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Research on high dynamic GPS carrier tracking algorithm based on UBB noise
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Abstract: In high dynamic condition, the carrier signal of GPS is interfered by different kinds of
complex noises, and it is very difficult to obtain the statistic characteristics of the noise, but the
traditional method is assumed that the statistic properties of the noise is known, accordingly, this
paper proposes a solution based on set membership filter (SMF). Firstly, the noise is defined as
an unknown but bounded (UBB) noise, and then the UBB noise set and the state set are con-
tained by the ellipsoid, Doppler frequency estimation of carrier signal is accomplished by using
the method of set membership filter next. Finally, the effectiveness of the proposed algorithm is
verified by Matlab simulation and compared with the traditional method. Compared with the
method based on transfer function of tracking loop, the proposed algorithm improves the dynamic
adaptability and tracking precision; both robustness and speediness of the loop are improved com-
pared with the performance of Kalman filter method. Accordingly, set membership filter is a new
design method in the field of GPS receiver carrier tracking loop.

Key words: GPS; set membership filter; UBB; Doppler {requency; carrier tracking loop

T 22 3 T. K22 4R Journal of Xi’an University of Technology(2015) Vol. 31 No. 3

GPS J& 26 [F g 7 19 = 4 B 2 3k T e AL R
G5, O 7 Bl M O T AT TR S AU B T N
Mo —M GPS B2 HL7E RS P RS S S 00 T g
% SEA T HE A 1) 8 7 S S0 R I AE = sh S L T A%
8t GPS LG e o e A 3 i B A, B 40X

WA 2015-04-18

TR ah A GPS $BUCHL™ i S F AR AT B 81, K X
T AT 2 G B

14t GPS # ik B B4 1 51 % A Ay 02 — B 51
= ¥r8i4H*F (Phase Locked Loop, faj # PLL) , H th
IR 68 U0 g 0V PH AE T 008 B 480 B I b B B L O

HEE&TH: X AR LRI E(61273127,61304204) ; F K A AR# 34 T S W H (61533014) ; Bk 75 45 B 01 57

1 BA % B30 H (2013KCT-04)

EEGN: %P A R F A LRSS AL NS A %, E-mail:jiangtao. xaut@ foxmail. com,
BWREE: BEA.B . A8 . H% WL .0 m LS REIHN AEL M R 5% . E-mail: fcqian@xaut. edu. cn,



VLY 55 AL T UBB M2 (Y i 31 25 GPS 8 B BR 5k I 5

329

75 08 U 235 S e 6% v 1 b S 1 i AT S AR A
A, SRS AR WAL 75 = B A58 3 L 3R B Y
Wa AR dLBE 2 K A T 84k, PLL S T 42 7H X1 3h
A N RE T s — R 8 5 125 02 1 0 BA B 98
W E, SR T X PR 7 88 4% AR BRPE . 5. A
N B AL A Ok A A8 Ak 1 BRI R Y 9 AR
SRAT B T R B AR E B [E] I 5T B 22 1Y BE B AR
WP, X T A % M P 2l T A 1S B 2SR ) 5 B
2 X7 o PR SR 2 Y BRI R B T AN BE A AR
42 T 5 R . s 3h B IR B LR IR 1 15 5 B
AR B 225 A 3 A AT 8RR o7 P e A A A
4t PLL Bl 235 1 A i BRAR Al 35 21 & 2 S i 2K .
R T B R R R ER K Y B AR R — M 0 i D i R
S8 R B A B ) B A R A R T R A
MR T Y R ) R, PR e A% e eR 0 T
i PLL JC ¥k I X iy 2l 24 55 s 2% 1

