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ABSTRACT

The carrier tracking has to be basically completed for accurate positioning of Galileo satellite system. The
FLL for tracking frequency errors is robust to dynamic stress causing changes of propagation time but hardly
tracks accurate carrier tracking. The PLL for tracking phase errors provides accurate carrier tracking but is
sensitive to dynamic stress and its tracking performance is decreased when high dynamics exist. In this paper,
we design the carrier tracking loop with the FLL-assisted PLL loop filter and co-operations of FLL and PLL to
achieve accurate carrier tracking in high dynamic stress. we prove the performance of designed carrier tracking

loop via simulations.

.M B Asiolek vIse] GpS} @Al 5-10 mel 25

1 mels gl dl wla] AYAe EZeAEt |

QUNL 9 ALBE v159) Grsel Skl ¥l m oIt FEsld, 2= 20 9601 kmok 56°2] 7
421 AFEVFH 5 S5 JIRESA)C] FEOR  APRE 7R 37 we] AT FAme) 42 10749)
A3k gl A Hze] w7k 4 1A Bl G 307, ©1F 371 A omIg a9

# o] e 20079 FaHea AT AAGS] ArHA D FAAEAATUS] SIErdH] Al 2Jste] ATHNE
(This work was supported by the research grants of the Chungnuk Natianal University in 2007, and Electronics and Telecommuni

cation Research Institute.)
* 308tk A3}33}3 (chidlaths @nate.com), ** FFFAAREAlA T
=EHF 0 KICS2008-01-049, AHadz): 20081 014 259, HF=d4edz): 20089 1049 314

1217

www.dbpia.co.kr



g2 A18}3] 3= 5-A] °08-12 Vol. 33 No. 12

DS HAkaL 271e] AL Ale] AlelE 237
AP B ZE A Al F58te] A7 A
oz g Anlx A P53k 2L 3
AF= 4709 Fuk= H9(E5a, E5b, E6, L1)olA]
AgEel 49 F94 g9 RNSS(Radio
Navigation Satellite Service)E Al 33t F7Fo =
E5a, E5b, L1 wioelxe= vzt Ak 3
ARNS(Aeronautical Radio Navigation Services)E
Ageir) e Zde $4LS CDMA HHE o]
sl GPssh 4 ok el sk, 4 o)
Aol AgEE sHMlsE Az ohe dd
(ranging) Tiﬂ 23] AgElr W}EW A7
£ 7 Azl e nhe) W vas Ee 4
s AEE 24 5 ol

e LIF Ad2 dlole] Adst dlole7t ¢l
= 8l Az A wiel vk 4
(carrier tracking)< 7} AdellA] FHRHOZ o]Fo]
A 4 oleh Teht AlE o) AHeEIENRTE e

[E.x_, mlo r-?{J

745, dlele] Adelxe shdr] e o & F
o] ddgks W] ufite| ubEIl FA e x]<&A <l
Ago] BrPselh webd WAAel e S
= A gl AdTs s vk ARz
A} o] Fozjof Fry?,

Wgn 2AFIe TRE A90AE FAa)
%13t PLL(phase locked loop)d} I s 34
3}7] 218k FLL(frequency locked loop)®] ¢it}. FLL

< PLLEt} tlo|ul2](dynamics)ol| 74elsha wlE
Falpde] 7R W UH9E Ao R ql
& A&k vkal SAlo] ofgivk PLLS A& vb
5 50l AP e 5 g sl
alrle] e eolbelzel sl vhe- 2 sl
b sel SRR A el ks
g =22 A|¥(aiding Doppler)o] $le SIAFH
Tty aE Aelshedl IS 2o,
Z2 W3Eo] FHFZ ddZn AxA =4
A Afsta A ew AFPHSAE F
J8la s3] PLL 4= o] FLLE A=l
I Wste Qg eEA AslE Fs] Sl
IMU (Inertial Measurement Unit) [4], [7] 7]"] =
o] slgR sl Agsle] $-8¥Lh MU thol
Uelag gl ©Ze] W3lE 5 Heo|WE 7HaAF)
omm A%A JARAL S AT TS

