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Abstract: Different from terrestrial internet of things (IoT) applications, marine IoT applications need to solve the prob-
lem of information interaction between surface network and underwater network. The key to solve this problem is to de-
sign a proper routing scheme. An ad hoc on-demand distance vector for acoustic-radio integrated network (AR-AODV)
was proposed based on location information and energy balance. The protocol enables surface radio links to forward
more information data, so as to reduce the burden of underwater communication network and improve the overall per-
formance. In the proposed protocol, the forwarding priority of the buoy nodes was higher than that of the underwater
nodes. When the source node needs to send data, it enters the route discovery phase, i.e., the node uses its position and
energy information as the heuristic information to calculate the forwarding probability and broadcast route request
(RREQ) packets. When the destination node receives an RREQ packet, it sent an RREP packet to update the pheromone
and select the optimal path based on the pheromone. Compared with AODV protocol, AR-AODV protocol has signifi-
cantly improved the performance in terms of transmission success rate, transmission delay, throughput, energy conversion
rate and routing packet forwarding times.

Key words: marine [oT, cross-domain communication, routing protocol, location information, energy balance

Wi BER: 2022-06-22; fEEIHHA: 2022-12-29

BIEEE: MRJ7/H, eefichen@scut.edu.cn

EEWB: EFXARMEEEEUIH (No.62192711)

Foundation Item: The National Natural Science Foundation of China (N0.62192711)



+28 ¢ LY/ T I

76

0 35

HEE 0 AN 53 e T L 30 B | A Y N S ) )
FEEI Y, R R S IR SRR 10 R
WEe ARPEISN, MUK AT AR S M & RN 2%, Fifi
i B R4 v 2 A A3 AR 45 ) T K T A0k I
e, K SRR EER R T — R R &
K T B S P B R R O T ED B
PRI S E s, HHEVEE BRI 2K
Ky IAEFE S AR IR T/K I EOK T,
FEVIIEIN D2 BN AR FE ATV R R

g — K1 2% (AOIN, air-ocean integrated
network) I\ A R G I e R, s
br b, W2l EEEETFENK T st RE
B T K T WA R RS, B, dgel. i
15 RS I IR 7 IR AR Y, TR AR R AN
IR BEIR IR 5 7K R AL N Wir [R] ER R e 45
SEEEIL KT DX 286 5 7K I 288 1) B3 L SZE ROK R
FEVDERI R e o APk, WAL AN S 38a
fEH AR LT, JHR I T — s vy =1,
S AR EAT(E 5 14, EHK N A 22 M 2% 5K TG0
2 L2 RS B A 4 T R BTN o) 2.

KA A& H FT7K T Aoz PR B T2 (5 i E—
A A RN, (E K P RS A B AT KR
AT R FR S, (L SK IS RGP
AR MEIRTFHE T o VERBK A IS T W 5K I o4
L WX TR EOR M e 22 e, R KT TG 2 PR
FRTE KT 75 27 R 4 388 45 2 B 1 7 el i ] 2 11121,
& — P RS IR B R o

7 HL PR E] X 2 AT R R — P S A A Bl B 421
2% (MANET, mobile ad hoc network), X£% ]
MRS BIREENRE ), WERE. AiEE. A
AR E R BE A1) B3l 4L SR 48 B3 £ 24 B
TE KT ®AT 3 A1 H 3K T AL NS 2 KA )
AK TG0 DA 1 B ZHZ N 2% % B SO ER 43
REET I 5, $ 2K F IR ER A A
FEK IR g o AR 4% 75 3 E WSS 227 AR R = Y
PREHFES, WTLAE R R TK R 2% . SCHR[14]
WERH T H 2% 7 IR 5 m) fE i HH Y CAODV, ad hoc
on-demand distance vector) 7 75 FEL Bl F] 28 1 m] DLk
FEMERRLSS, RJCik B ILk B3 T (5 B g, 12
FH 28 AR R RE o

ASCET P E RIS e, $RH T — R T

fir B A5 2 AN RE B 8 5 1O S R D[R] K 4% AODV
(AR-AODV, ad hoc on-demand distance vector for
acoustic-radio integrated network) . FEIZMNH,
FERR T RS e m T /K R Al S NBR FH R ST
Brie, 1 RET iR G R  (RREQ, route request)
RTINS SRR R ML, 45677 s Re E AN B
FE, BHAEANE RGBT AR, M3
H 85 s, 9 SRR % HH [ 52 (RREP, route reply)
WOCGHEATE B R EH, R IR R KT,
irg5 %M, 5 AODV HlL, AR-AODV fEf H
0 1) 19X 2% L e bR T e 5 B A0 ) e 2k g AR i B K R
Hm oL, wEARERK T FEBELS I, B
ERRTH LR

