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rARA2"HAT, 178 A3, 20089 39

o o]AE 385 48 AXIAHI G A2
&l(Gehrig et al,, 2003; Yang et al,, 2003)0] &1
A sl gk v Suje] Aedle
RUEARI 59 V& sigo] nju]g Aotk
A 5, 2006). AE i FofEe] B
Foll A GPS F24lo] Brlsgeg Sl 24
7b B olnt. S AMEALY] el 4 E
BHAA B of, shte] BrlE oM e
EEo|1 SUME HR 7 HI27} 7hsst
=2 3 Part gl7] WEel S S
3 d7E Fqsjch

B g 2o =9 wrale okl
AxR7| RES st vopbx U9
Hhale)] xRy Z2aPg TR A2
S et 38 S QA7 R AJ2E
e tdES vldske Aotk

£ AFNA M SUSH AZEH 0]
B 272 50Y(Wirless  Local  Area
Network: WLAN) 87304 A&k} 932 =
gtk Rt SUE9 WY F, WLAN 74t
SUSHE SHTe YT 55 BHE 2738
A &7 Wil ZAAHolze Aol Uk
WLAN 7|4k 29]¢] oz AME & Qe
71&o] tFslAl BEE vt gled), B A7
M= o3 AP(Access Point)e] 215 A7
(Received Signal Strength: RSS)E £33 3 7
2]9} 2134 717ke] FA 4| (propagation model o]
2} $h(Lassabe, 2005)S o83t AHEARS] 912
2R AP7A Y AZE ARk, 73 A
o} AP9] SIXIE HigtoZ AlgRle] YXE &
gt ofd) ARSI FHolE F4E v
2 AR AXE FR8a, AR AR
38 JXNE wAsL, = o F43= &

A wEgezd A8A 922 B
EKF(Extended Kalman Filter) *'H-& 283t}
(Gelb, 1974; Hwang and Brown, 1992; Kalman,
1960; Maybeck, 1982; ).

B A7l Adehe AxRE7]) AZEL -
© E/N=(Fnkelstein, 200NZ 2T
DXF(Drawing Exchange Format) #4]8] 3} A
= 99 geog ol 2ujel Asde) A}
87 QEisjol2o] Tk DXF 7}y Yo
TS F A3 Autocad TP FAlo0F o
z2adeiE 9 & ke 53l gk
T 2 AERY] 2TEdole 2R AES
g F4-olFdke 7Ise AFEH, Yot

A SIS AZEL o7t AlFshe AHA
ARE A=/l B3R sk AlSdch
£ =22 ted 2o AN IdXe

JHATE 89313, MoME & 771 A
ke A4S A% EKF daElEs Ast
o, VllXe AxR7] B5g AP VA
dre T Al=ET 4F2HE A S, VT
oM B A7 AFHE gokstn FF AT A
& 3

I. 2gis

£ Aol 29l U@ 7|12 47 F%
2 27058ka, AxR7] AZE o) tisle 7}
W3] AFoh EA 59 Al=PoE GPS
9 GLONASS7H 2] AMgEdGAeE 3,
2001). GPSE= w]Zo], GLONASSE #Alobr) Al
B AT 7 Z9uolE AT Alsw
otk 9] IS P ATE Fael At
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WAfela 9lom, GPS =4 F|& o] AnE
Bz oA $A8 41571 $241 Ao
Egdhet dele AR ARk, of Azt
FEe Fat A ARAAY ARlE Alle
o}k 22y GPS FAI71e 435 =407] 71l
oFF-¥l o Eo] glojobi(Line-of-Sight) 2]
A4 HlolE Y o] btk wekr AE
ol s ARALY] RIS Tjetsl=d) GPS
FA7IE AY ol =88 F4] 3tk 1o
M S 59 S99 ) S FEE
31, 9] S99 GPS WS FAoE sy
Ao, Sl 9= &9 299 dxE A
St ok S S99 S HX) 7kl
A" F=o a7t s Vet
Gt S &9 Alwlo] MEEHAH 9=

