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ABSTRACT

For providing personalized intelligent services to users, 3 dimensional indoor positioning technology to
recognize the position of person and equipment becomes important. In this paper, the acoustic signal generated
from the proliferated smart phone is received from the 5 microphones equipped in the front panel of 3D
positioning system, and the two proposed methods estimate the 3D coordinate of the smart phone, and finally it

is verified using the implemented experimental system.

I.M 2 W 7)E e A et oS Sl 3

ol Aelelre] AL = 7]719] 1A% E% Hkd

T 5ol 7H 71718 wIER A A7l 3 213} An| vt 2xA o 2 S EE Aol o
elAa} 3L 2153t A 71sSs B4R Al 2 Aol A= GPS AlEr} SA1E#] sl Ao} o)
A7 g ot FEska gl olple ole] x|ellxd= A2 1A AHEE UM = ick
Ao Z=  AREAls54l(Machine  to  Machine: 2ol Aol Tadele] Al AlEe] A7] ARE
M2M == Internet of Things: IoT)Z= AA| =] & 0|85k 7]&o] Jt=le] AAR T Aol A=
717 B B A3 7] AEEA 2 2 o] A AEES o]4sle] Ay 2]x]elA] A
ol 2 el Ak il TR dast ‘”4 Bl 2457 glek 914 Q4 2Rt 4 m AR
o7l AFERIA ma= Ae3t AM| el 7P Q) =3 AP BAlE 224 Al A7]|2 =Aste] o)
71 Foll sk ARSAle A4 71719] 91A1E <A ] E]2 "lEo]o} ;5]~_‘ oo glor) 7] 7=
Sk= 7otk Al®Jeflq{:= Global Positioning ¥ meluke eslne FEu|ge] thE uhal)
System(GPS)®] A| .02, $]3] A} 5= m o]vle] €] vla] Ao sl Ao Hxo| Algxql
2718k AJ¥]2~(Location Based Service: LBS)ol|A ]+ Y] 9]%) @14] A|2®l(Indoor Positioning System:

¥ B o7 YT AR A dHA
¢ First Author : SHAEn AR EAFsH} FA2] 5 W4, jtoh@hansung.ac kr, 4§]%_
= E KICS2013-09-417, A2} 120131 99 23, AlALd} 2013 119 209, HE=wA5YA} 120134 119 22

1126

www.dbpia.co.kr



IPS)oletar & = Qe Auelale] 912]7]4k Afw) s A WALE o8] 91 #HE AR WA

2ol AFRRIA e A dh 7les Eydet] el = Agste] o Aks wlasislck

=4 A AuleE T $lsixle Al

w2 eAketel wieh degh Hd 917 a4 2xpe] I. W3M W Ak wa|

=7)7h epdeh w3 22k FRlellAe] 93] Q4

7)158at olg) 3 2K lAl Tkl 9]x] ¢l 21. 7|E9| TDOA 7|2 o3¢t 2XHd <=

V5w Bastel 3 A AR FepgAeA Al ol YA

Z uhsle] AR8x1e] 9)x]E Al HEAleA TDOA 7155 o83} Al=de] f=E elXsl]

A A0S i) W) Agat dhale o A SR A ] A7 Sletd] 7 ] e

sl wpAle Ww cluby|e] ul g} Foje] WA RS Aol Fhol glefok qheh 7 1ell4 AlE Sof vwho]

0@ 1 AgAe] =A WAL}, whehd A A9 21 % wo]a 334e] Fd 7] Alolel| 23 A=Al

RE ARAP} Flsla 9l FolEe ) AnlEES o] g Ao AAle] dloll EAIE] 9lar, Alsdd

ghgsje] 18Rl Al 91X S Qe whAlL ) S} wolz 2 B 332 gl Az Helel] of7t A

© gxpAo|h o] 21 Aol el FAI=E] St} o] - A=Ado]
7 WA v mAEle] A= Ul el 913 W2psh= A A o] AlEd SO $]x|o|c) dubH oz wt

24 AAolA wE o] Z3(Mobile Robot)ol|4] ol=sh 2 AlAe) Jig7E Nefetar bl Aleslst

2935 AFE WA o]2 Al A=A Al A Afele] Zpzke] ] Afele] 2 N(N-1)/2 /N

alo] zkzt = o] 91x] = Ax|eke] 424l A7) 7b SAREEE mbA o] Aol dyy, dyy, dy®l Al

Aol Zgsie] ol mel Adeldsl A ) A2l Al o] ek oI AL i

A5 FAE WA o] w=Reld daEssi A A Afele] AzjEtn & W, 2] Aol

B3 o] mbae] Al vl e 91X 34 A d;;=d;—d; oItk FAsEE vA el Alsde]

