A el 7|48 8] ) 4147 Al4E, pp. 663~668, 2011'd 82

si=== PPN

[ ]
[Le

4

CUDAZ 0I8¢t Zolldts JIgel adxel S5 Uy

An Image Processing Speed Enhancement
in a Multi-Frame Super Resolution Algorithm by a CUDA Method
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Mi-Jeong Kim

Abstract

Although multi-frame super resolution algorithm has many merits but it demands too much calculation time.
Researches have shown that image processing time can be reduced using a CUDA(Compute unified device
architecture) which is one of GPGPU(General purpose computing on graphics processing unit) models. In this
paper, we show that the processing time of multi-frame super resolution algorithm can be reduced by employing
the CUDA. It was applied not to the whole parts but to the largest time consuming parts of the program. The
simulation result shows that using a CUDA can reduce an operation time dramatically. Therefore it can be possible
that multi-frame super resolution algorithm is implemented in real time by using libraries of image processing
algorithms which are made by a CUDA.

Keywords : Super Resolution(Z3]’4 %), CUDA(F-t}), GPGPU

1. M2 A7 Zhedl shuiE A B RIZEAIE) A Eo] o
SH ok ey daElge] R e I
AL FPde By EHA Ager FA FAte g LA A7 Brbsstol ARgel of
2 g oouA] AMERY 5T 5 e e &l 5ol At
g0l Aefo] mET. ERE ofyE} Wy % #Y 2 Fheiet g AE719] Aol ddEol wet o
Aol Aol oal] A= S FS5sHA Hol A8 el dd e7Ere S7EA T &
e AFAFR 2 EXES A8k AL v o gel 719} frame rate’} SRS 2 AT sfof
Hoh ol& sidsty] As A5E A= Y= 2 Gel ol F43] Srkska ok 2y dA9
HEEE Fol7] A% B A7) olFolA Atk A CPURE °o|& AT FHo] FFsto] WEAY7} 7t
Nd= FEES o8 A= 7IWS = & 5% GPUOl thi3 B4lo]l yEhtr] A1AHEY GPGPU
(General Purpose computing on Graphics Processing Unit)
20119 49 279 FF~2011d 79 8 AAES) £ 71E 2d9 7k=e) 3ol GPUE WY o
* 8tA T4 (ADD) Aol &3t CPUS A 2lE tAlshe Ales
AAAAL 277 (katz5]1 @add.re.kr) A F=2= Sojoltk. 2y GPUS FAE ol&

AL el 7] &85 R Al143 Al452011 3 89) /663



st wlzEfg of Aol el S&etEe =¥e 4
A ¢kkth GPUE CPUSF 22 o7y A1ER
Aol gt 7} =83 APIS F31A a1 AH 3§}
=905 Aofstr)7t 73 olH7] wEolth o] g
2488 7)48t7) 98] NVIDIACI A& 20073 Cdof<h
f+AF8E CUDA(Compute unified device architecture) S
5l th CUDAE OpenGLO|Y DirectX2] 122
APIE W&3) AR&SlE LA #1 GPGPU s 23]
3l programmabilityS ¥ &7 NLA7F CAAZ of
ZAlAE NN dFIE=E GPUCA A3
st AAY F A== st o2 CUDAE 4
AlZF g Qe FAAE GaelEY AREs &
AE FEE & AEF fFArh

2 =ddAe 24T gagEe] AgArE &

FA17171 $18ke] CUDAE ©]838l= Wl s of
ot A 2N E ZIAE Lug]=d CUDAS
7] Yl ¢l ABERE E4sta 11 A
A8FHE FES ¥EXYs) e BEY O
0} o
16 o

o
reconstruction-based 7] =2
AAE G GdolA L

A==
- =
2 W H2YE S dEez o]&F A
[e}

664 / =i A# e 7)&8k3] A A48 A45 (2011 8€Y)

A A, e FdE gdAkeld] FEa, Y4 E
g e g o]&ste YRS A= HHo] &
& o|t}. Fig. 12 reconstruction-based 712 UukH

