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Abstract: At present, long-code with the characteristic of high bit rate and long period is widely used in
satellite navigation system as military signal. To overcome the shortcomings of the indirect acquisition method
for long-code, the limitations of the extended replication overlay acquisition algorithm and the mean acquisition
algorithm, an improved time-frequency capture method based on the Extended replica Folding Acquisition
Search Technique (XFAST) and the mean algorithm is proposed. The feasibility of the algorithm is simulated

and the performance of the algorithm is analyzed. The simulation experiment shows the superiority of the
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proposed algorithm.

Key words: Long-code; Navigation signal; Direct acquisition; Time-frequency fusion; Performance analysis

1 5§

B 755 55 5 (DSSS) % M 3 45 id J& # A
PR BN ECR] 4 N FE RS RIS, W40 H Rl
TESMAFPIRHAMERGS S KR E
G EAEMEEES. PLTtee i Eamrsr s,
AERENL RS (GPS) K H 205 Kk — 2 1
FIPHE S S I AL ZE R % e A IR %5 (PPS)W . EARXY
TAEAET BEFRARERHMME GRIP(Y)
i, EZEMEPKE PR ERFRREIL R4
RSN A E R P2 E%, Mz Rk
e FMARF RN L 0w R AR — . FEREL
IR FE, %3 IR+ R 24, el
R R BB R ki, Rk, X T KA B

PR H M 2018-01-29: Stlal HI: 2018-11-20; M4 HIAR: 2018-11-29
SEEEE: BRBHBRR  xfouyang@sina.com

FEGTH: 223 HARHEEE4 (1408085 MF129)

Foundation Item: The Anhui Provincial Natural Science Founda-
tion (1408085MF129)

SRBARBE TS T P A A DG 48, 27 DG ) L A
) — 23, EEGPSE3MR IR, TR
HAnPRXT P B R AR . 2ERE KRG
AR S STEN. MELRE FLRMGPSESZHIRE
FRABLRT, INPRATHCAS (S 5 M B VAR T, Aefig xS
REAL RE M 5EHE . GNSSH A HEIE N2
NGRS &

GPSH W, H T & 77 H RS, RH
() 30 T 1 S A SRS (C/ A RS A B 3K A 14 )
TR AR EE o SR 6] 068 A0 A5 ALK AT [F] I 4/ SR )
PUTHLRE IEAT T 0 W, AR RSS2 R A DG I {E 58
AR, HIRRMG KA BT RE S B T
FRY, (HR B, BT aE ) E R
T8 2 4 T4, — B2 3000 TG Pk A7 KA R 4
A, PRIRCAIF T8RS 1Y) BB SR AR A2 0 ) 9 A2 1
IR

AR H GPSHEHLR F #4544, R e e
VHDLH T 8 Se P (Y) S5 S BB .
NAVSYSH K B 7L 451, d i 2E A0


http://radars.ie.ac.cn/CN/10.11999/JEIT180119

310 BT 5 fF B % M ERE
BAERIACCGPS EEEAM AR R, HAliahA Rk Ha% A B AR NS 28 A E BB, AR RS A R

B e - R e E AR o f SRR R B0, i A A
HEBH IR (XFAST) FEMEME R E L HAr S
Rt B USCATL H e 7R PR A K A B Al B9 00 12, g A
IR AE D& R A P S AU Al SR B0, AR S IR
FEEVIN, TP R ORI R, N4 & PR
BRI, Ao KA BB R,
WA AT AT b, WM SSRGS R AT B, JF
BRI RE AT AT, (5 E SR A T e Bk
AL Rk
2  XFASTEAMINEREES
2.1 XFASTEZXDH

VR ESER R TFRTH 0@ i
KA E A R 2 B SR ik, R
AR R A MO TS 2 B MEL, B —BIKEAS
LA, SR 5K X MEBL 115 B NAL B 3T AR
N, BRI NHRESOEE, XA E
NL, BAEETEREAN M LB EE. El
PAM=4, L=4X} T B R BT T iR

e FIR R, g AR KD o i MEY, BB

JREE, BEATHEFAAOG, 4R ENIXASH I E S A
T B KA R EE B, S EAT 1T PR ) B A0 22 B A4
FEACER, FRBVRLTINLALE, SERlER, BAARM
R W27

WY 202, £ Windows F&E K, KXH
Matlab¥k £, X4 e & il 8 2 4 38 I i 3R 45
RHATOI R, i RAE BN, 8, 12, 16,
40, 60, BN B LASII2MZHU N I H 45 8,
HaE R E3HIR.