1 #HExXIE

KR ALK 4% (UWSN, underwater wire-
less sensor network) — % 7K N HR AR AR 1 H
ENRAK, FEAMLEAR T =gk sl KR
IR IR EN B BAE AL s 45 /K TR SR R SR
P2 T B HTRIZK T 6 P 3 R AE 7K M AL I
SR S KT SR A 2 I — 4 2 Bk

KT B PR 2 R Z R, PRy RR
I Z8(5 BARA, K TISEM. B, TR
FEfI#% B (DBR, depth based routing) X! AR
B AT BRI EE R, R ERE IR ALK
AR ATSRAS AT S RS o % PR R SRR T A K
AT RURIR AR, D PR B A R IR P B
KIH Rl B TR REE R H (EEDBR,
energy-efficient depth-based routing) #his!"*FI#% &
ZM TR E W B B ( LDBR, light-weight
depth-based routing) BRI % FE T A AT A
R B S HORE SRR I R T R, W LA e &l
¥, P, BT REHK (VBF, vec-
tor-based forwarding) F1% H1 S 2OV 1 5 47 A%
A ST DOREUA, AR S, 78 % R I g o) o
W, W IS B e BRI S A K% . {H VBF
B B0 B E B TR, ZEkRERK
(HH-VBEF, hop-by-hop vector-based forwarding) % FH
ISP B Rl R A o I B R YT R B T N —
2R B AR % A IE .

T ST I B eh W Y A S A R
R RUERE, TR — MRSk, TSR M 2%
Hh T A S AR T S S USRI B i e R 45



F1

RS ST E (S SR RE I K A B R 4% AODV ©29 .

wn, T =K A AR P 4 B SR B el
i (JCRP, joint clustering and routing protocol)

AR A TR A% R 5 AN 408 o A A P I BSUA A 2 % 2k
W, B AR A R O Bk

I, SRR S R BUAR ARR A%k, T — kI
JKCTHIVIE S5 o R M P o

HIXLEHA KT B H LT R E R T K
N R BEPKHEVESR TS ARK N 2R ME A, Joik
R EBHIEAUK T BRIEREAT S BRI, A fe A EA
7K 70 2 v 100 2 v £ 2% PR B3 900K A DR K T A%
TP 5

T AE B S A A (00 % eb P ST TR, IR OB
JE B o AT R B B T AR R A B e B X
(ANCRP, anchor nodes assisted cluster-based routing
protocol ) P14 ¥ 4 2% i) Kl 43y 22 AN /N [ 3L A
R 5, BRI — NS S AR
73k o YRS RURT LR R 3 ) Hitl As B AR E 1
Sk, SR N BB S ik e T —Bkik, I
RPN IR, BRI A AP B
HEMERICEREE, JFld S aEN mk L2
Ll S SRS

Luo %5V i — b FL 45 1 38K B @ AL 5 K
T TR RS HLIEEAR T AL, AR IR AR T il
fEAEIE AR AT, U om 21 i (4 i dfs G0 SE AN ] S 1k
XA AR AR R Ly 4 28, JREI Bt T
4 FhERHITT 5. FEXRFER AR i, %07 RIEHE
T%EGﬁﬁi rh Ak AR R BE R KT B E

R R RCR B SRS, BEXT PR AT AL AR &
mﬁﬁ%ﬁﬁ?f@%ﬁﬁ Liu %047 —
s /K TR AL 2 % T S, SR AL 2 i e S s
SRS AR, RARTE T AR R R, H
FEAZ RGN TG FE T KT E B R K A R A i, 1
A2 KT R eV 5K AR EHEGEE A DL
SCHR2710 4 T — A 3k T % R B 0K & %
(VBCM, vector-based cross media routing) Mg, 52
B FH K o 26 H B B B IR SN A2 . STHR[14)
HI B S (5 AL S 77 2K, TEW] 175 L P [R] ) 4 28
AT DA R 7 T T 2 L I 258 42 T KT 7 25 I 245 1)
gt ag, JF HAERT 1 L AODV JARZR A e N ik
H LG DA AL S B IR A 2% B (OLSR, optimized link
state routing) PHSCHARZEI T30 2% B B 3G FH T B I
LI [R] 0 2%

BAIIICUL, M (3 L 00 B A 7 B I

57K 2% [ FR Wb [RI TG 5o T 32 T 5 A ) i b )
W FEIEAL TR B, BA BRI R 8 5 5

A 5o

2 RYGgHER

7 LI [R] X 246 A — A i A A B 5 3% i 1) 5
P28, LUREIRIA 2> FHEG, 7 KT P 2 R4 RK
EIEZ ML, WK 1 . MRS K R A
IKHFEAR T AL KR, BLRE AR K PR AN
RS AT e K B3 B R A 2% i e, Y
R BER A TC A A o KTV AR 9 R & TC
FNTKFE P R 28 V4, RIS R To 2k A AR d 5 0
PG IRE 7, F AT (S B AR 5 4 I 25
R S A B A R KA e K T R R AR A X 2% 5
e, WRIZIBRA Bk . 3 My siigig sl 2
B

1 R A S

KR KA 4 25 kb4
KA Tt
USSRl % 1 Tt HL 4515 4
B2 3R A
7 R [R) I 2% AT A A 5 Sl £ sk e 1 22

B AR N 4% o 1 S A i T B S DL N AR
ERSKE I

1) 247K R SRR T SO K S I, 75 2
%mﬁﬁﬁ%5m¢%%ﬁ‘ﬁ%ﬁ SEBLK

L K _ETCZR B 2 A5 B A2 HL .

