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Routing Graph Construction Scheme to Prevent Path Failure
Due to Mobile Devices in Industrial Wireless Sensor Networks
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ABSTRACT

Industrial Internet of Things have been exploited to improve productivity and reduce the cost in various
industrial fields such as manufacturing, logistics and control. To achieve the objective of the applications, sensing
data from the device and environment should be collected in a valid time. An industrial network for collecting

data has been started from a wired network to a wireless network, especially, Industrial Wireless Sensor
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Networks(IWSNs) could reduce the cost of wiring. In addition, it prevents an interference and collision by

constructing network graph and allocating resource. However, IWSNs only focus mitigating the problem of the

wiring, it does not consider the mobile device. Thus, the mobile device causes the network changes and a path

failure. This phenomenon leads to loss of the data,

it brings about a critical problem in the industrial

environment where requires high-reliability and low-delay. To solve this problem, we propose the graph

construction scheme to prevent the path failure caused by the mobile device by attaching the mobile device to

the skeleton graph consists of the static devices. The simulation results show that the proposed scheme

significantly reduces the damage of the path failure by the mobile device rather than the existing studies.
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Algorithm 1 Broadcast Graph Construction
: G(V.E) is the original graph.
: Initially Vg = gU Vap and Ep contains all links from g to Vap

1

2

3:

4 : while Vg # V do

5: if VB = Viia1ic then
6 Ve =V — Vitatie

7 else

3 Va = Vitatic

9 end if

0: while Vg # V; do

1 Find 8’ C Vo — VB : Vv € 8, v has at least two edges from Vp
and no mobility.

12: if 57 # @ then

13 : for Yv € §' do

14 : Sort its edges e,, ,, from Vg according to .

15: Choose the first two edges ey, o and eug,u

16 : Ry = M +1

17 : end for

18 : Choose the node » with min A,

19 : Add v to Vg and add ey, v and eyy,» to Eg

20: else

21 Find 8 C Vi — Vg : Yv € 8", v has one edge ey, from Vg
and no mobility.

22 : if 57 # @ then

23: for Yv € S do

24 : Ry =hu +1

25: Calculate 1y, the # of its outgoing edges to V — Vp

26 end for

27 : Choose the node v with maximum e, braek tie using Ry

28 : Add v to Vg and add e, ,» to Ep

29: end if

30: end if

31: end while

32 : end while

33 : return Gg(VE, EB)
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Algorithm 2 Uplink Graph Construction

: G(VE} is the original graph

: GR(V, ER) is the reversed graph.

: Construct GR(V, ER)

: Construct G'g (Vg, Eg) from GR(V, ER) by applying Algorithm 1

{if Vg = V then
Gu{Vy, Ey) = GpR(Vph, Eg®)
: end if

— 0o =] &t B R

0 :returm Gy (Vy, Ey)
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Algorithm 3 Downlink Graph Construction

1 : Let S be the set of nodes with downlink graphs constructed
2 : Initially § = gUVy p and Gy = ({g},9)

3 : Initially for each AP i in S, set G; = ({gU i}, {eq.:})

4
5 while £V do

6: ifS—V,.then

7 Ve =V — Vitatie
8 else

9: Vi = Vatatic

10: endif

11: while S # V: do

12: Find 8 CV — §:Vo € v has at least two edges from 5
13: if 57 £ @ then

14 : for Vv € 5" do

15: for all edge pair (eu,,v,€us,v) form S do

16: if C1 A C2AC3 then

17 : 8y = Sru{v}

18: end if

19: Pu1,uz = (Bu1, Hus) /2

20: end for

21: Choose the edge pair (ew; v, Cug,v) With min Rur,uz
22: hy =hu1u2+1

23: end for

24: if S, # P then

25: Add node v in S, with min &, to §

26: else

27 Add node v in S with min ki, to §

28 : end if

29: ConstructDG(G, Gr1, Guz,v)

