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Link Burstiness-aware Opportunistic Routing Protocol in Wireless Networks
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(Department of Computer Science and Technology, Nanjing Tech University, Nanjing 211816, China)

Abstract The existing wireless link spatial correlation-based opportunistic routing metrics cannot perceive link bursti-
ness. To address this problem,a burstiness-aware metric, called pETX, was proposed,and based on this,a new oppor-
tunistic routing algorithm(ORALB) was introduced for link correlated wireless network. ORALB sufficiently exploits
wireless link correlation by choosing low correlated nodes as candidate forwarder set,meanwhile,it is a burstiness-aware
opportunistic routing, which can avoid selecting wireless links with high-transmission cost. Simulation results show
that, compared with other relevant routing protocolss ORALB performs more efficiently on decreasing average packets
transmission cost and improving transmission reliability.
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Fig. 1 Opportunistic routing of three candidate nodes
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Fig. 3 Comulative distribution of ETX in different time intervals

2Bl L7 3.1 W L PRR ¥{EHE ETX 77 3%
AN B I W k2 A5 BB v S B % I O R A AR AE L T ELFE ML 2>
Bt R ETX BEBE5E K1 s i, 75 I8 T AR S S 3 4R 8 AR
PSR A 4E B (LI 2 Ca)) LA AR H P4 . SR M BLA Y 3%
FJC L I 23 IR M A ML 23 I o 78 1T 530 % ol B i ETX A
) TC R B S 1Y) S A L R R I R R T N R
PR 3 T 52 e DL 45 % Pl A MERE o ik AR AT 0 T ST I
O R 5 A IR B3 v AR B A O R R, R B O T
4R IRA S 3= CRvINTER

4 MEBEBEERHIL

AT e IR T B ek T R TR 00 X 2% AR A AR I 4G
T HLS B b TP 8 pETX M Essfi A, I 52 h 7356 F
pETX ML B B .

4.1 RLBHER

HE B LZZET A s MEBERYSES N=(N,,
Ny ooy Ny b BEAS T GO0 L 09 Bl i i e B &R &8 R=
(R, R, R},

SRR N s A A U T TR B R A3 R R /N B SR
Win A~FEE,@AEGEXR T=1{t 11,1,

HRHEHD € TG=1,2,, ) PR HE N, EN

(j=1,2,-+ k) PRR fii .
_C(D
PRR="3 3

Hr,CCORE T ¢ PN SN, P17 A 5w
%W KN,
SRIG KGR — % 11 ¢, WP T A 45 25 89 PRR {HAE N4 PT. .

WAt PT,=[ PRR,,PRR,, -+
PT, B .
p_ S (PTD

n

» PRR, 1, I & 4> PRR %4l

D

Hr, f(PTHF/RE PRR B PT, #A R A5 B B 5L
n SRR B R

St DL B BR, T LA B 45 S B 0 XF W 8 PRR A
(PT,,PTy s, PT, } BHSTREIMEZ A prs poseespu ) Hp
m<n, BITE T 8% ol B i p ETX I B 9 8% B B 780 . R )
W) PRR %40 32 7R 4% 5% 4 % %8 B (8] 9 79 PRR {H, PRR 541
PT, AYHES B T 4% % R A 9 A8 4

[0.25,0.75,0.5] [0.5,0.5,0.5]

(v) [01010100]0T01 [010T [0T0T
(s 3—(») [o111|o111|1101 0101|1101
@ 0101|0101 |0100 {0101 | 1001

[0.5,0.75,0.5] [0.5,0.75,0.25] [0.5,0.75,0.5]

B4 DAG I W=4 R 5 5Ol 40 5 s 1B R 3 18
Fig. 4 Dividing packet reception bitmap with W=14