—|—‘

l-H
ol

1—1’14

N

>~1

elE A4% Mn) FHTEE *éﬁﬂ som, ®
SJAEe Faje] A wAle] el $5AE o)
Zatgleh

Mg 2

2.1 222 L1F =<

79 A AEe GPSe} 2 FuE tlgS
37| wistell ZH-E F3)7] $18td BOC #HE7|H
A8k}, BOC(Binary Offset Carrier) ‘37|
Azl AHE e PR RE oA A HY
ol 283, main peak’} BPSKS] 27143t
Foll mlal] o Fot Lol Zelgh Aol slrk

BOC(n,m) WEE 9A} A-2-F=(pseudo random
code) c(t)e} F7]13E 3 FubsIl(synchronized
square wave sub carrler) Sct) 2 Atk BOCe]
PRN = AEE £ F wkes Fa f,= A
1), @t Zowm, 2L LiFe] o|8=l= ks
= 4] ) o= w3 Ik

of

tlo o

f

f.=nx1.023x10° MHz @
f, =mx1.023 < 10° MHz )
SC(t) = sgn(sin(2rf,t)) 3

ZYE e LI-F Ade 2E ARSARlAl 7wk
OS(Open Service)Z4] dloJe] Ad@L1B)3} Zd=]
AALIOR FYsiger 2 Ade] S4e % 1
7H:]. Z+ Ade sBOC(1,1) -2 WxE Ty A Ak

o FejEe] AFEm, vlole] nlES] Fr]3ke} &
dled 1H1e jalr] $1a) 2sulEe] 18 Zhe o)
2AFZE TH()E AL o|xtmre] F7)= 7 A
doll o]t b ;EF] e dole] wET]
o oml, LIC Al olgshs 25 s 5]
= L1-B9) Hold W= ]9 2k % 14

LIFS] AlEs A @2 51 9 5 ok

o o

%

=
R

8,7 8)=2P(c,,_ ,(t—1)SCt—n)d(t—7) ¥
cos (21 (f,, —f,)+0,)—c; _ o(t—7)x
SC(t —7) TH(t —7)sin(2n (f,, — f,)t+6.)) “)

dt)= dp)AlelA dHleole] vlE, p= AL A
4, fe E%—Ei foe ke Fal 0 SA9)
A gy 1= A7 Aede YeRdch

www.dbpia.co.kr



= 292 LIF A2elA] FLL-assisted PLL 7|42 o] &3} vky} 24 A4 A

E 1. 224 LIF A EA4

Galileo L1F
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Modulation sBOC(1,1) | sBOC(1,1)
Data rate (sps) 250 none
Second code length (bits) none 25

Carrier Frequency (MHz) 1575.42
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Parameter Values
Digital IF(Mtk) 4
Pre-detection integration time(ms) 4
Initial Frequency offset(Hz) 5
FLL noise bandwidth(Hz) 12
PLL noise bandwidth(Hz) 18
Maximum LOS Jerk Dynamics(g/s) 40
G/ Ny (dB) 30

1222

3-sigma PLL and FLLJmer(C/No 30dB, Tp = 4 ms, Jerk = 40 g/s)

FLL \rwkmq \hw—-shmd

200

40

| | |

T T T T

| | | | |

1 o hl [ E

| | | | |

_ | | | | |
3 | | | | | .
> | | | | | 5
= I | | | 5
H i | | | E=S
= | | | | | =]
3 | | | | | =
= | | | | | 3
g | | | | | ki
B | | | | i