Ry TSR R B A B BRI ), SCRR3 ] ~[7 )k
FH T 87 00 28 0% BR B 30 I PLL 86314548 , 38 3 & 57 i
BN 22 225 AR | 223 AR A R Y
AR T A Kalman 38 % #5 55 90 2 38 8 450 22 £k
R T G B IR U By . B T Kalman 8 i
TE W 7S S8 1T Re P Ay s 30 1 R A A 0 S — A R i
it . GPS 2 W HLAE i 1k 30F I sh 20z g b, 80k
RS B I 3 A7 B AR TR A B e AR R R O
ar e IR B T L 1 G R v i A Y
R M R, 3 T Kalman J8 3 48 35 1T %) 2800k
PR B A B AL G T VA R ERVEREAT T ORBR ST . AR
Kalman 3§ % #% 76 = 3l & 3 55 b 19 )5 B M o 7R 3
ST TR =B EOS2 A L N AP B S s 3RS
FOREY IR H GPS B2UR HLTE W IR 2 SRS T L 3k
Bl | R B i AR AL BE Bl L BT AS Ty 22 SRR S AN AT
100 330 2 VI I 7 Y 25 L 2R FRT SR A P o BT 1
PR AR HGE TR AR IR AN G FRAY Yk el
G5 TR 2 0T A BRI Kalman 38 3 s A
REAS B4 & 52 br 1Y 45 35 Hk, Kalman 3§ % i 72
rhv o R MR R I R RS A SE TR R A IR R E Y
WARTESE AR S R BT MR A5 19 8 31 R 1 o 52 1)
A, X AT BB S BOUE I E N fE ) A 22 H B R
/G

AR X O R 8 TR 1 AR X e B O R AR
B AH JE 1R R E B9 PR R L ARG M S g AR R RE
gL B T DR A RAE A R 20
42 60 4£{% 7K , Witsenhausen Fl Schweppe $2H T
—RE T RAEA R (Unkown But Bounded f&j R
UBB) W75 {32 i il 3 7 k0L RIAR BB e, %

TR E AR E S AT REMEIDVRE, H
BOR RGP FLME RS LA TR T
FEGETHRRE . 24 AT A AR R AR A 1 B A A )
ML IR A SR Tz N . B 2 Fogel Al
Huang #2117 OBE 83, 15 3 7 /)N 8 5 Bk AN
TNERMERSE A UL & Maksarov 20 1 TR &
B AR E T M ER R A R U 2 AR
TR Z A R Sk B T T AR R )
VARG KON o 7E SEBR BT A AR b, 4 B g AR
FUF Kalman 383, i #7 RGRE R i8 H
AR AR S A . AR B IR O M A
B 3T N M T TR = S AR N R R A
(o6 B R A TR B . DRI AR SOKE 51 A 4 B UE D
k35 m sh A GPS 28 I R 20 I 0 1 R

1 f&84% PLL &3t H# GPS il R ER IR B%

1.1 PLLigitEE

PLL (% A &% . 20 B% U8 B 2% R0 8045 4k O 2
(NCO)ZH 1, B 38k 45 49 an &1 1 Fr 7w, 56 A0 25 6 B A
&S 6 5 R BRAE S ML 0 b, 25 5 3R LU 25
ko A BNHAL 22 0. . 2830 BF B 08 Uk 25 15 B 45 615 5
VoV, 6l 40 NCO Bl A8 A% b 2% 5 19 % A8 A7 .
FERZE G 5 B E R 00 50k 0 R & S A S 5
AL B Al IR PR AUE

____________

10
A rmeas——=v.0

B 1 PLLEERE
Fig.1 The schematic diagram of the principle of PLL

S A IR AR A 5 R AF 5 M P AR R 22 B A
RIWARE, PLL By 80k &, h 4818 B fE i, —
By PLL X Jinn s B2 10 g S08% =B PLL X i i Ji
N S ARK . TR M S X T 5 =By PLL AR
HEAT 5 AT
1.2 BEXZhAEERN 2N

gt PLL Ay LA [m) A0 BRI R B 28 1 2 1Y)
BT GPS )k BRI B . SRR = sh &R T
I (0 3 A5 0 77 A8 Ak Z R AR Ak X PLL A
ZRIFEMUE? ST UL L, B e 20 5 A R
SEER A7 158 2 118 D o 2 T 7 DR U L B R A

1) M o,

R PLL o fi 5 UL % M 75 5, L 43



330

VU223 TR 22447 (2015) 48 31 B4 3

Ja& T MR B s 0 MRS | B R AR AL B Bl A A
MEFE AT

o = 360 B“ 1 s

o 2m N 1N 2 X T X 109No/10
Ko WY T RIRER 1o B, B, J 31 H
FE9E (Hz) . C/ N, R0 1 (dBH2) . T g F 43 i}
[E] (s),

2) BN b

SRS 0 I/IMIH T5 5 BT Ak 14 3 25 3R 58 A
B X T — A 45 8 B I R B A AR R B A
77 W I B AN TR 22 UK

(1+ )

2 2
i, — 0. 2809 B2 (2)
B I B AN TR 25 SO
3 3
0 = 0. 4828 dRBéd‘ (3)

Aorf, dR? /de” SN # E (deg/s™) . dR?/de’ il
LRI d E (deg/s™) .