VI 4 iR 5o il e s &2 55 ne Al g
a3 AN B AL 07 43 AR 2 B B
W5 ER . BRI BE A B e R 4
RAETFAE O CEAE TS 4 DBAEaD . S8 0 LLg
B —~ PRR $(4l, Bl % — 4~ % 0 W PRR (4 R [0. 75,
0.5,0.5 ], R/RFEILH 1 f 3 S 9 PRR {54514 0. 75,
0.5 1 0.5, RG34 PRR S A%, T LIS 5 n %
1 %) (A 6] PRR %040 (B 08

# 1 RIE PRR 841 %t 1 i A8 R AH
Table 1 Different probabilities in different PRR tuples
& A PRR # 4
0.4 [0.75,0.5,0.5]
0.2 [0.75,0.5,0.25]
0.2 [0.75,0.25,0.5]
0.2 [0.5,0.5,0.5]

4.2 HBHEFAHEEWK

U ERE R B F={n, vny s v om ) 1E 55 B 6 PE S 1
K TR AE] H A A 0 A R BOE U pETX G,
Fod) AT .

LETX (s, Fod)=p+8 (5
Hodr,p FoRIEAT s 1 F i E A — A3 5 ) & 2% 3
ELCE) ACK 3 B0 31 2B AL 50 B 3R m F b I B0 45048 42 1)
TSI — Bk T Ak B S 3 B £ T A B0 R B

F5 7R H T RL 3 AT AU 45 L

Bl 5 M EAHENE
Fig.5 Network topology
1.2.1 RY EBHLY EEGTH
RG9S A — Bk R SR BRI ETX E X
Ao



86 AN I A =

2018 4F

1

_1 6)
"

Hr,pr M F R ED—AT SRR BIEO R, B a4

T 1 e A R A T ) A3 SR A TR ) B, T DL AT A

p=2 p )k;(*l)k”P(nk) @)
Hop, p(t) %R PRREA 1, BHER 0" CF=1{n 0, sn}
B EBER R AR R S PG R R AR SR
D B B s A 9F HaR ] ACK 75 B I HESR

M k=10, p; BITRAKX N

p,‘-=v§7 pUDP(ny) ®
H,n, € F={nyny s om ), WA pp RoRET S5 B F 4%
PN SR PRR, e MG s B MW ETX .

MEr>10 L, PGHTE AR K.

P(*) = EFP(T“,,‘ 3 ASPPRLTINY O )‘lf[lp,, 9
Hrr, p, FRET S s IR R 8 n, WACK 1HE W
WEZE, P(T,,, T s s Too )R B 0y smg s e s my [7) B L)
B R M F, FLAE 2R 7 AS [ 4 I 22 1] 19 4 G R

TEPL B ZORE R RE FhEDH -9 R
FNBAEAL, BAR AT P(T., s To voee s Tooy D AE BN, BIAY 2
V] P A O R R AU, DU i B R 2 S L ZE R KL F
o Z DA AE — A A U B A 1 A SRR R, L2 R A
T E AL, EE 6 iR R E P, B AR ER 3 A
T 2 D — AT S B AR B BE R L A A R A3 Y T AR
TN Z AR SRR BE . xRl 6 Ca) FNIEL 6. Cb) AT 1, 25 4 58
4 T ARURR /DN L DB TR B K, FE DA — A B B
B9 M 2R A B A K

P (TN T0,N\ T ) P(Ts (T, T )

ws 4

(;u‘sl\)

P(T5,0,(\ T )

Ca) 55 40 KM

P(T5,0,(\ T )
(b) 3 AH G T
P06 B A0 422 SO B0 Y AN ) A DG 72 B
Fig. 6 Different correlation degree of packet reception
sl 75 AR/ W, KOs PCT,, s T s s
T, YWIHE AKX T .

