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ABSTRACT

An uplink indoor positioning system is proposed in the present work, where the acoustic signals are solely used
for positioning. The underlying acoustic signals include whistle, finger snap, and hands-clapping. In the
proposed method, positioning is achieved by finding the time-difference-of-arrivals using several self-generating
sounds. To evaluate the feasibility of the signals and their positioning accuracies, the database of 100 persons

about self-generating acoustic signals is built up. The results show that the hands-clapping sound is the most
suitable for acoustic-based indoor positioning.

.M E 7leR FEED AY2rlee WIS AES

(global positioning system) EEH HHLAdA|

ki3t (nomadic) FHIAE|AZ  (ubiquitous) 213} (global navigation satellite system) ©1%-%
dzse T ARFA)edM 42 I 3T Ae o)lg3t ATAZg A AEe] 9k AU
7hedl shies 9%|7|ubMu])2o]t} (location base 71ee A2 (wireless local area network), <}
service, LBS). LBS ¥oFo] 347|& 7jed sht o]B& (wireless broadband, wibro), ZFHGA|X
d EF971el &9 Tkl ulel Aeel AuSs) el (ultra-wideband system) 5 A& o]8dh= A

#* 2 A At A S47)207H(R01-2008-000-12271-0) 2} 2544 BK21 Akslel A€o faEdsch
* 5T AP 2EAF I (kimsy @konkukackr), ** AT AFE TR, oo HARRFATI
EEHIS. D KICS2009-12-617, A4AA} 1200913 124 174, FHE=FA4dal 200008 19 79

130



Ay 58] =R 7k A A TS A 2" AA

WSzl gohE o83k
Alzaglo] glejfth Bl g ‘ﬁ‘?_—»% =& olgshs A
WS A 2Rl 2%

FHE olgshs A
Aol Qli Aol 23]A
Q= 3FA AlAHF BE 52| &9]-8-9ub
A717F 93 &6 wpol=rt 9l AlsE A|Am|O
= 1,}.‘— 2 oh;]_ 3].6‘1: A]/\Eﬂo 71- oﬂ/q /Hi
FHAEE Aok “H-ﬂl A7k
mE Fo Afgo] el Ausld, JFEUTE
298902 Agsol ek b, A% Az
2ol A7) Tl geltes Alaw
o) 7Psste, AFLUS o Al w1
U AL AT S Al Al
o& ARgshe A% EEe] A7 da gle] A
98 Gl TR 4 du, AR £
7 W U E xE-EA A ~EL 0] 83 4 ql
1;1r[3], i41 _1;1_ _:J_;_‘L_oﬂﬂu Z}xﬂ‘ﬂﬂ o o 5‘?,] oolo g

oa =2

K, ol
3 e
o 1o
dlo
Jﬁ
T
0%
)
N

S

A a3tEE

o

nx )
ox flo

f
> ox ok

i

_4

>
of
ol
HF
>.
O
oﬂi
i
£
2 n[o
ot
Jﬂ
>,
>‘
‘é
)
N
o,
o
W&
N
S
_Q.

S o BX53 o) 7]-7‘]3] 79|_t}'5; 2}*“‘%*&‘3% X
Ak aelm AR AR S-S AR A
A

A5 dlofeilol g TH3le] Aol #
G %7}3‘14.

I. MALHS 2N

AAEIEE At 222l $ glE sEjoldk
°o1F FHEYCR A HsiME Folud A}
EA7F Aol 2 s Aejekditt Al A}
APH2 24, ], Srhgas), sua
lolet. o] shel $4Je AR TRl 5
7h U ok 2 mReld sk oherh 2
ey Zeske AANAES a9 13 3

i oR Alte) wtesele bt gAle
fete ASlRE E7leke Abgd e B R
e dAErlete Aol o) erlete Ele
o pen wesele dnjelst Erkeel v
Aol et el el 19 1@, eiest
aupt ad 1), 28 & AAE 2d 1 F
23l FHE FED 5 ok [@elME olE |
A enbst ErlE A g9ez e, 4

® ©

rasl, 0 BY e

42, () Flopsa

3 = Azl e} =25 87k HuHE
nkpae] S FESI o dlejEfue] s TES F]
10072 Agar a2 g IS e E

