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Abstract In this paper, we analyzed Alamouti based the MIMO-OFDM system in an underwater vertical
communication channels. These in consideration both the transmission loss the multipath loss which is suitable for
underwater environment are necessary method to improve the efficiency and communication performance in
underwater communication. This paper is modeled in an environment that caused the error, considered each simulated
the multi-path loss, transmission loss, the Doppler spread in order to implement a practical communication
environment and simulated through the MIMO-OFDM system of Alamouti STBC method. The MIMO-OFDM system
2Tx-2Rx of Alamouti STBC scheme in underwater vertical communication system is obtained about 3~5 dB gain
as compare with its 2Tx-1Rx scheme with reference 10~* BER.

Keywords : Alamouti STBC, MIMO-OFDM, underwater vertical communication channels

1. M2 2 ke zean) ol T4 A8 Aoy
< OFDM(Othogonal Frequency Division Multiplexing)
of shpel AR the] W R ole) 1AL 4

oly
2,
>
>,
fol
i
=
g
_0|L

Ir
:>~Il__lll

T = AEBALe Falolut o : AL #
i, el o] Sadg St 2, suvh AdE 4aslsly] Sla A s Felste] AEEse 22 uF
T M dEEdms S5 % sl AR, 8 /ES BalA BgEt £ Qlt) o] 2 o]gate] A1)
sAde] vjd 54 Fol wel vedE o] deil w=RE52012] OMP &1E]E, Adaptive $1LE]E 50
o} g AR AdY Al B @ Fuke] $417] AotE9al, OFDM Al~ES 7|uto 2 & oty gt
ob 7)) S F, el o7t f1x)9) Mol weh 3] o] oA o gl

B =S 200909 E AR AR )] Adom FATAGe] AdS Wo} A e FATIIE FAANYE AT
(2009-00422)

*Corresponding Author : Byung-Lok Cho(Sunchon Univ.) Tel: +82-61-750-3573 email: blcho@sunchon.ac.kr

Received May 26, 2015 Revised (1st July 22, 2015, 2nd July 29, 2015)

Accepted August 6, 2015 Published August 31, 2015

5571



S| Eesl=EA) A16d A8E, 2015

s s &
oH—’FQ} AAW A

|=Ke) E/\]

a-

T'(S‘
7199
ato] AlEH o)A B0 B
Alamouti7|HS o] &
BAgtaa; g,
wAME e 2 SAE T
2187 VH T2 A7
fFrkegl, Bef £

A s

el ﬂ%oﬁ ks }0331
A ZEgel sl & ok I7elA Alamouti
STBC 71%2] MIMO-OFDM A]2~8lo] thallA] 541 5}%)
t}. vl uto 2 [Fo| A= A7) MIMO-OFDM A] 2l
£ &% AlEule]419] BER(Bit Error Rate)S W3] 3
©2H Alamouti STBC 7|%& A4 3tt)

M A2

21 =3 M4

S5 BelA Sk AEE A, e A
2o 2)3t s3] wal, siAw v
& thFskal B4 54 Rt
z e o

T ET

A9,
o] e o= <l

ol A9 STke]
Direct Wave$} T&0] dl5H 2} 34 H(Surface
A
e
3k o

2717
AE7F 53¢

offd

;é]

reflection, Bottom reflection)®] WkA}3}Eof <3
Z7A] AdH). £3], Hsl(Shallow sea)2] -5
A aA Y] WAL SO QlE th AR

St SHOE 75 5% Tl A AstE

H71 wzell Asfell vjs) Fuh7h A=

o,

'é‘

hy A
fos
0

Jus

o
oy
HI

1z

5572

LEEREESEELE
540] 2 ekt 25

ddiH ez FEAREe] 2

2

fud

LRARE B

s A1 e

A

gl

Path% 6H¢”dﬂr Eﬁxi‘?i‘?ﬂ H&*W"i t/ﬂﬂ"ﬂ*ﬁ'ﬂ T

271l el27174A 9] H3ke] AR Bl
ol T AR AdelA &uko) Ay E

a§4137] 91ell4] Ray”|¥, Bellhop &°] A& TH6].