4
P(Toy sTop oo Ton ) =L DR, (D&R, ()& &
=1

R, () 10
Ho R, GY N & o £E O W A i BOIE 0 320k &,
R, (HD=1FRZEANa; X2 .R, (D=0, PIE 4 PayHE 01—
) -

P(ivalm,mvTL,)ZA%(O&0&04#1&1&1&4#

18.08.0+181&1)=50% , B/RBLBF T 45 ny oo A1y Z (6] 19
AHRFEREE N 0.5,
4.2.2 BET EEBT - T4

T E & WV BOE AL 0 B T R R Ak S ) T — Bk

R EREBIRAN ETX & X R 3HEARXWT .
B= s ;l(#ETX(nJ,F,d) c(1—2,)) an

AR A s AR ZEWE T 5, B ACK B H,
IR CER

Po(it)= X P(T., +To, s+ To) a2
n'CF -
A
pi= 3 pU) X (—DF P () 13)
VeeT k=1

Mﬁun$m=£¢hﬁﬁ%ﬁ%ﬁ%ﬁmKé%ﬁﬁ%

LSRR A, IS B TELLT 3 Rl -
DI on, F4s
2Ty, BRIk B SRR A ACK T B
DAL ny WEDE AR ST S A4E ACK B,
AH 10 P AR 0 55 =R T KA M SRR AL T
A BER LA T K A, B EA R

w<j
A=U—p, )X (=D 'PG) (14)
k=1

B = DR — R X (— D' PG R4
FRRETE o B0 5 &1 A0 B T OB AR SR T M B ACK
HE .
4.3 HHEHBILMIZIT

B R T S B I BER JE BIL4 I h  rP AR R GBS A
AW BT pETX WY 56 k15 A5 358 B8 50 1 R R 1) 8% oh T
W ORALB Wi it, Bk WAF S LEREmE 2 i),

£2 HBEX

Table 2 Definition of variables

ik W
num llyt ﬁ
N(z) T WA RES
I, M A&
Fouom % onum P K R E
ETX(zn) R B R n W9 A kB
P m Fom PHEET A
a ETX H &
x BRA A

PRy EEELBRAT -

DRE IR & AL Fy T A s NIRRT SR8 H
BB RIRE R 1 hum=1)

DE T —BRAP B WSS W ITAE ETX A/ T
B o B9 SMARIIR T RS I P L PARE S E A
AJER S R AT SN ARG AR IHHH ETX).

DML ks AW AARES FLF iy
HEZMHAEERHE kETX G, Fod) (R (B,

Onum=num+ 1, R IFEPE pETX (s, F. D /N F
YEREE num BN RATEEF ... K F AT, 8545,

SYTE F,,, TS BN BOHE f0 B A 5 DR 5B 55 R AR (715 20K
SN num B K L ETX (x4 ngy, ) 5 8N, np,,
(ng,y, € Fou ) PEAEBUHE S

OFEZLLWDODELES HF dE Fon o
Fruw— IR B H BT s 2Bk kT R

B E 1 PR,

szng"'q



55 5 3]

VESCH - 45 « JO AR B % o 2t 572 PR B ey L 2 B vl iR I 87

HiE 1 ORALB LT AR M L
1.Fi={s}; F,=F;=+-=F,=0; x=s; num=1;
2. while d€ Foum s
3. L<0;F<0;
for all n€ N(x) do

if ETX(n,d)<<ETX(x,d) and ETX(x,n)<<a

L<I.Un;

end if

end for

for all FTI,do // F={n;,ny,**,n;}

© o N o Ul

10 num=num+1;

1. Fam<arg min gETX(s.F.d);
12. x=arg min ETX(Gng, 00
13. end for

14. end while

5 MEXBSHERIHN

5.1 SEIigit

S T AR S R B AR SR T A G A1 55 D BE L AR
TR BRI R Y i AR B A A SR 4 AR 1 208 N By
J7ERRE . SRS Z(E Ak 22 70 8 W A ok £ JT A 5% R o A
HEATSRAE B & 1 — R A BLAT MG (B 7 31