=98z AHEshe Aolle 37HA] Heliol
83 O & sl

B oM A 24 2 S5 %
7He S8l o34 2 A A 50”3, EL% 10072] =}
AAS AXEAE 2 o delerle]l g 75813
o} ARS8 FubgRleld AlsdEigich
AALAE BAFEAL A E 13 Zvh £ 16
A wtpae]Es 37 g BF 2 A
ksl Al BAIgle] it E S e
A T | L i b e
7l oF ANE Ardt 5 g, 59
Aol et 21 HAprE AlsA delgdch

A Al A kel gk S s
AH-5A g AA & dn 7 Hl*ial-‘ﬂ Az
S E 29 #ol viehgrh W AREEe] A¥H
3 s Adzgled, 53] Wxks Afiﬁ, 2=
3 wpae s A3k

10092 AHAMAE 71 HEAQ AR
o} A7y o Fule 49 ¥ 244 ¥ 6, A
T F o AdyadEedy] o2 a8 744 29 114
g vepdeh 23 29 33 3, Zefa od 79 o
g gollx] £ 4 glE ZAH AY ukpaEls BY

shpselo) e AlaTe] R, AFRT) &

ojejo] o}z
A

)]n

00

A~ et ot

R 22| kg

x| 100% 48% 58%
A 100% 66% 70%
044 100% 30% 46%




=837 *10-01 Vol. 35 No. 1

o 2 =Rl A
CEBIELEREREIS

=2 FiFas 9=
Fajpolet. a9 49k 29

2 ueaEe A
A¥ & c¥
dhpaa) ahA| gkpag|
&ttt &ofetnt A X%
PN T & HA
M| 42% 18% 40%
= 60% 24% 16%
oM 24% 12% 64%

amplitude

. .
0 0.002 0.004 0.006 0.008 0.01

time [second(s)]

-

magnitude
f=3
d

()

0.012 0.014 0.016 0.018

o7
=4
o

1.5

frequency [Hz]

7] 2. HEAY AY

gkpad] () A7 (b) F

Q 4
3 ]\W’
= 0'}'\“%\ ig / R S
£ \J\ '
8
B L 1 _—
0 0.002 0.004 0006 0.008 0.01 0.012 0.014
time [second(s)]
(b)
@
=~
=2
5
o
€ ——
1 15 2
frequency [Hz] x10°

(@

a3 3. di®Ael BY WA (a) Ay

OREaet

£ os;
é I8 By WU A
5 ! -
05t - E ——
0.002 0.004 0.008 0.008 0.01
time [second(s)]
®)
Ya :
° !
=1 ! -
2 : W A
E 055 L/ B8 M
=3 PANEY .
& ¥t \ Al N
g i i [
0- - - S e
0.5 1 1.5 2
frequency [Hz] x10°
3 . P
a3 4. dxdl CF MA@ AR (b) T

(@

Q@
°
3
R e
a
£
« :
Kl L : .
0 0.005 Q.01 4.015
time [second(s})]
1 N
® i
g
E 05} et !
i=J
g L A
LN N et .
0.5 1 15 2
frequency [Hz] M 104
= 2l
22 5. gEA &riEdas) @ AEY b Foedd

@
=
2
=1
E
&
o o0 04 015 02 025
time [second(s)]
®)
9-
38
2
&%
g 1!
0—
0 0.5 1 15 2
frequency [Hz) X 104

T2 6. HEAR FAskiae) () AT ) FHEEE

@ b}
1 1
038
05 06
5 3
a =04
o
02
0
-2 4 2 E 2
offcet s}, 457 fraquency [Hz] 44
T 7. HEAel AR Wead @ BRES 0) AISAE
s
{ay [}
1
0.8 08
0.6
£
- 04 5 08
g g2 S 04
o 0.2
92
2
2 ] 2 2 0 2

frequency [Hz] . 10‘

sxelel @) ARES () 4529

9x3 C38 uigAuls AYe BY ulq_ia]_q] £3)
& Fgeha qlek [41e) BHA
s <ulelsh erbee) e



i
gl
-
N
24
B
hid
L,
%,
O
to
1
il
N,
o
)
N
24
N
=
o
2,
03}_'4
it
£
do
o2t
e
do,
>,
1>
ey
2
2

ek 7ttt bl
(FARE) ¥1E vt 2% 2 Ive] e
R 2kl el Azl Ari
S} 3t $AS vhde] dRErE 2e F
S e Hulebael= 18 63 22 114)
A B4 gl AAE o ARG vlE =
Z2$ Fag AL Zha ok w28 1)
AR o RSl Wil AdbEAde] v,
& wedie AARAYEE =F o] AAE] B
A3} s AARALS gloleiwo) 0] oYL 3}