SURFACE ()

delay spread
angle spread

Direct

S reflection

B-S reflection

= B-S-B-Greflecti
on

BOTTOM (B)

Fig. 1. Multipaths of the underwater vertical channel

21.2 =FSESH 22X FL 2021 2N

1) Ag &4

% AY £ (Transmission Loss) Akl 2]k &=
A e A He| o3k At 2 AlEEnh a1
29} o] A (Distance)ol] w2 L&A S gtk

Aehaae
A =

=21 =2

2 (H™ 2oh[2]

_ [(r)
TL= 10log T

0

= 20logR+ a(f)R10™* (1)

o

[09]r [(T)“
olt}.

72}

O ZHE ImAE RoA 9

<
Intensity
Aol s f(kHz)er & wo
2o, 4 (2)3 o] A 4 grh
44 f2
4100+ f

5+2.75107 17 +0.003

@



$35A]

FA A oA Alamouti 7]¥F MIMO-OFDM £4]

Underwater a3 mession loss vanation wih distance for 44 raquincies

g
3

g
g
I

Transmission Loss (48)
3 2 8 2

3

S S S S SO S
1000 2000 3000 4000 5000 6000 7000 8000 %000
Distance (m)

Fig. 2. Transmission Loss in underwater

Absorption coefficient

o
s

=
s

~
S

Absorption coefficient (dB/km)
o
=

3

Y0 20 40 60 8 100 120 10 160 180 200
Frequency (kHz)

Fig. 3. Absorption coefficient in underwater

a,= —10log[1—0.0234(FE)/?]  @3)

f= A& F3k{kHz], Hi= %3 dharfi]olch
a9 494 SFuel B3 312 Im~2molA 1m
(¢F 3.28f) & Aakatsdrt

sea surface scattering loss

sea surface scattering loss(dB)

frequency

Fig. 4. Scattering loss at surface of the sea

5573

3) siAw ke &4
2=

AR A AFRE () 4 (@) ol A

a,= — 20log, | Rl ©)
4714 RE A (57 Zo] A< Hrt
Zy/ Z;5in,— sinb,
- Zy/ Zysinf, + sinf, ©)
o714 0,2 QA 0, FIHelt) [3]

4
ﬂ) } (6)

7)1A a=8.1x10"%, B=0.74, wy= ——, w=2xf,

195
=5 A7NA Uy, = SH S 2HH 19.5m A
o] F&oltk

2] (6)°l 2] Pierson-Moskowitz 3 3}o] »~#HE
& 1% 59} o] Fol whEt FAe] Ak 9ot Fd
Hialatel 2 JS 1, o= s A A& 2 AU
4 549 HsE dAsAdsel 9 mAA gk

Wave spectra of a fully developed sea for diflerent wind speeds according to Moskowitz
2

— 206mis
18 — b
[\ — 154m's
\ — 12.9m/s
“ I\ — 103ms

‘Wave Spectral Density ("P/Hz)
=3

e o—— "
0 005 0 015 02 025 03
Frequency (Hz)