5 B 7= A2 B 7E OMNET + +F & | 19 Castalia 5 %
AT B, FE— 1 50 m X 50 m Y3 15 v Bl N BE HL 2
50 AN 8, 1 AR B A SGE {5 BE B R 30 m AR BT AL Y
PRR Fifi 5 50 FE 2 (9 B st/ . I B3z HoAh 1y s T4k, B
A EHE AL KN R 512 byte, 848 A0 B 200 ms & 50— WK, P
R H B AR % 5000 NEUE AL,

AFT%F ExOR,LACOR P & ORALB 3 Fh #p 1832 47 45 81
D7 B B3t T 3 4530 2 i S 3o 3080 60 1% i vk 80 0 i 31 S 43
R AT IR AT . HoP S — AL SR AT 3 AR P I EE B
8 By KRR A AR T 5 55 4 S 8 A A TR BT g 39 3 11
£ 85 3% R AT X HE AT 5 4 = 41 ST U6 40 AT A8 S [R) B i R A
T3 Fl B LAY T A B A A i B AR AR
5.2 HRASH

DR &/ RN TR i
P 7Ca) 5 1T 3 i it el B ISL A B0 B A% il v R R 4y
A BT A
10 10 =
08 08 o /
¥ 06 & 06 f
xR & /
5 04 5 04 d- /
= = sy
- :'-::ng\\(l)‘g 02 Vr'—fﬁ"—( e DR/\LBvsLCI\ORl
0 —5—ExOR 0 H i |—8—ORALB vs ExOR
3 4 5 6 7 0 3 6 9 12 15
[i2 VS ¢ Bt
(a) (b)

Pl 7 B A A% i OB AR VT 4 e R AR A B X L1
Fig. 7 CDF comparison of packet transmisson counts and its

degradation percentage
M TRl LUE H, ORALB HhUF1 LACOR Wrisl i) 1% 4 IF

BTN T ExOR BRSC, B R AE T = 3% B0 F T 2 B B A1 56
DR e 5 5 T A % A2 R, AT R 20 T 4% B U8 ORALB B

WAL T 85/ F LACOR #p i, X /& 25 ORALB Hp 80K
B 8% R T 0 & 4 I 119 25 180 AH G4 L T FL RE % 78 3 Jak 1 %
BT 0 S8 AR T ATTE— 25 Ak T8 R R L RRAR T
fER TR B 7(b) 25 T ORALB B AH X T LACOR #piX
1 ExOR HrSCi 1% 5 7 85 REARE 20 L iy Bt At ol . A
rRAl L X T 80 % i B HE £ . ORALB #33 H ExOR Pr 1380 22
T 12% G FF A%, 1k LACOR Bl sk 2> T 6. 5% 14 1% %
FH.

2) vy B 3y 3 33 R

B8 44 W T X F R [al Bk &, R A 3 R B i JR 1T 2 8 B
B 1 AR A A s R AR R X B L. i 8 T LA
B 2 BB B, 3 RIS R R B . FEBEBUN T 4
I, ORALB BrSL 1 F ¥ #8338 % [t LACOR B3R ExOR By
WA 5w 14 %A 38 %6 s #EBEECR 5 B, ORALB Bl 19 £ 4%
8 R T AT T LACOR WA B T B, J5 N 78 T 24 55 % 5
BERAS MR I, A LT LACOR 33, ORALB PriL 19 7% %
RS G R B 5 KT 85 LACOR JLF-H A
{BAXT T ExOR Brifl, ORALB 0 30 59 504 £ 3 i3 R 32 7 £
SEAE 38 % i A R AE T ORALB WSl A AR T 4k 4 10 25
) AH G4 3 K B 5 5% AR R I A B T B N A AR R R
pETX g — 5 R0 T 5 K1 S 5 AR & T B
HEFS TR

A%

-8~ ORALB
02 0 LCAOR
—— ExOR

1 2 3 4 5

8 N[ BRI A 45288 R AR A i X LU I 1L
Fig. 8 Comparison of PRR variation with different hops
IR T 5 BRI R
L9 g5t T 3 Fi b LA 1 34 B0 A% i U B B s e
AN A

