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ABSTRACT

Cell-ID based positioning solution is cheaper and easier to implement than other wireless positioning solutions.
However, its accuracy is relatively low. So we propose a novel approach to improve its accuracy. Our approach
uses the probability that an MS will connect to each of BSs among several BSs to which an MS can access in
a pico-cell network, and Cell-ID based positioning method is applied. The simulation result shows that

performance of the proposed approach is improved compared to the other positioning solutions.

.M B ollEE 742, Ae], $Als] & Iz mobile
station (MS)9] HEE o]&gith $x] 7|ub Mu]x

T thekgh AnjeEe =xbo @ x| |uk Ay 29] vh oz AW S99 A9 &9, a2l A
2(LBS)7F %3 Sl gt volrt §1] 71uk A ool mF 53] 7Fes ubl Sol X oA o
2k T 9ol FE Ar 9)x s} 7;3 T2o) =3 9lc}h. GPS (Global Positioning System) 3=

P 5 AR s A3 B A A 24E A ke e 9 A A3
Ush 2E A RSis} FUUT PUASIC el Sk aei) As) 39] 24 20kEE Aol Wokd
2277 2 98Ik AR zmmz glesl, oz ob o ek o) 5EAl Alawel B8mr} FoA T Qlek

7k e ARl @A vl 88 e ol 58l Al2gle o]n] w2 <=zt TS 9]
2 ol ek olef @t 91 7k Afnlae FAPE o} 912 915 913 Hxe] 57} u)8e] Hs glon

MR QA= 20114% ARSI e Ades ATl A R AFE 7S/ EAIRI(No. 2011-0020519)9) A|€-&
who} e E9lL.

* Aok 741%"\1%““ 3 AMIZIAL YE T A (wy79.jeong @samsung.com),

*x ApFiosta AR A3 tjlee @ece.skkuac kr), (°: FAIAAD
= KICS2001-09-401, A=Al 12011 94 184, FHEF=TA4dxt: 20114 1149 28

1459



g2 A 83 =F-2] *11-12 Vol.36 No.12

71EA o2 o BAS AU S R n
7] wiielck EAH o2 GPS7) Y ] &9
SAE B3l 2 AA =g o 25%AEE
GPS Z¢lolx, YA 75%+ VEYZ 7|9t whale
o]43 295 ¥ Ax e V=Y Jul 299 =9
Aol ¥ gk B a2lm, A slxle Grse)
L 228 diel 39F 9 74 LAN, BE %
2= (Bluetooth), RFID, UWB 59| 7|&o] o]45 3
et HZ 944 &4 71 A 2 glo] &
A ks &9 whgel Yz Askslz gk B

A FA 7lee] tlokt whoE #2454 wet
olo| Uigt AF= sl AP 1 glek gL B
AT F £ =23 #2971 AFolMe MSoH A
W = AR o)F Al B s ARIE o] 43l A
W 39 ARE o] 4% AR A9 29 ARE o) &
 AJA & & A, 01 H-gH oz Aol
A AR lole &A17} glet P 28] 3 Fingerprint
714ke] &9 whye] Auje) 9] vhgo g Yol AM%-
Hi glov), 4l 4152] RF $Aghe o438k o)
b2 Aw) EAdo] sl mIZFsHA Wsld exkg
°] 231, Database 75 A W& of2}go] gl

2 =2 71E A7 uRcg Agte A5
Adsta, #7 gls Avle 3918 313 712 47
R} A% E Z0)7] $13] Fingerprint 7]4ke]
591 #held RF 343k o]83he Al Cell-ID
718ke) 9] WS g8l WS Alsdsly, 7
g AdY 395 f3 AedelME At He
GPS 29| upHg o]&sli GPS &9 AH 37}
Pico-cell base station (BS)2] 4 (Coverage)Hr}
74 "= Pico-cell ID 714k 39] ublS o831 )
W& A3,

ng g

2.1

i)

2 i

2.1.1 Cell-ID 7|dt &9 7|&

Cell-ID 71&-2 7} BSwIt) #1071 X|14€ IDS %
J3}aL it BSol MS7} 5254 o] & Cell-IDE )
A3l B A& E3 MSS] HxE Feh= 7)e
oje, dr|e} BAle] slede] Y AT el
g 583 4 glo] A9 BE o)lF Al T
o] Bolsirhe o] gk AT, 914 F&=r}
Cell?] B33} 27| wlFol] =Al A5} o2 20l
w2} $1X] 227} ulm ~ 44] Kmoll 92 4= glch

