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Abstract In order to solve the energy hole problem caused by the unevenness of the link communication load in WSNs
routing protocol,a dynamic clustering algorithm based on virtual grid (IDCS) and a dynamic load balancing routing al-
gorithm (DCDLB) for maximizing network life cycle considering data forwarding delay were presented. In IDCS algo-
rithm, the area is divided into several virtual grids according to node communication radius,and the nodes in the same
grid form a cluster. The cluster head is chosen by distributed cluster head selection strategy considering node’s energy
and location factors,and a dynamic cluster head rotation mechanism based on cluster head’s energy level is introduced
for balancing consumption. In DCDLB routing algorithm, the network lifetime is maximized by considering energy con-
sumption balance among cluster heads and multihop data forwarding delay. The simulation results show that DCDLB
routing algorithm is superior to LEACH, HEED and CRVB routing algorithms in terms of extending network lifetime

and decreasing data forwarding delay.
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Fig. 1 Division of virtual grid

¥ 0 25 5] 53 Ry g 40 A T A IR L TR — A B TT S N R T AT T
SN — AR, T AR IR S S B M IDCS B .
SRJE o BT A 15 8 SR JH Bl 3 6 2% 34 465 % b Pp i DCDLB, J8 it 4K
BRMIE I —A L EE T MY, Ba, %H 55 ook N
BRAT AR 0 SR 4R N BN Rl I RO Y B R R AT B
B 22 Bk B BB K 1% B Sink 1k, A B K IDCS
TEULSE 377, 225 3k A % R 3 DCDLB HE 0LES 4 45,
2.2 BEEHEEREZNEE

g T AR 9 2% 4 2 5 Pk, GAFS) 3SR i LB TR RE g 5
R A AAR Y 4 A B TCHE B MG AR . S i — 2 A 5 2% 1
I L L OCAR TR -5 T FRIAE 41 4 8 A~ B T AR Dk Ik £, G ]
2 BRI A5 1Y & U AR AR h AT =T AT R
HE AR A2 R, #BE AR UE 7 25 21 H0 415 A 14 4T 22797 a5, D1 £
TERI 2 k. g 2 BrR, B AL K L SR e
fFHRER, WRRMA (D IR,

2/ P+ <R eI< /% (2



62 i BN R

2018 4F

[i-1, j+1] [i,j+1] | [i+L4g+1]

R,
[i-1,/1 i1 [+ |1

[-Lj-11 | [ij-1] | [+ )-1]

2 A s

Fig. 2 Communication radius of node

3 MBS BEEKE IDCS

A SRR 7 Al PR L S A TR B SR B RG E
AR5 A B DR b e 0 286 3 8 oot A v 7 B o v 1 T
AR 159 £ W0 {5 2 B R b L (R YT O Y B L
4T 3 AT AN I 5T 43 A B R DR XA AE Y A Y Uk
SH 0 B A L A ) [, R 7 A R TT A% R DT i o 9
2038 A7 AR 4R WSNs 19 A R . S TR R0 B K & I
AR W 4550 15 11 4%, IDCS B 5 42 1 78 £ 31 W ) X 3]
6 AT AR T 51 AT SRR AL R 52 3 70 A B0 1 T BR L 32
T 2% g 2 0K
3.1 TETRAKNER

T 797 5 25 PRIR S TH FE 9 BE B SR RO S TH FERE RE 1Y
JUARELZ L5 R 5 1A AR BR AL ) Be 5 5 3T 4
T RMTE R . AE IDCS Sk v, R 5 F 68 1A% (9 0417
JW B 4 i 8 % GDARE (Grid-based Distributed Algo-
rithm for Redundant node Elimination) ¥ 704> A& 14 15 1% [
i 26 400 TR P XA 43 57 BUAT GDARE 803, Wi 58 A%
24~ WSNs JUA T AT B .

