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Research on Clustering Routing Protocol in Wireless Sensor Networks

HOU Yan-jun TAN Guo-zhen
(Department of Computer Science and Technology,Dalian University of Technology, Dalian 116024, China)

Abstract Wireless sensor networks (WSN) are comprised of a large number of minuscule sensors by self-organization
and self-adaption in the monitoring area, and the sensors have a certain ability of collecting data, processing data and
communicating, So the WSN are widely used in infrastructure health monitoring. We analyzed the challenges in the rou-
ting protocol design of WSN, and summarized typical routing protocols of WSN, even the advantage and shortcoming of
these protocols. Then,on the base of specifying the LEACH protocol, a clustering routing protocol in wireless sensor
networks for infrastructure health monitoring was proposed against the shortcoming of LEACH protocol in head node
selection and routing between clusters, The clustering algorithm and inter-cluster routing algorithm were combined to-
gether to make up the clustering routing protocol for infrastructure health monitoring in WSN. The result of experiment
simulation shows that the routing protocol postpones the death of major nodes, balances the energy consumption of the
network and prolongs the effective life-time of the network.

Keywords Infrastructure, Health monitoring, Wireless sensor networks, LEACH protocol, Routing protocol, Intelligent

optimization algorithms

FEEEBRBEAR EREFHEAR MEFEAR AR
BERURSHNEBARERGRE LR, —MRESR
{ELFER AL I8 B4 BT B BT 95 A —— T 4R % IR 28 I 48 (Wireless
Sensor Networks, WSN) IE & & JBIf B #i £ MR AN . X
LAEBRBMENHBHEIRT LHREWERN T ZRE, LI H
B 22 fy ZE 5 [ B 4T D R B A 150 R L SR, AT
AT RAFEAEART B 18] 4 ] H & LA BAT AT SR SR AR B i AR B K B
OEIE RS

ERBERIER L BRBEMER RS —RELR R
BEMNAEE. BTEMEBBNERRE SRENRER
B, N T iR A REE N RE S ST LS B 0158, AR —
T ERBEHIY . BB SE £ BT EEE
WA R PN B RS BB AT SRR R S

F5E H$.:2014-06-23 355 B $#§.2015-02-13

AR A IER MR R R R R T Ry Rt E
T A T e PR M T P T A R AR P 8 B p M BUR B O EE
Ro ENEREELHIFRT . X208 byt T LU 52 iR
2% s BRIEREN LA BBERE T, TN A W3
B NS — S B, LASE L R AU (0 TR A% RS MU 2%, A2 3CIE
RETX—BRETH.

1 TR ERE SRR IR WSN 43 5% 5% i I RY
;i

1.1 T B i e e AR I T B T 4 £ MR 28 0 4% BR el P SLAE
VHH G Bk A

YRR TL AR BT R B R BEOR Z — , T 1 H A

il B R M U ) T2 A TR AR ) 24 B ey MOV P R AE 28 BT TR

RERQ77—), %0, A, TEBHFEF H YR NEA BRI M MER(1960—), 5, ##%, E-mail: gztan@dlut. edu. cn,

+ 160 -



A IS ERE BT 8 U 0 B B 2R R SRR R PR RS A A
P TR o LB R R T 1 T A SRS PO 4% Bt e PR LR T
AT A T Pk AR

(DEEEZR. & THERSTANERLHABERHEN,
Pt R 2 B PR R 5B 1 AR T I RR B AN SRR R X
YEREY ANRERET M REN, T ARASIER T,
ZHESEWBBEA AR, B, ERT B R
BI04 B BE LU T BB IE K W 3 S Ay, T E K P 45
IR IR MR 2 RtEEE.

Q)W HRENL. HRBT R BREMRES R, F
LB L P RE S B AL B B S8 F e AREA.

(OBEMHFHEZR  FRFT AT ERNRE, 77
fEBe R EL AR RS2 BIRR K, W R TR+ AR, X
¢4 B ey UM B BT AR FF R AR T E KB PRER BT RY
R AR R T4 IR AT R A PR PR S B R AGE 1R

(DORBWRBFEYL . BRSPS B
B TR AR RS TR, SR A 1R 7 20Ke e 48 R W B el M9
PERE . 7T 16 SRR IR £ R M ) ) L PR R A5 RER T A BB
PVIBMERE KR, ERRBERETS HUBIHHK.
FEXFRE LT, 8 O B 43 BBk AT LATE FRAIE ) 45 % 3
HBRTR T , RR M B 1THIRER.