A FHEE Age] dolof stay, Wl e A & TR 2,9}y o] T Aol m Sa19] A o] e

A A Atele] F2F AZE 71E AES] fAlsElok 73 (over-determined) ] 7-9-o]c}. AAmE= 9]

s, vl AN A A elA AEE "shs A 24 =)o) 24 a9} AkSo) o5t a7} ZAls}

AE FER QlE S Eol] SI' Als 9 BE AT BesE o] He] o By 2R

AAZE oAfa, ol i) S A el ] A FHA] BEZEE ALLsl= o] Slsh).

Adzel Sal AR7E dulslefol dhrke Aot of wlolz 13} 26l 98+ AITLAL] AL e 4]

A oo R e AAHoR Fgu= Aol o ()3 73, vlel= 29} 3o 2lgk AL The A

gk o] =Rfelellde o]d EAS slAsta @)sh 2,

2}, 2rhEZA WAsh= 53 AlEE 3709] Fle]

b AAE T 13 FA A elx Al 7 2P

7te] wlolz Aelxe] 41 AL AolE ABAR] FEC RS M

Ao ZAsl, o]F A=Al A A8sle] P e

2mtEEe] 2 28] F3EE 738k Time Difference S v 4(3[; 5) v

of AmivalTDOA) 71ke] A $17] <14] 7]%e] B & [ )21 @

2 2

ARkEglek. b [7lelA qlele] gkl AAE
vlolzt alle} Ale Ha BE AL A RS
olgsto] 3x}sle] s12)s} e Aok S 2 A7) L vlelz Aele] A, d,=2a,
sk o7k A9k Ly

2
—|Z| _ 20 31],747 o)
B Rt AgAe AMEE mE FUES | el B 3
=

2

ko Auelde] 3 2l 91x] HEE Ak T A Asdsted 29 y ol el Aeiskd 2t
e Akl A g AFE Avke AN B A Q) = @k 2k
ek a3 A A S1A e 18 A
o S ok WAk @A 24 Wiy g, AVl —dl) 3
T e Y PR WEslel Az FT 20l —anly)

1127

www.dbpia.co.kr



ot
A1
oft
>,
Bl
jo_«
Hn

1A (J-KICS) °13-12 Vol.38C No.12

12! 1. TDOA 7|48 9% FHE AR 93k #=4 =
3= % 7o) slojzst wlo] 2 3% RAIE)

Fig. 1. Hyperbola model to calculate the position by
the TDOA technology(Only the right two microphones
are shown.)
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Table 1. Measured difference of arrival and estimated
signal source position in the experimental system

(A: hyperbola, B: LMS)
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diff. of |calcul|measu|calcul| meas | calcul |measu| calcul jmeasu
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d3b |-2.8]-2.38/27 (34|49 546978
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FaE AlE A SR AnlEE 2olls)
slolzs Aole] Al Aolsk, ol olgste] 4
A wa ARXE Al A H4 3T 2 2
A owplez 2R 2nEE 2mple) 339 915
3 ghel & 1l ek ol rlelase] HAie
22 MI1(-12,0,0), M2(0,0,0), M3(12,0,0),
M4(0.-12,0), M5(0,12,0)0]c}. S8 4152 100 kHz
2 AEHEe] As Azfsler o5t gl v
ol A o] 2x7F £0.17em oWHelth 17
v 2rtEE FEAE] et AR
w7 A $x]e] exF Fo= qld 4 exp}
2 7%= Basha v

2 7he] eis) ohE Sl Aol S e
Aol Lo F A4 WHALS Aaslo] 2vhege] 3
2l 91+ #FAEE 54 'H B, AA| ~npEEe] 3 2}
2 517 3ol TAeE AL AN ek, i
Aubgom 2= wapyd AL WA Rk Ad F
B A oA 2] Aalrt A el B
2tk 2] Aole] 25t Aol ke 913 34k
o] 9x}e] od3FS HAElr] 98] GDOP(Geometric
Dilution of precision)7} AHg=Ic' =04 wap
AL s A9 A B A 2 e sl

X 19 345 o2 GDOPE b 7H7t 3537
162013, Sa A A A o] 34 2o
A e whs AL Held S ik olAe 4
A A AL wAle) A9l 7t x Sty 2ol
3 R Alssle] HEE TR AREE A
Apole] grol = Nl Aell mlsl, ¥ Ha B A
23h wale] A5 vl A Al Ho] gro] AFEE]
wjEolct.