L3 wpae], s, ushie]e) ax

]
DI SAAFA AITE LAk
Az B gk sl AdRE veEs F

A7EA 8] AR A e EE HnlFalrg 7)E
o= 3dB7h He TG Foz FAsKick o
Ase 38 12004 29 163 2}

I3 12904 23 16X AALALSLY 2R
AZL ATk, ddge Al met & Aol E

ia} (o
1 1
0.8 68
- 06 UB
5 os H
b4
02 ¢
] r-'\Ml\ J‘MJ A 02
0
2 o 2 -2 0
ofisetisl I frequency [He) s
38 9. HEAl c¥ Hriele] (a) ARAE (b) A
Edyn

[Tl

s
b

21
It DU

cort
o
=] 2
———
e
=
=
=
e
psid
o oo oo
¥ o o

o4 oy
0
0.0t 2 201 -2009 g 2000
offgst [3] frequency [Hz}
3811 Az SERiaee] @) AREE () dHa
Edulc
=5 e

0.01 - 10000

N

fteq. [Hz]
freq. [Hz)

Female Male

Female Male

T8 12, Aol whE AY Hbpte]d (@) 2IAAAR, (b)
B0, (0 A5 B 2
ia} ik fe}
.01 10800 1508
- =) = 1000
% 0.005 E 5000 i
3 J; + £ E sm { %
o 0 L b 2
Famale Male Female Male Femate Kale
28 13 A6 E BY Meaeldl @) 2N, ()

HdFohe, ) HeFe Fad i

{a;
0.01 10000
= 2 E
= 0.005 ‘ 4 = 560D =
= = =
B 2 2
& &

4 Q
Famalz Nale Female Kake

wha= _/]‘\_a]]

T2l 14, Al wE ¢y ukp °
T 2

e, () A9 Ee

@ U
.01 10000
= ) ]
5 0.005 = 000 * =
= 2 3
i z

1500
1809

500
bl
Female NMale

(a) TR, (b)

i}

o
Famale Male Female Male

T2l 15, Aol mE Lrjedae]l
T, (o) S| HF 4

16000

=
=]
& @

5000

freq. Mz}
freq. Hz]

dur. [s]
o <

14 4

Female Wale

(a) ZTAAAZL (b)

ol »

Famale Male Female Mals

28l 16, el e $l5%
HhF, (0 A=) JT $4r

Holx] ox=rh 19 12(2), 13

" Female Wiale

22]9] (@) 23AAATL (b)

13(a), 23 14(a)

A upgele] Hojzs e dee] A

o] <F 5ms, 18 15(a)xE <rieh

A2l Aoz

]I A7 ok 10ms, 1 16(@)AE 3 Teie

o) HojzsAA7HE o somselch

Julr o 2

292157} 2434l (impulse function) 7P

133



L EAIH3 8] *10-01 Vol. 35 No. |

= AR ot S99 Ay w4
39| 2| AAZbe] ga, thZoe] yl ubkae
7t e F Aol BlEl S9)el Al

a3 12904 2 169 BlaZRE] 23 12(c)H
H AY et 7P W d9F RS gl
g 5 ek 2AAAAN 2 o] Qe
FE A5 Palse]l FoUZ 295U eE A
sick. gL o 120A" AF HzEst Al
4 YWy, 29 16AH HAEzest Al Fok

olde| Moz tE A¥ HptElrt AL
AR SeiEd g s HdRke & 5 sl

. M8 MUSESNAY HA ¥ ST}

& =FdMe 2RSS SEEEE 9
3 23 1747 A AJSIS A2 A
Ak ApAEAge] HhAle uhalbdE S ARty ¢
& vle] FalRdeld g3 A2e]E MP3 A7)
2 Atk HEAH FEE TS5 $)H
g AueF A9AE olgs] LA AT ¥ §
A5EE 7EEXA|ZxEO]7} 2.02m*x2.08mx0.80m <]
AgHA 7 BAAE FHo vF g9 wlelz
5 AAsged ) ol AT AL
& FAll (K7 1ousedl) =g3idcl 914
e HS Fo ezl AHE F& =Esgict
7 F9A% 2% A8 AATAESE 25 1,000
3 e, 239 184wkl zEke] ¢le
Fegatnl slExAExEel7h F 4.00mx8.00mx
2.40m<e] ko] gl YHbEZlelA AP-E Ales}
grk ZAPEALe] ERRAAZAE EAs] ¢
3 eARHEL 10 °2 AAY AIAAN)E A}
29k S35 98 W 719 Haxksomt =
SRAAZA 29718 ARk TR elA

