PNT 714(&9l, 3, Al 7} TR | ZAH (BRI |22)

ADIEE 7|ut ALY 59| 7|2 S5

i
o oxt
=
oX,
Huj
o,

ot
0
I
El

2 o

Lo AntEEY} Wik 455 SH R 8 theo
AU 9] A4S algith A, AES AP Zadd
tsto] Awslal A% A|7|(RSS, received signal strength),
T2k AIZHTOF, Time of flight), E2ZHAOA, Angle of Ar—
rival) 9] 713t 71 €] 716} 9] 7]zl diste] AFeste] &
7igte}, mpAjuo. g AR Aol A AREEAL Gl AW 391 7] ZAp BE| AJAE
<ol tsfAl e AT

O 1. AUFRE F2 M MH|A

AU S A AER ohet ALALE QhiSh] SIsHod

I.AE A 291 7142 RE Bk A o] ZKsslAY 2t
Eo A8ACNA B 10 ARG AT Bk oo} B2

19961 u|=to] GPS(Global Positioning System)E F17E 7i 7} Azl E 23t 2= o).
z

Wb ol RS SHOR She vRh 91 1= A Ay 2oinge] WAl s An) B8, A 2917
TF kL 1 A, esdls wth AR mgg) Age Aol digst W BxtekE L gl Bl
= olgotol 54A) 23], WEA Pt 2 LBS(Loca—  Ale], mat 408, ofF 9, 12l AN TR B 40

tion Based Systern)& o148 4 QA Hict, vl=tel GRS ajapo) gl
& H|E3o] gA|oke] GLONASS, G4 ¢1ghe] Galileo, %=9] 2o paold ALaAe] S5 wa] ola) weat Aot
Beidous-9] GNSS(Global Navigation Satellite System)& 31 wrslicH1] EatelsAle] e} 2o WEA ] A oA o
ol gato] HAAL] ARgALA 58 o] ABE W Ve A PN o
T, Fasich Ta, Q4 G, 419, v

Aol AEnt ofuef Aol e AREAF SIAE CIASloF =9 2)Ysk %

s} 42 9l B AlE o
AR SIS S, 2l S O ATE S g} o}l oS L 4 ol *ELH%Hﬂ s
712 54T G, T ojf 71 59) ALT) A i ojeigh wmgk sast 4 9l
otk 71 290 ASHOR A ol A1HR U ST wAe Seenie) Apels AEAE, 498 g
W AAEE o) S0l %S %S Holts AThe tx  Solx Ay % . e

o
Moz e, A4, 7} e 4

.

¥
7} ofgih, 1 o) fil SO RIE Y SAMES O H, ol

L Dol e E} Aofof A GNSS7I Hro = é"%

LOS(ine-Of-Sighy) 240 4 3t 4 5ol Akl ek S ALl T A5 o] A8 Hol GNSS
utebd, olef 457] Sistol 914 ZAkokd ok Z97h BAREE AeHE A%HOR 9t Bt A2
18 ol el AU G} A 2ol e % WIS RS A A ol 4
A= @ ARES) 7150 BOA D ATEF S AR A4 2 o) okl 5o Aul Aol skssteh, I 20

16 | 3ot 54



FH | ADEZ 7|8 AL

i

S RAEES

o2

O3 2. AU HE7] M|A

71 AMAE L

AR 7ol #2403l 3

A ANE 92 5 908, AbIA ABAE olelat 4
£ ot 4 1) 52 ubg AR B %_H* s,
[ 2w A
'6‘

a7 E o]aj] 4l

i

=
@ Bt A ot S ;%rm%@
..

ol chg 579l H50] 94 92 A 29
7k Sk Qleks 22 o 4= ek, 3k, FEYol FASH: B
PP W AR olold FA], 1A A4S i 33
oA A W ST FATFORM B Bl EL 0E
% glck, olefat o2y GOR| A 9] /4L FL A
ofollqReh B AofollA, Tt FART EAe Lol
13 AR S AL A ut B ) 88 2
29 ook,

A S8 Aol AREALS] 9IRS 7] 913 bRt 7eE
o] ZARRIY, A 2915 7heA she SRS A 4l
A5 A7) (RSS, received signal strength), T FFul4> HE
$ut 24|, Hu} AIZHTOF, time of flight), 18]35 =zt
(AOA, angle of arrival) 0| QJcH2). 38, A AAHd o0& A
UFEE AREARZ} vl ghom wheba] AnpEE 7|5 V)i
PR 716l 1 40 ] A 2 00 i
oA A 7hseE £91 7IMES Aelsilth AlelA=
B WiFi AP7} o] AA]slo] 9LonE o2 SHa: 29

