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ABSTRACT

To provide scalability, wireless sensor network has cluster-based architecture. Wireless sensor network can be implemented based on
the IEEE 802.15.4 which is exploited in 2.4GHz ISM frequency band. Since this frequency band is used for various data communication,
network status of wireless sensor networks frequently changes according to wireless environment. Thus, wireless channel selection to
avoid reduction of fransmission efficiency is required. This paper estimates network status using the information that a cluster-head
collects in a cluster. Through objective function with throughput, RSSI level and reliability as input parameters, this paper proposes proper
wireless channel selection. Simulation results show that the proposed method maintains transmission efficiency even though network
status changes.
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(Z 3) <2 ols 28 & g Y L5

(Table 3) Channel hopping decision and channel selection algorithm

Channel-Selection(throughput, rssi, reliability)
* Throughput_thrd = throughput threshold
* UPPER_TP_THRD = upper throughput threshold
* LOWER_TP_THRD = lower throughput threshold
* rssi = received signal strength indication
* RSSI_THRD = rssi threshold
* netCharj = {throughput, reliability} of channel j
* scorej = score of channel j
* channel = selected channel after perform the proposed algorithm
line 1 If (rssi > RSSL_THRD)
line 2 Then throughput_thrd := UPPER_TP_THRD
line 3 Else
line 4 throughput_thrd := LOWER _TP_THRD
line 5
line 6 If (throughput < throughput_thrd)
line 7 Then channel selection
line 8
line 9 // channel selection
line 10 If (there exist another netCharj)
line 11 Then tmp := INIT
line 12 Loop: (j)
line 13 do calculate scorej
line 14 If (scorej > tmp)
line 15 Then channel := j
line 16 tmp := scorej
line 17 End Loop
line 18 Return channel
line 19 Else
line 20 Return channel := random(channel set)
A ‘—1-r A A oles A F=F T (line B g 2B AQ A ARE 7dT 4F 571
34). 3 3> FY2H 7|90 Al M E A A o] zol 2P H it YEYT B4 YRE FH8 7,
T A% A AgS 1Y LxEEe YR, linel THY AEe dely AEA HelEd ¥
2 line77bA ) Wgo] AN BT SAETRD A (biggyback) 5o} A3 wEZ AL ol2st UESD
2 S| EEIMC2RH A o F o7& AHd= A 54 AE= QA =2V A vESS 2ER] 9
< Yehdoh AEA 2 Fe2d Jug AdgHn, 74 Ad des
Ad o5 AE7F AHHE (line 6-7), 2 = A A Al FEHETh S AE Jus HEAAD
E O aE U2 AEEY 54 AE (etChan s 54 BEE Tl AR A oA M w2 A5E
ez oEa] d% B4 AL ANT £ A% A4 A AL olFel) A% AL Agel, o] &
(ine 10-18). 4 A2 e VEND 54 guE 2 2e2E o) WH =SS AY oS St
A2 =7 A e SA HEe A4 RERS oF Fe2E vt Fal LSl e EAD FA

12 2015. 4



SH2AH 7|8 A HERIoAML] HESR

3 SYYEE 1e 7M A

HJ_'I
rx

= 7|

ARE HEx ZYohd, dA) Adg A3 7HE A
g FollA A= olF3ly] e FA AdS A
Ht} (line 19-20).

Ad AFS 93 A A ESYT EA FRE
71HES 2 o] RojXm, YEL T EA HH = A g
AR TR A dde A2 sl AED
WS F3) Aatd AYF dde Ha grol, A
Y2 F=rt I F7) Feh w9 iEiTH 3
g dlolg oz yepdth A i) A F
Se s A 22 4413} (normalization) 3t F 7+
A ()5 FEste] AFE A 4 (1)F 4 = &)
T A A A (f,)H A=A (f,)e A7 At
=5 U, A 32 A (D3 4 @9F T3 AtEE
M (score)E WERATE

_ (ftp fmm) (1)
tp (f?;)ax _f?[l)m)
g S AETIWe 3

fie A i) FAE el
S S EEL LR

@2 Slvlse, fun st fr
&, AOgE Sed

(fi.—fmm)

