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Robust Delay-Aware Routing Protocol

LAN Xuan-Yu, CHEN Xiao-Jiang, XU Dan, PENG Yao, FANG Ding-Yi

(School of Information and Technology, Northwest University, Xi’an 710127, China)

Abstract: Wireless sensor networks are widely used in all aspects of human social life, such as disaster warning and industrial control.
Many such applications need to meet not only high real-time data requirements, but also robustness of the requirements. The main
challenge for this type of problem is to balance performance and robustness. In order to solve this problem, this article proposes a low
latency and high robust routing protocol (RDR). RDR finds a shorter delay and strong resistance path through unique path detection to
reduce the propagation delay. It also uses the surrounding nodes to assist in forwarding to solve the unstable link and enhance the
robustness. As a result, the nodes in the network can maintain good delay performance in both good network environment and bad
network environment, and also communicate with each other instead of limiting to one-way data collection. The paper uses OMNeT++
platform to carry out a large number of simulation experiments around delays and robustness. Theoretical analysis and simulation
experiments show that RDR can guarantee lower end-to-end delay and strong robustness.
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10. A=Ak

11. end if
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21. end while

13. DR SES LN TR
14. B BE AN R] 3 )5 K p
15. endif

16. else
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18. end if

PR AR R A T B S, b T B I R B2 2% A O(nlogn), Eo v, n Sk B B 15 A4

T bk U v, A IR S A I BRI AL BT T I A DI I R R AR R S A R K P B e BT AL TR,
B 3 456 110 5 A0 A A A1 ) S 8 R R (1 B
223 BRARERNI N

A1 ANERIEEE H Y S, H IR AR [R] AN B AR R Y 2, G A B AR R T 2L v I AR R

O AR I E B AR LAY L
o IR RRIC A OO ALY AT SR B b B A5 R AR R R XA
o WIRAGE N RAER A O AR E 1 P AN R R WA S R AR BN A SR L
(1 B0 B 2 R4 s T RN Y R B IR
PRI 25 0 5AT 2 AN 7 THI 0V P — R 0 e R e A% 0 B A L1071 U HEAT A, — X A2 L b Bh %
A5 819 e HEAT B A 3 O R AR AL BN AT RES L e R RN T 8 Qe A Kl i e A i B Dl T8
FUXFE IR OR B AR DRI 5 A 75 BT R I &5 Bk (Wi 7 Boms).

B AR R S L 5 4
PacketType(br HLELIF 11 )
Nodeid(E 7R 1 LG )
Sequence(J7 5 5)

Ni( - — B ST 00
A B 5 AR B2 8] (0 35 B 1 a8
Nj(AS B L1 8D
AR ik 5 A B[] 0 35 By 4y 4R )
N F— B S5 00

Fig.7 Structure of the path detection response packet
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Fig.8 A example for routing discovery reply phase
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else
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11.  endif

12. else
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14. end if
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Fig.9 A example for parh reuse
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Fig.11 Influence of different link number on multicast gain
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Fig.12 Link number v.s. delay increment

P12 i S S AR 1 DG R
P2 AP 1 A AR I i 2 iy S 3R B R ARCIRZSAC Tms 75451045 P Y 4% B0 22 4 R B, ) T DA A 8 4 o

A8, o DA 7 4% 1 o) iE S DAL R R e W S b B 12 T LA 2 4 I I AR T B TR —
A 3~5 4CHERE I, AR E IR BT B B AELR T B SN R TR IR A8 P 22 4% i 2 iy o ) 4% 41 4R L 48
FHBE 63 N4 B RTINS R AE MR =E . REAFE IS I &5 mIVE FL BT LA 22 16 SR s vh UG PR 4 5 B 3R AT 22 7 Hh LA
S AT LUR E RDR RSS2 AT AT I B 2001,

3.1.2 P uUHEREVEAL AL AT

AFTALTH AODV AL bl 23 6 e A A T LG 1R 5256, 23 5 BA R JUAS J5 T Bip 330 vk e kAT TE A

(1) 3 3 o AL 3R 5

(2)  Hds RIE NI 2,

(3) HBRIEIR;

(4) HERIHFE.