7leo] e AojH AMH LR AnpEZ] oA A2 FAe

c

2 A it 2] 7149]

S Aol
S41, RSS 7] 9] 7148

ZAFslGlom, o]ofAl WiFi
APZ o]85to] AOA SRS 258k 71aso] Histe] 270
kolet. Al MAZ TOF 7]8He] 39] 714-& 27H8kict. TOF
714:9] 749 29 (UWB, ultra-wideband) ¥ 253} 50|
AR oo, 25Tt 7Rk £9) 7)EE v =l Fof
SHEZ[3] UWB 7] §l5= Areth, Z12|al 71 919 %91 7]
a5l ot e Aokt AutEREoE Aolr s Tj&
A, 2R AN S 22 A Al Sl o8 7sst
o}, Zrear At =5 ARSAlA SHfloor) HEE AlEsH
flsto] ARgE = Qlth, AupEEo| Ak ks AU of
oA G 7IREe] 91H] 29 7es A8 719E vk 9
719k E971ae A S99 e z2M ARgo) 7hs i,

IL2E

1. RSS(received signal strength) 7|dt 7|&
RSS 7]8F 9] 7|52 AutEZo|| A 7]22] WiFi AP §lc
olg3to] 914 us T3t 4 ol 4] oItk RSSE ol4

591 71\ Al 34 71, FAZHE (fingerprint), 2]
27 29 (proximity)2] A 7HAZ T7] Lol & 2= qic},

Aol 24 71e A3k A5 &4 R Fust] 4847}
203 WiFi AP] A1BAV1 258 Ae34AE 245, o

0] WiFi APR7E 253t 7|2] 3474 4 AP9 §)2] 2 ¢
AREAR RIS ke WHolt SkyhookAls WiFi APO]
it dlojejHlo]AE ol&sto] ARgALY YAE ol Ve
= WsiolcH4l. oH, Al ASE o 88 4R Ae 34
A= A wlold —4 FFE e 4 qlo] gl (1H
3ollAl= Wiki A o419 RSS 4215 Ueh3ltt. dBmt

F

2 3. RSS ZH0|E] (ahd 22 &) [

AUGUST - 2015 | 17



ZFHl | ADEE 7|9 AL £8| 71 S

P12 LERd o] 12 41T a7t 1 2 of JaFel ostod

Hsol Aet AE & 4= qlek, 59

A7} APE HigbH = LOS 374 W APE SA)= 31

1w £ola}l 9ol %= RSS Zo] 10dB oA} Zo]7}
S

Slgt 4 9l # 7]e] glof 24 RS

A

oF AL B APSERE SHAE BSW 5 A1 5
1.

3l
A Zholl AR BN BT 4 goh, 29 Ak

Axg 2 gl

S, ABA|E AR Sk ok AEAIE 4
Ho) Jug olgale] 2918 5‘}% PAZAE 7¥o] A
e, WAZAE WA 23] 7142 2917k Bagh Aol
wle] 245 s JuE olgslol Z91F Sapale) 19 4

of 0|2 Lhehgict. 2] 27kl 3ehe] AP7H x|sle] glom
2t Q= Aol APES] A3 A7IE 243 Habile] 23]
§ DBAMIo] 47Ejo] Ikl AgAF S17] T Aot @ AL
A1 SR APE) A2 1S el 79 490

