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Energy-Efficient Multipath Routing Protocol for Supporting Mobile
Events in Wireless Sensor Networks

Hoewon Kim' - Euisin Lee™

ABSTRACT

Wireless sensor networks have been researched to gather data about events on sensor fields from sources at sinks. Multipath
routing is one of attractive approaches to reliably send data against the problem of frequent breakages on paths from sources to sinks
due to node and link failures. As mobile events such as humans, animals, and vehicles are considered, sources may be continuously
generated according to the movement of the mobile event. Thus, mobile events provide new challenging issue in multipath routing.
However, the research on multipath routing mainly focus on both efficient multipath construction from sources to static sinks and fast
multipath reconstruction against path breakages. Accordingly, the previous multipath routing protocols request each source continuously
generated by a mobile event to construct individual multipath from the source to sinks. This induces the increase of multipath
construction cost in the previous protocols in proportion to the number of source. Therefore, we propose efficient multipath routing
protocol for supporting continuous sources generated by mobile events. In the proposed protocol, new source efficiently reconstructs its
multipath by exploiting the existing multipath of previous sources. To do this, the proposed protocol selects one among three
reconstruction methods: a local reconstruction, a global partial one, and a global full one. For a selection decision, we provide an
analytical energy consumption cost model that calculates the summation of both the multipath reconstruction cost and the data
forwarding cost. Simulation results show that the proposed protocol has better performance than the previous protocol to provide
multipath routing for mobile events.

Keywords : Wireless Sensor Networks, Multipath, Mobile Events, Path Reconstruction, Energy Model
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Fig. 4. Full Global Reconstruction

FEh o] F Foll Eylkyr) S w3l 949 BRE B3
tolg7t AF=+e d sol7ke v&S 8 & Jdrh wg
Al Equation (1)< Equation (7)¥ Equation (8)< &3}o ¢}
$-¢] Equation (9)& =Z% T}

Ibta’l—CbSt Local =

(geo_hops (S, S )+ geo_hops (]\/;,7 S ) Bk )+ 9

P =n

(gco_hops(Sp,&'nk)+gco_hop9(5 S ) Ep(kyr)

e~ QT4 4§ Equation
2l o3} A R e AT S RS
A2RREH 7]EY g e weztA et JAartAe] HE
(Cost o pun) ¥+ M ZE iifﬂ]/ﬂ-‘?—ﬂ AA7A AT
e 2E Fal dolH7F AEEE M8 (Cost, g pua) S

e Aolth. of
zZ

=)
o
19

2

COSthlobal_Path = (geo_hops (Sn,Smk) (10)

+geo_hops (Sp7Sn ) 'EC( kl,r)

Costy opar_puta = ge0_hops (8,,9ink)- Ep(kyr) (11)

n’

Fig. 39141, Equation (10)& M2 &2 § oA Sink7}
Ao F ok old A 59k AEE &k § Aol FoF
(AA AxNA DE "Hste] A2 746 8% § 75
Ttk aga o] F ol E(k,r)E #ehe AR F
Bz Ay s A4S st W B
= e = Equatlon D& A2 A
e

22 HE AAarA 9 dWs faE B b ]E g
€S 78 4 r}h. wekA Equation (2)& Equation (10)3
ol ¢Jaf (12)2 FAHAT)

Total_Cost o, = (geo_hops (S, Sink) +1)-E (k) (12)

n’

+ (geo_hops (S, , Sink)-E, (kQ,r)

n’

UW““’E FgH AA dEss A9l 7S Equation
3ol ost Fo= Al desfx AT *é% 3 dolH



F MM HERZOA OIS Ol

A WEe MZE 2225 JaA dxag Foxez
Tk AUA &) M8 Costy gop_pn) T THE BRE
TN 2nBFY A7 delHE dfehs oA

H]%<005tf(;zaba,/,mm)9] Fob 2ok a2 COSthInbaLPa,thg}
CostGopa_puta= A7 TH Equation (11), (12)3 #2e] 1}

e o gtk
Costs cpopar_puin, = 9e0_hops (S,,Sink)-Ec(ky,r)-2 (13)
CO8ts Guopar_puta = 9€0_hops (S,,Sink) - Ep(ky,r) (14)

Equation (11)2} (12)91 X1 geo_hops (S,.Sink) & Fig. 49]
AMZE 2z §olA da SinkAAe §F FE& 9vgth
Aztel F2d Eyky,r)29 Eplky,r) & #3te] 344 4
2 7Y F49 A2E T diolg dE dAyA A
&S 8 4 9}l wEkA Equation (3) Equation (13)
3} Equation (14)& %39 th29 Equation (15).2 =&
.