1460

ol#gt 2 E Fol7] i3t WHoE ¥ 13} o]
shte] celle 3709 AE|(1202 Ve why
(Cell-ID +Cell Sector)¥} BSZ APy} HESole e 4
ZKRound Trip Time: RTT) &4 "=} Cell-ID ¥
We Z33F HPH(Cell-ID+TA |/ RTT (Timing
Advance | RTT)), 18]35 o] A7kx] vhy-& A5k
BHH(Cell-ID + Cell Sector + TA/RTT) 5] 31t
ol2id W =g 2xp} ) wlE]d] o]&c} B

Celt ID

Cell 1D+ Cell Sector+TA / RTT

Cell ID+TA / RIT

CellID+Cell Sector

28 1. CellID 7|4} &% 71%&

2.1.2 Fingerprint 7|2t &9 7=

Fingerprint WAl 3EE% mdgd] 3t 9%
FA PR 9] 37 ARE SA S Ae A
BE ggsle whao|t)® o] ubie 2915 S3s}
7] Aell WA Database® T4331+= Training =

AE safsllob g} Training WA= 915 1%
F7tellA] ti59] Sample PointE A3ty A=
Sample PointellA] *A1=|:= RSSI(Received Signal
Strength Indicator)E Database3}5}e] A5l gl
oltk &91& sl wAlelMe 11 29} o] BS
E24¢ A% Ave] FAL Database & F

{ i

8] 2. Fingerprint ¥M]ol <J&k 71ul 29) 7|&



8/ GPSS) Picocell IDY% A5 ol 43 917 #4 W

3 H-] 9] ghE F23) Jown MS9 HA A
BE AFI} Pl o] wiale B3 SaEs 299 A
g5t Training wACAM TA=EE  Databases)
Sample PointE2| ZtAel| ulz}l depd 4 glon]
Databaseoll]  #A9 &g FHse W 9
Database 74 WAl we} Depd 4= 9l o} &
AE3 o] 7919 3 ABE 9o Algsieg
B A ARG AFE 5 glche AAe] ik
2} 2E Sample Pointol| 4] tekst Als) £4 ke
25 AR WA} 7o) wWisket wnic} o}
Al Training 74 3o} sh= ofzi-go] 9”.

2.1.3 Cell-ID/Fingerprint Hybrid 7|8t &¢

&

4l 7] Fingerprint 714} 29} uhg2 oz
BSZ¥E] @& RF A3/ MSolA 24 A 74
(interference) 5] FAEE 2l3] RSSI7} Database
T5 A} th2A S 29 Yo & o3
< VA S gic) =3k RSSIFHS ZA ks upge] &
o]3}x] 940} Database T3l W 32 dge 2 g
t} ol & HES /N3] $13) Sample Pointell 4]
A% 7153 BSY Cell-IDE2 243k 7} Sample
Pointell4] 7} BSY Cell-IDABE 4S5 gj= 35
< databasecll A &, 03] 33 A MS7L A<
7153 BS9] Cell-IDES] B9} v|WE E3 295
& 5 ey ol2i3} Cell-IDS} Fingerprint 74} &
9] ubgoll = RSSISF GPSAHHE o] 43 dubAal
Fingerprint 7|4} 29} 945} 2] Database 73S
Al 7+ $1x]ellx] RSSI T4l 4= o2 Cell-ID
== VIS, 3% g =9l 7 BsY
Cell-ID7} 53 2¢E 234 59 s cell
o H&% BEs Rltt

3G A U E a9} GPSE A3 29 upglle
GPS7} 478 oAkl iAo gHe 94 ARE €A
%% 7%, & Line Of Sightol]l $4d0] 47) oW ¢l&
o 14 Al BSZHE]Q) 915 HRE F71sl] MS
9] #1215 E45He Hybrid 5] wpgolrt. $14de] Al
8= GPS A3 3G FA1 VB =7) AlTsks 9
2] AR R} ARt F7) gl Hr) s 29
7} 7kt SRAIRE o7jol] o3k Aot o EA
2 I8 $4e] AEsh= GPS Al37} 370 olslr) 5
W 93k Ag=r) dx38]) ejAlc) o1F nets)
7] 918 GPS A15E Al81] B3k 94 seuke 904

