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BETHT7NTY XLDEL = — F% Algorithm1 27~
T.onid/ — NEE, NI3REEOME, P I3fREiof
&, MR P ITEEMR, LITRERRRRGOESETHL. K
FIETIE, &/ — FOft, B, RS DOEEZEEESE LT
Ffox7 M ERETEL, BETOY A M Ejake 4
5. UA NNOBETOIEE TRETSCHEMMEN LD D Z
El7ev. BI%L initialPopulation() CIX#IIfRD 4 L& 17
5. J— F¥n OfERE N BAKRT S, K/ — RO
TR B K-> TRIESN D, BI% Search 13, L
T LY, Xy hT—2 /— ROREMAGDEEH
39 %5. PBE% DecreaseNode Tlix, KOO EL &K
IZ Search Bd#X % 1T T A 72D OWMiE L L CHERT A7
DIZ, GIETRITM T fRERH D 7 — FEx 1 S L
TH LWHIIEA A AT 282179,/ — REOHNK
EnHOFNG T 7 M1 O@R L CHIBRE NS, RIS
Search X, *> NV —7 /= RKOENRE 2 b & XL,
TNHOREEL CA IS\ TIETRRET S, BREHE
ITLCHIRER TN RO TG A IIEREKT L
TRROERZIKL, kBN HAREORICHER RS0 5
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Algorithm2 (2, ZOHTIN—F D7 NI Y X LERT.
PUFIZ, B8% Search() N CMEEI 5 KBS A T 5.
Mutate() : #L< 7 ¥ NMIELEEEEZ 5 LcBET
Z1OERL, BOEPORISTND 157 & LTED
RS D, AH & A OFINE Z ik L, A3Hath DFF
E2S WG A TG R 2 T 5. 2 OREITS R ak
W25t LT 3% DR T s.
LocalSearch() : f#fEmEHE P OW, FEAMGEO @ AL
5 DOREMKITH L, WFTRRZIT ). ETOBBETITH
LCEDLNIHFFHNTT v & MIEEE BB X, -0
EAEH S NIUE EEEZE1TH.
Crossover() : ZXFiEE LT, —EREXEHWD. @
D—EER X CHE—EDOHRTEIE T 2T DN E I g
P> D73, ARFETIHNR Z @l T 2 7202 a8 S 0
TV — RERELED. &DIBREFHED S VEIZT D7
WIZ, BOMIEIZH D /) — RBZH|INLT <D LI
T 5. BXEATHWRITELET, 2FEY /— FBHEETh
N=LTWDIELEIZL > THRESND. HD/— Fap
NEAETEI LN TEXERLDOEE apeover, B/ILDR
Bam ETDE, apeover/m DOREFR TIHT D BUMILEIC
BEWTHD /) — FIRXENLMENREL 2D, BREFE
T n Ak L TBRBERIICIRR 21T R > T 72, 20
FEERMD Z LICL > T BHoREVWYIHIERS CORE
R OEHMEDA W TE D, RXMERERD D 12D DEIET
X, BX%1TH 2 50%AMKD 5L, FHEEO WG
ZRTLbDETDH. Fiz, AFETIILEAKDOY X M
IR TR FAEN TR 6RV. 2D, BXEITH
ATZ 2 SDOREMEKICF CEREOBIS T3 8 N2 HE13F
ANZ Y A FNOIEERFE CICR D L9y —FLTEE,
BT TN THAER IR EED U A MIT T
A=—=7ZRB X HITTD.
Evaluate() : k-cover Z i /=9 & /v DEIEG % Yt lR O AT
BEd 5. Xy hU—7 ) — ROMEIZHE, FEADD
N=ZINTWDEINEHEL, k-cover STV DHE/ILDE|
GERDD.
Converged() : fEOFHfifE7Y 10 HAR D EH S /in-
A, BRMPIRLIZEHEL, BREKRTT 5.
Select() : XU &V B ST Y BAR DR Z I8 5 3 iRIK
BITH. TUX NIREM 2 D& BINL, FHEfEOmWF
BET M—F A MBRIICEVBOBEAITS. RXE
FAT - 7256, MEMOMEKIE N + 22 #i2R2->Tn5.
Z OBETIIMER OB N I 5 ETiThhs.

6.

MRRTFEOMREZ M 572012, HHROXF~v—7
FEERT, HEFERAIT o7, S OICERERZ HNT
RETFIEOFIEE M OT-.
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Algorithm 1 Pseudocode for the Proposed Algorithm

Algorithm 2 Pseudocode for Search function

1:
: Input :

Parameter : N = Number of elements

n = Number of nodes in a solution candidate
L = Set of deployable location

AR

P = Initial Population(n, N, L) //Generate set of initial so-
lution candidates

6: //Search better solution candidates until convergence

7: while true do

8: P’ = Search(P) //Generate population for the next gen-
eration

9:  //if Search() returns @), convergence is detected

10:  if P’ =0 then

11: break

12:  end if

13: P =DecreaseNode(P’) //generate a new candidate set by
randomly removing a node from each solution candidate
in P’

14: end while

15: return the best solution in P

6.1 ZEERIRLE

o L LT,
FALE.

