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Review on Vector Tracking Algorithm for GNSS Receiver
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Abstract ; The essential goal for GNSS signal tracking is to make a continued estimation for the PRN code delay and
the Doppler offset of the carrier frequency. To begin with the principle of signal tracking, an in-depth survey of vector
tracking (VT),
and the filter design is presents in this paper. Noteworthy variants of VT including the Maximum Likelihood Vector Tracking
Loop (MLVTL) and the Joint Vector Position Tracking Loop ( JVPTL) are also covered, and models, characters and
advantages of the two VT algorithms are summarized compared with Vector Delay/Frequency Lock Loop ( VDFLL).

including its history and basic ideals, key steps such as system modeling ,the model parameter calculation

Simulation results show that vector tracking loop performs well in reacquisition time and tracking residuals and it’ s more
robust compared with scalar tracking loop especially under the weak signal environment. Lastly, it is concluded that a brief
review of possible application areas for VT and its new research prospects in the future.
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Fig.1 Block diagram of vector tracking loop

BB RS MESNRGHE R 28 RRE
IR LR , B W R A AR BYS R <E LA
R Ug Bt A B R R B IR RE R R AP IR
1.2 ARG SRS L E

KR BRESIP BRI AP R BN AR A
A9 ZR G077 AR AL 77 A I AR . ARIE B B R S
B, TSI AR B R GURE , SR RS B BOT
EEPIR, —FEGEENVEREE”, BIZEILH
=R BSRU KB RS B, XA 5 i B A
BIARMBIHRE . WRACE SRR



382 S

H F35%

REZ BTN
X = [x,%,y,y,2,2,b,6]" (1)
7 — R RS R, BERKLS T
B2 E§hEESE ., X 5 i 2 i O BE a7 5]
B R BAR KB SRS A0 T N ERT TR, R A
PhEE | DhBE SRR Z BTN «
X = [pi.p ’Pz’lizy""PN’liN]T (2)
Lashley 7£ H 18 -8 3CH F 77 22 20 M 9 J5 BAHIE
BT EARPIR SR AL ERSE RS R
AR RGE I RA R FRFHIN
SR 75 2 A9 A ST R R TR B WL & [
1A GRS T RINEIEER B 250451
R AR AR B A S b g &, 3 —
e P WL B T 7 A -

Z = [IE’QE’IP’QP’ILsQL]T (3)
;H\:EF' IE’QE ’IP’QP ’IL’QL ﬁ%u%ﬁﬁﬁxﬂpﬁﬁﬂﬁﬁi
B 1.0 B FhE

KA A RG-S AT LB AL B A 5 AR 5L
B, {E0i i L B e RO A N TH R BBOR,
PRG3R B LB AR WL B S B L , 54
RLRE I 2 B 2 B B, BT A2 Sy Ph BE A £h
PR, ot A0
7 - [Ap] _ [ A7c/R, ] (4)
st Loar-e,
Hrp e Wi, R, g C/A WBRER, f, HBBIR,
Ar FAS 53530 A 55 R A7 0 288 8 2 2% 38 Al 22 o K 90 12
B RS B AL &, BIVAT 2 ST AR L PR AR 2 O AR
WA 7572 , A0SR AT X = sh A NS, AT LA fnAH
IDA:SEE T
X FREREINN S, RGEMES EERETH
AR B Bh 250 BT R 22 A RECHL B4 R U 5 | A B AR 57 FIAR
RPFEhiR2z , BRI N 1R 25 —fGE i SRR
I REEAR, T 22 B /N T B AR 3 5K 3
{EL; T R DR 25— R UG R IR B S B R AT A, 7 22
KA E S E . VRIS A = B IR T ST A UL
7578 R 45 5 2% sRBONE 5 R EL , HRTR
T3 R ST FH S 249 2R P B2 R 9 005 LR O 3k, 2R B
A [RIE M LU 2 1T MR P 7 22 (B0 HEAT A7 , K e
{55 A P 7 rp ST A T AR R LU A A T AR L A9
PR, SCIR[37 ] 4R T — M T B B & L
RIRSURBOT vk , 38 X B IR A iy O 22 M AT 5K

