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Research on the cross-layer design of underwater acoustic networks
XU Xiao-mei, ZOU Zhe-guang

(Key Laboratory of Underwater Acoustic Communication and Marine Information Technology,
Ministry of Education, Xiamen University, Xiamen 361005, Fujian, China)

Abstract: Cross-layer design is one of the most significant and urgently needed techniques for Underwater Acoustic
Networks (UWANS). For the energy and bandwidth severely limited UWANS system , cross-layer design can effectively
utilize the scarce resources in such special environment as underwater acoustic channels, overcome the disadvantages of
the non-optimum and the inflexibility of the traditional layering network design, and optimize the functionality of the
system. In this paper, we introduce recent advances in the cross-layer design of UWANS, propose a kind of dual-channel
(a control channel and a data channel) cross-layer design for UWANSs and analyze the advantages of our dual-channel
cross-layer model. Based on the dual-channel cross-layer model, the paper provides an adaptive modulation and coding
with practical applications. Some multiple-node self-organized networking experiments are conducted in the water pool
and Xiamen waters. Promising experimental results are obtained and show that dual-channel cross-layer model could
offer diverse applications in underwater acoustic networks in the future.

Key words: underwater acoustic networks; cross-layer design; dual-channel

WATAES 254, TR AT 2RI 25 AR b, 7
0 5 5 A JEE R K A JFE0F 75 F W g PR 41 T K 754 i
[T T4 5 RS B AL B B, 2 NS i T 8

Bt e T A A B A A S A A R
R, IR 4 E ZE RN TG L) B VS TR H 284
Ko PEALK PR A s ALK
BEvG BRI, R KA 0 DA K K 5%
LERREEIR . TR LA i 2. K
GG ZAMERUK N AL R R Bk, AT
KM RG2Sk gk
ISR R P AR AR N TR) L A AR ) — 2 KU

g5 BHA: 2012-03-20; 1&[E H#4: 2012-05-02

EEWE: EHEARRHI4(41176032); T 1RSI EFERMAE R
W :42(201212G012)

EEE N FH1960—), 2, #%, LA Im, BFF5 1 kK8
5 5K M.

BIEE: 1 B, E-mail: xmxu@xmu.edu.cn

WO A5 5 AR TE VR AR 8] T30 PR e A L A
Wit YL A5 3 IR A AN B S PR B A5 5 7™ LR
U, RS AR I A R sk
FE IR 285 3 T e ke = [ 5 B SO AR sS4k
REVHEHREZERRY, HEELEE R
TR M LEARACFIPERE ISR TT

100 J2 vt Rl AR AIG R 28 AR BETH 1R SR 2%
&, DA S ImE Ll “ oy =7 Ji kAT, R
MIT. WHOI g 58 B RUHT I3 [ 37 K555 2 A
TR Y 2B ST R IR A B T3 T LR AR ALK K
FM LT, LA KO WIELR . s
BEERZ . MR AR TR MRk
XTI SR I o ARTIT, K P E TE R A


https://core.ac.uk/display/41440318?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

240 PR

E5 VN

2012 4F

Ry PTG 5 3 3 SR 0z LAy 26 2% 1 T
132, EXFGOLT 0 B UE R “ARmit”
RTINS RE, “AERL” St T2 %
ST KEZ R Z KRG ARG S, FE
X ARE— 2RV IE AT, IR PR UEFEA W 4515
P AAARES s “ARIE” R 70 |2 W 28 B2 R A1
IR O R RAEIE S TAE, A3 M4t - pedk
TR Z ST Bevl, B = 08 N IR AR 1) BE
35 MRS A IR T A TR B

