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Abstract: According to the characteristics that the sensor nodes in underwater sensor network ( UWSN)
adopt acoustic communication, characterized by high error rate high delay, low bandwidth, multipath and
Doppler shift, etc. , the current communication protocols designed for radio channels are unsuitable for
underwater. So, a new dynamic and distribute code division multiple access ( CDMA ) -based media ac-
cess control (MAC) protocol for UWSN was proposed. The protocol not only can save the limited energy
of mobile nodes, but also increase the CDMA code reusability. The protocol can be adapted to the dynam-
ic topology of UWSN. At the same time, the design of power control can minimize the near-far effect in-
herit in CDMA. Simulation indicates that, compared with the static code assignment protocol and ALO-

HA, the performance of the protocol mentioned above is satisfied on delivery ratio and end-to-end delay.

Key words: underwater sensor network ; media access control; code division multiple access

KR B ) 4% ( UWSN, underwater sensor net- W EEEA

work ) VE R — 81 4= M5 BN 4% B 3% 25 1A 45 [ 27

FF T RS T TE T VR PR B W0 | v B4R B
FULAT VRO TS L B P A T AU LA T N Y g
FHRTH . BT UWSN g s K it T8 4 ik
TG, ZAR RN AN R T BOK (5 1A T =
AJASGEIR v 1 o 0 e 25 A S UL G

I FE BHA: 2014-08-24

i ) 72 2 ( MAC, media access con-
trol ) FIMSCTC I EAEI KR . BRIt — % TH
TR EREE BRI 42 1] (MAC) BhSCZ UWSN
JIT T I (4 — 4~ T B

P& —FfoBr B 5 T ek A% 43 2 4k (CDMA,
code division multiple access) F UWSN MAC MY, %
PSR EE T4 s % i 5 O B — A1 s 0 Bl i

E&£WA: EEARPEEESTH (61472137) 5 T RS IEARBHIFAL 55 2% (3142014085, 3142014100)

EEBA: 1 &(1982—), B, Y, E-mail: leib_cn@ 163. com.



108 | T/ = R = <= o ¢

%38 &

1, [ T S5 ML i o T CDMA R GE %
W AETERY - O AR S TESE LT 3
A EAR R s AR (RAE IR fIRAERE.

1 fHxXIE

A B TCTES I MAC PR ER 7 R R 2%k
PR HH 3 % i W £ 1% 17 7] ( CSMA | carrier sense
multiple access) B, CDMA") . 1 F7K 75 {5 18 7T 45
A BRI ELG 2 128800 FVE 5 VR AR # 55 , 56
[E Sea web THHIMF5T R WM 43 Z 1k (FDMA , frequen-
cy division multiple access) JC% W F T UWSN. it
A BF 4322k (TDMA, time division multiple access)
o S A IS TA] (8 (T T 435 18, I HL S5 BRS04 16 (18] [W] 25
AEH RIAE

FET 58 A 1 IS A AL 17 [0 0 e 5 e £ g e
AL BEHLYT ) B 27 A T 5 ih 9 S BIMSORE R
AR A7 T A I 3, 98 o 3 0 (9 3R

s 4 4 B 2 5L F CDMA 19 MAC P
BRSSP P RE A AR K R, B
SRIR I 1 TE A2 A% 3 B B3 02 — A AR i e 2 0t
( NP, non-deterministic polynomial ) 5¢ 4= [A] &1 , {H — 1k
REE 1 G S 100 T AR A5 49 s 0 ik sz IR
XS H 2 W

2 MAC thigigit
2.1 WEHB S
DT R SO FL, TLIKE UWSN f [ %

FERIE X N— DK G = (V,E), Hd v 215
T EBES ECV XV EHMES. A

A R TARAEE W AR Y5 S A RE R FER
SN 5 SRR R AU B4 1T R IEAS
P 4TS R
UWSN H ) — A7 s 0 s 22 44— A 4R =
F B T L BRPE RN 1 R e S Bk A
PR ARJE T S A5 BN S g 55 AR T 4x e
1 2

(G @

e ESSWRGIEE R, MR R ) a] LU LSS
BB R AP HO(E B, 1 R BE % 16 48 i 2 b (R A7 M Bk
AP B8 408 F 1 a5 B IE 2 15 B

®1 TR1IMMGER

TR WA el TF 2
ID-2 X, y,z Energy-2 2
ID-3 X, ¥, 2 Energy-3 3
ID4 X, ¥,z Energy-4 4
ID-5 X, ¥, 2 Energy-5 5
ID-6 X, ¥, 2 Energy-6 6

2.2 EXFMBHBIEFR

RS B A SRR BRIV 3 0 i oK 3 Bl A
BT 5 A RIS T AL T R R I SR OIR A DA
CDMA IEAZH SRt iy 8 1%, 37 e i B Qi iRT 2 i,

~

) you > \\\()) ()
Vi 4 N

l/ NS \ Ve \
| \TM @,” !
\ /ég_ - 6’6\ |
\ /N \\ //

() \\ (« )),/ \\ // NOW )