R L RBAE IS IR (R R LIRS 4R | T3
BARFF BAUAE AGTRE R, SCER[38 ] P LA —
LB IR 5 T 3R A A B8 O B R TR A
FAEIR 2218 A LI 2 ) B2 M 7y 25 B A g AT 2%
KR, 4T VDLL MR AR, B — 2 i SE
o RAZEAUM 7, 7T LA R R [ A9 DLL % 5
A8 JFLL S0T 88 2510 T B 75 G 5
1.3 JEPAREIT

KRR AE MR R R 2R, R, K&
PRERIF AR LR R AL AY ) 50 Hz DL B/ 1.0 Ha
R, BURRAS MR R TR K EME, 43 IE
IR B FI 5 2R A EKF, H iR &2 R ER
SV rh KRR R R 53, X F 58 AN R, ]
IR R ARSI~ R MRS . —Fr=Ug
R AR 2 YR B, BPF— ™ 570 1 8 3 28 o
B L E W5 BT P A3, £ P IR B
DA% 3 3R (40 50 Haz) Xf O JE A0 O BE 6 9 17 30
T, AR A4 R Dh BE AP BE 3 5% 22, LAAE R A9
RN IEE AR S HITBIE, BHEHRESHAR
T T — B 220 e A B R O BE S B o SRR R B R
BEEMEIINE 2 BiR .

B

TR thEE ., PhiEZ

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

B2 SRR E
Fig.2 Block diagram of centralized filter based

vector loop

EhX IR R G Ty B, SR B PERE LA, H
el THEFERE, TR AHKE, KB RIEE
SER T DAGR A oX — [P, LA AR R A A — A
VBB — R I (3R 22 UE e AR AT AL B UE U
EUEEAR ABR A AR (40 1 Hz) B e e 2 i O
BEFIDREE AR Bk 2 g Bea RS L Bk O RS 22,
I FHAR 5 i L A O B R O B3 e 2, DR o ) 3



a4l

AR 45 : GNSS HHLR B BRER B I AT ST 43k 383

(4N 50 Haz) b 32 I8 5 s BT P DAy L1 £y 236 149 v
ZHATATIIHBIE . SRR PARE L — AR I8
PeJer , FORBAETHERE VR I B A U , T
JERRZEIEHAPRS B AR, AT — U, I
WA o [ 3 JAoR F— A~ UEBL AT I — B 22 UE
A PR AUEBR BRI

B, ik ]

Bt TR FIEUR
W 1— e
,,,,,,,,,,,,,, PhBE R
| mwmE
Gl e R— AR —
- W‘»\ ,,,,,,,,,,,,,,,,,
; S0H I
R JUTHE
S el
BRhEE. pisERpEy  S0Hz

B3 R IR MR B IR ER A
Fig.3 Block diagram of federated filter based vector loop

Xt F 38 BT F , EKF 7] DL R i H 2
Ko SR, HEE BL IS H R 2%, R A — 2k
RSN A G, m R AEL RS i T A EKF #17
AREAGTHHMERE , AR 2R AR LR MR B B s, 40
Tl -R/R S U8B R T U PE . A R BB R 2 UB
%, £ GPS/INS HE M E PO ZRAIEL
PEUEB AR

2 RERBERFRHHTRE

VAEk, A TR S S A Wi e Al
PP H R 22, Bk B R BR BIS  R JR
BRSO H B A el s R B R
EREER SR REUE
2.1 HRPAR BRI

2010 4, Weill 18 42 i T % K BISR K & B R
¥F ( Maximum Likelihood Vector Tracking Loop,
MLVTL) " Weill Ay, (5 55 i % BBREE IR, B
SIS TR SN mINER, HEE -1 TE
T IE A B 22 SR R M S AG T, Bl iR GE R B
PRERFFAPEBEAT AR BRI Ao MLVTL IE 23 FiX
— AR, EF T EREEL L IR SRR, B
MAZ B — MR ARG 45 , oAl & i Rk
A BRECH «

D
n=1

fr(t)mk(t)exp( - joo,t)de ’ (5)