6
--8- ORALB
5 w0 LCAOR
o it . —— ExOR
X o S~
& i, e—\
&, e
i L s
g S SR A N i =
0
03 04 05 06 07
@

P9 O TR) 45 i 38R A5 OB AL Y X HL 1 B
Fig. 9 Comparison of tansmission counts variation with

different PRR

H &9 AT, E 3% A2 [ 8 AR, ORALB B3 4% i
TFH SR/ T H AR W R B 380 7ERIE AL 35053 O 0. 25 B 4L 3
0.5 i, A% F LACOR #p Al ExOR 3 1, ORALB #3053
BT 24 Y F 41 Y6 1 A5 5 TF B 5 B 50 0 A 3o R R T 1Y
K> ORALB P 1805 oAb 1 A B0 180 1) 1% By JF 48 25 6 3 7 A5 /1
TEFEEE %K 0. 75 W, 47 %F T LACOR #  #il ExOR #18,
ORALB YMS 748 14 1% 45 FF 45 53 3 A 2. 2% 1 3.3%,3 Fl



88 AN I A =

2018 4F

DML T 35 4% iy FF 5 A 22 AR /N, 3302 R SR 7E B B 48 3 R A
e B F ST A L 5 B A BB A T R T Y A DG AR EE AR
1o SR B A S M IR A L2 B B LCAOR By M BE T B, it
L I A 8 TR R X R R i TR 8 A M SR AR N L i s 5
AP B A ORALB Hp i 40 X LACOR Hp il Al ExOR
P BB A /N . BRI SR P, ORALB H 0 # 1 B

T H Al PR B
BERVE A SCTE T 2k B AR S P AL 2 B el Y R Al

T FEAY R T TR B 1 S8 AR L B T O Y L 23
B pETX, pETX AR 6 HAH OC M 80 19 B &, i H. Ge 78
i i R FRE 1 IR TP TS A R R B Y 2R AR . Bk, $R
T T pETX B HL 2 8% th 5 ORALB, ORALB 7 4 ik 44
i A i B b DA pETX SRR K1 4R i T pETX /]
L[] By J28% R0 B B AH G M R0 9 A8 4, TRt ORALB Ak 1 #% &
TR R T R R R IR R . SR A
SRR W] 5 A AR M BN B 23 B R I — R L 2 B E P
BOAH H  ORALB B0 ST LA 2500 /2 1% i TF 45, 12 3 030 1%
O

2 % X #f

[1] BISWAS S.MORRIS R. Opportunistic routing in multi-hop
wireless networks [J]. ACM SIGCOMM Computer Communica-
tion Review,2004,34(1):69-74,

[2] BISWAS S,MORRIS R. ExOR:opportunistic multi-hop routing
for wireless networks [J]. ACM SIGCOMM Computer Commu-
nication Review,2005,35(4) :133-144.

[3] CHACHULSKI S,JENNINGS M,KATTI S,et al. Trading
structure for randomness in wireless opportunistic routing[ M J.
ACM, 2007.

[4] LIY,CHEN W,ZHANG Z L. Optimal forwarder list selection
in opportunistic routing[ C]//2009 IEEE 6th International Con-
ference on Mobile Adhoc and Sensor Systems. IEEE, 2009 :670-
675.

[5] DUBOIS-FERRIERE H,GROSSGLAUSER M.VETTERLI M,
et al. Least-cost anypath routing [J]. IEEE/ACM Transactions
on Networking,2011,19(2) :333-346.

[6] SRINIVASAN K,JAIN M,CHOI J I,et al. The k factor:infer-
ring protocol performance using inter-link reception correlation
[C] // Sixteenth Annual International Conference on Mobile
Computing and Networking. ACM,2010:317-328.

[7] ZHU T,ZHONG Z.HE T,et al. Exploring Link Correlation for

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

Efficient Flooding in Wireless Sensor Networks[ C] // NSDL
2010:1-15.