Prg-AME
RA

Positioning A AP
() {B2EMKT) (SPBI8Y

ARS8 BY 8 Ty

T8 17, 4% ANSREAA LD T4
134

721 18. ARk () TR, () BHER) A dukEz)

7k 599 9 29 199 2% 204¥, o
Nl 23 214% Jepgch

a9 19, 2¥ 20, 1 2194 ‘Sweet spot’
2l SFAARAA FHAL FFEAE] Aol
5 A4 Rske FAeR oF 025mold 7
w4 0.25m oWl FAEZ kel $Ug &3
92 QxX|gkc) Wb xBAAS-S AR A
29714 el4 = 0.25mele] Z¢ 23} wAR &
Bo] A5l 83 %7 Hrk ‘Sweet spot’
o] W 025mE FARAES9I AR kb o
0.07m7} "t £ EEodxie HdAkeSe At

sweet spot
boundary —

cumuiative distribution function

S I

0 0.02 0.04 0.06 0.08 0.1
mean square positiong eror [m2]

T8 19, RO wezEls E9lg9eR AMHS
o FiAeE exte) PR

1

s 0.8 sweet spot
g ‘ boundary —>
5
2 06;
=3 I
2 |
e
a
S 04:
2 ; .
g finger snap
€ 02:
© i
whiste __ | . ----
Qo =TT - o
0 002 0.04 0.06 0.08 o

mean square positiong error [mzl

T8 20, PUA Erlaele Haltanld 2
oz ABAS o HaAkeasl ety THEEES



=T A

3
A

94

A QAR 7 A ASEEAA2T AA

cumulative distribution function

0.4 T B
e handclap C  sweet spot
e boundary —
0.2- v
0 — e . [ R e
0 0.02 0.04 0.06 0.08 0.1

mean square positiong error [mz]

38 21 W] ol ARl Bl 296

0.07m’oId &%, & FFAEE912371 0.07m’
TAEESS e 7 AAASe] 39
5o 2 Hrigicl

a3 199 1¥ 2043 FuksRdelA AF ut
22le] HEAksE9 At 0.07mi oY &8
°F 90%°]x, BY ulpaele oF 85%, €3 i
e oF 75%0)ck zEla &t oF 25%,
Fohtaels oF 10%0)th

T 214 bk Ak olE dukEztellA]

13

5

£

ol
A3 ki) HuAksE9l oAl 0.07Tmio Y
e oF 80%°]7, BH wfriels ok 60%, C3

wkpaelE ok 60%o)th

v.Zd 8
B Rl A ANSIE 3 AR
o2 FHuptas], rbEEae, deaels a3
oh BE ARl A7 Ful A A
st 7 A S48 P43 2S94
s%7F Az, wkeae], 53] Age] ulehelrt A

TE AT ofAolct.

(4]

A. Bensky, Wireless Positioning: Technologies
and Applications, Altech House, Inc.,
Norwood, MA, 2008.

A9, AT e, FREIE
¢ M eFY 11303,
http://kidbs.itfind.or.kr/WZIN/jugidong/1130/
113001 .htm, 2004 4.

A. Jylbha and C. Erkut, “Inferring the hand
configuration from hand clapping sounds,”
Proc. International Conference on Digital
Audio Effects (DAFx), Espoo, Finland, Sep.
2008.

B. Repp, “The
clapping: An
Acoustical Society of America, Vol.81, No.4,
pp-1100-1109, Apr. 1987.

J. Cutnell and K. Johnson, Essentials of
Phy-sics, John Wiley & Sons, Inc., New
York, NY, 2006.

E. Habets and P.

microph-one placement for

hands

Trans.

sound of two

exploratory  study,”

Sommen, “Optimal
source
localization using time delay estimation,”

Proc. Workshop on Eindho-ven University of

Technology, Eindhoven, Netherland, Dec.
2002.