E9, Active Badge(Want, 1992) A|2EldA&=
ol FEAE AHYQe WK $AI717) 7
AH oy 3o, Witk o8 A 41717 2
Al AR5 o] it} A4 Qe ¥ 53R
F8}7] o] o]FEA} o= o] ol
1l A8 A FA7IET 1 o5 EA Y
A 1S AAF = Aok FA7E FUFHFH
of Aol SlojA FAv]e) AXE HH e
HIo 2 ol FEA7L o= W <l Stk AL
BAZT. o)/dellA £ uie} 2], Active Badge
AERNE S8 A% 55 Aulvl "es)
3L, Z% XY D97t wolghs AL U 5
Ak

BAT(Harter, 1997) A]2Elo] M= o] S-Ex0]
F2E $41717F 2F3RF: Radio frequency)
259} g3} (Ultrasound) & $:A18H} $2417]
E& Ao Y oz mAH gk &
A717F 175} A5 e} 253 A5 E Tl

ofy

—

AATAEIZE A ARAHRIL HYE SUSAEH A2d

A3, FA71 o] F A4 AE7} 22 A
2}e] 3jolZ wiEro 2 441719} $:417] Alo]e]
A T WA B A2 WEo] &
A A2 Aol2 Wiz A Fash Ustel A
22 7% & Y= A% FYF 2 Hga
£ Aol 47158 55 2T 92
Ho] gloj FAAFEE 2417159 FHws)
OJ5EA AS HEgoE ol5EAe] 3
B YA AT oA B ule} o],
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£ 9% B4 A2 Al Fo s Mx Au
Bol Eths AL & 5 gitk
Cricket(Priyanthat et. al. 2000) A]AEloA]=
Active Badgel} BATS} wh| 2 o] ZS-E-%] x}Alo]
AA19] 91X AT, Cricket= BATS} v}3
7HRE 259t A5 230 ASE I AME
hztl, BATOIME ol SE Ao Sztel $417)
7} AZES 4418 W, Cricketo] e 17
Aol 22hg A (eacon)Bo] BFT AT
FES B0 $48 o 5EA
RER FA7} o] ABEL 48k, A
TE9 £3 A9 AolF uiEto g A2l5L
T8, H|ASe] HE A2lS vigoz A
o] REES T oM £ uis} 7o),
Cricket A)2=8IE X] WA $207]9) e &
A2 93 B4 = A3
RADAR(Bahl, 2000) A|Z=Hloll A= o] FEx)
7t 24 Aol 94X A A 71X 2Ejo) A
(base station: EH ZFHEIS Ao UDP
28 £45 717 2Hjoldo] Hle) Az A
71E HiEo 2 o|SEA Y 9IXE BEANT B
52 9I3le] ALEE 714 K-NN (K nearest
neighbor)o]ehz WE2] x| Efingerprint) 4]o]
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FYBAlAT, A7 AlE, 20089 3¢

o

ARE &4

pifod HC}-I

A

42 E8DA (off-line phase)ot 4
) (on-line phase)2 FAH T} 4
e &9 AZE 07} HEHE HY
el Z} AJFEAol2tn $helx B4 ¢
(RADAR®|| A= UDP packet®] 2139 AM7)&
ZA3}e], YA B PFoF FPojur] BE
2331} AXZE 23 dAo A= AREARe] &
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W K 74¢] 718 7R A& Fo), o5 3
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£ 483 4 girke 9ol Yo w59

B oA

2 9% 55 A7k 48 Be gt T4 AL
ol§3H= o] ofn] ole] Relq BEE B}
ek

Lassabe(Lassabe, 2005)= AP(Access Point)$}
ol EA 9] AEE D, oJ5EA AN F3
AP9| A5 A|71& Se} 3}l D$} S Atofe] bt
TAIE T3t AREALY] AXIE BA S WY
o] 43 ANE wE3 vk Qlok T o] WY
-2 Priyanthat(Priyanthat et. al. 2000)0] #]2}gF u}
¢} Zo) A7} wjg- At

ZRA 0l AT B Aol Al2H e
25 SAAE 2SEA 23 WReE
ZYE7} dvbE o g ALg-dh EKFE o4
g S 9 H#hHo] o]u] Kotanen, et al.,(2003)
o ¢Jste] A v gtk et B Aol A
sk =9 )8 Kotanen, et al.,(2003)¢)