@ 400 — — — - — — [ -+

1 1

-
|

18
Noise Bandwidth(Hz)

3% 6. PLL¥} FLL®| 3A]z2mt #Jeje} ARk
Fig. 6. Critical Value and 3-sigma lJitter of PLL and FLL

el oA obgHel SRS sAIEE [2] PLL
o] Bz t)odELo 18 W AABIIE 2% -Erz 2
Bl 2E djdFelx bdHel SHEA
o, FLLO| F2 oI Fe 418 S0z it ¢
A4 Aol #stE Fslr] flal 12H2
ek

=Fe] Afe] sle A% 2§ 39 o 53
PLL¥} FLLA|%1¢] PLL®| 944 225 242 1
3 73} 18] 8ol wlwaled mgirk

a3 7S AP EstE s F R
2 % QAHo gTAel AdfelAn £33
o sk 24 o) whiel] 45 2 o] 9
B 7% melFrh ma FLLASI) AL
Fohe 2 Sl 03k BAle] o Bejel o)
o $1gFAe] olFolA Fuks WHr|e] FHol

Maximum LOS Jerk Dynamics 40 g/s
80

I l T T
| | | |
| | | |
o | I
| | | |
| | | |
B R R B | IR
- | | | |
FJrY AR N Y | I E
© 20
> | | |
a | | | |
E oS
£
g | | | |
FJP) I R G | Y A S
£ | | | |
| | | |
7Y MR P N . AN [
| | | | |
| | | | |
6o — - —d__1L__L_| 1 Pure PLL i
! ! ! ! ! FLL-assisted-PLL
| | | | |
-80 I I I I I | | |
o 02 04 06 08 1 12 14 16 18 2

T2 7. 49 A= 1gs oA S At
Fig. 7. Phase error at mean jerk lg/s

www.dbpia.co.kr



=3 /298 LIF AdelA] FLL-assisted PLL 7]%-S o]438l W}l 33 47

Maximum LOS Jerk Dynamics 40 g/s

Phase error(Degree)

33 8. s A=A 4gis <M g4 24
Fig. 8. Phase error at mean jerk 4g/s

Aiding Doppler Loop

20 -
| i | i i
10 L s I Conventional PLL
| | | | | Ading Doppler PLL
0 | I B e Ny A B
| | | | | | i i
S e ey R
I | | | | | | | |
[ e T R
5 | | | ] | | | | |
=30 — - — L Lol
o
c | | | | | ! | | |
S 4ol - L __i-_0D 41— _i—_
g | | | | | | | |
o
D ogol — - — L L Lo N - 1
| | | | | | | |
S0 — - — L L LN - —
| | | | | | | |
70 I B B A B N
| | | | | | | | |
80 I I I I I I I I I
0 01 02 03 04 05 06 07 08 09 1
Time(s)
<] (e}
% 9. =Fe] AW F=o| Fu 24

Fig. 9. Frequency Error of aiding Doppler loop

Maximum LOS Jerk Dynamicas 40g/s
80

60

IS
=)

N
S

o
=3

Phase error(Degree)
o

[ I

| |
40 | L

| | | | | |
ool - -t Pure PLL with aiding Doppler

T‘ ‘T h ——— FLL-assisted PLL with aiding Doppler
80 I I I I I I I I I
0 0.1 02 03 04 05 06 07 08 09 1

32l 10. =22 A9 229 4 oA
Fig. 10. Phase error with aiding Doppler

0ell 7P?1~r e A =W gk PLLEA 52t
7] wjiEol, %48t PLLYC} wl2 1 A3lsl 9=
o] gtgsle= AL HolErhk v =FE Adle]
She SFATFEIE deluas Azlshe s
Zy7] wiell, tholupr st kA AS JA
=l 28] 8ol Hol A} o] §dFAe] o3