3) a2 o,

PR B0 51 6 Y B AR o7 W S AT RN R

— Jj: e B (ff) df

K. fu o GPS Ly I B {5 5 B9 4l % (157 5. 42
MH2) s 53 () R LABREL £ 3R 1IR3 7 9% s R A
VLo R BEPLER 3 0 38 45 % L P L R BEALER 3h
(4 2y 5 il 2R

4) B 22 Oa

BT 48 i 22 [ A o B 5| A A 4ol K 07 M 7, 0 F —
By 2R 2% o BT AR Al 22 5 | AR 1R 25

O = 144 ‘% (5)
=L B 2E B AR 22 R
0A3 = 160 A (é-)fl (6)

s oa (o) it AR R A0 A R 52 I 17D s [ 19 07 22
5) GARME R KR BR
R — e 22 56 A R B 2 o 1T PR E AR

OPLL —

af+a§+@%\+%‘<15° %

A sop AT R 22 1o By SRR 32K 15 W]
SRR TR 1o R 220 AUN T 157, 75 W H A 3
I ) R B RS AN BEARIIE

SCRRLLIZE T GPS 23000 BRER PR 6 19 R 75 R
Lo 77 M5 22 A SCTE M JE Aily B 3 #7 £ 48 PLL W]
PAZR 32 1) 2l 25 B BR T T 23 Bir M P X 2l 285 18 g /9

=24
0,

R IR % IR 3l 51 R B9 £ 3R 22 o, FRTAE fi
22 0r» (D AT LARIR Ny

OPLL :U;+%<150 (8
W 2 285 0 F3 1R 22 T TR A
0, <3 X (15°—¢)) 9

G D (2O FTC9) T LLag 2 — By PLL 745
BE N S TTRR

3 X BE X (15" — )AL
0.280 9 X 360 (1o

m (D ORI, A48 = Fr PLL 890 i B W /7
FIRR

| acceleration | <<

3 X Bi X (15° — g )AL
0.482 8 X 360

%orf AL R B K

W ABE # M b C/ N, =38 dBHz, 5 i I 7 7y
% B,=18 Hz i}, T=1 ms, & T {#iFMRET TR, %
ZHAARAX D ADHERTH, Z B PLL 2200 &
Jins EE/NT 21.56 m/s*, =By PLL 220 i 2 i hn iE
FE/NT 226,38 m/s’, R, A& 48 PLL JC kil J2 i Y
BB ER

MGy — WA R T PR TS OR 23 B % ) A AR Ak
AR A, 5 Bl AR N T AR R B B S S0 A R
2, R AN ASEIE T 25l R IR G & (i Bh b 4 S T AR
SR AL R bR T B R DL AN Ay R R
B 5 20 25 PR 5% 1) A8 A0 A4S Ak, B R ) Al v 37 8 43
SxBE A ShAS B 3G I 0. 3 F X A O, AT
T e R BR B I 0 s Bl A MR A S Al e i ) Ak
TF 7 ¥ R b B n) R

2 EREHBRKEITAE

2.1 REZEEE

158 PLL J2& 3 745 3o pR BT 10 0B Bk 2, AR
JOT 2 —Fh X 2R e N B 45 R R AT N 58 A AR 04 55 4y
Bror . i 2l 28 A $E OHL A ZEAR I A fin 3 82
T R 58 Gk Z R S5 e T AR g . = B
PLL JfONGET 2 2K . 5 2w B A o sR B0 it i &
G A REREAR BN A N 715 25, SR 0 g B A% 328 vR B 1
5 3 Hr 2 A L R R

AR UUR IR — R R P L B R TR
25 ) R A Al T B8 bR 2 25 [R) A Y R 48 4 iR R 4t
N BB AN RS DL Ah 8By A th B C R S 4
M RGERAA, XK KT T R sh & PERE,
R 28 e ARG 2% | 22 3 W8 A0 58 | 22 3 Ml A R R Al R
220 B AR AL AR 0 AR A 3R 2 ) B BUE OC R L T
o o DU B bR A5 A )

an

| jerk | <



VLY 55 AL T UBB M2 (Y i 31 25 GPS 8 B BR 5k I 5

331

RE T

X, =@, 1x, 1 + G fr1 H @ 12)