Hup o 2 5E 925 F45H7] e, 1+ 8
7|H gl o)A S22 7]Ho] ?ﬂ-?ﬂi’ir’}[ . ZV\PiRS 4
29k 24 Hupy 7Ho] fEd s AYE AR ok A AL
AR 9122 ARk 7)ol Hjo] A 20 - B4 9]
A7F FolHE o] AlTA7] HEE o]gsto] AloA|7] K
7h oA wof fIAE sk il o uf dasth gE
s AR SAEL 7Rggh, B9t 9] WE (rank
vector) & ©]88k= S17|Hol AGtE ULk 7] PAZY
713} 9] (rank) 7|Wke] PAZE 7] o] AfolR]L 9]
(rank) 7]5Fe] 9] 712 912 242 Sl Alokx
Stk Jlol, APRHE S4H RSS ghee J9
o7l soll A wjaLEnh, Q1A F242= AlokRdE
EA71e SAdol Hub]. ®3t, S
Zipg e o] tielk $1-7F Ry Slete]. o]
g mdlo] A AJAFIS] e LERY] o] e-w
1t HE|(EKF, extended Kalman filter), F-3F 2+ LE](UKF,
unscented Kalman filter) W 1}e]Z 27+ LE|(PKF, particle
Kalman filter)2 YEFf o] 2w UKF 9 PKF= AJAE] 7-20]
7H-AlQto] obd 9o ABECH7], FHH, &9] YartejEo
A AREAR] Q1A 7] Slel EE} e A4l
wjojof 5] wizo] ofF AHAIZ|7] SRt SekeEaA
tfeh At ZIPE] ATk, Lefut, of gt 712 A
EEAMAR 71 #4 Gls A4S HaR gl
ST E = Sl SR A 527] Slsto]
WiFi APQ] A7) th4=E Z7kA] Aok slc}, sl APO] 4] tf

rlr

oo
o i B‘{'ﬁ
o o

o,

[> okl 2 =

N
—_
ol
=

7|12 E

_IL% Ho Ho
>

W[ﬁ u D
ﬁii
> i 4 =
2 2 o

18 | 3ot 54l

20 aps

Bl
I

0

DB At

R [*]

~O «0O w(‘)
5 (
O
5O

) 1 2 3
11 | 21 | 61

AP1 -73 -82 -89
AP2 -82 -86 -91
AP3 -94 -89 -82

12! 4, RSS! Fingerprint([2]0lA] XHTLA)

7F 57Kk WiFi AP 7H9] 7o) whysto] 59 Hekwrt
SEEE)

2 =
2 ol s AT DAzt Gl TRZ9IE Slsh Wi,
Bluetooth, NFOS-& o] 4 9irk, 728 5 ulo]2 291 4|
212 ehpglc,

Ao M=

i
=
1

Zol7] Sfstol, o]z

F(broadcast)® 4% 9lom o] 4

i
=
)
oL

o, e

50
o

Eo

_H)J‘

%

ofo

MWHW

un)

)
o 2
T jus}
z T
& o
;
po Mo

r

el

o 4 0
oZi 30 ot
Bl
H—I —
i §
rlli! o
11](e3
4 E
30 o2t
£ =
o,
ri H
P
e}
|
o,
oo
_O|L
‘5,

o

2n[El o9

Ay




2. AOA(angle of arrival) 7|dt 7|&

2918 AP(access point)& o|&sto] 4159 w2 24
S1L o] 5 o]gsto] ALY §14E ot 7|l gk i
7F R Qle}, o QHEUE o]k A5 QAR 4
ao] Mabelo] 91215 et 4= QleH1l], 1§ 69 AOA 719t 4
9] AlEe] P25 LRSI AOA 39148 APE= A}

4

SARBE| MBS SAISt] ZEE FAsI, olejd %
W o] ARS BB BA|o| §IXF T3 4 o)

3>
@)
>
ogt
A%
0

| l

| T,
>

WD
D
LS

[ ="h-cosf

121 6. AOA 7|8t ALHZQ| A|AE

Z SHUREE Y =24 #]o] MUSIC(multiple signal
classification), MP(matrix pencil) 59 2t 34 dae]E
= 486 AT mefjzE e 4 let12], Thdet FE
O] AOA AJ281e- 5= 719] QHEUF 82 AntE QLS o] &
Sh= Zloftt, AntE QHEUE 01515} HeLe] o5
A% AI71E o83t ACAE 5 @ 5 QLOUH13] AFEE ¢
Hluh= 217kl ©hdo] 9l +
o] VA olgshH 7<17P§ Al 94 AR ST o Sl
2.4GHz®| 735 215 5}4+e] Zoli= 12,541 E| 1| i
w YA Sk 6AlETE o2 F QIEurE HA)
ElojoF FITH5.4GHz] 785 oF 2. TAIEI [ ). AR&-AFe] 13}
A= A JRE[18]=5E FAsHAY A JEet =
o] WG Foto] 4T 4 QlrH14]. ACAE o83 Wiki &
41 WiFi Ho]&o® 7kl 4= Qlef, o 7)o}
(Nokia)ol A= 552 7I9ES] AOA 39] 7l 7idsigla

