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Abstract

This paper proposes the data reusable search scan methods for full search and fast search to implement low power
Motion Estimation (ME). The proposed Optimized Sub-region Partitioning (OSP) method which divide search region into
several sub-region can reduce the number of the required Reconfigurable Register Array (RRA) by half compared to the
existing smart snake scan method for the same data reusability. In addition, the proposed Center Biased Search Scan
method (CBSS) for various fast search algorithms can improve the data reusability. The performance comparisons show
that the proposed search scan methods can reduce the average redundant data loading about 26.9% and 16.1% compared
with the existing rater scan and snake scan methods, respectively. Due to the reduction of memory accesses, the proposed
search scan methods are quite suitable for low power and high performance ME implementation.

Keywords : motion estimation/motion compensation (ME/MC), low-power design, loop accelerator

I.M 2 H263, H264", HEVC® & o3¢ g5 s30] A2
slo] Atk o]y g vt FHUEL A o935 W
gare] AR AL AnEEZI Anevc gL 3 %EﬁH Egoz ojFolx grh i FyoA
B mukd o Z Aol MM L 2 F sho] =5 7N A FALS VP BE Ak s
o} ey ZbEEA @ vt e AlfsE 277} b ol
& 27] W] 44} tEo] sttt £ E9F & & G AAEAe 7P e g ol
Aol A4 4E%S 98 MPEG-2, MPEG-4, H.261, AL B e ok gle BE AHES dAsll
gAs7] gito] /g B AMFS X Qo @
e, T A, ohFist dx ek & 3% g FuFsol [3~813 2 e g
(Department of Electrical and Computer ~
Engineering, Ajou University) Z S Sol7] Sal AEE AT ol 7 uEHEA
® Corresponding Author(E-mail: sunwoo@ajou.ac.kr) 2 24 Azt A9y e &4 gl g
i ot e suered by the MiCcurer g dlsph 4Sgs o 2] sl 005
funded by the MEST (2013081132) Atk [B~dfeh 22 E4de] fls B ARt

Hedak 201397925, AR Y 201398927

(2329)



86

N
s
off
&

E

o g

e
o
m
N

f
m[N
2

e S o [ T A )

TSS(Three Step Search)m tholop =
Bl Zo] xakETh HT H2649 HEVCO]]H.‘: =2
Foh gt E5 Alo]=2E ARGt £3
te7b v 57t skelch

1019 A=A 9] A% dHoly sgFo] 1+
[7} stol st=sol® sty 49
T2 AY gl gzo] AA
AL ol B7] wiel] 2wt
2 A Y AARE o EE A o
O]%i [11~13]%22 o8 744
TZ27F EE A
SS(Four Step Search)S #¢
27 HAeh TR TSS Ei=

i)

~
-

of
0>“
n&

N

ol b
lo FN J
hiv

LR

—
©

!

[t

¢

N
o
o [N
o
oo
T
-{u:
ol

i

ox

oft
=5
2L
2
12

-
o [
o
i)
{m
£

o &‘1—‘
O
o

(1~
[
L
EIN
tlo

=ode o Im 32
s 22y F
o
i

of
-
rir

£

= G AqRAE A 5
?57} (12~13]o1A 270 %] Ak
Ao} gl wigko] ¥

UIFJ ?EH st} Folut 5< Hlo]
Ry

4 o O

BNl
rlr

o
I

&
=
£l

M
R

Y?

P>

o 18

L= )t > A A

=,

N
o T

1o,

f

:Oé

= |

o ot 2
i
i)
ol

A
-3

o &
[rtl
sl
£

o
gy
Mo o

=2

o
=

1=
>
>

o £Q
ol =

m 1o Ak 2l
Aol ths} itk mhAEhe.

|'(:|II

(2330)

b O|OJE{ A A}

e 2

oto

Vi &Y

(@) 22 A7H (b) snake scan

(c) smart snake scan

Sxlol XS 9|5t x| AT

=T
Search scan order for ME.

o

o

(Nl x N ¢ Eﬂ ]H%

Ne| Ak v 5Zz]of A
= A
] o[ E] ZH*P%%% oF
O]E} snake scan< A WA Fo|A
o & WFPstal, F WA Felle
gairy 1 F Al HWH Eoﬂ A=

o,

FA

3
T

/\7HJ+
[10]914 270%¥ smart snake scan
AAES B8 HHESE doly 2=
1t} smart snake scan oA B

wzm

A
T
A

o
=

a9

Hololom vpdt) 1
o v dold. 7

%0 & snake scan O

/\

/‘1§ AAA
1 1(e)& o
3t g ol A
A 3§t
Atk L1 FellA] &L
Hoﬂ/ﬂ O}Wi EEHF’_ L2o M= ofgol A 9= 13
ok L29] gHAo] 2 F 139 9eAE g5 7o

