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Abstract:

which needs to be solved urgently. However, energy cost, concerned most in WSNG, is ignored by current interference-free schemes.

Inter-path interference of Multipath routing in wireless sensor networks ( WSNs) is a most important problem

The grade-based routing protocol framework MR2-GRADE (Maximally Radio-Disjoint Multipath Routing based on Grade) pro-
posed in this paper uses hops of nodes in leading path to construct grade of nodes beyond interference zone of this path and avoids
high route cost caused by broadcasting efficiently. The creation of subsequent path by grade-based local decision-making policy is
affected by node distributing density of network greatly, which results in designing GRADE _ GF ( Grade-based Greedy Forwarding)
and GRADE _ RF ( Grade-based Restricted Flooding) . Comprehensive simulations and results indicate that compared with existed
homologous routing algorithms, MR2-GRADE can decrease route cost effectively and can hold this advantage more obviously in

more large-scale network.
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recoMARK( Packet * p)
1 Get the MARK Header hdr _ header * im from Packet * p;

2 IFzone _ idequals — 1

3 zone _ id = im—>zone _ id + 1;

4 grade = im—> grade ;

5 setMARK _ Timer ( CURRENT _ TIME + im—> delay ) ;
6 ELSE IFzone _ idequals O and im—> zone _ id equals 0

7 1F grade < im—> grade

8 Construct new MARK with ( zone _ id, hop , im—>
grade) ;

9 Broadcast new MARK with TTL =1;

10 ELSE IFzone _ id > im—> zone _ id

11 IF grade > im—> grade

12 grade = im—> grade ;

13 grade _ changed = TRUE ;

14 FREE(p);

B3 CEREPBGEEMHEREREE
3 ETHEMBRZREEXRRIT
3.1 ETHENBRREZESN

2% b5 i i HELLO 4l SCSS |, S48 FH & — &
T L A3 B AR R, e A A X B — 2%
5O AR TCAR ] T I B J5 2R BR A 3T AR R Y
D255 Jry A b JEE i A 3 T — B A L Y AT AR, AT AR
RN A2 W 4 ]Ik, B DS 52 100 265 1 A
(i3 2PN

BIEBREC N 15 Skt AR, 2 AR L Rt AT
N U — BRI WSR3 , & p,, WNERAE E5R m A
TR PR R — B S e B R e X H Y ]

IR AT AR 0 R B S S B AR AR N

Pi: UPHL <1>

(D) HEZHRQERIE P, &N DAKRT
L) p,(I<sm< N)FAR, 315 P, fIRAR 0800 B AL v
FFRIEHE S p, (1< m< N).

TR AR B BE A BV BT, R b gt AR
BEEC N AR p (1< m< N) (B2 75 B2 H 1) HELLO
HOCUHBIE 2, B B T A5 36 K. Db R RE S I Bk
L PR A 8 B2 LA B 08 J8 1 114 3% 382, HELLO 4§ 3¢
CHA AR S RIT

()W HE¥BYHB zone_ id. grade DA} grade _
changed i1t HELLO $ 3C & 2% 45 4B & 19 5.

(2) B3R B Fr A 48 FE 1 551 zone _ id F grade 2
Jei, TR zone _ id =2 T A SR grade 195 /ME
minigrade , VA ]2 zone _ id =2 P A AR T A grade = mini-
grade B S ECH num _ minigrade .

(3) W AT TS minigrade 1 num _ minigrade 8
i HELLO $iz SCA 36 25 R8 Js 19 A

JE 3 HELLO # SCACH., 15 53 ng 15 3 HAR L XA
T —A4RE T S n; H gradej, minigradej 1 num _ min-
grade {81, JEPIA K n, 19— B3 FRL A S/ 0 A 0
SRR EEFIBCR ST HE B, X ny T IZGETHE
WO 1T S R AR ., num _ minigrade OB T B3k
4y MO
3.2 BEMEEXRRIT

IR 417 S 2 HH B 5 /N AR R A3
ANFTIR AR — b e 15 A5, R A2 B J ) 3% 5 1 2%
TR R AR R 28 T SR MG (H S 2 R i el T L X
) 4% 74 a2 RS S 55 0, TR TR BE Y B AR A R
AR BIEE L GRADE _ GF FIHE TBB EZ 1Y 52 FRiZ L 4%
f57 % GRADE_RF.