Total _Cost g, = (15)

geo_hops (S, 8ink) - (Eq(ky,r) -2+ Ep(kyr))

n?

2= Equation (9), (12) 281 (15)F o]&3te] ¢ &
HEgAs A 4 Qth dA8 A W AEE
& s

2 dlolE] Ao =nth Aidew Arh whebA

2
o W o o
ol

&
[
rir
o
i)
=)
5
ko
S
L
:OIL_"
u
i
=
"
&

o
=

)
i3
2
=
oo
fz
i)
g
=
o
=]
©
il
9
oo
o
=
oo P>
o,
inj
1
Sl

WA Z el AdE A5, 98+ Equation (9), (12) 1%
I (15)5 AR ¢, v gE eks o] &3t} o]

23 X9H 22 MY

Botd olMlEd] ofsf MR A2xvb LA 229%
o A dEss AT deke] AdEEH, o] AsE
A sl A RS FE Al dHelHE da
oA AEdeh dibdow, mupd oWlE: WHEHA ol
at7] wiiol o|WEZL o] o ofFdieAll utet
MEA BRHE 2o fA7F GEin) aeE fRe
Ao 9A= AY9H "Eds ATA WS vAelete
gl wlg- Fad aielth ¥ =2 A9 HEHs AP
A s AN 8 R 220 AREE fAE
FIHA AR Utk A WA e Az Axe Has
7Igke 2 FAE Virtual Line(VL)225E HolAE 913
of Ax7h AREE etk o] AeE MEE Lz o

HIES XS] 21T OIHAl =242l ZEIA 2IRE ZEES 459

NEel WEEzst AgHE AL g T oA A%
= o] VLol AAAAE A6] ax7h A4RE A gl
e A9 e £xPE JE WAt GF
A Ae vt s el DI 2F AelA
o) ¥ 7P ASEANN AGH welA s AT PES A
s

D 4= 9%
Fig. 2014 =

A8 T4 ke Ao

18
a3
=)
lu)
X

dHA o]d AzolA MEL AiR dAE AA
ofd & S MER LS kil

=
P25 TS LEEAA EE &~

m. |o
s
=
fu
o
o

rlo

i

o,

rlo

=

[>
e rror2 i,

Mo Ay @
pass

— Existing path =— VL
....... Local path

— Existing path -— VL
....... Local path

Fig. 5. Local Path Fig. 6. Local Path
Reconstruction(Path Reconstruction(Path
Reduction) - in a Case That New  Reduction) - in a Case That New
Source is a Node on VL Source is not a Node on VL



400 HENMEE=2X/HFH 2 S8 AL HST H12=(2016. 12)

EwE NZFJE A ukE olojRm, a8 grhd o 3. 45 4t
wmEoA A 24 ehe-"E o] g8te] MEE Axoh Addt

= w2 ANE Axgh 2 AR oA Az v o] AollA $-2li= A Wte] Hes AEdoldS Fal
= = golAu VLS 73 A @ Aoolt}h o= B7hen. fe= WA 2o AEdeld mdst grh @
Fig. 60] =AET 7 Aol Az axvh A4E 4e oo SAEG HRem JlEe wel & aupd 448 o
aA Az, O Az Ame sah gye ge 00 GES SR el S med AUeiE 4%
2 AR 2S£ 52 Aa ooFud e g 4 AT BEA AT s yRE gL

’ i Ads Fef Bl
o = F AR 22 5,3 & F A9 bl gl s}
itk olojFan aRA Auh A A S¢S o] 85t 31 Algeold 2Ent M5 It X &
MEE Aot AR44E @k 1 F Fig. 63 #Zo] oA o= Aol AW A LAY S ZREZ 8
wE N, N, Aold] el Mg aelm, VL GH AogH A7 s Z2eas NS3 ABUHE o) g
& ek heow HANNYE VLE Aze cxw o H/SUN7. A4 A9 stebEis MICA specification
Al oo QS NRE A oA AXste] A (8le Fustlet. f-eo) Algdolde HEda A7l
Colgl e ww 1050mxI050m, = wiAE ZASHA, AEEAE 15m,

o}
o} EE 79 Alo]=i= 32 byte, HIoJH A Alo]=i= 128
byte, 2] MAC ZTREZS [EEE 802.154 ZigheeE o]
L3}l oWMES o]FL :MYdA o]Fojxvtn 7143

