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Abstract: Routingprotocol plays a very important role in underwater acoustic sensor networks. Based on the traditional
TEEN protocol, a new routing protocol named HCM-TEEN(Hierarchical Cluster-communication Model on TEEN) has
been put forward. The improved algorithm sets a new threshold function on the basis of the process of cluster candidate
and the cluster elimination, and then introduces a Hierarchical Cluster-communication model in the period of data
transmission to optimize the routing process. The experiment by the Matlab proved that HCM-TEEN performed better
than the traditional algorithm on the network lifetime and the network average residual energy.

Key words: routing protocol; underwater acoustic sensor networks; HCM-TEEN; cluster candidate and elimination
- \

IR PR SRS W 46 3 T A% Ik 3 P 28 B 5 7K A 3
R AR IR SIVALE ISR A R ¥ Al NG 2 2 N

A5 00 45 gk e A Y, AR A gk A 2%

25 T ¥ SR BE B AR IR 98 A5 B A AT 1)
SRR PO AR AR SR, L a1
R RV R A AU A D) 52 B R BT M 75 148, K75
A IO 2% BRI T IR Bt A e . S A T 5
PERI 25 A A7 I [R) S5 4 52 4 7 B M. N T ARk AE 7K
TG EAT, A R DR I 2 BN A . A
Wb, A8 VU AR IV R 7 7S A IR 19 2% B e P BRI
S A F 2 RN A K RE R AE, TEEE M A REAER .
e R P SCAA DTY B AR T Kk ) A H
LRk, ATl W2 AU AT V2 AN R RPS IR % e s

B I P A A, TS MR —
z%%ﬁ%ﬂﬂﬁ}ﬁ(, #1101 SPIN il (sensor protocols for
information via negotiation)’® F1 DD 1} i¥ (directed
diffusion)” 4%, &4 2 # th PpY, W LEACH(Low
Energy Adaptive Clustering Hierarchy)'” . TEEN
(Threshold-sensitive Energy Efficient sensor network
protocol)!"'',  APTEEN!"?/4%

TEEN W30 32 ] T Wi b 2R B IR B v, A% Al
T AERAE B E S I ) sink 9 RUACRHHE, Ik
A S ARG A AT I g 2K (e L D) R ol 2 B a2
Tl KPS e A I 2 DRRR A () SR BRLME, 3 S I %
T AR RN 2 7 AR IR . AR A S
JUERE, AT I S5 05 5T B, Ky TEEN PpX

© H410H :E K [ ARRNE5E42(61202370); i T RZERMITE S AR H (122Z151); L iime A A v-RI(11PI1404300)

AR IS 171:2014-04-04; U 15 U IR 17]:2014-05-04

Software Technique * Algorithm 3KfFHiA « Hik 165

© TEREBIK AR

http:/fwww.c-s-a.org.cn



R[N VA

http://www.c-s-a.org.cn

2014 4 523% 5 12 M

P M BIK AR K2R W 2 v, P AR RE A IS . AR SCH
EFX) TEEN PSS T 7K P A S 8 I 48 A A S T By
BOFIEAR AL B B AL, B8 — b AR A% e 1Y
2% g e oy 2 A A X ) 1 P 1L (HCM-TEEN), 5K
I B 45 R 7r HCM-TEEN  S03:70 X 4% A= i J5 91 F0
RED SR P PAe oy el ok B =K 1 a3

1 TEENPMYX

TEEN PSR M550 s, i —Fh 2y 12 % i s,
B AR S N R R VR, Sk R 1 A
P RS R RPN B S, VBB B
TEEN 3] 43 A 42 7 BERI AL B B, 7527 B Bt
RS uRS  E R/NSWE

. pr
T@%:1—ppmmm/mrn€G )
0, S,

AR, ¢ R AT HL p ARSI AL
G 7R Up B sl Bl Sk i35 S e o

TEEN 3G I P AT BRAE (R B4R 1) B K
9 P gl /D T B A e R 2 B, (B RE BIK R
FR IS M IEEYE, DL TEEN WhSCA 5 1 jn) 7,
114} TEEN P A 20 Bt 1

