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GPS signal acquisition algorithm based on DBZP differential coherent
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(1. School of Electronics and Engineering , Xidian University, Xi’an 710071, China;

. College of Information and Communication, Guilin University of Electronics and Technology, Guilin 541004 , China)

Abstract: To solve the acquisition problem of global position system (GPS) signals in weak signal environ-
ment, a new double block zero padding (DBZP) differential coherent acquisition algorithm is proposed. Integra-
ting fast Fourier transform (FFT), DBZP. differential coherent methods with frequency error correction tech-
nology organically, the algorithm effectively reduces chip rate variation caused by large Doppler frequency shift
and the correlational power loss as a consequence in the course of computing FFT. Meanwhile the power loss
caused by the Doppler frequency error is also weakened. Experiment results show that the acquisition system
has a much higher performance using the proposed algorithm, and it can be seen that the sensitivity is improved
about 2. 8 dB compared with the direct FFT acquisition algorithm in simulated data sets. The standard deviation
of the Doppler frequency is less than 20 Hz when the integration time and carrier-to-noise ratio are given, and
the signal-to-noise ratio (SNR) is improved about 3 dB compared with the direct FFT acquisition algorithm in
experimental data sets.

Keywords: global position system (GPS) signal; differential coherent; double block zero padding (DBZP) ;

frequency error correction

Vol. 34 No. 6

0 35 7§

2Bk 5 i & 48 (global position system, GPS) {445 ik
HIL b A% G 1) T8 14 iz W LB AT B A 19 32 305 1 R 3 L R
Al DA S A 5 B 5 A kR Y, (B L GPS
AL A L 1T A DG A8 A, 0l PRk | s RCH
B A R OB R A0 T B, B A B R e (fast

Wi ER:2011-08-01; fEEHHF:2011-12-04,

Fourier transform, FET) i35 8 4 3k £ R B A 27808
AREED T H R B R RRS RE A 4 L 22 40 A0 T AL BB R
TR G5 R AT 2 50 Ab 38, JE R T B B ) 32 i T 58
GPS {55 Ml 3R R M . SR04 B LA GPS TR A X
TREE R R B LR I GPS 15 55 7 AR R I 238 1)
WA e I ARG T L K 2 3 RS o A R
ARSI 5t JRS S U3 AN o FET SO0 B 4 LU A7 75

BE&TH:HEHRR 4 (60802018,60972084,61062003,61162007) ¥F Bl i il
EE BN A (1972 ) B Rl LR AR . EEFIR I 108 GPS 5 540 B4 5 5 40, E-mail:jwmo@guet. edu. cn



£ 1086 - RO RS THA % 34 %
HII IR s 2404 T B 2 5 R R AR 2R 9% ) [atp 0<ieN
S 0 AEL 6 S L SR 14 — 15 T LS % 4 S =4 )

(double block zero padding, DBZP) 4% Ry /N T FFT i+ 5&
T AR R 2 % A S 5 | S R R R AR A 3 B AR G B
PR R4l A 3o AR v 7 14 TOURG 00 AR 43 1 ] P 40 75 2 %o
I T FE Y HCHE 7 4G EAT Al T 6 R B 2 e S i 0 A die
f X ER R IBHIT 8

BEXS bR ()8, 42 T —Fh DBZP 22 53 #H T 3R 5 %
PR M FET \DBZP . 22 70 40 T AR 1% 22 8 1R 55 4 WiHL
ARG & R e 92 B i AR 1 GPS {7 54l 3, SO 8%
R THE FET i+ 5 72 rp g K 235 W) 00 7% 5| R A5 3 2 A8
A3 JURAH DG D ZE 45 5% [ I ) 55 T Ak A R £ g
T A ) AR R