A FYCHE HERdT

Camera
calibration

Image
registration

Image
restoration

Multiple LR
images

=

Al feature 7]¥ke] ¥} intensity 7

o
H
e
ki
A
P,L‘
£
w
=4
f
]
N,
iz
1o
o]
8.
g
2
:3
L
o

optical flowe} RANSAC®] ©]-&5 it}

FAEY AHLE TIT AUES FIT Ay Ao
A dE QAo ARE T3 & Fo] AYE
FdE Bdste ABE Atk &4 AT I
£ Atolelle Zhdglht FAEAS] FZ ]l 2§ mA|
sHAl o2 AR Z3HE ] S Aolgke 7HEE VI
EHAZ 3t 2] bE FRE 7R AT 94
£ o83t 1T FHE @

o]t} Fig. 2+ FFELS A8 S S
S8 AT Gtele] AIE ZdAHS Aotk

Warping Blur
B 29 Sub Bel 29
N - -Translation -Optical blur " -
DiaT Pu Rotation ~Motion blur sampling AHEE g

-Sensor blur

ol 7§t E HIZA AME oA A GRS
4 71d 7kd v HgE SE dE F UES
Regularization= ©]-8-3+ CLS(Constratined Least Squares)
7IWHE ol&dte] ZIEE JIHES st ol
el B S HH3817] Y3 gradient descent”]-S A}
|3FAth CLS71M 9] oA 4= ofefioh 2ot

=



CUDAE o] &

i

3]
<

4= 719

2= argmini | y— Wa 1 2+ 1 Cx 1l %} (1)

A e A WA g9 ly—nall’e B9% a
YT G 2 & FFESEAS o gt A
ANAT G ast A4 F5F ASdxE 94 v
7b Bl H=E sk oluA] Feolth. a2y A
HA Frtoz s EdE nad=E Jio] fL&lst
AL 1A% £ gloemw T ¥A 9 ol
regularization 342 AF8-3Hc} RegularizationS 93730 4]

AH3 HAE Alo]o] Y]
ol-g3te] HdE TIYE PFelA o]z

3]

P

>

rr

YAE A
ole] gezel vl
Holth. 4 (Ng A4z
m2ake] grel 0o
Hgste] Fahw ofe)

3|

i
ofs
o

ol
fr

x5 317

fr
8
it

I~

rlo

Al
2

=

®

Tp41— xAn,_ Oén,( Wi WwAﬂ— ) +)\nCTC'xAﬂ)

I da | 2
I Wedell?>+X, I Cedall?

n

de = W'( Wz:lfy) +)\nC’TC’zAn

o] o =
’é‘oé’é“r

) WA g A

7] S8 AeEE sein)

slaf g

gradient descent 7|9

Atk

@

(€)

“)

7104 step size o, FHA H iteration 5}
#@E 92 EE iterationt}t} A4

Lb st 2i2|Ee| LA 24

ZIE FTAZE THNC 2} BANN Lo
= AIRbE Fig 33 2tk Fig 3004 F &9 AP 5
7 BAA LQEE AR HIES %E G
k. dEFFoZE 7204480 789 EOFFo] AMEH
A3 F4EYL g F iterationS S¥ F3Y3te] 113
B A 13E oAt oldg viel 2ol G
A FAEAAA Be Azl A8He AL B
T AL WHE Aol dadh GAEANA F AQA
Fe] oF 70%7F A8 EHA UFE A T F Uk

el 2 F 471 A FEY FagES Fig

e e

calculation, update HROA ©-& AJ7to] AR

g 4 glck

T2 map generation, similarity cost

\_ °
= AEs

5]

Lo

Load images (=1.2%)

!

Convert data (=2.25%)

'

Camera calibration (=0.82%)

l

Image registration (=26.56%)

!

Image restoration (=69.1%)

Map Generation (=61.7%)

I

HR initialization (=3.23%)

.

Similarity cost (=14.31%)
R R

Regularization cost (=8.17%)

lex " & cTcs,

Regularization parameter
(=0.34%)

-5 ) ]

f

A= ].11‘

'\

||C.in||J +e

!

Update HR X,,; (=12.26%)

)\\
- e

- S,
_~Check Termination™.
- - 2

Of ALE 9|
oo

Fig. 4.

