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A Study on the Protocol Design and Implementation for an

Underwater Acoustic-based Multi-channel Digital Communication

Abstract

Recentlv, due to the increasing interests in deep sea development, all possible efforts
to the development  of underwater unmanned working vehicles  such  as
AUV(Autonomous  Underwater Vehicle) or underwater robot are exerted. The
underwater svstem 1s autonomously navigated by using the ultrasonic communication
system, which receives the control signals from surface ship and sends the underwater
information to the surtace ship.

Proposed svstem consists of an acoustic transducer which operates at 136kHz center
frequency and it's 10kHz bandwidth, pre-amplifier, 7/4 QPSK(Quadrature Phase Shift
Keving) modulation/demodulation method, image compressing method using JPEG
technique and modified Stop & Wait protocol.

The basic schemes of underwater digital communication network are similar to the
existing wired/wireless local area network in the view of communication distance and
broadcasting media.

But, the media access control protocol such as CSMA(Carrier Sense Multiple Access)
for the existing networks 1s intended to use 1in the communication network using the
high speed media such as electric signal or microwave signal, and thus it mav introduce
the reduction in throughput when applving this protocol to underwater communication

network.
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The CSMA protocol is highly specialized to produce a high throughput when packet
transmission time is 100 times longer than propagation delay. But, propagation delay
in underwater ultrasonic network is usually longer than packet transmission time, and
the maximum throughput decreases dramatically.

The application level services for underwater network include transferring the control
signals from surface ship, the underwater images from underwater systems and the
data transmission from sensors.

In particular, it is required that the network speed must be about 10-50kbps for
transmitting the image data in real-time.

But, service speed range of underwater communication system is only 1-10kbps due
to the limited sound speed in underwater.

Therefore, the low speed channel is restricted to the various data transmission in
real-time. And it becomes more difficult for multiple underwater systems to use a
single channel as a common media.

In summary, a media access control protocol for underwater communication network
that allows peer-to-peer communication between a surface ship and multiple
underwater systems is designed, in this study and the test results of proposed control
protocol is verified for an underwater acoustic-based multi-channel digital

communication.
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ss multipath) 7t 9] g3k& WA "ok weA A5 A7 S ¥k flo] AH o=
NEoh A7) HElgA N oz FAHL, wxt B e o3 AsE A
59 834 Hed, Begzd 8 ¥ v AVl Me2 AR

Aeo] 93 AstEe Ade A sy A% HAvHE, A5 of HEH (S
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(a) System Parameters
Carrier Frequency 50 kHz
Channel Bandwidth 4.0 kHz
Signalling Rate 4.0 ksymbol/s
(b) Channel Parameters
Channel Depth 20 m
Channel Length 200 m
Wind Speed 20 knots
Sound Speed 1500 m/s
SMR Simulation
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a
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=
L] 0.08 Recliver depth N
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(a) =471l Zolot 8md
{a) Receiver depth = 8m
— N
\\ FA79 Rl
S~ 0 1 2 3 4 5 6 7 8 9 10
SMR () (})9 ().();_')E) 0.074 1 0.098 | 0.120 | 0.140 | 0.156 | 0.170 | 0.181 | 0.188 | 0.191
LS 1193 1 2.033 | 3.056 | 4.077 | 5.042 [ 5.920 | 6.691 | 7.340 | 7.854 | 8.227 | 8.454
M 14057 | 40.95 | 41.32 0 41.69 | 42.05 | 4241 [ 42.77 ) 43.12 | 43.47 | 43.82 | 4416
7' 11 12 13 14 15 16 17 g o 120 0
SMR [ 0,192 ] 0.189 | 0.184 | L0177 0.168 | 0.159 | 0.150 | 0.144 | 0.141 | 0.142 |
S 8539 8.487 | 8.313 | 8.038 | 7.694 | 7.322 | 6.976 | 6.723 | 6.628 | 6.745 .
M 50 81 4507 | 15.50 | 45.83 1 46.15 | 4646 | 46.78 | 47.09 | 4740 | |
(bl =&lZ]2l Zoiit 1OmY A
(b Receiver depth = 10m
I RIS CLCETICT .
N 0 1 2 ﬁi 4 2L 6 7 8 9 10
! SMR () (V‘)‘ 0()3() () 074 0.098 | 0.120 | 0.140 | 0.156 | 0.170 | 0.181 { 0.188 | 0. 191
- S 1.166 2270 34)1 4.526 i 5.;’3”5()*”6.471 7.270 | 7.945 | 8.452 | 8.823 | 9. ()4()
LM 14049 40.96 0 41.43 | 41,89 [ 42.36 | 42.81 [ 43.27 | 43.72 | 44.16 | 44.61  45.05
o 11 12 113 et i 16 17 18 19 20 | B
| SMR [ 0.192]0.189 | 0.184 . 0.177 | 0.168 | 0.159 | 0.150 | 0.144 | 0.141 | 0.142
[ S 9 ]1() : ‘) ()44 3.860  8.585 8 206 | 7.920 | 7.639 | 7.476 | 7.493 x 7.728
: M 45.48 D45.91 | 46.34 46.77 | 47.19 | 47.60 | 48.02 | 48.43 | 48.83 | 49.23
(c,\ -AA|7IEI Zol7t 12med
) Recelver depth = 12m
S - - o
™~ % A7 Ao
“ 19} Fol(m)
SO S U N S N S 4 o 6 I 8 9 10
SMR ()0)8 ().0‘58 0.085 : 0.110 | 0.133 1 0.152 1 0.168 | 0.180 | 0.189 | 0.195 | 0.197
S 1.140 | 2.356 | 3.533 ' 4.641 | 5.656 | 6.562 | 7.343 | 7.987 | 8.487 | 8.839 | 9.044
M 40.39 40‘26 -110)) 42.09 1 42.65 | 43.20 | 43.75 | 44.30 | 44.84 | 45.38 | 45.91
B 11 12 13 i4 15 16 17 18 19 20
SMR | 0.196 | 0.193 | 0.187 | 0.180 | 0.173 | 0.165 | 0.160 | 0.157 ; 0.158 1 0.163 | |
S 9.110 | 9.050 | 8.885 | 8.645 | 8.371 | 8.111 | 7.924 | 7.866 | 7.987 | 8.311
M 46.44 | 46.97 | 47.50 | 48.01 | 48.53 | 49.04 | 49.55 | 50.05 | 50.55 | 51.05 B
Al pagb ol gk AlEwolAle] A SMRekol oF 024 o] Hu|uf o
gol A17behs o %
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202 WES s el av)% AHsor sk

