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ABSTRACT

In this paper, we implemented an indoor positioning system with IR-UWB technology to measure the exact
location of personnel operating inside the building in the event of a building fire or counterterrorism situation.
Unlike conventional methods used mainly in line-of-sight environments, this paper shows that IR-UWB
technology can be utilized in non-line-of-sight environment by installing base stations outside the building and
operating mobile units inside the building. We installed a RF amplifier and a high gain antenna in the base
station and the mobile unit in order to allow that IR-UWB signals are transmitted indoors through the
building’s exterior and interior walls, and central station calculated the location of the mobile unit through
signal processing. The implemented system was tested for operation by conducting outdoor experiments in an
environment similar to the actual building, and identified the moving trajectory and position errors of the
mobile unit. Through experiments, it was verified that we could estimate and track the location of the mobile
unit even if multiple base stations and mobile units perform IR-UWB communication in non-line-of-sight

environment and IR-UWB can be used for indoor positioning systems.
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Fig. 1. Architecture of IR-UWB indoor positioning system
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www.dbpia.co.kr



o}, R AL AR AR} FAR AR Ao
A 715 Aol AFE e, 7 A5 i)z
IR-UWB A58 £5451= A4S £ 78] AR
£ 531, o1& % 2]2]=H(CS: Central Station)e]|
A Aol o] HAT IS 22T+ AL
& gelslelrk

o] A ool Atk 2%e4= IR-UWB
kel A 2] Alzsle] A TR gl thst
of AHsiglon, 3@l FRlE 7|A=, whe),
Zo)x]e| T 0] 83lo] AL A AdolA AFL 53]
&3 g7 03k9) o) % A 58 stlajedr). 4xdellA]
- A2S uly - ulako]| the|A] ANsledich

— EmETE X5

=
o=,

sk5
B

I IR-UWB 7] AL &9 AlAg

2.1 AAH TN
21 T2E 917 IR-UWB 7[Hbe] ALy 29] A~
e a3 13} o] 7|X, |, SAFoR
FAE) 7|AFe AE 9]io4] GPSE 0|45}
Apale] $11% elstar, wr|E 38 IR-UWB Al
2 £33k Aok whrle AR Yella] 7)#]
=3} IR-UWB AlE5 $5418H A3< 3 717
=3} whi) 2k Al AR S ek FdAEE
7|12 =5} whdy)7ke] AA RS Wi-Fi AHE b=
Hi~ Sl st ARARE F8sle] D]
o] 9122 w3l Awel| FHsH= Aulolth

2.2 7|X|2(BS) A o T

7|52 ZAEe] el zRale] A $HE
7|&0 2 whidr)el IR-UWB $A41S %f%‘ 3= Aol

t} IR-UWB A1&E 0|85 7|2 =) whdr] 7ke] A

2l 74415 9EAIZHRTT: Round-Trip Time)
2 ol olFolleh, BAE Aol TS
E Agste AHog2RE] whdy|zl A8 AlsE
] FE3te 7RIS BEe AR A7
olujght}. FAA 7} R HRES o]E Sicl= 717
slof] 72w "] 7 AR AR A7
Auke g Axksl 4 glrk

IR-UWBE ©]-83F Ag] 4 WAl o] 71| %
el olew, B =Redxe i 29 2ol

DS-TWR(Double Sided-Two Way Ranging) W]
o] g3led 7| =} whdy] 7t ArlE: FAFAH.
7R =0] #9142 (Ranging Request) HWA|A]E &
7)ol $A1E, = WA wlAA] A7) AZE o]
Zol] #l2lA -S5H(Ranging Response) HAIA]E 7]#]

T,

coml
Base .

