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ABSTRACT

Due to the limitations of the existing indoor positioning system depending on the radio wave, at present, it is
required to introduce a new method in order to improve the accuracy in indoor environment. Recently,
bio-inspired technology has become the future core technology. Thus, this study examined the accurate
positioning method applying the abilities that animals with homing instinct measure their position by searching
geomagnetic field with the use of their biomagnets. In order to confirm the applicability of geomagnetic field, a
new source for indoor positioning, this study separated the constituent materials and building structure and
designed the structures that can carry the actual magnetic field sensor and the data collection module.
Subsequently, this study investigated the applicability of geomagnetic field as a positioning source by establishing
the positioning system of Fingerprint method. In performance evaluation of the positioning system, the
geomagnetic strength-based positioning system was similar to or approximately 20 percent higher than the
wireless LAN-based positioning system in the buildings with the existing wireless LAN. Thus, in the
environment without infrastructure for indoor positioning, the geomagnetic, an independent earth resource, can

make it possible to realize the indoor positioning

I.M B 29 A 39 70~80%7F AE e}

=S 20129 AN S| o] AR el Ae] AU ol 3%l 7|2 A7ARIY(No. 2012-015596)
8 2011 i wM| X|Y-E wol = H(ZHAME ¢ 211-A-251-094)

FA2) g iig . AR EAIFET, sjheo@ynu.ackr, 3]

A2} st AR FAFE T, ywpark@yuackr, 41349

st AW EAIFET, yeol2@ynu.ac.kr

= E KICS2012-03-156, A<edA) 20129 39 319, FE=4edx) 20129 129 24

e
5 P
*
o

*

www.dbpia.co.kr



LB A EHE] =54 °13-01 Vol.38C No.01

-2 GPS Alsrt =eshA] e SedA|Yelvd F
A7l AsE ARSshs Adella] Whsle] 7]Ee
7| G Al aella] ARgER ol FEte] gl
ol wepx] A f12]52]el i3k B eAde] st
3L glom ol thgh wiqko® tekst 7|wEe] o
TH3IL gtk GPS 914 7Rk xS A A

U]X]Z]‘ﬁoﬂﬂ Algo] A3lEH, o]F54l
] 75 Aol X FA17]9]
= A"l sl

8 SAVIES ol8d =9 vl FAdH
2] A (IrDA), _%%-ﬂ(Ultrasonic),
1’5541
w7l EAEE “:IJ‘ET?]'E_ Tme] A3} 914

29] st AlZol hsshy'

Al AUSIH S zFl o R T e S
9l 71Ee] F5-5 W= ol WA, GPS7| A3}
Al Fdhs ZE U 2 A GellA 95| Ealo]
7FsshH, 71 A%l sf=gele] Arpgoe] Sol
3] 9% F9] Esiulge] Aow Al x| 2
T3 7o) folslrh= o] olrk FolHr) £
Toll BgE avtEE 9 Anter]y] o FAdue
ARgsle] $1X5$17) 7hssichls Aol olefdt A

AEZ QIsle] A AUIASS] AlzHleR
do] HHx o ARgw . giA|RE, el 7
Z7] dzeprt A7} Folof divk= ' 2
A7) IAS A Eshe whdlo] il

71E2] Alel] o|&gk AW $1x59] A
Aoz Aol A F SRS 7hsdE
AZE Apde] Bash, A7A1ge] A A1
Prlgo] = AlAe] ApEE <l %’“ LRSI
719ke] 91x59] darElE ALe] rFsdE AT
o2 g5 AFAIEE] AWRIASS 71l o
g A2 HReke A AEF 4 )k

B =redlAe ol 71 AWSIASS] Al2F]
e o W A sk 2Rlel A
71AE 7o R AW A S A~ A8
Ao Hylslaal gl B =Fo] FAe 7kxlA
Aell og AFAZA] waHA,  Fingerprint 3
9] 7ol #83] $18 AT A BE
A, 2Elar ZAsvelxe] Al °*liﬁéﬁ+
TAZ1A7] 71jE S-9]A]2~gle
Aol FHsfe] 1@ g F vix ]“:'Loi ARL
ct.

-
2

P

L
oft

i)

N
H

24 NE

0
m
o &I
T
T

=3
fr

II.