T
Fo
1-()1!
i’,

[15] Getoluto]Hof| A= 2 4GHz W 5GHz thelollA WiFi 7]
o] AOA &741& 7 Fofl Qlct,
3. TOF(time of flight) 7|t 7|&

& AEshaL, W B Al sl o2 e uk AES
Sk 4= ot g Wgko R iRl Adstal Aat ARk =48t
<= 7|"1& OWR(one—way ranging)oletaL Jtth, Z12uf, &
7o) A 7R AR 0.7 gr|skE|o] QA orom Hul A7k
A2 oll= vfojol2 @A} gt o] Ql=t] o|F SJARAY
(pseudorange)2tal 3kt TDOA 7]1HS o]-835FH QAbA 2|2
HE AREAY] 9IAE e 4= Qle aEl fiF]ol] A= o]
e s (bl AR AZFs71E s YRS Aot
A} sk ol g ol 7k Hiolol A @A} A7)
wo] 295 488 4= Qltt, g, Ins(nanosecond)?] Az

7] @2F= 30cme 741’14 i'% S5 E & ps(picosecond)

grojoj A @2t A& s dsty] flste] TWR(two—way
ranging) 7ol 7WEE|Qlc), o] %9 o AojjA] T BE,
2e)an i Bol A oh AR gj7lo] Ak gfjzlo] thA] &
ok2.7] 7421 ¢] RTT(round—trip time)—% ZA3}o] o|2EE tf
AL} B 7o) ARlE St o] A, 29 HolojA o4}
= WY S Alo]l FE7h Hijo]n g o] & Hileh= 2o
A 7L ok g, A S8 AP ol B R AjRto]
Aol whef e EZF WSk, o= QIRk @Ak T 7F
o A7t HolAa5 71t o0& sids}y| flste], IEEE
802.15.4a ¥&& SDS-TWR(symmetric double—sided
TWR) 7|H& @4acH16]. SDS-TWR W4l TWRS oy
o] oF Wkl F45te] olF Fksh= Aom, TWR 5744
of Zete|o] Q= T EYRE QAE AAAE

UWB ZZoA= 3 A"HEY AK(CSS, chirp spread
spectrum) ¥ IR(impulse rad10)7]‘?§, e /\]Jlﬁhl}[lﬂ CSS
AT= A2o ST Ee FukpollA w8 FuleR
He}ohe up—chirp} & _;IS“L]'TOHH SR Hols)
+ down—chirp AlZ2 o]Fo]ZH18]. =A< Nanotron
AR CSS 7Jute] 712 2 A4 9 ALHS e g
[19]. IR-UWB* BPM(burst position modulation)-BPSK
71L& o] g5kl At (lowband, 3.3-4.7GHz)Y a1t
(highband, 5,9-10GHz)& 2HA|8l+= Al &5 AJAJSHCHS], IR—
UWBo|l gt 712 W wiizol 7ol A% 1A% De—
cawaver= 20109 A& IR-UWB AJAIES a7ol8aL 2
3832 Ak QIeH19], UWB 7|2 A4 AnpEEo)A
= wlslo] Lo, 3 g ZRsAo] U AR FolE
HA| ] e FaRe 7hEsto], e AW S AolA S
Qg & Ao r AYE

F

04_4

rlr mm

AUGUST - 2015 | 19



ZH| | ADEZ 7|8 ALY

i

9l 71 58

4. PDR(pedestrian dead-reckoning) & 7|Et 7|&

23 (DR, dead reckoning)& 3HAJEFH(INS, inertial
navigation system)?] 712FalE dejolct DR Ax= &
£ 0 e 25ao] o] SIS the AR AN,
AFd-8 DRY| 745 & AllA 9 8 o]E AN T2 o]8sto]
2] ZisaAh, HAAG DRY A9 WAS 0
= At 253 o] 7hsdt Zlo] Aolgolr}, HayAg
DR(PDR, Pedestrian Dead—Reckoning)?] ¥2l& (19 7)
of UeSIt, WSS HEshe &1k ARSARS] WkAtti-
tude) 0.2 K ZE(stride)THEo] YA S o]&A o9

& 7HEEA|, Ao ZAA 52 of8-sto] 3 4= Qi

O

E
Lo

Attitude

Stride ™=~

2! 7. PDR| gl 22|

Aoz

e QAR AlA S 5 9fA]of whe} thac)
I 5ol F-zho] =of Itk ZUPT(zero velocity
ARU(zero angular rate update) HA1& o] &
=2 ¢ dtH20], 2FA o2 7ol HEs
AREARE) dol| wheba] Hebd 4= Htol| gtk
th = AnPEESY] 9ol 3hs Hal
oFE oFHA A e, SOl FaL BE EEHA