Transmit
Ranging Req, Ry

Station —— Receive

Ranging Res,
(BS) Tx ging Tx
Tprop Tyron Tprop
Mobile .
Unit Receive Transmit
(MU) Rx Ranging Req.| Ty [Ranging|Res Rx

T’!‘Epl Tcu'mz

2! 2. Double-sided TWR 52} H2}
Fig. 2. Double-Sided TWR operation procedure

el AEskay, 71x]=o] Wi wllA1A] 22] AlE o] %

ol #]e]A F & (Ranging Quit) WAX]E whd7]el] A
THoan AeFA A2t ghusch o] AAE F

slo] =ZE= wAR] AR ofefiol 3ol A=
Hep
T _ (Tcoml X TwmQ ]—;epl X 7175172) (1)
prov (]107711 + Tme + ]—;(’pl + Z‘P])Z)
A7V T, & 7RI S 7be] ol A7) A%
A7, jw(‘omla jvcom,ZJE‘ 7|25 == |7 wA
A5 AFE A v AAE AR 7]
751%]_ /\]711—7 ];epla ];CpZ’E‘ Dﬂ/‘]zlg _/'“_/ﬂﬁ‘l- ‘{1\“{"‘?‘
Y vk wAAE $A1E wizbA] AR AR 2feiRk
o}k 7RIS} 7] 2] Azl ASAR Sl
o2 =ET ¢ glrk DS-TWR #HAe] 7] SA2
AF 2 ] 2 B718k ol FelA 9lA edelet

= AYE SATE ke RS A 9o
A5 A 2%
719] Clock offset, Clock drift 22}= A7
7] wiell Wel 8= e F shelth
s 32 7IA=e] 3t Al FAE HolErk
A= 7252 9ol AX|=]H, 7l?<15$°ﬂH $Al8t
IR-UWB Al3= Z1E9] ¥}, s F3s)e]
7)ol HedE]ojo}slr] wldo] UWB $ Hr}h =
A5 FH o2 A5 E FEleof gt Al5e 5
5 $8i4= RF 55 3|29} %2 oI55 7=
QFE) = %El°1°l: FPE}

T A= 2R 914 AHE 7] 98
GPS(Global Positioning System) SFeU}E- 915l A
=8l 7Redell=  BS  $A17|(BS
Transceiver) S A23slgch BS 54171 W3]

%}\-oﬂ iﬁ]—E]_‘:_ 7];{]%}], ot

2~
@ 43l

N

1 rlo r.l fr

UWB <$<417](UWB Transceiver): DecawaveA}2]
DWlOOO’é‘ A-g3lol om] W F3) EAF 5G AH|
Fae d9e a#sle] 3.7~4.3GHz9] Fik¢

1201

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences '21-07 Vol.46 No.07

GPS Antenna —» G

[BS Transceiver Structure]

uws RF Uws
Transceiver AMP Antenna

BS Transceiver —

| e

Wireless

Network Unit +«—— BS Controller

a3 3. 7IA=BS) A%
Fig. 3. Base Station(BS) Structure

(UWB Channel 2)& AH-31t)7. UWB $5417]=
3 £49l -41.3dBm/MHz(A % ﬂl‘?ﬂ%——. 500MHz)
o] A& FEsb7] wieell, EHAE7 Ae] oY
3t 2 A-gAk(Free Space)e S3Fslo] w7
o A 5 glek o] & Hghshr] 913 UWB 541
7%= RF ARSEH7|E #8381 3t 20dBm OMH
IR-UWB 255 553 5 Qles slsiek. o5 53t
ozl RF 4137} 20~30cm®| &38| E 2 W& 74
S o gle ZloR ARl g ks
S17E =4 2 A g Ak A 2 AIRE E%H
slolar, 24 Aw) oF 30dB 2] W Fat 4
F Ins 2] AvpA|ALE gl & 5 %1%’11‘418].
UWB <tellvh= 2 6dBio] o153} el S5}
T 5= JHES T8 49 o] 2aAvId
(Log-Periodic type)®] SFelvE Al=kste] #-8-59ict
71 A=l A2l Wireless Network Unit-2 ©32] tj2]

o

NE He
o _l.u

0% 4. 7)1XHBS) okl ==
Fig. 4. Antenna pattern of Base Station(BS)

1202

NAF FAARFZ A HEY2E T 9
3 Wi-Fi W=z 4% A 83isick BS Alol)Bs
Controller)~ BS 5\—’,\—/‘17] ;.L_ﬂs]—oq R e
918 A st 7357
1134 GPS 5 17lE iﬂa}l 2l

