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A study on underwater multiple sensors acoustic communication for offshore plant monitoring
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Abstract: In this paper, we analyzed underwater multiple sensors acoustic communication technologies for monitoring and con-
trol of offshore plants in underwater environments. Information on underwater structure of offshore plants is transmitted and re-
ceived by multiple sensors at the same time. Using multiple sensors with same frequency, we employed spread spectrum tech-
niques to avoid interferences between these multiple sensors. Owing to the multi-path characteristic in underwater communica-
tions, the performance is degraded. In order to improve the performance of underwater multiple sensors communication, we
proposed turbo equalized RAKE receiver structures. Assuming that the number of sensors is fixed to three, we conformed the
effectiveness of the proposed method as compared to the conventional one.
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Figure 1: Example of to need the construction of a under-
water monitoring system
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Figure 3: Transmission for multiple sensors acoustic commu-
nication
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Figure 4: RAKE receiver based on multiple sensors acoustic communication

Figure 5: RAKE processing
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Figure 7: Turbo equalized RAKE receiver based on multiple sensors acoustic communication
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Figure 9: RAKE receiver with threshold (K = 1)

Figure 9-> RAKE 217030 tste] ARgxte] 427} skt
A A4S A # el W A S Yehd i =Zoelu.
5 Ho) A ghe) vk B3 geS AlAs] $lskd
HH)) B3 ghEe] Al ks A ghe® FojFEh MRC W
Jofl Al Wk} B35 FhE2 62 Aske] Al 4 Ha a8 01314
self-noise”} 7HASHAl Et}h 67F 02 749 2.5 dBo|A] &
HelE g $3ste] Agel 71 TTo}aiu} S 28R
Zo] WE 5= 245 A5 A A7 4 9k

)

A

rie

A3 98k
A3-& F3ke] 42 Sound Velocity Profile

F 3 AlEF o) AS 3Gt Al
< Table 17} Figure 103} ¢t} sjUZdE
7HT°L AREAL A S 5 S AlelA Al iR
stal, dlolE] HIESFE 10° bit2 la ool gk 9%t
PN sequence H|ES5 8 bit® 3} 3L ZF AlAe] AHS
skAlg AE RS E shit2 AASISlTh Ald Fas|=

fl i
o
o
X
rlr

2

)
=
oy
=2
>

N,
B
It

rﬂgg
Y g

N &
o

2ol o
Rl
lo

[

(

jg

T Q17 AEFA FIEVE AREglaL, Mo
T BPSKE ARE3Il oM 5357]= BCIRS A}%o}‘iiﬁ} <
A FIEE 16 kHz, AEY TS 192 kHz® 3RS,
tolE &£EE 187.5 bpsE st

Table 1: Parameters of simulation

Data 10000 bit
PN code 8 bit
User identification code 8 bit
The number of users K 1,2,3

Channel coding (2,1,7) convolution

Modulation BPSK
Decoding BCIJR

Bit rate 187.5 bps

Center frequency 16 kHz

Sampling frequency 192 kHz

o

Zuld Al A yoj g ets A A41@ A15(2017.1)

A9
Figure 10: Illustration of simulation
Channel Impulse Response
0.6
0.4
()
2 o2
2
£
< o0
-0.2¢
-0.4+
0O 1 2 3 4 5 6 7 8 9 10 11
Time [msec]
Figure 11: Delay profile channel
NEH)AS 95 A8H AL SHLS Figwe 119} Zo]
WE A9 $H 5ol FLsktha /g g WA =
23k Az sigolt slA el Fele)A] o vl Heol
2 N5 2 amplitude”} 0.6 0.2 71 Atk 71 WA =23
AT ANFOR 5 ms (A0 AFEo] ) vpA|H)
o® Fol Ao 9ol REEW amplitude”l 71 2Tk
Al o] A AREAL Kg]r RAKE 41739
Fol| mE 7} AREALe] 4t 4d°5S BER(BIt Error Ratio)
4 oz ekl

Figure 12 (a) Non RAKE A17] G20l A Z} AFE-}9]
Ht A A& YERATE Non RAKES] 27|+ Figure 8

9] G-zl A4 Rake Processings 314 %2 A FRE

i, ARgAke] 271 b w7 dBOlA RE HolH S
B35 8 5 JUAT AREALe] ST} 2, 3 A 9ol = o]
HE‘ EQ_ tﬂ- /* 0-11:]—

