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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 & o] ¢ g FA T Lol St adell e LA A

AA ZHe] sk 2HY B AAo] XA A HA F|ok 7t 7Fs e e TS LS tHY.
4 AP Bk o g gl AT s 9 A8 BAlREE = &8 A, g, 2w e,
o) Aty B3 gjok Akl ulb]e sjershd muUE 7t 2 145 EAE 7 AA MEHAE 735
S =857 98 = A YEYA ek A7} Pk of AgelA] @t A WEST 8§ 4] 544 A
3 A& Quk "= WHOIA thre] 223 o] o]F AY A7} oJH 7] wiEe] ¥ 7|7t FoF AREE}H]
£ A 87l

et

%z—ﬂ' _/’:%_%63: % H]Eqi Jiiae \_?_ K3
A

olaL, 1] FHFEAFAE AL 2o E wHS o] gdle] B frelet A A=, A3, 471
=]

He Hal FAMESAE ARl €8] A5
Oﬂ"i‘ JAMSTECEL} I{DDI’é‘ %_/‘\j]_o__i _/l:%_i_;!ﬁ\_i} _1;1_}1\_34_9] O] l\ET"}g] ?—}\5]% E]"\%‘jl]' 7151—1’/} 21]2%01]}‘1?: ?‘%é‘} =
TAFAN 2 e £FERE $9e A 25 pa 19 AU ST wdudel detel ARk, Azgely
B VEND A1l 0 ATE Qs Qokpl, w0 AT TEREE SAsiel $AF Rgel T w9

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



4% A MENILE A% A9 £F B 29 A7

o] Aes BrretH, Addol M= hes] AdEs Rt

=
Figure 12 AIk31 = 53 E2lmse] 25Eg Yehg)
ok MCUE olg3te] 148 A28 +a5ta $4ds} &
Age] ZE7)sh Akl B g e} opdE 3=

£ ARENS wejste] NEE SEaha FAHY BoE
3 Wele FANE FAA A5 o gl Ny
& AAR AL FAlstast she AsAET EEate] 4140
3o F4& Fol= 9Es v
Transmitter
Mcu Amplifier —— | Transducer ‘
i
:Snund
L e B e B : ) Wave
o |
Receiver ' [N eveip | | Bandpeass| ! M
Detector Fiter 1
Mcu ' ! || Preamplfier (=  Transducer
1
\:r\ Emelop |_ | Gand Pass :
Detector Rer
; i Andlog Part
B e e T e ] I
BFSK pair
Figure 1: Block diagram of underwater communication
modem

[e)
slo] AdE el 23S wo] TRAMA, LFAFAFE, 1
2ds AAsta FdEsgith
Z2 A= 16 bit RISC
(Reduced Instruction Set Compute) EF 2] MSP430 A] 2] =9l
A1 16 MHz 2388 A Y3t= 4718 MCUZR 7|& 4854

<]

T ALE T3t AFHE Al AsE HES] S8
AuFo s o] &3ity. elar Al Alge] #luEo
7t A7) 3|27 A ks FEEE HE )4
BFSK Wz WA& Algate] +F A4 UES A 342
MCU9| 4%5& 1t ls wf, w2 AN ks &
HH 5% A A5S THES AASIT AT
dskeE FAAE e AES flEA v EdE et xehal
Au7| 2 H]E7)4 BFSK Hx2MA e g oz A3}

73

w3E o] 8%k Falo]l frElstths|el. FEEAlel o)
= o] 8317] el dubEale eteubel vgsts Eds
FAZE o]gslojof sl o] =EIAME 82 kHz ~ 84
kHz, 200 kHz ~ 204 kHz 3t ol A WALA =7} v

s=uld oz Uo]dstaz 4 3978 #33(2015.3)