2.3 I (MU) AA 2 7S

)= e Welld $Alole AR} Frelshe
Znlo|n] 7A|=3} 23 29] AL E3)] IR-UWB
N8 salgke sl A5} ] 2l Aol
AlAkgic

R Akl Felde wefslo] Aelst o)
4 A7) ez Fsisdct. 7= dr] b
UWB §41& #3037] $1siale ARl UWB &
FA7] 2 S 7L glefef jhet v Als
o] Aol JFE ol W 29 7149 B4 4 E
1 el RS 8 S i Akl
51 wlEel UWB 441719 ahelhe dolel] 22
sl Feh-g- 75‘1/\]7](Display Unit)ll+&= Bluetooth -
A FAE FEl FdAE el AR whdr]e] 913
HE gl Sen TAT + A S,

23] 5 wle] B4 2 A TS b
dule] &= UWB gtevle} 5552 s
Eoz 443)ck

o] =F|Zo| UWB 45417], RF AMP
(Amplifier), wiE]2] 5-& Wgslsich wiejels 23t
& THE 37} AAS WA FAE ZHA7D)
el FAE Eol7] f18 =Ho] Beshe, 7P 2
FAE 7P wEE] FAE Eol7] fEixe EAl
=] 2] A AH s} Fasir} IR-UWB WA ¢ 2ns
9] Y AE AEEl= HAlo)7] wjEd YEAE A

UWB Transceiver,
Bluetooth, RF AMP,
Battery

UWB Antenna,
Bluetooth Antenna

Display Unit

Jg 5. MU TR
Fig. 5. Mobile Unit Structure

www.dbpia.co.kr



F(AFFEE A U B9 A 29 A28

%3= F7|(Pulse Repetition Rate)S A3 A
sl ke B4 WHel ulal A 29 Azde
T&gd 4 ¢len,  Bluetooth FA EA=
BLE(Bluetooth Low Energy) =5 ARg-3le] #%12
< 7] 7bsslich

Bluetooth FA15A1=]+= UWB 5414 3l <t
A= 2 7 AF o2 AR WARE AA7]
(Display Unit)ell Hgsh= ks 5a)gicl

gtelul= UWB<2} Bluetooth SHUE E8ste] A
zksigich. UWB Qtev= M4 Zo]E Z-= Monopole
Qv A4S o]83le] WklAF Dipole SFeLfr)
275 E9ien FHe| ol HFo R E WA
= W] 2 s e BAS Easl] 98
Elliptical Monopole HH1& #-83lc}. 735
UWB gtellvh= FHol oF 4dBi®] o5& Alggicl
62> 7] UWB <Helve] 3D ® )13} =5 2D
& wojFr) w3l UWB sl 71X =3}
7k AelEA 2kE #HAaskel] fls) Wk
o] H 43} H=E Ax slelel 13 7 &
UWB <slevle] F2]¢d(Group Delay)2 A1E#
oA EAE Axjolr) F2 ARE-<d<gl Elevation
angle 80°~100° Aolelx1e] o FA|Ad Aol=
0.36ns 2 A=A, o= <F 1lem o] AzEH &
25 A e g et

AA7 = 2719 AAE AR 1% 5 3l

el o g
T o
i—/

[O=PT
N
— ¢

dBi

448
=

-1.01
2280

-355

-Sﬂl

a2l 6. shr(MU) ot siEl
Fig. 6. Antenna pattern of Mobile Unit(MU)

I8 7. @riMu) s #Ae
Fig. 7. Antenna Group Delay of Mobile Unit(MU)

=5 3] el 2§ 59} Ao A= 7k e 7
3kt #4171+ HoneywellA}2] Dolphin CT50 3}=
Aol & 7ker A& ARk $IAE BT
4 QLES: ojZel ol as sk olel Bl A
S NE A o) R A9, AHBAE
W) ShEg Bl A4 91215} ThE AHaA] 91