AR ABo] 7F5a BSERMe 9134 AT s
o] 2g)el B4k = GPS ABE PAY 5 U=

%Mo) 9l 7% BS 472 RE] 93] ARE S8
o MS9| $1x5 &34 =}

2.1.4 Fingerprint Zlgt 22| & &9 7|8

#RANE A Z95 $I3 Fingerprint 7|4 &
§) wtle RSSISH GPSE Aol o3 29 u
W F R AW 39 A GPSe| A} wel H
o= S B3| 94 uhgelck £9] A RSSI
o} GPSE °]43t 91 ARE 3314 Databasecl|
AAFsla, MSe] 9] A] RSSI® GPSE E4 2
A= Aol AAE Database®] ARZ H|zZslo]
RSSI®} GPS 5 27} 2k vbdle] &9 k& A1
g}, =gt AlelelldE dA ol whe) GPSY] 24} HE
o] Alsteg Il ddse AR WeightZhd
RSSIE ©]43 2913t 7} GPSE o83 393kl o}
2 Fol, 29 AR AT E FoJFE Selective
Weighting SchemeS- -8t} oli= AulellA] Ale]
2, Aellx] ANZE o] 5T 75 5 5] vA
A5 F= R #3lgle] A4S 2R S 9)
= weltt =% vlA 4welE (Matching
Algorithm)' & £ MSellx] &A% Gps Fx9}
Training #gollA] 92L& Database®] GPS HF7He]
S 217} Pico-cell BS2] Coveragegtdct & 7-9 Ay
o4 MS7F Z2AE T lkz shdsle] GPS HIT:
AR31A] $ET Cell-ID7 4 29 uiluke waisl &
g} Pico-cell BS®| Coveraget Data Traffic AH-
ol Wzl BS7F ¥ WAEe] AAd = 9lov
50m A= oAkt M3 Gpsel 23 WE 5~
4omPL 7t Fpd @ B ERxE AdedAe
GPSE 53l ¥v HEE o83l AR ==
A= Cell-ID 718K &9 whgog ozl =
EE o83k duElEs H43slza) gtk

2.2 F9t GPS2} Cell-ID 7|8h £ wh %t
o

& A7l 4= Fingerprinth]9] 39] WS &%
sle] a3 3, 13 49} Zo] Training @712} On-line
FAZ E5) Pico-Cell ID 7]vFe] 29 vhHa} GPS7)
Hh 9 ubg-g AR 2dS AAEk, AW #7)
= 9= 295 93] GPS A3} Databasedl] ¢4
£ GPS##EZFe] 23] Pico-Cell BS®] Coverage .
t} Z 7% Cell-ID 7|4k 5% wPi o= Aozl 2

- A4l wbd Al ozl Z(Method Selection
Algorithm)S- A3}kl

3% 33} %] Training WA= A#1%l 2+ Sample

1461



FHEA1EE])=FA] '11-12 Vol.36 No.12

vz D
% Data Base
Pico-cell BS '
% 2
Sample | HE Pico-cell BS § ®& Rt
Poit# [ 'y T v | Bser | Bs#2 | .. | BSw
T [ % | Y[ Pags | Pags| - | Pasu
2 (%Y | Pey:|Pany| — | Ponx
H H H - - o, s
m X | Y| Pouny | Prmnz | | e
min (%ol Yo | Pomsis | Ponna | = | Pomgy |

28] 3. Training 3A9 Database 75 ¥hy

Measurement Estimation

Pico-cell IDs

p

e Positi
Training Meth?d osition
Database Selection

GPS hing [

3% 4. On-line SACIA 94 o= vhy

Pointell4] MS7} BSE ¢J2] ¥ Scan3d}3Z, MSel Scan
% Cell-IDES] %% 3158 3 7 Pico-Cell BS™
A& FEL& 7]} ol A1 Sample Point (x, y)oll
Ay Pico-Cell zol9] A< g Py, = TR A
olct.