SIZIG AT FH (¥ 99 25 90 $hEL T 100~200 ANTT 55\ 300 44 4%, 7 ra B LTS AL 2 4P 1H B ¥ b A2 ey B R

Jo A AR TR SR ] S P SAE AR 4 A R R ] B s B TR S P T At A 0 B LA 3.

Table 3
%3
ZHAK 18
B AE IR 100~500(ps)
R DN T 3 ) % A7 5ms

Ky 3 ek [ R B A7 10ms
AL E 3




3900 Journal of Software #kfF 4R Vol.29, No.12, December 2018

(1) s 2] ity 228 3 (1 52 565 R0 3 #

AR SEG P SEAE T S BRAUVETY SUH M7 2500, B R IUE M 0.1~0.5. 1% HUANE £ 58 w3 1) B A R AT 5256, 2
hy To v ) 2 R AT B I R AN B A AR ER N IR B 7 S o R R B b 1) L R AR B A AT A AR R X L i Ak
KA 3 BN TR S0k oty 280 0 S SR BEAT TS, b AE ML 2 G b (R S S G S T LA R R TR S A W
T A5 TR S A W B U 1) T 30 U A LA 1 1) TR SE B0 e SR R Tk IA I B A, SRR g5 R i 13 sl
DL 7E Z5 A AR B B0, 3 W a3 170 o 28] o 40 33 B 00, T = 5 2 T 1) 22 S R T |l T W O B T 5 k2 11,
AODV T ZEAL MR M H AL F LRI, E BT ZEA L, L 23 1R A 2 1R K;RDR R B2 5 4
(0, BT 0 B 705 a5, B AR AS AN 2 A0 R 5 B IR 5 0 T AL £ 1 fR P T — B S B AT R R B, B LA B A A
T8 S R, A BB I S IR AN SR T . S 28 T IRE, BT DX AL 8 Pl 1) R A AR O P& i i AR
I % AR S AT 5T, H 3k B E D HUE MG AODY. U 32 B AR M i K AR 2R R A EWLHR
A2 iE T AR, T AODV Bl S 25 A 05 SR 45 38 A IR ()38 0 ; ) S RDR 52 21 5 AL 5 A K 7E 0.3~0.35 A1 Bt
KT BE A2 BRI helper 3 25280 1A 15 0 R AR, TS PR 35 R AR IR R S AR AR, BT DUAE IR 25 8K (R R 2538 Ik 22,
S E IR BT At R A 13

(2) BRI 4T

P 1T T 2 I 2 BB AR TR B, 3 P I S0 1 B SR P R i T DA LA [) T — 4 — R 1) P % i
BB EE A E AR EN 01,2855 3 i 300 s Bk A iR HEAT 586, S50 N 45 SR AN & 14 s, i SE5G 45 R ]
LA IL:RDR Al AODV 1 L) 55 1 4% B3R #0045 ) 1A A, 17 T L BTk S 308 AR %o A8 66 3K o pl 3 P A W 80 A 3 T
R AR TRIU 17, 22470 A5 2 B I S BEMEAT BR AR RN, K 2 B AR S AT LLREAT B 3, 1T R AR R 7 B ok —
SE TR R], BT LSS0 1 Wk ) 28 K 6 BP9 2 % B RDR A — Bk S Bk I IR # Lk AODV B4, JG 18 S Bl i)
BRI B B R 133 RDR #3% T AODV.TI LA B h h T A2 15— Bk Sl b 47 w358, Br DL gk i 3R LE 4 1
45 A1 B, PR T — A T SRR S e 5, T DA — R A AR A G K

0.08 35,

oors)| == FoR | | ‘ ‘ —A—naw
AODV 30 AODV
007 | e L 11 -e- RDR
25
2 G
é 20
’iéj 15
14 ~Ar A AL—
&
o : —6——o 0
0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 0.5 i 2 3 4 5
PUES s
Fig.13 Package loss ratio v.s. end-to-end delay Fig.14 Hop count v.s. one hop delay
K13 ZARMIEIL R E K14 BhECS SR 0GR

