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An Indoor Positioning System Using
Time-Synchronized Switching GPS Repeater

d M X el
(Sung-Hyuck Im and Gyu-In Jee)

Abstract : A new method for the GPS repeater based indoor positioning is proposed and its feasibility is verified by experiments in
previous paper. But the problems how can identify switching GPS repeater’s 1D and when switching will be occurred are remained.
To solve the problem faced with, we propose the time synchronized switching GPS repeater and the methods of the detection of
switching time and the estimation of TDOA. First, switching GPS repeater retransmits the signals synchronized on GPS time,
sequentially. Always, first switching time is synchronized with 1PPS. Second, we formulate the detection of switching time and the
estimation of TDOA and propose the various methods. No method is existed absolutely superior to others in any conditions but the
method is existed superior to others in specific condition. Finally, feasibility of indoor positioning using time-synchronized switching
GPS repeater is evaluated through experiments in anechoic chamber and general environment with multipath.

Keywords : indoor positioning, GPS repeater, time-synchronization, re-transmission antenna switching
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Fig. 1. Indoor positioning configuration with multiple re-
transmission antenna.

A5 ek Ag) A5 oujsiy ket Zo] Rojd ¢
itk
(t+1) Pr.k(t+1)—Pr./‘(t)
=(p(t+1)+1p, +1,, + l,+lu(t+l))
_(pk( )+1Rr+l +Zlu( )) (2)
= (pk (t+ 1) _pk(t))+(lr.i+] _lrfi)
+(l,.+1_u(t+1)—l,.,u(t))
W 1413 ¢ AR ADF Ao Am duEow
AY AR B2 AIZE 1 Sk F29de] gldka 71
O]»__ OToﬂ s 1+1"(t+1)‘ll+lu( ) E}“L‘ 1A}§]—6L I O]I:]'.

l+ll

dutez, A7 ETEi Z4zre] AFA e 9] Ale]
el ol 1, 1, & 48X ol e g ¥ made] 4
°]7} ﬂEi *éxlﬂ 7Fesitta 7HgE 5 gleng

L, @AM AAZ 7 AckAFA Lty A 2 91X
ok Aol ol guiA Jvka 7HA). Ao, ] 2
oixel o] Altel| WE 91497 71E <L Alele) Al
H3 p (141)-p (1)) T35 34 2Pt 3= 423}
of Hlgto] Fido®m Aria 7% £ loevg Ad &

=2 7Yg ol 8st FAT F BAYe] rhEsith mEkA,
@9 APt (1+1) & 1, (t+1) -1, (r) W22 FTAG &

DI A AFE mkek ol 1, (t+1)=1,,, () 2 A
3t & 4 gleng g ARE 2 disiA AR EE
- Aot

Q% 919} 7o RHE, olFe} o] F
AREAF Ale] Ao 2 PAE TDOA SRXE 95 4 rk

)
of
>
2
=
T
o



Journal of Control, Automation, and Systems Engineering Vol. 12, No. 8, August 2006 791

Pseudorange Doppler Compensation using Accumulated Doppler Range
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Fig. 2. Pseudorange doppler compensation using ADR.
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Fig. 3. Concept of the TDOA measurement using switching repeater.
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bias estimation.
CASE 1) DIXI2] A9|% AlZkm} o|x|e| ojApE] Het &5

Qb 2914 Algke] AFSAIA YelA 9l Heuw
et =907 Ak AR ARRE FA] FReloF
g o250l mAe] 293 FHUE A A9l m )

o 2913 S0 mAlel SAE WS S0 34

sheo} &,

OASE 2) OIXle HZ A9/al AlZkn} oix|e| elAjHal et
Sy

D 2913 A v ZAEC] AL o] HAo] ARl Al
el Aol 7BgE ¢ Slrk o] o, ARSRRE o] 29
F A eA A B FAslor mekd, 1 B8

Brp FAs) ok sk v)x7h (m+)y7RE sk vk

CASE 3) ZESlo] aim ASIY Al oixiel elAl
Ha 53

grob 291 Alame B4 AZIIPPS)el B71AA

ARE 2702 2919800 W, AHARE o] 2919 A

o glome 293 Ae] 24 glo] Sapel B

o

=

2 #4T F ek o A%, e} sk AFE m Al
N

st 9 Hrje] AESES epick

THE AR QHEINLE 291 & AlZED Sl AHE B8 =3

CERT HAE S| AHEIE Ol B8 W

! : .

oLxiel OIXS &= %’35101
T otEIL A Tl etEILE AR aad
m A2 T 1 A2t ﬁH}I\u}.&ﬁQ
o oM o oxel n:%g
ST u oA
* EmEm * pw=sn ANz
HE 23
i i
EE:3 1] 1PPSOl SDiE
LT QHEILE OHEAILE
P ES] A8 EI|

79 7. 294 ANAE L AR B FARAY 5,
Fig. 7. Classification of problems of changing time detection and
pseudorange bias estimation.