2) MK R A EAE 7R, D TR K
TR RERFE, Tﬁﬁ%ﬁiﬁﬁigiﬁﬂf$ﬂfT§EK£,
DA BhK T bR 15 AU 4k Dh g, Sl K R A
RS I A H RS 22K B TE 2k R

TSI B BAS E, W AT T AR



©30 L7/ SR I i+ N

AERLBL, TR 2 BT AT AL B B B I At
JSH R R = AL R o

3 ETUERFESMESHER AR-AODV

T A I 24 T () — A% H e AT DL B A O ST
AT FH B8 B R OR 48 R AR R B 1) 8, A 2SI
R — £ I 245 F F) 55 B A R B K R 2 1 R0
X T IR 2 R (R RE S Y R, Ay BE T UK AR Hb 2% E
TR PR AL BE R, DL AN HUE 2 17 1) 3K
FARTY 5o

AL (ACO, ant colony optimization) 3K
Y5t 1L S SCRE A R AT B U 2 TR) TR R B AR
MIAT N o BT ORS00 U I e 2 2H 230 2%
W, —HRIEZ AR (RII0 347 52K,
RO Z, RS RIFIEER EVTRRRE R R
B2, FORICSER, IR R AR E L
B0, (RAEK TS, BRI
Red /D AR S e R s, RIS SRk 2
s AL BARAE K R I S ARG N E .
{H R WO RE IS B R A R SR A I E &
W8

AODV i FH i 55 ) B4 B eh 1) 47 b A
MR B /N R B A ST B PR R A . ELAE S HL B[R] I
o, NEREIC A AN E S T EARE, TR
BE—FoEr s sy 2, R A B SN RV R
DK N RO e R H R, RIL, WRLEE
AODV A ife £ 1 S WOHE BV A5 B 3 AH G
WO EERIRE, RS EBERERAEE
REPEA G, IARREMMERNERLER,
DA B AR 76 75 H Bl 5] ) 8% 78 20 R FE T A T )
L, AR #EK Bk miteg, RN S5k
()71 RORR A B B RS TH B =R, W] BAgl b K
N R BRSO R e R B, R B R K
N EERR AR RIAEH
3.1 MHRRSEBEIRER

REE 2 BT B P 75 B 8 S R R 5
FEARTEAK R 2R, R T KR S
WORFK T B 2k Bk A, B Sk H e B AL B (S
Bk R BOIRGS . 76 AODV 1, RREQ HOCIE S
PR T8, RIANIRE N —Bkihhl, 78059y Sod
B BN AT s 0T ORI ARSC . B RS
FEMEZAE R T, T SR T e R S T — Bk
H5HE A SRR, S gk S ER K

RREQ i 3L (R MR p,

by =
. a . ~18
2arctan (o7 =D [ =1.0)]
7(s,1)
, jeallowedd,
n
0, Fefth

(1)
Forr, o (s, 1) M YR s B AL B B RIK
FE, n(i—1,0) MR BB — Bk R - 1R R
55 allowed d, NFETT i I AT IR {5 BE B30 LA 1)
R AR ANETS R PEETE R, R
INER N 0. a F1 B4 5 ME B R KR T A 8 R
RAT, sl 75 B RIREAE KRG B
FRM I EEFLE o 3R R IED] AT I3 —
AT BN K
. .. au@i-Li)+bo,
n(i—1,7) =T

Horb, pG—10) ARIEALERE Bt MR R
JRRAE R o NIRRT R RE RS BRI REE R
KAGEs aMbREE, FRINIEERER KGR
MBER ARG SO ESE; H Oz b n
B Dy 1 AR LT R 2% R TR 0 R TR T R
L HRBER LS, AR R IBE S A o M b BK
TR TR ES L a b

o d
ui—-1i)= R (3)

Hep, RO SRIATARRNGE LR, d gk s
5 F—B A2 MBS, o< u(-Li)<l.