1) TEEN WHSGEE PRI, HLHRE B E 28 4 T(n), H
AEKHIBEHLIE, 53 Bt Sk oA i A P16

2) Rl AR B AP ) 8 S 155 1O o e AR A

3) HHRAE K AR A W A AL g, T KA G
IRERRYE, 5 32 BAR Bk 245

2 RGBT

AR SOH AR 5 S
2.1 FEIEEY p e

1A e AN I 5 R 0 K 7
AL AR O P e I 2, (B

D) BB AU LI, R AR A
HERE, 11 ELAGAN AT ID ity

2) REAN K7 A S AR 8 £ AR 0
Y T SRR (xoy), I FLICSS 1Y S8 FLAT MR K
AN AR

3) ACHS A sink Ab TN E HEAT IO, R
e sink 45 040 T obly, FoAlyH BRAG T A FESE sink
W ABT AL I L, sink 1 AU RE R ASE IR, R

SRR,

-

166 #AFH AR « 53 Software Technique * Algorithm

4) BEFEXIRR, 5 AR IR EAT W EE R R R 1)
BE, 1 AT DU 155 P 2 U R 5 T
5) P IR A% I3 T AT RE A5 AR B A o R A2 5K
P, nrm e — ke 2 Wk g iy SOR SRR 2 I £ ds
BT sink 5 b
22 gEERE
JK 7 TR 1A A Hte 2 B3 ek 7 Y A% i R o K
AR 225 SCHR 14145 R 7K 78 AR a8 1 s Bl 1%
i fE AR, BIKCR 75 A5 0 RS AR L
%%M%%%ﬁﬁ%,%ﬁ%%%@&%h%%?%
ST BT RE AR VST . R 5 S
> - e
Py O (0, e e T3 B T B T 2 K T
DA d W Ad), WIAIEY R I BRI
U2 p=po A(d), A(d)5 1 B K% 7 TR BB T ) Sk
IEA R, KRN
A(d)=d"a’ 2
AR, m NRERJLAY AL, L ES%
AN, M m=1 B, RRFERIBALAE, m=2 I, %
INERTHIAL 1%, AR SCOTELSER, 25 RS TH NI I 75 IR
a(f)
WE LT BRI AR, B m=1.5; =101 | o5
BRI, B a(hik,
4f)=?i3£-+4£3if2+§g§; +0.003  (3)
ARG a@MBBCREL ALY dB/km; £ 2
R, A kHz
VAR R b B, AREE B d W
S 3 T R fiE B E~bp=bpo A(d)=bd"0".
KN b B, TR AR AR
E=bp,, i p, H—NHEL, Wk T
A ST A R B, TR 0 B (B K
4 b): EEbEpy, A Epa o5 4.

3 s 5 HCM-TEEN

TEEN Wl 75 Sk Xb 26 I BAT 80 K I BaALE, 5
MRS, PSR 5 LEACH PR3 R ERI(1)
KPR T(n), B EEEIK TS SRR
BERELLJTT A sink 47 S RIEE 29 100 B X 5 A A 1E A
SRR BE D, —BERE A M RS T SN G
(SRR, T3 S 22 () B S R E LA S Sk 0 L 7%
P 5 A A A E A, HOM-TEEN BhsUZe G2 B o,

© TEREBIK AR

http:/fwww.c-s-a.org.cn



2014 4 552345 5 12 M

http://www.c-s-a.org.cn

N R g N

WA ST R PR B 1n) JE43 2Ag 2 AN I R (R S ik B Rk 3
TSR TRIR)BEAT 3 B 5 i
3.1 FRERIERE IR

TERR AL SRR, Jd 0 ek BIE pR 2L T(n), ¥4
TR S IR IR T SRR SR A .

i, AN AR AAEFEYIAG G, B R

TR A S R BT B R (A EAT I, R
S5 AR BT IR SRR Grew. T(n) 40 H:
P xW,neG

T(n)=41- p[rmod(1/ p)] )
0, oAt

BT B AR BRI T () T 53 25 S8 A R RE DA
Wiy sink AR G, AX@F, GIATRUE
7 W,

E
W=0—"+(1-w)

5
r+d,

avg “sink

KRG)T, Bl AR A R AL — A (55
@ﬁﬁﬁ%mib,%ﬂﬁﬁy:%aEw%%ﬁ%

int

Y ' 5)

3

G1R, Bavg NI LS R PRI, B 471 ORI
G N OIS AR, dyn 2RI 5 sink 5
B % BB . BB A RS A
e =N e =3+ o =)+ X AT Y AR
(09 e, B SR AR, x ATy b 2454 A AR
(I

BB AL T(n) 57 A7E(0, 1) 2 1A 72 A (B LK
MEAT LRI, MBS T(n) A5 e AR RS, %

2
H
2
H

R

Al
N
H

=

RS BEANIFRAGEIERE Grew. 105 1L 5E SUUF HORIERR |

ST, 5 IRk 1 A
32 RSk IR Y

R TSIy SR VN N FURCD IREIES B e L Ve
sk, I, AL IR A Sk ik 2 i A
FURE; 57T, AT DLOTAG % Sk e M S R R, A
Ao S A P ek 8 0 2 PR 50 4.