3.2.1 GRADE_GF

GRADE _ GF B3R FH 57 2 i T ) S AL S B o e <5
12, AR A5 BE U8 TE IO 28 1 R 285 I 00 T S Bt A2 )
AR AN G TR . SRR AR O e MR E, Bk
SO B A A /DN 0 R 8 39 sk 3 N — Bk Aok 1 i 4, IR
WEFT e U B H A Y SR BT, 38 3D B A Bk
HW H i . GRADE . GF F 0 35~ — B9 s i e 5 1Y
HERAE -

(1) n; 3% zone _ id = 2, grade /N H minigrade INT
grade; W& 89 S HG1E N — BT SSRIESE . ] minigrade
INT grade; fEIEFESCAT, REAEIE S B C 46 B2 AH [F] 1 48
S 9, IR BN G Y H

(2) min _ minigrade 72 n; BB zone _ id =2 WIAR



150 H +

EE ' 2011 4F

minigrade WI5c/MEL. n; WAE B (1) B A 3t fi i 4 v &
minigrade = min _ minigrade WJ%BJE 15 5 A 38 T — Bk 15 4
fr 4 .

(3) maxnum _ minigrade En BT zone_ id =2, H
minigrade = min _ minigrade )48 J& " num _ minigrade (%)
BRORA. ny AP BR (2) BT ) 3 o 1 B v ik — 25 3 e foe 2k
BT UL num _ minigrade = maxnum _ minigrade .
3.2.2 GRADE_RF

GRADE _ RF 53R 1 32 BR iz HE i) R AR S B 2 % 5
A2, TR BRI 2681 i 15 0 T G PR i 2z Tk A S g
T2 TR S SRR B 8 7 b i
SRARIC RREQ H3 i 94> BR 6 PR 748 NG _ Threshold F1
MinG _ Threshold (WL5E 5 F1 6) , 2950 R % RREQ Y
7 1% . GRADE _ RF & FH RREQ e SCHACT s A 4 B
Bl 3 B 68 & M RREQ 4l SC#E & 1 A5, T
GRADE _ GF S35 /2 R 28719 ji PR T — B 1 A

TE X 5( NG _ Threshold) : B} HELLO i 3C 38 H. By B B
1% minigrade {8, /&5 5 SCHE K W F — B 1Y A0 BE (E
A BB Y I A1

TE X 6( MinG _ Threshold ) : B} HELLO # L2 H [ B,
A 4R JE HELLO RS H minigrade ) B /IME. min _ mini-
grade . =2 5T R — BRI AL, FLARJE T SR B
{ELFR) d5c /MBS BE B 1 1B 1.

JH GRADE(A) F R 5 15 A (BB EAE , Neighbor (A)
FRTI R A ARG AR S, MIN - NGRADE (A) 7817
FUA TR AR R SRS BE R R/ MEL R A 2 5 Rl
SRR ST i B TR B R R S A

(1) GRADE(A) < NG _ Threshold

(2) MIN _ NGRADE ( A) < MinG _ Threshold

AT A R R IR TS A5 I, AR AR T T SR
W SR OB ) RREQ 1 ST W S0 46 5% 4

(1) min ({ GRADE (n) | n € Neighbor ( A)|) {H % B
NG _ Threshold 3.

(2)min( { MIN _ NGRADE (n) | n € Neighbor (A) D1E
B MinG _ Threshold 1.

3.2.3 HHAFHIN

U L B S R AR R MR2 PR S R
GRADE _ GF 5.5 ") MR2-GRADE ( GF ) Hp B F1 2R H
GRADE _ RF 553 1) MR2-GRADE ( RF ) YU 7E B 2 B 4%
PEAR B IT B AR TR, 7210 H 80 B 8 IS 2 A 1Y
P& T4

B M2 Ja D i L B IE 5 TR DX, 2% v iy
MO HB N o, R SEBARBRECH N, 1 mAL
WH R.

MR2 PRSI i b TF 45 £ 45 4 M) #% RREQ 4l UK

FH AT 55 R RREP 4 308,

cost(MR2) = RREQs + RREPs = pl> + N (2)
MR2-GRADE( GF ) Fl MR2-GRADE ( RF ) VM 75 1£ %

A2 DX SRR A X I (UL T8 3) A 58 . MARK iz SCFITE fige

T DX 3l P R IR 52 B HELLO 3¢

MARKs = o(nR* + 2R * NR) = p(m+2N) R (3)
HELLOs =2p[n(2R)* +4R * NR - (xR*+ 2R * NR) ]
= o(6m+4N)R? (4)