7 M 8 N gé“—é 10

K2 IRy Bigis B s

Horp 37 5 v (R 87 Sk S0 4R R IEAE HEAT IR 4% i
AR W 7R A St 19 a5 AR e A AR 2 .
Wy 85 T2 6 Kk RAEMBE , N 5 75 22kt
el FH Y 252 AR Al ) AR I A R R AT T A AE
2805, 5 6 MR RE At 77 o5 3 A At &b T & 3%
RSB ST A IE 2SS, FE X RPIEHLT, 37 s5 0
5—6 % & BAE T LU FH 8—7 A1 10—9 Ay 45ifis.

CDMA 1EAZY Wit o Bic st A K B0nT LA 432 DA
3 4.

1) 2R 2 A5 B AR AR 8 1 T A FH A 1
ST L N vy o E R S e | B R VB S A |
P b 5 R0 SR Y a5 A M L AR R A 2, DT R
B ARAR AR BT AT B i, an Ry sSIETE &
BT W2 A K S RS S AR R Y A

2) I AR e 2 P R s A T 8, e vl R
IEZEY WA A, Y AT B R AR, TR
a3 CDMA 1E 329 4514 % i 43 i ad 72 , 7 DA APk
— AT BP0, k1 S nT DL i AR s R Y
SRR KE AN R ES a x HITEY
TSR WA FH 3 SRS 4 & v IR R R .8, =
X —o,. KET M RTS EHK B, gy S



3 H %% 3T CDMA MK TARIRAR M2 MAC Pt 109

FEREBIHM S, B SR B, A W
B, =x — o, WIS N BEAILEE£E— AT FH A3 S0
B.n, =B, NB, B J T CTS Wi § 6 & %

3) FFURIATEAE L

RAIEAT S B0 S E R CTS W IE 32
IR AT AR L. LRI IR Z 5 T KRR
FELA LA JE 15 sk 22 0] A AR B4, &6 1 T DIAR
FiEr R 2 22 [0 14 5 14 b R A 1 TR,

2.3 IhEEFIHLH

HTHET CDMA 1 ZR 58 i 474 -3 %0
7, BV P T8N 1 A 3 Rl B B OR[R] A A
LU A LG, YR 5 — M ) 3Rk 16 50
b, 18 A1 K 6 B TG LR A5 5 AN TR RE JEE A Tk,
D) B8 Rl ST 4 S S W A AU S 3
W P A . T DA S DR e R AL Rk
ST DIARYE 5 H A o5 0 15 2 0 8 4% &k TR,
JC ML B 25 T K A T B AR A URE AR

T, = df x 10110 (1)
Horp & ALY GO € =2 KR € =
1A B R R S RSB b T 280
N TS AT S DA R R T T R A 5 R R DR
Ae[0,5]dB;d, i si i F1j [RIAIERES ;o (/) Ak
Z 8 dB/km.

BT B LN BN 1) RS A &k
R 00 j BERS IEH 3 IUE 5 2) dE S
FNEAEPATRE S, W 2 HF ) 152 Tl 3—4 %555
LAY TT LA B R

Pnoise +P7Mr\l<w lﬂ (2)
P,'j/TL',' =Y
P 4Pt 4P /T.
e <0 YheK (3)
Horr P T MRE TR, P R P, R A

ke K Abny Z ik + & ( MAI, multiple address interfer-
ence) K, SRR A @ P RESS RN B By IE AR 1YY
RS 0, w,, AT i—) i, —k SBAE A ED
WRF P ST 5k AR p, = D(B,) &
T TRRAEL AR SRR ( B) B HAHL
HE(2) FI(3) 7 IF Al £
(Pree + Pui) Ty _
@i, !

mlnk € Ki { I:Pfeca)lkkl!/k - <4)

nnnnn i

B2 (4) WA ERAER R IX TR PP A
ot _ (P + Py T,
v wih;
3 fEEETA
Xof4 A Bk Y CDMA PRSI 1 R E AT TEA
Ff:[F UWSN HEA 19 MAC PRS0 25 g i 4 it s
1 ALOHA PRSHEFT X b, 364 NS-2 4 A sLui 5 5
FE. T SR S B a9 R SRR
FERVBE A0 1Y 22 A5 R 45 1 6 180 B M e A 7 3T
fili. PHFESHORE K 2 Fiw.
®2 HHEHBESHIEE

(5)

SHAL ZHUHE
W9/ (kbit-s™") 20
A/ (mes™!) 1500

fERE A2 /m 1000
R /W 0.01
iR /kHz 25
PR YA 0.01

A A 53 Be 7 X5 20 ) CDMA (P-CDMA )
) it o3 e 7 2 e SRR L A 3 (a) R 5 °F
Y@ aER NP 3(b) BT/ ; & FLAFAYRERE (J/bit)
WE 3 () Fran, Bt r 2245 5, B E B 252
TSR B A 5 TR 0 R % 1 4 R A M A B
He, i 3(d) Fiw.