T &7] fEMs T2 WA A Y dskE o8-8k
o Qe 2914 BAS HAEFH FAl 2930 BE
2JAA 2] H3Kpseudorange bias)ZES ol Wokghtl oj= A
Fahz) SlA7IE) Tkl Aego] TDOA Brolch

o) BAlE A% W FATAR Aslel B Fr YA
B2 Alade]l Basin W& SNR(Signal to Noise Ratio) Foi=
WA e olbAe wgel el Awol EAZl Bk
olg 3] H3t & WEe A FUIE A4 ey

A%3a ek =7
7% Basl] wEge] 2914 W& WER @ Bes) gin
AZsol sHe WL AAS] MR 42 Aol Fobd

E OE e 543 Az 1PPS)el E715 o ¢t
2903 FaL 2914 7&?301 AREA A A 2lt 39
714 S, 4o F AolA FA4ek
e 29 £ YRl gho] HRE o)F nlgo s U
7l 7kl At oAbA R AR 245 Aok
4718 HES TNk R QY 2913 £3te] HE
xA ] HEE FA3le] TDOAE F éﬁ* TAE e
Al AR AR Vro] AR = QUth & 1049 2ol
CASE 1-39] Al 7490 i3t *é% de 6}04 AT &=
A3 GpS A7) Al&Ele] AA ¢
a3 7oA 9} o] BRE AV A& %Xé A= o
=3 o] B} s AgErt
1. o|x|e] A9A +7k8} o|X|e| |AHE| HEk (CASE 1)
a9 33 o] ke Zhe gAAEe] Wbyl vl 2l
‘:%*Eﬂu}il T8y, o] TAlE HHy =9 A3k A&

3 & AR EE A FA) A% EA= o
3} @01 B & e,
SipAe wstgel BAE F AR e SAbAS
£ ohe o] 49 4 9ok
by, i=nyn+1,..,n-1
b i=n,m+1,.,n-1
sli]=486, i=ny,n,+1,.,n,-1 @
b,, i=n,,.n, +1,.,N-1

A7NelA, b, & &5 A AL n, & QFEL
2945 #7ke] AN <ujgi
go] Eale 24 oa—*ﬂra m7Ae] 2AAE 4

357 m7
9] ot} 293 £7 F omrle nX| e dopyof p=
A= MLE(Max1mum Likelihood Estimation) &7 7193}

GLRT(Generalized Likelihood Ratio Testh & AlE-3}o] HAEE 4
ATHS]. olel A3t} AALAZ & b=[b, b b, - b,.]
sb =914 L] 9 A% MLE(oint
MLE)Z th A& Hislete 3ol ofsiA gobd 4 rh

A~
=37k n=[n0 n o, - n,

-1

rllian(n,b) = nnnhn{Z(S[l] _bo)+ nz_:l(s[’] _bl)

i=ny i=n

v ©)

8 (t-n, )}

(o) Axs 2AZ B Sl Bz dynamic

progranmig) 7191 L3S A4, 7ot w8 254el 2

glol J(n,b) S HAi & H7I8le] A b 9} n & S

T ATHS|. o1FA T b} 7 Bazke] AREgke] TDOA 2
gkolct.

l



Journal of Control, Automation, and Systems Engineering Vol. 12, No. 8, August 2006 793

Switching Time and TDOA Estimation{User D 4)

True

PR Bias [T
\— Estimated

A

]

[l
i

i LRSS
2 i \ ]
-25 H ‘l N\w,,,‘l
WA
-30 ]
-350 100 200 300 400 500 600 700 800 900
sample time [msec]
@
Switching Time and TDOA Estimation(User ID 2)
20 P T T
H - True
f\ A l. — -~ PR Bias
| \ ! ‘1 \‘ A Estimated
15 R H 1
N by i
MW g
oft ! il | E! “
T
s Vil ol
| h i u S rl g‘l
5\*\1 ' ‘\:\ I
3 | R A | /\ {
if Vol iy
i i WARE
0 9 T A / I
| | |
v
750 100 200 300 400 500 600 700 800 900
sample time [msec]
®)
CSATR Y-S st A9 AlRER QAEAE
A F43 A,

. Results of switching time detection and pseudorange bias

estimation using dynamic programming.

