RSN M6 FBE pp. 38130 20T

% e eI PN L2 OIS 1A st

Shallow Water Acoustic Communication Channel
Characteristic Analysis Using PN Sequence with 25 kHz
Carrier at the Shore of Geojea Island
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In this paper. the measuring methad of underwater acoustic communication channel characteristics in the
shallow water using the autocorrelation characteristic of PN sequence and the underwaler communication
channel analysis results from the received signal sample data a1 described. For measuring the underwater
acoustic communication channel characteristics, two PN sequences are used as a transmitted data of
T-channel and Q-channel of QPSK symbol and QPSK signal is lransmitted with symbol rate of 5 kHz and
carrier frequency of 25 kHz, In the receiver, the reccived signal, which pass through 675 m and 1492 m, is
sampled and then stored. Using the stored sample data, the scattering function, coherent time, delay power
profile, spaced-lonc autocorrelation function, delay spread. and coherent bandwidth of each propagation
distance cascs are analyzed. Based on the analysis results, several guidelines are suggested for the design
and implementation of underwater transmission system,
Key words: Channel characteristics, Scattering function, Delay power profile, Spaced—tone
autocorrelation funetion, Transmission system design
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Fig. 1. Experiment setup for underwater channel measurement.




384 ERSHARIX| NP6 MBS (2007)

PN seguence _.bit to symbol gl
Generator | mapper PSF

%

Cos(2nf nT,t)

Ny
N

PN seguence

_,bit 1o symbol_, PSF

Generator 2 mapper c 3
Sin(2nf nTy)
Transducer {* amp % A0 ¢

J8 2. S Y Jls B8

Fig. 2. Block diagram of transmétting signal generation.
of A gt HeolM AMSE PN A2 AL 20479 53
718 o, -3 do] AATkEr4) o °|7*| FE= 87

(4005)s0]9], Q-AEL 8= (4027):0)ct (10),

PN AlEE wd7]9) 292 0 = 19 e 7HABR
°lF QPSKAES st 02 -12 12 119 e 2k
HER HER, HgkE JE22 2AdHZo| 059
Raised—Cosine HES o]&3lo] BAAFPLe<] (PSF;
Pulse Shaping Filtering)& 331, -9
as(2rfnT)9 F3D, Q-AYDL sin(enfnl )} H3H
3 Halo] /A ML s otz Al5E Wgsln
FHZZI|oN 252 —Eb}@l S HF' S5l
AWz SR, of7)4, W s = 25 KHz
o|x, HE&L 5 kHzo|1, ‘6')Cl %lz D/A tﬁ.ﬁ& F71¢
T.= 1 us olck, oA 3PN A3 Y 7] sig
b WS AEDE v)e] ALkl Zzksta ofF gt

SRR 8749 ERAEAAN $YR 5 Elﬂ1
SAE AT S5 85) 31 3 20 i) 12
SAlol AELER, ST dolels Azt zm
1 HiolEi o}l Aol Selole] 48 4
Wwateck

I A 3 GolE 24

2% 4 dlo|Es 25 kHzE 54982 +5 kHz2)
0 deisg 2 d9Ea FIRAES A7), 4
TE 7)Aoz HEsio] thgZo] 5 kHz)l A9E T
FIR & FHAZ F Ad 242 adeigld 2 =
oA 87he] A dlofE FollA) A v EMARA
oA A dlo[eRtS o] gate] A5 Aoy taiod
= 1N BASK: 2428 Jef=o] 7Py w