=

EHOIT

21, X|TRp|a
A A28 Asde AT PE 98 2
=ee AAalo} s, 7] AT QlEEhE olg
sfe] S121Z2917} 7Fedt Azulow b 4 olek
oo} e Wbyl odmelE AAalo} drhe
Hlgol ojat EAlsl A7l QE BAdE A

o

-‘Hii‘ﬂ Wl A Fladss 7
FEES AR AP 1AS s AR 2
2 2p|gIAdA el ARt S FEE 5 9
tf. AFAE o] 83 AS9E L3 Aot
o]FoA | glov, FEES LR dql ¥
A= E ol3ls] H?‘_ oLS 1512
437 g A=
PR IEF = J—Eﬁ‘)r A g elAe] 9125914
sHlozo] Apglel Wik v FHT AURETE
232 $IAE9] 7HellA A=A qlek

AFAZ NS AT AAE R A IS
L1 R i B Lo e a e b b B R A B
off olelgt Fleo] AEI, WAZ H5 o=
=, 55 Felle Sl HAska olck weixk
M AT AFEAAe R W] NSFollA] A1=)
| 55| SFOoR o|Foixlch. 53] z7]e] whek
& 9%l vt deAe, @5 fedie $1E
??b— G = he gl i L Sy
A ol Pk oleRt Aw Aol M7t
(Magnetic Inclination)® |2} kel

27449 $1A]el wet 21 AV ok A
olg3le] Fua AT AR B2} 2|
715 ARAEA 2le] AAE getslan, o] wf
o7 ks gherh 53] AARE olsde e
vk} Hejel o]olz] A weF

=
Soll FAT ol ASE HeAEE Welsln

Hﬂ m“

z

o

10_\'&_].1.4

13

J
d

7%
N
2

N
o

rulm
O-

l‘F
i

32 ¥

ol2f3t F=Eel AN ATFAPIE 7k
AAE9 71 ATrE AR, 7IE AT

www.dbpia.co.kr



=) AFA71A714E] Fingerprint A 91254 ki oA

s Aanest 944U BRelA AT
7b Adsn glond, A ATNE ST 4
ol ANe] R 92159 AzE 27
7Vhe olgakm slek B $1A] 17 2 Ak
Aol 7hg A AL Flel AArgE)e) W
sh= A 912 2999] fERE il B 4 glek

Te} AFAIRS BEES 914 L el
Ag D e ATl B 459 el
A 12129060 AE517] sl A AAY)
7} 2% vele] WakE 2 Al S
7o) Aol7} ke B esih

e

M J

2.2, XA MM

AZ1AA = Al F3; AlE, R A
S =2 oA omiE HAEl AleE AR
= o] obd A F5EA, ATl AF =
27142 wskE ZHAg

27K e] 282 A 3akdew vehdr] x,
y, z9] 35208 vehd 5 Qo 7 52 EA419] Al
Pk, Alxfe] kel wet A2 Auske Y-S
etk 271AM o] 25E ARSshe S =)
7= vheth A4 5] 29 'S adE o8
ato] ARk 799} AA =7](Magnitude) S ©]
S8k weR ol Al =)= A (DI Zo
T otk 7R kA EAIH el st A

A= ofok gk

Fr

magnitude = (X2+ V24 Z2)1/2 (D

E =relAls 2APAE 23E o] 85 vsHA
A7) 2848l MicroMag3& ARSsle] A =}7]
7z WEE A3l ApIAE sk 99
Thomson E=Z d3lw], 2AA S H7|A A 3le]
Asptekal AFo] wiekol ulebr wWslels dALS
2 A|AFEAE o] 83t A= AAe] A¥Er)
7Festal 1C3E & 4 sl AAES 7R 9delA
tlekgt S-8atofell 8= glrk MicroMag3AlA
= 3% 2] AE WASlaL RS-232541E o] &
sle] ZAFEIE ZA gausstHE]e] dHlolEE AE3H
tf kel AR S 9 Aol F YA ARS-
Ha 9l Am|EA vig- oHE EHE Aleshd,
Resolution®| Adle] wlwd A=) #2 dlolg]
= I5% 7 ok AR Wk AP EA A
Holdpg A|pAoR Fhasl o]d w2t 27|14l
8] 2|1 WSt A B4} HpE vl
o] & Fog k4t AYPS B3 AAdAe] W

S oy AellA] 7]gich

2.3. 28X ZHo| 27E fIRIES 71
A Z2 ¥ (Fingerprint) HMAolglv = He]= 3
4 wmellel]l 217 WS o= g 9] 2