- OO

rlj
ne
=
Rl
N
—_
e
mE

)'O

c
o]
o}
)
+
D
N

ofr
ol
2
<
finsS
fo A
0 [‘
=N

1

o
k=1
iy
oN
!

il

s
o
rC
rb
-3

In
=l

=

L o2l
i off
of

Olr

2,
=)
= g
by
o
1o
a~!
=)
=
~N
rE
©
41
mn
o
2
=
il
<

o 17 flr
g
> o
=)

|

¢

o
il

K

ni
jﬂ
o)
_wﬁ
ab

1

x

fu

i3
mﬁ i

oY oA o

N
o &2
>.
-}
[
tlo
ot
il
rg
)_

i) aiqu

A Q1418 S1ek, W48 914 olap

_,d
rlr
?“ '
o
K1
x0,
o
=
~
s
é
=
=
s
=2
I
o

EX oyﬁgzo o]%]o

% 74 29 7|3t PDRS
THA O”Hmi‘r[lo] ol& (1
2 APZF A 7HAL F31 AR E o] glod Apu}ﬁ qioﬂ/ﬂb H
ol 2912 S=a5}n] AP A}OH 7ol M= PDRE 2912 1

olo
n:ol'
P,L
2
T
el
o
—>Ii !
T
o
EL
r s
z S 8

2 4 ek, Aol AnIEER F 29] Anle) 2t §72
Sl et 41l 9] 254 Ao

20 | et 5

Ao ZAIME o8
ko] Algel ket Wiksl= w47
2 9Ll A AET) o) o] of2 Z]a.qle] Fofet T
of Att. ol2f3t AN LAFE BAFsY] lsto], Aol = AllAfe} 4]

3 A e

TS 7Rl HAo] glow Al

AL AR A =

A7) AAS Askel w712 gatsls A7t AdE9l
E3F 2] AA Q) A7) Aol o Aske. tiAsh] 98, A=

A 7IHE o83kl A L2k HAske d4t7F A= s
(23], (CIE 9ol olE LB G, Ak @ 2ot A= 4
9| FAo] FHEHEA HF 24 % A AL A,

E3E YA HEE

WS ol gahyl Bio] A3 W 52 293 o
o] AN BT = QrH24], G ANEEL NRAE
FHBL 9om, ot AHGAY Ffloor) Q14 A B

ol g e QUTH25].

WiFi 29k ofug}, Aol A GPS WA o g Mxat A5 S A
$oh= 71H o2 IMES(Indoor Messaging System)7} St
[26]. IMES A2+ GPS9| L1 C/A 51EE o]-&alo] My}
IMESO|A] HEs= ARl 14402 ARES & {735
E] 182W1S AMESH 9w Ar = AHE Y3ty AnE
E°f S WikiE thAlsh=
A 7Fsi, 1.5GHz 9 2. 4AGHz| S A Y Fws] of<
o] ohd Fjo] &A7} Hrt.

2219, Al §3t 7S 83

= (elojmo= 7E

274 H3B)



FH | ADEZ 7|8 AL

oy
40
~
I
ofn
o2

fE2 EFFL H|O|EZ o]gsto] AntEES 9XE
= iBeacon©|th= 7142 7E5kct. NFC(near—field com—
munication)?H= th2 7], 70me] AW A& 7AW RS
arg-sto] B 2t A9 Aelw e 4 IeH27], shANE A
2t ARE dea7] ofgaLl 59] 7AE] W whe] stk
T3 ekahaus WiFi BAZHE 7|0ke] RTLS £24S A2
slo] ®r} eet 9142 73 4 A28, ekahaud] HAS
ISO/IEC 24730-2 & &473tt}. Zebra technologies:™ ISO/
IEC 24730—2 3t 4 ISO 24730-61 iFS S5l =9
FRAEE Awstal IeH29). ISO/IEC 2473021 ¥ 22 &

ETLEE

e}

2 2.4GHzol|A] H]o| 7[Hko & 22k AUSE91E 4ok
F 3031 ISO/IEC 24730—61 W 62 #7=2 UWB 7|9k} Ay
295 AIgE Iz20|H30], ISO/IEC 24730—61:2013 -2
5] AZ(PHY, physical layer) ¥ 871 2] A&(TML, tag