30: else

31: Find §” C V — 8 : Vv € 8", v has one edgese,, , from S
32: if 5" # @ then

33;: for Yv € 5" do

M Ay =hu+1

35: Calculate 7., the # of v's outgoing edges to V' — 5
36 : end for

37 Add v to S with maximum n.,, break tie using A,
38: ConstructDG(G, G 1, null, v)

39: end if

40 : end if

41: end while

42 : end while

43 : return SUCCESS

A<

ES

Network Manager+ 2 74 A=x]Eol o3t 33k

AmE 953 5 ekt 34 A o

HLE [T FH(I= Vs 0P 539 248 0

ZAA) Eehnz, wEEen As1gk) ol

S Vsmmgl 27‘:]-; t"l'ﬁg]—__i 76“011 EE]—E]— %]j%]: L

EH—L Auk]% _—?‘E‘ i} (V V- otatz() = /Kd?( S]‘
d Abx|o gt sFsF ez AT} wb

g2loll o S e A S+

a1, SHA 3%
TR R ©)15%
c}.

27 s ] krelEEe Bl AU AR, 5
g R T J|AE J|2o] AA] A HolFr)
R4 A 18 o At Apdaka, vheiA] %
=] 2 Access Point, Gateway+ 24 A==} 714
she, A2 Wk g A=) o] A4S vehdi,
HoM ulspdo o]E xlj]g] o148 1/]_5}‘,141;],_ Qkx]

Point Al 7 22°] W37} HhAgs}A] °‘LF¥ ol&

3, 712 olF A9 o5 QI3 A= ﬂhfe—
oifslar, dlole] ¥ W ref VIES = A A3}
5o +AE g

w’: é:w Gateway @ Access Point

@ Device with specific ID i

VA

(c) Broadcast graph (d) Downlink graph to Dev 3 and Dev 4

J2 5. AR oS WAk A% a9z A4 €A
Fig. b. The example of graph construction to prevent
path failure

www.dbpia.co.kr



T/ AEE A A UEYIAA olF AAR A7 AR S wA|E] 913 ehew ze = A4 wd

2 AollM= 7152] WirelessHART 5ol we}
051 71 vt el =, 231e] el wel A
5 2z 2 Ak wialo] A-gslo] A ool
A% G Ak WA L )
Zgell Hal Adrdstar, 2dellA= AA]e] o] g
3} Hgd AE 3k A 9o 243, 34
A= olE A2 gl e v‘ﬂﬁ‘ AE AdgEoll

g s W7h Axs woleeh el 4 2 5
= ol A SRleA 7 ZREEe AL AeE E

A

41 Ms 5t 84 4 24

$2le 712 ATEY Ak TR EZS YES
= A EHlE NS-2 [24]5 53 skt 500m x
500me] Bxel 100742] A& Azl 722 wiA|s}
aem, o] F 1ele] 5700 A7} gAlQlek ol A
& 1.5mfs®] 4EZ £-%]o|n, Random Way Point
whel wet el gA)elek (2 vlE=E wlolt
A= k=) 7 AA|e] AHE W) 50melr RE
A& 4% FFALZ Gateway S 33l dHlo|E]E A%
s, V[ EQ = WislE Qlgk A A58 A3 A=E
gtetabr] flsl Al AS 2ke) AF S 100%
2 7R} 2 A BEo)Ad-e 640027 2w A
FT== AlEelAd Ad= 4 AlEHeldS 103] #
3Jste] Htgkoloh Ak Wikl A5 FrkE 73
317] 918k a5 Sol5E Aeleh vt Ak

AA Y = vEN A WellA] SAlll g2lo]= &
o] =2 Ao ok

olF S UESNZ el AA7}F drkht w2
A olgdh=AE ek

AF ATES A= E AR dlole]e] S
thujste] Alo]Ege|71A] =gt vlolele] 2 A9
ok

LA An]EFS A Zﬂ AlEHeA A7 Fk A
7} &nIRE Ad, A E 7ol &n)RE oA FEF

Rus LO’

ol e HojFErt

A

42 olz Fx[2| ol x| WE EX S o

T 62 1% A o B oju] A4 A
i A6 gl A e 2t skl
%7} Z71pel Wk A% TR
o] ‘}%}—3}% ?%‘EH—E— B3 gk 53 71Eel

100

90

80+

70

60+

50 4

—a— WirelessHART
10 o S. Han [23]
—4— Proposed scheme

0 T T T T T
1.0 15 20 25 3.0

Movement Speed (m/s)

Average Transmission Success Ratio (%)

T8 6. o]% &% ] ¢ AE 4TE
Fig. 6. Average transmission success Ratio versus
movement speed