& shel % glek

2.4 SLAM2IF(CS) 4l Y TH

FdAE T 7A= ] ke AARE 5
Asle] wtr)e] $1xE AXkslar, wiv]e] $IxA R
= Ao EAER= Auloc) w3yt ALY 9x] AR
= UWB E414 34 whdv|ol] Hdsle] x-8xal7}t
Zpile] 912 Y ol o] $x| S &eldt 5 9lw
= 3lsick

Zokxlg]ae 17 83} o] A A7|9} gkt A
Az TR A A% glel] 7 whirle] 914
= FAE] S1d ASrEleldh AAIZI= Wireless
Network UnitS £3|4] 2+ 7123} Wi-Fiz %%
), 7|A 33} shaky] 7ke] Ae] AR Alx|7ke g 3
S5t =k

FdA =] wEr]e] $IHE Alkeles WA
TOA(Time of Arrival) 7]9+] Gauss-Newton(GN)
9] darelES o8-8kl

War)e] Fgaks A4 5, g, 55 olelish o] E
3
=

(z— ;)" + (y—y,)* + (z—2,)* = d, )

GPS Receiver —»

Wireless

Display Unit
play Network Unit

T~

)

Jg 8. FUAHYHCS) TH=E
Fig. 8. Central Station(CS) Structure

1203

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences '21-07 Vol.46 No.07

A7 5, y;, 2 WA A1ATE] 91, = i
A 75} ) ko] 248 Aol 715
A= GPSE Fallx] Frshd, 7|A 53} dtr] 7F
2] 72}= UWB 541 584 & 4 slrh 370 o]
el 71Alse] EAEkAL o2t gl AT A 22
A2k (Least Square Method)2- ©]§-3}e] thd7]
2] A a5 & = gk A 7R3 =)
Alelol] EAleE FAAE 2 Aol dgko= <l
a 2745 d;ols AA 712 d;2F AWGN(Additive
White Gaussian Noise), 12|31 B|7}A|A SH o2
sl WSk A <do] A EAd). 24 FAE e R
T EEE A )5 o]&3le] =)o) 914 o=
o} zFo] ®EF 4 itk

N N
: 2 . 2
X= argmmmzri = argm1n$2
i=1 i=1

3

di_&i

>
~
N/
o
offt
3
>
Eu
e
N
1o
do
R

A-g3tlet!. OGN dare] 52 7Rl FelA ARg-
sk UWB 590l el 285w whjelch 22t
HI7HAAL g el A 2 7RIS s 2ke] AR
4 A, s A el wbx e Wt
o 3k ol Aere] Al eak= 913 el
biass A7, AEe] 7Hed| dlxe 2 1A=
ol fate] Azidre] eapt s wtel $14]
SA7E G A AR ZEe] sk me
TAelA= 2 7Sl 3 A2] AP} FdshA]
%7] ditel] $121 22t v 2A A 5 9k ol
23 7d3ks matsly] Sl i o® ON s
& FPshs Aelx =29 A alE r1Eez 7}
7IA=e] ARE A5 B, SR A7) o=
gk 94 ol F 49 bias® FAEkL =
AH 7elE ol e H8slksict

m. o 74 3 2

R AP eI A 59 A
ofslol AA AR} FARE TEES TEIe] 1A
& Azeiieh 27 09} 77 108 ARE 918 T

1204

a2 9. AIF A ¥ Bs 44
Fig. 9. Test Facility and BS Installation

MU1 MU4
. .

BS1 BS6

MU5

B2 o S 5SS
MU2 MU3

2= 10 A9 B % T4
Fig. 10. Test Environment and Organization

g 7= Fab 7R, "), FekAEl=e]
25 wol Fok 7] o 29 109] A2
of Sl o=y FaeEe) Hus Al
°F 20cm®] HAE F=39ich WS 27le] 3]
Z EARE FRoE A 15eme] Z3BE EEo 7
Tk FE=2 AAE $8 WHF oy 2T
ek 50cm 7HEo® HIS AMYsldch

a1 1037 zo| FE2EE] oell= F 874 71A|
=HBS)= AdA|slglon, S Uik A 9]
2)) 571 Aol A3k, UWB 5915 Fasto] 7t
AR ] 7] 92 AE=E A "]
o] Azl A= SAANE o83l EFrsdrh