) MBHEMATRMIFIE. ERENBHIREHE
BHASBUE, A1 R BB F M TR PSR T, Bl
W A BUIR B3 FET AT SRR AR R
MEREEL. B RS R KR RET RLE S
EH, 5RAAREAR R — S RE N R IRBRE) R
LYW B PE BT, Bk, 8 B B R D% I8
7 B B9 R IR N B 75 1 PO 4% SR F 54 » I 7E P 45 78 2 Y BRI A
e 7 T $R R P45 TR RAA LR R ERE S .

O BEME, FRBNTAXRERXENEE  WATFE
BiAR B 2T AREUNEEG LB SRR, RS
LR, B R A B RS AU AL R A i, Bl P 4 P A%
WOBER, TAEMERN.

(DGR, B BB REE R B ML 3R IL, 2R £
ANFH T RIARE ST RSETH A BB T
FE. FIMERRERT RAET R BER ACIREE S GAE R RN
REF1 L ER A BT XA R B B A (H B8 {5 BB AN X AR 5
A 7 B i1 B el B, BIAS5 A (B] W) BB RAF 7 B 1 AR R
MR B E S R ERS .

1.2 EEEMQERREMNHEREBBMEBHRBBEH

I Y T i S 50 R M T ) TE A TR AR P 48 L B B o
M B LUT w i (B B AP RR LR LR 1D

®1 REBHDEERILE

peOBT suw [F s wmn nE rRe
Flooding F#% F o S P s x %
Gossiping F+ % k-1 — & 3 — & % — 8
SPIN F® & ¥ % i " -
DD *E - * 3 & - —&
LEACH E*x —# * S & H ¥
TEEN B% #F % 3 # H #
PEGASIS EX%X —#& X % ¥ H — &

(1) -1 3% B B

ST B p BV P A AR RS A A R, R FE AT AT 4%
FREE A, KIS SEBH MBS 2T UMERE, &
AEES RS —BEBNEWN, THESRMNBIEZE (Floo
ding) .

ZHHUOLE , B0 R BBOk B HME W AER, LU
FRHERERAHMBEBET A XM IBR-EEEERZ
SHIETCEY S, A RS EERERRY . T HEEh
PHBGEBLE B, AR E A RN ERIME BT IE RO
MARBEEMEERR, MAREFENTSMEMTARE
A AR TEAE , BOHE Bk BE B AT 1E B 00 % el SR R, B B T MR
B BTSSR

OEASSIEME B 6 “HE” (Implosion) , B  — 4~
BEE BRI S, A 1) R,

QHE“ER” (Overlap) BLE , B4 F 5] — Mo X 15 9 1
B AR L R A R — B RS R, =& REHH
B A [, BELARSE, 0B 1) BER

QFE HEAMERRE, A% EL N AEETHRAE
T TC A thAH R Y B 38 B B 9 AR e ST AR VR 9, B —
WEEERSEP, HIEY BRI HBE S NN S8
AT AR

(DEBRR

(DHEER
Bl 1 Z3kEe RIS

(2) WK B il

e R B B U o, SR RS R i 4 SR 2 4 AR L
B, R T RE NS M ERAHE. TAERNSE
LEACH(Low Energy Adaptive Clustering Hierarchy) #pi¥.

LEACH # % S8R EESR L, it &N AP0 HGE
BEFE, RASER GBI NEERFR S ER T MENE
FemtE]. (HRMBGA R A E LA S Sink TR ERER,
k5 Sink R EER RAEA—BEEZ P, XBERRH T
W 4 G HASE , R B BMSCR A ML R O =0, BRARBE R T 3%
B ZRE, B ESBT A B LB RETE MG —A, i X
BN AR SERBOEELEE ER THRENRET,

2 HEEER IR A WSN 55 B B il Y
&t

2.1 EXRWNBREEHYEEE

20 42 90 R, B K F| %3 M. Dorigo, V. Maniezzo,
A. Colorni %32 3| 4= Yy AL VLA B3 & , B 1B B SR o il
BREENTA B - R MED R —IRE
B BB R RS A ERRIFATHLE A REF N2 H T B
L BEFNEEENSHETRS TEESMA.

