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Hybrid Dynamic Adaptive Routing Algorithm in Wireless Sensor Networks

GUO Bin LI Zhe GENG Rong
(School of Information Science and Engineering, Northeastern University, Shenyang 110004)

Abstract In this paper, a hybrid routing sensor network model is proposed which combines plane routing and hierar-
chical routing seamlessly. Hierarchical routing is adopted in data acquiring stage while plane routing is used in data
transmission stage. A new hybrid dynamic adaptive routing (HDAR) algorithm is proposed, based on the hybrid net-
work model. HDRA utilizes a dynamic clustering scheme to complete data gathering and the aggregated data is relayed
to the sink node through paths generated by adaptive route selection algorithm. Simulation results show that HDRA is
able to save energy, as well as balance energy dissipation evenly throughout the sensors.

Keywords Hybrid routing, Dynamic clustering, Wireless sensor network, Adaptive routing

[ Sink ¥ 5. HDAR BB FEENE S ERETH
RGN, T EH M T Bk RIEE, AN R T
P4 B RERE.

2 ERBNEZRESHEEER

1 5§

HARE BAEE TE R B (RS 8D 1 S0E
WLy R R I UME, 5P B RT3, IR 2R
BB AL S M4, FRD R L RIS LR, A fe B

M SERHERERBMEML, B THE, IMERET A
MBREEEEHEIE LB, R EERE BEED
AEEEABER RN, GREMEER2HRE. FEY
W ORBESE. ITRLAF BEERSSEARIEET BN
N7 IR W A S R N — kA DD,

B ELRERENERNRERNEZ —. TRIEREN
HBITBERA SN ER, U R ELBEREETEEK, WA
EHREAR BB RS AR TR ERISINETH
Heh REAR R THEM G P Rt R, W THREEKME
RRES 4, K R IR AL Y U B B SR — MBI e EE , 1
SRR R LA SR k45 B T B A I T 1T M A 3
BRAY, BAEAREUNNERBNERERES
LEACH™), TEEN® %, {Hi R Bk FEHRT
#, R EEFI AR BRI RS .

Sk, A SO R T —FRE A B 8RR M T R
MBERBHAVMESGE—E. EERmRBME AT Hii
BEBIR AR RS, MESE SR TP HRE T
HEHEFR. RS T —AETRENEREMNRES SIS
B & W 5% B B ¥ HDAR(Hybrid Dynamic Adaptive Routing
algorithm) , B EHIRIT T —F & T BHEEE 1 3h 75 BEL
R oE BB BUE TR, R E ST EEER S . RS
L =y A=y R SOk € A = P iVA - 8: B =R L ]

O EETH BREEAB R LRI RIE (2002AA784030). H #
LA SIF L BFR T B N TR AL AR P4 . Ad hoc FI%% B 3lfF. Bk

L) 20 -

B ST A A T R B b R KB B e A B R SRR
R, 4RE T —FPRLE RS MEIRA BA R, A 1, 4R
B e R 4 I8 el 2 S A B B SO AR B BRI B 4%
BB,

Bl f2RRas PR TR A i h R

e BB PR T A AR R K TTAR A, BRI A AR B 2
WAEERKRITTR™ . IR EIL Sink 93, SR N
Hh ] R T R B B S 0 B B T A » DR M B 7 A B
RARETAMMBERENEE . B TR RBZ R H A
FE BV B B AT LA R M0 5 3R AR S O R L, B R R
T X B A R AR R & T, Rk, MR R

WEHRE . FRIANERERFFE BERFE B #HK
# WHEHRA PRI RS E B PI%  Ad Hoe M4 QoS,


http://www.cqvip.com

ARE B B 14 X 3 SR P R A B KB el . XA B
B, TR AR DA B SR AR B — RN 2 R SR T, B A
A P A S O KRN, I B UL A AR
HIRERE. QSRR E G A B IR 4 BUBR R IR B T A
HHIE R SR AR RS TSR R R, T 24
B T HREAE P Sink WAKWEEOQEE. MREELE
] Sink ¥ HEES MW EHER I 2BECHE KB AT L
B g O T R S, T KRB RE R .