N
J=2X
k=1
Tin

Hr, k REW R BERF S, n RREEE LR A
TRARG],r(1) REWMARNEGES ,m, (1) Jy C/A
M, 0, HAPE, L, BRI XIE,

IR R B B RUE TN Y B4
YE. BI7EAEEARAE T RmpEat B KA LE
MIARSC S R T 20, 4 4% T TE Bk 1 B I 3R
22 BBURT A58 T8 5 5 A% L R Sr A B AR 2
TS AR AL, B G AL E . B B
ZWEEFESMSPZENEHR LR, BRINS
B, 8 TR BB, AR E R T SR R B
34 % ( Navigation Domain Tacking Loop) , FH.SZHUAE [

e 4 froR o
ey

®
EwE AR

{ 1 [ | | !
— NCO — WM& Wl —>
{ ) | } [ ]

— BT R

AR w

P —— L SN x

—— wawE | N m
> O .

> mran TN m

L /// f

. i

Kl 4 MLVTL £+ &
Fig.4 Block diagram of new MLVTL

5 VDFLL #f tt, MLVTL K 5308 Rl & (9 82 AR 12
FUALE 5 A B AR S SCHERE T — 25, AT LAKLBEE
JRIRHIfE S, B4i & T FrAEIERARCEE R, Bt b
A ABUR SE A U BRERTERE o [R)BF, MLVTL W] DLk %
R/RSUEP AT HE B BUE RS E VLR, B2 5
F AN A BR ] , 40 2R A EF A i & % B (In-
the-loop map aiding) {75 ¥% , AT LA BE— 2P R fIRER BT
MR , o0 (o7 P 5 ) Bie /0 LR H

Lin Z£ 78 Weill By ZERl AT T30 RBIST, 15
GSNRx AL ESC B T MLVTL Bk, s 1
GIPSZE N ERcR Rl S liiE 2 S S|
FASEPRBE IR T S vE7E 2 N E A P PR RESR B
HEREW ML EH AR BRGNS, ST
FRAM S RIS (401 500 ms) , i T4 B2 RES 244 1
Bl B A5 5R i BVAPEBEAR ), (HBEE A TR



384 FHE

H F35%

it A 45 46 (40 100 ms) , MLVTL () H: RE R %%
WAL ok
2.2 BEREMEBREF

TEHERFE RN R — P& R B B BRER R
(Joint Vector Position Tracking Loop, JVPTL) 7% |
HEEA A R B 2 B 5 S TER A
{EALHEAT Taylor J&IT, HEEE AW ES 5 RNS
Bz 8] R AR

N

x(1) =3(1) + Y, %(ai —a) +

N
dx(t) A
C—0) =L
21’ %0, (@ - @) o

ax (1) A ox (1)
- +
3. CARE'D. Py

(zu _211,) +

dx (1) A
PRURIARTIO (6

Hp NEARDEEH 0, BRESIRE, o AR
FABL, (%, 59052,,0,) TR BIALE AP 2 ,n(2)
FRBRFE

FABR LR T 210 1 — D S B 5
%, TR TR 55 08 B BB AL P A
PhZ B ZE , SR J5 A R JR 2 U8 B Ar 2E 1T ARG
B S HCRS M T, LAEH] NCO A ks i) A<
MR, HEBERINE S B,

. smBH

P gy | RWRE

T f

»»»»»»»»»»» ‘ I»»»»»/ S ——

5% MK

e 1: A
e R

LR — L BHH

B5 JVPTL £ty
Fig.5 Block diagram of JVPTL

BT AL S B I 25 5 0 6 2 AR 4 B 8] [] B
PR 2= & F 31, 2 — R T2 504, B A TEARK
PRERTTRR , AR TR 20 [B1 4508, 75— € 2 BT LA
ZIRPIGEFE KRS BB ZNIZATE . HES
REW ERTERFHRBWDEBHESHET,
JVPTL LY, VDFLL HA B 47 ) BR R 1 BB , 78 hn s B K
F0.1 g b, VDFLL fRRERTBRZ L JVPTL 15 4 dB
Al T4, JVPIL it AR E KRR L,

MAJE EF& , MLVTL F1 JVPTL R4 1 & 55T
FEFE R BRBEHLA LI 15 B AT R S A3t O T
HEELTRESMIMSBZANRIERR, H
BT BR L —HIE S T 7EAR AR = IR BBl 2 7T
T8, T RAEZS BT &, B A Rl i 75 K
THESHREREKREATUEREIF, X NE
R E R B IRERR AL T B