WirelessHART 2 [23]19] 7%, |5 Ax|2] o]0]
v ES) =] W3l 4 AR S op|sh] el
At AF AFE Asks melck s AlQE Wkl
o] 79, wA AHE AR W 28z o)E A
2)9] o]F o2 Q13 Y EY T W3l Y W‘Ol Ay s}
2 ¢7] witell, 7]Ee] WhEe] vls) =2 2E A
FES veRdi

4.3 ol Zx|e
a8 78 o)% Zoil ﬂ%ﬂ] ﬁz‘ﬂ A=e] B4 A

A— &
R — B Y
o .
% 90+ - o
@ o
[72]
%]
Q
8
S 80
2]
c
(s}
@
@
£ 704
(2]
[
(] 4
5 —=— WirelessHART
® 10J | —® S Han[23]
9 —4— Proposed scheme
<
0 T T T T T
3 4 5 6 7

The Number of Mobile Device

a2 7. AA 5 o] AS ASE
Fig. 7. Average transmission success Ratio versus
movement speed

535

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’19-03 Vol.44 No.03

ok wiete] ¢, olF A= 194 o]%o] UES]Z2] W}
= AR B, D] ol || Amnt
o] wd¥ich welA] 7]%«9] HOLH;E o B3] Zo % zg

44 ols Fxl9| olF ’“'=01| me ME M3E

17 82 o]F A9 olF&E tin] o]F A
A% AJ5-gol wigt *é%ﬁ7P~ 33 A =
olck ol A9 o]F &yl Ftel ulet ®
ng el A5 Ag-gel ke JeiE #a ik
3] 7]% WirelessHART 2 [23]9] 7%, o5 A
o]F0 2 QI3 vlEY = T ALk 21 A7lo
FQsp] el wh2A olgdhs A A9 A
A5 F43 Ael= Healch alx]uk A9l wkake]
A5, 14 A= 9} oF AXE ek 1= S
53l olF A olsel el whEA Hx7} 753k
2 ohE UskE vle) =& AE AYES mAe
c}.

Az‘

lo _11m rln

—

ol-)

100

90
9
o 804
T
4
@ 704
@
Q
S
@ 60
c
°
8 80
5
< —a— WirelessHART
= 10+ | —e—S.Han[23]

—A— Proposed scheme
0 T T T

T T
1.0 15 2.0 2.5 3.0
Movement Speed (m/s)

J2 8. o]% &% ] A: ATE
Fig. 8. Transmission success Ratio versus movement
speed

4.5 1t ofl4x| 2H|2

18] 9+= ZF WiellA] AA| AA]7E 2n13E o
YA 212 HolEr) WirelessHARTS} [23]19] 4
, olE A} olEshe A, ole R Qg vE
=z W} A Aol e vl wb, Al
ok wieke] 74 o] A9 o] A Aol A%
S vHA] ederk whebA] AR Hikle] U ES = 19
Z AARRS $13F A 4R 2 AARE As e
Aefu| 2] #] 2] 7} i whel] vlsl U-53] XJT’f‘r 3}
2wk ASH7) Anps $ARE ouR] AH]EES Rol

536

80000

70000

60000

50000

40000

30000

20000

10000

Average Energy Consumption (mW)

WirelessHART S. Han [23]

Proposed scheme

J3 9. e eolvA 2
Fig. 9. Average energy consumption

), o] WirelessHART % [23]9] 7,

o
0,
i)
z
3
fz
vy
)
(3
2
e
0
>,
g
\
[
tlo
K
M
S

2 =ellAdes AksdE A AKX HES=eNA o]
A2 Qg AR v=g wR|slr] $F a}_ra =
sl Algksisict Ak Wkl 3=

cloleloli 51 Rel MAAE 53 8 B9
0|5 Ax|2] Fiolrt. o]F 3, Network Manager
= A AR el el e sk o)
& S ) el el Aoz, o)F A2
o150] ob|sh A% oH=g vlalel WAake A1E
dlold At At WhetellA] 3 A= =Rt 4% w
o laﬂrz.% o]£ Z}=x]2] o]Xo] o3k uix| ggo}’
712e] 2 Y el A Alell wlsl vlES= A
AHe) dole] I e A TRl IS 1a)
th o] 5 Fal Ak wkle] Allg 74l AlA vl
Sz olBo Qg AR 3 WS, e
Az 5 PRS2 5 ek