At At
At
bo
bs
by
b,
Np I’lo"‘At no+2At no+3At n0+4A
IH 9. FER 29 ARRMEAEE 2 249 Jhd.

Fig. 9. The concept of known period of switching times.

aF 82 A7)e] Algk

2JAtAE]
oA 1% gays YA 3 LA oAl Aw HaE
Aol A2 92 HQl W 1Y

el & 4$2 TDOA &

HEFE FAl

| n
=
e

g olgstel 2917 A7
48 A9 e el aolt 2

TDOA Error

; : :
Unknown Time and Unknown Bias

_ . Unknown Time with Constant Switching Pericd and
Unknwon Bias

ssl \
Y ™~

4.4 Y

4.2 \

Error [meter]
IS
f
-
\

\\

3.8 N

.

\\
3.6 N

<
\\

3.4+ p

e
e S R
3.2 T T T T T A
3 .
1 2 3 4 5 6 7 8

User Position Number

I 10. 2918 AZE HFo] deid Aot dEAA &
DN
Fig. 10. Comparison of known switching period and unknown
switching period.

8(b)<t 2301 APAR BEgE QA vl 2 Aol

TDOA Ao Ades & oxp) = AL ¢
SITh. mEH, CASE 15 88 B33 rpA2 Adghe] 4

L oM TDOA 40 EAl7) g 4= glch J8je

2 Azgle] Agzds Fojste] FAel sk nxS
Nrs ZarA F4455 ¥4 47t A

2. O|X|e| Hemy A9|& +7k0} o|X|2| °|A+74a| Het £

(CASE 2)

4 T

CASE 19| Ao e AFo F28|E zh= 29 Aot
2 omalEe] Aol dilde BNt LE}EW, *é%—%
IA7)7] gt 2F 9ex9} ol ZZhe AFAl TH

v 2913 F7171 A AR E L o]e] F7] grol Tﬂﬂ
of vlg] &&1A Ut 7}*48}?1 CASE 19|14 F7g3fo}F 3=
am7lle] MGE mHzle] W § Az 294 AR mok
of ojaAE] APge s Aadnt 9} Fo| AL =&
Foigto 24 FAsfok sk W] £ Y 7 Atk
*‘71?# AFz7E Hgste] oatAE] Wshgo] rEd
JA| 7o) W2 oJx}A 2] HiKbias)S T3} 7o) Ao

b, i=nyn+1,..n+Ar-1
b i=n,+Atng+ A+, 0 +2A1 -1

s[i] =3b, i=ny+2An,+2At +1,.., 1, +3Ar -1 ©6)
b

m~1

i=ny+(m-1)At,ny +(m-1)Ar+1,.,N -1

7)ol A, Ar 5ol LR grez Al <t
2913 NZHAL dAs WekR] oA A

b:[bo b b, - bm—l] = #, 9] A% MLE= n, ol 7
o7t A ekom® FAZZINY 7¥e A
BE n, & WUisle] o Ao HAasE Bl RS
ot

Rl
o

4 52

4

I‘%Hl](no,b)Z ™



794 Mo - K=&k - AlAgidst =X M 12 &, X 8 & 2006. 8

i 17 FEviolE B2t BSR4 B 5 Ak

%??{ZWMF > (sli]=b)++ 3 (s["]‘bm-l)} o] 7%, T 7] tisto] ZAHT, el 29170] 052

~1
=ng i=At i=(m-1)Ar
sheh RgRchT 7bgeke osulE @ dleleivket 957}

7bztol AEA Qreuke] 2938 A7k 7HHe] LA AL LT 4 9L o] AL dlSsle] HIES ofd whdEE A
294 A7k AE Aee 17 10049 o] FaETh 8 7& nHst] of7E sk el
Y 102 s7HA O ARRA} YR)eAe] 922 UEhdith OE M Aee dx oy AR 1HE & UE
3 10014 1-39) AFEAF SRS ShEL} 29)3e) u} beltel FAAZE THAF I} tf2A) dAFtesn oty
2 oX}Ae Make] AEs} 1078 e)o]il 4-89] AR} e B3 gl = drh o] B2 TDOA A 4
QA= 20m]E] o)are] ALolt) oAlAE kel M o] 4% R AlxY &9 WM 7P F& 45E Kol w
7} 2 A9 CASE 13} CASE 28] Azo] §AMSH hel ojaA ol B =FdA Ajlshe A1ZE7] 2903 FAIE 9%
2 W) Awsk 4L A% TDOA 97 casE 27 TDOA 578 WO A8
CASE 15t} of 18] Jxe] exph aghe & + gtk T
3. 24R A9IE ARZIR D|x|e| SIAPE] HE £ (A 9) o vassw
CASE 2= CASE 19 Al@z2& Fofste] Alxgle] A5 & el Aéfz% H}_er %o]_TDOAEf 413?}71 A 7‘2‘_
& WP 22, OB ok sl Bl )sl Lt IDONE SEV] AT WM A ASe, Cl