Figwe 12 ()= RAKE F417] G20l Zb AR 3
7 A% 345 VeERdth RAKES] 99| Figure 89 7%
ol A Rake Processings -8k 74 T35 YR, 7} AL
|2e] "t e a4 aYzolvh AREARe] 47t skt o
u] 3.5 dBoA] BE dlolHE ié}oi s e & 5 3

T AR
AT RAKE 541728 AH81) ebohg sk nhl7iA 2
P P N )
96



ANFEME Ao AAE 5 b5 A 3 T4 719

Figure 12 (¢)i= RAKE =4l 7-%0 thate] A #h& 48
a5l wje] 2k ARgAke] et As 4 efzelnh A
gk o= ARk o w029 0.082 AAES Wl 7
F3 oS HoFATh AREARe] 47t s A, 2.5
dBellM E= dlolBE ekl 65 Z*ﬁo}oq 1 dB vHF

5ol WgELdh AR 72, 39 B, 68 4%
A Qe At RE olHE BEs RaAGAT 5

|

il

|

Ag3to] Zb7t 7 dB9} 8 dBolA EE HolEHE EE3%
] ok § gkol 027 0.08 ©]9]9] ghs A&3kE A5, ol

\ | 3|8 SFEEAY e HlolElE B3R Rt
EbNo(dB) Figure 12 (d)= 97 3+ 283 RAKE S4T30 ot
(a) Non RAKE receiver BI4E 302 39S we] A3E veRd Lot w
: 55 oA %S A Bub AREARY] Tt St wieh
AREALS] 7 3 W) 247 1 dB9) 0.5 dBY AT S
Az & 4 Q)
A& glol é‘ﬂr
= I i
Zte] o] Ei—@ *}%8}@1
AH&2Le] HlolHE B& 7 =
|Apo] 77t Soldel wel Aol dotaA= AR whE

R . ] S 5% AT P e #E T A

Figure 13: 7159} Viterbi 3 W48 A8 541
%, SIC/RAKE FAl%9} E|H 53} 7|4ke] RAKE
Tz 3} *}%XH F7F 39 W] Zb ARg-Ate]
A BluE Yl g Zolt) Viterbi B3 WS
tlo]HE H53tA] %3}l SIC/RAKE FAI7-2E 12
oA EE HlolHE & %‘ T AR w2 A kg
Bl 53} 7]4ke] RAKE 417 EE 7.5 dBOlA EE dlo]
3]

He 55 & ‘}AMDP.

fo

s -
o —
©

-0O
¢}

5 ig
-
N
=2
nz
tlo
2
Oto
[0
%

BER

i
r°"
O_u

of o

shol i 4l ZolAl Pk

off > J
o

-

|
|
TIAnmIT A ATITm T T T OIim T r rIgimn

== HIH

Oy
N

2 3
EbNo(dB)

RAKE receiver

b o >
% (TR

}01'

El
a
o,
TTT
I
[l

== === =@=Turbo equalized
SIC/RAKE
=@= Viterbi

EbNo(dB)

(¢) RAKE receiver with threshold

44,

L
|
|
L
|
|
L
|

Iy I I N

[
41
[
[

fOy

14

6
EbNo(dB)

————— Figure 13: BER performance K = 3 comparison for conven-
tional scheme

- —

EbNo(dB) 8 g’]—;_j__ EHOO]: %%E %01:94 ﬁ:rL 5 7_/\1:']% E‘Z}:i g/]\}\f_
(d) Turbo equalized RAKE receiver (iteration = 3) tl 2 FollA oA o] FoA 1L Q= Y EHE 1A
Figure 12: BER performance graph by number of user A= dlY ZUNE FXE H2] = Astow 2131y

o

Zuld Al A yoj g ets A A41@ A15(2017.1) 97



Q4] - W)
A Ze Aoz WA E] wAyske) o] # g Al s WA st
7] Y3ke] s 4] A= ZAlEta, HEE AT 5
T A ="l o] Fgslt)

kA 2 =l AE U] o AAE TYS 3
F ol ALE 7HsE] flske] AR e Hu AES
7HAE FeE ke Al gid gt whal vhke] sjjek
ZAE tF M =5 B4 25 Aekssa, ool tigk
"AEHQ B3 729 g5 AdY T2 5 A 540
573k RAKEZ|HFe] G4l 25 AQHSSI T

w3 Al B ol AS B3l ] AREAll tigt tlolE
E ARSI S0l E et AFEALY] HlolHE BT Bavt
7FeEe & 5 S-S B9l E o Alkste A
Z7 Ao AMEE = ge o = ARtk

% 7]

2 AA(AFE)= ASEF Ado A ATt
AL ol % sy AdZoSHLINC) $49AH:1 9]
AAzJ T

References

[1] M. Stojanovic, J. G. Proakis, J. A. Rice, and M. D.