5 JE v e — MR 25 J2 2 TR DR PR kA7 Y
WAL VT T3, B AR T LI 45
H, B F—AOELilfE RN —IOCEEIA.
JE B R E TG M 45 rh IR Xt &, (Hil
GE5 JRrZF v Ol ST b G e U i SO E A e
BFEEBrh, & HETZK S W0 A n)
Pompili 25" ¥ YLLK 7 W 4% R T A LA e B
MRS SRt 758, I e 2 A= A7 N [A] R 4 7 ik
i, PEHCRH A B CR S DR R
B 2 (G B BRI R ) R 19 28 2 (e A B PR B %)
M7 % . i HL 45 R RS 2 o 1 W 28 75 i ml LUK
20%~30%, 4% 45 RAT I S0 3 R . Vuran ™Ak
Pz 2 s R D W/ 464 € N (N NN e
I s, AR RGErERE, I Tis
HFEHIR S . Bt RNl ARQ HAL S,
AR —EEERGE T A H AT EAZE X 7K 4%
AT R Bt A RS FE AN 2 WL e A4
P AMLEZK 75 X 285 185 2 e vl b i I e R A OC T4,
IR T K M 28 R BT LR, R TR T
4% Tl 208 T R A 200 T ) XU T K 7S Y % 1 i A
M, FEF s R WA, SR BRI ES LabVIEW
FithgmFe, fJ5 T LA NI CompactRIO A& [
IKFE 48 R GE, SEIL T — Pl 3 N R R 2 b
D7 NN 5 %8 o AR KN T Tk s BGE T %0
FIFAT T 20 S BHR A ML, K15 T BRIH
SE AR

1 KA M E R Es R B ik

¥ 4 B TSI s Lo — AN S LA TR L SR g it
T, DIV SR 5 190 28 PR R0 Y0 B A1) 1 8 AP L
JRSHUE, DUERRAUI M IERE. A, M
25 KB DI SURA T — A AR T A B
FEAEA P 2% P AR A AT 2 X L2 A ) L) < LAk
a7, ML BRI (Eh A {518 Bk ik ) PRI 1 2
)R A R AT LA BRI E Lt vevt A, i

AR RN 2, S W Ak 1) S ) — e TR 5l
TR

Maximize D U.[x, y(POH 2 HW) (1)

Subject to Rx<C(w, P), xcO(P)

XeA(F) or xed(w)

ReR , FeF , weW

TRR)T,  x, FoRHEATEAE s 0 2 i
v, (P) T8 { ity B 1) AL, SRR AR AL A
MER R P IRREG x RonTA x, AR w,
FORMZ S IT () 1T A R B R (AN T R
5. BEU, A H, o] DU 2 ol AR 2 v e 5L
R TR FTATIBAE B A, € 2 A B 1 11340 4%
W R R, EYBELE R R = w DL AR RS
RMER R PR IhAh, TG RIS B2 3
b AN 7 T ) B — A A T AR T e R D
PRI HIALEICan B 2 EAR T R A R, T L
HoeP)F£r; H—A e MAC JZIARERIBR . 753
TIEAH MAC X AN BRI AT AR R Ay B 42 AR
KAF), Hp F RRMSI 5o ME, Mkt
W MAC ™) LA o D AT %8 5 20 I PR 1)
O(w) . WFHES R F AW 2 5IR Rl fef
HAE, BT AT REMIEE TSR MAC LI LA AT f7
TP IR B0 4 BT SR

S AT DA 22 Bk 9 24 (1 B T il R GA Ok U R
(s B, H 1528 T04k 22 Bk 2% (1) N 7E AT
PRSI IR S e ik, N R B iR
HEZE (V) E 2k 22 Bk 9 2 AT 15 2 v Rl AL, Eie e
R SERR VA BT IR AAAE R 2 ) L

P AV T AL S0 4 S et JEAR,, 4 EZk
W 265 Th JECRAEEN I I 28 25 I, A — NG I3
RBEATHEE S 0 Hr . DAL, A R4 A
W IEAET T, 3 0 H W YR 1 43 B AN R
L, T REHEER S R TUH(CPUL NAE P98 BB
A IRIHE, ARSI REAREERE, JHETT
ML PEREGR ISR . BRESS), AL
FEEHPEAE, 7T ANEE )RR . B
HRTIE A 48— 18 AR B T ik, (g A
W B3 TAD IS 2 B ik, W3k
JE R F B R 3 B R R kR, e
TRRE IR 43 2 45 W (Rl B3 n T —ANES 2 A IE
W2, T P2 5 AT A TR IEEE, AT S
LS 2N AL (LI 1). BhAh, EH 2L %
HOAE R BEA R, AE it o2t
SEPURP S B VR (L 2), DOR S 2 Bt )ik
L in e 1 g



33

VI B MEEE: K W 4% P IR s )2 R T 9 241

BFIE e
)

R e
Mgz o
— &

S e B
[

wEE

BT B

Fig.1 Common protocol architecture with cross-layer protocol stack
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