cost (MR2-GRADE( GF))
= (MARKs + HELLOs) + RREQs + RREPs (5)
=p(Tn+6N)R*+ N+ N
= p(Tn+6N)R* + 2N
MR2-GRADE ( RF) YMX ¥ RREQ % SCHGE Bl W TE
i35 X 38 #% RREQ $i SCHK.
cost (MR2-GRADE ( RF))
= (MARKs + HELLOs) + RREQs + RREPs
<o(Tn+6N)R* + p(6n+4N)R*+ N
= p(13x+ ION)R* + N (6)
FER TR 28 SR 858 T, 1 ol R R ik =X &5 O
T i 15 MR2-GRADE B AE R HA f .
4 {HFEXW
4.1 EHEIER
DA F TR | 26 A2 61 8 B T 58 R0 B A ik A 25 (B
JFEAR, X HEF MR2-GRADE I SCHE B8 1) % 42 G et 4 32
HEATPERB AN . 242 I Bk 8k 22 K K & 5 il 212 4% i
PR BE , B A5 2 B e T 35k 1 B 3 1) 5 A% ) A B v 4
1 2GR TERE R fiE
% e TF 8 = 0 H 5 22 AR 1 4 il 4 08
PN o
sk - LIRS
PRAEBEEME = JE 2 I AR R - O AR kA
4.2 BHRIEE
B o — A IE T8 I8, KK L fsE w
HBA 1000m, KUK E L1 S ECH N O 100 F 1000, DA
A 100 HES7 10 AR AR, 25 4Rl NS2 S5
A LS A PR s R IR Y SRR RN
100m. % # CBR i & % % CBR,,, N 100packet/s, A,
KN S B 1024bit. AR E] ¢ 58 20s, B ALKE U5
5 RUFR H B A B AR AR E A (400,350) F1(600,650) .
MR2-GRADE P}, 250 Ty, 2 5T QS —
FIRARIEIRA KA 5t , FATE Ty MR 25N H Y
AT ER L B 0.5 RTT(Round Trip Time) :
T gty = CURRENT _ TIME — rp—>1p _ timestamp (7)
CURRENT _ TIME 7 I8 715 531X 81 RREP 42 3C 1)
BSZ , ip—> 1p _ timestamp 1 H 1975 515 RREP $i SCH




% O34 H

X AL MR2-GRADE : — i3 465 B2 (LI G2 A% ot 100 2% iy RERL 242 T 9L 3E B 8% £ 1L 151

F4) FIT T F s 1) 28
4.3 HFE4&R
4.3.1 WIFXL

L GRADE _ GF %3k 4y ], oo A8 FL S 3 4%, B 1k R
BT L5 A5 B minigrade 1 num _ minigrade X B2 )
AR IR AR O RE 52, 1331 GRADE _ GF =4
AR FPEE: : GRADE . GF(IN) B3k o1y i U —BhARJm
JUBS B {5 B ; GRADE _ GF(1) %47 H 523 GRADE_ GF 1)
5—4 ; GRADE _ GF(2) & 1523 GRADE _ GF RURTHI A .

I 4 FNEL S TR 38T — Bk B s B
GRADE_ GF(IN) B AR 16 I A2 Bh R E M g B B L3 T
P Y L A5 86 1) GRADE _ GF 24 ik U, L2 3 (R 1
B AR A A R ) 23R 10 BH I T — Bk L LT A B P R R
AHTHUY) . GRADE _ GF(2) .35 Fl minigrade $5c/)ME BE
PEVE 25 H AT s B T A Y R, (A B AR MBI T
GRADE_ GF(1)5¥%:, i GRADE _ GF 2595 H num _ mini-
grade Fe K AB BT A, 08 1 502 H Ay A0
I VAR Tk B B 2 Y GRADE _ GF Ji i 248
TG YT s B B B4 S T R AR R R

100
90

—+— GRADE_GF(IN) 1
—— GRADE_GF(1)
80 [ —— GRADE_GF(2)

701 —* GRADE_GF

60 -

50 -
40t
30t
20
10
0

AR LRI %%

8705 200 300 400 500 600 700 800 900 1000
R
El4 BAERRRAIR IR

—+— GRADE_GF(IN)
—— GRADE_GF(1)
—e— GRADE_GF(2)
—+— GRADE_GF

5og ko

0.5

0 10|0 2CI)0 360 40IO%50IO 660 7CIJO BCIJO 960 1000
S BEE BB

4.3.2 3fLbCIf

MR2-GRADE ( GF) £ 7~ 2k | GRADE_ GF 5 ¥ 1
MR2-GRADE 33X ; MR2-GRADE ( RF) % 7~ % Jil GRADE _
RF % ¥ 1) MR2-GRADE (RF) ¥ 8. X% kb 3 F MR2-
GRADE HEZE () Ui 5 MR2 Hp 8L 1 6 4% Sl <7 i 2 R A
% R TS