RIETEEE R, 20 B 34, s,
KIGE AR, REBERIh PR IEEN B, e
TR MON16HT, EARAHCUE(E REGS 7
(HBEFE AR K, WE(EA BT R R MON4ORT, MErs
MR, AHSRIEMH i, 43 A G {E AL
B, Wk, gamE, Wi B g
B, MASFREBHHTSN, #EFFTHEEEMLL
ZHTPRA T ML, TR ORI X TR
BT M5, BRI, RSB SIS A TS s, &

BURMRLLA TR B, 4RMTSE A AL R IE(E, 22

’

HES A|B|C|D
A5 Al |B1|C1|Dil|A2|B2|C2|D2|A3| B3| C3|D3| A4 | B4 | C4 | D4
SR CIE
1 9 R R
s > KA » FFT*
IFFT > Giit o > FRH R —
AH DG > S5 » FFT
2 PRSI ESHIRTE
8
7 L ]
=6 | |
(=)
K3 i 1
oo
-~ 2 ] ‘ d
0 2000 4000 6000 8000 0 2000 4000 6000 8000 0 2000 4000 6000 8000 0 2000 4000 G60OOO 8000
(EVH [EV [EVH (EVH
(a) M=4 (b) M=8 (¢) M=16 (d) M=40

K 3 4 i B AR A R



%21 W07 B4 RTINS A S B R SR B T 311

SR M. BT, BEREINBEGEA
ToBRMI, X2 5 ) B S R B e i 4
SR T PR -l PR ot P Ji R
2.2 HERREE

MBI SR L ARG IR A S B A B, e AMY
A5 FHAGEAAH G 1) J5 1R 48 2 0 8] 1) 7 26 3 K, T
HEE 5 BANE I R AR G 5230 1 Ak i A 22
B M . HEE A E4FTR

MR bR P08 Sy B, B LK i 2 Usong
Hl, BHATANLASEAEE, BB E N2 LEIHT S,
SR G 0T Z T SR A Y e B E 5 73 BN 2k 7
| G(2L=ix2k); B AN2LHIAMBEAR, &iMEIT
BUSME S B N2KII T A F(2L=ix2k); XA BT
75 GFN FAZ A8 3Rk R B, SRAS 28N AHE 55 53,
SR G AT TR A0 2 AN A58 P b 38 DA 5 i 3R, B
A ) b B FE G P 5 T 7 o

FR 4 B 5 5B R FE . [FIFE7E Windows T
&F, KHMatlabXt ¥EFEIET THE, 535
EEUIAE S ECN4, 8, 10, 20, HAER HINS K E

N E AR W E 6N

R E6r i HEE R, EHEMSEEET,
VB SBCN4, 8B, FHOCIE(E WS, &5 5% Kl
s AYMESBUNI0ET, FERKAHRIEE, e
M B VR AE PRI, (HIEE I IR D T e B I .
YE S ECN200T, WEERIRK, BEELES
HEHEE A E, SIERIRRMIN S R, Rty
S B REAA IR . 25 BTk, HE 5L
B> TFFTE S I S, w7 B R, H
ST C B, e SR A R A RO, I
EIFR R, I PR ARG K, X
SRAERT (A1 L PR TR R IVE L, X IME S ik
I A AR AR RS D SE2 s 7 FH K 7
3 MUK EEEKRGE
3.1 BUuABEERIRIEFNiERIEEE

XFASTHiZRE LT Uy KRG, #ig
ik, EEMBEEK, WRIEEBK, HE2HT
T SeE R IR E R, B 2 X se il R Ak