2 8h= 29 snake scan P ThEA S ko=
3l snake scan o2 HlH o] FA 3}

oy

X] 5

2



201349 98 NMXt3=t3| ==X M 50 A M 9 = 87
Journal of The Institute of Electronics Engineers of Korea Vol. 50, NO. 9, September 2013

Zb Bt 4o Av]= ey Mol SJaiA AlgkE
th. (M-Dx(N-1)=71¢] RRA(Reconfigurable Register
Array)E Z'= smart snake scane 7HdbElal dlo]E
ARGl EipAol7] wite A Fdof g A
st

o oo do [y
nj
o
)

g =
m

o o1z

o, o

o

©

T

In o

ilﬂ.‘lu

5 &
o

g o8

ol

>

l

)

>

)

N

N

N
o
i)
i)
>
=
i
N
E

Processmg Element)
A2 7h B3skth RRAT
94 doE & 7kl
= g elef] wheb AHE-)
8_5}‘4. ol o]fFE £ =i

=
A duelEe A% w29 248t o)

ne
=
i)
[N
1o,
o,
o
o
=
ot
>..
iy
o
2
=)
kD
ul
do

rir 2 o rlo
1 o

s

[e2x#)
1o,
o
2
o
o
e
ﬁ _|_4
Hj
F[H
S

o o m¥
s
S
>
o
Lo
K
£

¥ 1z

2 T o
4 12
=0
L

WS
2
D
o

1r
_&d

=2 9
rr lo
o,
R
=

o

o,

B

>~

>

o Ipr
ok

e

o

2,

k=)

o QA5ie sk o] L} kol ] Huigte] Mel
pEgde A9 A% RRAY Z7lE OM-D) x
C TR wek B WES AREA 249

g o)y

4
pass
s
o £
4z
M
o2
DRI
1o
e
=
M
o,
L il
i
=
fr @

715 AlgsA] et ol A4
| HASE & o By

= AZE dely S A pE B

tlo o

of B =&

ok

o

BN o
N

N

Ak gt DE FEgde A5 Adsts M

gtk ey = gEbmE Afolel =
02 Hol ghop R Eolu vn| F
izt ghebule] DR A7 A AgEvd oe
Fi2 gD ofEl AlghE dart gl wheba
2 x 32 2719 g4 99ES A7|7 1691 e D

m.f’” HI L

Lol e -

seadlit W e 0w i
(b) case |: &= W (c)casell: EF W

a3 2. Hetsts MAYEMMES 25 B Aot ghek
Fig. 2. Proposed search order and direction for FS.

ey
P
-—

Ly

g o] g3t 9] 32 x 169 JYo vhx = gick
a9 2@t ARSE & Y BBPRS ol T
el BEQY LIz 122 e ool
SEEERCEE %03@01 vhro) 4
= El—/\ﬂul—ﬁh,]. _,_/\17]- H* ]q. ELAH H}-&k

o bl Solel ek reldleh ok v
wrh aok g A9 SfolA ok i okeol A

9% daehs o w9 Paloln Eolvh Yulre} At
B 09 AEdA QRO 2 et UE

oz Rashs W Wyl galow xlsgw S
% 2b)9} 200 W7t =

A3t 27 g AW PFE welFk

2. B4 BB T Az

tholobE G, WALE FA, A B 5 o
o $AUFA AL PRl Aol w
e LS TFsE HolEE 39 FRAR 93
of qltk. AlSkshe F4 AG B 2APEE FA)
de] Fobol SPshs 22 vole 5 RRA A%a
oh 8 Fol B FAAES] o8 FUvE 19
93 92 Zuel gao] By Fo] 9 Zwow 94
of AYHTE 08 FHo} 9 FU9| Gajo] AYs]
= 59k PE of ol 9%} @ 8o zo] 4ol
FE AU AR A Aol A A

AR BASAL B
4 9

B0] W o ASHG, 18 32 ALHE 4 @
g APEe RelFrY AAF dYe oo
2.

A, A e B FRARe] Qi nE
o FRAHE ) ool FY AR TR,



88 ME 8NY F3

e

[

i
Of
0;
40
J

\4

op
1z
%
o
Y
X X X
A
op
Iz
i
0%

A

\‘, ,,,,,,

RRA S20ILt 22 E 0
EAXIZEOI =M & [ 44

a8 3 Mok BAl B M Ay

Fig. 3. Proposed Center Biased Search Scan(CBSS)
method.