Green, tele-
metry,” IEEE OCEANS '98 Conference Proceedings,
vol. 50, pp. 650-654, 1988

Z. Zhao and S. Guo, “Design of an acoustic commu-

“Spread spectrum underwater acoustic

nication system based on FHMA for multiple under-
water vehicle,” 1, 1,
2010.

K. Ouertani, S. Saodio, M. Ammar, and S. Houcke,
“Performance comparison of RAKE and SIC/RAKE
receivers for multiuser underwater acoustic communi-
cation applications,” IEEE OCEANS 2007-Europe, pp.
1-6, 2007.

L. Freitag and M. Stojanovic, “MMSE acquisition of

Scientific Research, vol. no.

DSSS acoustic communications signals,” OCEANS '04.
MTTS/IEEE TECHNO-OCEAN '04, vol. 1, pp. 14-19,
2004.

S. J. Honade and Dr. P. V. Ingole, “Removal of
Multiple Access Interference in DS-CDMA System,”

International Journal of Scientific and Research
Publications, vol. 2, pp. 1-6, 2012.
[6] T. C. Yang and W. B. Yang, “Low sig-

nal-to-noise-ratio underwater acoustic communication
using direct-sequence spread spectrum signals,” IEEE
Oceans 2007, pp. 821-826, 2007.

M. Stojanovic, J. Catipovic, and J. Proakis, ‘“Phase

coferent digital communications for underwater acous-

o

Zuld Al A yoj g ets A A41@ A15(2017.1)

tic channel,” IEEE Journal of Oceanic Engineering,
vol. 19, pp.100-111, 1994.
[8] F. Blackmon, E. Sozer, M. Stojanovic, J. Proakis, D.
P. Shea, and J. E. Mitchell, “Performance comparison
of RAKE and hypothesis feedback direct sequence
spread spectrum techniques for underwater communica-
tion of  MTS/IEEE
OCEANS, vol. 1, pp. 594-604, 2002.
H. Z. Stefanovic, A. M. Savic, S. D. Veljkovic, and
D. N. Milic, “Simulation models of RAKE receiver in
DS-CDMA
International
Technology, vol. 3, pp. 34-39, 2012.
[10] H. Kulhandjian, T. Melodia, and D. Koutsonikolas,

“Securing unserwater acoustic communication through

Applications,”  Proceeding

9]

multipath  propagation  environment,”

Journal of Computer and Information

analog network coding,” Proceedings of the 2014
Eleventh Annual IEEE International Conference on
Sensing, Communication and Networking(SECON),
pp. 266-274, 2014.

K. Ouertani, S. Saoudi, M. Ammar, and S. Houcke,
“Performance Comparison of RAKE and SIC/RAKE

Receiver

(1]

Acoustic
OCEANS

Underwater
IEEE

for  Multiuser
Communication
2007-Europe, pp. 1-6, 2007.

K. Berberdis, T. Rontogiannis, and S. Theodoridis,
“Efficient block implementation of LMS based DFE,”

Proceedings of the

Applications,”

[12]

13th Digital Signal Processing
International Conference, vol. 1, pp. 143-146, 1997.
L. R. Bahl, J. Cocke, F. Jelinek,

“Optimal decoding of linear codes for minimizing

[13] and J. Raviv,
symbol error rate,” IEEE Transactions on Information
Theory, vol. 20, pp. 284-287, 1974.

K. Berberdis, T. Rontogiannis, and S. Theodoridis,
“Efficient block implementation of the LMS based

[14]

DFE,” Digital Signal Processing Proceedings, vol. 1,
pp. 143-146, 1997.

98



	해양플랜트 제어 감시용 수중 다중 센서 음향 통신 기법 연구
	요약
	Abstract
	1. 서론
	2. 다중 센서 수중 음향 통신 구조 및 수중 채널 특성
	3. 효율적인 수신 구조
	4. 시뮬레이션 결과
	5. 결론
	References