B — T 2
(e — i) @

frff =
1= A oA FYAE §TF YA W R
Bl £33 dlolEle] £F ojnjab, fming} fmax =g

28 SIEA ARA0R FRE 5 A dele e 4

& Ahgks Jmsh
score = atpftp + arefre (3)
score & A AtshE A g A=A e e

2 sto] Ake A el HF AeE orletn, ol
AEE a9t o, S A AR AR e Tt

A MEND 54 AuE A4 EA (92 4
& 5 A A4 ol 22 e 4 32

W29 A4S ANSIE, 1Y 22 B5E 7

(r oftt op
of
N
A
Ny

4.1 4 =&

ERE R LCECEE ERRE R DERES
270 £ Good A JEN% A E AT 2L ol
HolE A% B0l B4 29 Bad AL AU ek

T o rt2 332 A|Ql (Markov chain)& T3 ZET
g Aok B4 Ad9 AE 7 Goodoll A BadZ W73
S5 p 39, A2 FHE GoodolA IHE /4]
HE S5 1—p/t Dok sV E B4 2de) A
7} Badol 4] Good2.Z H7AE &S ¢2}3 511, Bad A
oA IhZ §AHE 352 1—¢71 Ft) o] & =
T2 24 Markov model)Z YERH 13 33} 7t}
a9 39 mE23x Bd2 ol o uist PF

(transition probability matrix)Z 2] 4)9} o] FH3 4= 9ok

p
1-p Bad . 1-q
\i—/

(ag 3) &g =&

(Figure 3) Channel model

_[1-p p )
P —( 4
a 1—¢g @

g 7o) 25 u= P[X Good}i el 4 93 A
g 7o) A &S WE P[X= Bad] 2 YePd & 3

on n2ax vd2Re A 2 A SHE (limiting and
Stationary Probabilities) [16] A-&3te] ztzhe] afid el

22 onsit} o gt &2 5T & th 2 5)2 2 (6)2 3
2 2H 3= dHolE A4S Aek 2a Al EL Xéﬂlf%%é skl Fald zt A el i &

& A5 ANS Slel AT xCRRE Hg] ARE E= Uehdith

o] 83 4 Qltk. Az "AIAE F3l FH2H slte

2 FH2HAAM SAHE YEYA B4 AHE FA% PIX = Good] = _q G)

SAE A ARE A0 YESD B4 Arolm, ptyq

31T QlEY Hwstsl (16223) 3



SH2AH 7|8 A HERIoAML] HESR

3 SyF=E 3

ro

R ERLC

P[X= Bad] = —2— ©)
ptq

I8, A AeEe e 5
¥ FELP)S g 2ol 71]"&?4 T Slth

P = (1—per)P[X= Good] ™

ofl 8 & (packet error rate)S 2"

A (DA per< 7
EFE MO E 195 FEZ 3

3l IEEE 802.15.4

4.2 MEzi 28

IEEE 802.15.4 ZZJAE A3 70 RdL 423t
[4]. EFoM AFH 2 ALEste] $A J—_ﬂ' #
R Abele] Aol whet A R4 2] RSSIZ 4 (8)
3} 7ro] Alaket ¢ itk E) $41 9h9]ol A 7%3101] w}
g AAtEE AlE 72 RS AQEHE et §
257 e7E ek gubd oz AN T A s
A5 0dBmE AHE-3HH, o) o Al e YEE

A FAZ Hehd.

Z—@

A~
té
A

R r°"

N3

—(40.2+20log,,(d))

tr
RSSI(d)—{P ®
tx

- (58.5+3310gm(%))

4.3 AIEY01M &

Al%a]ol*aﬁ SMPL [17] LibraryE A}-&-3}e] 75}
om, 10000 = F FHHATE B =FdMe 7714
o2 AdE AYsA ¥ 2719 Gz AR 5
218k Wobsh S AE 7]uke] AA W ES T x| )
g Ao glo] gol] AMSEE A9 Ag A8 7H™[12,
16]49 A5 vas 53 Atsles Uete 22 288
ASsA 558 e A5S f3 Al W] A&
ol AL T o] B AAsIA FB2H
= Y2 XA 20719 W e} she] B AEH
oz pAEY, FH2E =9 Wy =T+ IEEE
802.154°] B4 71&S AMEStL, SE2E sEek A
=+ IEEE 802.11b B2l 7|&& AH&ste o2 714
sttt 7P E HIES A 330A Sel2E dHES 57
Ao A7 ko HolEE A, FeaE J=E