FaL A )daAe] ol oAl =k

1e & A4S 23 3 vyl i e

[e)
235 33 FEPE|UHS 0|83 PLLY H|wale]
I3 9ol ®Arh =Ze] x|deo] AdE PLLS tf

Fo A 3olR 7Has]

wftel] 23 100 Bl Zz} 2ro] A f)daA

o] o]Fo|z]A ik
V.2 E
B =elde =& 8N AEA A
F2lo] sbestar ARt $jakext® Qlgk PLLO]
A AE wEA ¥Ashr] s FLLAI9
PLL®| 7|W& 283 wka} 4 F2E 7]%319)
3 meFE FIle] L AAE dSsisick
Zrekek Akl So1HQl Tl har]E Fsle]
4% =E59E o]83 =ZE X9 SAE
Z5 AAge 2R e toula T =
Zo] WIS Sl o|UE 7143l on, FLLA|YS)
TS 24%’%&:@% A Eat I FA R R S

AR =5 ézé TS e Aeze
IMUS} #1538 w3Fe] 29 AR 2%, o]
Bl Aol A}8o] oEl7) Lq]_‘,‘}oﬂ wZa =3

el 3k A% 4 477} Bash
BEIES
(1] Olivier Julien, Design of Galileo LIF

Receiver Tracking Loops, SCHULICH, July
2005.

Weibin Li, Zhou,
Shidong  Zhou, “High
Dynamic Carrier Tracking Using Kalman Filter
Aided  Phase-Lock  Loop”,
Conference on  Wireless
Networking and Mobile Computing, pp.673-676,
September 2007.

Ravindra Babu, Wang Jinling, “Analysis of
INS Derived Doppler Effects
Tracking Loop”, Journal of Navigation, vol.
58, Issue 3, pp.493-507, September 2005.
Guojiang Gao, INS-Assisted High Sensitivity
GPS  Receivers  for  Degraded
Navigation, SCHULICH, February 2007.

Chunhui
Tingchang  Wang,

Shanjian Liu,

International

Communications,

on Carrier

Signal

1223

www.dbpia.co.kr



g2 41813 = #] "08-12 Vol. 33 No. 12

(5) Hurd, W. J. Statman, J. I, and Vilnrotter,
V. A. “High dynamic GPS receiver using
maximum likelihood estimation and frequency
tracking”, IEEE Transactions on Aerospace
and Electronic Systems, pp.425-437, July 1987.

(6] Santiago Alban, Dennis M. Akos, Stephen
M. Rock, “Performance Analysis and
Architectures for INS-Aided GPS Tracking
Loops”, Institute of Navigation’s National
Technical Meeting, January 2003.

AN

% & 9 (Seung-Duk Choi) 3]
2007+ 29 FEASt AR SEHE &9
2007 39 FENEE ikl Aagsts) Afst
<] Hol>Cognitive Radio, OFDM, WCDMA

0] & = (Sang-Kook Lee) =3

2007 294 FEHaL A7 1AdA}
e e =4

2007 39 FHEUNSAL oIk
Ashzsah A

<A HEok>  Cognitive
OFDM, MIMO

Radio,

1224

& ol 2 (In Kwan Hwang) A3

19799 29 o}t AAlF
g} =4

1990 69 Polytechnic Univer-
sity, E.E, Dep M}

19979 349 g=AAEAlAd T
S A7AA AgdadTd
19974 34~A] FEtw A

7| KA eSS g

<3l ¥#ol> WiBro, UWB, Cognitive Radio

Al & A (Cheon Sig Shin) ) 5]¢)

19901 2% shoFstw AR}E
st =4

20001 24 FEoiEtaL ARl
st AxF 2005 3L~ A
grefista AR AT

e
1990 29~31A] J=EAREA]

0] & = (Sang Uk Lee) ) 5]¢)

19881 2% AANEE Hiv|
ekt &4

1991 29 Auburnthstal 33
stk Ak

1994 34 AuburntEhal &
-3t whak

199313 39~3A] J=AREA]

74
/R] 2~ Eﬂ’ _ﬂ /\é ﬁ(}u}j

www.dbpia.co.kr



	갈릴레오 L1F 채널에서 FLL-assisted PLL 기술을 이용한 반송파 추적 설계
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 본론
	Ⅲ. 모의실험
	Ⅳ. 결론
	참고문헌