p - PioGl-ID:AFE 3% 1
)z “Sample point (z,y) o1 A BSscan 25 @

Slollx 243 7} Pico-Cell ¥ <& 5 GPS
5% 53 92 7 Sample Point®] &gt FAx} §
7| Databaseol] A4} A& Eo] Sample Point
(1,1)11#4] MS7} BSE 1003] Scan¥t 73-% Pico-Cell
ID7} 281 BS#27} 603], Pico-Cell ID7} 431 BS#47}
403 HAEEd P,,=06, P,,=0.4°] Sample
Point (1,1)9] $1%, A= 3} I Databasedl] A
A},

On-line Hl= MS9] $Ix1& 4317 $1% A
22 % 49 7o) =IA Measurement A9}
Estimation 72 723% < 9Jt}. Measurement %+
Ax MS9 $1x Estimation® $]3] MS7} BS9

1462

Cell-IDE Scandlz ¥z $]x)2] GPS HEE &A3)
+ 3Aolc}l. Estimation A= vln d3ElE
(Comparison Algorithm), 13 <432l WY A=
gelzo g FA=

vl ¢72]ES MS9 ScanlZ ¥ BSY
Cell-IDE€ Sample Point®] Cell-IDEF} v]ald}ed
MS7} AA Q)& AR «l4=E Sample PointE-E&
Fug A3y, FXR Sample PointEe FHEo}
Databaseol] 214 7zt Pico-Cell BS®H < &8
o]43led MSe} i} SIXE Atshe A elck MS
2] oA A& AR 413 o] dazlEe] ¢4
= ¥ 59 2k MSe 3 X 4 (4)9) 7]
MS7} Scandted A4 7153 AR #9lsl BSE %
(i € BS,) MS7} $1X& 7Fs4d0] =& $X. Sample
Point (P,,= N S, )E3} MS7} A43) BS(2) & &4
2 A} 3)7} 7o) 7z} Sample Pointol 4] BS(z)ol| A<
& 5L vF ud 5,5 ik 2=l 4 9 Z
o] MS7} 9§21% 7FsAdo] & F K Sample Point
(P,= NS )= 7 $1A =H#2} #d Sample Point
X BS@el A& &Ed 7, ). & I &
o %X Sample Point A2 gsl olgl ¥ 5.2
viE ke MSe| 34 AR g

MS 53 91X = (Lat,, Lon,,)
(@59;) X P2 .
= YN —— @

(zoy) E Ry z

START

[ cellis5y |

L 2
249 Cell-IDs % Dﬁm'e
sample point<} | =
CellIDs b} 2 Cell-1Ds 2
$ 4 Sample points 0§% MSZE &
. BS@ol g
¥
£ & sample points2]
HEE 0|85 MS
Of 4 QIAl AN (112)

MS2| of%
X HE

a3 5. Hja odTEE eAE




=/ GPS9} Pico-cell IDHS 88 o843 92 34 9y

S, = (I”l%&lp(ﬂmyj)-z 3
P, =nS,, i< BS, 4)
Lat, : MS9| A2 FA=HE e A
Lon,, i MSS $AR FAEE AE FE
(z;y;)  : ¥ Sample Point®] FHI
z : MS7} 4% BS| #3

Pioyy.. @ 7 sample point (z,,y;)elA Pico-Cell BS
zol9] A% g5

BS, : BS, ol Scandlo] A& sbgo® #]lg BS

o WE Y

5 : 8 499 Sample Point5e] A%

oble vl dxelES Eal MSQ A 9xF
Arkshs dAloltk MS,o] 2AHE  Cell-IDEo)
BS#2, BS#4 (BS,=12,4) Q! 7% 13 62 22} A
Al Sample PointE°] MS2] 34 9% (P,) 7} =k
a8 79 v duelEE 53 MS $A] 24 A
Training A4 o]v] &3 Databaseol|A] 2+ 1.
Sample Point®} & A H.E o]43lo MSe| HxE
FACE MS FH 9x]9] y HEE BF 308 U3
FEg, A (9)F B9 x FRE g o) 7 5
il

MS 4 94

4 * P(4,3),2 | (P(4,3)2+ P(5,3),2+ P(6,3),2)
5 * P(53),2 | (P(4,3)2+ P(5,3),2+ P(6,3),2)
6 * P(6,3),2 | (P(4,3),2+ P(5,3),2+ P(6,3).2)
(4*0.4+5%0.8+6*0.9) / 2.1