F7IHCR ] HAAE SAToEN FHAHE H
a@u}. A etsle et e F82E =7t AT o

O

FAY F Y= VEYA EAAE AHEF 54 AlS 7
%, Ag4)S QUERY_INTERVALESH $43l1, ©]
o2 Ade HHE A (score)ZE ARt 3

mlm

H ST 3 542 2 9)2 ol &3t F i H
o W =& Atole] Al whgh A4tk A2F
< 97 S 4y &E (P9 019 H4 1
(uniform) #3£of wjg} AA stk 3G A AF3
e F212~8 ol A9 IEEE 802.154 41 7|49 7}
% 4 A8 e VIR g Jde
CHANNEL_INTERVALFIT} HAEH, p, ¢ &
Aale] P[X= Good]|9 PlX= Bad]E ZAA 3}
*PEM FA X8 0 pe 07-099] HEANA 75
S 7, ¢& 02~049] HHAM 45 EEXE
o2 7Hg% Ad AE7E 28 9 pE 01-039) H
AX 5 TEE 7H L, ¢F 06089 M 45
TMe ALRE Jpgeitt. 2 AEs A
BAEE 2ot FHHE VEYT ARE AP
O]ZL. 3248 A A ctE Hietd] ulel xE o] =3} o] =g
Ads Ayt FH2H 3 E—t— tilolEi Bl &%
(data time slot) 5<F 2& 9 =
S AEstH, A3 xEZHE sqa HAIR & 4]
53]¢] HolEl Bl &S 7IRIth A ko] A7 W
AlA = QUERY_INTERVAL vlt} 4241 €t} 7]e} Al EE)
oS ¢3¢ FEuEE & 49 2tk

»

rOi

L
o:
&

nqm
s, Mo

HII )
fr R ope BN

N
NS
R

o

I N He o >}L il
n

< mx [
o

(% 4) AlEelo|M m2to|E
(Table 4) Simulation parameters

Parameters Values
Simulation time 10000 sec
per 0.01
Qy, 0.6
Q.. 04
3 08
Uniform(0.7, 0.9) /
P Uniform(0.1, 0.3)
Uniform(0.2, 04) /
1 Uniform(0.6, 08)
RSSIL._THRD 3
UPPER TP_THRD 3
LOWER TP_THRD 2
INIT 0
CHANNEL _INTERVAL 500 sec
QUERY_INTERVAL 100 sec
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P Level
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05 ~ 07 Uniform(2,4)
03 ~ 05 Uniform(1,3)
01 ol3t Uniform(0;1)

4.4 AEY01M Hut

Mo

4
B =a2 FY2H 710 A WES A 71
g 9 Jgg ARE &8t HH A
ddgto 2N 7t F A A4E 9 AFES =
ol RS HHOR s 7] " 5 4 E
(metrics) 0.2 A% AFE (PRR; Packet Reception Ratio)3}
QUERY_INTERVALY H+# Y 2H s|toA 34
tlo]e] 3§Z12] % (average number of received packet per
QUERY_INTERVAL) & AHE-3l910m, Ad W7 & 31X

3= 71 (mone), 7129 A'D Gl BEH W
3]

- = -None
—-—- Random
= —— Proposal
2 08
¢
\ 5
5 ) i
S 074 : \
o 2
nd:.) X i
- A RN
[5} \
é 0.6 \ .
c 1] TN
1 X p N .
o ’ N .
o Ny ~_-
o 05 N

T T
0 5000 10000
Simulation time (sec)

(38 4) ME 435
(Figure 4) PRR (Packet Reception Ratio)

8000 —~ - —None

—-—- Random
—— Proposal

6000

4000

None

2000

T T
0 5000 10000
Simulation time (sec)

U A B 714 (andom), 172 AL A T (32 5) QUERY INTERVALE BF 441 T42le| 2
71 (proposal) <] Al&ellel Al A= AT HalE s (Figure 5) Average number of received packet
s per QUERY INTERVAL
I8 45 A AFES Ui 99 9 4 a4

2 7ol A9 Aol Aol wek A4 ATES W 19 5= QUERY INTERVALE 3% 441 sizle] %
shopwel de A% Ald T Al 59, AL WA o Gepan Ade WA e e 49, A
SR o= 71 ] A= 20002 7F A v Al A HEH T 9= el A iR E Baty A& A
ASAFEC] FAH 448, 4000F o] 2= A9 AEL 82517 gBo) e HF 7 FATL Hol
B WAL SIS L s Feo 2 AL g g0 a1d gy 1gel ASE DS WA 9
B % Qe o A 490 ol AL AAE TN L g we) w0 ma A7 SOBE nel, o
Sa7) W0 41o] Yol ANE A ACE )t 20 oo Aus G A9 AUS
£ Ak WL ke WIS ASASE IR e e slge weiale 47) sl tehbe
AATATE TAS BATH, OIS AL WA o u, o 44 AdE WAA S AW
A ZEE A ad, FANSAE 9 2 21Ed @ 2314 7HdoE ol Adel Ayl Walels Ase
ol AL A glet A A= A el AR AT AASA RO 3l A gEist FA g AL
A F= A4S evid M) oo B& o7 A4 BojFAE Far),
512 olEld Hzels (16723) 15