W-LANoI M ARg5]3= 7]59] CSMA HEalof aharg]ell A ajvte] 384240 o] &
o ol ai i alaz T/ Tp) ¥ °F 001 B9 gho] Hw® shzle] z17]5 Asjok 3t} &
;5; j,jr.\j} o] A malvkel Hoh el lkm, AE S 1500 bps, afl b
W LANel A} tro]l 001: Mc;‘i% W el 7] 1< 1074 %7) Wit o] Hx
Aol zo)Eds sEelA 2o del dEal dldEE e MRS e dv
WA s] ARg-o] "—2‘7}*;6’}4[6].
gb ohE Al S ofgste]l gl Weshyl e HAle bl el
AEALE Ak SR el e

webd Aok £E 2goh BABelde] Hadol ErEwe] FAT 5 vl

Aoz do] A Fel ek Mulad vt ol Aol

i

SN0

N
\O

oA ga o) RAFe e ZAYS BHA seoldon &
ooelel 44 O R8sl B RS ol getel Zalels s 49
A%l el d G Ao} BAZ] dEAdel FuHS uY
3 palel Tl 9l ey dm Aol pAFos A
D g Zaeel 2F Aol
A4Ael mrre] JRHL A% Yele] ey Y2, Ao} BAFoR ]
soel 570 dster Aol ol el L e Aol 4 $Eo

e}
AeAIE AFESH] A% H&aAlol Vvt ol FE i HE A

of els) wAEis olel (Bronl W 71wl Basth ol sz w4 YA

Alof FAZel M Yl el ol BES $lf>; 3 F 57 AHCRC ¢ Cyclic Red
undancy Check) HIEATI o} zefolel Alzbsy S8 vEhlv] glgh Akt 2vke

ofof ghr,
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IC (Integrated Circuit)& |83 €74 FAT 4 gomz spdol HRE Lo|3}
A A2d 4 Aok £ SDLC T2 EZo| HE X L2 EZ(bit oriented protocol)
olZ FE BEE ALHE T o gA A Hell w4 st o] Asnz =
A9 FEAS Ao FEE S ok

End delimiter

Source address

o11111110 DA SA Information CRC o1111110

Source address

Destination address

Start delimiter

(38 3.1) H&EHo Z2E 29| =3l Y4

2Ho]dE Atol9} 2 A<l Fully connected peer-to-peer 41 X E, 4 =
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T A4AGE HdE F ok
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4 5
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s el A snsd wele] B A5 ANE THAE 24 deld 458 Ay
sk 8 4 9]