MS 54 94 () = 3

MS 54 1A (x, y) =(5.24, 3)

+

+

agl 6. ¥in dyElEs %3]
Cell model 4]

=
=
w
do,
N
\
oL
o
do
ot
o]
w

Sample ESE Pico-cell B8S B F& SHE
point¥
X Y Bi#2 Bs#4
16 4 3 04 a5
17 5 3 08 02
18 6 3 09 Q1

O3l 7. vE duelEe B9 MS 93 4 A Training
GAA 7] 759 database®] oA

WA dre]Ed 17 89 TA kel Rol= A}
7o) MS7} Measurement SHA|ol4] BS2] Cell-ID
Scan¥} 7| A13F GPS #Eo} win Ywe|ES §
& & MS9] AEH X FXEF o)gsle] F AR
Alole] zpols A (5)E Bl AL o] 2Ake
Y 99] A=} o] Wby A€ Uwe|FoZ GPS
HE9} Cell-IDE 0]43]4] «iI&E MSe] & F ]
37} o] st 28 AxAA] FEId A
S5t} =3 B =Tl AR uh ) 71E uE
7re] s v 3 228k MS| AA A ¢
2= MS7}F 45 BSY Cell-ID$ MS7} Scandt BS
9] Cell-IDE 7|55 1 o3 U MS7} ¢ &
AA FFEE o83} GPS A7} vehlie MSe]
21xle} MS7} A4S BSY Cell-IDE ~|ubeled 24
= BSY $)A, a8z & =Rl Algse whis 5
g A 2= A 6), A (D), A 8), A 9HE F
3 doixl 2345w ke Ao e

GPS 9} A ¢t i 71 =}o
)]

= \/(LatG—LatP)2 +(Long— Lonp)®

y
GPS 9} ot whyl 2t Hla g2
olan [/ oaxaems
CERTEEE

GPsa} H|2
Sy ol

1463



Y5415 =ER] °11-12 Vol.36 No.12

GPS 23 = +\/(Lat — Lat ;)* + (Zon~ Lon,)? ©)

Gell—ID 23 = +/(Lat — Lat . > + (Zon—Lom,)*  (7)

Fingerprint 2.2}= \/(La,t —Latp) +(Zon—Lon,)?  (8)

Abg 0 ak= \/(Zat — Lot ,) + (Zon—Lon,)?  (9)
Lat : MS2| AA Ao = ¥
Lon : MS9| A} Ao} A% %
Latg : MSol] 245 GPS9 9% F%
Long : MSell &34 GPS9 A% 2%
Latc : MS7} 243 BS9| 1= &%
Lonc : MS7} A543 BSS] A &%
Late : Fingerprint W22 X% Mse| 9= Fx
Lonr : Fingerprint W22 248 MS9| A% #%
Latp : ¥ dve]l= 3 423 MS9 9% 2%
Lonp : HlaL A438]Z Fa 959 MSe) A= #%

by A" w2} Pico-Cell Coverage”} Uyt
Ho2 50mY-E FI3I, Pico-Cell Coveragezts
A3t Wi dwe]Eg F3 9 lo)9} Pico-Cell
CoverageS H|u3le] 5 wp7l 2jolr} 2k A
GPS 7|3t $14] HEE MSS] 2F 412 A2 24
8]37, Pico-Cell Coverage”} T ¥§7} xfo] mc} =t
< B¢ vl dEiEE S 92 Ms9] d1E 9%
HEE AF A5 X2 2P} o DelAE o]
o 2 A B EES viEko R B =Fo] ARI= vt
Y e 71E 39 s viws) Baat g

d2 82
% 4 B

BLEE
it

Broad TS
Pico-cell BS DZ U2 MS
goverag o % QA HE

YES

X e

n.d4sd7

s W7HE 918 7k=2 Ze] 50m, A2 Zo] 100m
8] F7kel ¥ 25m 2] Coverage® AlTd=
Pico-Cell BS 697} 10m®] 4% Coverage® ¥
YA A2 YAFlA gle AW 2dE A3
t}. ZE BS+ 7} BS9| Coverage 39 34l $14]
gt B =54 ARkl 59 dbdd] dsg
Training A= 7+ Sample Point®] BSH A4 &
< AA 6l BB OAl A reAe] E
< BS9| &E-& 1% 107} o] 9J9j9] oz gy
sloick =3 GPS 7]uke] 29) vbH ) Cell-ID )4t
2] &9 v L B =FellA Ads= 59 WA A
F=F vlasl] 98 Adle 373-& ghshe why
Ad dye|Ee] e ¢konz iy Ald g
& A8317) ek

