A 2#IR ISSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn

Journal of Software,2019,30(8):2528-2544 [doi: 10.13328/j.cnki.jos.005513] http://www.jos.org.cn
O [E Rk Bt F AT 58 T RSB A7 Tel: +86-10-62562563

e B 460 ) 4% th B #E AN IE IR & RO ML 2 BR R i
BERL BRI A AY ¥ AY FREY pRsY

YLK (5 BRI S EAR R B P 710127)
2(k P4 4% oY 6 Y [ B B A T 5T TR (DY B K 5) BV DG 710127)
JWAE#: BRIRIT, E-mail: xjchen@nwu.edu.cn; 1}, E-mail: xudan@nwu.edu.cn

W OE HE TRl NS RN AET BT R PIAL, m A A 64 R A R BT A
B AT B A ARIR ST SR IAE R AE K W 09 A A B B B b AT AT R R R R AL T S LR B S N BT T
AT BT B PV EARAE A #] 2 P M LR KA B R 56 JE REAE A R STV EAL T S RAFA K A A B 149 )
B4R & 2R B A K sh e ik AT ST IUA B A T AR B dn W 44544 345 e WX K % R B SRR A AE A I SR M A 49 9] A2 42 30
fe AL A 2 1R P F7 69 HLA-34 g PriX (balance of energy and delay opportunistic routing protocol, & #& EDOR).#Z #-3Li@
WM B ABAT AR R AE N B AT AR AT T RAaAEA ) TARRAUARY 4F%‘1’51:5\4’F H e Z AR S R
REEL T S0, Z GRS T BT —ARE T A0 b 13 8RBT R R AT A AT AR AL B kS
FAEFE LK 2 AR T B R M ARIE IR I T 2 I A A 28 AR 48 4 AT R UG I W DGT A TR T R B s R R LA
KRB E— R MR b AR o A 4 R Rt I QB AHE
KR IR AL P B E HLA T AR
REESZES: TP393

thaC g e R s R IDET AR ST B2 BE VA R 5 s A . T YRR R X % e RGP0 S 5 T AT AL B 1 B L AR 22 3R, 2019,
30(8):2528-2544. http://www.jos.org.cn/1000-9825/5513.htm

H 5| A% Gao HC, Chen XJ, Xu D, Peng Y, Tang ZY, Fang DY. Balance of energy and delay opportunistic routing
protocol for passive sensing network. Ruan Jian Xue Bao/Journal of Software, 2019,30(8):2528—-2544 (in Chinese). http://www.
jos.org.cn/1000-9825/5513.htm

Balance of Energy and Delay Opportunistic Routing Protocol for Passive Sensing Network

GAO Hong-Chao®, CHEN Xiao-Jiang*?, XU Dan'?, PENG Yao'?, TANG Zhan-Yong'?, FANG Ding-Yi'?

!(School of Information Science and Technology, Northwest University, Xi’an 710127, China)
2(Shaanxi International Joint Research Centre for the Battery-free Internet of Things (Northwest University), Xi’an 710127, China)

Abstract: There exists the energy shortage problem of the nodes deployed in the field in sensor network. The new type of node which
uses the energy harvesting technology can prolong the work time by collecting energy from environment periodically. Thus energy
consumption is no longer the only concerned factors in this passive sensing network. Taking into account the energy consumption and
delay comprehensively can make the node obtain a longer life cycle while increasing the speed of data sending to the base station. To
solve the problem that most of the existing routing protocols applied to passive sensing networks cannot balance the problem of power
consumption and delay performance, this paper presents the balance of energy and delay opportunistic routing protocol (EDOR) to
improve the performance of energy consumption and delay. The protocol estimates the expected energy consumption value of the node by
analyzing the node transmission process, so that the node chooses the neighbor node with low energy consumption as the forwarding
candidate. When the final forward node is determined, this protocol makes a decision by considering the duty cycle information of the
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next hop neighbor node among candidate nodes, so that the sending node chooses the candidate node that will forward the data faster to
reduce the delay, which realizes the balance of energy consumption and delay performance. Finally, this protocol also reduces the number
of unnecessary copies of data packets during the opportunistic routing process by designing a back-off strategy to achieve the singularity
of the forwarding nodes.