(3) I LT 21V S0 R0 43 #

A S Y 5 B B 100~200, 55 M 400 R BN 0.1, HoAl B 2 Wi ok 3 Rl i et & 3% R Sh R AT T
Ll Ase Sz 56 48 A B 15 Jra. el 1 15w DA S5t A 30, 5090 0% i T € AR 13X 2 T DR O JE AL 1R A AT, BT £
IRRAEFALT RS IRIE ACK AT JIWr, 3 A2 B dEAT 45 i LLBICHE £ 4 (14 S 2 B as 38 vy LAAS 38 OR e 75 22
T 2 RDR TE 5 20 0 A0 % 82 IR 00 N ST 8a Dl 287 1 e D DR j 149 5 0 A7 85 4, AT 5 B80S [] P R0
R 2580, AR A 5 A6 1) T A5 SR SR e i 1) 5% i) H AN AR K

(4) BEETHFESHT

B T AR B 0, 1) A i A2 0, 1) 0 B S T T R R T % ) e T R, AN A0 o o B A O
.0 M RDR ZERE R AT BRI A5 RTS/CTS. &AM A ACK,IX HLAf ] 5 _F =45 A1 [ 1) )



e

T 5 30tk MAKIE R 69 34t X 3901

20 BLELNT 6 Bl P LK ) L SO AT T B SR A R 16 B i B 16 R LAW] 2 A H:RDR 7E 17
WHCE LIt /b T AODVHIE LEHL 2 i i 22 — 28 JLJs U D AODV B SUE T IR 2 AT (unicast), X FE 23 i
W 22 v 0 HCRE SORIES BT RDR AEBEAT ) H 2 i 4 56 BEAT 26 4, J68 28 v (9715 R0 A7 A B A A Y
(multicast), T LA 2 47 il £ £ ol 2D M0 AL 2 5% bl ARDRE SR U IR AR A (K 2 o 6, 002t AL B el A B AN il
SEREAT BRAR IR, I EREAN Y 25 3 Bt 22 AT S0 A 000 B0 R A A ol A5 AT AR R, P LA
S 0 PR i SR AT N M 22— 28 LR RDR P LR P L e | 22 L& it by (R A SE0 R T L& i
H G 3 1) e L, BT DAL 2 i e U RESE T4 0 (1037 5, eI BT 1Y s TR R WA T RDR JUAS 32 521

b' = =@ -n.'é.‘___+ _____ [ — 40 ‘
~o--"" ©---- 35 1
0.9 4 i
" . ::LDQR:MM 30- —E—RDE‘
B gl == ropv | = =P L 2 B
= & 250 AODV
= @
3& 0.7 4 = 201
= &
15+ :
0.6 4 :
1 P - b
o ?OO 1‘20 11‘10 1%‘30 1‘80 200 ?00 1‘20 14‘10 1f‘30 1{‘30 200
R R
Figl5 Node density v.s. successful ratio Fig.16 Node density v.s. quantity of

control packages

15 RS R T R I B 16 A G A R K
4 REHREE

TE LA I 0 i AR 2 N7 0T A8 110 SE2 IR P 2 SRAR e, I RN T I T o0 S SR AT SR A 38 A7 0 5 e P AT AR v 1
SRR Pl A ST oy 45 0 R AR S 2 () % £ P IS0 (RDR), o B4 18 % A A0, P IE AT 501 A TRIR
S JEAR AL D 1R v 6 5 P B e Y e, 2 e ik SR, P X S B A iR AT b B Bk e e, B
AP0 50 R P AE B R DK B B, A P 22 8 0K B A R IR A2, ORI B0 AR OGS B 1) e A2 4 e A B i XA £
PR SCHEAT 15 SCSE IR A 20 A B )T AR SO Y O B SO A B A IE A

TP AR AR (1) 3G RE 5 FE R DAL, D2 15 ke TIE 2% RN R e AR P ISR I i A5 (2) 489 0m

FC ARG S R G S bris AT 45 R AE VM m AT k.

References:

[11 Losilla F, Garcia-Sanchez AJ, Garcia-Sanchez F, Garcia-Haro J, Haas ZJ. A comprehensive approach to WSN-based ITS
applications: A survey. Sensors, 2011,11(11):10220-10265.