GPSell 23 &%= 2 =79 A% gl A3l
= Zdlo] GPS Al3 F4le] oefd- Al kst
o 4 Woll4 Ay ARE e o= /s,
Cell-ID 718t 39 MS7| 343 BS?| I E o4

aropie | Thar BaseStation
xX hd BS1 BS2 853 BS4 BSS BS&
p g 1 1 O R O o o
1 2 1 o L r g k24
1 3 1 2 o O O 3
ES 3 0.4 (=] O5 O O (=
1 S C o EY O O (2}
I & Q O 1 k) O o
1 Ed >3 [s] O3 o X 2
1 8 O o o o 1 O
3 2 2 O =] 2] 1 O
X 14 o k] 9 o 1 O
2 1 1 k2] 0 =3 o o
=2 2 1 o 2] O O O
=3 3 1 o L4 [=] O O
2 4 .3 O 8.7 o Ll O
2 S k< O I T £ O
2 S k23 O 1 O O O
7 O O 06 k=3 2% O
Z B [ [<] Q O L [
= 2 2 fol O O py o
2 iQ O < O kel 1 o
3 1 [ing L3 ke L O k53
3 2 T8 O .4 O £ o k=3
2 3 O 4 <G 2] [=) L T
k] & o2 .3 0.2 o2 O <
£l £ L O O 65 [3¥:3 (i) (2]
3 ad T 2 T6 o4 O 2
2 d LT O O .2 .. 0.3
3 8 k<) k= O 3 o4 o5
3 e O o kel L 0.5 0.5
3 10 E=] O O Lr 0.5 4
3 T o 1 2] o O =
<& =2 O 1 k24 O o o
g3 E3 r 1 (s (%] & 2
4 £l ¥ 0.7 G O.3 k2] o
4 5 [} o =] 1 a O
< a o k2d o 1 O O
E 7 O o o o8 O 0.4
4 3 k=) (2 2 [&3 O 1
Ea S k=) O o [ ked 1
R 1 O L O O O 1
S 3 2] 1 2] = O T
] 2 o 1 ] O O T
= 3 o 1 kad ke £ ke
5 % T 0.3 [ 0.7 =] o
S S k23 2] O 1 0 3
E k=] O O O 1 O 13
= gl O [ L 0.6 2] 0.4
S 8 2 kgl a o o 1
E 9 o 2 2] O L EY
3 10 ki3 O O k23 < £y

J2 10. A% 712 9% Training <419 2+ Sample
Point / BS ' #< & database



=5/ GPS9} Pico-cell IDA <

454 o437 HA4 4 W

0

&}9ict. =gk RSSIE ©]-83F Fingerprint Wl oJ&k
Z9]= BSZ Coverage”} 3= = A 93 457
A ¥-g &35l ZF X Follx) 2] Sample PointE
RSSIS Z+= 702 7hesiaich 2=
S 3t RSSIE ZH= Sample PointS<llA]
oA shtE Adeste] MSe] Az 2 alshke A
o2 7sbelc
s 7S S8 25002 29 oljElE wlage

o, %7} Ake O3 1194 Bole nle} 7o) 71
=9 o=k GPSTHE o437 Wi A HF
37.72m, Cell-lIDRHE o|83F wbHe] A9 57
12.21m, RSSIE o183l Fingerprint ¥PHe] A%
17.78m, 7 At #ge] A% HF 7.74m9) error
7h AElsdth 29 11 &9 o2l S 5008 wlwy
< o &7 &9 oE ndFch Ho 29 el
GPSRHS- o]-43F wb el -9 99.98m, Cell-ID W&
o]43k whyel A 23 788m, RSSIZ o]43h
Fingerprint #M'H2] 7% 63.16m, AJgk vhie] A4S
18.77m9] A Q& 4 gk