48 A, 1% EAAFART @A FhHe] 4
ek 27 olehg EWRRFTAE ARREGIT AT 5
/32 Table 1°] YERIATE
Table 1: Characteristic of acoustic transducer
transducer
Stiape -
Type Directional
Frequency 83kHz, 200kHz
Beam degree 60, 20 degree
2.1 SMH
21kl MCU+= Figure 29} o] AE3l= dlo|Ed] 2
Byte®] CRC(Cyclical Redundancy Check)E ¢ g+ & 2L
B33}slal 2 Byteo] ZTEgES 4HQ1EH 3 BFSK WE3

o} Mz fAoA e oy H49] 4135 07 1S Figure 3
©] BFSK 93 A9 7}7he] Fups wixste] ofd =l 3]
22 HUo] 258 FE&e o 53 AE=E HolHE A

$A oI 21 3|2 Figure 49} 2o] MCU &3 A&

o] AFgs 597l f& AASHT] F S HEE A
stal S57] el = MCU, EEdels vl sl

3z
EWNATAHE AZsAY. %L GBP(Gain Bandwidth
Prodect)¢} S+ FHAF 59 545 /M ArsElE
[24es 5 v dde AHg-at
H EWdATA FE8S Fol7] Adl 12 v AL}

Tx digital processing

CRC

Bl
Data Insertion

Modulation

BFSK |_p| Analog C_ircuit}
transmitter |
I

Rx digital processing

CRC

B Check

Figure 2: Block diagram of digital processing

Original Digital Data BF SK Wave

15 — 15 —
2 2 075 I
s N
g [
< - < 05 UL Lo

15 P S S A5 LI

1] 1 2 3 4 5 1} 1 2 3 4 3

Figure 3: BFSK modulation

269

Analog Circuit
Receiver



ﬂ,‘
oo
o

ol
AN
o

Input Signal

J

I

S M|
E Transducer Input
-3

Transducer ground

4
|

o
i

X% Figure 58} 3ho] 3=
o} Weje] wepy

BPF Envelope

f ] Detector —L
1(f) Comparator
BPF || Envelope j

h Detector

Figure 5: BFSK demodulation

)
[~
S
=
fitl
i3
rlo
w
A
~
rE
BN
22
II
) ﬁr
_|CL
e
fitl
I

e

2 ot o

(U=
2o
T

g PNJm

¢

o

il

_O|L

M

=

[

lo

4

>

o

N,

)

R
=
2y

e Jo R oW fon

o
e f
_E
Sy
=2
J
fol
P
9
9!
I
il
4

% M
o
kﬂ m\l
g
Ly
32w
o

K
o
2
it
rlo

N
=
4
fol
il
o
oo
_0|L
32
o
&
&
",
)
[kl

A

Bl H R
N
ox
™
el
i)
f
ui
u
s
=
o
v
N

I

fol

ot

il

&

02{:",

o

=

o

x

12}

o

ut

o

=1

Jzod

foff e
o
>

i
fu

22 N 2 o2

=
=
_OL
)
2
=
fu
N
>,
i
32 1o
(o
N
=
H o
1 o
%
b
i re
2
ol o
%2 g
=
A
=

& O o ro o > i -

H fZEFo] $uHW vt vlo|E7E F glo]
7k dlolElE ARetes At
FAl olgR I3 2= FHY BFSK %
Figure 67} #o] AA8lc) Ast S% 7|2 vk
718 Al 3RekE tEA YR 2d A
TSP v @S 2l U B E

>
2
)

s

i o
oo (T R
_O‘L

> )

(Lol
3@ o MM &

[0
—_

gmmdddA Yol P et A Al 39¢ A3%(2015.3)

Elo] H3esk &2 AFE3}o] Quality FactorE 20, &%
952 83 kHz9} 200 kHzZ A A3} t)
T3 2ol AAEAL Table 20 A3 e T

A MELA A g5 ARl A&e] Salo ARt
Fa Aol vjg vl wielee] 2mrt HAx W7 QFE
o] $FatEs TR

Input Signal

=

v Output Signal (1) Qutput Signal (0)

b

|
0

L

i

¥
% ]ﬂ : ! ‘
1=

Figure 6: Receiving circuit

Table 2: Characteristic of underwater communication modem
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Table 5: Experiment results in open sea
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