R BUR B A B B BB % 181 3] Sink A, M
it 3 S R R AR P A R R R L B A P 48 T R RERE 2
M R, B R T X A B BOR AP B e . A A F T
e 0 SR A T HBRE 3 T /N 250 o ) A R A R O
MR SRE R AR, I BT LUE L ae BB B2
BEB WA T 2 M 1 SRR R, B S AT SRR
AR BRGE T #E 7 A M

3 REPTEEMBEEE

HTFULBABEBR, HET RRERSMELRH
BAE. BB T MBS A B ENEEA % HDAR, HDAR
BRTEHBWAFEIENR . S8 BUE RSN B &N
B, TERIERENE, Rt T —Hsh B R#ER % (DCA),
BT W% of BB UE » BhA H B ST RN A IO , 52 BRI W
EMBESNTE. EREEARNE, BT T - MREMNSE
AN BT shA AL Y B 18 B e B B B 2k (ASR), 15 SRR
BB SRR M T Sink IS MBS B AR
BUAR B R E BRRng .

TEB it BRI R, 45 303 35 A O 4R 1% 19k 88 I 25 Acin
T&iR:

(DM S B AR K, Sink 77 S TR0,

(DAY EHE A REOLSBE W R E B A ID, FRBE
#,3 Sink BB,

() M AR ML, i s RA SRR B 5
We B B , A K W B Rk

3.1 BHEMEEE

& BB BB RROE TN RENFER,
BT SIE RN TAPMRRESRKENH. B RmE
HEEA S REE R ERIERBRM RN EELS ., £TU
b2 F R R — R 2 4 B 7 A O T LA A U A
A R T 2T R 45 P B B ) sh A U B (DCA) .

TEEBEPHINTE X :

D P ART & AT — 58, 5L Sink
S T B R S B IR S Sink RO I SE
XATHTR.

BTGB — T SR T 3 A8 7 R
CRET B S RN , MEW B MU EREN
AR, AR X AN R B B IR B T R AR AR
XX AT B .

(3) B4R (Reinforced) : 24— 3t 4 i Z R ARl f5—
BOURMAS , AR X S . EEINRSE, LT AE
SR T I S MEBUE, TR S .

(4) W 55 (Negative Reinforcement) : 3% #2585 ) —
X455 MB RS B IE — BN, D55 5% 15 s %
B REANEFT S,

(8) W% (Bi-reinforced) : 7 & [ B g b I 15 AT B4
SR E R ANSR R .

B TR I 45 2 LUSHE O o0 B ) 2%, I 2% o ) 2030

D 000 http://www.cqvip.com]

7E I ) 23 8] _H#R A A e, I BB X S B 2
ARG . U U E X T AN S 1 A KBS AR AL
AR PIB B R BB MRE R RESUR . EATTHIZISR
A AEENSSETEBNEN DAY RIRE. &
ARSI ARG, B EE SRR AR EDSE
PR ST M N A ARSI T B, TR
BT, IR E M ROV & A A MR, WS SRS
P REA R, ABRER K i 3h A5 254k BT 52 BLBE A B B i
£I15.

3.1.1 #&shs#Es

B2 HENSSEY IBEAERE. YE4RERFMH
R W EFTHEREEEE, Y—% T A M B AR
FEAPIE IR E RS X — X S B N sR, [
K 2(b)fims. SEHRKBAA T SAPIXERS G HERA
FEAREANREY, A T EREEAFEE, E 2(d.,
HAGY SRR S E AR AR T A X#
— AN RS R T W Sh AR ER T .

S N S

B2 EeshsEdEsEE

2 FRTR  EFE R B ST AR e DG LU T L s R

(DA SEIERBE RS A T RES B 1 H w [ e
HERENNGR , fE AT DA A 5 R A BB LA Tl s B nGR .

) RS TR E—BLH R E 1 A, R R F i
B 22 6] 1 5 RS — BOU L] T LA SR , AT USRS o
ERERST . EE RN 524 LW S TN SGE
BEHNGR .