' Ak L3 oWES] o]Fo] wEl £x =i A W
Aze 27t 228004 B8 ATgel 494 AFY T - i
Wt oo 2o ;m AH‘;;AAb wﬂ;;g A A o] F 2UE FIHM MEE 2ae ofd hxe
AN =70 oy T 22— [¢] RLs = =) — o
Ay FAAH AA QTS v asc mhﬂ;:_'ua A4 oI = FolA AHIA AdEsE Ao A=
eret ® e eI R T gsteith aea w7l A% A BEe WA AzoA
Hlgo] FoA AA AFA vl gRt o, g2 ks )
L ogoda B Ao Ae s em ma Az dEHas A, F ARE Fs 1709 HolH
tﬁ?};ﬁoj;j ;HHO; L;:Llj oFlg]j: :}:; ;E WS AEshs AR ek Az aneh A Abole=
A 3= <t AMEzE 22 - 7|=8 3 E

At 8gow Adahdth

& AS B, F ARS wEn 2l ol 225 SelE Aot A5g AT S8 F A AxE
B AR 222 28 AZen, AR 228 B4 AGERE dUA 2vE HEND oA BAGFADAA
VLA 7b% /b das dAZdRRE Agac 394 ARSEE duAeth dioe asdA Aaz dolez
RE AT PR AHES fele sl pAugs Y AFshE A3 AR Fodr

§ A Fig. 7& M2E 220] Fol mpE duz] 2HE HolF
H

x X
Aol HAE FF AGH BE A7 vE&L At
i

1 T E9| o] AdE An . EF ol

. o & ..

Azst AR5 doly A% vgol AR ol BelH i"wgi;i jj%jf;owz J]:]jjg ;T;
AR ATHE S ggel wadnh A A AT T ST T i;w; o g e
kel AARAE AZIE delE AR W 5% AR T T e st 5 elatolnt
SASA fh AZe 22uh 22864 FGH Aol ;ﬂ o Tz 2 A A TEEZE 2o ARE B
AR ATARG e Aol HW, AmE 25 T g oy s owa asny adme) el we
A4 R AN B QA ATYE dmAth B L T e geane dead B
A A AT HEe] WA FE AT MEEA Wy gague g zzeze Aze 227 42 W o
W, AR aat gl 2R AT AU B9H L G e we) g Ame e 2o solatel
A A ek 2183 2ol i RY AA7HA W), Aekors A ALHY FE TREZE A9H
Aol s TAehE wEelth ATARE Bk T 69A £AE JRew a9
o] S AdEatd, 4 7]Ee] 29 VLE BT AA oFabo] GelAt), A A ATAWNE = TZEZe A2
kL ang A3 Aol VLE 48R F VLS 71 o s So) meh oA 207t Fokh aEn Al
HOR A% Wl VLt 7HE 7PhE wESR F 4R Poke HAe) oA aulE A AU ASHA @)

Agskal, obg % W qAdRE YT o= ofd = TR e oA AHE Bolt}
wollA AAehs Az Al W Edste, As aa7t Fig. 8& dlol8 #7e] F2o m& oz AnjE Belth
AR ARE FASE WHAE TYd Aotk glole] wiZe F7) s ), AdH A g Z2



F MM HERZOA OIS Ol

HIES XIS 215 ARl =242l ZEIWA 2IRE Z2EZ 461

24 || —0— The only global reconfiguration protocol 45 H —0— The only global TECU“ﬁQU'?ﬁUn protocol —o— The only global reconfiguration protocol
—0— The only local reconfiguration protocol —0— The only local reconfiguration protocol 501 —o— The only local reconfiguration protocol
22 —%— The proposed protocol 40 { —*— The proposed protocol 45 | —*%— The proposed protocol
s S sl S sl
2 2% T 0
c 20} c [
S 20 8wl .g 35
= = 2
£ e e
18 r 2
2 2 2 25t
8 8 8
e g 20 > 20
g1er B I
2 2 q5f 2 151
i i i}
141 L
10 1
s
12 L L L L L 5 L L L L L L L
0 2 4 6 8 10 0 2 4 6 0 100 200 300 400 500

The number of new sources

Fig. 7. Energy Consumption for the
Number of New Sources

The number of data packets

Fig. 8. Energy Consumption for the
Number of Data Packets

The size of data packet (byte)

Fig. 9. Energy Consumption for the
Size of Data Packets

110

100 { —©— The only local reconfiguration protocol
—¥— The proposed protocol

—o— The only global reconfiguration protocol 140 | —5— The only global reconfiguration protocol
—o— The only local reconfiguration protocol i
—%— The proposed protocol