ST 3o T ) 90 20 REPE 88 s, AN /K 7 A P 4
(1 AT A B 5 03 £ A, A A0 TT LA
5ot i 2 B 1 7 A 3 R AN I BT
AR AR K TR L X T

1) B B ALY

fER— IRk R, L sink 5 500 LD
LA U A RS, ARSI S5 Gy 1B

-

BURFRE — ML AT R k. X, B dgne
B /AME R A B — gk, RIS SR A B 8 fe pd

2) MUK E 1R 5

AMER SE G, KL ¢ AR R
ANE T AE DR, TR AN SR RN T A S A
A TFATAT — AN T AR DN, AT AR DS 52 B — ANl
AEFATRIRRE SR, AN AL S AF ARG Y RUBFF e bl 23,
ﬁﬁ%ﬁ%%ﬁ,%ﬁ%kﬂ%ﬁgﬁ.

3) TERRARIX 4k LB

M Vi ARG i 520K, 15 5 I A1l 52 58
L e AR B, Kt 2R T
J R A S R, T A S R A AR
AR HB 5 SIS 5 5 98 Y BB [ TR 7% (X
ﬁ.ﬁﬁ%%ﬁ%m%ﬁﬁmglﬁﬁl
F ek

! \
Sink ® ;
2 \, /
° N, /'
K . ~ /.
i Vo KRR
1 e~
i SO T
\ LetTT s '/' \

N S DL BRIk
NISIARE = 15577 S SR

! N Y ;
v '\!' \ L ,
WK pit 4 e
N . ',)
% \'©. -

Grew SN E K

Gew VKT 51

K1 TEEN #h3UG@ VR L

3.3 HEfLH

FERRAL B B, 144810 TEEN PhisCR A skt
B BILA, A 190 45 g £ 1) S AABORE R K38 I, 3 B0 4%
TS SZ RT3k 4 AR BE B A, 7R A I
Rk FE b, AR SCER[15], SR A 2 B B p LI ok
% Bk e ML AT RS A R AR HEREA T 2 Bk A S dcs, LA
BB, AR A B B8 T 42 K/
S S R AR 1% £ 5 T

HCM-TEEN H4f 15 sl {55 A2 A 5 #2 X (5) )
BUER ¥ W, Bk Tk 2 Eiiat. iz,

Software Technique * Algorithm KfFHiA « Hik 167

© TEREBIK AR

http:/fwww.c-s-a.org.cn



i EONL R g N

http://www.c-s-a.org.cn

2014 4 523% 5 12 M

12N Y R Ly Sk LRI, T AR T A R i
P B AL T

FEANESLTT A G IR i S AR — Ik LB &
A, AR IIAEE RS ¢ (R DX P A R Sk
T R SR CList. T A1 s EEINnE SC—AMas
tag A7 1AL JZ T 14 parentx Al parenty v, 1 fiJEfE kT
MG, IR 0. 1 R AR AT NI I,
Tag=0, parentx Fl parenty 737l 5 & A 15 s T J@ i Sk 1
R X,y ARbRE. BARSZEILUN R

1) Sink 55 S 55 H CL4EY 9 CList KA C; H I
fa, XUy mdr 400 | R A5 s B Tag=1,
parentx=Xgnx, parenty=Y ginx;

2) BN JET AR CList N tag=0 %k
TR CIORMOZE E B % Y AR5k, 4 IR AL T
R R AE T A, Tag=2. BEE VR RCEEAN ) 8,
i MBRAERL Tag=0 HIBRSKAT RO — AN 2
I, MR HL R RN,
EEEAIE, WA T, 8 W RN
ST R R IBEHT parentx 1 parenty.