) GH—MEEHHFEN R . FEE0 51 LIS
F—ANTF W SRR E R, B2 R DU R XA
AR, ENERBE . AL BN T BRI E
AL, FERE B S U AR — e i (8] T, T A el J R A S A U
4L,

3.1.2 #¥aST A

TEAERBML, T4 XBWTEEIF AL —BAZEH.
WA XK RN, RERE S B ERMES W
BT

K3 ABEMHAST BEBAEE. YESHWETUE,
KR AT B R A T AL, A 3(a) , BAd 344 X3
ATEHRH A XRFEEFHMAT S EAAREH P, W
& 3(b) s FA T S FAE A 37 R EEE . H5E
TSR R A B ER AT, 1 R 3 RBIEERES , M E B AR
HEREE. FHXENT SEEFMERFER, B R
BFEFEETENRREBEGE, & aRBEEMARFE.
B R B KR T K, B X R T R B R AR

-21-


http://www.cqvip.com

BEMIATER R TAE, A 3o, MTTSERR T R3S
TRLE.

e

B3 Eessy RIENER

1 Bt WS B B 1T 3 T R 48 R B B Y B A U
B, ARG —BWLH B2 FEA X PO R
YEBR T, W B AR R A X R B . XA
FUR T Rl — 3 (R X Y5 o e S8 i A DU RS e 4R S
THERA RRR, AR T B PRERER.

3.2 BiEREERBEE

BN B, FEAFRIMEEE RS G R
AfEEF Sink . EENEEERXLCREFER. EFF
REMBHL LI R B SO EH . A h T EL LSRN
BRI R E AT R

(DIEZ RS EERCBREN RS TR, T LGRS M
B R T ESBAST R, B B R G X AN R
Mt BE D

(D) 5EGR% L A3 LR ARFERR . B&fk
RES 4% P BTR SR L R B R B AR R Sink 4505, Bl £ K
st 8 R Bt R . XA¥ Sink 7S HHE B R DRFER
- EEREEEM, HILA A Sink 5 B EY R RERESET.

(D ELEBREME—BERBETR, SFETHEILNMA T
JUAE RS ] AR YT R BB R T BB I N 1. 5 A AR H Y
BB, R TR B A R 48 B A A7 B 8], 2E A [F] B A A Y
B B R FIEGE B OB B BB

FEIUEIILE BT M SaENMEhER
ASR(Dynamic Adaptive Routing), ASR B 5: 78 5 /N k5%
AE AR L, ARE R RS SRR RAMEET
— BV S ABHER R e R R BRI, BRI EF
Y S B3k Sink FrEERIBREL.

ASR B3 7 SR ERER A BT, B STAREE R
REITESN TR BREEE R F WHE, A5 E 8 R EUE
BRI REABRT—BE,

BR1R 1 BERRBUE = (D
F(E gt s Huino ) =a(Ersiuarc /Eim't(i) ) X (1= Huiny /Hmax)
+&(Huinciy / Huax) (1= Esiguar s / Esnircy ) D

Ensidual(l')ﬁjﬁ_}ﬁ i B‘Jﬂ%ﬁﬁﬁ,

Eaivco AT R HIIRRE R 5

Hoin 377 28 1 B Sink 17 5 B/ MRS

Heow JI R4 R BE B Sink 45 s 79 52 Sink Y&/ Bk

.« 22

D 000 http://www.cqvip.com]

.

a»b HEHR T, 4K 85 P45 Y5 A5 5 B g Bk Re RE B AR
.

ASR BRI -

Step 1: MW 844L, Sink 17 &I & — 1ML E 4, &
X8, M AR A C B BB AT i M
S BEXE. HABREY AT Sink WARNKEEL.

Step 2. FMRBIXMEHEHN T RSB EE—-THIAMEE,
KIGHA FBREA N Sink WEH—MTFTHTE. BIAMEE
FAFERT ANESER . GFEY R D, TEANEEFRN.