—O— The only global reconfiguration protocol

4100 H —o— The only local reconfiguration protocol
—#— The proposed protocol

Delay (ms)
Delay (ms)
8
T

30 L L L L L 20 !

20 -

Delay (ms)

1 20 1 1

0 100 200 300 400 500 0 2
The size of data packets (byte)

Fig. 10. Delay for the Number of
New Sources

EZ9 oyA aHle vtk gy ARE A& F7
A | 7HE w2 dl|A &HE Bt o
AFETS she ZREEZS A9H AFERe ste
EZWo v oA AHE WolH, ARt 71
2 YA AHE Hr}

Fig. 9= Hlolg] 71 Afo]=o] mE oA &¥E Y
et dlolg Apo]=7} F7hekA HH

|
A a7t ZHEe ¢ 4 9k 2

EE 7ol vl dol¥

71 o] Apo] =7} F7hEel whet F9A AFgTE St ZR

EZe A9 AFEAR ot ZREZHT ofYA] &7}
[e)

Aty ATk} dole s Afo] =7k F7hakel wel Aok
Qo] ol HE APl MES} olIT. wetA Held
AT s ZaED Alhiere] F7hg0] HlZe,

Fig. 10& M23 &0 Fof e deo]S ekt 3
9 AT s REZE VMY 52 deoE T
H, B4 A4t s ZREZE AL ARE g
£ TAske A &) miolth Akt A A
Ak s ZREZS AR Wetel 9 ATAdE 1 A
7HA 22 "EolE TRTh ey MR 220 F7F 69
l, Albgete]l FAA AL SHA Fof APt 3
A AR s ZREZE 2 diolE JHAA Hrh

Fig. 11& dlolg #71e] o me deols vehict
oA AT ek ZrEZe| diols Srheth 1
3 AGA AP s ZREZY dHold F7HEe A
A4 AT s ZREF dyo] Frkg Byt

The number of data packets

Fig. 11. Delay for the Number of
Data Packets

L I
4 6 0 100 200 200 400 500
The size of data packets (byte)

Fig. 12. Delay for the Size of
Data Packets

L o x @

O

>Le

my 2 2 N oo
1o o

f
o

i'E =N
!
rh

= A A HEICdA Zatd o]
ARl 2z=e] AAS Ay A8 oA
Atk Algher

= .
2 5E ofd HHIHLE o] &3 Z&
% 04 1

B o2
> & 1y
[
o
i)
o
ol
[kl
fil
Kt
i
(o3
ol T orlo oy (2
12 Ho o |m
2,
N
= e
- lo,
2 o 18 > pE do ox O 24 do O pE o

ox |
oL

o
>

18

_1-\_4

2

—

ox

ot

2

o X
-

M

E=

-

>

2
ox,
o,
e
N
und
>
)
2

ol
o

41 £

ox, Mt

i

=)

o

&

>4

e

=

o

g

-

[ Ie

1 o

ofl,

=

rlr

=

I

A
<0,

¢

ka2 ?1:0 e

>
re,
=2
v
N
[
=
=
ofo

0,
td
i
tlo
E)
>
=
o
>

Mo

e 2 R e ok ofy

:té
1o
=)
o
)
[
il
o
oo
e
>
o 12

R
o
fr
e
-
X,
=
uj

¥ oo Br

>
>
2

BoAswe AAgE, Be shiel s



462 JENMEG=2X/EFH 2 S8 AL HET H12=(2016. 12)

Haz A AT BEE BN SRR AEeol
A s mut oWES A% BEs BeYe A3
7] 918 Agkgre] AU Lulsh dold A% wele]
Aol e ZzEss un g 2849 42 F9a

References

[1] I Akyildiz, W. Su, and E. Cayirci, “A Survey on Sensor
Networks,” IEEE Communications Magazine, pp.102-114,
Aug., 2002.

[2] P. Rawat, K. Singh, H. Chaouchi, and ]J. Bonnin, “Wireless
sensor networks: a survey on recent developments and
potential synergies,” The Journal of Supercomputing, Vol.
68, Iss.01, pp.1-48, Apr., 2014.

[3] K. Lorincz, D. Malan, T. Fulford-Jones, A. Nawoj, A. Clavel,
V. Shnayder, G. Mainland, M. Welsh, and S. Moulton,

“Sensor Networks for Emergency Response: Challenges and
Opportunities”, IEEE Pervasive Computing, Vol.3, No4, pp.
16-23, Oct.-Dec., 2004.