3 RERBEARHIRA

R B IRERIIE 1) R RS N T K 2 R AR
FREY, SR N SR 55 5 S A B A A
Pany 2 ANBFSE T 5515 5 /0 T &G R B R EE K
MR AT AR SR P Bk b £ A A T Y
HERITEESMERL, A TMAMEBERLZ
[ RSRFR R T A A M TR AT R B BR R
FJREYE, Lashley % AW T VDFLL fE15 5 ZE A
P4 B BRI T BRBE e R B SR
S BR i B A BEE AT IR, SRR FE M B R
BT B, NovAtel ProPak-V3 R4 H BLE L
B XA A, TR 2 BN AT LA 75 2 1 BR
B, XN BEES BRI E A LT EKHE D
HIE DL T BB,

TTIMAA G FHRRBREE S—EEZN A
Gl REREEINTEEEEZ B EIRE
THWSTESTINREES) , T REL I GPS/
INS RUAA HE,RFE T GNSS HUHLFI INS 155 1
— i LR E . Petovello 5 ABFSE T R E 4548 1)
GPS/INS & S HE st R B w2k
PUHTTHRRE ST o AKHE SR B LI & M AN ], 45
T =7 GPS/INS KRG MBI A S5t it , B R K
BITE B LLIA R 15 dB [ 5644 T 7] DA 4EFRFARE 1Y
PRER,$R& 7 dB A£G, TER AR EREIH GPS/
INS YR T ZH, INS AR B— S B0
1%, T GNSS HlHLAIALBL RS o Lashley BF5%
T EMORNRIZEE I R B R BRI G54 , o SR U
ZEHE M R R X A O0 R AT 8 I (] B RS R A R
HIV AR EERE B BISIA T INS, HBFE 45 R %
R AR BEEANRAG B ERRL, ESES
AT RSB .

4 VDFLL Jiz Fi 52451

T HEiZE—> VDFLL #4155 B 25 B BR B A X



a4l

AR 45 : GNSS HHLR B BRER B I AT ST 43k 385

PREBRER IR RZSZEEFILINE Ao 1.2
(D) MK (4) Bon , @2 RE T, EKF 5
LI A 22 phy 62 551t i ) PO S i 22 0 R R
ZEP A U — (LB R I )5 2 3R B DLL S5 4%
FIPOR PR XFREY FLL 25085 42 % A7 I Afo

D5 BRI R B AT 89 GPS A (5 S K
e ETIRES 1471121 1S HITE
3100 s FFELIR, Al 60 s B IEH R 725 60 s
B4 5.7 S 1L S2, %70 s FRE . XM
REMANS, BT 50 s B X0HE A pn BAR 2T A0
.50 s LU #ARBIRER, &6 KT %

T4 52)550 s AN PR BREELER
PRI

200
100

-100

BAHALRE /m

20 30 40 50 60 70 80

HEHAIRE /m
- &
;|
§

=
-

20 30 40 50 60 70 80
PRERITIE] /s

Bl6 45EMMARERE
Fig.6 Code phase error of tracking for SV4

800

790

780

2 #HZE Hz

770

i i i i i Y A
20 30 40 50 60 70 80 9 100

ZEEHA /Hz

i i i i i i
20 30 40 50 60 70 80
BRERI ] /s

K7 4SEZEBEBMIT
Fig.7 Doppler frequency estimate for SV4

M 6 FlE 7 H AT LLA B 5 60 s 55 TH R,
PRELER B AR L 0 2 3 B IR BR R o LA 22 2

70 s fF SR Z LG AR B ERHEARSER B, TR B3R R
AT LARGEIK S BRER o TE 155 1H S 18], o7 Bk BE A
HEZHRMKE EKF #REST7 12, BB RERE R
T RE I BRI 22 BN TARE I LRSS
RULH] T R BEPAEEARXT TAR B2 B ) PR

5 #FRig

REREBENREEFHR, CLRNT T
—fX GNSS WM T — AN EETT 0. HERTR
BIRER SR B R RAT IR U, 72 BAR 1 SE i
WP HIGEEZEME DT ARRESERER
BRSBTS A T s 0 R S R 7 17l