Fig. 5. Pierson-Moskowitz spectrum of the sea surface
wave

2.1.4 EZ8 S
59 e Faud
7(

= U

reflection point®] &



FFAVS 4588 A6 A8T, 2015

Z )7} itk o] A2 FAFA B Q1 AEE A ——
ol & oo M, £F T B4 e A e
£ 7HA 2tk g &5 A 7 Abo] 9 o] 1H.Th & = (\
o FAF S glovt 1ur} AW RAE 5 ik, B2 RN
o e B T 9 A5H e Fo S N
2 WA AR A FARAA A7 B, : LY
T2l A9 2] ol It 7t Fakre] wE F .
Soll og wxe Sk A (7)% 2k [5] = L
£, =(0.0175/c) fu**cosf ) N N
A9 Aol ot gEHoR AR, 72, 4 5 o -
GG kA uk Wb 0 2 1500m/s 0™, wi W <%, Fig. 7. Sound speed profile in underwater
0+ A ¥ 7ZN(grazing angle)S YERATE 19 62 Wk}
Foroh AW F4o] W £3e drog nFwp w216 2ol £3MI 2AY
S5 ARETE, W FEo] g w5 2o 7] % 82 BellhopE AHE-3F A2 A, B S5
sasdor F7hehe Uehdt 9 HgAdRE s gl FAdeRTyH Ao
50mSl A M = FA o2 Fd] g2 A
- Doppler spread on surface-reflected path E‘g‘ "]’ﬂ']‘H 9}\‘:]'
| =
- s , BELLHOP- Defauht run parameters. =10000Hz
H H 30kHz [
gm ...................... . i ! 53
TE 10 | 4
g - E 20
- ] ia
40 |
10 15
wind speed(m/s) 50
Fig. 6. Doppler spread in underwater o0 s
Range (m)
215 =% 24 S Fig. 8. Multipaths in underwater vertical
communication environment
Sound Speed Profile 52 2] (8)3 #th
1448.96+ 4.591 7— 5.304 X 10~ 2 7? ®) 217 Mt CisEE &4 2EE
+2.374 % 10" 7°41.340(5—35) o8 dgade] 9J¥ 2 &%(Channel Impulse

+1.630x 10" 2D+1.675x 107" D?
—1.025x 107 27(5—35)—7.139 x 10" ¥ 7D?

o]7]4] T = temperature in degrees Celsius, S =

Response : CIR) 5% 7Z%(Sound Speed Profile :
SSP)9] Faks wrom, Ad I~ SHe] Wsle £5
soll T8 AFE M3 1
2 A 29 13 22 3o
b sl d s o] F= o7t 0, AL S A
F =07t 091 B F347} 10kHz, depth
7} 50m, distance”} 10, 20, 30, 40, S0m= H2} 715}

£ mo £FEAANY Jdus S8l A1 Log

salinity in parts per thousand, D = depth in meters®]t}.
(6]

5574



$35A]

2 QoA Alamouti 7]¥F MIMO—-OFDM -4

scaleZ ¥ &3 1| zolr),
T

kAl B AEe} &
} 1000g/m?, 1500m/so]™, djA -] &2
40 747} 1800g/m?, 1300m/sS A= 5
uste] Bdy H9d) B3 £5
29lo gEAR £, Aael,

bol walgslginh

N
N

[ do

d
o ofN e b

=

0
=

HU oo
T

5 o

o 2% |
] do ox
A
ol

o

ol
2

A}

N

A
AN

e ook

)
J

0 150 m 0 E E 0 150 0 ) E

[Fig. 9-a] distance = 10m [Fig. 9-b] distance = 20m

[Fig. 9-c] distance = 30m [Fig. 9-d] distance = 50m

Fig. 9. Impulse response amplitude in underwater
multipath channels

2.2 Alamouti STBC ¢12|&E &AM

Alamouti STBC 2TX, 2RX T-Z+ 19 103} 2t}

space
(antenna)

Fig. 10. 2TX - 2RX scheme of Alamouti STBC

I3 10904 A AEE =4 (1), (12), (13)3

At
o1
Y| [hn hlZ] [Il [nl
,?/; hyy oy | |, 71/;

an

(12)

(13)

(14

(15)

(16)

[1 1
Y1 hyy hys L1
1 1
Ya|  |hoyy hyy [ml}Jr Ty
sl=1 0 e
Yi hyy=hyy | |2y ny
7y§ By = Py nj
gk AEe 2(18)3% 2tk
hyy hyy
hyy By,
- hIZ*hIl
hyy— iy
21 215.9] zero-forcing 538H= 2)(15), (16), (17)%
2t
" =(HH) "5
(#"H)=
[lhn‘z+‘h'2\‘2+|h|2‘2+‘h22‘2 » o
0 ‘}L11‘2+‘h21|2+‘h12‘2+‘h22|2
('m ' =

1
[ [+ Fp | [ Ho|* + | |

0
1

0 3 5 3 3
[ [+ [, | | ol +

49 AEE A (18)9 2tk

5575

amn

(18)