2PEE 2~

1_4

www.dbpia.co.kr



| 2PRESE 7IREe] 3AR8] A9 A Q1A

M

AR 13 7EA] whAle] Ak S, Ak
7Ne] mlol = Afele] #j2] Aol grell Hfaixl= A2ts}
Al zrtEEe] 9125 43k Zlo] sk 7
5 AR A2 S48 7] Ao g Aok
=}
ack
2}

o X

71A2) wplel A geje] vhEEe] 3 A4l 914
Ee 2Asgd, 2eheEae] £3F A% o)
3 274 A} skl webd F4% 3
9 917 AFANE 248 lstelch 48 Ak
23] 2, vholZE Alole] A2l Aol ghe S5}
£ Igell oAb Y 4 GlonE APe we v
0|2 AAsa Al e e Ae 3
o] g EFAA 3 A 97 HEE FAshe o]

-

Fo|7] fJA 2vtEEA AR 53 Also) A
A2 A3 FMe] HEE sk A9} vho|aE2] A
2| Al zfolef| M 9)A] 4 BE A7 8o}
ek

Aok 7152 ollofzlely TV, 2r]e, 21 A
2El 5o 2 AET|7)e A8Ee] AMARY] 3
2K A5 QA AnlEES 2 RE A8}
DS} As® Zaaled HHE 4] qhol 2520
2 Nl 2o r7E sk i 3 A
H|Z~(Personal Environment Service)el] 82 <

SI=
References

[1] J. Oh, “A study for the PES service system
architecture,” J. Korea Inform. Commun. Soc.
(KICS), vol. 36, no. 5, pp. 471-476, May
2011.

[2] H. Koyuncu and S. Yang, “A survey of indoor
positioning and object locating systems,” Int.
J. Comput. Sci. Network Security (IJCSNS),
vol. 10, no. 5, pp. 121-128, May 2010.

3] Y. Lu and A.

beacon-based local positioning system using

Finger, “Ultrasonic
broadband PN -chirp codes,” in Proc. Int.
Conf. Wireless Optical Commun., pp.l1-6,
Banff, Canada, July 2009.

[4] J. Villadangos, J. Urena, M. Mazo, A.
Hernandez, F. Alvarez, J. J. Garcia, C. De
Marziani, and D. Alonso, “Improvement of

beacon-based local

ultrasonic positioning

(5]

(6]

(7]

[8]

(9]

system using multi-access techniques,” in
Proc. IEEE Int. Workshop Intell. Signal
Process., pp. 352-357, Faro, Portugal, Sep.
2005.

Y. Fukuju, M. Minami, H. Morikawa, and T.
Aoyama, “DOLPHIN: An autonomous indoor
positioning system in ubiquitous computing
environment,” IEEE  Workshop
Software Technol. Future Embedded Syst., pp.
53-56, Washington D.C., U.S.A., May 2003.
J. Oh, “A study on relative positioning based

in Proc.

on acoustic signal of smart phone,” J. Inst.
Webcatsting, Internet, Telecommun. (IWIT),
vol. 13, no. 1, pp. 229-234, Feb. 2013.

A. Mahajan and M. Walworth, “3-D position
sensing using the differences in the
time-of-flights from a wave source to various
receivers,” IEEE Trans. Robot. Autom., vol.
17, no. 1, pp. 91-94, Feb. 2001.

S. Zekavat and R. Buehrer, Handbook of
position Theory,
Advances, IEEE Press, 2012.

G. Wang and H. Chen, “An importance

location: practice, and

sampling method for TDOA-based source
localization,” IEEE Trans. Wireless Commun.,
vol. 10, no. 5, pp. 1560-1568, May 2011.

[10] B. Li, A. Dempster, and J. Wang, “3D DOPs

gh=rgAl sl
2000 3L ~31A) &k
iol> 258 FAIEAL An|x, 7llghdAln]

for positioning applications using range
measurements,” Wireless Sensor Network, vol.

3, no. 10, pp.334-340, Oct. 2011.

= & (Jong-tack Oh)

198611 2% gefdiga A
ApsAlgsta) skt
1989 29 g=elr]add
A7] 2 Azt Al
19934 294 =)
A7) 4 AzlgEk} vkt
19931 129~2000 29
A4 Al
Ad|Eta Qw2 gt} W

—

www.dbpia.co.kr



	스마트폰 기반의 3차원 실내위치 인식
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 쌍곡선 교차점 계산 방식
	Ⅲ. 선형 최소 평균 자승 오차 방식
	Ⅳ. 실험 결과
	Ⅴ. 결론
	References