AR AAFEE 1 ARE D8l waew
A AT 7]k 591 Alsmlellx] 7 wel A
S5 HAHSS WAtk a9 1, 2% FEH B
Aol o3t 91X A wWAE =AfskRE slelvt
A 912 S91 dhde] He ke dAT W=
vrraL Zb 591 A PPoin) ] 914 ke HlolE

Hlo|2~(DB:Database)oll AA3F F $1x| 3k} A
MA| ~F 8] E(AP: Access Point) 24-E] k7|
(MU:Moble Unit)oll =23+ A3 Al7|5 =33}
F3% A5k BHRS Aa ol 34

4% Assh AAE eolero] o] AEE Hla
alo] a7e whde] 1A)e} 7
o] AnE AW F A @ el AT

gk

neasure

measurg

measurg

measure

a3 1 dlelefue]~ 7=
Fig. 1. Database construction

0zl 2 sy 9% 34
Fig. 2. Terminal location estimation

133

www.dbpia.co.kr



2183 =4] *13-01 Vol.38C No.01

S84 wdee] AT P SHE A 5
8 el Ak ) e sb) el S
pae)ze] e S 94 AHES AE

o,
-
32
A
£
St
=
=
£

A7 91259 AzEe As) 9159 9] 7]
o] polgiehyl 2mker]s)e]) e R Qg
Srulzge] 2k Folshad ARy B A
N529] 714l vlak Barjst Feidel 44 7
3 e

A2 e AW AAF9) Asdlon FaAg
Abgaks W] diEElm glovt, sl HA4
b eclel ojg gk wakel A%l dHoleju
ole] Fel thah WA 959l e
Alge] viehta glek FAlale] A whe] 4
Al5k= RF A137}=E 7MES2 3S|i= Fingerprint
e A8t o1o1/]_ 71& Aus smie g Al
WSS Sdske JEES A 274
Asle] SR ohlet A $alv)zle] sk

o ¢

N

P

2 AR 2o WA A SASS] el
25 AFAEel e EAE iAdsb] Eske
AHAQ FAA el X299 A -
AL R F e the Aklell Wi HEe
719e] Hl=A] ez} ol m: Al ¢x=¢]
A AT AR AL 7PAS Vepdo)

E 1. AR W 959 484
Table 1. Applicability for location determination according
to the global environment information

Global environment information
Geomagnetic Gravity Differenceof | Temperature, Wind
intensity intensity barometric humidity (air)
Accuracy o A a X X
Abways o o o x X
Unlv;rsalll o o o A
Purpose <10m Separate layer Separate layer 4 :"g"' = dis:r"ga X

z

9] el AFREA R F AFA A
2|29 ALol B3t A, FAA, BHA
wEsEA] 10me e x}u‘jog A= S
AHEFS] Al ® BFHF F olrk £ =elA
olgigt 5AS Al %@Eﬂé&%— Eslo] A=
3la. 712 Fingerprint 7|HS ARSh= $1X5%]
Azdl F Rl sl s vl
gkt

o rr
2o

rlr rsL' —[n

3.1, A|AEI TIA

Z=}e] 73¢- Fingerprint HPHOZ 9IX5$] A
o3 Ao Ax= /K]-_Q_Q_H =9] A|~HE g]o
W, 91F AFgE S Qg o] daElgEol
et A7 12l 749~ Fingerprint 795 FQ“
a7] slaldeE w3 Welxe] Azp|Al7] HEel
W&k A7} wA sefo] Eoof dhrh

A2 7 A xS AFeld A
sz, Ask ol oE AR EES oF
I AR 53] FA}E{(Magnetic  Permeability)2]
+x7F FdsA] FEPH A E(Magenticflux
density)®] #E % AR FSHA == AA] 2L
gho] HRAEIck ZAE Wi <l AW 3] A9 A
- ARgste] A5 A522] 75 AR
(Ferromegnetism)-2- W& Aol 2oJs] F7b4el =+
’\7‘]3}7] sgte] WHAYEh, olelgh A A|Apr] AL
g Hjokgel & AR ko] XA
B A wfel] o]2= AR FAbE ek