U5 A HFF 5
[TT2] B (n-1)xi+1 --- nxu [1]2] i . (n-1)xi+1 --- nxi
R¥E IL sk ﬂ
AbELE BT B [1]2] ) 7] n_ | ACERJE AL 5
NG )
——
(ENEPS
B 4 BEEEFE
et ] RHT FFT*
FEE S wime [
IFFT »| ittt > iR HIR —
A g > B E » FFT
Kl 5 BEA RS TR
16 80
14 70
~ 12 60
=10 50
X
= 8 40
R 30
Z oy 20
2 10
0 1000 2000 3000 4000 0 1000 2000 3000 4000 0 1000 2000 3000 4000 0 1000 2000 3000 4000
[EVH (EVH (EH [EVH

(a) M 2N (b) BN

(c) ¥IME Ri%CH10

(d) BIE EECH20

K 6 BB M B A



312 G

() i 54145

o
¥

Dy AR5, i YA B AR 3R 7 325 T AR v A O Ak B i
B, PR EIME N R B R R, (H R
2 FIRE 2 AN, SRR TR, ik,
LR PRIIIEIOIES KPR R, SR Al
ﬂﬁ%ﬁ%ﬁﬁﬁ&,uﬁﬁﬁﬁﬁm%ﬁ%%
Ro HERJFEINETHUR

A RO S & IR FIEANY e B & 3R
FRERIOLSS,  RENS TE ON RS A B 3R . (22
2 B BORIT i T Bl AR AR 5 LA L 4 3k
I Rz . I, BRSPS AFFTHIEH
R LRSS SRS AR BT, RTINS e i) 7
%, RPN B BN AN B AT, R R
BONURS 2R BL -

AR BL 2 W SRR B, b5
DUB B AN 52 FE[RIRE ELIBOR, DRI AE R A SR
BOAFAEURFETHIAL B 5%, T DUE 2 S S I1E
AY T3 — 28 B AR BRIR 72, S B 2, H
SR AIRE RESZ IR o TREANE SR BLi PRt
Oy T 260 5 35 A0 G 2 ) SR B, SR AT A I sk
FETAE NG, (HAAIXN AN E I Q2 i M 3k

BrBL ARHIAE T — e HVEE A . PRI BABLA R Y
IIHRREREACEE, EANTE M SR B A R, T DAt
— PR A PR

ALK PO B8R, Bk abPE

JREYE

(1) Rl fs 5 R Ab B R, DOE 2 g R

A5
I 1 [ 2 l | cee X 2nxi M><7z,><1',| R
[-Y0si]
AR
B3
(T2 [ wa | 2] [ nxi sfiide s
\ ) if
SRIME SR
MBS Ab P S5 I
s L1221 n S| - iy
- S
YT
PEHAH R
B 7 oot SR ) B AR R
BlES
b 27)]
751
[ 45 s, . IRAT | |3 FFT*
SRR | A : CY IS
b2 27)]
J¥ 51 L1
®—>[ka il W (i
T
Mﬁ%ﬁ@i K i’é ¥ilE FFT 5k A e A
Phhtr=A: b e Lb pridi i
SRRl O s (YRR
=
\
HEN NG AT L. 2z
KB B Wb b

K 8 AL SRR S A B



2 4

FFERAE: FET I ARG AR B AR A FVERT A 313

WIPHR AT A/ DRFERMGELE, ER— DK NLT
FEA: G ={g91,90, 91} (L=1ixk);

(2) MLEKMBRAES, FEX LI T LA 2
fE, XM —DNKAN2LMFEAR, KHidN:
G"={g1.9, 01} (9r+1, 9142, gor = 0), X%
FEARR NS TR IIME, B2 2 KKPFEARID
N G =g,[p] {gq = (9(p-1)i+1 T Gop-1yir2 + -+ i)
Ji,p=1,2,-,2k} (2L =i x 2k):

(3) B— & mH E MK N2 Lx MEIA R S fh
TFEA, K MEBL, I B IX MBS e B
BARI, SR — NMONLIREAR . SR G BT IX
MFEARBAT R (2) PP IEEH AR, 153
KRekitieA: F=U" f,00{fs=Fip-nint
Fitovyivat+Fipi) /i p=1,2, 2k} (2L =1 x 2k);

(4) X GHATFFTiz &, WIS (ZisHid
NEISHMIFFT*); X FHATFFTIZH; ¥HE L
RS R 45 AR G HEATIFFT, X &5 B4 0
RIAF BIAH L, B . X AR G245 AT REE XS 2k K B
1)U AE BEAT L, #58 TTRR 4k 224047, &5
], 3R 0] =T = AR A L O A 371 5