Wi o33 22 F 71 Ao ZA g2
th AR, 15 B2E Abluetooth) E4) 3+
o] Z9iQld] whsled B dqte] &9 AL
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29 Y Ry ksl B d3e 34
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qrIM= HA 7129 SRDUNYEE )
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S Aoksick
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IS A 2H e dSA)e) s, ZdekdE
§ S99 A8 Atoe AH8A AAE o
53 £ & Il e SHAE AR
A AAAREAE Zutd 9EE 2A]EaL
Aeo 2 Zrld 927]9] gxtn & = 3
)olM 2 LE 0| A7 ARl o83

2 @rdide aRLsHoes FA2A
ZTALE APE o83t mebd £ A
© Zupd gEvlolA A% AP A5 E A
T2 el 73T APY sl ol
2502 54 A9 2 & Ax FEH ]
o AEA7F #HE A whete] SPAE A Y
o2 d3aAe 2u #Hue 54 9 2
A A9 284S Hst Mz Wgske 3}
o] & A7 918 A% Zgr ol widd
olef sh=tl °l2i§ ZTHEHE FFEtgy

(EKPg1 3tk
mer gxe mid @@sl A -
[z y z]Ta g3z Y $)x]e] AP,

(Xia Yi: Zi)a 1= 1) Tty moﬂ EH@‘]»O:] —:12_25]%
Azl e Aoz Ued & g

=

VXi=z)2+ (Y —y)? +(Z—2) +of

71N v'e FHLAE JERY #Ha 0, £
2 o7 W4 Gaussian FEAWGN)2.2 713
3t} m(=3)7)] Neighbor deviceo| A A8l
Z Fchd WLSQ(Weighted Least Square)7]™
o2 Nodeo X8 T lom,
'e JZzog Hgssid o

2=
L

= (930 Yo zo)

3 23

AAZARI2E A =PRI HFgE SUSATH AT

TI_T(IJ halr h; hi ox vt
. = |- .- e 52/ + ces
™ —ry hy hy R} oz "

ol T T 2 R Hog %Y
g <+ 3k

oz

or=H|déy|+v

714
rf] = \/(Xi—a:o)2 +(Yi~y0)2 +(Z'— 20)2
& 93 gt APY NSt Tl HOE AR

i

) X'—z . yi—
A2} B, (b = ", b= Yo
0

To

i
B Z'— 2z
z i

To

ye Z1ERCM AFZe] A

(LOS: Line Of Sight) WEIS LiEhaITh 4|23
BGE g A7 e 4+ Qed B o

P(Position: FA)]), V(Velocity: 5),
A(Acceleration: S7}45) Model S AHE3HE Ro]
Lol £l A9/ ohd 9 el
AHgte) 93 FRUT, AR wEe olg
sl Thest e 42 ALg

A=

Trt1 T Wk
Yo+ 1= Uk |+ | Wy
ZE41 2 Wk

Aq71M A=]) @A W, ~ N(0. @)E =
9 AR ekl e, B4 e e
Aol 9Ag 2 A9l O, =002
Bk A2Y 2% 24 2de Yuse
Xir1 =X+ Wi Z=h(X)+V, ol
Kalman Filter& 2-8-5}7] $Jslq n]d% 544
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5%,

Linearized state model:

7. =r+HJO% +V,,V, ~N(@O,R,)
1) Initial guess:
X, =E(%,) ana B =var(x,)
2) Linearizing:
7 =?;,+Hk55c'k+\7k’

02, = Hid X, + Violth ol a3 g

Sikﬂ =¢)k6'_x:k +wk’wk N1\/(01Qlc) 52’60]111 a% -?45‘]3:‘: X’C‘Fl = XO + (kai
Linearized measurement model: __’Lgl_ ™ = E]— 2_7'(}- s )?kﬂ' o]. 3| ;ﬂ iﬂ X\k = state

2 F1 EKFE #4331 HF 9 U8
2e Yoz 7o
D S =Xk+Kk+l(Zk+1_Zk+1),

2k+1 zh()}k)