Lhox=00. fo fo fili
1 T T#/2 T°/6
cbkl{o 1 T T2/2]

0 0 0 1

Go.=[—T 0 0 0]
A, 0. & U B AR H VCO 7= Az 350% 19 A 07
2% rad; fo SRR LW WA, rad/s; f, SRR E
W BHATCR B AR AL A rad /s7 5 f, S BRI 223 i R AR
R B 2B A 2, rad/s® 5 T J2 5T B[] B) B o 0wt 2
— R ARG B[] 5 f A ML VCO PRS2
I 00 = [0 w1 w. w ] Bt BT

G,
A
2, = Hx + U fior H o (13
J—ZEEF'aHkﬂ:[l T/2 TZ/G T3/24:|
T
Uy = 2

Az AR I IR] TP 32 WA O A 7 A 2
U2 B 25 RH AL 22 5 SE B B0 L0 8y B f% S R 4l o
v R IR RS
2.2 BRREBEEESEESN

8 BB PM Kalman 98 B L. H S8 EATHR 2
BE TR 2 1) A A F) I Se 0 T 1%, R AT A A AR
(3 U5 B . 7R MR AR e T R O T 1 R R AR A
T . Kalman g8 72— R 041

Kalman J§ % 1 #£ 2 2% SCHLS 1. AR M VCO
FEALH IR fe OB R RN -

21

S = fi1 Tk T (14)
K. S5k, NS EGH TR S P

IR IR
Kalman JEJ 23K o, Hl v, 8958501 0 = 0
e B E S B

Elw.} =0, Elow} = 0y (15)
E{v.} =0, E{vw,} =R, (16)
E{ow/} =0 VYEk#£1 a7
Hrps
0 k#y
"l k=

it Kalman 3§94 #5372 b #8O2 (BOE & G
TR B R0 I ELWGE S O e 3 RS L BT 22 B Qs
R, BIEIOR A T 8 R0 2 50 (8 S0l 56 s i . SR
bR GPS $ BRER B B A7 1E 3 AR T4 AR 8

BEARL AR A K A e i R S 0L 1 25 3 3 Kalman J§
PrPERE L R R W. W T HE RGN AT E
P, KBS PR 6 W, Kalman 38 3 I A RE £ I 3
I B M SR R E A
2.3 UBBIEETHERIRH
A il 8T 04 23 B m] L AL 58 PLL A7 A7 8 285 38 B
M BR B a8, 1 Kalman 38 % A7 78 X 22 48 55 Y il g
FEGE TR TR T R BB R S R E . S T
fif PR X A (R , GE E 1.2 T LUE Y, B T AR L
Hh M 8 T AR S T, HLBEE B SRR R 1S
Mg 75 e v 0T 9 o0 o B 22 15, R U UBB R 7 1 f
W AF G S PRIE M .
Oy —J7 T, MRS 5| R Y AH AL B B 30 (H AN
/4 A . UBDB 75 5 5E i AR A £ 3 3 e 1 F
PR /4 R, i B — B A T 55032 ok ORI A 11
S, SEia iy 4 OB PR — Fh L T UBB B
A PRI T
AR DUUR I Y A AR R R B BT S = A
P LAY S48 R R S A A S B 2 B RS A R Y
FE HTIES T IEM TR I A W R ZIREH
SEAE BT DAL AR B AR O IR R T AT 4 . RS B A A
AIAT AR SR AR T RME Y o BT DAAS SCR T 48 51 08 U B30k
3 Ao WO R ke A 5 AT AT AR L DA T S BN AT AT A Y I
TR . AR DR I T I ] SR A SR A L
SeAs AL 5 A M K ] B R Y Ah o B K, X B
AP AE SR — S W RO L 42 35 B O Bk
1 fe /NS TR 3K
Wik 0 a, PR M EROB AR K/ 1Y IE &
W, U Bk T s S M IE X
E@a.P) = {x:(x—a)"P ' (x—a) < 1} (18)
R ECay s PO E(a, . Py) [n) B A
HERWEER ECa, P) [ R K
E(a,.P) = E(a,,P,) P E(a,,P,) (19
Wik ECa,PYW L
a=a +a, (20)
HhE TR R 56 2 A BE P W . Y aTC
PP, H S ASE p I A
P=(p'4+DP +(p+DP, p>0 (2D
XHE AN RIS 50 p AT LAXT AN [R] 5 46 B P AN [R] Y
P AT DLy A R[] 4 A0 8 S 3K AE I A X 2 S e
SRR SR BUR DRI EK
HiER ECa, P) 25 BRI P 475 200K B &
PRI SR 28 B /N Y A0 5 A0 R 45t T 00 A 1) R
min | P | (22)