1) TR PR R B BRI N 1 2 A1
I, TR B AR s R T AT R B ST R, —
77 THI AT A P o 1 A Bl AR /D 1 BB, SR T 4 R
AL B 5 B BR BRI B s 5 — T T AT LAZE &
THEPUEREE AT AL BER , an A A B AL 22 4%
GPU B AT HATAL B, 1R R B AR

2) ZRH 2 RER G R BRESR HEE
S (41 BOC ) B R AI# [ TR AR S
HIER B FISEE (4N Compass RESE) , A3 A I L2
BHMESRIARIEZ . 2 MLVTL B3k KR %,
AT LABT R T A AR R KA 6 I 2 2 % S 1A =
e S BRE R BIRER A

3) Kl R AR 1R BN W7 kR (AR R A
MEMS) , R K% B 254 ) GNSS/INS TR & 55 245
KRBTSR o TRELE Tk 1 SEBL IR ELE T Uy 72
UL ER IR BE & INS {5 2 GNSS {5 8, X ¥
L EIEACURE PS5 48 B B3, (B A ] LR 28 4R e 4
WAL S PERE AL S THRE ST o

4) BT 5 INS W&, TR S 5 HAM L E
(77 R SRR T — N EERN AR . BT
PR B TR R B A K B R B ) PR B R
B, I FHE S T B H R (UWB) Al Wi-Fi T2k i
TS AT LA R B B R (R O A ) P P AR S A
THE, DL R BRI R ER PR RE

2 £ X W

[1] Kaplan E D, Hegarty C J. Understanding GPS: principles and
applications [ M ]. Norwood, Massachusetts, USA; Artech
House, Inc. 2006.