Step B: WHAERNITHYEE. THACHBLE
4, HEHMY SHTIAMEE . RSB EERE K
FHIAME B 7 1m Step5,

Step 4. V7 AWK E L ¥ HE S S, B — PN HEEVLA ],
TEIX Bt [B] PN A0 SRk B £ A B 37 5 sl 4, WY SR a4
Y AE ST RGBS BT E R R R
BOE , AR B R BUE B KBV sfE B E B E—BEW AR 3F
XA ER T A E TG R . #%19 Step3, JEEMER %
F. 5B &M E kT,

Step 5. % fF — 500 B I, ¥ Stepl, EHWEM K E
¥,

WA, WL A2 MERERRNRHEL T, ASR
BB B/ NI BUE B MR B/ N U el A TSR R4 s T
WEE R AR, ASR B H R IER AR R EET
HET U S . HEEEFELHERTANRERERES
. ASRE AN T AR R EA S8 T M ETmiER
BER AT, SR MG LS WIS A2, B
I, Sink ¥ 55 B T W v N4 = T Bedr, AT 2 M
BE R THEENE .

4 fHFESHE5ITS

X [7]HA e B 2F AN B NS2 B33
BRERFEAE B 5 LEACH 1 PEGASIS f# T Xf t, #145 BR
BT EIFRME. H2 LEACH 1 PEGASIS # 2 X512 K
BB BT, WAL T8 H 0T m pE R B Bk bR R R
hE. AT, RITHGE TS BERE, FHET Tiny-
OS 15328 M 4% BB (- 2 5 BE B 05 4 power TOSSIME )4
Bt g sk 5 E i p R AR E k9 TEENC® #4717 X 43

Average Energy
Dissipated(m])

0 300 600 .90() 1200 1500 1800
Time(s)

B4 SEEREREXT L

FEB 4 FXFHT 100 45 5K R 48 16 1800 B B FFR:
HHFHRE RO, WTRIE TR IRHR, S5 R
P B HDAR f8E#£ 5 TEEN JLEHGE, EERH XA
W BB 0k o T BT B S8 BB A B B L B
B, BEEMSNZIT, TEEN EREMNERHEZRHET


http://www.cqvip.com

HDAR &3, TEFEFEAWA, §E7E TEEN BEPFES
WP SR EE RN EF R Y, M HDAR
rh B IR A B TR 2 A UM BB I 45 Y B3 B R R
HLRERABIREL RN T ANAHS SRENTE, T4
THEE, H K7 HDAR B P RBRBAGEEHESBE, 7
SHMAT AS BRI SN, XA RIS T B
BERBER, BO T EEAEE Sink ¥ ANRECHE, B
MH—HWO T HEANERERLE ATFULAFERERA
HDAR BB IHEE /T TEEN,

XMEASREE MG ME M KT EMALE, B 5 /R
T R4 B AT [A] Y 1800 B, B R B ILFEA TR IS HIARL T B9 BB
BIEERT L, ATLIE H MK, BB LB E
EAREE, EEEE LS THIEEALEE Sink TS EE
A, NS 5AREHERTENTEEE R TRENEF
HIRERER ETE. TTLIE S, TEEN BipyRe BEE 75tk
XEAFLEEMMTRE—NEE, TEEN 2 53| EH TE
BRI ML 7 i, T HDAR TR R IRS B R A B Y
. HREHEA K, TEEN Bk 17 S0 ERERE 7, T
HDAR FHEBH# T EXR R LS 5RHBWENM ST
bR s, AR E A AR, ATLUE B AR
#) HDAR HIL T E & KRR, TERERAFNE MR Z
—IEEMBHEE XK.

16000

14000 §
12000 f

g
g
=

8000
OO0 fromre et e T
0

Dissipated (m])

Average Energy

0 50 100 150 200

Number of Nodes

B S AR HET KBEREN L

7E TEEN H3R T 8 I B e e i SR SR 46 9 (T 0 B
FEM EIX R EFTR E BT B, RIEES R NETH, X
FR EEBR  E B AR T KRB R, R R R A
RET BT, BEFERF TR, M 6 B, P HL 2% 380 B )5,
WARFCTHBEMR, WTLUE Y, TEEN Rk BA R & 391
A ERAM TR,