TR R 9 i ] ol sl ¢

2 9le o] oaz-sﬂ, TR 34 AL AT 5 o)
3, o) Aol ol A A97L AT 5 9
o, olelat A9, Al el A e 23]
Baps) g 7Pse] ik AFE FAE Al E
A A MEZ7} TR Al ol 94

o2 ARE7] 93l Hh=A] A E ook ah, o] ¢

www.dbpia.co.kr



=i AR

Lt

A Al HEHIAA o]F AAR AT

e O E O L D e D ER R

=

(1]

[2]

[3]

[4]

[5]

[6]

[71

8]

o

T2} Aaofo} dhel,

References

X Luo, et al, “A large-scale web QoS
prediction scheme for the Industrial Internet of
Things based on a kernel machine learning
algorithm,” Computer Network, vol. 101, no.
4, pp. 81-89, Jun. 2016.

Copyright Accenture, “Driving Unconventional
Growth through the Industrial Internet of
Things,” Available: https://www.accenture.com
/ph-en/_ac nmedia/Accenture/next-gen/reassem
bling-industry/pdf/Accenture-Driving-Unconve
ntional-Growth-through-IIoT.pdf, Accessed on
2015.

Copyright Deutsche Bank Research, “Industry
4.0: Huge potential for value creation waiting
to be tapped,” Available: https://www.i40.de/w
p/wp-content/uploads/2015/04/Industry-4.0-Hu
ge-potential-for-value-creation-waiting-to-be-ta
pped.pdf, Accessed on 2014

G. P. Sullivan, R. Pugh, A. P. Melendez, and
W. D. Hunt, “Operations & maintenance best
practices: A guide to achieving operational
efficiency, Release 3.0,” Pacific Northwest
National Laboratory, U.S. Department of
Energy, Aug. 2010.
H. Hashemian, “Wireless sensors for
predictive maintenance of rotating equipment
in research reactors,” Annals of Nuclear
Energy, vol. 38, pp. 665-680, 2011.

K. S. Low, W. N. N. Win, and M. J. Er,
“Wireless industrial
Conf.

and

networks for
environments,” IEEE Int.
Comput. Intell. for Modeling,
Automation and Int. Conf. Intell. Agents, Web
Technol. and Internet Commerce (CIMCA-
IAWTIC’06), vol. 2 pp. 271-276, Nov. 2005.
H. Hashemian,

sensor
in Proc.

Contr.

“Aging management of
instrumentation & control sensors in nuclear
power plants,” Nuclear Eng. and Design, vol.
240, no. 11, pp. 3781-3790, 2010.

S. Oh and K. Jung., “Multipath routing for
data  dissemination in

reliable  real-time

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

industrial wireless sensor network,” J. KICS,
vol. 43, no. 10, pp. 1608-1618, Oct. 2018.

Hart [Online].  Available:
https://fieldcommgroup.org/hart-specifications/
“62601:

network - fieldbus specifications - wia-pa

specification.

1. Iec, Industrial communication
communication network and communication
profile,” 1EC: Geneva, Switzerland, 2008.

Zigbee alliance. [Online]. Available: http://ww
w.zigbee.org/

I. Iec, “62591:
networks-wireless communication network and
IEC:

Industrial communication

communication  profiles-wirelesshart,”
Geneva, Switzerland, 2009.

I. S. of Automation (ISA), “The international
society of automation. wireless systems for
industrial automation: process control and
related applications,” ISA Standard
ISA-100.11a-2011, 2009.

I. F. Akyildiz, W. Su, Y. Sankarasubramaniam,
and E. Cayirci, “A
networks,” IEEE Commun, Mag,, vol. 40, no.
8, pp. 102-114, Aug. 2002.

I. F. Akyildiz and I. H. Kasimoglu, “Wireless
and

survey on Ssensor

sensor actor  networks:  research
challenges,” Ad Hoc Networks, vol. 2, no. 4,
pp. 351-367, Oct. 2004.

L. Zheng, “Industrial wireless sensor networks
and standardizations: The trend of wireless
sensor networks for process autometion,” in
Proc. SICE Annual Conf. 2010, pp. 1187-
1190, Aug. 2010.

