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BalloonNet: A Three-dimensional Wireless Network
Deploying Method Surrounding a Building
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Abstract: Ad hoc Network is expected as an efficient means of communication in case of disaster rescue,
especially in collapsed buildings. In this paper, we propose a method to deploy wireless network surrounding
a target building. Nodes are attached to balloons outside a building and deployed in the air so that the net-
work can be accessed from anywhere in the building. In order to address the three-dimensional deployment
problem, the proposed method optimizes an objective function for minimizing the number of network nodes
on guarantee the coverage. For solving this problem, we propose an algorithm based on a genetic algorithm.
We also introduce an original radio propagation model for predicting path loss from an outdoor position to a
position inside a building. To evaluate the proposed method, we compared our method with three benchmark
methods, and the results show that the proposed method requires 18-50% fewer nodes than other methods
under the same execution time. Moreover, we confirmed that the error rate of radio coverage is about 6%
through a real world experiment.
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Fig. 1 Image of deployed balloon network.
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Fig. 2 Preliminary experiment.
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Table 2 Obstacle coefficients.
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Fig. 5 Comparison of proposed method and the model de-
scribed in paper [21], [22]. The results are plot-
ted respectively in the case of di = ds and di =
0.95d;,, + 0.05d, h = 20, f = 2,400.
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Table 3 Statistics of error in model predictions (dB).
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ik [21], [22] 13.27 16.62 10.07 n/a
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Algorithm 1 2L 7V TV X 2 O I — F

: Parameter : N = Number of elements
: Input :
n = Number of nodes in a solution candidate
M = Set of all cells need to be covered in the building
L = Set of deployable location
P = Initial Population(n, N, L) / /¥ % HER
C/JPORETHED R L Lo B g% BESR
while true do
P’" = Search(P, M)
//Search() ®RE YA 0 OF5er, W &%
if P’ =0 then
break
end if
P =DecreaseNode(P') //P' WD KGNS 7 ¥ L2 1D
J— FEREE LT, # LV RIHIRE S 2 VR

: end while

—_ =
ol A T e

= =

= =
D Ot

: return the best solution in P

Algorithm 2 Search BErO#HL T — F
: Input :

: P = Population
M = Set of all cells need to be covered in the building
Number of generations = 1
while Number of generations < 50 do
Mutate(P) //fRERDT > & 2125875 L TRFIFN O %
[ i
7 LocalSearch(P, 5) // 1AL 5 8 D@ Ewhicx L<Ta — v
H—F
8:  Crossover(P)
9:  Evaluate(P, M)
100 //FHACRSE LT b ERMABI A T IUE, BERART
11:  if Converged(P, 10) then
12: return )
13: end if
14:  Select(P) /ML LT F—F X ¥ FEIREATH
15: if the best pattern in P > s then

16: return P
17: end if
18: number of generation ++

19: end while
20: return @ //f%7% L

BHRREHRT L TROEFZRL, o b7z D
BRSPS, b L CIIERPPR L TL T o728
HlE0 2T,

BIEX DecreaseNode() TlE, KO 7fROHEA % RIZ Search
MEEETT 7000 L LTHAT 272012, 715
TRTH o 72fREMD /) — Pz 1295 LT LWl
ERAERT 28E21T9 . 7 — FROBIEIE n fE o Hh
577 A1 DFIRNL THIRE NS,

Algorithm 2 12, 2OH TNV —=F D7 )LT) A%
AT LIS, B% Search() WTIHHEN % £ B% % F
T5.

Mutate() : ¥ L < 7 ¥ ¥ LB EEL 5 L 728 s
TE1OERL, FEEHOBIZTHS 127 v ¥ LIHE
O3 5. 23T & 28I f% DR E % H L, 2eifi o
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SIS SE W IG A IR A T T 5. ORISR E
HRIZH LT 3%DEHRTITbIS.

LocalSearch() : WM P 09 &, FHEO R L
5 ooRERII L, RFREEZIT). §NTORES
W L TED b NCHFANT T » ¥ L IJEE L ) S,
SEMEASER S NAUE EEZEX 2479,

Crossover() : ZX )7k LT, —XX M5,
HO—HREAXTRE—EDOERTELET LM 0L
PO DY, RFFETIIPR 2 mHLT 272018 S
NI/ — FE2FELEL. HAHREEFHIED @ FIZT
572012, BWEIZHD ) — P ENR T b &
INCT B, BAEATHIMERITELET, 2F D/ — FAHAK
TAN=L TS EVEIZE > TREEND. B/ —F
ap DNHAKTHE ) TN TELLIVOEE apeover, LIV D
WHE M ETDE, apeover/m DHEFRTIIRT 5 R\ iriE
ICEWTH D/ — FIIRL S NI EL 25, RET
FETIEE n 1 L TEBMICERZfTo T, 20
FEr L b LilLo Tn o REVIMERCORHE
R ORGSR C & 5. BAMERZ I 5 720 DML T
&, A EATH 2200480 L, FHlfEDFE 25
sl 2b0LT5. $72, KAFETEIREEED) AN
WH LEETFAHNTE R S v, 20720, A EAT)
HIZ 2 DOGERICE DBEDOBIZT R E EN LG5S
FiCY A MNOIEFERFECICE S L)ICV - LTBE,
IRIZZSRDAT O T H ER S N FOERD ) A METRT
L=l %B L )T 5.

