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A Study on a Low Power Underwater Communication Modem

for Implementation of Underwater Sensor Networks
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Abstract: Recently many countries are researching actively underwater sensor networks for securing ocean resources and changes
of ocean environment in all over the world. Current the commercial modem are not suitable because it has characteristics of
long distance, higher price, larger power consumption with the special object mainly. In this paper, a low power and compact
underwater communication modem which is suitable for underwater sensor networks is implemented. It is comprised by using a
simple analog circuit for non-coherent BFSK modulation method ,ultra low power MCU and orthogonal codes with a less oper-
ation and a simple implementation. It was experimented an underwater communication using our modem in a water tank and
open sea farms. It communicates fewer than 10! bit error rate.

Keywords: Underwater communication, Underwater sensor network, Low power acoustic modem, Orthogonal code

1. A &2 o A i dATdolA St adel A e 44 A
A7 Zrare] sk Akl sn Aol X ds A WA ok 7} Vs reedd TSNS 7H%L3}3i‘jr[4]-

A A B4 9 G e FATE A A JE BARES & AR A9, UF, A B4,
9] Juby} B sjok Avke] uln|ek sjekE A muUE a7k g g 548 7 AlM YEQAE s
o zgay] o8 = A YES D] Ysh AT} St of HgatA gk AN HEYDD & d79 S A
5 A& Q). = WHOIA tlre] 223 o] o] F Mgl WAL oF 7] wiEel] 2w 7|3 5t AFEEH)
2 o8 2208 DAEA YEYD TREDS AT F el AR AHE HAs} skal v wE=E AR
o)1, 1 HEATAE FE 550 2US o] fate] F freld A A=, 2%, A7 54E& Ad FF FAEH
Wel el gAUEARE FASHRL Qe gy M rEn
o= JAMSTEC¥} KDDIZ %/39_; zzryl gl o] =9 TS tad Atk AN E FEE &
B EAAAE T} T)m0] SEER 0ojS 98 E T A AAY =5 AR tste] Arslar, A374 o)A
B2 WEA kel 09 62 Agela g, a5 A9 FERA Sk AL AAAA FH 2

T Corresponding Author (ORCID: http://orcid.org/0000-0002-5699-8565): Department of Electrical and Computer Engineering, Pusan National
University, 30 Jangjeon-dong, Geumjeoung-gu, Busan 609-735, Republic of Korea, E-mail : sckim@pusan.ac.kr, Tel : 051-510-2380

1 Department of Electrical and Computer Engineering, Pusan National University, E-mail : cyongwoo@pusan.ac.kr Tel : 051-510-1394

2 Department of Electrical and Computer Engineering, Pusan National University, E-mail : jhwhang@pusan.ac.kr Tel : 051-510-1394

3 Department of Electrical and Computer Engineering, Pusan National University, E-mail : dongchan@pusan.ac.kr Tel : 051-510-1394

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http:/creativecommons.org/licenses/by-nc/3.0), which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Copyright © The Korean Society of Marine Engineering



Transmitter

McU Amplifier

Transducer

Receiver

' Detector Fiter [
MCU | !
\:r\ Emvelop |, | Bandpass |

2
-0,
ol
rlr
&
ofy

fi
2
fd
eic)
rlo
N
i
ox
oo
td
i
>
[
<
B
=
=

L2 A A,
& dAst TS
AlAE= 16 bit RISC
(Reduced Instruction Set Compute) EF 2] MSP430 A 2] =9l
16 MHz Z8& A 918h= A7k MCU=R 7]& 4855
Z2AA ] vE)] wfg e dEg ARS 3 5

A
9]
T S SHsto] dad $A A4S
2
7¥

to
Sl
o
o
e
Jol
M

ol

ol

2

2

)

T

=

to gy
= 9

[o

pi

ke

2

(&

[o

_{
of
o
>
b
i
S
>~ = it
P o
£ 9
rlr

b
[k o
how

kY

e

N
>

r'
(m 4 1o
2orlo pe o

r
o
2,
>
Ho
r% Hu
olr
) rﬁ,‘ ol

ox B L -l ox

o
-

2
ox
olr
tlo
N
)
)
bl
dn o
(1
e
Ol
ok
32
iu 3

2
fol
o,
o
e
tlo
Ho
ol
>
fu}
12
of
i3
i)
o o -
ey
U o

=g
Fotel A3k Agehs

%
ofy
it
o
2
>
2
_>|4'T

|
i
QL
R
o
R
i
rr

e oox
i
o
N
>

w2,

N
™

o}
F7] TR Ao AP} 4n) %
o5 o] g3t FAle] FEBtHsI6). TF
o] g317] YA HupEale] ohetel -85t
AME ol&atedof ah=t), o] el 82 kHz ~ 84
kHz, 200 kHz ~ 204 kHz 3t ol A QAMA|7} S

&
4
oy
=2
e 3

oL
!
E
i

f
5
=
M b

& do

o O
o

ol

&

3o do & N

guldAdxyo] g eks]x Al 397 A35(2015.3)

=549 A, 345 EdafARD v 74Ae) A
98 A ol EASFAE AgaiTh AN 5
_]

A€ Table 1°] YERSITH

Table 1: Characteristic of acoustic transducer

transducer
Stispe o
Type Directional
Frequency 83kHz, 200kHz
Beam degree 60, 20 degree
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Figure 2: Block diagram of digital processing
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Figure 3: BFSK modulation
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Figure 4: Transmission circuit
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Figure 5: BFSK demodulation
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Figure 6: Receiving circuit

Table 2: Characteristic of underwater communication modem

¥ = 2
MCU MSP430G2553

AE&EE 400 bps

AAeTE
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7] Al 252 0.05 W
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Table 3: 16-chip orthogonal code

Data symbol Chip values
0 0000 0011111000100101 Figure 7: Analog circuit
1 0001 0100111110001001
2 0010 0101001111100010
3 0011 1001010011111000
4 0100 0010010100111110
5 0101 1000100101001111
6 0110 1110001001010011
7 0111 1111100010010100
8 1000 0110101101110000
o 1001 0001101011011100 Figure 8: Underwater communication experiment in water tank
10 1010 0000011010110111
1 1011 1100000110101101 Table 4: Experiment results in water tank
12 1100 0111000001101011 FN EASTA
13 1101 1101110000011010 pakine k2 AAFE HESFE
14 1110 1011011100000110 20 Vp-p 3x10-2 2.5%10-5
15 1111 1010110111000001 10 Vp-p 3.5x10-2 2.9x10-5
5 Vp-p 3.1x10-2 2.6x10-5
T = iak(n)oz(n) k=1,2,3 i=0,1,2,-15 (1) 4 Vpp 3.8x10-2 3.2x10-5
n=0 3 Vpp 3.6x10-2 3.0x10-5
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Table 5: Experiment results in open sea
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Figure 9. Sensor module with underwater communication

modem
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Table 6: Comparison of underwater communication modems
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