£ GDARE B b, B e A4 1% B8 48 5 250 0 IR0 21 42 R,
A4 R 0L A K 53Ry o AR R IE TR T S . DUAE—
e BT m WA R 3. RN s N 3 iR, K5 . B
AT RO TR A SRR 1 TE R TR L BT
oL H5 NG T O T SR IDCS Bk S 5 e k. AT
T FE TL IS B 1. v, T R I A o IO TR A
RS e ¢ AT SRR R, WA (O PR Hoh R=

R/R,, if R/R,=0
m= (3
{LR/R\J—H, if R/R,#0
[ ]
[ ] ..Al
e
[ ]
..D
0 ® e
°
e o 0@

&3 AT RA% BRI o
Fig.3 Sub-grid division in cluster

EX T G AR TR 2 58EREM

B A e . 5 M B, AR N SR A8 o AR IR
I R

GDARE B3 19 0 s 2 — AN 39 50T RLGRAIE B e 1
W 14 56 4 T 3, T 0 A I 8% W0 e 8 ) I B L At 3
ARHRCER A 5 DT 52 B TT A% 715 25 19 0 % 35 3015 48 00 4% REARE 119
B,
3.2 FEEIEEHE

W28 50 53k n A EAURRS B0 o AR, TER— AR, B
FESEIUE T BA WO T, LA 3 A, P s 4
A—TWfEASR, B TWAGEFERRAE S RRIEE MR
BIE EEET 2 BTG Y A — LAY A AT w0 RE R )
TEPETT AL A MR E O A 20 T YRR AE AR, e A
E Y35 R E I N O T S RE R A X 3 A . Dtk AR S0
AR UL ke TR AL AR B R e s e AR

EX 2 ALEEWV,. VO ERE RRN L A E
ARV, +0.5) X1, (V,+0.5) XD,

IDCS # B 1 ¢ 5 W 5 76 47 0 5 9 B A 5 5 78 B[] Bt
[ Tuare s Tena JPH 2K, SR TT B HE & X 46 19 A= i JE] 309 B4 T,
JS T B 10T I TR] ] B Tdurasion = Tend — Tear S AT HE/IN

L pl N R g PIURTE I A 0 YRR B SR A A, )
IDCS Bk B N max{ pf ) 919 SAERSE r SR E . W
RN SE PR pr ENITE T

dinix —di
dmml

H,g(g=1,2,3, ) RRBEMHRT.i(i=1,2,.m)FER
BOG T E R BT AR RS E RN BN N S R
FIRBEE E, TR - 5008 g ITE B0 7 5000 BB B
FORE g WA B 15 45055 2 0L ) 6 8 1 i K AE o AR
g WFTA B A5 B RS B A Ao Bl patp=1D R A
T2 ISR B, 3 S0 o7 0 1T s P RE T P R B
IDCS B 1 2% 58 W 1 1 2 1 75 900 4% 68 o = HL I 5 1R

L 09 A KR L 2 AR B T =

EfJEFFRT B RBEE S W AR R A L, 2
B RE ik 22 AN R, B B R 8000 0 3 AR R R v
= Y RE I 22 5 ) SO R A R A Y YR AR A
A AT 253 B T R N 1T R B RE BT G
3.3 HEEMEBRRE

ST WD A R v T R Ok 1 R BEREFES L TDCS
BRI 5 1 F) ) A BB 2 K P of Bk s R Sl T R B
Bl B4 —RBERELE NG RT3 SHMERE 2 0%
BT A 0 39 B0 S RE R R AT HL R S R AR R TR 1/,
W0 55 A1 5 B BT R 26 T B MISG_ReSelect; %, BR1E T 84y
B 5T A P9 PR IR 5 5 B9 1 3 B8 A AT L S IS T e
HNEET 1/ S 79 5 Me B2 B B 5 K A S AR T R A
PR 19 A, T BT U0 4 B IR AR S 5 f 5 R P9 T 0
JHE R TDCS 832k 37 50 06 HBT RO R .