T3] A A e AEal e 2903 Grs A7)
£ /HEsiivh Aok Al4Ele] F9aaHo A9 7184
& udslr| AsM H gFERIF EAER] ogks ek
(anechoic chamber)ollA] 28 13} o] AX]3 & TDOA &

3 A9 Fotod 452 BAsigTh

@Az 2914 AHe BFk e EA7E dolgink A
oM 294 A& S A7k AFA tEve s
Aoz Aol Alztel 252 $aeH Ak ol H, o
B IDE & 5 gle REAe] WA HEE o
gsb7] $ls) Gpse AlzZbE7] Alagolgte BAE 4.43)

of Zzke] b 2913 AR Gps Al S71A7. e orag sl
A(-] n, (Ji,]g_ _/L\_‘?/]% /\]Z_}_‘)‘O,] —;_"—Zé @\o] qﬂ}ﬂﬂ %30]'—% —_rL‘C:F_:}_- N TDOA Measurement (Switching Time 0.5 sec)
o AUt

by i=ng,n+1..,n -1
b i=n,m+l,..,n -1
s[i]z b, i=n,n+1,..,n -1 ®)

Bias [meter]

b,, i=n,_,n,  +1L.,N-1

AZIeNA, b = 7] AR e 1 oMY JrtAE
AFgrolAL n, & vlE] LA e et 290F E3kol
o dlE& £ GPS Aol F71H o 0.5zut kU &=
ARog 293 fdvustd FA7)e ARl AAE o)

3l <telurl 29A EE &7 wasic) - x5 TRUE TDOA = (39,65 -36.23 7.71 -11.13)
GPs Alztol E718 291407 sk o, 2 LA o] S ]
/ . X: 2
o oALAE HEge (9)9} o] A‘g%q HEoe s 7has} . J,»/ l, /i».?14 Iy viisr | 1
AT 7 Aem, 2903 A HES 1A i 2apAE ' ! [ e ] e v\i
- _ ~ - of \ | e J
HYAe A4 FAFOEH CASE 1280} 33d 34 A _ ‘\ = ‘.1
. B B o T s 35, |
58 7k 5k B 2904 w00 s P i L |
1w - - g - ! i
o wAshs R4S ANE 5 gk i (@ |
~151 i | \
} | 4
] moran-l ] ro+2am=i o0l { IJ \
by=— z x[n], b=— Z x[n] \\ o \\‘
N n=ny Nn:nu+An (9) 251 \\ v:-27,59‘ i
1 ny+34n-1 1 N-l » \, ‘ v,/IJI ‘ ‘ ‘ [
b, =— Z x[n], b :ﬁ Z x[n] 0 5 10 ﬁf: 20 25 30
n=ng+2An n=ny+(m=1)an
®

Yo A wao] AAHow HL&H7] YY) ALeA}
9] GPs FAI7|= F A3 GPS YA F 9 dHdolE] Bz
7} 7¥ssiodol dv), aeju} ey A9)A o] 2y W ¢

4e) £59) Mol WAse] GPs HlolE) Bz A%g A

T3 1 e A A5E ox kAR A gL @) 808 A
=%k (b) 803 A kel W+t

Fig. 11. Pseudorange bias measured in anechoic chamber, (a) 80
measurements, (b) average of 80 measurements.
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Fig. 12. Results of TDOA measurement, (a) Generic GPS receiver,
(b) Javad receiver with strobe-correlator for multipath

mitigation.
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Table 3. Experiment results in indoor environment.
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Fig. 13. Evironment for indoor positioning with multipath.
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Fig. 15. Result of TDOA measurement (switching period = 0.2 sec).

TDOA Measurement (Switching Time 0.1-0.1-0.1-0.1)
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Fig. 16. Result of TDOA measurement (switching period = 0.1 sec).
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