H5.
ICOHLEBAREL T 5. B 1 HORE S IXERZTOHER

75 B KGR 2/ 9281 1F-TF %
#E, M, ESIEFNAEN 110m, 80m, 28m T
BRI AT O JHTEEHN L L, / — RiZEwst
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1:

2
3:
4
5

Input :

: P = Population

M = Set of all cells need to be covered in the building

: while Number of generations < 50 do

Mutate(P) //Solution candidates are random changed to
prevent convergence to local optima

6:  LocalSearch(P, 5) //Local search is performed to speed-
up convergence

7:  Crossover(P)

8:  Evaluate(P, M)

9: //If no new candidate with higher score appears for 10
generations, finish the search

10:  if Converged(P, 10) then

11: return 0

12:  end if

13:  Select(P) //Tournament selection is performed to the set
of solution candidates

14: if the best pattern in P > s then

15: return P

16: end if

17: end while

18: return @ //no solution

£ 0.96m &L, EEREORME T 13 Cisco tEAAFE LT
V% Radio Sensitivity[19] & ¥ By kL — I 6Mbps Z

201203 72-86dBm & L7z, ¥ Ial—i g &%
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£ 4 VIal—va rOETHRE [min)
s=8 s=90 s=95
k=1 3.23 3.74 3.76
k=2 4.33 4.91 5.61
k=3 6.81 7.56 8.93

1T3+5arva—%L LT, Intel Core i7 920(2.66GHz),
Windows 7 Professional x64, Java SE 1.6 Zf#f L7-.

BAIOFHIER E LT, BX b —RERm-d7
DICHEL 2% ) — M oOkBEEZY I 2 b= a Y2 fv
TITo7. WRICV I 2L —a OESNEZHERTA-ZO
2, Y2 lb—ra rTCELNERESITICR Yy hU—2
J— REFEBICEEL, &%y hT—7 ) — b0 EK
REAZND I ETEBEYI 2L —Ya VOEERGEL
7o, &I, AR CIRE LERBE TR T L2 v
T Range base O EHEE R ZITV, MEHEEDOREE %
HE L.

6.2 LLEEFR

BETRELBET) FEE = HBE L. 7 nt
SAERFTRRIZEB 2 FATHFRII VPN B IRETE T -
TFRtREEMEFE L THD. BERERWERE =1,2,3,
FoR SN EE LV OEIS s = 85%, 90%, 95% DOHEITE
WTENZENRS0ITOY I 2L — 3 VEREITHT-.
6.2.1 < T%

ZOTFEIF[H[6] THRESNTWEFETHD. X<
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FHEZEET, FREICEEZITO Lo T5. ERah
5ENALOEE s = 85,90,95% 2%t L THLE 21T 5 k&I
ZhZh 30, 25, 20m &9 5.

6.2.2 S UHLEE
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6.2.3 RERAIEER
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6.3.3 ENMEHTE

3-cover iz L ARy NU—2 /) — ROREZT
W, (MEHEEOREZRIE L. EBRFEEZR 7(c) v

THATS. FTHRVICENOD DHBFTTD 3 >OF% v b+
U—7 )= FinbOERBEDOHEEZITH. ZOHEDL 4
BETIToBE L ITAINAT-TWD. 2o & &, BIERIC
BIFD3203%y NU—2 J— K apy,aps, aps 06 DIE5
SREILZENZE I —62,—75, —70[dBm] THho7= &3 5. fi
WT I b OEZ AW T EHREE 21T 5. (LEHEE Tl
ABTCET V7 LIEBEEER TRy hY—2 /) —FK
MODOHEEEZRD D Z LIC Lo Th@EZED D, HIEN &
PLEHEEIZ & 0 kD7~ Estimation point DREZEE KD 5 =
& ONLEHEE OREIE 23l L 7=

70 & AT O PN E ST % T D FRZED FH) I 3.86[m] & 72 o
2. ARIOFRTE, ERENEDIHRIZWVENEHBIT
XOBEOBRELR-STEY, #HRHITET N 7T —U%
T2 ETE DR BETHLEERD.

7. $ER

AFECI, BERHIZIIT B IR~ b U — 7 BRER &l
WHEET DV AT L& BFRL, v hU—2 /) — RORLE
BRARET LT AT ZLZRE L. BHERy T —
7 ) — ROBEATRERPH 2R b B 72012, Bl ICBIREE
FHETNVOEEEITT-. T X LELE, RPTHER, /<
VPHED 3 oD Fv— 7 Tk OB EITo 12
B, BRB0% D/ — REEHRTEDZ L 2R L.