VX =5+ =y +(Z, - 7)

<39 1>oAE EKFS Alxdl 2dn 33

3) Kalman Gain:
K, = Bc_HkT(HkE:HkT + Rk)—l

4) Measurement update:

=63 +K, (%,

5) Update error covariance:
B=(U-KH)F

6) State propagation:
@3, P, =D,E0 +0, Atk &9 ¢uE]E&S WLAN 7ike]

EKF Wolele S35 2919} tiio] 247}

S
Xer1 =

7) Goto step2

\/(XN XY+ V=) +(Zy -2 ) 2dE sl IF JXE 3= 3RS U

BT o371 e A A lZRE A

A5 FHFoloh

~7 )X, =X + 0%,

k+1

o

<38 1> EKF 2pd

AYPsPE 60Xy, = 90X+ W, 215 o] RSSI(Received Signal Strength Indicator:
Relation of distance and RSSI

20 + Mean of measurements
B0 e e e ~— Propagation model

S LB - e N o o o e e e e o o e e o s o st e e . o e s s i e e

E SB o m — — RG  m  m n —
g y=-12.1In(x) - 33.66

b A e T o o o s o e e

B e T el T E = T P b — 4 —

ASQ ———————————————————————————————————————————————————————

1 2 3 4 5 6 7 8 ] 10 11 12 13 14 15 16 17 18 19 20

Distance (m)

<E 2> H2|et ASM|7[e] A
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A7 HIAE A ATt HEdE SUSAET ALY

FANEA7] AF)Z Ar)E 2o Z RSSI 321 Az A7} A 7he] #AA
9 AT BALE Toob @k 221914

WLAN 87014 A2je AEA71S) BAE
WANG 24512, 222004 GwelEg A

F37] Slshd APZRE Im Aelelch RSSIS
WY 298 5, SN BIL T

algorithm TrackingEKF(AP_Positions, Distances)
/| AP_Positions: Array of APs’ positions.
// Distances: Array of estimated distances from the mobile terminal to APs.

/| Step 1) Initial guess
1 initializes X_matrix and P_matrix
/| Step 2) Linearizing.
2 for (i = 0; i < number of APs i++)

2-1 Temp = square of (AP_Positionsfi][0] - X_ matrix[0])

+ square of (AP_Positions[i][1] - X_matrix[2])
+ square of (AP_Positions[i][2] - X_ matrix[4]),

2-2 1_0[i] = square root of Temp, // computed distance between nominal point and the i-th AP
3 for (i = 0; i < number of APs i++)

3-1 for (j = 0; j < number of axes j++)

3-1-1 if ((X_ matrix[j*2]- AP_Positions{i][j]) is 0) or (r_O[i] is 0))
then H_matrix[i, j*2] = 0O
3-1-2 else then H_matrix[i, j*2] = (X_ matrix[j*2] - AP_Positions[i][j]) / r_O[i];

// Step 3) Kalman Gain
4 Temporary_K = H_matrix * P_matrix * H_matrix . Transpose() + R_matrix;
5 Inverse_K = Temporary_K.Inverse();

/I If K is not invertable then terminate
6 If(Inverse_K is not the inverse of K) then return false;
7 K_matrix = P_matrix * H_matrix. Transpose() * Inverse_K
/| Step 4) Measurement update, Step 6) State propagation.
8 for (i = 0; i < number of APs i++)

8-1 Z_matrix[i] = Distances[i] - r_O[i];
9 X_matrix = Pie_matrix * (X_matrix + K_matrix * Z_matrix)
/I Step 5) Update error covariance, Step 6) State propagation
10 P_matrix = (I_matrix - K_matrix * H_matrix) * P_matrix
11 P_matrix = Pie_matrix * P_matrix * Pie_matrix.Transpose() + Q_matrix;
/! Step 7) Goto step2
12 if(continue) then Update Distances and Goto Line 2

else return true;

end TrackingEKF

<718 3> EKF F& 212|&
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FRAIAHAT, A7 AL, 20089 38
<39 29} 2o] BEE AU XFE AP