(5) LK I LB (A7 T TR e, e
DG AR BN AE AL RN 2 8250, FEX 2 8 S50
BEAT I AR, HEAREHIIR B, & T TR A E
P, W EFT AT AR, EEHRE R,

AL BRSO A2 2 70 R e PRI R g 2t
FREATH, AR O R R A 1 2 A 25
OIS AL, 280, KOS AN 22 3 B A 25 AT B A
MR %R, FEE LA 2 R R RS R . K
3R AR A R AR AT 1, IS LRI ) 2
A AT $ R AN E I 8 T J5 DA RS IR AT A DA
Ko HAFFRAEE W EI R

WE9FTR, MAEIERREHRERET T &
SRV IRAL B I S H, e XA O RS DA & 2
AR RIE . RIS SR AL R, A
FELA SR BORBU AT e, DKL 3R BT
R A RV, F /NS o)
FaEEAE R, 58 %A% 230 B P (P AT S0
MEE . SR IEWGE AR SO RS AT R oy B AR B, JF
HIEFFWME, UMET LBREEME . &5k LR
Z Ja A ARG AE 5 A5 5 2 T FFTHE TG 3R
FHOCARER, SERUAHICUEIE 2R Lol I T R ) ok,
FEARE PR AT IO Y A 3, FE R R, S
TR AT Y, EHRAT IR
3.2 BUHEEMBESR

X ok R R IR A R B b, R
Matlab V&, XF ek it K0 B B4l 28 5 v (1 4l 9k
SERMATUI R, IR FRIR 772 i kit 72
B GETE 43 AT o7, IS IE R o SRR B T IR
PG FE R B IR . i BT 55 % T
GPS ICD XX PSS S4&4I 4k, Y
GPSTKHHAT T AR LLxS, HEHESHBEW T:
EMELL 12 dB, HAAE 420.46 MHz, 53N
10.23 MHz, RFEZEN25 MHz, W8N
NAT kHz, Bf3CARHE 20 ms, 5K L=204600
(chip)o Sk SEVEIIHE SR B A5 R E0FT R

FE1E T R S0 RN e A R AR 2 T )
Ebat R, R2AH T R HEAES AR SH T
BER,

1, K2, GURRMRZEBREWE 20 &
KUEAEFI-F B T LL ], G23R 7N 1 & 25 BR A
&2 JE i KA RSP AR L] s T, T25303%
TR SE R IRAR A R 581 sHIRY F3a BT FH i

LEHET e

I

%FQ—|_>

K HL i
IR

L |[AHd 4
AT
&It
7B
ES
Fe 51
T

ol

TTFR b

TR = I 4k

SRR A AP iE [ E7ouR S



314 BoF 5 B B % W F41 %6
4.0 5
6 3.5 4
=5 o
B j g 30 SR
B § 20 x 2
0 =
Rz o 20 1
T4, A 05
g © .0 - )
£ 05 7) 1.5 " . " 4
(7*////, 740 ‘&\'i\%i.w\*%w 0 10 20 30 40 50 60 70 80 90 0 1 2 3 45 6 7 8 910
ch D2a
) $ifia (Hz) FAR(x 101 chip)
(a) PRUIS5 [M24E 2 45 (b) 2 WIS 2R R (OREL AN SEPS
10 SO SEVE R IR 1A R
* 1 SEEERSSH THBKERT 3.3 BUHEEERIEE ST
o T 3.3.1 TIEEMEEE 4R
Bk BH oy DeppleritE(Hy) TEAFELHOPREE T, o O A £ e b i
Jy— FET iS00S R R
XFAST M=4 ———————————————— 26
55.56 508.35 400
151.01 8.885 0r
BOTIERGR =8 26
107.25  234.65 w0 |
- &
gy Mt 16533 27102 10 £ w0 |
=8  53.656 87.56 =
-1200 r — R
N ) — RS
%2 EEAESERNSHTHLLERER -1600 r

Gl T1(s)

¥ 2% Dopplerif % (Hz
Hik # = 0) opplerix % (Hz)
165.24  45.405
XFAST  M=6 26
45.68  360.075
\ 152.14  8.186
PE =12 26