B AFE &5 = EA) A6 8B, 2015

al M

[ =]
< ==

ot

3. o4

31 T $EDoA Alamouti® 0|25t
MIMO—OFDM A|AE| DOo|AIS QI 2M
a7 112 75 FAAdAA Alamouti 71H<

3 MIMO-OFDM A|2H9] BE52 vhehir,

Modeling
channel
profie

¥
! f Py

| convolutional [uf 1 L) Modutator bs| nsert STBC
encoder Pilot encoder

Channel
estmation

training
sequence

IFFT Add CP

Re
info. bits i *Q;“'—‘
Convelutional . BPSK Delete STEC
1 decoder [ Deinterleaver | Demodulator Decoder
Remeve
Fig. 11. Alamouti based MIMO-OFDM system in

underwater vertical channel

a9 119 g3 EE5E RoAE devHES e
3} Zo] AAsGih dloly de] 4
fitrbol == 64, MEAZ|ol= 52
training sequence 802.11a9] LTF, AdFAw4e

zreo-forcingE ©] 8-t}

E g
BN

=

>,

3.2 MIMO-OFDMZ 0|2%t BPSK2| H|EO
2=

o] a% 2E UsA R
Ahe askgla, 2.1.29) &4
oA defe] dFAZH gk Ad
S [0dB -10dB -20dB -30dB -40dB]Z 3}¢] H]
&S AlEde|ds Ayo|t}. o]& F5Fe] Alamouti
718 o] &3 2Tx-2Rx Ade] 2Tx-1Rx Ad HT}

o rpr
(2
R
&
ft
Hod @
(M aS ox o

=
fo i

2 g
o rp
2

4
oﬁ i

107°& 7|1 e2 oF 4~5dB 7hFe o|5o] LAlsh=
AL & Ak =3 7 132 dolHd vt o] 4
ol 1< & training sequenced| & &0l 4ol 7
T2 7% AN Ldgd figh 2y A4l

Z‘
BERAIEH 0| ARE AAgCh

r BPSK using OFDM and MIMO

) S O
0 1 2 3 4 5 6 7 8 9 10
Eb/No [dB]

[Fig. 12] BER as case noise added to only data with
consideration multipath loss, transmission
loss and doppler spread in multipath profile
[0dB -10dB -20dB -30dB -40dB]

Bit error probability curve for BPSK using OFDM and MIMO

€= sim(nTx=2,nRx=2, Alamouti)
= sim{nTx=2.nRx=1, Alamouti)

Ebilio [¢5]

[Fig. 13] BER as case noise added to training
sequence with consideration multipath loss,
transmission loss and doppler spread in
multipath profile [0dB -10dB -20dB -
30dB -40dB]

o
Lo,
4]
©
=
5
r
J:
aQ
°
k=3
Lo
il
o,
=2
>
o
N
N
o

10kHz®] F355 ©]83}4 #%‘— = H dsd e

e Afelth 17 14k v R o
A, AgEd, 2EHInt 58 1Btk mdyst
AR Z239S [-16dB -39dB -57dB - 73dB
-75dB]& 3t AlE#HolA 4ty 19 123} vzt
A& 2Tx-2Rx%} 2Tx-1RxZ H]w&tHS v 107°S 7]
Ho= oF 3dB 7}ge] o]5¢] HAsh=s A& &+ 9

t}.

5576



S350

2 QoA Alamouti 7]¥F MIMO—-OFDM -4

EEEEEE FEEEE e
sim(nTx=2,nRx=2, Ala
(nTx=2,nRx=1, Alamouti

sim|

3 4
EbiNo [d5]

[Fig. 14] in [Fig. 9—al BER as case noise added to
only data with consideration multipath loss,
transmission loss and doppler spread n
multipath profile [-16dB -39dB -57dB -
73dB  -75dB] according [Fig. 9-a] and
underwater vertical channels

Bit error probability curve for BPSK using OFDM and MIMO

6
EbiNo [4B]

[Fig. 151 in [Fig. 9—al BER as case noise added to
training  sequence  with  consideration
multipath loss, transmission loss and doppler
spread in multipath profile [-16dB -39dB -
57dB -73dB -75dB] according [Fig. 9-a]
and underwater vertical channels

a9 16% w7 E [Fig. 9-d]9] Aol =
St Aot Bdgd Ad gede Z2v)
[-19dB -37dB -54dB -70dB -73dB]Z 3}¢f Al
dlolAl skaltt. of 3dB7Hde] o] So] WAEE & &

t}.