RIEAFME S EEHMN, Dorigo M 441 T Ant-Cy-
cle, Ant-Quantity LA 5 Ant-Density 3 fiiA 9o BE B 48
A, 53X 3 MR X BIFE TR BAAME.,

TEERE Ant-Cycle H1,

+ 161 -



A,k_(t)z{,% 25 4 S AR R 2 G )

0, &N
¢))
EP,QN I RAGEEEBRENE R, BN EEZH
—EREREN; L, RRELAIERHE ¢ RIBECETHE
HBEKE.
TEHRE Ant-Quantity 5§,

A (0:{(%’ EE R RIEETE: fe+H1 ZREEG, )

0, &N
(2
ZEMA Ant-Density 1,
A (5= {Q, EHH h RIBWHE e M e+1 Z A2 Gy )
0, &M
(3
X 3 AMERIM R BIZET . () MG R EAKE R
BE BIGER - EHMNEE EMEREHRATEN ;MR
(OHFAMRL2RER, BEGEE— MESFEX A R L
BHE B EHATER, Bk TSP mHERER I, R i B B
MEAERLEE AR (D, Bl Ant-Cycle 8,
2.2 ETFUAmBEEMNEE SRR
A% SC TR H 0 T A TR R e Y O I R el SRR R R
HREEENMESR FATEE TR RER TR
e B9 25 Bk % by » 4 Sk 1 A TR Bl OB R X B A
2.2.1 BHEREALEABRLE TS
AR SCTE TC A% BRER P 45 7 8] BR e B BB v, X BE AR Y
PR AT IR Q-Learning B8k AP 0 A0 28 2R W3 X L
BERNKS R TR, EREARES P BESHA
WA B A RS REENE R R RNBHEETK,
R T BRI T, 3 E A B MBI T .
OEELTE  ARBEHT IR & i A LE
B MR, AEXR ; HRIRERSEHE/ g
FIRER , XEPRAHBEREN.
(i, ) 1° s ¢ .
b { s enw
Hhj T ) €)@

CY)

0, J&J.(®
8 =E1_Wm__l_m__—£uw’161k(t) (5
a(i, )

Hp,ofnFr ABRILT -BELTANPERE,
Ei remain 5 Ej_romain 53 BIR B IR TR i 5T —BBEL TR
FIRIRBER  Ey_onene IMELT R i WAL R/ FIH
FERBE R, 7E L T IA R EENA Y B 8T A R A M
S5 A, LU B 1) e v $R 3, FEAR P R M RO Sk
AEARENNZHS SREH KT LFETER. o6, ) RH
AMEL R MEER . T () BRI b R VTR T B9 KT
HHES, SHELTN ANRARERELY SRIERAX.
AR R AR, 3 R E R W, R B RNk
WASEWRACE, XEE 5 SBERMBEIBRL.

Erxt b B R ER AT R T soE . SIA -4 55
K R AEW AN L ER RN FERT 7 mHTHEIA
DA e FE F —BRES , RAFIA T RLE RS REHE R
XK GIEBIT

+ 162 -

E; remain +E, remain — Eoyj

05 =rX eI VA O (6
_[6G:BS)+6(ir )2 —*(j,BS) =
14 45(i, BS) Xa(i, )

yHRiGBSHBHM=AE PR BRZEM1ER 2,
REFBHMELAXTIA 6 25 WHEENEREFARRE
FELTN REMES, AW AREEREEFRBEERE
HF, RN A FRBEBENZE T HARENRE.
WRE LR TRIEBMFE, BEET R ARERE, #5
TSR SR WUT B AR e X I 28, 3 B IS ReREAE
¥, B KPR I K T ARG BAs M LR A Sy R

(OEYRAERD GEENEREESFRENRES
XIKEREHELBE,

AT B LR R B B R RE RS KR ERRE Y
0, B BEERIIAGEENRTENAN, BETHE
BARTBRNS. BRUMELT R  BHBELS RS B,
MAROHHYNEBEFRUNEFBREZG, ) LNEEE.