¢
2

Clojot2 = i & SARZ T E AR} af &
(a) BjAE) AZH
G )
20|
Ctojot2 = i & SARE T E A Kpuf &

(b) snake scan

4
b

Clojot2 = mf & Sl Ab2 )
(€) 4] HE A A7
a3 4. A7 20 iAo mE EMIjE o B A
Fig. 4. Search order for each search pattern according
to scan order method.

HE AR IfE
3

ol Holgls FHARE

iy

|
fitl
™
O(z)‘:l"
i,
£
o,
A\
=
1o

HIOIEf MALE A7 Y

= Qol
To= T

e 2

0} (i) % (iii) i (v) =

2 - NxN 2E : IxN+(N-1)x1 2L 1xN 2L 1xN
- THAFE : (N-1)x(N-1) THAFE : (N-1)xN THAFE : (N-1)xN

(a) efAEAZH

@) ] (ii) L (iii) L (iv)

2 E :IxN+(N-1)x1 2L 1xN 2E :1xN

BE NN THAFE : (N-1)x(N-1) AR - (N-1)xN THARE : (N-1)xN
(b) snake scan
(0] (i) (iii) Sl (iv)
|
% l
= NxN 2L Nx1 ZLC 1xN 2L 1xN

THAFE : Nx(N-1) THARE : (N-1)xN THAFR : (N-1)xN

(c) A HBF EFM AFH
agl 5. AW 24 Hlw
Fig. 5. Comparison of search scan orders.

AAel FzuolEE AL = Aol el PE of
Zoli= = RRAS HlolE= A4

[¢]
HE woleth #=E 27 3 snake scan®] 2-8-¥
- e

& o] RRA7] A EE ¢ o]t}
a9 5% 29 4ol|A] HolE 7 2
olE] m=o} AALL] TEk 5
{eANA @28 ~73  snake scand A
(N-Dx(N-1)<] dlo]Eyt AAEsH= Wi #ltsh=
T4 A S 2] A9 N x (N-1)9] dlo]g

2 AAEE] (N-1)37] 9] glolE R} ZojEt)

>
re
_Ol
rr
|
Y
0x
N
olr
o
:
m
k=)
=
=)

st A wger BE o) shwElelol ol md
FH BF VA 209 PS5 1E9A SuelEe A9
87) el g Hzke] 7H70] ol )& PETE
£ oAL aeHor AYskA i}

t}=9] PEZ FA4% 2D PE o#ol= £49 4
T dwH oz Agdeh 29 62 (14101510 A
45+ 9 PE Fxolth. 19 69 i, j& PE o#lo]dl

J
A PES] $1AE5 <Juldith 7t PE= @A J49 Fx



201349 98 NMXt3=t3| ==X M 50 A M 9 = 89
Journal of The Institute of Electronics Engineers of Korea Vol. 50, NO. 9, September 2013

p PE (i, j-1)

i =25 A oL
|
» A~ r—» sap2ul
PE(i, ]-1) N
PE (i, j+1) r
e
PE (i-1, j} L MUX
PE (i+1,]) —|_. 2zod
— R E =]

PE(i-1, ]}

—» Adder Tree

a8 6 71Zo ©h PE 2

PE (i, j+1)
r

Fig. 6. Exisiting architecture for single PE.

4 PE(L, j-1}

> sAD Sl

‘ Fy

i ——

SEUE L —

HOJE B Hajmd
PE(i, 1) l 2 x| ~E
PE(i, j+1) ::

PE(Li) | pop—
PE(it1, ) _: MUX = aﬁﬁx\ié
PE(i-2, )

PE(i-4, j) ::

»

> PE (i+1, j)

Adder Tree

G| ol Ef g

PE{i+1, j)

5
>

PE(i-1,j)
PE(i-2, ) ﬂ
PE(i-4, )

a8 7. Hetste o

v PE(i, j#1)

PE 7=

Fig. 7. Proposed architecture for single PE.

> 2 g Jb
Y.
to
rl

rot
=
o,
i
o
fitl
il
N
ro,
o
o,
0
of\
o>
i)
oSt
o
_1>‘
|

Aesh=g] ALgH,

n)
o,
o
i
o
offt
ot
4y Xy

o] HA~H9 SAD It

7HA AL gt PE -9

o
o

=
©
i)
T
T,
N

1)

1)
2
[o
L
fr
ol
o
o3

el dolg AN EE

LR
& R ggzrol Hejsof glrk.