)

E
0} _ current (4)
initial
Hl, E o N RATRIREER, Ep N8

thReE, N 0<o, <I1.
32 MHBEEREMRE

MBI H T A, T AR B AR
HMA N RE R R, MBS sEE RS, AT
PAEE AR S e R BROIRAS R AF 1 B8 42, RIEEE 21
Byn kK LR, el KT A S B RO
KFWAREREHEFE. £ RREP k30, G ERK
JER RN

o(s,))=(1- p)z(s,i =)+ Ar(i —1,i) (5)

H, p MEERERA T, pe[0.1,099]: (1-p)



#14 TPARERSE

R T E (S DAL= 10 75 B P [ 4% AODV + 31

ISR EREE T Ar(i—1Li) AN E—Bk i -1
BN A BRI R RIRE, Hp

._1 o A
M, Jj e allowed d,
Ar(i—1,i)= H, ©

0, HAth

3.3 AR-AODV

AODV & —F 2l 26 B B, {4 FH BE 5 ) f b
AR T — BT, A A B BRI,
A 41 R A 7. AODV A 3 AN EA K35 4R 5
M HiERK (RREQ). EEHFIE (RREP) FliH 4
i% (RRER, route error). [A|F}, £ AODV H5 <
&% HELLO S LA 48515 B

AR-AODV FEZ¥ AODV 1 RREQ Al RREP i
STk AT B, Bk NaEl 3. & 4
Fii7k. 7E RREQ #R&3CH, #n 745 mi 28 A T IX
YK F AT AR L, M BEE R TIEER R
BREKGEE, AMNFEATHARTIEEER
. 7E RREP #R3CH, [FIFEHHIIN T 3 fiR 8L
F XA K B R AEAR T A, AN B T A7
SEREED ARG EREGE. 1ENS3 H,
RREP . 3CF1 HELLO 4530 1 [ ik =K.

AODV 1% tH & B 2 8 i RREQ A1 RREP
OSSR . AODV 225 Hi & i% HELLO ¥4 2 K

B ARSEEE R . YR U R TR AL R TE R
H T A SR AR, MR EKIE RREQ #Hiocis
1738, BN (a1 SRS AE B T
i, FLEHRE]H 1 S B R 2R H 0 S0 s
1%, HRiR[A] RREP R SCHE BT R I

2SI T, fA7ERER RREQ 35
B, fERBRPHIRE ST K FIREEH, X 2dEE AR
Be Bk, 7 sk BEIRVEFE, Sk B B R
AT I RIS RREQ RSCHI)™ #& Kk
o [FIBTZEE RS T N AR, A
DA /NER RS, T T AR Se ik K b B ik
KIAT(S BAE S

AODV. AR-AODV /B alaE 5.
Bl 6 fror, Hr BT poAK R m, ST AR
IKTEER TS A, BT LR R RREQ I K BERE,
P Tk R~ RREP W KEER . A AT A, E
NE T A Y AT SRS B SRR SRR
TE E T AR R i, mtat N B AR B
A R A RREQ ROCIET HRH 25, BEAN 4%
K FZ HALH L K RREQ 2041, EL2HR 3 H 14 5.
VIR AR 25 2y 3 i HE R, B 4% 4
¥, MHENEES SRR, 2K FBECE
DI, E A4S A-C-E XA KBZIFRIE
RREP .

RRIFE (type) TJ|R|G|D|U

REE7B (reserved)

P& E  (hop count)

B il RIRHIE (RREQ ID)

H 935 s bk (destination IP address)

H i35 55555 (destination sequence number)

VB bk (originator IP address)

A5 S B HE (originator sequence number)

F 2R (node and interface flag)

f & {EE (location information)

B FRERESE (pheromone content of path list)

K3 RREQ R 3Cifkak

KRFE (type) | R| A fREBPEE: (reserved)

WK (prefix size) | BkEH%Es (hop count)

H [y i Hahil (destination IP address)

H i35 45 (destination sequence number)

JE45 S HudE (originator IP address)

HAFE ) (lifetime)

i KA (node and interface flag)

{EEEWE (pheromone increment)

25| F({EEEZAE (pheromone content of path list)

4 RREP 3Tk



©32 L7/ SR I i+

76

RREQ

RREP

RREQ

RREP

Kl 6 AR-AODV FHnis

IM7E AR-AODV H, HF C /K FHT s, Bk
AR ZE, IR KA B B EMER B
/N, R STE—E L B/ RREQ #oC it i, H
M H B 3] RREQ #/30)E, £ E B R ERH
— AR AR, R E WSS ®E
A-B-D-F-E iX 5% K i A4 51 52 RREP 3.

o

Kk, AR-AODV 2wl 7 fis, BARDER
wr.

B OFETAHREREEE, AHERPA
A0 B BT e R iR 42, W #% RREQ ik 3.

T2 P IR RREQ 3L, MEH
AN H M s EE R A 2 H R A
PREH, W, FERPPIR 3 BN, AW ST
BT RIFIEE a b MRIE () THE MR, 15
MER T #E#1 RREQ 3L,

FE3 HAT A RREQ T a4k pi
LR BB H A 550G 250 i, ARG R
HHE R R, 5N RREP R ERE.