I 11 H ¥ 12 23 109 A1E A6 72
= WF 570 ARl wrE A7 SAE 9
222} Ao} Al 7F XA 4] 1003] $1XE
Z=Z](Calculated MU Position)}aL  A#|$]](True
Position)el] &l 9= exle] FHF(MAE: Mean

www.dbpia.co.kr



« Calculated MU Position]
r A A = True Position
A BS
15
. A
5]
T10F A
E
©»
B
> 5 A
A
or
A a
5 0 5 10 15 20 25
X axis (meter)
T2 11, 2] $A eA (3AH)
Fig. 11. Posmon Error of Mobile Unit (Static)

1. AR D] A &3 (MAE)
Table 1. Position Error of Mobile Unit for each location
(MAE)

7] $4] #1224} (m)
MU1 0.67
MU2 0.49
MU3 0.67
MU4 0.50
MUS5 0.13

Absolute Error)< ]/‘P’G]-Oil X 14 71531} =
P A UWB BA1S alshs el
EEECEE e qw W S} 2ol S 7
3 Hek A1z Aled e o) Aok A, ),
so] %3} 7hee] we} ch2A] dehie o] 454
o= dZa7le ofRIT). w24 4 8ol Aue
ale} ko] Who 2 914 A% EEaE HEL Ea
A $21e] AFkresidual) S H 43} SRR Eshe
7o) wigkaje whlole). T 1 540 sk 915
ol Hsted Fwl 67cme] 914 225 ol Ze &

olat 9‘)\1;]_

7] 9] 9% A r= XA e} o] F A EA
o] tiEA Yehd 4 ek 2™ 12+ ©Hr]E I
109] s}k A48 w2t o] gAFS o v ¢
A5 Hofgrh AlFA} olEshe FAlA AAdE
A 2oL ol FskAlE Ggkem, f1Ase]
A2 <A AEetAl = kAR, Th7)7) o %
ol A S ek olEsialon Tl &
2]5o] whr|e] o] FAtell® Sxbe 5 oleS

F5ek

rZ nﬁL' N m‘i

_&HoLPOHJ

J2 12, "] $1A 24 (olF A
Fig. 12. Position Error of Mobile Unit (Moving)

v. Zd B

B mrellAs 20 s dee] Sk wA A

A% Helld 2 2 2Pd-E ashe qlsle] et
AHE AT $1gk A 59 Alzwle] 7 2 A
& Azl sl Adrsisivh. 53] LOS $Hellx] T2
$-83H= 7122] IR-UWB 29| Hh2lo] opd, 7|#]|=-
S Z1Ee] ool mixslaL el W]E -85}
= PRI SeME kel &9 daE]ES

IR-UWB 7]uke] Ay =¢ 7]%01] A g3)e] thity)
= % —?4’3“

9] YA5 =& 5 932 sF3ilrk *“‘ﬁ
A IR-UWB AlZE S8k 7125

T3}a, DS-TWR WA o] 83le] 7] b
7] 2k A=l SAsIch )= ARSARe] froiAd
= Este] Al PR AFelglon, A=
15 88 & s Fglslck FotAe = 7]
=3 7|2 E gRgE Ae] ARE 7HeR
hkr)e] SX|E AAZEe R AAkste] ol EAE}

T_I

17

N

22
£

e A B fARE 3] o] AFE
EalA BIZ7HAA el 2 IR-UWB 435 o] 43
of ©br]e] §IAE FAT + 31" S Balalgl o
whdr]e] ol HwlS Fal Zg Aol Al %
A7t 7hse gl D‘r

A 59] 7eS B2 3l QT FEl A4St
7FsAde] Mol ARgale] o] HH el ulE w]7}

A B o] S53 tA R e 5 slasor she
Folr} o}A] o} glrk. B 7S E4) IR-UWB 7|
o] B7PAlA B A8E 4 9lem, ¥ )
AT B3l 215 A3F B o=l ‘Q*M 7ol 2
43p7] 213k 71 Al E83 ¢ 9lE ZloR 7]

it

-

m

1205

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences '21-07 Vol.46 No.07

(1]

(2]

[3]

[4]

[5]

[6]

(7]

[8]

[9]

[10]

1206

References

K. Ozsoy, A. Bozkurt, and I. Tekin, “Indoor
positioning based on global positioning system
signals,” Microw. Opt. Technol. Lett., vol. 55,
no. 5, pp. 1091-1097, Mar. 2013.