I3 12 2500 e Al EHe)d Ate) gl &
# dEe 4 AR ¥l (Cumulative Relative
: CRF) BlZZ GPSRHS o]-43) uhdle] 7
+ 2419 67%= 44.5m, 95% = 75.6m, Cell-ID
< o83 v A% A1) 67% 14.4m, 95% &
19.7m, RSSIZ ©]-4-3} Fingerprint HH2] A% o4}
2] 67%+ 20.2m, 95% = 45.4m= VEhgch o=
At W] A 2419] 67% = 9.1m, 95% = 16.2m
2 A%o] S g & 4 gick wby A" g
222 A% H/1E 93] 712 Zo] 50m, AR Zo)
100m®] Fzkel]l ¥k 25m 2] CoverageS AlFshe=

J)l

a2
dr

:-;
N 7

r[r
o[-rl r[o

o r_% jtl flo
=2

Frequency

¥ §
i 13 H
8¢
1 Ty o :
. ) T B,
. ‘nf:in':i Lt : LU SRR S
ty Eoa g ¥ L ‘ 3t
_ 4 DR i £
E ook B g .5,}' 0y Byl :‘; dndo,
LA A NSV HN BT TE AL S s ,l:; ;IJ il
i IO MRS ‘é i spis L ]
Ly E el DT (8 ,l‘ A |
A ‘zg.::“:'; Vi 14 R W A BN pE: i,
F g e 8 R A N N T DY PR
Ty Wb L DR i
[ dinfig gty 7 Jolg fon Al Lo, W DA W 10
Vi BT P I A
L R eI i g
30 e Ty
) ; i
%
10»
o . Yo K
o % w0 16 o 2 XO B0 40 40 50
Time index
. e n eaPs AMYY CeltiD 2141 we o

o vy GG T B Y ol CflID 71 R

Error {10m}

a7 12, &9] £42] CRF ¥l

Pico-Cell BS 6917} 10m<] $3% CoverageE F1
dAg 702 HAElaL e
20m, A= Ze] 100me] 7
AR 7% 2l o]
2 MS2| AAl $x]9} 10me] 23 HeE A=E
93] =gon 1 29 A= Al /‘]gﬂl"]”"]_’

283193tk Pico-Cell Coverage< X

.

& udee

ol FIMGECOTI B S

e L]

<

2ol 712 o]
s, A 3
gl Aslol GPS

oZ r:l‘

SRR ]-n % rlo

f'ﬂ-'
o

25m% wAE Aoz AT, 2500ﬂd%4 1003] A

Belol4 sl ), by A1)
ool ole 4% GPS
3% At wF
ol uhy A= okae]goe] GPS W

ol 8= 74

u-g A 1250§1 Al

A

WS At 1167.673] H%}‘ﬂ

o el3l A4

He UHRE

GPS uFHI}l Aol HPH alole] zolr} P1co—Ce11

CoverageBr} 27| wlFoll, MS2] A4 $)x7}1 A9
ol o] MS9] AAl $XE 71F o2 GPS WP} Ak

1w Add dae|E A 9ot A

— o} n}lo W\:
GPS by Al= ﬂ;r gl H 396.9
GPS/Alqkb |2 1250
Py I fors T 853.1
a9 3% '
9 Aok wE 19 Ask whe] 0
1 [« =] h 54 X4§_
(GPS/AITE = 0.59
N GPS Hhe] ¢
AJo > 0.59
fo] o) e
HlHol
GPS Hhd A= gl;_s} gl 64.74
Aok 2 81.74
B = e
o} vl
w Aol why A= ﬂg} el v 1166.96
(GPS/A ‘1}% = 1167.67
GPS o] ¢
o] ) A 0.71

1465



FFEAE 3| =FA] *11-12 Vol.36 No.12

W 7 AREE vlasie] Aqh ubge] o] ekt A4
SEiE ubg Al eSS e 34T 396.9
32 GPS WS A9 ¢ ik 2L olf=2 MS
2 AA A7 AN o W Y gaelEe P
81.743] GPS HHH-L Al=idich