M 6 FE 7 Hal LIE H R RS AR e 2k
A2 1% MR2-GRADE PR SUTE I 85 5 R A #H
AN KA MR2 PRSUH LG, 7 B A 35 A6 55 0 A
P g B F , MR2-GRADE (RF) # m1 JT 44 1% 725 T MR2-
GRADE(GF) , {H B A2 01 8 1l o) 32 A S5 BH S8 5 1A 19 0,53
M5BT, MR2-GRADE ( GF) [ 42 1] 43 5 Ty 2 {1
T MR2-GRADE(RF) , 5 4% fy J1- 55 L #4 B &2 . 156 B MR2-
GRADE(GF) fil MR2-GRADE (RF) i& F F M 45 15 55 43 1
100
90
80
70 -
60 [
50 |
40
30
20 |

10
0

AR ST R T % /%

—o— MR2-GRADE(GF)
—8— MR2-GRADE(RF)
—— MR2

§ 706 200 300 400 500 600 700 800 900 1000
R
Elo xiHBRaIERII%E

1000
| —e— MR2-GRADE(GF) 3

—8— MR2-GRADE(RF)
800 F —a— MR2

6 ey Y

L 1 1 1 1 1 1 1 1
0 100 200 300 400 500 600 700 800 900 1000

A
Bl7 Xt BIFe
5 B&g

ASCER XS H AT 248 TPl G AL X RERE BRI A
SR TS T RS B Y MR2-GRADE P 38 HE 22 . MR2-
GRADE PMSHEZR 72 /0 2 48 L s B A2 1 15 B, AL B gt
FEAR AT B H AT A5 B EICE A3 T L X I ST
B R IR g g ala R AR o SRt . 5 B
AR T #7507 B0 8 5 28 B8 AR 9 Wr SOHE L, ) T A 2
H 8 S0 8T 22 5K 42 19 MR2-GRADE P/ RESL |
LR

S 3k

[1] Ian F Akyildiz,Su W, Cayirci E. . A survey on sensor networks
[J].IEEE Communications Magazine,2002,40(8) : 102 — 114.
[2] Ian F Akyildiz, Tommaso Melodia, Kaushik R. Chowdhury. A

survey on wireless multimedia sensor networks[ J]. Computer



152 H +

% 2011 4E

—
[SS)
[

—
(9,
—

[6

—

—
-
[

Networks, 2007, (51) :921 - 960.

Sasan Adibi, Shervin Erfani. A multipath routing survey for
mobile Ad-hoc networks [ A ]. IEEE Communication Society
Subject Matter Experts for Publication in the Proc. of IEEE
CCNC[C].Las Vegas: Nevada,2006.984 — 988.

D S J De Couto, D Aguayo, J Bicket, R Morris. A high-
throughput path metric for multi-hop wireless routing[ A]. In
Proc of the 9" ACM International Conference on Mobile Com-
puting and Networking[ C] . San Diego: California,2003. 134 —
146.

R Draves, J Padhye, B Zill. Routing in multi-radio, Multi-hop
wireless mesh networks[ A]. Proc of the 10" Annual Interna-
tional Conference on Mobile Computing and Networking[ C].
Philadelphia: Pennsyl-vania, 2004 . 114 — 128.

J Tsai, T Moors. Interference-aware multipath selection for reli-
able routing in wireless mesh networks [ J]. In Mesh Tech
IEEE,2007.1-6.

Moufida Maimour. Maximally radio-disjoint multipath routing
for wireless multimedia sensor networks[ A] . The 4™ ACM In-
ternational Workshop on Wireless Multimedia Networking and
Performance Modeling [ C ]. Vancouver: British Columbia,
2008.26 - 31.

Jenn-yue Teo, Yajun Ha, Chen-khong Tham. Interference-mini-

mized multipath routing with congestion control in wireless

sensor network for high-rate streaming[ J] . IEEE Transaction on
Mobile Computing,2008,7(9) :1124 - 1137.

(9] RFEAR, 1 JCL AR B W 4% A TG 6 22 B o 59 ik

[J]. 1 F244H,2007,35(9) : 1696 — 1701 .

Wu Zhen-dong, Li Shan-ping. A parallel multi-path algorithm
for adaptive routing in wireless sensor networks[J]. Acta Elec-
tronica Sinica,2007,35(9) : 1696 — 1701 . (in Chinese)

1EE®EIT

XA 53,1985 AE A T W B AR AR
+, BT S Ry TC AL R 45 . Ad-hoc I
= EIES SN2

) E-mail : mars-nudt @ 163 . com

—

¥

-

)

EBRE B 9B FETHEKYD, B,
BIMTAR 5L, FEWF TS LB G M 4% 5#8)
HHRHA.

E-mail : xdwang @ nudt .. edu.. cn