1 EF DBZP Z45HTFHi¥

1.1 EF DBZP £ 4 FHIKER
MR % B L1 S B GPS BER (52 F 48 55 f SR K2 5
M 5= B S
r(t,) = Ad<4>c<<z, —T><1+%>> .
cos 2alfist fr, + ) +n(z) 25
K., NG A REERZ s N5 S B A LAY B ZE 5 A
FAGE WL 5 S H SRR D IR 5 S N R IRBR B R s £ R
LW s 0 HRIIEARNL s C() g C/A 1 5d (0 T ik
Pl B sn (o Rtk e 37 B s
ot FEE WAL 1) 55 RS S AT 22 4 A AR A TR
BRI A T, A5 5 REERIBE 0 T, WSS & A AH T B 8] B 1 %k
FHESERN
(1) = Ad(z,)C((z,—fof%)) .
cos 2l fut 6+ 4+ ne) .
P = 0.1, N1 2
AP N=T,/T, BIEEE;t,=G;N+DT, HREMNZ,
2 kA B T) B AR Ml A B S (S S AR A
sty = (< *%)(IJF%))exp Ger(fut fO1) (3

L1

Kb, £, g 2 RS A (57 S I A B 0
1 223 0 5B %S A (3 0 B B T 1+ jf—éz

e B R A K LR R I (] A I 3 A R R AR R
Ak s DATAT XS 55 S 39 77 2 R R AR A FET 4 407
HOE 5 5 A HUAR o ORI BE AT 22 00 RO, 2 3 JROHE 5%
e ] S DR e R 5 DT B 4 3K R B . DBZP H AR T LA
S AE FET 71500 f b oy oK 22 35 B A% 5 |k it 1 i R A
P TR 14 AR 5% T A4 K

Xt (2) W= (3 iy 15 5 # AT DBZP, 1%

Jrk(i),0<i<N 0
|raG—N)s N<i<2N

(i) =

o, N<i<2N
B 20O Tl (5) g X v B Fl B FET 46 34 8 Lk 17
MkBEHE A
Y, (z) = IFFT(FFT(, (i) (FFT(s,())) ") =
%Ad(k)R( (AD TS, (xALiT.) *
exp (J((2k—D=aAfuT, +O) + nlk) (6)
KLY, DN f, TR R B AE (A 6 25 55 R (A
C/A IRFF BB KA Ac=1— . AL = fu— [u WA
Z R 22 5 S, (o) = sin () /s n () N BT 5 B 75
WL TN =NT,/4, HXEFRE—NFHHELD
FHARTE B

Y () = Y, (t), t << NT, €2
XD PRTE A5 BT K K225 BInds
Z(o) =| DY (DY) | (8
Z MBME N
m. = A*R*(A DS (xA fiTDexp G2xAf,T,) »
>1dkyd(k—1) (9
AR L Z (o i P 7T 3R 7R
Z,(f) = maxZ(z.[,) (10)

1.2 WEMRIREMBE

AT RE b, YRS A A 58 X5 H B W MRk
EAF L, DHI S, (rAf, T O EA £ KA 1. 8K 1 , bl & FL
SR ] B4 3 0 5% Ay 22 0 R AR 22 8 A K, T BUR UE M
G o DA TR 5% W 48 301 A8 il R 2o AR b R AT iR 25 18 IE R
A AW /NS

i F 30 C9) Hr A 4B B 2 A R O 22 AR R R
ARET R A T R

o = arg (m.) = 2xAf, T, .,

20 B R Al 22 9 Al T HE

-~ - 1 -
Af, = 7271'1“, arg (@) =

S ( ZYZ,]YL) y o € [~ ) (12)
FIA K CL2) Al T 9 22 38 8 40 38 40 22 4 48 1F 22 43 48 Tl 3K
15 30 0 2B R L T 5 1 238

fi= fi+Af (13)

KB TEJG 10 25 SEAT — U 3 TN T 5% A 22 3%

P 1 S AR 2 T R SORE BE L B/ T 3R (O A A
1.3 EEEEEST

TEREA (5 SRR () A0 K BT Bk ot X 43

K—1

f<z\Ho>:m<i,) exp (< 5) D

(7] oD




5 6 4

LSS LT DBZP 2250 T GPS {5 Sl Rk

+ 1087 -

K, % ohb =Ko, .
MG fE S EAER CHD 20 QL0 K 2 DU JEF L
i

2 2
Ox Oa

fe | H) = Uiiexp <7z+| m, \)> . I[)(Z | m. |J§>

(15)
KA EE m. RO FHHE, FER
& =Ko +25°AKSa* (A fyT)
BRI B AE Ve R (107 N A BfE Z (o) h
TR A A SR R R AE K F BIE Vs 3 B I A A 00 AR

