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ABSTRACT

This study was carried out near the waters of Jango port, Dangjin-gun, Chungcheongnam-do by utilizing
10kHz carrier frequency, for the purpose of measurement and analysis of underwater channel environment of the
Western sea. For the measurement of horizontal channel environment, the separation distance between transmitter
and receiver is made differently in the range between 10m and 4000m. Meanwhile, for the measurement of
vertical channel environment, transmission and receiving side ships are fixed as contacted each other and
measured differently depending on their depth of submergence. In this study, the Coherence Bandwidth and the
Coherence Time were estimated by analyzing the Power delay profile of the real sea based on the measured
data, and analyzing the doppler frequency through frequency conversion of received tone-signal, respectively. This
study is expected to become a base study in carrying out the frame design for underwater communication to

improve the communication and secure the reliability of communication in future underwater channel

environment.
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Fig. 1. The experimental locations and setup of the

experimental system
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(a) Transducer(ITC-1007)&Transmitting voltage response
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Table 1. Measurement parameter

PN cos
Bandwidth 5kHz -
Modulation BPSK -
Carrier frequency 10kHz
TX sampling frequency 1Mbps
RX sampling frequency 200kbps
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F 2. ) AN A 29l sl Aol
Table 2 Maximum excess delay spread & coherence
bandwidth in verticality channel environment

Threshold Depth(Tx/Rx) [m]
Parameter
value [dB]| 3/6 6/6 12/6
3 0.111 | 0.109 | 0.109
Maximum excess| ¢ 0.153 | 0.149 | 0.152

delay spread

-10 0.195 0.188 1.714
(average) [ms]

-20 3296 | 6.568 8.600

Coherence

-2 . 152.2 116.2
bandwidth [Hz] 0 303.398 | 152.253 6.279

E 3. 47 Ahaaelne] A st e s
Table 3. RMS delay spread & coherence bandwidth in
verticality channel environment

Parameter Threshold Depth(Tx/Rx) [m]

value [dB]| 3/6 6/6 12/6

-3 0.050 | 0.049 | 0.049

RMS delay o 505 005 o
spread

-10 0.055 | 0.053 | 0.506
-20 0.296 | 0.907 1.422

(average) [ms]

Coherence
bandwidth -20 675.676 | 220.507 | 140.647
(*333) 0.5) [He]
Coherence
bandwidth -20 67.568 | 22.051 | 14.065
(A3} 0.9) [Hz]
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Table 4. Maximum excess delay spread & coherence
bandwidth in horizontality channel environment

Threshold Distance [m]
alue [dB] 500 1500 2500 3500

-3 0.149 | 0.154 | 0.124 | 0.143

Parameter

Maximum
excess 6 0204 | 0218 | 0.270 | 0.196
delay -10 2.482 0.287 0.584 0.288
spread

tional
(average) | OPUONAL] 5 765 | 1 495 | 0.395 | 0.195
[ms] value
(Coherence|

bandwidth| optional
(1/MED) | value
[Hz]

357.782 | 668.896 [2531.646(5128.205
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Table 5. RMS delay spread & coherence bandwidth in
horizontality channel environment

Threshold Distance [m]
alue [dB] 500 1500 2500 3500

-3 0.068 | 0.070 | 0.056 | 0.065

Parameter

RMS
delay -6 0.080 | 0.085 | 0.104 | 0.077
spread -10 0.534 | 0.081 | 0.156 | 9.688
(average) | optional
.34 172 .1 072
[ms] value 0.343 | 0.17 0.156 | 0.07
(Coherence]|

lbandwidth| optional
Ak | value
0.5) [Hz]
(Coherence

582.988 |1157.742{1282.051{2749.771

bandwidth| optional
(@ eixds value
0.9) [Hz]

58.299 [115.774|128.205|274.977

Zohsleii] ol SN AR A
2|7} Zo)3te) ule} Alze] 24 W I ARl 59
odgko 7 AAul= A3l e A3z ES 4
Zlom FAsr, meh 29} Adshibt a4

Shel
silo] Aele] Z7lol mhel AR AL o 4 Slek

b "

r_l.u r‘ﬂ

1 Rus
o AR v A= A 27 sﬂTE,., %&4,&_;«17]

QAo EA49] A4REE olr] S A
A Spetslol s, ol sl me) 3
Aol ek 4je] Spapsefof gl

£
3
g
5
2]
H
H
a
B
g
g
o
o
ER—
Freq. Shift (Hz)
(a) Verticality channel environment
0
| I I I I I I
e e e e (el Bl e e Al ol
13 | | |
E
z | T r
o | | |
5
2]
5
H
a
E
g
o
o

Freq. Shift (Hz)

(b) Horizontality channel environment
T2 6. 4 ALRAI e e =2 b o
o=

Fig. 6. Doppler spread in underwater channel environment

EZ8 AR A9 A7) §1E, Ie
So o5l Al A sle] wkAlsle] EAldoe)
A7kl w2 WElE A7 =o] o]zle] Fulr Alol|A]
WA BolAr kel &3 e, A7k
Al (5)ollA] Hi= ule} zho] =Zw| g4le] oow F
o] 7psslio

1

Ty = I ®)

()

B o] ZA A= /\1(5)"5' AR85he] AlkA|
& FAsb] fIste] ZAulole] ¥4 B =3
Fake aleich 7% 62 As) As|doll ] 10kHzE
AHg1e] A% tone ALEE ) AT )
2 e A lelEle] Z|AHY AEE et
Wlek oAk el AdE A 415 tone Al B o
S ool glEaz ERE T3 60 Mol
uke}l zro] 5 Ad 3738 S tonedl S T
G A4 5ol = dAlo] WAl Ekel & 4 )
o} sl Asled 24 dlelElolAE 4% AR
ollA HbAsh= oot AkEom qld) Ayt =2
FAE 9] FAo] Brbsstna B Aol Al
| Alze] Fuledgellx] dHe] oF -20dB #37}
A5 frE =5 4 R Akl

137

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’16-01 Vol.41 No.01

E 6. 74 AdaelMe] =Ee st Az
Table 6. Doppler spread & coherence time in verticality
channel environment

Depth(Tx/Rx) [m]

Parameter
3/6 12/6
Doppler spread (average) [Hz] 0.929 1.696
Doppler spread (maximum) [Hz] 1.23 2.53
Coherence time [s] 0.813 0.395

E 7. 59 AdeelMe] =Ee st AR
Table 7. Doppler spread & coherence time in
horizontality channel environment

Distance[m]
500 [1500]2500|3500
Doppler spread (average) [Hz] |0.426| 0.46 [0.482]0.483
Doppler spread (Maximum) [Hz]|0.972(0.499(0.632]0.643
1.029(2.004(1.582(1.555

Parameter

Coherence time [s]
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