St A e 71483 A A48 A4E (20119 8€Y) /665



Update HR #H4& 4] 3)ol vehd a, & ZAitehe
FAS ey ol WANIL HA @7 wEo|

CUDAZ 7@€ & it Wt & =Fol = map
generation@} similarity cost ZH F W B g7} 7t
3ukS CUDAR T3S T

3. AleiZnt

Al EFo]dolA A1 HW % SW Ade
Table 13} 2t}

ot

Table 1. 7H&tetA

Workstation Intel core2 Duo CPU T9400 @
HW 2.53GHz 2.53GHz, 2.93GB RAM
GPGPU NVIDIA Quadro FX 2700M
O/S Windows XP
SW Language Generic C + CUDA
library Math, CUDA

7} Map Generation
Map generation e registration parameter AHH9}
7}”1]?4-94 intrinsic parameter 4E—E— Hkedste] = A

=
o WBAgslr] §olétrt. o] 3 Map generationdF
2 CUDAZR F3317] ¢8iA WA 4o Axay
of sl tetd] AR Fig 59 2L dite] 7zt
o] FAd tist FPHTh

WEAYE Al 22325 FHE7] A 2897}
=9 A 2 dEGEe] ATl BEE thread o}
block 755 AAGdokstct. 2 AgtolA ARS-E 1)
¥ 7}=9] AFFE Quadro FX 2700MCS.E blockd
o thread®] 7H<Fe 512700tk B E=RdlM= 720%480
o] JE ol &trE ofefje} o] thread B! block ]
Mg AFsHA

dim3 dimBlock(360, 1, 1)
dim3 dimGrid(iDivUp(width, dimBlockx), iDivUp(height, dimBlock.y))

666 / =T AL T3 71 &8 8] A] A4 A45(2011d 8€Y)

©] & cudaMalloc®} cudaMemepy S ©]-8-31°] host M|
22]e] telg et g 7h=9] wRe HoleE wE
stal Zb SAdTe R Agbo] o] FolA 3l CUDA &9l
=17 et

% a2mcg FSAD:

ntrinsic parameter
UsN?

YES l
r

Pixel coordinate=
Normalized coordinate= =
et

| |

END

Registration parameters
Ol EE transform

Camera lens distortion =&

.

Mormalized coordinate=
pixel coordinate™ = & &
{intrinsic parameters]
scaling factor, offset,
skewness G&)

:

Registration parameter=
DIEE transform

.

END

Fig. 5. Map generation &2 block diagram

C++3} CUDAE ©]
ol

Table 2= Map generation <5
|3t 7S A AITkE Blagk A

Table 2. C++2} CUDAOI 2|8t Map generation &2
ADAIZE H|

C++2 0|38t | CUDAE o|&8st
Map generation | Map generation
gteol gtol
processing time | processing time
#1 1399.83ms 108.67ms
#2 1396.07ms 108.20ms
#3 1392.47ms 108.53ms
#4 1390.52ms 108.11ms
#5 1395.37ms 108.03ms
|
°.ﬁ . 1394.85ms 108.31ms
processing time




CUDAE ©]&3 x34% 7Y

Table 2014 &ol& 4= g=nle} 7Ho] CUDAES o]
3l 749-9] processing times C++7HS- ©]8-3F 752
processing time®l] HIE|] <F 13uv] A= wWelzS g2l
F Stk ole AA 2= EEEY processing
times QF 18% GEA17|= Ads etk &9
EEel vl AA T FEMe] IR @
O]fr= iteration®l] o3t ThE o] REEE & 9
3 A0 F iteration 3570l w} AA| k4=

|

A 3H4=9] processing
time®] @5 A3V 2R 7] wjEo

o}

Lt. Similarity Cost
Similarity cost $F=+ map geneartaion $< TS
Z Ee Aol AREHE F¢Z forward HR2LR,
backward LR2HR, filter®] 3709 &2 o]FojA 3]
t}. Forward HR2ZLRE= 27] 1sdT 94 3 &

[o

O ZHE registration parameterE ©]-83}] A YT
AlEdold JFES APt AA AT JGE

I AlEgeld FERrY Aelg: FeEte Fere
backward LR2HR &% ©]& o]&3te 1| =
A& dulolE ste Fgrolth Al A A8FH
A7+ Table 304 218 4= it}

E

Mr o2

Table 3. Similarity cost 2| WF& L~QA[ZE

2= ol& S22
First Filter2D 50ms
Forward HR2LR 82ms
Backward LR2HR 54ms
Second Filter2D 57ms

Table 39| W=W Filter T<ollx AREHE A7)
A g4 ote] 2HES WEAAYY JeslEE
HASHE o] B7Fs3le] CUDAZR Td31A] &3t

CUDAYAME ZAFE v Z2AF9] 237t e
g W7hx] B Al ARdEE g2 S &
wef &AL 2 =40 9

A gtk U A gl
o F=9 MY S T3+ Forward HR2LR 34-51Ho]
CUDAZ &= Atk

Forward HR2LR &< Fig. 63 2©] Generate map
el X ARE Al 4T Y= G4
X BA (MapX LR, MapY LR)S wtgate] majd= 4
FE ANGER FFoE wHEo]l AA AW E I