£ AR AR FA7VRE A7) AR A
s A rjebz] @i, 249 HeldS flste]
Aol A7 ok

31, 675 m 7o) SESYEY Y 54 2
Aol e vlok ol, PN A58 A1 5
A olgste Ado) B4 & EAstyh UA 675 m
Aol gzt FAAN G2 ofFH R Ad A
o mengg A 2apt g ol e 2gel
10 mrANe] AGAZNE 2 OEARe) A B
2 Yehiin] 102 $2t9) 2% dolelol tisjo] 12 212
o= g A Temog sl BAG Rt
1.5-3 ms Apeloff 2 oiA|E 2 AT H=2E0) FA
kL o 30 me7k) Slnlole AMAIS ZHe AR
o] B#hE ot 4= 911, 20 ms Ao Aoz T of
WAS 2 BgARl 9188 Bl B 4 gt
2 oA 2 CEARARES ek As] 1
5] Slskel 22 30 el A A1) ZRAISS £
Hojo] 0-5 ms7hRI) AL e Sel 2L
H 4o VeR Gt 2ol 2 oMRE 2= PR3
A7F 282 ST <+ A, ofiF A AREe oF 1 msY
N7 7Hn 2, AdAie oF 1.5 m P& 2}017}
A A28 74 FRES ¥ 4 Atk el 102
oo WIS AT Rl AREEF “—HSI'
o] 7o) SUT A S5 TS RIS & 4 ek
Apd o) ABA TS WSSUS (Wide—Sense Stationary
Uncorrelated Scattering) HHLEA|AR 7}A3k0, 3
E golel2 olgale) AANTt 79} B8 FTael v
2 % 7j9] Haes ZH= A=k (Scattering) §R; 8, (n)

I

)2

Tirne | [sac]

Delay t [rsec]
a3 3. 675m HSAH(0M AIZH DE XS TR #N
Fig. 3. Delay profile analysis result for the 675 m transmission
distance according lo the time.



25 kHz CHNOIAM PN MISAZ OI2EH HA| 2ok +ZIZHBL A S M 385

¥ . e s
0 05 1 15 2 25 3 35 4 48 5
Delay © [maec]

T8 4. 675m HSAZIM 0-5ms XSAIIM ZHE J X)ot

2
Fig. 4. Overlapped delay profile for the 675 m transmission
distance upto 5ms delay.

Apkst Ak 2% 59 39 6ol Qick. Ak L’\oﬂ
LHa}o-l wep A W8-S Yote Bk 1) W 2]
Aash7] vigie}, 13 5E Akt 48 29 %
Pl giate] —20 dB7IA] S0 R BAIG Aol
2% 62 37 Tk BASH Alojot C1gd sod R

=

2

1

(1]
(1]
1]

"
L]

| ? W kg, 1o

I

o
N

N

Ocpoler frequenzy A [Hz|
a b o &
o - =

R . . . " n L .
1] 5 10 15 2 23 0 k) 1)
Delay € {ms)

03 5. A2t Biko) SAUMET
Fig. 5. Contour diagram of scaitering tunction.

Syt (08

Coppier treqsency alHz) e

13 6. 3K Mt Sy
Fig. 6. Mesh diagram of scattering function.

Oelay yims)

Multipath Frofile R, iz, 0) |46
o]
a
gh_
g‘%_
=

wh
S
o
=]
b
wl
wl

Delay ¢ ms|

387 XY oy Z=2unl
Fig. 7. Delay power profile.

W, oF ~0,05 Hz9| Ty $u4s 4o ARk
o sk, 0 0.5 Hoel e Fak g B
R % 5 Ak AL Ao 54 H2ge

WABI, HA AN WEoiz] Aulel A4E97)
wj el e Hol7k —0,05 Hedl ahg 22 ThE Zh=
. W, w22 Holg olgslel e ST §
AHog walsitiy A7k 4= 9lh A|7kz]ojo) Akt A)

- O
7t (Coherent Time) 2 AFHOZ AR 4> 9lt} 0]

= B Hojo DML So] B} glof Al

ATRE ok 20 & (=1/0.05H2) 2 AlAFet 112],
w3 oF HRvh AT of Wl ARt ¢
o wHE u}%ﬁam " AL Y= dHe =

SOS A B4E BB Fak ol dfsje] g

pez :lﬁ T 7R AN A ZRole 7H~q[

121, ol -1 3¢ vhebdl PR A ERnjole) Bk

o) Hat, I7 3% T 4oy Mt nie} L& ok A

¥ 48 7T 98 o 4 ot
G 43 mRes @A 7ol skl BT

{Fourier Transform} = |3t ¥4 spaced—tone A}7)