T vl 2] A7 AR A4
ojZe|Alo| Aol Aglsict, ISO/IEC 24730-62:2013 e
[EEE 802.15.4a 3#39] PHY®| &Asto], AlP(air interface
protocol) 2 A3kl 7|50 2 TDOA 7]Hke] RTLSE A3
aljok o, FHOR TWRS Ale e o= 9l

management layer) &

Im2asz

TR ATIEE AR 9 WiF o]82] 271 A 9] 7]
£ AR 4 e A2e 71912 Az 29] Al
AL Wil AL5:5 o] 83l0] RSS -2 AOAZ B53i0] &
912 ST & 93 UWB FHL ol§te] TOF 7o) 2
A 9 B8 AT 4E Uk, Ed, 59 29I 1
W DRSS 718 52 ol §5fo] M1g 4 qlek. A) %9) 7]
Zo] wreklel wheh AHGAEE Aol Ashs 7S 22 o)
o w8 R 4 Sl Aol At 14 242 Ay

W 59 7leo] AgetHw Selekeily, ads, Y B

SollA BB g s (ke HHof At 4= glow,

=& 37 Sl AAE Ee Al a5 ks Foks

% Sl 7o) gloni, vlof 9 AgAt el Alo] A9} 4

18 CI830 WE F4el Gl SR WU 917 b B
S glof| iz 7]oJgk 4= 9l o] sk Al e
u

238
o T A )

Frgd

[1] “Now Google Maps Can Help You Find The Airport
Check—In Desk”, TIME, com, Nov, 26, 2013,

[2] A. Bensky, “Wireless Positioning Technologies and
Applications,” Altech House, 2008,

[3] Z. Sahinoglu, S. Gezici, and I, Giivenc, “Ultra—
wideband Positioning Systems Theoretical Limits,
Ranging Algorithms, and Protocols,” Altech House,
2008,

[4] http://www_skyhookwireless.com/

[5] J. Machaj, P. Brida and R. Piché, “Rank Based
Fingerprinting Algorithm for Indoor Positioning,”
Indoor Positioning and Indoor Navigation (IPIN),
2011,

[6] S, Ali-Loytty, T. Perala, V. Honkavirta, and R. Piche,
“Fingerprint Kalman Filter in indoor positioning
applications,” 3rd IEEE Multi—conference on Systems
and Control, ppl678—1683, 2009

[7] E. N. Chartzi and A, W. Smyth, “The Unscented
Kalman Filter and Particle Filter methods for
Nonlinear Structural System Identification with
Noncollocated Heterogeneous Sensing,” Journal of
Structural control and health monitoring, January
2008,

[8] K. Kaji and N. Kawakuchi,

Implementation of WiFi Indoor Localization baed on

“Design and

Gaussian mixture Model and Particle Filter,” Indoor
Positioning and Indoor Navigation (IPIN), 2012,

[9] J. M. Lim, S, H. Yoo, K. J. Lee, and T. K. Sung,
“Integration of Pedestrian DR and Beacon—AP based
Location System for Indoor Navigation,” Symposium
on International Global Navigation Satellite Systems
Society (IGNSS), 2013

[10] S. H. Yoo, J. M. Lim, K. J. Lee, J.H. Kang, and T.
K. Sung,

DR for Indoor Pedestrian Navigation,”

“Integration of Beacon—AP and Pedestrian

International
Symposium on Global Navigation Satellite
Systems(ISGNSS), 2013,

[11] R. Mardiana and Z. Kawasaki, “Broadband radio
interferometers utilizing sequential triggering

technique for locating fast electromagnetic sources

AUGUST - 2015 | 21



ZH| | ADEZ 7|8 ALY

i

9l 71 58

emitted from lightning,” IEEE Transactions on
Instrumentation and Measurement, vol, 49, No.2,
pp.376 - 381, April 2000,

[12] P. Fan and Z. R. Jing, “Parametric estimation of
ultra wideband radar targets,” Journal of Systems
Engineering and Electronics, Vol, 20, No 3, pp 499
- 503, June 2009

[13] C. H. Lim, Y. H. Wan, B. P. Ngand C., M. S. See, “A
Real—Time Indoor WiFi Localization System Utilizing
Smart Antennas, ~ IEEE Transactions on Consumer
Electronics, VOL, 53, NO, 2, May 2007,