S gnin oyl 7 XM e, B F P-CDMA P
2 T T SR A O AR Y A A AP SR R R % -
FEMCIR SR 3 PR R0 B A7 s 4 3 R T 7 i
FE | WUAEAR R A i 280 s 80 2548 P-CDMA 1) g
A3y SR T R R, R 3 (a) 7]
LAFE ), A4 B4 L Y T FRAS: P-CDMA FEREAIK
R FEMRT AT XL 30%. 54, BT P-
CDMAPMSCR I Tl 2R 45 AL, 68 08 A 5 1% i HE 2
(14) 5 AT 1 1 38 T 3 D) R LA A L EE I BE
[F] ) ) S a3 ] LA B AR < - 305 800 58k 559 45 5
ZIEEFHE, WK 3 (b) ~ (d) AT LA i B e
IR | BEFE VB A 1Y 22 A5 R AR T A P
W [RIEs JRAT DL H HA P R B 32 5 s A 5
i P REFE AR AR L FL g K, 1T P-CDMA B SR 3 45
AT , (R AS [ 55065 i 45 5] AR B iR A 7
AT A A THIE B — 007 sn] LR i3]
Al IR TRIY ARRS (%) Y75 A & 2% B B , R A



110 |/ | O N < S 55 38 &
0.12 8 .
(GBS AT ‘ - {LLEHCDMA YL
010+ - M ARSI - ATOHADMX ‘
oL —= P-COMABSL \
o 0.08] .
2 006 S ]
& )
£ oot B !
28
0.02 -
0 1 Il 1 1 0 Il Il Il
1 2 3 4 5 6 10 20 30 40 50
MIESIVIEY i s T
() W ERE (b) F-Hm B HES
2.0 1.05
Y —— ZEE [ CDMAYML
st —a ALOHABMY 0.9 |
e - P-CDMABSY
i;:' W 0.8 A
= 1.0f =
B, ® o7
T oos - EERICDMARL
) 0.6f -2 ALOHABMIL
* . —= P-CDMABY
r
0 1 1 Il ().5 1 1 1
10 20 30 40 50 10 20 30 40 50
L RS 9 LIRS A
(e) HEFE () Bt s e
K3 P-CDMA e
Xf Lk 2. [2] Domenico A D, Strinati E C. A survey on MAC strategies
o - for cognitive radio networks [ J]. IEEE Communications
4 =R ﬁiln Surveys and Tutorials, 2012, 14(1) . 21-44.
N O A U SEAY, AR 285 A ) £
BT —FJEF CDMA 9 UWSN MAC Phix, 3 ?5]% ﬁi; WAL, B KT REAfBAEM 5
. Yoy v Lo e . o - J1. AEEOR ) 2000, 28(2) : 89-95.
EMSEL T R0 095 2 5 B 43 | 0. 2
i L o = . . Wang Jing, Chen Jianfeng, Zhang Lijie, et al. Underwa-
Be, 3 1 AU Y S R R R, Ry TR R . .

. ) e ter sensor networks[ J]. Technical Acoustics, 2009, 28
IIREEGIPLH]. AR T DRGSR -0 (4 vk, i, Zetnt, 2 02k 4120 % MAC
SR B AT ) R TR SR T R s A+t HMXT]. HHEEHLIER, 2013, 36(7) « 1337-1348.
%%ﬂ%ﬁiﬂ’ﬂﬂﬁﬁ% 1 EL S 56 3¢ B , B P LTE Luo Tao, Zhao Ming, Li Jingye, et al. MAC protocols in
BT AL 28R B A 0 28 A 23R v 381 0 1 2B 58 cognitive radio Ad Hoc networks[ J]. Chinese Journal of
FIREFESSE )7 T B B lg-r tERe. Computers, 2013, 36(7) : 1337-1348.

[5] skflETt, 245, BRI 5258 TG RAE M

L P 2 MAC BMSL[T]. BfFa4i, 2012, 23(3) : 613-628.

(1] RIShEE, T HESCH. TR K T G Zhang Desheng, Li Jinbao, Guo Longjiang. Asyn-

W8T Z Mt AL )], THSEHLN FASY, 2013, chronous multi-channel MAC protocol for WSN [ J].
30(6) : 3469-3471. Journal of Software, 2012, 23(3) : 613-628.

Liu Gongliang, Wang Xue, Kang Wenjing. Reservation [6] Chen Qian, Liang Yingchang. A two-level MAC protocol

multiple access protocol in underwater sensor networks
based on compressed sensing [ J]. Application Research

of Computers, 2013, 30(6) ; 3469-3471.

strategy for opportunistic spectrum access in cognitive ra-
dio networks [ J]. IEEE Transactions on Vehicular Tech-
nology, 2011, 60(5) : 2164-2180.