ZHAO Z,DONG W,GUAN G, et al. Modeling link correlation
in low-power wireless networks[ C]//2015 IEEE Conference on
Computer Communications(INFOCOM). IEEE,2015:990-998.
ZHAO Z W,XU X H,DONG W,et al. An Accurate Link Corre-
lation Estimator for Improving Wireless Protocol Performance
[JJ. Sensors,2015,15(2) : 4273-4290.

KIM S M, WANG S, HE T. Exploiting causes and effects of
wireless link correlation for better performance[ C]//2015 IEEE
Conference on Computer Communications (INFOCOM). IEEE,
2015:379-387.

BASALAMAH A,KIM S M,GUO S,et al. Link correlation a-
ware opportunistic routing[ C]// 2015 IEEE Conference on IN-
FOCOM. IEEE, 2012:3036-3040.

WANG S,BASALAMAH A,KIM S M, et al. Link-Correlation-
Aware Opportunistic Routing in Wireless Networks[ ] ]. IEEE
Transactions on Wireless Communications,2015,14(1) : 47,
SRINIVASAN K,DUTTA P,TAVAKOLI A,et al. Under-
standing the causes of packet delivery success and failure in
dense wireless sensor networks[ C] // 4th International Confe-
rence on Embedded Networked Sensor Systems. ACM, 2006
419-420.

SRINIVASAN K,KAZANDJIEVA M A, AGARWAL S,et al.
The B-factor: measuring wireless link burstiness[C]// 6th ACM
Conference on Embedded Network Sensor Systems. ACM,
2008:29-42.

MACKE ] H,BERENS P,ECKER A S.et al. Generating spike
trains with specified correlation coefficients[ J]. Neural Compu-
tation,2009,21(2) :397-423.

DAREHSHOORZADEH L,CERDA-ALABERN,PLA V. Mode-
ling and comparison of candidate selection algorithms in oppor-
tunistic routing [ J]. Computer Networks, 2011,55(13):2886-
2898.

KIM S M, WANG S, HE T. ¢cETX: Incorporating Spatiotempo-
ral Correlation for Better Wireless Networking[ C]//13th ACM
Conference on Embedded Networked Sensor Systems. ACM,
2015:323-336.

WANG S,BASALAMAH A.KIM S M,et al. A Unified Metric
for Correlated Diversity in Wireless Networks [ ]]. IEEE Transa-
ctions on Wireless Communications,2016,15(9) :6215-6227.

(EB% 82 W)

[7] LIU J.LI J,YU P D.Design of Double Repeat Accumulate
Codes Based on Belief Propaga-tion Decoding[J]. Journal on
Communications,2015,36(6) :205-210. (in Chinese)

B, 22, Tl AR — 7 Turbo B5 B AL AS U8 Y 3% A0 A 31 ik
[J]. {5241 . 2015,36(6) :205-210.

[8] QIAN M. The Analysis of the Design and Perfomance of an In-
terleaver Based on Chaotic Pseudo Random Sequence[ D]. Nan-
jing: Nanjing University,2014. (in Chinese)

B BT IR 0 O BE LT B Y 52 4R T Kbk B 4y AT LD

B A MK, 2014,

[9]

[10]

ZHANG J Y,JIN M L. An Improved De-coding Algorithm of
Repeat Accumulate(RA) Codes[ J]. Journal of Electronics &
Information Technology,2011,33(11):2616-2621. (in Chinese)
TRARE, SR, —FP ) RA AR BT 5E R %
#,2011,33(11) :2616-2621.

WEN W, XIAO E J,ZHU L X. Int-erleaver Design for Qary
Regular RA Codes Based on Improved PEG Algorithm[ ] ]. Jour-
nal of Chongqg-ing University of Posts and Telecommunications
(Natural Science Edition),2010,22(2):196-199. (in Chinese)
SR, M T L RBRRE. BE T EGHE PEG BE £ 0T RA T8 4188
B[], 5RO 24 2 4 CH R BE 24 D L 2010, 22(2) £ 196-
199.