386 FALFER H35E
[2] Won]JH, Pany T, Hein G W. GNSS software defined radio: real vector tracking algorithms for weak GPS signals in high dynamics
Teceiver or just a tool for experts[ J]. Inside GNSS, July/August [J]. IEEE Joural of Selected Topics in Signal Processing,
2006, 1(6) : 48 —56. 2009, 3(4): 661 - 673.
[ 3] Lashley M, Bevly D M. What are vector track loop and what their [18] Lashley M, Bevly D M. Vector delay/frequency lock loop
benefits and drawbacks[ J]. Inside GNSS, May/June 2009, 4 implementation and analysis[ C]. ION ITM, Anaheim, USA,
(3): 16 -21. January 26 -28, 2009.
[4] Won] H, Eissfeller B. Effectiveness analysis of vector tracking [19] Lashley M. Modeling and performance analysis of GPS vector
loop in signal fading environment[ C]. NAVITEC, Noordwijk, tracking algorithms [ D ]. Aubum; Aubum University of the
the Netherlands, December 8 —10, 2010. USA, 2009.
[5] Lashley M, Bevly D M, HungJ Y. A valid comparison of vector [20] Lashley M, Bevly D M. Performance comparison of deep
and scalar tracking loops [ C]. IEEE/ION PLANS, Indian integration and tight coupling[ C]. ION GNSS, Portland, USA,
Wells, USA, May 4 -6, 2010. September 19 —23, 2011.
[ 6] Copps EM, Geier G J, Fidler W C, et al. Optimal processing of [21] Petovello M G, Lachapelle G. Comparison of vector-based
GPS signals[ J]. NAVIGATION, 1980, 27(3): 171 —182. software receiver implementations with application to ultra-tight
[ 7] Parkinson B W, Spilker J J. Global positioning system: theory GPS/INS integration [ C]. ION GNSS, Fort Worth, USA,
and applications, Volume I [ M]. Washington, DC, USA. September 26 —29, 2006.
American Institute of Astronautics and Aeronautics, Inc. 1996. [22] Petovello M G, O’ Driscoll C, Lachapelle G. Weak signal carrier
[ 8] Pany T, Kaniuth R, Eissfeller B. Deep integration of navigation tracking using extended coherent integration with an ultra-tight
solution and signal processing[ C]. ION GNSS, Long Beach, GNSS/IMU receiver [ C ]. FEuropean Navigation Conference,
USA, September 13 - 16, 2005. Toulouse, France, April 23 -25, 2008.
[9] Pany T, Kaniuth R, Eissfeller B. Testing a vector delay/ [23] Petovello M G, Chan B. Collaborative vector tracking of GNSS
frequency lock loop implementation with the ipex software receiver signals with ultra-wideband augmentation in degraded signal
[C]. ION GNSS, Long Beach, USA, September 13 - 16, environments[ C]. ION ITM, San Diego, USA, January 24 —
2005. 26, 2011.
[10] Pany T, Eissfeller B. Use of a vector delay lock loop receiver for [24] PLAN (Position, Location and Navigation) groups in university
GNSS signal power analysis in bad signal conditions[ C]. IEEE/ of calgary. GNSRXTM-GNSS navigation software receiver.
ION PLANS, San Diego, USA, May 25 -27, 2006. hitp ://plan. geomatics. ucalgary. ca /project_info. php? pid =
[11] Anghiler M, Pany T, Sanroma D. Performance evaluation of a 27, 2011. 10.
multi-frequency GPS/Galileo/SBAS software receiver[ C]. ION [25] Chan B. DGPS and UWB aided vector — based GNSS receivers
GNSS, Fort Worth, USA, September 25 -28, 2007. for weak signal environments [ D ]. Calgary; University of
[12] Lashley M. Kalman filter based tracking algorithms for software Calgary, 2013.
GPS receiver [ D]. Aubum; Aubum University of the USA, [26] LinT, O’ Driscoll C, Lachapelle G. Development of a context-
2006. aware vector based high-sensitivity GNSS software receiver[ C].
[13] Lashley M, Bevly D M. Analysis of discriminator based vector ION ITM, San Diego, USA , January 24 -26, 2011.
tracking algorithm[ C]. TON NTM, San Diego, USA, January 22 [27] LinT, James T C, O’ Driscoll C, et al. Implementation of a
-24, 2007. navigation domain GNSS signal tracking loop[ C]. ION GNSS,
[14] Lashley M, Bevly D M. Comparison of traditional tracking loops Portland, USA, September 19 -23, 2011.
and vector based tracking loops for weak GPS signals[ C]. ION [28] Lin T, Abdizadeh M, Broumandan A, et al. Interference
GNSS, Fort Worth, USA, September 25 -28, 2007. suppression for high precision navigation using vector-based GNSS
[15] TLashley M, Bevly D M. Comparison of adaptive estimation software receivers[ C]. ION GNSS, Portland, USA, September
techniques for vector delay/frequency tracking [ C]. AIAA 19 -23, 2011.
Guidance, Navigation and Control Conference and Exhibit, [29] Jafarnia-Jahromi A, Lin T, Broumandan A, et al. Detection and
Honolulu, USA, 2008. mitigation of spoofing attacks on a vector-based tracking GPS
[16] Lashley M, Bevly D M. A comparison of the performance of a receiver[ C]. ION ITM, Newport Beach, USA, January 30-
non-coherent deeply integrated navigation algorithm and a tightly February 1, 2012.
coupled navigation algorithm[ C]. ION GNSS, Savannah, USA, [30] Im S H, Song J H, Lee B H, et al. Anti-Jamming technique

[17]

2008.
Lashley M, Bevly D M, Hung J Y. Performance Analysis of

performance evaluation for GPS L1 CA software receiver[ C].
ION GNSS, Fort Worth, USA, September 25 -28, 2007.



a4l

AR 45 : GNSS HHLR B BRER B I AT ST 43k

387

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Kim K H, Jee G I, Song J H. The vector based tracking loop
design using a combined receive tracking filter [ C]. European
Navigation Conference, Toulouse, France, April 23 —25, 2008.
Kim K H, Song J H, Jee G 1. The vector tracking loop design
based on the extended kalman filter [ C ]. International
Symposium on GPS/GNSS, Tokyo, Japan, November 11 - 15,
2008.

Kim K H, Song J H, Jee G 1. The GPS vector tracking loop
based on the iterated unscented kalman filter under the large
initial error [ C]. FEuropean Control Conference, Budapest,
Hungary, August 23 —26, 2009.

LiuJ, Yin H, Cui X W, et al. A direct position tracking loop for
GNSS receivers[ C]. ION GNSS, Portland, USA, September 19
-23, 2011.