Zo] ol Atshe T IE} a2y MapX LRI}
MapY_LR2] do]E]7} 13 4= 3/de] = 7|(src_width,
sre_heigh) S Bloju+e -9 Q49 AAE 7ele
A A Fde] HA g2 oll9} 2ol indexE

ol-&-ste] Al stet

}11

_IS; oﬁ

float templ = MapX LR[idx]/(src_width-1)
float temp2 = MapY LR[idx]/(src_height-1)
unsigned int index] = abs(floor(templ));

unsigned int index2 = abs(floor(temp2));
unsinged int index = !(index1 || index2);

QoA AALE index= if £ IS A RZE data
ol index® A&3t] W T e ATE "o
Ue A5 A= 949 g4 e 002 XY=

= 33t

1

~ [ 0| 24
THAE o4 Simulated eE

Mol ae ga Mo & g
MapX_LR[0]
MapY_LR[0]
. ———————— = .'
MapX_LR[1]
~ MapY_LR[1]
S
N
A N
5\ ~u
A “h -
\
N\
Ay
MapX LR[2]
MapY_LR[2Z]
\
AY
\
A
\
4 —
[] ]
L]
O -

Fig. 6. Forward_HR2LR &=2| /iH =

Q

Table 4= Forward HR2LR $4E C++3} CUDAE
ol gste] FAI A} AWAZHS Wl Aol

Table 4014 &1 4= QlE ule} 2o] oA A&
[F= Aol ¢F 20% FFEHPOY T ZIUE A
AT

CUDAY} H4H A2FEE 0|83l 24T &
15 *l%fbﬂom 2 Fig. <
=2 AUtk ol CHE THI AT FAI A
e A%E o HH} A|ZTel e

Bt AL 8 7] & 88 R Al147 A45(20113 8Y) /667



oy

Table 4. C+2} CUDAO 2|8t Forward_HR2LR &2t
Backward_LR2HRS| A2 A|ZF H|1

Cr2 ol 8%
Forward_HR2LR
gt

processing time

CUDAE o|Zst
Forward_HR2LR

aiel

processing time

processing time

#1 81.8ms 65.4ms
#2 82.2ms 65.6ms
#3 84.6ms 65.4ms
#4 81.5ms 65.4ms
#5 82.2ms 65.5ms
Bt 82.46ms 65.46ms

668 / =T AL E &8 8] A] A4 A45 (2011 8€Y)

o2l

4. 4 2

2 =fdAe dneFe MY £=5 F
3 "]7] 7] {3 daelEe] U< map generation FHS
9} similarity cost &<~ CUDAZ Td3 A7E el
ATk Map generation $HE CUDAZ 33+ 2y
CHE 78IS W B of 13HH Ar o] &Ead
HAF O similarity cost FFE 2085 £5
s YEh FATh —T'-E]’;‘—’] ER]A =
7t=e] Aeol met S Aes dEkd 5 9l
Sup iAo g JPAAY SEAIY HAEHE B
oFa Jerw ZadE dagES CUDAR T3
st librarys} st AXZ A= 7Hssid Aolth

2=

e oo o

References

[1] http://www.nvidia.com/object/cuda_education.html

[2] http:/kr.nvidia.com/object/cuda_develop kr.html

[3] http://www2.uic.edu/~agurmu2/CS525/final/

[4] Zhengyou Zhang, “A Flexible New Technique for
Camera Calibration”, Technical Report MSR-TR-98-71.

[S] Barbara Zitova and Jan Flusser, “Image Registration

Methods :

Jun. 2003.

S. C. Park, M. K. park and M. G. Kang, “Super-

A Technical

Overview”, IEEE Signal Processing Magazine, May.

2003.

R. Y. Tsai and T. S. Huang, “Multipleframe Image

Restoration and Registration”,

A Survey”, Image and Vision Computing,

(6]
Resolution Image Reconstruction

(71
Advances in Computer
Vision and Image Processing. Greenwich, CT : JAI
Press Inc., pp. 317~339, 1984.

Deshpande, S. D., “Max-Mean and MaxMedian Filters
for Detection of Small-Targets”, Conference on Signal
And Data Processing of Small Targets, SPIE, Vol.

3809, pp. 74~83, 1999,

(8]




<<
  /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