st 34 A2 Aoly, Y-E& 4%
RSSI¢] Btgkolct 442 RSSI9} A9 3]H
B4 ZAoln, Aele} 2zA7e] TANE
<2¥ 20 BAIHS Utk <Y 2> #A4
S 71202 ALgAIe} AP Atolo] EAISHE B
oHE-S 7R3t AMERLY] fiR]el A APEZLA]
o AYE 3k,

o8 Sol, A XA =3 RSSI7} -60
o|3L AMg-AL} AP Atolo] Wo] it EAjgtt
A, Yol oJate] A E 3t 5§ B= gl B3t
of 555 AN y o g gozH T 4
£ deth

-55 = -12In(x) - 33.66.

o2} x=5918mo]th

<E 1> EKF

322 EKF 3 ¢agsE

£ a7adA Adshs 34 ¢uEFe <
¥ 3>3} 2t Line 12 <19 1>9] Step 1)9] 7}

O

Hoz X, Az Po HAe 27)5ksk WA
2 B Ao E <X 1>0] Ho|= ghog 27

stk X0 91 0,2, 4 L 242 AR $1R))
%y, z FRE YERI, 1, 3, 532 22} 1, y,

X ysko 2 L-Zo|v= AR £5E 1}
E}ﬂdt}. Z7] o= 03 widske 2L ARR
o] 91x17k Aeletm sk Rolek o] 7

A4 g9} oAt Foz P PAL

Z goz zrslte 2 mE2A £ET 5+ 9l
Al gtk gxelEe] X matix €} P_matrixe ©]

[o]
e

— HA
Description Value
Xy [000000]7
1000 0 0 0 0 |
01000 0 0 0
, 0 01000 0 O
Do 0 0 01000 O
0 0 0 0 100 0
0 0 0 0 0100
1000
0100
R“ 0010
0001
0001 0 o o0 o0 o0 |
0 0001 0 0 0 0
0 0 0 0001 0 O O
0 0 0 0 0.001 0 0
0 0 0 0 0001 0
.0 0 0 0 0 0001 |
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F 4ol tigk Matrix Class A o]t}

o] duEFAME FF Aske] FE ARSH
o2, o] 7HsHA 7] Y3t ABH] g
£ Decimal Type(CH# tlolE F-3)71A] Al4te
4 9)E Marrix ClassE A8t o] Matrix
Classoll= d9] gt F 59 ditn) X
3, 998g Fihe vAsE o3k
3 g8 ok W Azl

T3} H_matrix, K_matrix, I_matrix, R_matrix,
Q_matrix, Pic_matrixy= <219 1>¢] AFEE H, K,
LR, Q @& eju]sh= Matrix Class®] 7}40]

t}. 71231 r_O[number of APs]& Xo oA Z+ AP
E7129) AES A o], Z matrix
<29 1> Step 4) 5 T ~ o = ARKE Qo]
t}. ¢318]Z9] Line 2~3& r 09} H_matrixE
3= FAo]x, Line 4~7& <1§ 1>9] Step 3)
9] Kalman gaing 3= #H4o]t} Line 83} 9
= 77t B - Fy o} %y = @, (3 + K, — 7))
£ AMES, Lie 103 11& 2z}
(B =U-K,H)P o1 P, =00, +0,
£ AAHBIT) Line 123 <718 1>9) Step 7S 4
Pehe Aoz ge e 22 270 ARNY
A Step 22 o|F3ha] 9] ANEL U

AATHAMHAE A% A=HETL e SRSAETE Al2d

2 syad
k" Xmatrix — (k—1)" X_matrix) <

Threshold or (mumber of iterations < limit)

V. X|=&7| =273

B oA 7R AxRY] Z2aPe
Autocad 2. 233 DXF S3(35 A 32)9] |
E T0e deue} Fud] ala a0
29 232 EAGTH DXF §E 2F Ad
afela o E AERY) BES JURE
a27) B8, AojRRoz el Akt