vd g

Cell-ID 7|4k 912 34 WL ofE 74 9%
23 wPyel u)s A3sla 7o) $013F Ao 3l
o} &A1 ok ubgel vis] HExr) e g
Bslual B =EodlxE o)F MAdske whEe A
eksisdct AWl vEQ a2 Zhis glE Pico-Cell
vE =4 MS7E A4 4 9l 933 BSE F
BSHE MS7F A4E 4 ol FEL o435l o
o] Cell-ID 7]ut 5] &4 WS $-gslo] A=
AL WS Aok 718 91X 24 e A
5 %7t vlal AR, &7 29 X+ Gpsyt
Cell-ID 7|4} w14, RSSI 714} Fingerprint ¥y B}
Ak vhge] o AL A B, exle] 74 A
o ¥lx X5~ GPSH Cell-ID 7|4} vl RSSI 7]4k
Fingerprint HPH Bl Alqt uhle] Also] skalgle
ol & 4 sl Aljt uhge A7 7MAg 78
o] o3t Cell-ID 7|4t $1A] SAo AJEE o)
3, =3 YY) 33E d3 AgeA 72 5 9l
20 Auyale] E9]o) 4o slssich

&8

(1) Z3<d, vk, <lel=d, Folzh, 7x14, 4lagk
“91A] 714k Aul o] HZ B, AFAIES,
Y53 H R ), Asd, AE,
pp. 3-14, 2011.

(2) o373, X% “LBS 71& 2 F53 B9, @
= AAREAA T, HAEAEFEA, A25H,
A6=, pp. 11-19, 2010.

(3] L. Pei, R. Chen, H. Leppakoski, and A. Perttula,
“Indoor/outdoor Positioning
Technologies Integrated on Smart Phone”, in
Proc. of 2009 First International Conference on
Advances in

Seamless

Satellite  and  Space
Communications, spacomm, pp. 141-145, 2009.
(4] A, 2%, o1, 3, “xbAldl HPS
(Hybrid Positioning System) 71& £3F ¥ 35
vk, P54, IFFUFEA Y} E

1466

4D, A284, Al7Z, pp. 44-51, 2011.

(5) g, «FAdA 7l 9 AR Al
Telecommunications Review, A|164, #2Z, pp.
188-202, 2006.

(6] S. Yeh, W. Hsu, M. Su, C. Chen, and K. Liu,
“A Study on Outdoor Positioning Technology
Using GPS and WiFi Networks”, in Proc. of
Networking, Sensing and Control, pp. 597-601,
2009.

(7) F. Yang, and D. Aoshuang, “A Solution of
Ubiquitous Location based on GPS and Wi-Fi
ULGW?”, in Proc. of Hybrid Intelligent Systems,
pp. 260-263, 2009.

(8) A%, AGA, “LBS 29 7%, tiavr|9s),
718 AA, A543, ASZ, pp. 34-40, 2004.

(9) e, 54 291 /1% 24 2 B4, oA
g3, FA1F}s)=EA]-TC, A48 TCH,
A3, pp. 72-78, 2011.

(10) M. Bshara , U. Oraguner, and L. Van Biesen,
“Tracking in WIiMAX Networks Using
Cell-IDs”, in Proc. of Mobile WiMAX
Symposium, pp. 102-106, 2009.

(11) L. He, Z. Deng, and J. Huang, “Location based
Services Combined with GPS and 3G Wireless
Networks”, in Proc. of Service Operations and
Logistics, and Informatics, pp. 542-545, 2008.

{12) Cello consortium report, Available at http://ww
w.telecom.ntua.gt/cello/documents/CELLO-WP
2-VTT-D03-007-Int.pdf

3 f I (Won-young Jeong) A
B 50053 2% AlTadistE AR
EAFy =
2004 129~FA APAR
VEH A AR Ay 7
2009 33U~ Adadd &
o AR AFE TS 4
A1

<ol FAEA, vEMZ 2 3 Al



= ] GPS$} Pico-cell IDA &

455 o83 A

-Jin Lee) FA13)4l

1989 2¥ QAAiEtE AT
& 249 (3D

1991 29 At A}
3k 24 (HAh

199513 129 University of
Michigan, Ann  Arbor,
EECS (M.S.E)

19999 59 University of Texas, Austin, ECE
(Ph.D.)

19999 5¥~2001d 29 AR Feold7a A
o Al

2001 39 ~dA) AQddiEs AR
g

<FA Rl BAl UEYZ A% B 9 MdA 2
41 LAN/PAN/MAN, ad-hoc/Al4|/RFID W|E¢ =,
A BA AlzEl, 3 WES=

oK
¥
e

1467