IR 4 YR ERLE IR R B B R
18] (#) RREP #%3C, #HTE B & HEH, RAEXGE)HE
TGS, S\ RREP fROCR G 4kEE fF .

TS P TR E I R PR B R Ak
[Flf¥) RREP #%3C, #ATEEZEH, HEHINEN
TR R, BEEREEEAS T B

Gk et

Y
[

R
I EIRREQ

o

|

IR B aFIDARIE TR BRI/ MY aFn oA T A
LA (B e LRI 7 8 (5 B A &
s e e K5 B EMER A5 B EER
e P sk
BT R

7 AR-AODV iif#



F1

RS ST E (S SR RE I K A B R 4% AODV ©33.

wL PR EE AL -

I FINBRE SR RE R RIS, KA
RE AN BAS SRR A BRI N E &
briE, FEMERECR B RE T, AT AR B LB R
SERT R Z RS ACH, X3 R R THAER
HA, RIS INE T I AR 7 A BE, S EHE S
HEL AR AT DL e BT AR LB R, DD KT A A
BEER IR EL

4 ZRHESHSH

41 FEMBEURSHEE

AT 7E R NS-3 MBI E T4, AN
NS 3.28. ML EIXIHA 10 kmx5 kmx0.5 km, 7K
T RAEZKIR 0.5 km (1 XA L3 A1 , AKTHVEAR
WA LA . iESEEE IR 1. AR
SRR AODVEAT OLSR B P2 Mnt iR, 5256
B T K RSN — X B E 35, HARKTR
T RURIVEAR T i s R R . TR R, A
SCOEE T AEAN[FIVFERR T s T AR S T 2. LR
. HHE. RERFEILR. TR RIRE

*1 HESHIEE
ZH G
KR AL 20, 30
BRSNS 8
7K D0 £ 15 A i 2 S /km 2
TCER L 265 B A A 29/ km 5
R 10 000
HHE A E/ byte 200
Hn e Ik ARG/ s 5
JK A A A 7 2 FSK
KA B O AR kHz 20
K AR 1 i %6/ kHz 10
IR A S 3 5/ (kbit-s ) 4.8
KBS T AL AR Thorp
KT A/ (ms™) 1500
T2k AR /(s ™) 3x10°
ToLk B 7 = OFDM
a~ B p 0.5. 2. 0.5
AR RE S S a) .« b 1.1

KFH R ES  a, . b,

42 RHEIRINE

FERT RN H I s B B e e SR
TRRIENESR OB E L, IR, RoRiZM
SEMEREERLT, ANETT AR IR TS Lk 8

0.5+ 0.5

Fi7Re TERT 100 s, #HHPMTRZA% S A AL 4
%1%, AR-AODV ki Lt AODV ZJP—f5 Hi g ik fa
JE HIEE EREERS, FrCASE RO R R . BEE 15
BT RER:, ERIREIRETRE, SEUERRIR M
FaEE—ETEE N, AR-AODV tt AODV #hifasE
300s 24 . TR RE R AN BAS B — 25
FalE L kR, AR-AODV (LR R Th & 4 by
AODV {5, £ 20 N7K N 8UF 30 AN7K 15 s B L
N AR 7.08 %A1 17.09 %. [FI K R it 2,
SEUKFEMKASS AL, B RS EE E 2E
Sy RARAE,  FrUAE I ZE AR A, T OLSR
UUENESNEE AR, TEE IS 2R
MR, 1ZARERERERNE ST . MK ML
W, (S FBUERIRII AL, e R
1A 14.00 Yoo HIMERT L, TSN PMCAREIERIK 5
W £ B S A

100%

80% [

60% [

—8— AODV(Q20ANKT AL, 8RR
—%— AR-AODVQONMK T &, SAMMRART &)
—A— AODVQEONKTH &, SAMRFRY &)

—¥— AR-AODV(OMKTH AL, SMFARTA)
—8— OLSREMI(204 KT8, 84 TT )
—4— OLSREMIGBOAK T, 84T )

u4%¥31:33¥4:tas#ﬂ

100 200 360 460 560 660 7(I)O 860 9601 dOO 1 IlOO 1200
BATHHKS

P8 N[ R e P R
43 fRHRTIE

PRI LA /K 75 IS R AT 2B IR R - )
T AR DR X LA 9 R TR R A B
FERTEFERLNS, BT LML E Bk B KPR 1
AR-AODV Hi-F R IIZAR T s 015 =B E 17
5, ATDOEREH — 2RI RERE R, (KR AR RER
B2 INTETPE e =W 22 S N £ e N
IR IE . AERIAREATIS IR, Y SRR
AL R B SO0 B B, I A L TR
APAETEBNA R, DRI LR A S 3 R T S22 T 3545
BPAE BTt SUbfRIET, 9 S AR 2 A%k — i 4
SCHCASEIAES AT JE T s B AR, K2, &
TR R TR B I IR s 2, Rk
2 SEUK NI ZE BT B 0 B TR E K, B
WEBHTaE, B EmFRE . AR-AODV £ 20 4
KR RN 30 KRR RIEIL T, B 25 s

