 4= Ql& viel Zo] SILS, PILS  Ego}E Aoz thoFst QRe 35t 94 AHA
Axte] Aol ZSE T 4 9tk AN Fig A" aAzmEQo]o 71d U AZ woz 8% 4 9
20014 AAE A aks 10°U4m’] £FLR T2 S Ao 7ydtt



H 51 # H3F, 2023. 3.

%

FHA48 A2

o AojAl281] Ax

17t 22Ego] HF 7Y

215

oz [ ] -
E saalbd i, | I |
< 0 | Bl 1 L 1 LIl
> 0z — 5| S(MATLAB) PILS(0BC)]|
i} 500 1000 1500 2000 2500 3000 3500 4000 4500
Time [sec]
02 I 8
<
E L 'l ' l I
< 0 LI | L | P
02 1
i} 500 1000 1500 2000 2500 3000 3500 4000 4500
Time [sec]
— 02 §
T, Al L
z T I vy
0.2 1
i} 500 1000 1500 2000 2500 3000 3500 4000 4500
Time [sec]
Fig. 13. AC B-dot mode: SILS, PILS
dipole moment input
<102
oo [—tiomaers] |
T
> .05 1
1] 500 1000 1500 2000 2500 3000 3500 40 4500
Time [sec]
102
NE 05 1
z 0
>.05F 1
1] 500 1000 1500 2000 2500 3000 3500 40 4500
Time [sec]
2102
o 05 1
£
N.os| 4
1] 500 1000 1500 2000 2500 3000 3500 4000 4500
Time [sec]
Fig. 14. AC B-dot mode: numerical error
in dipole moment input
x10°%
2 . . . . 5
E o
z
x 2 ]
4 | ! |I—S\L5[MATILAB) --------- : PILS(0BC) | |
i} 1000 2000 3000 4000 5000 6000
Time [sec]
x10%
. ]
Eo
> 1
2 L I I I L ]
i} 1000 2000 3000 4000 5000 6000
Time [sec]
x10°€

i} 1000 2000 3000 4000 5000 6000
Time [sec]
Fig. 15. AC Nadir mode: SILS, PILS
reaction wheel input
%1072
<Lt =y
i} 1000 2000 3000 4000 5000 6000
Time [sec]
10\10'2
£ 1
= 0
>
-5 L I I I L 1
1] 1000 2000 3000 4000 5000 6000
Time [sec]
_2 B
Eo
N2 1
-4 L i i i L |
1] 1000 2000 3000 4000 5000 6000
Time [sec]

. 16. AC Nadir mode: numerical error
in reaction wheel input

«10%
T T T T T
T B,
E
w10 1
[ — SILS{MATLAB) oovovee PILS(OBC) |
20 . L I T I
0 1000 2000 3000 4000 5000 6000
Time [sec]
<10
=3 ]
Z 4L N\ 4
> -
L . " . " . d
0 1000 2000 3000 4000 5000 6000
Time [sec]
<10
z. ]
=2 4
N
0 s
0 1000 2000 3000 4000 5000 6000
Time [sec]

. 17. AC Tracking mode: SILS, PILS
reaction wheel input

0 1000 2000 3000 4000 5000 6000
Time [sec]

=107

¢ 1

2F L L L L L |

[1] 1000 2000 3000 4000 5000 6000
Time [sec]

%1072

st ‘ 1

0 .r

st ' |

10 L L L L L L |

0 1000 2000 3000 4000 5000 6000
Time [sec]

Fig. 18. AC Tracking mode: numerical error

in reaction wheel input

%10

2 — S S(MATLAB) +veeeeee PILS{OBC)

0

[1] 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Time [sec]

<107

2

0

-2|

0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Time [sec]

5\10'3

ow‘\v—%—

75{) 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Time [sec]

Fig. 19. AC MTQ mode: SILS, PILS
dipole moment input

1\19*'

o |
-10 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Time [sec]

<10

[l o

-10 500 1000 1500 2000 2500 3000 3500 4000 4500 5000
Time [sec]

4 L L L L L L L L L
1000 1500 2000 2500 3000 3500 4000 4500 5000

Time [sec]
Fig. 20. AC MTQ mode: numerical error

in dipole moment input



216 NEE -

pl

. 7] iol—% 3

ol

12

21O R
oTT

o

Al

ool
Jon

7|

Joh

B Q3E FEHRBAR 73] FIFFTLFAT
9 R 2022 FEAAY AN sk SHHY
o, oo A 7| Aol FALE EFUnh g

315}H]
o 1 v

Ry a
Aedern gFeFN/EeTL D AgTt
F AM AL A

References

1) Chin, A, Coelho, R, Nugent, R., Munakata, R.
and Puig-Suari, J., “CubeSat: The Pico-Satellite
Standard for Research and Education,” Proceeding of
The AIAA Space 2008 Conference and Exposition,
September 2008.