Evaluate() : k-cover % iifi 729t )V DE & % et fk DOFF
ifEE T35, v T —2 ) — FOMEBEIZHEY, £ELD
HN=ENTWEPEHEL, k-cover SNTWAHELD
HEZRD L.

Converged() : f OFFHfifEAYG [ # THRwE S 7z AT D
M SN 72GE1, HWEPPNR L EHEL, B
TEMTT A, EFETIE, 10H#H/LE L7

Select() : &I & Y R S N7z QRO & S T i
KEATH . T ¥ F LR 2 D% B IR L, FHED =W
FHEKRT b—F 2V PRBRIFICL VROBEEZIT). ZOF
TECIRENOMEED N 2% % £ Tirbh .

6. &Y
REFHEOMWRE T 272012, HEOXRyF~v—7
T2, HEFERZITo72. SHICEBRERTHWT
RETFTEOERMEZ DT,

6.1 EERIRIE

G & LT, Z R KIEHREHE e M AP ~TF %
FIH U720 #E, B, SSEZENn2E1110m, 80m, 28m T
b5, WEHNEETOHBATIERNE L, — FidEms
WCOAREIREE T 5. LI 1300 E S IZFEBRFRITOHF
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F096m & L, EHKBEDEME T 13 Cisco HAVAFE L T
% Radio Sensitivity [24] £ ) € v L — I 6 Mbps % #fEFF
FTAHADICYER —86dBm & L7z, Y Ialb—TaryzE
fT¥5ar¥a—%& LT, Intel Corei7 920 (2.66 GHz)
Windows 7 Professional x64, Java SE 1.6 %= f{iJf] L 7.
A OFMFEERE LT, 52 5N hN—R%2 720
B E D /) — PO E Y I 2L -2 a y v
7o, K2y Ial—Ya yOFESERHERT L7012,
Yial—varTEONRESFTICAY NI =2 ) —
FZEBRICEEL, &4y NT—2 ) — FHh5DORERES
WHZETEREYI2L—Vary0EvBEIEL:. &Kk
(2, ARWFZECHEAE L 7B FIlE 7V % F\v T Range
base DL EHEEFIEERE ATV, ALEHEEORE % llE L7,

6.2 LEEFE

RET IR AT ) % 3 OHEL. 070k
FALRFTRERIC BT 2 EATRMIT VIO RETFE T
MolitEBM ML Ths. LVELEBREERL =1,
2, 3, TR SN2 LIV OEIE s = 85, 90, 95%DHE (2
BWTEFNEN0RITOY I 2L —Y 3 VERPIT- 72,
6.2.1 N> T
ZOTEILCHE (5], [6] TIRESNTWAFETH S, /3
YLFHETHE, 12BORY VU =2 = FEEYO AT
ICECE L, PABED /) — FIZERRICEE 217> T, &
BRI E L2 N — PR EN DL IV OEE %
THoTWBEE, BRI N—TETHEWEFTIZ, — F
DEEZIT). TOFEORF Y N T =2 ) — FIFEHIC
BEENLIDETS. T2, COFFEOIRESHMDON
N—Hilx ZEE T, KRBT LICREEZIT)DDET 5.
TR EN L LV DOE G s =85, 90, 95%xt L CRLE % 47
I BIFgIEE N2 30, 25, 20m &£§ 5.
6.2.2 T A LERE

7 v LBE TIE—EREBOM T v & LR E g L
7R AR L, 2O T —FHMIESHV D 0%
T4, REFFELFRBICHNL v DOHR % W7 SRR
Oho 1AL, /= FOBK%E 125 L TREREEHT 5.
6.2.3 R{EFMEESR

SR FTHERIE TIE T » ¥ LI EE 2 g L%
L, DI L THREFE LA L LocalSearch() B% %
WL CRPREZIT) . BE AT 2555137 >~ 7 AR
BLRILTH L. COFETIIME AR L5, Mo
L0 E SRR O, S T CRFERE4T) . DOK
DFIFEL 5 MERE CREMEA TR SN o GG e T5.

6.3 EERER

6.3.1 Il —3alIlLBINFI—UFEEDLE
EWBEH R 2OV TOREZE 6 (a)~(c) 12, FEATHEMH
TR 4R T. FLETRBOS LT, $XTOHEIC
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Fig. 6 Number of nodes needed depended on required coverage.
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Fig. 7 Estimated results based on measured RSSI.