FEHEBROFER, ZEWEITRL T2 ARomE RN E
W ICEL 52 DA ERDD EEBEXOND. 5HKD
ﬁ%‘éi@_}: LT, ZE#EEROAMORE ZHMEET VO/RT

ZIZMYD ANDZ & T, BEOHELRADLTET
3%;5.
E jf23

AMFFED RO — T EE GBI OBk

SE M

[1] Tia Gao, Tammara Massey, Leo Selavo, David Craw-
ford, Bor-rong Chen, Konrad Lorincz, Victor Shnay-
der, Logan Hauenstein, Foad Dabiri, James Jeng, Ar-
jun Chanmugam, David White, Majid Sarrafzadeh, and
Matt Welsh, “The Advanced Health and Disaster Aid
Network: A Light-Weight Wireless Medical System for
Triage”, IEEE TRANSACTIONS ON BIOMEDICAL
CIRCUITS AND SYSTEMS, vol.1, NO.3, ,pp.203-216,
Sep. 2007.

[2] Tia Gao, Dan Greenspan, Matt Welsh, Radford R. Juang
and Alex Alm, “Vital Signs Monitoring and Patient
Tracking Over a Wireless Network”, the 27th Annual
International Conference of the IEEE EMBS, pp.102-
105, Jan. 2006.

[3] M Younis, K Akkaya, “Strategies and techniques for
node placement in wireless sensor networks: A survey”,
The Journal of Ad-Hoc Networks, vol. 6, pp.621-655,
June. 2008.

(© 2013 Information Processing Society of Japan

[4]

[5]

(8]

[9]

[10]

[11]

[12]

[13]

Vol.2013-DPS-157 No.2
2013/10/17

Pradnya Gajbhiye and Anjali Mahajan, “A Survey of
Architecture and Node deployment in Wireless Sensor
Network”, Applications of Digital Information and Web
Technologies, pp.426-430, Aug. 2008.

M. Souryal, J. Geissbuehler, L. Miller and N. Moayeri,
“Real-Time Deployment of Multihop Relays for Range
Extension”, the 5th International Conference on Mo-
bile Systems, Application and Services, pp.85-98, 2007.
M. Tamer Refaei, Nader Moayeri and Michael R.
Souryal, “Interference Avoidance in Rapidly Deployed
Wireless Ad hoc Incident Area Networks”, INFOCOM
Workshops, IEEE, pp.1-6, April. 2008.

Sameera Poduri, Sundeeo Pattem, Bhaskar Krishna-
machari and Gaurav S. Sukhatme, “Sensor Network
Configuration and the Curse of Dimensionality”, In the
third IEEE Workshop on Embedded Networked Sensors,
Cambridge, MA, USA, May. 2006.

Electronic Communication Committee (ECC) within the
European Conference of Postal and Telecommunications
Administration (CEPT), “The analysis of the coexis-
tence of FWA cells in the 3.4 - 3.8 GHz band”, tech.
rep., ECC Report 33, May. 2003.

Vinko Erceg, K. V. S. Hari, M.S. Smith, and Daniel
S. Baum, “Channel models for fixed wireless applica-
tions”, tech. rep., IEEE 802.16 Broadband Wireless Ac-
cess Working Group, Jan, 2001.

J. E. Berg, “4.6 building penetration,” in “Digital Mobile
Radio Toward Future Generation Systems”, COST Tele-
com Secretariat, Commission of the European Commu-
nities, Brussels, Belgium, pp.167-174, COST 231 Final
Rep., sec. 4.6, 1999.

S. S Dhillon, K.Chakrabarty and S.S Iyengar, “Sen-
sor placement for grid coverage under imprecise detec-
tion”, International Conference on Information Fusion,
pp-1581-1587, vol.2, July. 2002.

You-Chiun Wang, Chun-Chi Hu and Yu-Chee Tseng,
“Efficient Deployment Algorithms for Ensuring Coverage
and Connectivity of Wireless Sensor Networks”, Wireless
Internet, pp.114-121, July. 2005.

Yoshitaka Shibata, Yosuke Sato, Naoki Ogasawara and
Go Chiba, “Ballooned Wireless Mesh Network for Emer-
gency Information System”, Advanced Information Net-
working and Applications Workshops, pp.1118-1122,
March. 2008.

F B P E FHHI, OKH BLAR, Bk KA, CRBIRE
FHIRFIC :Fo Télﬁﬁfﬁ%ﬁfﬂ HMT 2~ AT Ry 7 HER
F v U —7 OBEY, B EHREBETS B 50 IEICE
Technical Report NS2008 214(2009-03).

WA & —, “RHIBEEREOBEMREZ BT 27 Ry
& v 77, BTN EOEAE 55 89(9), 796-800,
2006-09-01.

Hideaki Okamoto, Koshiro Kitao and Shinichi Ichit-
sudo, “Outdoor-to-Indoor Propagation Loss Prediction
in 800-MHz to 8-GHz Band for an Urban Area”, IEEE
TRANSACTION ON VEHICULAR TECHNOLOGY,
vol.58, No.3, pp.1059-1067, Mar. 2009.

K. Kitao and S. Ichitsubo, “Path loss prediction formula
for microcell in 400MHz to 8 GHz band”, Electronics Let-
ters, vol. 40, no. 11, pp.685-687, May. 2004.

inSSIDer
inssider/
Cisco Aironet 1130G series product specification
http://www.cisco.com/en/US/prod/collateral/
wireless/ps5678/ps6087/product_data_
sheet0900aecd801b9058 . html

http://www.metageek.net/products/