(i, ) =1—p) X¢(i, ) +pX Ac(i, j) 8)
R, 0 HEEEERSE O, DRIRE.

(3 IBYLETE— B2 A H B B RS , TR R PR LR
EERHTIMZEZEERRE, S RERABI, X4
TR YE Qlearning BB ERBUTEIEE AL, FHik,
AL RER P EEEWEF MR Qlearning R
HI R E MR BUT R IS G EE T — Bk R B X 1T 3
REEE BB T — L AR AR TE
MIFEEBETMRE FILEGHEL R EMERER
FIEFH M RBEEPITEMTI GBS, ¥ 3
SERBAKNEEAR T -

iy ) =(1—0) X1(is )+ pX [ Aty FAX T (Gr )] (9)
HAF,A 0 Qlearning BEMEIEF,c€ 1 (0, (D HE
HHEAEID I 2 # tabu P B S 1 EBEN S AL BT
BARWTE.

(10)
(c__E’f_ﬂE) XL,

k_avg

AH, Quua I—MEENE R, C HEE Y BRI FR
EHEERKFE, B m WIS 2 £33 342 LT AW/
B .E . HEEE S BE N E Y SR, Lo
Wi e MEH SBIENTAFESHEERE. MR H
I UAF Y, RIS MY & 2233 B AR AN R MG RS T S A
HERANBEZRELEERYNEFSZAEEW; MK,
R EAETA ERSET AP, B/ D RERBEER K, &
Z G R REHRAANER, XA B T EMEERE, £
PRERERANT .
2.2.2 A TEGESEH KR BRI
22 1 % g B ol R ST AR A B N B BR A A, TE R
MBUmEN P ETEE, FREBUEL N A SRS ZE MR
gz, BERIABREEBEE BERBERELEBLHEL
FERREE M TR LW AL B B B ™. BT E
L — L S B R,k 2 FrFl.
F2 AT RBEHE
B3 BAM ExH MR ;g;w% HEN AAK
FE R th RE UL WER RE

D 3 y Enw Dist CH  Dist_BS T




TEMEIRBEMBERHRATRE, ERHEEPAR
1) 458 505 18] 450 A PRI R AB , 95 A B B L NI 2 BT

[Ant 1D I Ant Type | Source ID I Tabu list I Pheromone] Path(k) ]

B2 EusMIEgER

H, Ant ID FZRBIA S ; Ant Type KR IBBER, “F7H
RIS A, “B” R 5 MBS Y ; Source ID FRRIGE H R B BEL T
£ ID; Tabu list FARIBW B R, &L — PR AH
BZY 8 ID FFAK H; Pheromone RN E B EBE i,
HUAE S5 [BAB Y o 4 % Path (B) 98I & &1 69 3548 915
B A2V ANERER. . S/MERMN 8. BmBEGEE
PR ER S BN E T — B, FEH IS EGE T B R
B8, FTHA AT MBI E %Rt

//forward and k move from a source node src* to BS
Forward.ant(k,src",d)
Begin
Initialzation:
T(i,j):!ko

i=src

tabu,={}//which includes the nodes that the ant k has been visited
Push(tanuy,i)
Lx=0
p"——-()//which includes the sequence of { Ey.pin,Ei-tont,c0UNL)
while i!=BS
compute P(i,j} base on formulal,3
Select j based on probability
If E; < Enio //get the minimum energy node
Eu™F;
End if
Ewa=EwurtEj//get the total energy of the node on the path
Count++
Li=Li+ength(i)
Next=j
move to j
end while
end
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/fbackward_ant k move from BS to src*
Backward_ant(k,pheromone,BS,src¥)

i=BS

node d compute global updating volume using the formula6

//the backward ant updating the path that the forward ant k has visited with
clear p* and push(p*, )
begin
while i!=srcX
Jj=pop{tabu,)
move to j
update the pher omone of path(i,j)using
i=j
end while
end
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