N—1

p, = j;lf(r/H. )UQ}@/HQ@J de (16
1 2 g
P, = J e/ H) D " f(x/H) dz} e an

]
P,=1—P,—P, (18)
f 20 15) ~ 2 (18) J L 4l Ak P RE A (H m. B (H %5 V)
P
B B[] — 5 I K 23 AR R 5 A s
AR 3 AR E C/A 55 B i C/ A B AR i % 3¢
Z AT 5 R KB AH R DR K . WIS H ) T, )5, bR
i C/A TR C/A T AH X i B — SR AE 5, W T, /]
FTRH

1 fu
IH —_ — (19)
£t

FLUME T REEB AN 12 MHz 0f . 238 8 ¥ f.5
T ZEERER . 0K 1A, 25 PR B, bR C/A 75
FIAEUCAY C/A B8 22 1) i B — A~ R A i 225k 0y i) o L 7
) sy SRR ] A i A2 194 R R S RO 2

R 1ERBEFER 12MHz B, L5 T X E
fa/Hz 500 1 000 2 000 5 000
T./ms 260 130 65 26

BRI BLR o N A RFE A AN AR AE 5 88 CR
FF) . MR R A L R Xk 5 A X AR TR AT SRR LT N
AR SEAT A BB OGS BB R S S 5 A
HAF 5 A A

R.(At) = (N—AN)/N =1—AN/N (20)
201, AN K R (A ) H /N,

% DBZP A8 5C J5 , X #2505 5 MO ¥ & 30 R e
TS A SRR S AN RS AR M M5 5 KB N AUH
KX FE LMD R(ADAN/N=1, 41 B, K.
ik R DBZP Hi AR J5, (9 A AE R (Ao A BT #2
FE N BCGE THE m. 388 TR R UE

KO S, (rAf,T) WG B PR R AT ERR N
Ly; = 20lg [S, " (rAf,TOIM B 1 R T 2230 #9126 0 22

GRS EA  mE L RT Z2 0 5 AR A 22 Bk TR
PIES PN PN
30

—_ 383 N
wn f=J W

MR IR K/dB

0 100 200300 400 500 600 700 800 900 1 000
: R/ He

CBHA RN e L . RHA RS o . HABENTS g
T < THZCHY AL 1S, CAHZCHY JHj< IS; —F— . THJNHY |RYD IMiSo

KR AR LTS TR PP RS PN

P R R AR SRR 22 B IE ARG, 23 $45 R A5
BT ORI IE L BRI B AR 28 E ARG, 235
RAWE AL BN T TN TS, (xAf, T B 1 Ty R 45

B R4 M 3 3K s DBZP FAT R % 22 18 IE A
GiEJE . ERBE FIRE T 5 GPS 155 1Y 15 0 A I A% 2=,
RBP4 T 55 GPS S ik RgUE .

2 KRS

T KB R A R BE L A A 48 5 A K R G
itk 1=, SR FH 0 20 400808 4 2 5 50 5408 4 b B30 v 1k B AR AT I T
2.1 HEWMRRE

GPS B ML DBZP 2243 M Tl RSB AN 2 s .

HTFDBZPIIFFTHiAR | ' 20T RR

L P
__,___é»wm#ﬁzﬁl__iqqﬁ@@@

& 2 DBZP 24yt T sk Bk

GEA 2 XHE AR AR R AT .