3) MKULIEHE, H 2P AR Sk B ALY s A E—
Bk AR AR R

4) KEEEARG, FrA S R FR2E Tag AL
RO E FFWIAR AL, DB 58 dik %,

4 SEEGE
AR Matlab 4% TEEN, TEEN-PEUA
HCM-TEEN 7 [ £ A5 iy J& S R 5507 35 ) g = -

(P BEREAT 107 BL3C50. TEEN-PE [RIFf &7 TEEN ) |

W HEAE b, 38 3o 7% Sk B0 Ak eiodtad i Bl s K
RIS S BB B IR .

100m” [ 5 0 B IR BEH TG 117 100 AN /K75 AR 18
90 246745 5, VSR T B T, 2 LR R
B, RN B A WIUG RER 15000 FfE— ) ID.

MG e AR, IR R AL m=1.5, MK
f=10KHz. 15 s3I A R REAE A 0.001T, s il
B ALK BN P RERERIFE B E A 0.001). 7 fi g K 1%
NI RN 4 AT, FRIAE K R AR
JE24 1500m/s. A5 F-42 =20m.

4.1 MEEHE M EIEA

TEIK AR AR M 25, G X 450 AT I TR) PR S

W2 BE AR, P4 rb (4 0 T R e AT FE,

168 #AFH AR « 53 Software Technique * Algorithm

P b o) TR, WU BB, W AT, e M Ay
JIRPIRASTa bR, 1 ARk, BRSO 5 40 1
RO 5 S REAEPEAS 4, A R0 R 1Y
S T [Ny O [l TR i o NN A
100 % _ ;
=T 7 —&— TEEN
SIE i T || —%— TEEN-PE
A .| ———Hom-TEEN
ﬁag... \ ........ ........ S

E;SD"' Y R R ]
L0E S Lot e i S i
:H:3|:| ...... ...... Syt CERR.
o]0 ) e kTR e \. TR e .
LTVl S o e E SR

0 1000 2000 3000 4000 000

Y Fods T TEde
B2 =iy s S Eon e

Bl 2 Lo T = A EEAE K AR R AR I 2 bl T
VERCEIIIG 0, 55 s 3 A Ha AR A o, B9 28 24
i AR S il B 2 nTBUE H, A£48 1% TEEN Py
BT E S KRR, E 1800 #4544, FNET- %2
153 90%; TEEN-PE WhSU VL IIAE 3200 67047, 49
JUFFET. B AL IAE 4000 56 2047, ML A AR
RedERFE IE% 1T 4. TEEN-PE AL TEEN i, #4907
AR KR E, —EBRELKT Ao M.
HCM-TEEN #& 1 T BUE K 1, 2% 8T e f FH i 2 A 4,
KT #53ko JEE AR, (s 9 78 43 M 34 5 K
7 AL 5 PR 2 (0 S mCARSk T3 B RERE, MTTTAE 17K
FEARIER S o 2ot 1) A= iy S0
42 FEFHRKEEE

AKFEIAE Y R RE R IR, — AP REARE TR Y
i, 5 R SR A Ak, RIS AT R DGR
P 6% 747 med 991 240980 3% e 1 5000 e DU ML S B HH M T Y
T SRR R R AR AENS DL

Bl 3 LA T =Bl Rk bl A K P AR IR I 4% T AR AR
BN, g T oA R 4 e A AR L. N
K13 i LUE i, TEEN PrSAE 1800 %8 Zc A7 I, HH 1715 A
JUTFET, SRR N, JLTA 0; TEEN-PE
FHEL TEEN 1M 55, JUIFE 2500 %6 42451 AT RE R AE
58); 1 HCM-TEEN 557 3500 %6 /247 6, 15 A
PRIF KRR A AN T 0, FEERE LILTTE T T
S 92%F1 40%. LR, 7R SESE R RERE L,
St 5Tk HCM-TEEN B Aty B AT LU i

© TEREBIK AR

http:/fwww.c-s-a.org.cn



2014 4 52345 5 12 M

http://www.c-s-a.org.cn

N A1 N VA

REPE.
15006
—&—TEEN
—#— TEEN-PE
B — — —HCh-TEEN
3 000 ==
& :
= :
) |
J-'-IEI- s00 b ey N I - J
i :
0500 1000 1500 2000 2500 3000 900 4000
PR T Fies
B3 =FAERERY P R B
5 4k