P55 SCHERL 16 IR [R] B89 77 32 » AT RASIE W A Ak [) et (22)



332 P 22 TR 224 R (2015) 45 31 48465 3 30

SEH TR AR 5 AR HFE Py

i} 1 _ n (23) P, = B.(q)(Prsr — QP HiS H Pyt

= APP,H)+p pp+D (32)
X AP P, DR PP, BURRE(E  n JPIREESE et g =0,
. €, = Zp 7H/e)2k,k71 —Guf 1 (33)

T M s DL Bl 2 O R AN T AR A Y S, = q.H,P,, H' +R, (34)

FROAR S 06 R 7 L 7 R 0 94 7 1 B B0 = 1+aq—aqelSi'e, (35

DAL A S o B /N 25 RO BR O 3k o T R A % A
BR [e] 5 R 0 SR K TR AR R Y s s BARIR S
HE . BT IZEAE L TR GPS 200k IR B 55 #%
TEE Y ) £ B DB I O
BE @ € R 5 v, € R 5300 Ry e 15 P R HTHH
A G0 Ik A M P e e A MR R e i, A SRR
o, flv, BIGERE S AT LI AR N .
W, ={w. € R:0.0,'0, <1} 24)
V, = {v, € R".viR;'v, <1} (25)
KH,0, €R™" KR, € R " S50 O 0 I 2 J6 %
Sl A A5 MR 75 P 5 BB AL & 7R Q. W Ry T E 1Y K
Mo
o€ MR FEVHERE x B THERES
E, = {x,:(x, —x)" P;' (x, —x,) < 1} (26)
Afox, €ER Bk L, P € R IE 2 4 [,
AR AR A7 1]
k—1 BFZPREAS x0 o MK

E, ={x:(x, _-’2'/:71 )T P/;ll (xp _«Q'kfl )<1)

27
R o 0 R AR 4 AR DR
2.
P ] B8 -

@%\%}*%é’(@k—ﬂfhl _’_Gk*l fk*l )@Wk—l B@
Hﬁlmﬁ%ﬁﬂgﬁﬁk E, EI,‘J 'T"L‘P i’/e.kﬂ y‘j:

J::k.kfl =@ kfl):?kfl + G, fkfl (28)
%E% P 7‘7:
P, = (.D/Tl + 1)¢k71P/z71@/11 + (f)k + 1)Qk71
(29)

N T R 2 BRI R, B8 pe B DLE O R
15,3 BLEDR p >0,
245 1+pk EFROESY 30)
LAY Qe (@ Py D) R .

N R

DB ] Bz B A [ i, AR S ) R v BRE
MPREES Ew MEEES Eo NEg B HE
BHER Eo fER 0 x, R

X = X0 P HIS e, (31)

TR B A BRIA B o 280 g 5 R

n

A0 n  dB (g
= 36
2 A7 q 1 Bl dg (56

i=

dB: (qi)
dqu

LA NEREP,, H/R,'H, A,
M n(l—el Ry e) —tr(Py,—  HIR;' H,) =0 B, 2
(36) JCIEAR S B ¢, <<0, %> ¢, =0, 15
Xp = Xps (38)
P, = Py (39)

- 17325;?1 Rkszl e (37)

3 fEWIE

S T IMRCAS [\ 7 ik Y R R R L Bh A S ISR
WS 3h S5 = (JPL) Y E XL % GPS bl zk
TRAEP A IS 0.5 s N4 A 980 m/s* /i
HRE 1 B] B R Sk 1E GE Y F 245 m/s” I B i 43
B EE IR R 100 m/s 0 8 BE () 06 8 1% S
N—245 m/s" A B R 8 s, WE 2 TR,

ICIUS
£ 500
s -
00—
@(2 50r
=5 o / \
=
o L 1 L 1
2 30 2 4 6 8
B 100
HE []
S |_|
E x-100 1
= 0 2 4 6 8
i [)/s

B2 ks s

Fig. 2 Receiver movement
GPS W55 i GPS {75 Bl a4 = 4= . K
19 5 A, FrEM 2 5 MHz, i (IF) (55 1. 25
MHz,#k W ¥t C/N,=38 dBHz, f{/r0f/a] T=1 ms.