[14] J. M, Lim, K, J, Lee, J. H. Oh, S, H. Yoo, J. H,
Kang and T. K. Sung, “Performance Analysis of
Indoor Positioning Using Uplink AOA Measurement,”
International Symposium on Global Navigation
Satellite Systems(ISGNSS), 2013,

[15] F. Belloni, V. Ranki, A, Kainulainen, and A, Richter,
“Angle—based Indoor Positioning System for Open
Indoor Environments”, Proceeding of Workshop on
Positioning, Navigation and Communication (WPNC),
Hannover, Germany, 20009,

[16] IEEE Standard 802.15.4a—2007

[17] C. M. De Dominicis, P. Pivato and P, Ferrari,
“Timestamping of IEEE 802.15.4a CSS Signals for
Wireless Ranging and Time Synchronization,” IEEE
Transactions on Instrumentation and Measurement,
VOL, 62, NO. 8, August 2013,

(18] http://www, nanotron,de/

[19] http://www . zdnet.co kr/news/news_view. asp?artice
1d=20131109012413&type=det&re=

[20] M. Romanovas, V. Goridko, A. Al- Jawad,
M.Schwaab, M, Traechtler, L. Klingbeil,, and Y,
Manoli, “A study on indoor pedestrian localization
algorithms with foot—mounted sensors,”
International Conference on Indoor Positioning and
Indoor Navigation (IPIN), 2012

[21] B. J. Shin, J. H. Lee, J. H. Kim, C. K. Kim, S, Lee,
Y. T. Byun, D. H. Yun and T. J. Lee, “Motion—
Awareness 3D PDR System in GPS—Denied
Environment using Smartphone,” Proceedings of the
25th International Technical Meeting of The Satellite
Division of the Institute of Navigation (ION GNSS),

22 | 3Eet 5

2012,

[22] J A B. Link, P. Smith, N. Viol, K, Wehrle, “FootPath:
Accurate map—based indoor navigation using
smartphones,” International Conference on Indoor
Positioning and Indoor Navigation (IPIN), 2011

[23] M. Peter, B. Schifer, J. A. B, Link, “Versatile
Geo—referenced Maps for Indoor Navigation
of Pedestrians,” Indoor Positioning and Indoor
Navigation (IPIN), 2012,

[24] J. B. Kim and H. S. Jun, “Vision—Based Location
Positioning using Augmented Reality for Indoor
Navigation,” IEEE Transactions on Consumer
Electronics, Vol. 54, No. 3, AUGUST 2008,

[25] B. H. Lee, B. Harvey, T. Gallagher, “Using
Barometers to Determine the Height for Indoor
Positioning,” Symposium on International Global
Navigation Satellite Systems Society (IGNSS), 2013

[26] N. Kohtake, S. Morimoto, S. Kogure and D.
Manandhar, “Indoor and Outdoor Seamless
Positioning using Indoor Messaging System and
GPS,” 2011 International Conference on Indoor
Positioning and Indoor Navigation (IPIN), 21-23
September 2011, Guimaraes, Portugal

[27] https://community.estimote com/he/en—us/arti—
cles/201636913—What—are—Broadcasting—Power—
RSSI—and—Measured—Power—

[28] http://www . ekahau,com/real—time—location—sys—
tem/technology/how—rtls—works#thow—works

[29] https://www.zebra, com/us/en. html

[30] http://www.iso.org/



00

ZH| | 20k

x4 2
Mﬁmm_‘AT%
LI,_Oﬁ;&ﬂ_M_W o
= M o It @ e
of = = or = L 5
g B Ho =2 ¥ i .
i5r Mo o e 3 .
Ho KL KT wo gr oL o 3 i
E7ﬁ@%_x ) xo a0
J_A.mexb.,m_,,lg 0 g E|1_ﬁ
MHWJAIO& oK i
Horﬁ%xx,ﬂ z B o Ho
mﬁlﬁ_jm_h%ml_ B o TE
,_roﬁr.ur.n._n_Nﬁ N = 3
LIS O R = 2
%%%M%mﬂ, = 82z
% Lol
WHM@G% murucu_u %Em_w
L.;El\_q_u..r.r LM.Al..AIMu
22850 LB
ob99%mn_ == . Er
2555 - ® > o
S o S £t
[V eN] S .AD
ISV [l
RO
==
o
%0

AUGUST - 2015 | 23