T I3

40%

20% T




©34- ok KMoy Ik

76

2 27.64%*H1 43.76%. RILLEH, FEK T RBZ
AR, B ZE RSB 2 . OLSR #HiHH
TR I E I A EARR, ISt B 2 b
) B TA) AR Ak AR 2 R

10
or .
8t
A
@ °|
gss; ; :: S |
4F Y—¥F V¥ ¥ ¥ ¥
sl AODVQOMKFH i, 8AMEFRTI )
—¢ AR-AODVQOAMKFHI R, 8AMRFRTI )
9 H—— AODVOMKFHi 51, 8MFHRAL)
—v— AR-AODV(304K R 155, SMFAR )
1 [|—=— OLSRIHI Q0K T A5 6L, SATEARTT £
) —4— OLSRIMLBOAK FH AL, 8A¥AR T D)
100 200 300 400 500 600 700 800 900 10001 100 1200
BT
B9 AN R (AR i X EE
44 HMHE

el B A BTN [] AR ) EURRER, AN RIS A
EIEHE L 10 fos, TCAEH, TEFRFM
& 4ER T, AR-AODV 1] LUA RS T 2 A
AR-AODV 7£ 20 M7K T 7 s A1 30 N7K R s i O
T, HFHEMRT AODV 2HIHEINT 4] 7.87 %Al
22.67 %o 1% T B AT DL PR — 2 0k AR
ZEE AT DL Ros D BRI . 7ERT 200 s,
T AR-AODV F AODV £ kixFi G H—MEL
MERTE, TR/ IR e, S8
L B, BEE BT ALK, W2 At
BRI —MEE KT, OLSR WS 2% et B —
BELRFFERBARIAKCT, R E AhliE S BOeiE

> o P 2o E=Nn
RS A R ET, 200 s BTAIEME LN 0.

400

350}

300} [
=250} [
3 200f =
= —@—AODVQOAMK FYat, 8ATFFRYAD
ﬂ*j‘ﬁ 150} —X—AR-AODVQOAK F i, 841520
= —A—AODVGORK F A, STERFIL)

& ook —¥— AR-AODVGOAK FH 2, SAMEHH 40
—@—OLSRUYMLQOAMK FH5 4L, 841k 1520
——OLSRHHX GO i, 841520
50 b = -’ |
——
000 200 500 400 500 600 700 800 900 1000 1100 1200

BITHHK s
10 RJHS SEBORAG T I RS H
4.5 BEBRUER
KT R E A Gy, B LR R M2 K
P2 e — AN E BT E TR . RERFAL AN AL AR

HRem s B LR R F S BRI R L
XL 11 s, WTLAEH, BN RREQ.
RREP.HELLO i 3CH7- B H LR S for BAE B AE B
%, 2SO REEIHAE, (Hil TR K - TEL
HL G I HAT F I B AR )RR £, 5 2% AR-AODV
Re AL BB E . 1 AODV K OLSR WM RE Rk
AR ZE . REEIHFES T BEAC, T ids
%, BEETHFERRR, RERG IR,

oo
T

—8—AODV20K F Y5 it, 8AIRAT 15 47)
—%—AR-AODVQ20MKTF 1i x5, 8AEAR 1540
41 —A—AODV(0AK FHRl, SRR R)
—¥—AR-AODV0MKTF 1i ki, 8N 1740
—#—OLSRIF Q20K FH R, 8MFhTR)

RERAALR/(bit) )

2| —4—OLSREMLGOAK F 1A, 84TRkR 14

O 44 : : 1 1 1 ’

100 200 300 400 500 600 700 800 900 1000 1100 1200
BITHTKSs

B R SO AR L L
4.6 I EEFEERE

AR-AODV A IR fe & A B A5 BT A5 H
M5 B2, KIE T RIMER A & RREQ FiH, X
FERTLAAH R8> RREQ - 8% 40 (%% R IR AL ASFAT
MBCR R SRR R S L 12 R, XFE
THT 400 s MZgH RREQ B0 S K IEL
AR-AODV 1% K E-F I e AODV s K B0
) 44.74% 0 L HIK R T A I, ORI
U, XN Z 17K R AT s i T RAR A E T3
AR BI e R, B 40T LU R08 0 K R 1 4

RREQ B HL 55 R IRH
600
B AODV
AR-AODV
500
400}
&
kS
& 300+
#&
(@4
g 200
100f
0
10 15 20 25 30 35 40

KT R
12 AS[AIT B 0 T B B R KR B



%1 DRERSE: BT ALE S SAGEEI I B R M2 AODV +35
" - erational environment—step toward internet of underwater
S -2- ;Ell:l things[C]//Proceedings of 2018 IEEE 8th International Conference on