1%
o ot

e,
e

pacs

Bit error probability curve for BPSK using OFDM and MIMO

€= sim(nTx=2,nRx=2, Alamouti)
4= sim(nTx=2,nRx=1, Alamouti)

Et/No [d8]
[Fig. 16] BER as case noise added to only data with

consideration multipath loss, transmission
loss and doppler spread n multipath profile

[-[19dB -37dB -54dB -70dB -73dB]
according [Fig. 9-d] and underwater vertical
channels

Bit error probability curve for BPSK using OFDM and MIMO!

=8= sim(nTx=2,nRx=2, Alamouti)
=4= sim(nTx=2,nRx=1, Alamouti)
f ‘*\ H f f

Et/No [dB]

[Fig. 171 BER as case noise added to training sequence
with consideration multipath loss, transmission
loss and doppler spread in multipath profile
[-19dB -37dB -54dB -70dB -73dB]
according [Fig. 9-d] and underwater vertical
channels

A=A RS 2] o
Alamouti ©]-&3 MIMO-OFDM W29 EAS &
sh ). ok 2 =ol| A A|9ksl= Alamouti STB

219l MIMO-OFDM  AJZ=®loA] - 2Tx-2Rx

(@)
O o 1x kO K

o
1>

5577



FFAVS 4588 A6 A8T, 2015

2Tx-1Rx #2le] 13t 107 % Ber7|Hg 71702 o
3~5 dB 7}2ke] o]So] wrAIEIgIT)

References

[1] Hyeong-Won Jeon, Su-Je Lee, and Heung-No Lee
“Underwater Channel Analysis and Transmission
Method Research via Coded OFDM” The Korean
Institute of Communications and Information Sciences,
2011.4
DOI: http://dx.doi.org/10.7840/KICS.2011.36B.5.573

[2] Yo-woong Im, and Hee-hoon Kang “Performance

analysis of an adaptive OFDM over an underwater
acoustic channel”, 2010.09

[3] Dong-Yeong Jeong, Sea-Moon Kim, Sung-Hoon Byun,
and Yong-Kon Lim “A Study on the Characteristics of
Underwater Sound Transmission by Short-term Variation
of Sound Speed Profiles in Shallow-Water Channel with
Thermocline” The Journal of the Acoustical Society of
Koera, 2014.11
DOI: http://dx.doi.org/10.7776/ASK.2015.34.1.020

[4] Kyeng-Beak Ryu “Analysis of Channel Fluctuation in

Underwater Communication and its Effect on

Communication Performance” Pukyong National
University, 2009.2

[5] Se-Hyun Oh, Hyeon-su Kim, J. S. Kim, Jung-Hong Cho,
Jae-hak Chung, and H. C. Song “Performance Analysis
of Underwater Acoustic Communication Systems Using
Underwater Channel Simulation Tool” The Journal of
the Acoustical Society of Korea, 2012.
DOL http:/dx.doi.org/10.7776/ASK.2012.31.6.373

[6] Joon-suk Kim, Il-suek Koh, and Youg-shik Lee

Channel

Modeling Regarding Magnitude Fluctuation Based on

Ocean Surface Scattering Theory and BELLHOP Ray

Model and Its Application to Passive Time-reversal

“Underwater  Acoustic ~ Communication

Communication” The Journal of the Acoustical Society
of Korea, 2013.
DOLI: http://dx.doi.org/10.7776/ASK.2013.32.2.116

5578

Z H E(Byung-Lok Cho) [H2|3]

01987 2¢ : Awrdtistn Haly
R

01990\ 2¢ : Audisty g
ARS8 A A

019943 2¢ : Aur sty i

AT F A
0198611 129 ~ 19884 39 : ()
HARA FRATA

019943 39 ~ AA . FHYSn AAE 0w

<ok
tAE FalelE, tAE SAAAE ASICAHA, FAEE |

Holg 34wl A, FAY AT EA

M 7| S(Gi-Yoon Maeng)

0201051 3¢ ~ @A : FHYTgw
At (b





<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