KA B [ ARL{E 538 i Matlab {5 H .
D5 B e R AL 45 PLL IR R 22 3% 35 00 5 L 1% B
IR MRS A 98 B, = 18 Hz, By PLL {fj H.45 3L WL K]
3(a), M THEUCHLEAARA) i 0 2R B ol — 245 m/s” 48



VLY 55 AL T UBB M2 (Y i 31 25 GPS 8 B BR 5k I 5

333

XPE LI KT —21. 56 m/s*, R PLL W8 & ¥ i
FEARPR G BT, BRER R . = B PLL fiy 2 25 5 fn [
3B s, =/ PLL GBS IR EE 0~3 s [ — 245 m/s’
T R 7 Y 2 B AR H R 3 s SR EL T 980
m/s® B AIAEE B L G e KT 226. 38 m/s’ UK 3 s
Jm =B PLL J 8, B 2R

250p
-300f
-350f
$7-400f
W-450f
=500}
g‘g-sso
=-600}
£1-650}
R _7004

010 020

N
jus]
-

040 0.50

0.30

M) 18)/s
(a) FPLL

or
-1000
-2000
-3000
-4000
-5000
-6000

% W B 5 R R i 4 R/ Hz

-70000 OI.5 ll.() 1‘.5 210 2I.5 3I.O 315 410 4I.5 5?0
I fi)/s
(b) =MPLL
Kl 3 14 PLL B 2% #h4 %

Fig. 3 Traditional PLL frequency Doppler tracking

45 o0 ) R 42 Bt U8 U A1 Kalman 3§ 9% (KF)
PR ER 22 T A LA R AN 4 TR . B BLIE I
F1 Kalman 1§ 3 35 1 09 25 16 R G 6% B 5 8% A~ iz 3l i
TR Y 228 i o oAy 1 0 aRtR 2 A (B % 7 e A
2B B8 W) AR RS 22 R 5 25l 50 Haz,

B -
&.3000

I [)/s

4 SMF 5 KF iRz £ % #) 4 %
Fig.4 SMF and KF Doppler frequency tracking

Bl 5 25 T 4R BLUE I A Kalman 8 % 4508 A 1
M35 J7 22 i e i 0 L5 B v 0L B2 DL UE I E 8 s

WA IR 22/ T Kalman 383 . 3% 2 K 4 B3 98 I H
A B W S JEE L Bl A I T 3E S - Kalman 38 50K
JEE e W b T DR B L 0 AR U Y 0 B DR 2R R
H T AN R BOR S K R R AR AR B
AE LA B P B Wi S5 2 3] 3k A2 2 L T Kalman 3§ 3¢ A
We A0 52 5 A o DA T B B A AR 2 IR 21 A8 A R Bk

40p

w
=
1
i
i
7
T

[\
S

—_
(=

By 5 WA 22

(=

—
o

i [6)/s
B 5 B AR 5 25 i ok i 2

Fig.5 Frequency root mean square error curve

4 % it

ARSI BT T BN AT M R R LA 5t
PLL 5B 4 00 BR ER P B AN BB N 5 3h A 1 2« i
Kalman i I 2 9% BE 08 38 N7 5 80 25 . (B A7 72 X F
$ P MR P O VL BE ) 22 Y R, AR SR TR T UBB
Mg P i ) B B3 U I8 5 vk RE 05 ikt 3 25 IR R AR
e ST O B R R 1) R L0 AR WL 5 I A
PRUEAS B 19 ZE At b HA Beam i & k. (AR
e AR PRI EA T HBE A R A RS KRR
BB PR LT o/ 22 S BUR THEAS AT SR L ey ik
YO 4 19 30 5 LA oo 90 P R R AR R T 5 84 07 1l

S 30K

[1] Kaplan E D. Understanding GPS principles and applica-
tions [ M]. Boston: Artech House, 1996.

[2] Hamm C R, Flenniken W S, Bevly D M. Comparative
performance analysis of aided carrier tracking loop algo-
rithms in high noise/high dynamic environments [ C]//
Proceedings of International Technical Meeting of the
Satellite Division of the Institute of Navigation, Long
Beach, 2004 . 523-533.