2) Poghosyan, A. and Golkar, A., “CubeSat evolution:
Analyzing CubeSat capabilities for conducting science
missions,” Progress in Aerospace Sciences, Vol. 88,
2017, pp. 59~83.

3) Bouwmeester, .
Worldwide Missions,
Distributions and Subsystem Technology,” Acta
Astronautica, Vol. 67, No. 7-8, 2010, pp. 854~862.

4) Souza, K. V. C. K, Bouslimani, Y. and Ghribj,
M., “Flight Software Development for a CubeSat
Application,” [EEE Journal on Miniaturation for Air
Vol. 3, No. 4, 2022, pp.

and Guo, J. “Survey of

Pico- and Nanosatellite

and Space Systems,
184~195.

5) Alanazi, A. and Straub, J., “Statistical analysis
of cubesat mission failure,” Proceeding of The 32nd
Annual AIAA/USU Conference on Small Satellite,
July 2018, pp. 1~8.

6) Jacklin, S. A., “Survey of Verification and
Validation Techniques for Small Satellite Software
Development,” Proceeding of The Space Tech Expo
Conference, May 2015.

7) Park, Y., Koo, C., Park, B, Joo, J. and Choi, J.,
“Development of VDS for Geosynchronous Satellite
and Verification using PILS & HILS,” Journal of the
Korean Society for Aeronautical and Space Sciences,
Vol. 34, No. 1, 2006, pp. 103~109.

8) Choi, W., Kim, J. and Kim, H, “A Study on
developing Flight Software for Nano-satellite based

on NASA CFS,” Journal of the Korean Society for

Aeronautical an Space Sciences, Vol. 44, No. 11,
2016, pp. 997~1005.
9) Park, Y., Han, J, Bang, H and Han, H,

“Development of Real-Time Attitude Control Simulator
using Multi—-processor PILS(Processor-In-the-Loop
Simulation) System Architecture,” Journal of the
Korean Society for Aeronautical and Space Sciences,
Vol. 26, No. 5, 1998, pp. 162~169.

10) Eickhoff, J., Falke, A. and Roser., H., “Model-
based design and verification—State of the art from
Galileo constellation down to small university satellites,”
Acta Astronautica, Vol. 61, No. 1-6, 2007, pp.
383~390.

11) You, H, Kim, K. and Jung, D., “A Real-Time
Simulator for Processor—-In-the-Loop Simulation of
Small Satellites,” Proceeding of The 2018 International
Conference On Control Automation & Information
Sciences, October 2018.

12) Polo, O. R., Esteban, S., Cercos, L., Parra, P.
and Angulo, M., “End-to-end validation process for
the INTA-Nanosat-1B Attitude Control System,”
Acta Astronautica, Vol. 93, 2014, pp. 94~105.

13) Cho, D., Choi, W, Yoo, P. and Sim, E,
“Development Method of Attitude Determination and
Control System for Cubesat by using NASA cFS
SIL,” Proceeding of The Society  for
Aeronautical and Space Sciences Fall Conference,
November 2019, pp. 649~650.

14) Morris, J., Zemerick, S., Grubb, M. and Lucas,
J., “Simulation-To-Flight (STF-1): A Mission to
Enable CubeSat Software-based Validation and
Verification,” Proceeding of The AIAA SciTech
Forum, January 2016.

15) Hu, M., Zeng, G., Yao, H and Tang, Y.,
“Processor—-in-the-loop demonstration of coordination

Korean

control algorithms for distributed spacecraft,” Proceeding
of The 2010 IEEE International Conference on
Information and Automation, June 2010, pp. 1008~1011.

16) Kim, O., Shim, H., Yu, S., Bae, Y., Kee, C,
Kim, H., Lee, J, Han, J, Han, S. and Choi, Y.,
“In-Orbit Results and Attitude Analysis of the
SNUGLITE Cube-Satellite,” Applied Sciences, Vol.
10, No. 7:2507, 2020.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