Liu J, Cui X W, Chen Q, et al. Joint vector tracking loop in a
GNSS receiver[ C]. ION ITM, San Diego, USA January 24 —
26, 2011.

Liu J, Cui X W, Lu M Q, et al. A vector tracking loop based on
ML estimation in dynamic weak signal environments[ C]. The
third China Satellite Navigation Conference, Guangzhou, May 18
-22, 2012.

B, BRI IRE]. BT BER RR 2 URBEH GNSS &
BHUERRER[T]. WRRE L R 4],2012,44(7) « 139 -
143. [ Zhao Si-hao, Lu Ming-quan, Feng Zhen-ming. GNSS vector
lock loop based on adaptive kalman filter[ J]. Journal of Harbin
Institute of Technology,2012,44(7) : 139 - 143. ]
K, 5) &, B8, % ETREEEPEIE CPS f§
SHRERFIL[I]. BARREE,2009,19(9) ; 1021 - 1028.
[Zhu Zhen-zhen , Tang Guang-fu, Cheng Zhu, et al. GPS signal
tracking algorithm based on vector delay lock loop[ J]. Progress
in Natural Science,2009,19(9) ; 1021 —1028. ]

H B, BNGR, D, 4. 2R B SR A BRI R A 22 7 2R
PLBERFFE[T]. R EBE Y B - 15 - K3C5#,2010,40
(5): 568 —574. [ Xiao Zhi-bin, Tang Xiao-mei,Pang Jing, et al.
The study of code tracking bias on vector delay lock loop [ J].
Scientia Sinica Phy,Mech & Astron, 2010,40(5) ; 568 -574. ]
FERRAE. GPS/MIMU i A & MR AMI[D]. K
v ERRF 3 AR K %,2008. [ Tang Kang-hua. Research on

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

the key technology of embedded GPS/MIMU integrated navigation
[D]. Changsha: National University of Defense Technology,
2008. ]

Im S H, Song J H, Jee G 1. Comparison of GPS tracking loop
performance in high dynamic condition with nonlinear filtering
techniques[ C]. ION GNSS, Savannah, USA, September 16 —
19, 2008.

KK, el =, RFBBIFRIT]. FHIAH,2008,29
(4): 1100 -1111. [ Cheng Shui-ying, Zhang Jian-yun. Review
on particle filter[ J]. Journal of Astronautics,2008,29(4) : 1100
-1111. ]

5, XK, AR R. 25T Bayesian Y i R #EE GPS {5
EERET]. FASH,2009,30(4) ; 1472 - 1476. [ Tian Yu,
Liu Ya-huan, Yang Gen-qing. High sensitivity GPS signal
tracking using a Bayesian approach[ J]. Journal of Astronautics,
2009,30(4) ; 1472 - 1476. ]

FREXUHT, AL/, 45, BT UKF (8 GPS ik J]. &
fis#9% ,2011,32(4) ; 795 - 801. [ Wang Kang, Liu Li, Du
Xiao-jing, et al. GPS positioning algorithm based on UKF[J].
Journal of Astronautics,2011,32(4) ; 795 -801. ]

o, B, BARRE, . AT RRZUBAR MRS GPS 3
BRI T]. FHAIH,2012,33(8) : 1041 - 1047. [ Shen
Feng, He Rui, Lv Dong-ze, et al. High dynamic GPS carrier
tracking loop based on kalman filter[ J]. Journal of Astronautics,
2012,33(8) : 1041 —1047. ]

Arasaratnam 1, Haykin S. Cubature kalman filters[ J]. IEEE
Trans on Automatic Control, 2009, 54(6) ;: 1254 - 1269.
Gleason S, Gebre-Egzbher D. GNSS W i 5 k[ M]. A&
B, BEVEE, T, 5. JERT B Tl i A , 2011,

Weill L R. A high performance code and carrier tracking
architecture for ground-based mobile GNSS receivers[ J]. ION
GNSS, Portland, USA, September 16 —19, 2010.

YEH RIS

BHR(1984 -) 55 WLRFAE , ERWIR I A TR S
BT,

T{FHUAE « PRV PH 4258 M e AR R4 303 S (710025)
E-mail : jrcheng2009@ 163. com

(i - 5K TFF)