[2] Liang S, Hu Y, Wang KZ, Xian XD. Design of landslide warning system based on wireless sensor network. Journal of Sensor
Technology, 2010,23(8):1184—1188 (in Chinese with English abstract).

[3] Tang Y, Zhou MT, Zhang X. Overview of routing protocols in wireless sensor networks. Ruan Jian Xue Bao/Journal of Software,
2006,17(3):410-421 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/17/410.htm

[4] Heinzelman WR, Kulik J, Balakrishnan H. Adaptive protocols for information dissemination in wireless sensor networks. In: Proc.
of the 5th Annual ACM/IEEE Int’1 Conf. on Mobile Computing and Networking. ACM Press, 1999. 174—-185.

[5] Intanagonwiwat C, Govindan R, Estrin D. Directed diffusion: A scalable and robust communication paradigm for sensor networks.
In: Proc. of the 6th Annual Int’l Conf. on Mobile Computing and Networking. ACM Press, 2000. 56—67.

[6] Yao Y, Gehrke J. The cougar approach to in-network query processing in sensor networks. ACM Sigmod Record, 2002,31(3):9-18.



3902 Journal of Software #k#F3 4Rk Vol.29, No.12, December 2018

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

Sadagopan N, Krishnamachari B, Helmy A. The ACQUIRE mechanism for efficient querying in sensor networks. In: Proc. of the
2003 1Ist IEEE Int’l Workshop on Sensor Network Protocols and Applications. IEEE, 2003. 149-155.

Amadeo M, Campolo C, Molinaro A, Ruggeri G. Content-Centric wireless networking: A survey. Computer Networks, 2014,72(7):
1-13.

Heinzelman WR, Chandrakasan A, Balakrishnan H. Energy-Efficient communication protocol for wireless microsensor networks.
In: Proc. of the 33rd Annual Hawaii Int’l Conf. on System Sciences, Vol. 2. IEEE, 2000. 10.

Marappan P, Rodrigues P. An energy efficient routing protocol for correlated data using CL-LEACH in WSN. Wireless Networks,
2016,22(4):1-9.

Shen B, Zhang SY, Zhong YP. Cluster-Based routing protocols for wireless sensor networks. Ruan Jian Xue Bao/Journal of
Software, 2006,17(7):1588—1600 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/17/1588.htm

Mehmood A, Lloret J, Noman M, Song H. Improvement of the wireless sensor network lifetime using LEACH with vice-cluster
head. Ad Hoc & Sensor Wireless Networks, 2015,28(1):1-17.

Ma Z, Li G, Gong Q. Improvement on LEACH-C protocol of wireless sensor network (LEACH-CC). Int’l Journal of Future
Generation Communication and Networking, 2016,9(2):183-192.

Zhang HY, Li YY, Liu YH. Research progress of routing protocols based on geographic location in wireless sensor networks.
Computer Application Research, 2008,25(1):18-21 (in Chinese with English abstract).

Xu Y, Heidemann J, Estrin D. Geography-Informed energy conservation for ad hoc routing. In: Proc. of the 7th Annual Int’l Conf.
on Mobile Computing and Networking. ACM Press, 2001. 70—84.

Petrioli C, Nati M, Casari P, Zorzi M, Basagni S. ALBA-R: Load-balancing geographic routing around connectivity holes in
wireless sensor networks. IEEE Trans. on Parallel & Distributed Systems, 2014,25(3):529-539.

Chang JH, Tassiulas L. Maximum lifetime routing in wireless sensor networks. IEEE/ACM Trans. on Networking, 2004,12(4):
609—-619.

He T, Stankovic JA, Lu C, Abdelzaher T. SPEED: A stateless protocol for real-time communication in sensor networks. In: Proc. of
the 2003 23rd Int’l Conf. on Distributed Computing Systems. IEEE, 2003. 46-55.

Lee SJ, Gerla M. AODV-BR: Backup routing in ad hoc networks. In: Proc. of the Wireless Communications and Networking Conf.
(WCNC 2000), Vol.3. IEEE, 2000. 1311-1316.