92.651  178.68

e M=4 16533 27.102
[ GsiH RS 10
=8 53.656  87.56

18] RN BME R, MRS B E

FILOMI T AR BRSO SR RS ) 7 i
XA R, B LB QIS (R I 4 3R TR . 261
AZR20 0 L Z5 R B, Bt SE RS 23 B (1
WRMTHREZ N THEZNY REHERL; [H
GO, RHAHARB BUFURS 2R B B PR L 5] Ve £
IR ZO T T AR L LA SR e il — A %
R R E B PR R, (HAR S R X ]
BRI (A SC UL KA TR0 1 18] 20 mis f) 48 2% 7 ]
DNy, D B e A R 07 B T N T
HRPERNERE, H R R

g5 Loy b, MR SREA R Bl & SR I LA L
SERCT LA, S TR s BRI 3R AL
RAL R AL T BMEVE Y e B ) B B IRk

-40  -30 20 -10 0
{ZMELE(dB)

11 Bt SRR AR R L

RIS R, B BT, g
I T PRAE R (S e b K25 dBRY, - HEMEL
O, FHOCLU RO, AR s, SRR
Gy o ReAR Ak J5 S0 T AR5 e Lol o KT
~25 dB, ASCH)H A ARG 7 ax — R
3.3.2 BEIEMNERE N

M R — e — E R EARRE R
FIT s BRI RN, T SR BT o SRR BRI R I
LM R RN 5 — 5 TR A R SRR 1
HERNR, REVERCREREN— MR, AT
SO EE I B AR AT A, IS HEEERE A
FERAT

NTHARIE BEE R B e A o B ME
FIRE . ¥R E SR EIE IR MR .
B VA B A o i v AL B R e K R
ny PIRESHBE M HESENL X%
AEFR AR E 9 N

CAIFFTH TR E AN O(nlogy(n)) 20, H
2ARALJE IR A I A R R TR



%21 W07 B4 RTINS A S B R SR B T 315

f1<n)=%(%L+§ (2%10&(%)

r+7om(7))

R, L =n/(MN), KIANARL)H
nS
N3M2]2

n3

~EATE (2)
N3MZT

[FH, " LUEE T EARY R E S EES LN
IR f(n) AR R EVE IR 222 2201 (n) 5 5]

filn)=n+3 logQ(

i)

+4

=X (3) A= (4) Fow .
3 3
fﬂm:n+3Ngﬁb&<é%)+4N%ﬂ (3)
3 3
fa(m)=n+3islog (1) +aaim (@)

WRAE X (2) X (4) MTHEER, ERMRER
RITHH T, e RENE N (A B 2% A e B
) EH 2 SR V2N A (B ARV P e (1] 5 4% P T 5 T I

I HLBEHE 5 BOEORIE SO R, WRIE R T
B o K o 3 A 92 (1) i ) A2 4% P32 45 L 49y EE ok
iR mE1R2FR, KA AR EN: IR
HIAHOC AL NN2048, 73 BE B My il 3 B 1 4408,
YA R B 1 8F116.

MR 120017 Bah R, 3P EIERR (A & 2% B
YR E SR I KT oK. IR Y R
1) B B 43 SR B DA R I il IR SRk A B ) R 2%
iX, FHEBEKEBKR, RIAEESHRWMEE
[ ZBE AR . 5 MBI AN [F] S48 25 H DL AR
S BT A BT LR E S S SR, B
Bz, Bk (A5 2% AR ZE koK
4 HEFRIE

AR BN A 1) B SR A AT W SR 43
B, $EH T —RgE S BEEAY R E G E S AR R
THE G SR EE, T SO Bk r A R R B
BRI 7 S I N5 G iats RPN E( 7N e AN ]
FLSRES, S H AR SR RE AT TR T R
Z% FE R LA R BE A3 AT o AT B S8 R R RE 20 BT 45
KRG, St Sk LA S AR RO FE AN SE AR A4
SRIEFE, JUHN T s ia 2k Rl SR 05 it 75 1988
KERIXE, BAEMR G, st e
KA E AR PR Bk, H A [R5
THEH 7R 2R K .