_,d
rc

fr o 2 Ay

yul
=)
fo g% Jm

o
4
PN

o,

o

=

BN )

Gl

(
-

ENN ko

o 2 )y oox

&7

(2333)

2
olX
f
A
,
r‘{O
2
Lo
ot
e
X
=
fiu
ol
)
¥
o
£
(e}
o
i,
£

=5
flo
fc)
[
il
[
=
[
3
&
5
g
=t
4
3
£

Q g g
RE Aol ¥ 74A 499 B4 9Ee7} 2 x 32
9 CIF94t B4 =97} 128 x 9691 HDG Al o
st} A AT,

gro} ghalgdele] Yule} o] W HejulE Durh
A iy galedel e shje] BB <ol 5

=
24598 ekl a gk
| g

X

o] RRAS AH83 w] smart snake scan BU} o £
diole] AAHEES HoFal 9l RRAZY|7F v o
% A 2ey o 4 s BelFa g,

E 2% & 94 2aelF gl me g 22
oHe T Holy =49 H&& Holeth AF Ad
1. MY EHMolA el crekst A7 Aol mE o

Ol MALEE
Table 1. Data reuse ratio for various scan methods for

K

FS.
270 | 2P=32, 2Q=32, N=16, | 2P=128, 2Q-96, N-16,
iy CIF 1080p

ST L [R]| S L | R

g2~ | 2209 | 24064 | 989 | 15873 | 219648 | 1283
Snake | 2209 | 16624 | 652 | 15873 | 196848 | 1140
Smart

snake | 2209 | 3844 | 83 | 15873 | 46128 | 191

(M=16)
Smart
snake | 2209 | 2099 0 | 15873 | 26508 | 67
(M=32)
A qFa}
= W | 2209 | 2674 | 21 | 15873 | 25878 | 63
(D=16)

2209 | 2209 0 | 15873 | 19923 | 255

g I
o
i)

m
w
S




90 HE™ 2R =xS 9

2 0% B oMol ciekst A7 gAlol mE o
OlE

Table 2. Data reuse ratio for various scan methods for
Fast search.

27 thololE = ] . ' )
sIALE 9El Az} g el
. e AL T A2t )
S L R S L| R S L| R
2 2~ loal| | L 04 .
388 | 568 356 | 506 384 | 444 | 016
270 6 2
Snake 03 0.2
388 | 508 36 | 46| | 34| 44| 016
scan 1 5
Al st Lol 00
388 | 448 356 | 34 384 ] 34| 0
A 5 8
of mEw AsE 1% 94 dudEe A 4
A g Ay PEe JlEe] daE s
6 i

192}
=
@
w
8
5
:;
=
=
of
2L
2
N
~
N
[\]
[
° 3
X
i
o
—
X
1o,
o,

219
ot
1%
o
=
o
ivi)
>
>
>

oZ oo i

2
AE vhE o2 dlolE AAHE-
AT Haol A B g Qo] Hdt TE U
B 270 3} snake scan'$H3} H] 1L
9%, 161% #AaAZ 4= 9ty 1B =
Al A7) e AntEEO|Y AWE =

e A 4§39 34 ool udl Ashk

u
gjé
Loey 2o

Y
;_U'“ 4y o
on, %
rlo
(SRR,
[

REFERENCES

[1] Draft ITU-T Recommendation and Final Draft
International Standard  of  Joint  Video
Specification, ITU-T Rec. H264 and ISO/IEC
14496-10 AVC, Joint Video Team (JVT) of
ITU-T VCEG and ISO/IEC MPEG, Document
JVT-G050, May 2003.

[2] Thomas Wiegand, Woo-Jin Han, Benjamin

HIOIEf MALE A7 Y

e 2

(ol

Bross, Jens—Rainer Ohm, and Gary J. Sullivan,
“WD1: Working Draft 1 of High-Efficiency
Video Coding,” ITU-T SGl6/WP3  Doc.
JCTVC-C403, Guangzhou, China, Oct. 2010.

[3] Lien Fei Chen, Shien-Yu Huang, Chi-Yao Liao,
and Yeong-Kang Lai, “Hardware efficient
coarse-to—fine fast algorithm for H.264/AVC
variable block size motion estimation,” in Proc.
IEEE International Symposium on Circuits and
Systems (ISCAS), May 2009, pp. 1657-1660.

[4] H- M. Wang, J-K Lin, and J.-F. Yang, “A
successive termination and elimination method
for fast H.264/AVC SATD-based inter mode
decision, ” IET Signal Processing, vol. 3, issue
3, pp. 165-176, May 2009.

[6] Luo Tao, Yao Su-ying, Shi Zai-feng, and Gao
Peng, “An improved three-step search algorithm
with zero detection and vector filter for motion
estimation,” in  Proc. IEEE International
Conference on Computer Science and Software
Engineering, Dec. 2008, pp. 976-970.