SPAH J[HE MM HEYToMe HEYT E

MEEE D2 20 L M T

W A ekshe Wioke Ad el glo] 7 Alde) A
38 A NS 13 BHgS £ AHE
7o g 7hg 22 Ad-E AAE] wliel A wet F
WV Ee g A3 AT BHoFEr

olEA A HMAL A G 7IH L 7|E] 9o %
A Ad 2 e AdS gl lof gE B
71zl 9 HELA A8 WalEs THsix goenz
g Ade] Aol wEl A AFEel rpEdez
Wat, Yo AL TS Holx dARS /AL Qltk
a8 AFstE AYF g, FANESE 9 2 Al
A S e A Ade] A4 248 A,
ol& 7|Wte 2 g MAste At Wk HEA
g 7P 2 AdE FHAEH sTdA e

teel o71F T4 A 714E
@ TE BAZ ) BAsE 7

EfAe] A5 Aste A= Fo9 9

°
S
i
rlo
ox
T
[o
ot
=
ob g
N
do
:<I)(=r
i)
o2
%
re
-
N
o2
L

S %

=

2% o
UNEEOErN
SN
O et & o

ofr
4o 2
o
X
M
o
_?L
o
e (Ir
i

l__rﬂ.llﬂl

In

kY

_1

~

>

1

it

PUF; N

o [e3

g s

T & 2 2

W o

ﬁrﬂ\iﬁm[o@r[on

A B >0 Es 2L

>
QL
Rl
R
I
2

& AL, ASHoR B
22 ABdolAL Fo AFAATh 53 2 =y
A T4 A AR S PR OE W 2

do) 4UE BIFOEN /129 4o FA A A
s g ASHoE AR ALL AYFOEH
o $5E e Bt Had 59 tioe gl
NNE FA FA 7% TR 4RI B
A U0 e S iofo] B =Fol A A2
74 Ad A4 wetel 488 4 Ak

[1] I F. Akyildiz, W. Su, Y. Sankarasubramaniam and E.
Cayirci, “A Survery on Sensor Networks,” IEEE
Communications Magazine, Vol.40, No.8, pp.102-114,
August 2002.
http://dx.doi.org/10.1109/MCOM.2002.1024422

[2] D. culler, D. Estrin, and M. Srivastava, “Guest editors’
introduction: Overview of sensor networks,” IEEE
Computer, Vol.37, No.8, pp.41-49, August 2004.
http://dx.doi.org/10.1109/MC.2004.93

[3] H. Karl, Protocols and Architectures for Wireless Sensor
Networks, John Wiley & Sons, 2005.

[4] IEEE 802.15.4 Standard-2006, “Part 15.4: Wireless
medium access control (MAC) and physical layer (PHY)
specifications for low-rate wireless personal area
networks (LR-WPANS),” 2006.
http://dx.doi.org/10.1109/IEEESTD.2006.232110

[5] IEEE 802.11 Standard-2012, “Part 11: Wireless LAN

medium access control (MAC) and physical layer (PHY)

specifications,” 2012.

http://dx.doi.org/10.1109/IEEESTD.2012.6361248

S. Pollom, I. Tan, B. Hodge, C. Chun, and A. Bahai,

“Harmful coexistence between 802.15.4 and 802.11: A

measurement-based study,” In Proc.3rd CrownCom, pp.