4.1 219

1o
it

18 P DXF UL £59) FHUNE
CIRCLE, ARG, ...) ©912 9] &% 74|24
Aol AEE) P2 F7hg) o)) AEe)
P2Ed F7kE AAle] 73 olFS A}
W 7Y A2Ee] Sk ok olal &
£ ol AEE 3 =39 $R7} ole) AR
Ao ZE 3 AEEIEL Shbe] el2Ed]
5% /1202 A2 FH9 AL

Circle Object

Shapes = circle

Line Object
EntityList
//
Shapes = line
Index=0 Index=1
TypeList

<3 4 B2 A <E 3o 23] A}
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712 gEoAtEE B AZEdelE JuE
AR g =S 3] Sl A€ S0 7
Eol] Mol <F 3>} DXF w& 43td <l
EE}2| 2~ E EntityLis) 2 5% 2] 2~E(TypeList)
€ <Od 49 Zo| R4gent
DXF 2% THPHE Yoles 34
< SAx=2 Hod <ay 59 2o
DXFImporter Classol| A} PaperLoad) M|4-=7} &
Z5]¥ Dialog & o83l DXF %] Z=2
£ 78tk 1 U ReadFromFile) WAE7} &
25|90} GetLineCouple() WlAEE %3] DXF 5}
LollA EOF7HA] 5 24 HoJHE Holeth
5 <X 3>9] DXF 3 oellM & 5= gle vt
9 2ol A HL Fol A2 AHEY A
A opdAle ¢lo] & F & T AEC] ‘0oln
Uk o "LINE', "CIRCLE', 5| =8 #3
OlEUA HEl & & glok weby B4 ¢S 2
o] AEE) AR Alzteld g
1_“_:__ HieE izz‘,-l.u]_
dEE] FRE e 7 dise Y =
AYshe 8AES AW} dHE AE
Ag/ﬂzs}ot} dEE] HYAEd) FI1R <a¥ 5>
o RolE uie} zol, o) ALY FEH 57
A dEE P2EdA Y HAE Yehle
AexE FHFY2EE F710IH.

A YRE

4.2 32|71 /&

EE FA3= )
] A2 s, o AR QA
g2 grof ko d o x|} Jud A=Y
Z2E9] /AE AR AEFH oA =S
o ago 2 AA A=E siHd a2dok &

..L—_-\_'[T’

PaperLoad()
ReadFromFile( )

PolyiineModule()

GetLineCouple()

No

10| @= 1A 9|

<ad 5 DXF udg ¢
T'_‘A'I_:_

AEfEl 7HA(e)E 9 Line ZA)lE 28]7]
Dﬂi‘iﬂ AL Hoslo] gloy, =
S ARk gEET oilg AR F P@
2} (paperMidX ¢} paperMidY), =59 $%
71‘:'} FHx (wmdowX windowY), 2A|Y, &

rlo rz

2 weh 7 Q489 g T P
Sea 2o
Ase) 3 AEE 24 A=Y FHH

o2 AE HEES F XA Aiels Ao
of Rjolo) whe Hagkel B gol A% FY
Aol XA HEolr U489 YHES 2L o
2 7Y} oF B, <o 1>9] <2 63} 2
o] AT TABHE £H0] shie] Hapo]n,
o] 241e) A7} HHEs} (600, 500)0]5 B
o] 7} (10, 202 A, A=Y FREe
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<Abstract>

integrated Indoor Positioning Systems Reflecting Map
Information for Location Based Services

Jaegeol Yim - Jaehun Joo ' Seunghwan Jeong

So many location based service systems, including automobile navigation system, logistic
management, taxi fleet management, and so on, are being used everywhere. However, these are all
outdoors. This paper provides a stepping stone for commercial indoor location based services by
developing an integrated system of our indoor positioning and map viewer modules. For the indoor
positioning, we propose WLAN (Wireless Local Area Network) based EKF (Extended Kalman Filter)
which estimates user’s current location and tracks user’s trace in the sequence of time. Our map
viewer renders a map recorded in an Autocad DXF file and provides functions of map manipulation
such as zoom-in, zoom-out, and move. We integrate our indoor positioning and map viewer modules

and discuss the experimental results of the integrated system.

Keywords: Location Based Service, Indoor Positioning, Extended Kalman Filter, Location Tracking,
Integrated Systems
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