15 15 3.5 35
~ : 3.0 /1 30
& 10 i 10 25 ”’a 25
" / 2.0 / 2.0
* /
1.5 / 5
Jud 5 ) ’ 1o f
= y 1.0 e 1.0 Ve -
=z s / / A
0.5 ——1 0.5 P
0 1.0 20 30 4.0 0 1.0 20 3.0 4.0 0 1.0 20 3.0 4.0 0 1.0 20 3.0 4.0

HARAE (x 10°) HAR A (% 10°)

K (x 107) R (x107)

-~ L - JREHIESE — BERE

(a) M=4, =8 (b) M=4, [=16

(¢) M=8, I=8 (b) M=8, I=16

12 B S5 e S ) 2 B S M A SR [A) S 2% FE X EE P

2 % XM

[1] KAPLAN D E and CHRISTOPHER J H. Understanding
GPS: Principles and Applications[M]. London: Artech House
Inc, 2006: 181-188.

[2] GUO Xinpeng, SUN Hua, ZHAO Hongbo, et al. A modified
LFF method for direct P-code acquisition in satellite
navigation[C]. International Conference on Communicatins
and Networking in China, Beijing, China, 2016: 499-508.

[3] BINHEE Kim and SEUNGHYUN Kong. Design of FFT-
Based TDCC for GNSS acquisition[J]. IEEE Transactions

on Wireless Communications, 2014, 13(5): 2798-2808. doi:
10.1109/TWC.2014.040714.131884.

[4] CHAE K and YOON S. An improved direct acquisition
scheme for rapid P code acquisition[C]. International
Conference on Applied System Innovation, Osaka, Japan,
2017: 376-379.

5] XA b3 TR SAAGHII S R[], BB, 2013,
34(8): 1-8. doi: 10.3969/j.iss1.2095-1000.2013.03.001.

LIU Jiyu. Status and development of the Beidou navigation

satellite system[J]. Journal of Telemetry, Tracking and


http://dx.doi.org/10.1109/TWC.2014.040714.131884
http://dx.doi.org/10.3969/j.issn.2095-1000.2013.03.001
http://dx.doi.org/10.1109/TWC.2014.040714.131884
http://dx.doi.org/10.3969/j.issn.2095-1000.2013.03.001

316

G

A1 %

(6]

[7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

Command, 2013, 34(8): 1-8. doi: 10.3969/j.issn.2095-
1000.2013.03.001.

i, GPS P E M RE AR L [D]. [Witie3C], B R
K2, 2017.

XU Hao. Research on GPS P-code direct acquisition
technology[D]. [Master dissertation], National University of
Defense Technology, 2017.

M. EGPSTHLIRL Hi2 FIDOP A I V-As TP Ak B [T]. T
G RNAHHEAR, 2017, 5(5): 58-62. doi: 10.3969/j.iss1.1674-
2230.2017.05.011.

NIE Yang. Using DOP algorithm to evaluate jamming
efficiency in GPS jamming tests[J]. Electronic Information
Warfare Technology, 2017, 5(5): 58-62. doi: 10.3969/j.issn.
1674-2230.2017.05.011.

HECKROTH K, SCHERRER K, and NIELSON J. Fast
direct-Y GPS acquisitions with inaccurate time[C].
Proceedings of the 17th International Technical Meeting of
the Satellite Division of The Institute of Navigation, Long
Beach, USA, 2004: 573-578.

ALTAF M M and AHMAD E H. An ultra-high-speed
FPGA based digital correlation processor[J]. IEICE
Electron Express, 2015, 12(8): 1-7. doi: 10.1587 /elex.12.
20150214.

YANG Chun. FFT Acquisition of periodic, aperiodic,
puncture, and overlaid code sequences in GPS[C].
Proceeding of GPS institute of navigation, Salt Lake City,
USA, 2011: 137-148.

By, B2 & LR SHTHXFASTHIZR AR 5 & LB
A EEEE[T). HAREIAR, 2017, 57(10): 1205-1212. doi:
10.3969/j.iss1n.1001-893x.2017.10.017.

ZHAO Panpan and YAO Yanxin. An ambiguity resolving
algorithm for XFAST acquisition with less computational
amount in satellite navigation[J]. Telecommunication
Engineering, 2017, 57(10): 1205-1212. doi: 10.3969/j.issn.
1001-893x.2017.10.017.