Key words: passive sensing network; energy harvesting; opportunistic routing; delay
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SR &Y 81 vi 5,15 50 u B9 ECC A S8 0
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w+ > C, xS, +C, xS,
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SuMeyqg

> Swia
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T, P IR 9k R A5
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i=1
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PIAN & B[40 1,08 T A8 2405 R 26795 s ECC i /N FI W — AN AR J& 15 s A5 AT BUINN S 115 s R
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2: K N(Qu)HF AT A% AL BEC (AT R 75 Ny () = {V0Vy o Vg, 3

3: for (i=1; i<Sumgyq; i=i+1) do

4 if (C,>C,) then

5 K vi M R A5 4 Pwdor(u), FHR B8 7 S0 24 0ot 5087 ¥ EEC B Cy,

6: else

7 break;

8: return Fwdgy(u)

End
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Fig.3 Waiting cost during transmission
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Fig.4 Waiting costs in the network layer
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2% v G RS ) AR TR A R TG e e SRR 486 1)) R R P, 224 9 R AR B g Bl B IR 45 e A ik ik B v
(7 e, (EL TR A0 4 3 TS A 01 T 30 2 SR el B AR 2 ke 1 s e 380 T 80 A7 5 3 110 T Ak P SRS 1) 3, 3K
8 T OB AR 4 A IE TS RN ACK, 2 KK 3 THRIE 431 1) T A1, 32 e A 0 2 110 B 9 G ROV 5 B A ) T
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Fig.5 Example of communication process
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B/ T8 T B, T2 K 8 OO0 B TS i M o8 BT IR 08 )5 7 8,15 i © U 25 i i 0.
(3) s AB RIEBEIIE ARV A O TR R, 0 SRS A IR ) A R SE TR ACK,
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A LR REE W T AT 5 A 4 BASTA]  2S BB A T 05, a0 B 2 A HE A 40%,30%,20% DL R AR T
10%1) 75 L SEEE H A N-X%-Y%-Z2% 73 53R 78 19 S BN B0 Ny (28 HEh 40% 01015 55 A EE o X%, 30%11)
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Table 1  Settings of network parameter
F1 MESHLE

BESHE 3 JingiE
Do 28 v (171 RN U(N) 50~300
AR R B (L) 1s
B AL AR IR 100ms
R IL AT K 10
99 4% 1) de K Bk 4 3~6
i KB BE B 7] Bax 10ms

3.1 R¥MHELE

T e RAGIE AT AL PR AR HE Cost (H - AU 0 R B a, ARSI REL a 7E[0, 111K X 18] Py A5 Ik A8 4k
0.1, T 72 25 10 256 L B35 ; 7] B, R OMNeT++1 & B3 b 7= 42 S B AL 25 6 4L AN R AR 5 p 2R B i 3 4h
L 2.

Table 2 Example of test networking

F2 WML

Xt R 1D I 268 41 41 i i
T 50-20%-15%-15%
T, 100-20%-15%-15%
Ts 200-20%-15%-15%
T4 300-20%-15%-15%
Ts 300-25%-20%-20%
Te 300-30%-25%-25%

AR S Seont i B (IR HEAT T 07 B R A ] T i 6 o i 4 RN E T DU B Cost T A
HREL a UL AN T8 O AN [ 11 D) 4 4 B R T ZE R E T S A A X I BN B R a HIUE IR,
ROW {E7E Cost H 1) oty LU sl K /)~ DRI e 2 S Ak 32 42 v (709 AR AT 3 30 I 4080 5 A PR 40 S 1 o s L2
TR KSF 1 2 (1 5 W0 g /N, 326 3 A0 1) T 32 395 B A /N 1T A A B 3 A1 10 4% a0 A 28 IR T iy 81 iy 4 32
Z AR RV ] U H BT 5 B0 8 22 B AN T AT T A IR 22 19 4 v ST B S SR ) BME R AR 9
BT A A R S E B4 Ty, Ts, T, DU B A X 266 50 057 o 22 L0 4 0500 10388 s £ 045 1 s 2 ) A ) 3
AR IR RE A A2 T, AT S8 38 ik 2>

Xof 171 R I T R ) A, AN S A7 ) A A 10 5 AR L i e A A 6 2 I 4% 4 Sl 7 LA () ) IR T 77 [
FE P HSF T 25 55 DAY, R0, T B8 22 AR U T T A DR A 11 Bk R, 1O AT 1100 308 A5 0 R ek 22, DT R FE B 45 SR
w7 frs.

M7 AR LA H A FR A a {E AN T3 K, Cost {8 T 56T ECCE 1 oy LLAS T BT, RITACI% 45 s 7E A
g R 3 A v T B VT RN, £ ST 1] R RE R A0 T AN S B AR 1) 1 ACREAT 8 e IR 0, 4 P B R B
HEARLE YR RN IR R I AE Ty AL T (0 I S8 5000, R A0 250 et 1) o AN 11 J 3 R Ay o ) 8¢ o 4 ki 25t A /b
R A5 AN R 3671 R IR AT 4 A DL B 5 1 B R A T )T R AN R 2 TR R AR B R 4N
AR R 1719 s HEBRAE A 1 0,1 SR B 250 1) A8 A S AN W Sl 7 B 4 ) 28 BASE 1) 977K RE G TR B T R At
T G T R A B rpn] LA B 8 v T A AN B0 38 T, T SRR ST 340 e AR AR 2 1 0 3 R T RE AT T
AN 22 A A0 A AR 8 I3 BT T, T AH EL T T D0 i B 5 190 285 mp i oy 2 Bl Y s B 1 388 o, i B A
.
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Fig.8 Average number of forwarding nodes per hop
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