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A Network Coding Scheme with Code Division Multiple Access
in Underwater Acoustic Sensor Networks
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ABSTRACT: In this paper, we propose a network coding scheme that is one of the most promising techniques
for overcoming transmission errors in underwater acoustic communications. It is assumed that the proposed
scheme operates in a Code Division Multiple Access (CDMA) network where multiple sensor nodes share the
underwater acoustic channel in both the frequency and the time domains by means of orthogonal codes. The
network topology deploys multi-hop transmission with relaying between multiple source nodes and one
destination node via multiple relay nodes. The proposed scheme is evaluated in terms of the successful packet
delivery ratio of end-to-end transactions under varying packet loss rates. A computer simulation shows that the
successful delivery ratio is maintained at over 95% even when the packet loss rate reaches 50%.

Key words: Network coding, CDMA, Tree topology, Underwater sensor networks

PACS numbers: 43.72 Kb

LM 2 WA MEYZ 50l tfgt E040] 084X
2.0 olo] tgk 21527} ghaks] K31 ek
2| sl F Aol gk 7 W e o] Fa /o] E]_ok?ﬂ-___g. Holol| A 5870 222 Al A|upe] 7
S7PE) A S0 87 1AL A AL A A, o o Sl Qo2 Sze e AN L
G A S A e Al LﬂE e R A}ou A2 gl B4 Y3 gelzh S sefof
R7FS7ISIL Qlek Ak 2 Al Bobl AT gy slx)uk 425 BAlo] AR S AEE A
ek Y| B F51 ) g o] sl F o= B s]of & a9 &wsl o Leng goxon 2 A% 2o
AEHEAIL AR AS FASIIHASET o guraiet? wa %m ﬁi-‘ﬂ CERSER X
1. Ao o] 7] 2t 415 9] i o of o = o3
TCorresponding author: Ho-Shin Cho(hscho@ee.knu.ac.kr) = won, 2 Z-L} T oA 2 Bz A
Department of Electronics Engineering, Kyungpook National (attenuation) S 77| ¥ 2 2 AFR 7153 b o o
University, 1370 Sankyukdong, Bukgu, Daegu 702-701, Republic
of Korea

(Tel: 82-53-950-7577, Fax: 82-53-950-5505)

86



LR EUEE PETEL o E

o] AlgHElck. o] WOl S AL Th5 A2 o]
S (multi-path fading), =22 &-*HDoppler spread), I+
T35F A E-A(time varying characteristic) &2 215}
A5 9] g o] ul]- ATt R =2 H|E Q.7 -8(Bit
Error Rate: BER) 9 #jj7] @ F-8-(Packet Error Rate:
PER) S4& 7HIckY wheby & 028 B4e
7= ot 5 ol meAdl o7 AA

7| ol A= 4% AA HEYZY A54 7%

43S $19) v-9- S she.

HIEH =AY 7]‘%'3% 5] AR S ok
O ARE TN AL LE2 ADst=ths F= A
SHmulti-path forwarding) 2} 2], 4413} th<=2] 9 7]

< X% 3Hencoding)3t ] TS BA 2] =& At
slo] 2|FH o= =243 iEW}X] Aotz 074
A 7otk vIEY A 29 7|2 o3k 97l

= AFTezH g7l EHEo] & 55 A
U5 Az g 7ol vl =& aeS vkl
gofuj el Wiz o] A 7] B Q5kH 2 A5 Ak
2 A (Automatic Repeat reQuset: ARQ) 7|3} v] n. &}
o] ot o) o %] ¥(end-to-end delay) S G &2 0 & 4

F = B3& o5 3 4(CDMA: Code Division Multiple
Access) W42 21 T EE ARE-SEo] of 2] ARGA}
dlo|E 9] tt5aE ettt 2 & 28 ohF %
WA10] 417]= Flol =L 42417 (rake receiver) S Al
&sto] Hlo|E & Alst e 2 Frubas A e A o]
o] ZFolslch 3l o] =} &R o7 HLd}

K %ﬂLiE§4ﬁﬁﬂﬂﬂ¥%§¢%

T2l ARG BB £ 1R 53 BYA Y
R s o 9 d@¥H7NGM]

& =eoAe A HE WA er s 2o

WA S AR S 5 AlA I E S T o A 2
g 7= AR Aljtehe 712
|

SFIL ZAFQ] Al Zo] A =S (sink node)7} 9123}
), T =E(relay node)E &3l A = EZHE A

3 weERo] golgr) o ARE 53 SatEle
OE AR AL AT T2E M Z aa s
L AR o2 Ay ZEE ARSI 2FA19] o] E]
7S LEEH, A LBl 7 AA LT o] glo]

R A ECEE R 87

% ) %ﬂq%éﬂ%ﬂh:%ﬂﬂsﬂ&
o] BYS B HEAOR AT =EA Yol
g7} g Eck

%%%%q%ﬂ€%¥ﬁ£ﬂJ4Hiﬂl

B E‘*‘Oﬂﬂ% H 3}3, 3M= XMO}L Lﬂ
{32 =2 7 i sf H%@PE}A% A= A7
ol ARE= ZE g 84 B HlolE ol o
A Argsi, sEoll A= o2 edofl A o) rejdd
= Fol At 71l Hiet de= E4 T viA|
FoZ oAM= 4 24 e ez 248

Wi

e
mm

o _I‘j

I, AJAR mE

21 MM HER3Z £x
Fig. 1 3 i=5o 4 31
22 Uehdith 5% 3 A5 A A5t 5

4
5

HOR AT AALYA thE AR A 125 F
Aste] o3t oh AR P25 B3 the $A
B AJo] o] FEY L B T AR ol 5S 7|

5= Qlh 2 =S glo|H 7t thro] $A| ==
2 EFrlE TS A AT =R ATy glo]
Bl =4 xolw, weba vlolEl = ke AlS
O & e EOARE 9] AFO A =ER
AL thler 52ukS gt 24 =9
e oS AR R0 R QIg o] 5 7] $13l 4
o= AA £ e E 420 Fulf o] Fo] HarE o] 9l

@ : Sink node
@ : Relay node
QO : Source node

Fig. 1. Layered multi-path forwarding topology.
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