Ao BT T B I A a7 %8 I FLAH DG I %
P, Bifa kTR b B, A A m AR
W AE R i (0 9 P S5t 7 S R I [R) RN 4% 4D AE 8
o PR T R RO E S B RE R ) R
[F] 4% AODV o Z S350 /K THFAR 19 s FHZK R 15 A
5 XA A RS e A ML A RS B 3 A Y,
TRAUE T 76 5 B% i 72 A B A 280k 2D 7K T 08 A i
Koo WK R P SRR R, BB B I K
LK. (TR REW, 5EAHTEMLL,
AR-AODV fEAEHI TN Z . fEHI & Fit &,
EEARE, FEEE RS REE B R
Fto JaEkY REMEARRL, Bk B, EEm
SO0 S R [R) 9 24 28 ) 1 BF 9 B OE A 1 i A A%
fig 4% B P

S 3

[1] JIANG S M. Networking in oceans[J]. ACM Computing Surveys,
2022, 54(1): 1-33.

[21 KRCBL R, FT7, 55 MR EORR R 5 L], MIEM
2241, 2020, 4(4): 105-109.

YU W K, CHENG Y, LI F, et al. Analysis and suggestions on the de-
velopment of IoT technology[J]. Chinese Journal on Internet of Things,
2020, 4(4): 105-109.

[3] DOMINGO M C. An overview of the internet of underwater things[J].
Journal of Network and Computer Applications, 2012, 35(6):
1879-1890.

[4] ZHOU J J, SU Z, XU Q C, et al. Cooperative content offloading
scheme in air-ocean integrated networks[J]. Peer-to-Peer Networking
and Applications, 2021, 14(5): 3388-3404.

[5] ZOLICH A, PALMA D, KANSANEN K, et al. Survey on communi-
cation and networks for autonomous marine systems[J]. Journal of In-
telligent & Robotic Systems, 2019, 95(3/4): 789-813.

[6] LINK Q, HAO T, ZHENG W A, et al. Analysis of LoRa link quality
for underwater wireless sensor networks: a semi-empirical
study[C]//Proceedings of 2019 IEEE Asia-Pacific Microwave Confe-
rence. Piscataway: IEEE Press, 2019: 120-122.

[7] TONOLINI F, ADIB F. Networking across boundaries: enabling wire-
less communication through the water-air interface[C]//Proceedings of
SIGCOMM’18: Proceedings of the 2018 Conference of the ACM Spe-
cial Interest Group on Data Communication. New York: ACM Press,
2018: 117-131.

[8] ENHOS K, DEMIRORS E, UNAL D, et al. Software-defined visible
light networking for bi-directional wireless communication across the
air-water interface[C]//Proceedings of 2021 18th Annual IEEE Inter-
national Conference on Sensing, Communication, and Networking.
Piscataway: IEEE Press, 2021: 1-9.

[9]1 VASILIJEVIC A, NAD B, MISKOVIC N. Autonomous surface ve-

hicles as positioning and communications satellites for the marine op-

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Underwater System Technology: Theory and Applications. Piscataway:
IEEE Press, 2018: 1-5.

LUO J H, CHEN Y P, WU M, et al. A survey of routing protocols for
underwater wireless sensor networks[J]. IEEE Communications Sur-
veys & Tutorials, 2021, 23(1): 137-160.

AU, BRfEE, &%, & AR FEWEEE BRI RS
F132, 2018, 34(6): 20-28.

GUAN Q S, CHEN W Q, YU H, et al. Acoustic-radio cooperative ma-
rine information network[J]. Telecommunications Science, 2018, 34(6):
20-28.

CHEN F J, JIANG Z L, JI F, et al. Radio-acoustic integrated network
for ocean information transmission: framework and enabling technol-
ogies[J]. China Communications, 2021, 18(9): 62-70.

HALLER S, KARNOUSKOS S, SCHROTH C. The internet of things
in an enterprise context[C]/Future Internet symposium. Heidelberg:
Springer, 2008: 14-28.

LFTe, Fak, PhEwe, 5. T NS-3 [ 75 e b F] W) 2% S 2 6 el
PEREMTI]. T 515 B3R, 2022, 44(6): 2014-2023.

JIANG Z L, WANG Y, ZHONG X F, et al. Implementation and routing
performance analysis based on network simulator-3 for coordinate ra-
dio-acoustic network[J]. Journal of Electronics & Information Tech-
nology, 2022, 44(6): 2014-2023.

AKYILDIZ I F. Underwater acoustic sensor networks: research chal-
lenges[J]. Ad Hoc Networks, 2005, 3(3): 257-279.