Frame error

Sending NAK.
discard frame

Frame error

Stop timer. “hec
clear flag. to
start timer eaor

Sending ACK,
processing
trame

Stop timer,
increase tlag.
start timer

Carrier Sensing
Mode

ACK raceving
mode

Send
requested

Searching
the candidate

,,,,,, 3 Give up the
sending

>haneis

Selecting the chanel
tor transmiting the
trama

(33 3.2) E&Mo =222 &) Holz
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FFAAY HolE HEE AT Az A%
ot v dloE] Aol AMgEHE 259 EW
HolHE A&shed e Aol gubdQl BAloA AMSHE wiaRd:s 47
ol Agtd FoF Y ZgM & dEHTS e 71/4 QPSK ¥ - BEx A
AHgEt Al2"E FASHE Aol upgAstH7.

/4 QPSK g FS |43 W - BEx A2"9 AX FAHAEE I¥ 4173 2o

0%‘:}'.

3714 % ZAE71(Photo coupler)e The AlAFlolY REdX fsHe FEE W
A&7] Y8 AMEET, A2"Eg Y dojgete] 5718 93t Z(Clock) 5713
2 FASE WwEZR A2yl 2o ALty gl

.....4

. Using QPSK MC4046 chip.
Isolation Data 2
AU form Noise Modulation control center
Captured Algoritm frequency 123Khz ~ 135Khz
Image data '
|
———————p Photo coupler [—» QPSK Modulator |~—> FM Moduiator —- Data bu!'?{ Transducer
i (Pre-Amplifier)
j
Intel
Pent ium Processar
Acoustic
Environment
QPSK Oetect QPSK Limitation of
DeModulation Modulation data amplitude 123Kh2 135Khz
QPSK Limiter Data buffer
DeModulat fon P FM Delodulator [ Circuit P (Pre-amplitier) | T |'ansduer

(A8 4.1) HE=7|°| 25 cjo|oja

48 dlole ) oA (Edge)E FE317] A8 43 1Y F3 HE|(4th order high pas
s filter)& AHE-3I9 3, A vl 7] (Voltage comparator)& o]-843l9 FZ% dlo]E 9
NAZ HE L AAE AASY] 3 ZE ALY AXYG FEE AASGASG =,
10MHz9] 2R AAE vlolUd] F}2E 9 S8 o8 ALE3lo 4800bpsE Al2E E2&
A g

wz3lge FFLe 57l 898 0|43 PLL(Phase Lock Loop)3 29} 71HE
o]-&3to sinfcosd AEE 7IX2 ¥ ROM(Read Only Memory)d #ES H2|2
=3

QPSK ¥x¥ AsEe F4-HZ(FM ; Frequency Modulation)E £3tod o 7
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shoAlM el FAFEare] AT Aot "k FM 325 drbEQl FMS| 2ol ALE-

T MCA046 VCO(Voltage Controlled Oscillator)/FM Modulation &< o] -&38}ith
QPSK #z7]et FM 275 AR diolHis dd F5715 A 123kHzol A 135k

Hz7bA &2 oF 12kHzol thel#& 2 253 EdawAE A 5449 Bdow 4

SEbA sk
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| .
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k{l 2lule o=t AREslSiTh
Bgk AMA ol AlAE MR e QPSKHE EMG ] AEE 9dte] FM 2% /1(De
modulator) ¥ o] &&ko] FM A& % A 7jshi=d Y3 7oA E wxs] s 2183190
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HEgldol e dlolEoke] wr]E Sl TSR G Ageln, ErIis ® HER- QPS
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v 3% (Viterbi Coding) 718 &-83r}g).
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aho) Al AR HolE ANE e A2e dolHE A4 "o

oWl 71Ze] dolEst Az e volEste ZRENGE AR do] YolA RE3
2go] o|Fo)x 7] Bk,

22242 9B Agoet Y oz} 33 13 MY d3H (Enco
der)7} d=dl o] dzTe FAL 1Y 429 2}

2gel St AHE UBhl: AR A RegisteZ PAdEY dolHE 5,2
sojos =8, 5,9 9= dolH: 5,2 o$s atk

Si, Sy, S5 Z¥oZ e HolHo UF Fuilo] BEjAT o] Aze
dolg A%e v, v, vs o Fejz TR

ol 22FH Azdel @+ FFL Geo AP 2 o] Ao e o
#dlo]g7} 101001¢]2t2 #E W JFHE AA Yo+ dvolHE 111101011100111¢]
Ay,

i=SI®S:PDSs

V2 = 51
3=5®®S

INPUT
ST

K QUTPUT —

(A8 4.2) 1/3 ZEFME FE37|
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