2271 A7) 7Rkl = X159 7S A48
7] sl Alzdell digk AE7F glomR AlsA)7]
oz A= =Hs= FHEd mdy =
Fingerprint"*] 2% 92| 4|7} o]Fo] o ]:ff_‘:]'

e mdEs o83k AW SS9 W
NAFAS FaElr] f15te] vE=A] dlolefr]o ] Eat= s
T=alok gk okl Z¥3e AT IS 7]
HE] Fingerprint =% 7% A8 A] dloJefs|o]~
5 F53hs S BojErh

dlofefulo]~ 52 59| tiie] He IS
A R v F Als Al7IE SA S s
=91 A AARE ARSAE A ofste] 34
59 AAelA vl e A A
APENE] FAEE AlSA7], A=A 7
AT VEAE S8k 591 #3914 #Hx
o 3 AlEl Azl AZIE dHlele o]~z A
Elsd

ole} 2 dloefule]

B4
2

s 99 e

www.dbpia.co.kr



A FAF714714E2] Fingerprint AW 91254 Wb oA

Settings for accurate
measurements

=

Build measurs environment

28 3. dele] 5% A3 WA

Fig. 3. The experimental phase data acquisition

7S Zajalo] AzbEl Foly|y] YW pEROR
AA AT E A 5 QX X2 )A
A5 A olslel Aol did sk
Faflof dtow =3 AAE A ARbsle] A
FAslTE 24 A= w5 dFu|Ea) o=

so Aatsle] AAJAl digk AR @

e FH 43} glon =4 7= 2 dHolelEe] Al

248 Folr] S8l A A AAdE et

2L,

nﬁm[m_&izjz

AT HE AR AR F, 1 A

a8 4 A2 4 44
Fig. 4. Device that collects the Earth’s
magnetic field strength values

o| Y
— =

3.2. HEF=Y XXP| wist @
[ T2 1A A 7o) afskar sHAEsl 2o

N

Au A Ee] A AR 9 Z7ke FASk
sle A% Ag F dAPAd degor wet 2
iz, zela grfEae] el ek AlujelA|

=915 9% Fingerprint 7" A-&3 7% A

A717ke] Al71Rks dlolefrlo] 3t gk 5 AREALe
8A40] o1& w AREA} wr] Y Al olA] AAIE
A2 1A A7 AR 53 3 o]y
Hlo] o] |27 |A; Al7|ef vlaste] 71 fakgh
3ol $1HE AAAZIL). oo} 2 Wb Al
o] 73-9-o} At AR Aue] 9= AEe] A
g A Aisel gt W) opd AT Aw)
7Hlasle 23t Zolu® 53] of#ge] sick
272132 75 7d% ANm H FFel wE 2P|
b5 dlojguo]l~E F84
g 7] AR A7

L
welyh A2 wE Seled 2 Aes A
[e]

o = o

AN E A #6}04 ZHLXMXWV] o] HES gl
sfnt A= 7 Ams Zq:lﬂr HiS ARgat 2
R elinh AT b ASwelx AP w
°] A8 ZHE'DIU% ﬂXWzﬂ e 7ML g
7] whEell ¥ 52 71l Al Al A A
A7 1S 9H**1 7leAlel dd Ade Al
o 2Ese Ads SR AT A S
ZAEe] BRE RolErt

] 1‘%%1 e Aeah AR ST,
LED-IT-3A1E] 282 HY F=o|ck

Aol xot XHE% A AN ke 2
F vAle Al s AdEe 7x
chefstar Alge] Aol mugel wet 54 ¥
o ARE Al=Erh e a7t oleh e A
Azelld A1l AZigrel wsks 2Asted
AdTzet Agel Rste] dHFeoms Ae
ATAE aste] g A A7vh 283
& olek

AgTos AUgh Al AeelAe] 42 vt
o] olFelxiet. FA4 WAL 7 3k AR
o=A sielen, 54
Tk S AR ARle 7R A
1000mme] 725 100mm7}A .02 |7 |44 7]
= SAT A A7 200mmEH PASH
Halee] 9lolomR o]E TAR EF 200mmiE
7§

_|_408.,

AZVA7] e —r‘%‘i ZEAp Al of3l <43

ol 7oz vehdeh &

rm
4

U
o
p
T::
rr
i)
e
X
o
%

www.dbpia.co.kr



Ground 5 floor Secand B%sement Ground 3 floor
Ground 5 floor

- Theam steel pilar

- Curtain wall structure(glass)

- Simple spatial structure

- Many electronic equipment and
large components

- Rectangular bulding structure
- Theinside of the bulding & comnect

- Long corridor structure
- Small room(3~15pyeong)

38 5 AP IAr] 54 A R
Fig. 5. Measuring the intensity of the Earth’s magnetic field
to the classification of the building
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