KHAN H, HASSAN S A, JUNG H. On underwater wireless sensor
networks routing protocols: a review[J]. IEEE Sensors Journal, 2020,
20(18): 10371-10386.

YAN H, SHI Z J, CUI J H. DBR: depth-based routing for underwater
sensor networks[M]//NETWORKING 2008 Ad Hoc and Sensor Net-
works, Wireless Networks, Next Generation Internet. Heidelberg:
Springer, 2008: 72-86.

WAHID A, LEE S, JEONG H J, et al. EEDBR: energy-efficient
depth-based routing protocol for underwater wireless sensor net-
works[C]//Advanced Computer Science and Information Technology.
[S.l:s.n.], 2011: 223-234.

GUL S, JOKHIO S H, JOKHIO I A. Light-weight depth-based routing
for underwater wireless sensor network[C]//Proceedings of 2018 In-
ternational Conference on Advancements in Computational Sciences
(ICACS). Piscataway: IEEE Press, 2018: 1-7.

XIE P, CUI J H, LAO L. VBF: vector-based forwarding protocol for
underwater sensor networks[C]//Proceedings of International Confe-
rence on Research in Networking. Heidelberg: Springer, 2006:
1216-1221.

NICOLAOU N, SEE A, XIE P, et al. Improving the robustness of loca-
tion-based routing for underwater sensor networks[C]//Proceedings of
OCEANS 2007 - Europe. Piscataway: IEEE Press, 2007: 1-6.
JOHNSON D R, RHYMEND UTHARIARAJ V. Routing protocols for
underwater wireless sensor networks[C]//Proceedings of 2018 10th
International Conference on Advanced Computing (ICoAC). Piscata-
way: IEEE Press, 2018: 261-268.

DHONGDI S, BHANDARI A, SINGH J, et al. Joint clustering and
underwater sensor net-

routing protocol for 3-D acoustic

work[C]//Proceedings of 2018 10th International Conference on Ubi-



‘36 - n W

1k 76

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

quitous and Future Networks (ICUFN). Piscataway: IEEE Press, 2018:
415-420.

KARIM S, SHAIKH F K, AURANGZEB K, et al. Anchor nodes
assisted cluster-based routing protocol for reliable data transfer in un-
derwater wireless IEEE Access, 2021(9):
36730-36747.

LUO H J, XIE X M, HAN G J, et al. Multimodal acoustic-RF adaptive
routing protocols for underwater wireless sensor networks[J]. IEEE
Access, 2019(7): 134954-134967.

LIUM M, JT F, GUAN Q S, et al. On-surface wireless-assisted oppor-
tunistic routing for underwater sensor networks[C]//Proceedings of
WUWNet’16: Proceedings of the 11th ACM International Conference
on Underwater Networks & Systems. [S.l.:s.n.], 2016: 1-5.

DING J N, WANG C H, JIANG M Q, et al. Cross media routing and
clustering algorithm for autonomous marine systems[C]//Proceedings
of 2021 4th IEEE International Conference on Industrial Cy-
ber-Physical Systems. Piscataway: IEEE Press, 2021: 289-296.
DORIGO M, DI CARO G. Ant colony optimization: a new me-
ta-heuristic[C]//Proceedings of the 1999 Congress on Evolutionary
Computation-CEC99 (Cat. No. 99TH8406). Piscataway: IEEE Press,
1999, 2: 1470-1477.

. 2 TE R BRI AR SA T Ad Hoe 24284 th T 72 [D].
FART: ZRHREE, 2021.

YU H. Research on Ad Hoc secure routing based on trust management

sensor networks[J].

mechanism and ant colony algorithm[D]. Nanjing: Southeast Univer-
sity, 2021.

DUCATELLE F, DI CARO G, GAMBARDELLA L M. Using ant
agents to combine reactive and proactive strategies for routing in mo-
bile Ad Hoc networks[J]. International Journal of Computational Intel-
ligence and Applications, 2005, 5(2): 169-184.

PERKINS C, BELDING-ROYER E, DAS S. Ad hoc on-demand
distance vector (AODV) routing[R]. RFC Editor, 2003.

JACQUET P, MUHLETHALER P, CLAUSEN T, et al. Optimized link

state routing protocol for Ad Hoc networks[C]//Proceedings of IEEE
International Multi Topic Conference, 2001. IEEE INMIC 2001.
Technology for the 21st Century. Piscataway: IEEE Press, 2001:
62-68.

(HEZ BT

TiREE (1997- ) , &, HERHEH T K%H
T EE B A, EEEE AT R K
FE R EE R R Y 48 % ER 2

IFH (1991- ) , B, fEpgH T K2
THER¥ERE A, TEPRITHNE
LRIB S ML 7B R4 I 25

FR75Mm (1975- ) , B, fl4, EEETK
R H5EEEREIE, TEMA T AT
ZRIEME MAMEAR, BB EEM 51
. BRI, A E R ZE.