A}J‘_] 7{,‘-"'— 01_8 DI’O-] 1r401,(| A }.'I_y}—o_l Z]]‘:j 01:}@1

EAlE o @ Zolalkn Az 2= 9l Znp A z)e] AF

A 9i9E ((oherent Bandwidth) & ZAAT 4 9}

[12]. 29 8of spaced—tone Ap/|A3} FHe2 Al A

To|t} ¥lellA R At AE2 e

A Hz)S & 5 Sl B3 2@ e ZRedS of

gt A 2 T4 (Delay Spread) 48 18

At gk HEiR) olite] the AR RS A4

of it AUzt 3l o]a RHUEE o]-g5to AR} ]
A+ 28T i pAl71el 7P R 23R 4l A4

& 7)o R sjo) el AdATte s HR¢), A

|-'J

.'..

s



386 HDSPESI| 4262 MBS (2007)

Ry (an0) [dB)
S &

20 L L L 1 ! \
-6 4 -2 0] 2 4 6

A [kHz)
12| 8. Spaced-lone N7jA #$
Fig. 8. Spaced-tone autocorrelation function.

T3t A4 22 Z2ajelo] BEZE -10 dB2 %S
A5 Ad B 5.6 msoj%ia, -20 dBR 3193 73
. 10.3 msE 24590t} BEZRS -20 dBR 3H9S

B, AR AA B o] 83to] Fa7k AFo) 0.5
o|’42] 7ol chsto] TAHLR A A2 2A17
L2 1/ (AFIKE) & o83t Alksi, <F 19 He
olt} [12].

9Jo} Zhe B A4TE 95 kHe BHEFu}40} 5 kHz 4]
B8E 2= TAAAY Ao dhgat ol o)gd 4
ek, WA, URHEQl R E B4l AIAYE AAEE A
© AT ASMHEEC ANA)F HzA) AlEr} 2
o) Hug o|§ Ao s HAF Folof g} b
A2 A ekl EAAT 30 ms (150 A8 Y5t
A 29} 9= BEAR7E EAYBLER )3 Fd)iz AA
7] 3l ol B8k, e ko) Az At "asich
HE%R JRES a0 A Rshs 49
= A A5 dYo] wiES o vlsle] nj¢ AHete
1 49} Po| thFAR HEEe 27|71 ulsdh A4S o
FA2 ARo) ola) Azt Agul7) 0 dB wr} 22
o] B 4= glo], 4719 B A5o] WAE] Bojct
gh AR R} Zo] 4] HaR A7 wjRof oj$ &
39 A25E7)7 e Basic) sjAE AgoA
=9 dojg Al Qlof, ATt AR} e Zojg
A5 3 2 Yollae SAIE0R 99 &AeH
o| TSI YZIe 5= 9lof $F T Q) A} FUF
Aduatu|e s ojgate] 4418 5= vy E=3E 9%
9] A P19 FR7IN0] Al A7kR 22 e
dl= ol ZHYFL WL FIAN 4T YL
& ZH|AECte] 27gted Agdl 33 DS Al
& 4 5 g Aot

H

Ql 3

S A2, CDMA Al28E AAlBh: 29 & dsF
7Hopde B AUAE Zde e R AP PERSEA
of oJate] AAT 4= e SAdo] AU, 3 HEFE 9
Q) ARAE 21 Qe 2 dUAE 2 uF ARV
1.5-3 ms 70l 3747 245122, #o]2 (Rake) 4
*|7I4 WAG¢Z 377 271w 8 4 ds A

o]Folz\}, 470RE = A% Aol plulEE: S
4= Slol, HAHY YAt 3AYE £ = Yok £33
30 mSWI tesER2 437 +47]0 =gsiig, OI%
A7)dE B30l 2 antx e R Fol7] Slste PNAE
HO| F71% 30 mskr} AHopgg & 4 Uk

3.2, 1492 m 7o) 2FSYW 1 B4 By
1492 m A4zl ogt ALBAIE ¢ Hold
675 m AEA2lol chsto) DA R FUH 24