[4] G. Zhow, Z. Zhu, P. Zhang, and W. Li, “Source-Aware
Redundant Packet Forwarding Scheme for Emergency
Information Delivery in -Chain-Typed Multithop Wireless
Sensor Networks,” International Journal of Distributed
Sensor Networks, Vol.11, No.3, Article ID 405374, Mar., 2015.

[5] S. Chouikhi, I. Korbi, Y. Ghamri-Doudane, and L. Saidane,
“A survey on fault tolerance in small and large scale wireless
sensor networks,” Computer Communications, Vol.69, pp.
22-37, Sep., 2015.

[6] D. Ganesan and R. Govindan, et al. “Highly-Resilient,
Energy-Efficient Multipath Routing in Wireless Sensor
Networks,” Mobile Computing and Communications Review,
Vol.1, No.2, 2001.

[7]1 B. Yahya and J. Ben-Othman, “REER:Robust and Energy
Efficient Multipath Routing Protocol for Wireless Sensor
Networks,” in Proc. IEEE Globecom, Nov., 2009.

[8] S. Kumar, S. Khimsara, K. Kambhatla, K. Girvanesh, J.
Matyjas, and M. Medley, “Robust On-Demand Multipath
Routing with Dynamic Path Upgrade for Delay-Sensitive
Data over Ad Hoc Networks,” Journal of Computer
Networks and Communications, Vol.2013 Article ID 791097,
13 pages, 2013.

[9] B. Liu, M. Chen, and M. Tsai, “Message-Efficient Location
Prediction for Mobile Objects in Wireless Sensor Networks
Using a Maximum Likelihood Technique,” IEEE Transactions
on Computers, Vol.60. No.6, pp.865-878, Jun., 2011.

[10] M. Bhuiyan, G. Wang, and A. Vasilakos, “Local Area
Prediction-Based Mobile Target Tracking in Wireless
Sensor Networks,” IEEE Transaction on Computers, Vol.
64, No.7, pp.1968-1982, Jul., 2015.

[11] Jinhyuk Yim, Hoewon Kim, and Euisin Lee, “A Multipath
Routing Protocol for Enhancing Reliability and Real-time in
Wireless Sensor Networks,” in Proc KICS Summer

Conference, Aug., 2015.

[12] E. Lee, F. Yu, S. Park, S. Kim, Y. Noh, and E. Lee, “Design
and analysis of novel quorum-based sink location service
scheme in wireless sensor networks,” Wireless Networks,
Vol.20, Iss.03, pp.439-509, Apr., 2014.

[13] T. Wang, Y. Cao, Y. Zhou, and P. Li, “A Survey on
Geographic Routing Protocols in Delay/Disruption Tolerant
Networks,” International Journal of Distributed Sensor
Networks, Vol.12, No.2, Article ID 3174670, Feb., 2016.

[14] E. Lee, S. Park, F. Yu, and S. Kim, “Data gathering
mechanism with local sink in geographic routing for wireless
sensor networks,” IEEE Trans. Consumer Electronics, Vol.
56, No.3, pp.1433-1441, Sep., 2010.

[15] D. Chen, J. Deng, and P. Varshney, “Selection of a forwarding
area for contention-based geographic forwarding in wireless
multi-hop networks,” IEEE Transactions on Vehicular
Technology, Vol.56, No.5, pp.3111-3122, 2007.

[16] W. R. Heinzelman, A. P. Chandrakasan, and H. Balakrishnan,
“An Application-Specific Protocol Architecture for Wireless
Microsensor Networks,” IEEE Trans. Wireless Commun.,
Vol.1, No.4, pp.660-670, Oct., 2002.

[17] Network simulator 3 [Internet], http://www.nsnam.org.

[18] J. Hill and D. Culler, “Mica: a wireless platform for deeply
embedded networks,” IEEE Micro, Vol.22, Iss.6, pp.12-24,
Nov./Dec., 2002.

4 3 ¥
e-mail : hwk@chungbuk..ac.kr
20159 FHojehin 4w E A FHH (5]
053~ A FHoskn AoHEL 3
ESPARBE]
A4k - Wireless Sensor Networks,
Vehicular Ad-hoc Networks,
Routing, Multipath

ol < 4l
e-mail : eslee@chungbuk.ac.kr
2006 Soietal A FE 2 etk (EHA
20079 Feroietal 7 e E et (A A
2012 Soigtal A FE E etk
20149~ Al FEUSL FREATIH-
Zu4
] F-ofF : Wireless Sensor Networks, Vehicular Ad-hoc
Networks, Information-Centric Networking, Mobile

Cloud Computing, Routing, Mobility, Multicasting