K. N. Qureshi and A. H. Abdullah,
“Adaptation of wireless sensor network in
industries and their architecture, standards and
applications,” World Applied Sci. J., vol. 30,
no. 10, pp. 1218-1223, 2014.

S. Montero, J. Gozalvez, M. Sepulcre, and G.

Prieto, “Impact of mobility on the
management and performance of wirelesshart
industrial communications,” in Proc. 17"

IEEE Int. Conf. Emerging Technol. Factory
Automation(ETFA’12), pp. 1-4, Sep. 2012.
L. Zheng, “Industrial wireless sensor networks

and standardizations: The trend of wireless

537

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’19-03 Vol.44 No.03

sensor networks for process automation,” in
Proc. SICE Annual Conf. 2010, pp. 1187-
1190, Aug. 2010.

[20] W. Sun, Z. Yang, X. Zhang, and Y. Liu,
“Energy-efficient neighbor discovery in mobile
ad hoc and wireless sensor networks: A
survey,” IEEE Commun. Surv. Tuts., vol. 16,
no. 3, pp. 1448-1459, Third 2014.

[21] S. Montero, J. Gozalvez, and M. Sepulcre,
“Neighbor discovery for industrial wireless
sensor networks with mobile nodes,”
Computer Commun., vol. 111, pp. 41-55, Oct.

2017.
[22] A. S. Ibrahim, Z. Han, and K. J. R. Liu,
“Distributed  energy-efficient  cooperative

routing in wireless networks,” IEEE Trans.
Wireless Commun., vol. 7, no. 10, pp. 3930-
3941, Oct. 2008.

[23] S. Han, X. Zhu, A. K. Mok, D. Chen, and M.
Nixon, “Reliable and real-time communication
in industrial wireless mesh networks,” in Proc.
2011 17th IEEE Real-Time and Embedded
Technol. and Appl. Symp., pp. 3-12, Apr.
2011.

[24] P. Zand, E. Mathews, P. Havinga, S.
Stojanovski, E. Sisinni, and P. Ferrari,

“Implementation of wirelesshart in the ns-2

simulator and validation of its correctness,”
Sensors, vol. 14, no. 5, pp. 8633-8668, May
2014.

Z At O (Sangdae Kim)

2013 24 g H5F
sgsst 29

2013\ 3Y~&A) : Tt
AFEEs e
~

<A Fol>  Wireless Sensor

Networks, IoT, Industrial WIireless Sensor

Network, IIoT &

538

3

B &= (Kwansoo Jung)

2005 29 : o &}

2007 29 Fdeka A5
EES ERERES

20154 29 Fdska A5
y J:Lz‘ﬂu,]_ tﬂ-/(],_-_o-l

x 20161 39~FA] : TdvEtaL

A],o]u]_u;_o]-tﬂ—_‘,]. z—r/‘\
<¥A)Hol> Wireless Sensor Network, VANETS,
IoT, Security

Z= 81 & (Hyunchong Cho)

4/ .
: <ZAlFok> Wireless Sensor

Networks, IoT, Industrial WlIireless Sensor
Network, IIoT &

20139 24 st 755
I =

20159 249 SEdig A
sl Al

20154 3U~&A) : et
AFE|Letat vk la#]

<ZA]lFok> Wireless Sensor
Networks, IoT %

2F Ej & (Tachun Yang)

2014 8% At
et =4

20143 9Y~&A : gt
Aselgete Aualgstel

<ZA]Hol> Wireless Sensor
Networks, IoT 5

www.dbpia.co.kr



T ARE A A VEZA o] F AAR AT AR IS wAE] 913 ek oz A4 el

R

o
0z

ol (Sang-Ha Kim)

19801 : A&k At

1984 : University of Houston
ERES

19893 : University of Houston
upa )

199213~ : Fdehstal A7)
AREAFEHY

<34 Hol> Internet Routing,

Wireless Sensor Networks, MANET, 4G,

Mobility, Multicast &

539

www.dbpia.co.kr



	산업용 무선 센서 네트워크에서 이동 장치로 인한 경로 파손을 방지하기 위한 라우팅 그래프 생성 방안
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 관련 연구
	Ⅲ. 제안 방안
	Ⅳ. 성능 평가
	Ⅴ. 결론 및 향후 연구
	References