2 i e WA, 1092 m AR el
of 2700 e vE ARl A 1Y Ezarls A
A%k Anpt 19 9of ek, 2 ms Aol 2 ojuixiE

s
Zhe Y4372 AdEse] EAlst, 1 2717 Al 4

ke v il . o)= 1% 99 FAIT
AH Ay =20t 5 msvm 9] AdA|Zte] sl 7
d Wy aadd FHsle] vepd 19 100)4 ®Hu}
wsts] sl 4= ot 28 1004 B 1.5-3 ms Al
ol9] AAR| 7ML Sul9l= 2715 2 oF BEVL
37 BZEE I 5 9T, olEQ) 27)9h A E Wit 2
49} v o Akl et A Wk 1SS el
g 4 gt 9k 675 m AEA L - 30 ms7}A| 2]
PRl ChEARRESO] EASte At ale- ohE A
9 A SBEEE BAS ¢+ UG o= AES &

________

il Time t [sec]
Delay 1 [msec]
3 9. 1492m HEHEHA AIZHH OhB X Z=2pi B4
Fig. 9. Delay profile analysis result for the 1492m transmission
distance according to the time.



25 kHz CHOIM PN AlB@d® OIZS AHN| Msfe] +ES8EM Md By BN 387

15 2 25 3 35 4 145 &
Delay t [msec]

32 10. 1492m HE72)0lM SmsMX| XHAZIM SNE X0t
ped-jn il

Fig. 10. Overlapped delay profile for the 1492m transmission
distance upto Sms delay.

745k #|o] dajelo]7| Wi Apdof Wdhe &5
W A BREAL STt jBlo] ched—AI RS
AN "higo 2dHc)

ARE 85 AR A3t 13 1 33 120 ek
1L ARE FE Adn wEZd Fule]| didlod
=20 dB7HA| SEHHO R FARGH Ao, I 123= 33k
JRER FARE Zlojut I 1104 HW, °F 0.7 1129]
T2 TS 4o ARKkE) Basia, #d| 2
liz0] S22 o e Baghe o 5 9l 39
U2 TZg gHol ¢k (.7 Hzolal, AM} A7k F | 4
#2 ARElo] 675 m 9] nlslo] Apdo) ok MRS
WA W} 91 o 4= gck 675 me) 7ol v3lo]
Ao 2 =29 Holsh whgala, 1 1004 ol
gl B} 7ro| bl A7k &3 Al Ao R 2Re-S o 4 9f
o}, ol AR 1A= Yde gy Yo
A RS e | S A 33 5 9l

=Y

Dopp-er fequency & |Hz]
o

) 2 1 3 3 10
Delay t (ms)
JY 11, A a0l FYNE
Fig. 11. Contour diagram of scattering function.

Sp(= [dB]

Depy frequency (42| 0 Doty 1 (ms)
O3 12, 37 M B
Fig. 12. Mesh diagram ot scattering function.

Ahd g riE A AY 229 ALk Ale] 2
& 139] ik 112 99} 2 1004 & 4 glio) 2 9
YRS 28 M Aol ARt 2 ms Al sk,
LA A 258 EA5H b 31 3 4= qlvk
A9 Ae zRajeld o)8s}0] spaced-tone A1
s Akehd C1y 149} 2k S1RellM RY A4 df
ABO 3 dBE V|F0F oF 100 Ho AEUS L 4 ¢
o} E§ 2 A waaels 0]%-0}01 Ad B3AS:
A, SEHFE -10 dBE 3FEE A9 0,43 mso]
2, g-l;lz,t.% -20 dBE 313 & 75 0.60 mso| Sl F_
gito] -20 dBgl /*"4 2)d 2k ol gt A e
]wzs]wl ok 333 HAOM-

-ﬁ}'ﬁ\ﬂ 5 kHz

i

do
[
1o
rlo
r{m .|
ix
n_\
[ ]
<
S
T
=N
E

A, °4ﬂ191— h 7}3/}17} -ansm °1°l -Z—IEH Xl
AAZEE oF 2 mg (10 A1) o|u 2 TfEAT U3 E A
Ast7) 43k Katol A7} 675 mA oA Hgsh= A

0

Mutipath Prefile < (1.0) |d6)

=
=
—
;3
T
=
?
=
—=_

|
0 5 10 15 20 25 0 35 40
Detay 1 [ms]

I8 13, A WY x2up)
Fig. 13. Delay power profile.



388 BRI M6 HMES (2007)

Ry(Af:D) [dB]

R
Af [kHz]
12| 14. Spaced-tone AI7IAT &4
Fig. 14. Spaced-tone autocorrelation function.
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