Johnson DB, Maltz DA, Broch J. DSR: The dynamic source routing protocol for multi-hop wireless ad hoc networks. In: Proc. of
the Ad Hoc Networking. 2006. 139172.

Biswas S, Morris R. Opportunistic routing in multi-hop wireless networks. ACM SIGCOMM Computer Communication Review,
2004,34(1): 69-74.

Tian K, Zhang BX, Ma J, Yao Z. Opportunistic routing protocols for wireless multihop networks. Ruan Jian Xue Bao/Journal of
Software, 2010,21(10):2542-2553 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/3740.htm

Chakchouk N. A survey on opportunistic routing in wireless communication networks. IEEE Communications Surveys & Tutorials,
2015,17(4):1-1.

Zeng K, Yang Z, Lou W. Location-Aided opportunistic forwarding in multirate and multihop wireless networks. IEEE Trans. on
Vehicular Technology, 2009,58(6):3032-3040.

Erramilli V, Crovella M, Chaintreau A, Diot C. Delegation forwarding. In: Proc. of the Acm Int’l Symp. on Mobile Ad Hoc
Networking & Computing. DBLP, 2008. 251-260.

Fang X, Yang D, Xue G. MAP: Multiconstrained anypath routing in wireless mesh networks. IEEE Trans. on Mobile Computing,
2013,12(10):1893—-1906.

Zhang X, Li B. Dice: A game theoretic framework for wireless multipath network coding. In: Proc. of the ACM Int’l Symp. on
Mobile Ad Hoc Networking and Computing. ACM Press, 2008. 293-302.

Pavkovi¢ B, Theoleyre F, Duda A. Multipath opportunistic RPL routing over IEEE 802.15.4. In: Proc. of the Int’l Symp. on
Modeling Analysis and Simulation of Wireless and Mobile Systems (MSWIM 2011). Miami: DBLP, 2011. 179-186.

Ghadimi E, Landsiedel O, Soldati P, Duquennoy S, Johansson M. Opportunistic routing in low duty-cycle wireless sensor networks.

ACM Trans. on Sensor Networks, 2016,10(4):1-39.



b

BT 5 8 RE R 69 3% & X 3903

M F 325 2% STk
(2] B, B, AT B IR AR R T I e A 2 I 4 1T L A T R 48 BT A IR R 2 412,2010,23(8):1184-1188.
[3] FH 53,8 IR, 5K ik 0 e £ g 45 104 4% 8% e B O 50 10F & 31 22 4 ,2006,17(3):410-421. hitp://www.jos.org.cn/1000-9825/17/
410.htm
[11] Pho, 5kt K, B IR 1 TG 2 Ak B 2% W0 4% 43 15 % bH B 3. 3K A 2% 41¢,2006,17(7): 1588-1600.  http://www.jos.org.cn/1000-9825/17/
1588.htm
[14] 5K AT BH, 2758 52,30 2 W kT b FELA7 5 10 O 42 A S % 1 6% 8% £R 10 D3OI 9008 J8 - S5 ML A FH 19 90,2008,25(1): 18-21.
[22] HH 38, 5K 5 0, Tl Wk L TE £k 2 Bk 19 4% i B WL 2% 8 Rl RO 2 91,2010,21(10):2542-2553. http:/www.jos.org.cn/1000-9825/
3740.htm

ZEF(1991—), 55, I 58 7 WAL R AL
o, B FUAIE N TE LA IR .

PRERSI(1973—), 05, 1 & #Z, i Lk 2
Jili,CCF b2 B, 3 S I8 U To 2k I
2% 58 S Ak BERT AT,

#1988 —), 4, 1+ A, TRl ,CCF 2%
Az 2% By, TEAE ST ARk 0 Xk X i A A

EEE (1984 —), %, 1 1 JF Il ,CCF &Mk &
I, 32 BERIF AR kg T YR R ) 4, AR TR
A LS % TE,SoC B,

B RE (1959 =), 0, /b #w i LA 3
Jili,CCF 5 g 2x b3, 2 BERT 8 U 9 2% 15
& B 24 BT R S T SERLE O 2 4 R
I, J0 £ e TR 5 19 20t B L N T B Bl o
AT SRS,



