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ABSTRACT: Underwater acoustic communication channel parameters consist of impulse response, delay
spreading, scattering function, coherence bandwidth, frequency selective fading, coherence time and time variant
magnitude fading statistics on which communication system modem and channel coding are designed. These
parameters are influenced by sound velocity profile, platform motion and sea surface roughness in given acoustical
oceanography condition. In this paper, channel model based on phasor, channel simulator, measurement and
analysis method of channel parameters are given in a fixed source-to-receiver system and the parameters are
analyzed using shallow water experimental data. For two different source-to-receiver ranges of 300 m and 600 m,
the parameters are characterized by three multipaths such as a direct, a surface reflection path with time variant
scattering and a bottom reflection path. The results present a channel modelling method of a fixed source
source-to-receiver system, channel parameters measurement and analysis methods and a system design and
performance assessment method in shallow water.

Keywords: Underwater acoustic communication system, Impulse response, Delay spreading, Scattering function,

Coherence bandwidth, Coherence time, Fading statistics

PACS numbers: 43.30.Es, 43.60.Dh

LA = 247 59| ol 3 g Hofol 4 ALt o]

U AIE1e] sRlol L A 2] Aol A2

FEEITAASHE SESAHEAIH A o sjoparg el SRR vl o8] 2
o 2RI A ) 548 2 A 7o)

tCorresponding author: Jong Rak Yoon (jryoon@pknu.ac kr) g =74 A ¥ o] J(small scale channel fading)¥}
Department of Information and Communications Engineering, Pu- o 2 gjo|y (large scale channel fading) © & L&

kyong National University, 45, Yongso-ro, Nam-Gu, Busan 48513,
Republic of Korea
(Tel: 82-51-629-6233, Fax: 82-51-629-6229)

494



EAV1E R A SESFEA AL oA S 495

Sk, FARs TR A Bk ofat 459 71
A, Sl ddlegolu B A Akt S0l <f et 7
o] 0.2 450354l malolL Ay o] 714
AA Y 5E AA sk Hlold ol $ A=
Z=A17] 0] A go| up2 SAF AT} S 2 A of] 9]
St #|o| g © &2 =4 A1 9] SNR(Signal to Noise Ratio)
Aol B4 A2 E Ageis slogolch

2 Aol e sk w4 Al Flojd
Table 137} Zro] th5-7 =2 2| & 2H4tof| ofsff A[ulj ==
ok v 8 o] T} ke A so]
ol 29 9] A]EH(time variant due to physical changes of
medium/platform)o]] 23l A|ulj &= whE w0 J(fast
fading; high Doppler fading) ¥} =& | o] (slow fading;
low Doppler fading)© 2 EE| 11 AA| 34 =
o5 4717] slol o] 2o PR natA
A2EE AABAY A5-E B Sl A 2
2 o] o] o gAY v 45 S slolof
st

Table 16] 4] A 4 Shak A|7F ¢ ol 4] A
oL} 5579 | 4 52 AR} 4
A A golut 2hk AuEY WA 557
A

tlo r01

[¢]
58 AR e ool A Wk Fle0) B

o
2] "ol gl A Es AAst A %o A4
S42 AR A A 21 71l eAIE

A NN = A =] A FAtat 2
dA ol AotE o] Qlo] 7] o] vhefet A vl A
FE ST S AR gk wEkM S iz
7t A AL AAY A Bl miAlE

=
ALT4¢@“HN“45ﬂ4 FLERE S
SSFRAANG EAN A 53T A g
2 gjo] w6 2 o weja) g A @
0] S B 5o A7k lek 7)) 4
off =B Aol osh 23] o) Aol A wE
Al AR A 0.2 415 4717} kel o
U578 2= A5, i whAk, sl 4] HiAb) 9 s
-3 4] WhAlko] 47]) o] &k LA E o] Qlek e
A w47 A2 e] A Al v A
gl digt AR E 53 FEA Ve FM
T2 BRSOl HE 554l Al Hle] 1]
FE A= o|Jof w2 AU FA Y 2l =-
22 H(Reed-Solomon, RS) 3 & 0] A5 3| Aleto)
A $J4) Ho] ¥ Z(Quadrature Phase Shift Keying,
QPSK) 450l m] ] = g Fuba 4 UPvﬁi
Ho|g o] H|ZF|HE 45 SAIA| 27 o |2 =

115 crop A7) . el ol 71 9

[‘ll‘

o TS Bk AL A2 %2 A
S A0 Tk S5 A 8ol 48 H 0
27415 AI 25000 e 7 o151 218 ol
B AT W H4417] g A2 71
sho] 532 REA A mE, A v 54
8 3 538 518 4 e AN, o el
A3 of A e ST U ol S v
AL A2 A 2 el A
2 7]l

Table 1. Fading mechanisms and their effects on underwater acoustic communication.

Delay spreading due to multipath

Time variant due to physical changes of medium/platform

Frequency selective fading;
delay spread > symbol time

Time delay domain -
Flat fading;

delay spread < symbol time

Doppler spread domain

High Doppler fast fading;
Channel fading rate > symbol rate

Low Doppler slow fading;
Channel fading rate < symbol rate

Frequency selective fading;
coherence BW > symbol rate

Frequency domain -
Flat fading;

coherence BW < symbol rate

High Doppler fast fading;
Channel coherence time < symbol time

Time domain
Low Doppler slow fading;

Channel coherence time > symbol time
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Fig. 1. Phasor diagrams of multipath: (a) direct path,
(b) surface bounce path, (c) bottom bounce path, (d)
sum of three paths.
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Table 3. Shallow water acoustic channel parameters in two different fixed source-to-receiver range.

Number of Effective delay Deep fading Doppler frequency | Coherence time (s) | Fading distribution
dominant spread (ms) and existency spread A, (Hz)
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t ~ 670 (-6 dB) (deep fading freq.)
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