1-6, May 2008.

http://dx.doi.org/10.1109/CROWNCOM.2008.4562460

[7] C. M. Liang, N. B. Priyantha, J. Liu, and A. Terzis,
“Surveying WiH interference in low power ZigBee

[6

[

networks,” In Proc. SenSys, Zurich, Switzerland, pp.
309-322. Nov. 2010.
http://dx.doi.org/10.1145/1869983.1870014

[8] L. Angrisani, M. Bertocco, D. Fortin and A. Sona,
“Experimental study of coexistence issues between IEEE
802.11b and IEEE 802.15.4 wireless networks,” IEEE
Transactions on Instrumentation and Measurement, 57(8),
1514 - 1523, 2008.
http://dx.doi.org/10.1109/TIM.2008.925346

[9] T Howitt and A. Shukla, “Coexistence empirical study and
analytical model for low-rate WPAN and IEEE 802.11b,"
In Proc. IEEE WCNC’08, pp. 900-905, March 2008.
http://dx.doi.org/10.1109/WCNC.2008.164

2015. 4



SHAH 7|8 A HIEQF0AML HIEHS

A

(L)

L
=

=]

MEH 7|H

—=

EMAEHZ 7Y

oo

ro

H 7

=}
-

[10] Y. Jeong, J. Kim and S. -J. Han, “Interference mitigation
in wireless sensor networks using dual heterogeneous
radios,” Wireless Networks, Vol.17, No.7, pp.1699-1713,
October 2011.
http://dx.doi.org/10.1007/s11276-011-0373-4

[11] R. Soua and R Minet, “A survey on multichannel
assignment protocols in wireless sensor networks,”
Wireless Days, 2011.
http://dx.doi.org/10.1109/WD.2011.6098201

[12] L. Tang, Y. Sun, O. Gurewitz and D. B. Johnson,
“EM-MAC: A dynamic multichannel energy-efficient
MAC protocol for wireless sensor networks,” in Proc.
ACM MobiHoc 2011.
http://dx.doi.org/10.1145/2107502.2107533

[13] G. Zhou, C. Huang, T. Yan, T. He and J. A. Stankovic,
“MMSN: Multi-frequency media access control for
wireless sensor networks,” in Proc. IEEE INFOCOM 2006.
http://dx.doi.org/10.1109/INFOCOM.2006.250

O A A &

4 i A (Dae-Young Kim)
20044 A3t AAET Z2UEAD

[14] Y. Wu, M. Keally, G. Zhou and W. Mao, “Traffic-aware
channel assignment in wireless sensor networks,” Lecture
Notes in Computer Science (LNCS), Vol.5682, 2009.
http://dx.doi.org/10.1007/978-3-642-03417-6_47

[15] J. Li, D. Zhang, L. Guo, S. Ji, Y. Li, “ARM: An
asynchronous receiver-initiated ~multichannel MAC
protocol with duty cycling for WSNs,” In Proc. IEEE
IPCCC 2010.
http://dx.doi.org/10.1109/PCCC.2010.5682325

[16] N. Abdeddaim, F. Theoleyre, F. Rousseau and A. Duda,
“Multi-Channel Cluster Tree for 802.15.4 Wireless Sensor
Network,” in Proc. IEEE PIMRC 2012.
http://dx.doi.org/10.1109/PIMRC.2012.6362853

[17] S. M. Ross, “Probability Models for Computer Science,”
Harcourt/Academic Press, 2001.

[18] M. H. MacDougall, “Simulating Computer Systems,
Techniques and Tool,” MIT Press, 1987.

MO

20061 733tk ek AFEH T A4

Tt

@
dih

20101d 8€~20134 4€ LIG Y24¥
20134 42 ~3A) AirPlug Inc. AYATY

E-mail : dyoung.kim81 @gmail.com

4 ¥ M (BeomSeok Kim)

20108 ~ & A
ARl B4 A4 UESZ,
E-mail : passion0822 @khu.ac.kr

R

= &
1992
1994
2000
19984
1999~2003d 423744 FAATd

M (Jinsung Cho)

20104 Zgtheta st AFEES 2
EAATAE AT

Ao . mutd VEYZ, AM YELYZ

2008\ 73 3jthsta HFE T EUEAD

2010 B3 oista oistel AFE IS SUH A
78t hate AHFE T HAA
A MEH=Z

Aetidtn AFEISR SUED

AgOeL dshel AHFEF EAEAD
Aetistn distd AFEE S E90Hh

IBM T.J. Watson Research Center Visiting Researcher

2003 ~ @A 7 thsta AHFE e a

AR} BAlY WES D, QYHTE A 2w

E-mail : chojs@khu.ackr

Yl X8| (162H235)

17



	클러스터 기반 센서 네트워크에서의 네트워크 특성 정보를 고려한 무선 채널 선택 기법
	요약
	ABSTRACT
	1. 서론
	2. 관련연구
	3. 제안하는 기법
	4. 성능분석
	5. 결론
	참고문헌(Reference)