FEANGR, N, ERE . AFENIY 2 S 8% FIIXFASTIE
REAHTT]. 8152543, 2010, 31(18): 54-59. doi: 10.3969/j.
issn.1000-436X.2010.08.008.

TANG Xiaomei, YONG Shaowei, and WANG Feixue.
Performance of XFAST in the presence of code Doppler[J].
Journal on Communications, 2010, 31(18): 54-59. doi:
10.3969/j.issn.1000-436X.2010.08.008.

KRASNR R and NORMAN F. GPS receiver and method
for processing GPS signals[P]. United States Patent,
6725159, 2004.

MATHEWS M B and MACDORAN P F. GNSS long-code
acquisition, ambiguity resolution, and signal validation[P].
United States Patent, 9658341, 2017.

JE/NGE, P&, BT, 25, XFASTKIY B FES i ik
THJ). R R R (HABERR), 2014, 45(4): 1113-1118.
TANG Xiaomei, PANG Jing, HUANG Yangbo, et al.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

95
a0

Optimization of XFAST design[J]. Journal of Central South
University (Science and Technology), 2014, 45(4):
1113-1118.

MUSUMECI L, DOVIS F, SILVA P F, et al. Design of a
very high sensitivity acquisition system for a space GNSS
receiver[C]. IEEE/ION Position, Location and Navigation
Symposium, California, USA, 2014: 556-568.

TLEE, R, 2ol BRI/ QCER A R0 M B K GP S 2
WOHUE 5 IR ER 772 (). B 515 B 29K, 2015, 31(1): 37-42.
doi: 10.11999/JEIT140314.

SHEN Feng, LI Weidong, and LI Qiang. GPS receiver
signal tracking method based on I/Q branch coherent
integration measurements filter[J]. Journal of Electronics &
Information Technology, 2015, 31(1): 37-42. doi:
10.11999/JEIT140314.

PASQUAL P M, ELOSEGUI P, LIND F, et al. An
exploration of software-based GNSS signal processing at
multiple frequencies[C]. American Astronomical Society
Meeting, Washington., USA, 2017: 229-238.

LECLERE J, BOTTERON C, and FARINE P A. Feature
article: High sensitivity acquisition of GNSS signals with
secondary code on FPGAs[J]. IEEE Aerospace and
Electronic Systems Magazine, 2017, 32(8): 46-63. doi: 10.1109/MAES.
2017.160176.

Mikn, BOTE, S — PR T HUBCRRE I 5 91 D4 3157
%I BPEERYIR, 2012, 34(8): 1807-1813. doi:
10.3724/SP.J.1146.2011.01383.

CHEN Song, HUANG Kaizhi, and JI Jiang. A fast
sequential acquisition method based on frequency
sampling[J]. Journal of FElectronics & Information
Technology, 2012, 34(8): 1807-1813. doi: 10.3724/SP.J.1146.
2011.01383.

XIONG Zhulin, AN Jianping, and WANG Aihua. Improved
double block zero padding algorithm for P code direct
acquisition[J]. Transactions of Beijing Institute of
Technology, 2017, 37(5): 515-520. doi: 10.15918/j.tbit1001-
0645.2017.05.015.

WANG Ningyuan, FENG Wenquan, ZHAO Hongbo, et al.
A self-adaptive fast direct acquisition approach for long PN
code in the high dynamic circumstance[C]. Proceedings of
the 29th International Technical Meeting of The Satellite
Division of the Institute of Navigation, Portland, USA,
2016: 509-520.