F4 VIial—varOFELTHRM [min)

Table 4 Execution time [min].

s=85 s=90 s5=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

BOTIRETED ) — FEDPRADRE o 72 FRiC
k=3, s =95%D7 — A BV TREFE L LBETHEO
EPRBKEL, TV 7L LRPHERTIEHN 50%, 73> <
FTHLETIEH %D/ — FEEZHIKTE T 5. JRPTEER
T U ARETIEE=1, s=95%& k=3, s =95%%
HRZ e, 7= FEPRARBLEL o TB ) MR ELE
S BT R ) — RSB 2 b, —TJF, RET
HTIEHY 3 DB TR T & H_TIE 7/ — F O
WETAZTOVDLZ EDRGDD. N FREIIONTIE, #

OME KAy VI —2 ) = NP EELRL, 2D
FETIE, BBEICOWT )/ — FOREZIT) 720400 &

D 7% TR TORY TIIRETER T OMO BT L I
NTHIFWIRRITEL b, REFLETII=RILZEMH T
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DEEZIT> TWAHZD 1 DD ) — N THEERZ H)3—T
&, NULCFEICHANEE L, ) — F2RE L 2WllaeEs
WRTETWVD, £ 6(a)~(c) DTT—N—hURT &
BY, oOFEEETVTY XL DT L — R
EH2&DA %L, BELEREHT I LN TETWA,
FATRERIZ BV T, b/ — DS 22 8ATH
KORRETH-72. BYL TRETCTHAILEERZD
Ly Ialb—varEToRBIEROSERYE 15
WCHETETWLEWVZ L., ZOHEICBWTIRETEDE
T, EHNTHS.

6.3.2 IREFEOMAHMEMLEER

YO IF, 2F Zx5 & L7z 1-cover, / — F¥3, &
IN—E 92 6% DELE /88 — 12DV TERZ WV TOHREE &
o7z, B 7(a), (b)I2/ — NORBESFTE L OEHRHRE
DWEZAT o 723587, WEMEE Y I ab— 3 v
RERT. BWHOVT 2 LITEPSREOWESF %, X
Fligty N7 =2/ — FORELFTZ ZNTIURT. &
Y 3Ial—3 a3y THLNERBEEERICLVES
N7-BEREDEDHMIEEZ R, BEFAKREL 2512 E
YIial—YarloENIRKEVWI LERT. RBEKD
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A=A EE
BT

J = o BEEZETELEIICONTL, REDTFY
L TWAS
J5E 11300 A1 FE OREZEOFH)1E 11.08 [dB], #/v—#id

86.6% & o7z, BHEIZOWVWTIE 4 BETETY ¥ 7 LK
®$ﬁu%%k%<t@0 HN—FFLIalb—Yay
HEVFERE oz, —HBRAEDSKE WEFISHET 5 72
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10[dB] R O#FHICINE > TH Y, F-REIEHREHRIE &
DRV EATTREZFIHO S IZB BRI IaLb—v 3
—HL T30, RIFCTRETHIBEFEETIVE
IOvIal—vavidERE VRS,
6.3.3 ERNMEBHE
3-cover iz T LAy VT =2 — FORE % 1T
W, MEMEEOREZNE Lz, EBRTEEZN 7(c) M
WCHBT S, FTRMICENDOHLLGFITD 3 OD A4y
NI =2 = R25OBEMEOUELITH. ORI
4 BT 2HE L TN ToTWwah., 2ok &, JlEs
WZBITFA32D%y b T =27/ — Fapy, aps, aps 2*5HD
5L ZNEN —62, —75, —70[dBm] THo7-& 7
B, BT INSDOEE AT ERE TS . MiEEE
T, 4 BTET) V7 LI2BABEHCTE LAY b T =2
J— PR kDL LI o ThEZED L.
SE M L ALEHEE L & D ke 72 Estimation point DF7% % 5K
5L TEHEOREZFHIL 72
70 71 AT OME SATH T B RO FHIE 3.86 (m] & 7% o
72, SRIOFRFERTIE, BREVSEDOTHREISNS 2% HFT
ELREORELL->TBY, BEBTET N T7T—Vk
Ex MRS 554, BRERROY VI 4 Ak, B

BT 2T AR HETHD LR D,
7. FED
AT, BB MR Y T — 2 Bk

WCHESET A VAT LA RHIEL, Ay NI =2/ — FORE
W RET LT IVIT) AL ERE L. Bty T —
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FMEFNVOWEEIT- /2. T 07 ARE, BIHER, /8
HFED IRy Fv— 7 FELORBK AT - 725
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FRREBROKER, ZEEEZIFRL T2 AR O & 278
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