[6] Obianuju Ndili and Tokunbo Ogunfunmi,
“Hardware-oriented modified diamond search for
motion estimation in H.264/AVC,” in Proc. IEEE
International Conference on Image Processing
(ICIP), Sept. 2010, pp. 749-752.

[71 A. M. Tourapis, O. C. Au, and M. L. Lioy,
“Highly efficient predictive zonal algorithms for
fast block matching motion estimation, IEEE
Trans. on Circuits and Systems for Video
Technology, vol. 12, no. 10, pp.934-947, Oct.
2002.

[8] Z. Chen, P. Zhou, and Y. He, “Fast integer pel
and fractional pel motion estimation for
JVT,JVT-F017, Joint Video Team (JVT) of
ISO/IEC MPEG and ITU-T VCE, 6th Meeting,
Japan, Dec. 2002.

[9] Yeong-Kang Lai and Liang-Gee Chen, “A
data-interlacing architecture with
two-dimensional  data-reuse for full-search
block-matching algorithm,” IEEE Trans. on
Circuits and Systems for Video Technology, vol.
8, no. 2, pp.124-127, April 1998.

[10] Xing Wen, Oscar C. Au, Jiang Xu, Lu Fang,
Run Cha, and Jiali Li, “Novel RD-optimized
VBSME with matching highly data re-usable
hardware architecture, ” IEEE Trans. on Circuits
and Systems for Video Technology, vol. 21, no
2, pp. 206-219, Feb. 2011.

[11] Tung-Chien Chen, Yu-Han Chen, Sung-Fang
Tsai, Shao—Yi Chien, and Liang-Gee Chen, “Fast
algorithm and architecture design of low power



201349 98 NMXt3=t3| ==X M 50 A M 9 = 91
Journal of The Institute of Electronics Engineers of Korea Vol. 50, NO. 9, September 2013

integer motionestimation for H.264/AVC,” IEEE
Trans. on Circuits and Systems for Video
Technology, vol. 17, no. 5, pp.568-577, May 2007.

[12] W. M. Chao, C. W. Hsu, Y. C. Chang, and L. G.
Chen, “A  novel hybrid motion estimator
supporting diamond search and fast full search,
"iIn Proc. IEEE International Symposium on
Circuits and Systems, May 2002, pp.492-495.

[13] T. Li, S. Li, and C. Shen, “A novel configurable
motion estimation architecture for high-efficiency
MPEG-4/H264 encoding,” in Proc. IEEE Asia
and South Pacific Design Automation Conf., vol.
2, Jan. 2005, pp. 1264-1267.

[14] J. L. Nunez-Yanez, A. Nabina, E. Hung, and G.
Vafiadis, “Cogeneration of fast motion estimation
processors and algorithms for advanced video
coding,” IEEE Trans. On Very Large Scale
Integration (VLSI) Systems, vol. 20, no.3, pp.
437-448, March 2012.

[15] T. Dias, S. Momcilovic, N. Roma, and L. Sousa,
“Adaptive motion estimation processor for
autonomous video devices,” EURASIP Journal on
Embedded Systems, vol. 2007, Article ID 57234,
pp.1-10, 2007.

R MEAsY)

2012\ o} F sk A A8 A}
=4.

20133 A o}Fustal A xE3F
Aukal B9 A st

<FHAAEoF s HEu|te] =9 HEH|To] A%
A2, "HElHtjo] & ASIPA A >

(2335)

S I

Y E(HAIY)

A7y st A 28k Al

=4.

i R Bl B A Sty

AR =4

19821 ~1985d Sk A A} F A1
TA(ETRD A+9

1985 ~1990%d Univ. of Texas at Austin
AApa-8F HhAL

1990 ~1992d Motorola, DSP Chip Division
(M=)

1992 ~ @A ofFd gl AAFEF

20113 ~ & A IEEE CASS Board of Governor

20113 ~d A IEEE Fellow Member

20123 ~ & A o kA A}-ek 3] Wk A AAfo] ol E
3

<FAAIEoF 1 SoC A4, VLSI Architecture, %

Al 2 "HE]wgo] ASIP A A, AE AA>





<<
  /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 0.1000
  /ColorConversionStrategy /sRGB
  /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 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /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 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /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 (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee575284e8e9ad88d2891cf76845370524d6253537030028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f0030028fd94e9b8bbe7f6e89816c425d4c51655b574f533002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c9069752865bc9ad854c18cea76845370524d521753703002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f300290194e9b8a2d5b9a89816c425d4c51655b57578b3002>
    /KOR <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [545.000 394.000]
>> setpagedevice