J. A. Peral-Rosado, R. Raulefs, J. A.
and G.
“Survey of cellular mobile radio localization
methods: From 1G to 5G,” IEEE Commun.
Surv. and Tuts., vol. 20, no. 2, pp. 1124-1148,
Dec. 2017.
M. Yassin,

“Performance

Lopez-Salcedo, Seco-Granados,

E. Rachid,
comparison
techniques in  Wi-Fi  networks,” in
INNOVATIONS 2014, Nov. 2014.
F. Zafari, A. Gkelias, and K. K. Leung, “A
survey of indoor localization systems and
technologies,” IEEE Commun. Surv. and Tuts.,
vol. 21, no. 3, pp. 2568-2599, Apr. 2019.
S. Jung, D. Seol, C. Lee, S. Chung, and Y.
Cho, “Loss and delay analysis of continuous
wave through the wall,” in Proc. KIMST Fall
Conf., pp. 649-650, Jul. 2017.
S. Susan S., K. A. Gupta, and S. S.
Yellampalli, “Analysis of a transmitter system
for IEEE 802.15.4a UWB standard,” ICIMIA
2020, Bangalore, India, Mar. 2020.
DWIO00 User Manual(2016),
Retrieved Jan., 20, 2021, from https://ww
w.decawave.com/dw1000/usermanual

and R. Nasrall,
of  positioning

Decawave,

William C. Stone, “Electromagnetic signal
attenuation in construction,” NIST Construction
Automation Program Report, no. 3, Oct. 1997.
I. Guvenc and C.-C. Chong, “A survey on
TOA based wireless localization and NLOS
mitigation techniques,” /EEE Commun. Surv.
and Tuts., vol. 11, no. 3, pp. 107-124, Aug.
2009.

S. Sand, A. Dammann, and C. Mensing,
Wireless ~ Communication
Systems, John Wiley & Sons Ltd., 2014.

Positioning  in

0] & == (Chul-Soo Lee)

2000+ 24 : ghekehsk Az
el

20021 84 :KAIST A7]%A
A&k AA)

20101 84 : T AAA
A 1A WAL

20101 9€~&Al: LIGY~%]
el

<Pl el FANS A=, S, AW

[ORCID:0000-0001-5551-0682]

3%

3

2l T £ (Jaewook Lim)

20104 24 : A-&¥37|Eed s
L AR HFE

201241 24 : S2Etar ]
C A4 Bl Aat

20141 19~3A]: LIGY =
Agled Tl

[ORCID:0000-0001-6110-707X]

X M & (Sunghun Jung)

20091 24 : WA Az}
et &4

2012 2 : AAEh A7)A
At} AAL

2012 1¥€~3A) : LIGE =%

<Al Fok> Microwave
Circuits, Antenna, Wireless
Communication System

[ORCID:0000-0001-5243-9689]

www.dbpia.co.kr



= AFTES SR A B9 A 59 Alad -

M = 0l (Dong-Min Seol) 0l & ¥ (Sangbeom Lee)
2005 2% pAdSty AR 20129 2% w=oiEka Azt
FAAAREE E4] et =4
2011@ 84 : Felr|edgddst 20144 84 : arE{viEhaL it
Aty FHAUE T 4z E o3t A A}

g} upa} 2014 3U~3A) : LIGH =~
2011 8U~&A) : LIGH = )4
AT <Al FAlEsEl flv=

/\_\LEO] 1

[ORCID:0000-0003-3511-9530]

<Al Rop AES), W) elel, EATE
[ORCID:0000-0002-1329-4875]

1207

www.dbpia.co.kr



	긴급구조를 위한 비가시선 환경의 실내 측위 시스템 구현
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. IR-UWB 기반 실내 측위 시스템
	Ⅲ. 실험 구성 및 결과
	Ⅳ. 결론
	References