I ST 7K 7 s 5 T A 1 A 51 9
B, KBS 1 T4 A B % TEEN PR
R R K 75 A 9 2 o, PG TR
b, BT RSk R R K P K B o 50
HCM-TEEN. 1% 500 ik 58 hn 4 1 Hb 2% 8 A & Fn P
BB, BN TORUEE T, K HE TR B PR
FEA e S 2 48 Sk S TR Sk TR IR AN R, A
T B 15 10k 2 M e A Sk, RS 140 A S D184
5. 3t NSk A R A R, AR A T B
NG T b, T R I R B R, 4
K 2 FELB. S 07 ELRO 45 4691, HCM-TEEN
AR TS A B P 24 2 7 ) A ]
T T 5.

& %3

1 Heidemann J, Stojanovic M, Zorzi M. Underwater senser |

networks:  applications, advances and  challenges.
Philosophical Trans. of the Royal Seciety A: Mé'thematical,
Physical and Engineering Sciencés, 2012, 370(1958):
158-175. g *

2 Zuba M, Yang TC, Cui JH. The impact of intensity fluctuations
on network throughput on selected MAC. Proc. of the 8th ACM
International Conference on Underwater Networks and Systems.
ACM. 2013. 28.

3 Nakano I, Ishida H, Deguchi 1. Measurement system for
acoustic monitoring of rip currents. Proc. of the 8th ACM
International Conference on Underwater Networks and
Systems. ACM. 2013. 8.

4 Tomasi B, Preisig JC. Energy efficient transmission scheduling

for non-stationary underwater acoustic channels. Proc. of the 8th

ACM International Conference on Underwater Networks and
Systems. ACM. 2013. 27.

5 Zhao Q, Lambert A, Benson C R. Performance validation of MAC
protocols in underwater acoustic networks. Proc. of the 8th ACM
International Conference on Underwater Networks and Systems.
ACM. 2013. 5.

6 Liang G, Pang F, Zhang G. Influences of sound scattering on
the measurement of vector sensors by different installation
locations under a cylindrical baffle. Proc. of the 8h ACM
International Conference on Underwater Networks and
Systems. ACM. 2013. 23. '

7 Guo J. Design of underwater robots for live exhibition in a
museum of marine science and technology. Proc. of the .th
ACM International Conference on Underwater Networks and
Systems. ACM. 2013. 42.

8 Heinzelman WR, Kulik J, Balakrishnan H. Adaptive protocols
for information dissemination in wireless sensor networks.
Proc. of the 5th Annual ACM/IEEE International Conference
on Mobile Computing and Networking. ACM. 1999.
174-185.

9 Intanagonwiwat C, Govindan R, Estrin D. Directed diffusion:
a scalable and robust communication paradigm for sensor
networks. Proc. of the 6th Annual International Conference
on Mobile Computing and Networking. ACM. 2000. 56-67.

10 Heinzelman W, Chandrakasan A, Balakrishnan H.
Energy-efficient communication protocol for wireless
microsensor networks. Proc. of thé‘3érd Annual Hawaii
Int’l Conf. on System Sciences. Maui. IEEE Computer
Society, 2000, 6. 3005-3014.

11 Manjeshwar A, Agrawal DP. TEEN: A routing protocol for
9ﬁhanced efficiency in wireless sensor networks. IPDPS. 2001,
1: 189.

12 Manjeshwar A, Agrawal DP. APTEEN: A hybrid protocol for
efficient routing and comprehensive information retrieval in
wireless sensor networks. IPDPS. 2002, 2: 48.

13 5K/ % T A% I W 48 SR b b AR ¢ mh [ HL g Y i
#t,2010.

14 Sozer EM, Stojanovic M, Proakis JC. Underwater acoustic
networks. IEEE Communication Magazine, 2001, 39(11):
114-119.

15 SN B B B 55 A% SR 0 0% 1) it et LS o SE AL R
2.2004,31(3):54-57.

16 AR A, 7 R v — Tl iy [ 2R I 2 A% [R5 10 5% 1 1 50K,
FLALEIAR,2013,37(19):118-121.

17 VKR B A7, DO — P AT O B BTG 2 % I s ) 2%
1053 2 B SR U LR GE . FH,2011,20(8):81-85.

Software Technique * Algorithm KfFHiA « Hik 169

© TEREBIK AR

http:/fwww.c-s-a.org.cn