[3] Ziedan N I, Garrison J L. Extended kalman filter-based
tracking of weak GPS signals under hign dynamic condi-
tions [ C] // Proceedings of International Technical
Meeting of the Satellite Division of the Institute of Navi-
gation, Long Beach, 2004 20-31.

[4] Psiaki M L. Smoother-Based GPS signal tracking in a
software receiver [ C] // ION GNSS 2001, Lake City,



334

VU223 TR 22447 (2015) 48 31 B4 3

(5]

[6]

[7]

(8]

[9]

2001: 2900-2913.

Driscoll C O, Petovello M, Lachapelle G. Choosing the
coherent integration time for kalman filter-based carrier-
phase tracking of GNSS signals [J]. GPS Solutions,
2011, 15(4): 345-356.

Wang J, Liang Q H. Liang K. et al. A new extended
kalman filter based carrier tracking loop [ C] // Micro-
wave, Antenna, Propagation and EMC Technologies for
Wireless Communications, Guilin, 2009. 1181 -1184.
Yuan G N, Xie Y J, Song Y, et al. Multipath parame-
ters estimation of weak GPS signal based on new colored
noise unscented kalman filter [ C] // International Con-
ference on Information and Automation, Harbin., 2010
1852-1856.

ZeJa g, Rk, MR
Wi gy [J1.
559.

EEARAET GPSE 5 g
Ef2E, 2008, 29(2): 550-

Zuo Qiyao, Yuan Hong, Lin Baojun. Optimal algorithm
research of GPS signal tracking loop under the high dy-
namic circumstance [ J|. Journal of Astronautics, 2008,
29(2) . 550-555.

PRAT . EIOTER, BFER. a5 T IR R g4 R
ERIREAL BT [T HIREAR . 2010, 50(8) ¢ 57-62.
Chen Zhu, Wang Yuangin, Hou Xiaomin. Optimization
of TT and C carrier tracking loop in dynamic environ-
ments [ J]. Telecommunication Engineering., 2010, 50

(8): 57-62.

[10] &K, Emife, EMK. T Kalman 383 89 GPS IR

5 TR I AR AR MR P T i [T )L b s R AR
A, 2012(5): 34-39.

Jin Tian, Wang Lihua, Huang Bingsheng. Modeling
method for oscillator flicker noise in Kalman-based
GPS tracking loop [J]. Chinese Space Science and
Technology, 2012(5): 34-39.

[11] Salychev S O. Inertial systems in navigation and geo-

[12]

[13]

[14]

[15]

[16]

[17]

[18]

(19]

physics [M]. Moscow: Bauman MSTU Press, 1998.
Walter E, Piet L H. Estimation of parameter bounds
from bounded-error data: a survey [ J]. Mathematics
and Computers Simulation, 1990, 32(3): 449-468.
RES, EER, 4 ER. AABRAEEHT Duffing &
Gekoh gzl [1]. 7642 38 TR 2% 2% 4R 2013, 29(2).
233-237.

Wu Honge, Wang Guoxin, Niu Yujun. Chaos control
of Duffing system with bounded noise excitation with
periodic impulsive signals [J]. Journal of Xi’an Uni-
versity of Technology, 2013, 29(2): 233-237.
Witsenhausen H S. Sets of possible states of linear
[J]. IEEE
Transactions on Automatic Control, 1968, 13(5): 556
-558.

systems given perturbed observations

Schweppe F C. Recursive state estimation: unknown
IEEE
Transactions on Automatic Control, 1968, 13(1): 22-
28.

but bounded errors and system inputs [ ] ].

Fogel E, Huang Y F. On the value of information in
system identification-bounded noise case [ J]. Auto-
matica, 1982, 18(2). 229-238.

Maksarov D G, Norton J P. State bounding with ellip-
soidal set description of the uncertainty [J]. Interna-
tional Journal of Control, 1996, 65(5) . 847-866.
Psiaki M L, Hee J. Extended Kalman filter methods
for tracking weak GPS signals [ C] // Proceeding of
ION GPS 2002, Portand, 2002. 2539-2553.

Be i, INAElr. MRS E e A (1], deatii
SR K F2E R, 2006, 32(12): 1447-1450.

Chai Wei, Sun Xianfang. Robust ellipsoidal state
bounding algorithm[]J]. Journal of Beijing University
of Aeronautics and Astronautics, 2006, 32(12). 1447
-1450.

G4 AR