HDAR H7ESE & (2] Sink BB, RA T B &R #E i
PR, T LR T SRR AR R O R BIS Y b ey B B
R, BT R Y T AR RE BAEUTFER BT AR5 T 4R T
RERsE Rtk . N 6 FT 7R, 7E 650 bR, W AR SE T R
18, M 650 BbJa, h FRIEE T WS EMEN, A R
HIRIARRERARMR D T, B et BV A PRESE . 800 B LA
BB TR GBEBL BIEEBEERHEEL, W
BT M, R T AR P T B SR B 18 , B2 P W 5T
To. Mt HERE , HDAR HRHMIE K 7 W48 E % TAERI R
], R8T B A B #. 3

PA_EXSEER SR R W 4 F AR H0O0 2 WAL TR 3
BRI TE PR B EOL T RIXT L, 7B 7 XTI T
HDAR 5 TEEN ZEARIM & S R T HIHERE. W 7 TTLIE
# TEEN 5 HDAR 7E BB#EJ7 T 1922 BERE & P 4% SR R K
TZEHE/, YRR —E R, WEEATAT 225, T
ORI KN ERERHEE . SR ERFERE R
BERPFELT . BVtE HDAR 5 TEEN —£, W& )

D 000 http://www.cqvip.com]

P RS SR T BRI BIRE RN T/, MRS R
s HDAR 33 Z B RERE .

100
90
RO fooemenses

0

5

=]

5]

S g

Q : A0 -

5o 40 i

© 30 - e

= 20 |- ——

3 10 S

z " L N
0 200 400 600 800 1000

Time (s)

B 6 AT REBEXT

a
2
g

Energy
Dissipated(m])

DN
-t
[
i
T
=

=

3 4 5 6 7 8 9 10 11
Number of events

B 7 TEAFIMRET RBEREXS

G WSO T R K B 5P T A AR
ToLR 1 as W 2 i e AR, R AE AR Y BBl B4Rt T —Fb
PSSR BB h A%, HDARBEE R T ETH
GRENSHSRERENETREN B EMNBHERL. HE
455 £9 HDAR BA RIFY R &R T R 2 a8
WLERIH . AR T A BRRE, 15 T RER BRI
KT P LR R,

8 £ X

1 Akyildiz I F, Su W, Sankarasubramaniam Y, Cayirci E. A sur-
vey on sensor networks. IEEE Communications Magazine, 2002,
40(8):102~114

2 Akyildiz F, Su W, Sankarasubramaniam Y, Cayirci E. Wireless
sensor networks; a survey, Computer Networks[J]. The Inter-
national Journal of Computer and Telecommunications Networ-
king, 2002, 38(4): 393~422

3 Heinzelman W R, Chandrakasan A, Balakrishnan H. Energy effi-
cient communication protocol for wireless microsensor networks.
In:33rd Annual Hawaii International Conference on System Sci-
ences, 2000. 3005~3014

4 Bandyopadhyay S, Coyle E. An Energy Efficient Hierarchical
Clustering Algorithm for Wireless Sensor Networks. In: Proc. of
IEEE INFOCOM’03, San Francisco, CA, April 2003

5 IR, REE. ETAAEREMEREE P ERERRLL
HEY TR EHT,2003,9(24); 28~31

6 FHB,AVEX. KK TEEBRERNEREHIRER. KiE¥
##,2006,17(3) : 410~421

7 Guo Bin, Li Zhe, Wei Zejun. A Dynamic-—cluster Energy-aware
Routing Algorithm Based on Neural Structure in the Wireless
Sensor Networks. In; The 5th International Conference on Com-
puter and Information Technology (CIT2005), Shanghai, China,
2005, 401~409

8 Manjeshwar A, Agrawal D P. TEEN:; A Protocol for Enhanced
Efficiency in Wireless Sensor Networks. In: Proc. of the 1st Inter-
national Workshop on Parallel and Distributed Computing Issues
in Wireless Networks and Mobile Computing. San Francisco, A-
pril 2001

9 Shnayder V, et al. Simulating the power consumption of large-
scale sensor network applications [A]. In: The Second ACM
Conf. on Embedded Networked Sensor Systems (SenSys), Balti-
more, MD, 2004

023-


http://www.cqvip.com