W. Foy, “Position-location solutions by
Taylor-series  estimation,”  Trans. IEEE
Aerospace and Electronic Systems,
Vol.AES-12, No.2, Mar. 1976.

J. Bauck and D. Cooper, “Generalized

transau-ral stereo and applications,” Trans.
Audio Engi-neering Society, Vol.44, No.9,
pp.683-705, Sept. 1996.

J. Rose, P. Nelson, B. Rafaely, and T.
Takeuchi, of virtual

acoustic

“Sweet spot size

imaging systems at asymmetric
listener locations,” Trans. Acoustical Society
of America, Vol.112, No.5, pp.1992-2002,
Nov. 2002.

S, AR, oW, o148, 3
A 29 gHozAe) Mpaw) B, of
SArRes] SPASREEE] =55, CD-ROM,

gkl A 20000 7.

P

S

>



PFEAEE]=F=] *10-01 Vol, 35 No. 1

(11) fe, AGE, Ad, A8, g, «qt
TaEE o83t AR TR, IF
HAFEps] slAERed3] =73, CD-ROM,
gl Al 2009 79,

(Seungsoo Yoo) A3

2004'd 29 A= AAE
3 g}

20053 29 A=t Ay
AT FEAt

2005 3Y A ZAFEkw
AFEAF wA A

<WilEol olEEAl, FAM
347, §4159], GNSS.

S A A
TS T

2l 9 & (Yeongmoon Kim) 239

2009 29 Axga Hw
AT I

2009 3Y~3A AFdgga
AR B EA15E M

<TA ol EAT 4lE A
g, AT

0l 71 & (Ki-Seung Lee) k]
; 19914 29 AAHtE AL
sk

1993\ 24 AR sk
ARgE T F-E A A

1997 29 AAddighe skl
AAgE-EERAh

199713 39 ~1997\d 949 <iA|
R Agxe] e A9 97

1997 104 ~2000"d 9Y AT&T Shannon Lab <l
Rl

20009 119¥-~20019 89 AMIEIr|&Ed HCI
Lab Z-7-d-7¢

20019 99~2007d 8¢ AFviEw AREAlYE
Axpgary 2w

2007 9¥~A| A=zsta AHwEAE Hxl
ey Fag

<P Bol> A A5 e, er]e Als e %

136

7 d 2 (Kyoungro Yoon) A3

1987+ 29 AAhEt AApA
A3t gt

1989 12¢ wA|Zhe e A
71583 AAL

1999 59 Aehgadista A
Aks} R}

199913 64~200212¥ LG
Ax Axpled ArrjedTa AgdT, A
el

20031 19~20032 8% LGAA AAP|&d =n}

ddelntjeldtr 2R

200399 ~dA AsTiEa AFETIHY FaF

R34 I1SO IS 15938-12, ISO IS 23005-2, 1SO
IS 23005-5, ISO IS 24800-3 ¥=l3l ISO/IEC
JTC1 SC29 WG11 (JPEG) JPSearch AHG <
A, A Bk $AlsY

<)ol HewdelxE], HE|rHo A

0] 4 T (SeokPhil Lee) Azl
19901 2% A uEn A7)E
slalFEtAp

19923 89 AANsta diEghd
A7}1F N FEAAh

19973 89 AAhEtm dEyd
A71g8HFEP A

19979 7€ ~20024 24 dl%

A <

2002 3Y~A AA-FATY WEEAET o
TAIE R
A



EE AR LA A7} 7

Z M & (Sun Yong Kim) ZA134

1990 29 3=Elr|ed
A7l 2 AxgEE Al
#H+S

19934 24 shgaslr|edd A
7| H Axpbgsta) 3E At

1995 84 sh==jalr)&ed A
A Abere} wha}

1995 49~199641 34 &4

L A Y e R L

19963 9¥Y~19984d 129 FAALEAIATY
Hled 7

199613 39~2001d 84 dHHUiZtw AR EAFE
5 AY7AL ZZwg

2001 8 ~¥A Asristal A Zae
g, qg

19903 IEEE Korea Section M=oz $4F

uLo
=9\

e

199211 ~1993'd IEEE Communication Society *
e e digAiAeets], deealsts] Ay,
IEEE A1413]<]

<WARob AR AlsAle, o]58Al, BAlel&

CRCRRES

137