B L, 19704R4, %, FENF SIS NS WA AL

We: 4, 198944, flit4, Wh A TEESNS ShxT
i

W B, 19924, Wik, BEATT RN SRS E AN DEAS

EEE

: 5, 199044, LA, WFITIT A9 TS I A A A

ZN


http://dx.doi.org/10.3969/j.issn.2095-1000.2013.03.001
http://dx.doi.org/10.3969/j.issn.2095-1000.2013.03.001
http://dx.doi.org/10.3969/j.issn.2095-1000.2013.03.001
http://dx.doi.org/10.3969/j.issn.1674-2230.2017.05.011
http://dx.doi.org/10.3969/j.issn.1674-2230.2017.05.011
http://dx.doi.org/10.3969/j.issn.1674-2230.2017.05.011
http://dx.doi.org/10.3969/j.issn.1674-2230.2017.05.011
http://dx.doi.org/10.3969/j.issn.1674-2230.2017.05.011
http://dx.doi.org/10.1587/elex.12.20150214
http://dx.doi.org/10.1587/elex.12.20150214
http://dx.doi.org/10.1587/elex.12.20150214
http://dx.doi.org/10.3969/j.issn.1001-893x.2017.10.017
http://dx.doi.org/10.3969/j.issn.1001-893x.2017.10.017
http://dx.doi.org/10.3969/j.issn.1001-893x.2017.10.017
http://dx.doi.org/10.3969/j.issn.1001-893x.2017.10.017
http://dx.doi.org/10.3969/j.issn.1000-436X.2010.08.008
http://dx.doi.org/10.3969/j.issn.1000-436X.2010.08.008
http://dx.doi.org/10.3969/j.issn.1000-436X.2010.08.008
http://dx.doi.org/10.11999/JEIT140314
http://dx.doi.org/10.11999/JEIT140314
http://dx.doi.org/10.1109/MAES.2017.160176
http://dx.doi.org/10.1109/MAES.2017.160176
http://dx.doi.org/10.1109/MAES.2017.160176
http://dx.doi.org/10.3724/SP.J.1146.2011.01383
http://dx.doi.org/10.3724/SP.J.1146.2011.01383
http://dx.doi.org/10.3724/SP.J.1146.2011.01383
http://dx.doi.org/10.3724/SP.J.1146.2011.01383
http://dx.doi.org/10.15918/j.tbit1001-0645.2017.05.015
http://dx.doi.org/10.15918/j.tbit1001-0645.2017.05.015
http://dx.doi.org/10.15918/j.tbit1001-0645.2017.05.015
http://dx.doi.org/10.3969/j.issn.2095-1000.2013.03.001
http://dx.doi.org/10.3969/j.issn.2095-1000.2013.03.001
http://dx.doi.org/10.3969/j.issn.2095-1000.2013.03.001
http://dx.doi.org/10.3969/j.issn.1674-2230.2017.05.011
http://dx.doi.org/10.3969/j.issn.1674-2230.2017.05.011
http://dx.doi.org/10.3969/j.issn.1674-2230.2017.05.011
http://dx.doi.org/10.3969/j.issn.1674-2230.2017.05.011
http://dx.doi.org/10.3969/j.issn.1674-2230.2017.05.011
http://dx.doi.org/10.1587/elex.12.20150214
http://dx.doi.org/10.1587/elex.12.20150214
http://dx.doi.org/10.1587/elex.12.20150214
http://dx.doi.org/10.3969/j.issn.1001-893x.2017.10.017
http://dx.doi.org/10.3969/j.issn.1001-893x.2017.10.017
http://dx.doi.org/10.3969/j.issn.1001-893x.2017.10.017
http://dx.doi.org/10.3969/j.issn.1001-893x.2017.10.017
http://dx.doi.org/10.3969/j.issn.1000-436X.2010.08.008
http://dx.doi.org/10.3969/j.issn.1000-436X.2010.08.008
http://dx.doi.org/10.3969/j.issn.1000-436X.2010.08.008
http://dx.doi.org/10.11999/JEIT140314
http://dx.doi.org/10.11999/JEIT140314
http://dx.doi.org/10.1109/MAES.2017.160176
http://dx.doi.org/10.1109/MAES.2017.160176
http://dx.doi.org/10.1109/MAES.2017.160176
http://dx.doi.org/10.3724/SP.J.1146.2011.01383
http://dx.doi.org/10.3724/SP.J.1146.2011.01383
http://dx.doi.org/10.3724/SP.J.1146.2011.01383
http://dx.doi.org/10.3724/SP.J.1146.2011.01383
http://dx.doi.org/10.15918/j.tbit1001-0645.2017.05.015
http://dx.doi.org/10.15918/j.tbit1001-0645.2017.05.015
http://dx.doi.org/10.15918/j.tbit1001-0645.2017.05.015