4 EEHEZE DCDLB

AT REAT AR A S Y B R R £ i ) 4 LA i AT S RO
i Je R BEFE R M (9 PR RE L $2 1) 1 3 2 B4 408 4 % b 30k DL-

p;’:axgﬂgx (4)

9)/:



511 3

AR 3, 25 < T R DL I A 1) T 4 A TR I 4 73 7 B o Rk 63

BRA(Dynamic Load-Balance Routing Algorithm), &5, {E
DLBRA 53 1y S il b 2% 18 8008 % J S8 38 I 3R, 48 i — Fi 8
IR BR A 14 d Ak 90 205 A= i LT 1) 8 25 B S 38 A PR 58 1 DC-
DLB ( Delay-Constrained and Dynamic load-Balance routing
algorithm) .

4.1 T LB EEE B E % DLBRA

76 DLBRA Bk, R 7 #40 Jm 8 5 &k K B MSG_
AdjCH_DISCOVERY . % J& % ¥ el #13% 1 B 5 . FI b A &
FE R 5 U9 B PR O AR . A R AR R R AR T 0 3 3
B MSG_AjdCH_OK , 3 F % 15 {8 7] #5745 1 1 4B J& 7% 27 9
Fo PR MEE MR Sink 1977 0L 8 G A8 FE R ARG
53 Class-1 fil Class-2 /N5 9%, 4, R E Rk o404
M Class-1 SBREHE T P 2L 508 B e L 9 S B AR F — Bk
BT A7 Class-1 28, W Class-2 o7 ik 55 47 48 5 51 3%
s AR T R ) e B AL R R AT B R % L R B
&% 3] Sink,

BE Sink 2T & 3 WYIE B 77 ARYE & 2 Bt s i 1Y s
fRBEERTJfR E A& 0 (A.B.C.D.F.G.H. 1},
B2k Sink 7 F R 09 177 60 & , B DL 4B & 7% B B — 0 T
{A.B,C.D.,F}. 7E DLBRA 83k, #f — 200 &8 o %l 4
A GG R EA Class 1{A.B,C} FISE 2 S5 AR
Class2{D.F}. Hr 55 2 Sk b ¥ &5 A 00 B 192 B 1k
T A DX DL R R A 1 SR g ik vl B 2 O A R 1 BT AE
DX 3ol 1 3 e o B A = A LG A 2 T 0 2% 1% i 1
FIREME . SCPOKE ST 2 SR GRK th e R W T AR R R T A L K
Tk,

4.2 FEIRFREHEE B &% DCDLB

X — 880 X i [ 4 ) SR ™ 4 L 35 s LG B AR A
RARE B R IE S R AR B, BT RIERE %
BB AL, 7E DLBRA 553 op SR FI SCik (16104 1 B 2 i) 43 4
MSG_Query 1635 R @7 I /NBBBR S . Horp s/ N2
B A Sink LG P R AR B R RO R BEAT MSG _
Query VZ UL 7 Ih I I A 19 8 iR /N Bk HC B 3 g oo,
A A E L MSG_Query, W /NBERIE HC 2 1: 4
JG HCHA 1 WS FFEL R HBERRERTHHR
MSG_Query I M4 A B HC {8 CBZIH B0 s 5 e 4T
FIWr, #5 AB HCAE /N T8 B b B i HC {5, W) ik 5 3% 08
B A HCEKXTZIHEE DM HC {8, WEH A & fx
ANBRE N HC+ 1 MU E BE T 25, 08 B T dw /)N 6 45 7y 6 2
Y. mZBE L Sink LG GEEER R AERZEMN
— 20 A0 BT AR L IR 4 BT

1
08} |
06
04
02
0 -
02
04
08t f
08

b E L

HC4

'
'
.
0

P4 de /NS R 7 1 2 ST

Fig. 4 Establishment of minimum gradient field
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