SB1 TR ESERAE R EREN L
S5 AR 98 2% 1) B 5

S8 2 FALX@ ML) X RAEG GPS 55317
DBZP, J: i 2t (6) X 4 J& J5 10 {5 5 34T FFT;

S 3 () X AT FET 5 105 2 5647 2 40 4
Fia 51

S 4 AR H Ve R T2,
TR ST A T AT B A M = 02 2% B3RS A f s



+ 1088 -

AL TRSHETHA

434 5

FBS RIERXQ2) XX 8 b 22 0T 45 R AT
BRI A AR 228 I B AR 1 Hh 238 WS R 2% 9 Af T (E

Afa AR Z W WR £, 47 BE (B 2 g NCO”
(numerical controlled oscillator) . “# % NCO” # Ht & 1F £
W) 5

BB 6 WIEJG XA ALEAT ki &R, 15 255 A
LR TE 1) 2238 35 530 B A 108 B0 Sk il K 2%
2.2 HEHEETRHEEYS

BT VAR 5155 BT N A SCR R I A 3R v RE L R O
LB A o R A A R HE AT U T O (R AS R A R R 2
B IER) DBZP 227 M1 T 535 R B8 FFT 24r M T3k &
AT A

TRCRAESIZE S 12 MHz, DBZP 4 B A B2 2 12 000
RSN 1 me), ZE YW BHRUWEN — 10~
+10 kHz 48 &K 500 Hz, [ 3 iR T 3 Fiffi 8
e W IRAE 53 ) K 3. 2 kHz.8. 2 kHz, BB i [1] 43 5]
100 ms,200 ms, XA [ 25 M LIZ 4T 1 000 IR SRR % L5 1Y)
IERR N2 L # 45 R . Hoh  DFC 3278 H e FFT 2 00T
TR DFCL 38 A AE M 3R 1% 2% 18 IE (1 DBZP 22 53 A1 T
H % DFC2 FR 4 34 DBZP 220 AH TR IR E Ik .
100
90
80
70
60
50 /
wl 7K,
30f /A
20§/
1o 20 3T 3 3 2 s
FWEEL(C/ No)/ (dB/Hz)
(a) BRI I100ms

ETRIHER / %

100
L oo

]

70 ’

60
] e o s s 1

40 [t
30
20 ‘ : :

1055 e e e =
o - ‘ :

EFIRIBERE /%

16 18 20
M Lk(C/No)/ (dB/Hz)
(b) FLZ BT H200 ms
—o— : DFC-Z ¥ ¥ Jiif%3.2 kHz; --¢--: DFC- 2% #J5i#48.2 kHz;
—o— : DFC1- 2% i%i#3.2 kHz, --e--: DFCI-Z & #§if8.2 kHz;
—a— : DFC2-Z ¥ 5i#%3.2 kHz; --2--: DFC2-Z %8 5i%8.2 kHzo

B3 3 Pl AR vk REUKE LLEAS

Pl 3Ca) 3k 1 BB [E] 2 100 ms, 3 R IR EAN R £
LIRS T A LA A I B 3(h) i 1 2 BB E] 2 200 ms

12 14

H B AE SR . B 3(h) SN, Y 2% B A RS R i (i dn , 23
AR A8, 2 kHz) » % F 90 Yo il A6 I A 2% , A SCH L R AR
WA R S IE (1 DBZP 22 40 M T3k RS = 2y 1.1 dB,
LB FFT 2 M T it | 29 2.8 dB, Z2 & K 3(a),
P 3Ch) 1, B B I )b L AR SO M e T R, B
XHF 70 % .80 %6 & 1 A 6, #E FL B B A] 43 B K 100 ms F
200 msi, XA SCHE R 5 B FFT 25 40 500k M B 9 ok 3 F
T E & BB Z ] 200 ms Fb 100 ms PEAE M3 0 B .

N T AR BT F 5 B PR R A L 4
iR T 5% 4 2 3% ¥ 55 SRR 25 0 200 Hz, £ 3 8] 43 51
100 ms.200 ms, A~ [ 2% M b6 R A A 28 (12 Al o i 39 32 4R 2
BobRAEZE . FR B A T, B BRI (DR R AR R 1R 22 o 2
RN L ZA SO RN 3R AT B 1) 2238 5 00 S B O S PR E 5 2
FRZATF ]2 200 ms, BRI LK F 26 dB/Hz i, 235 8 55 52 5%
ZARAEZE/NT 20 Hz, 5 E 4 FET 225040 T3 2005 %2 05 B2 Hh
B A8 R ALK P B A L BT A AR R T IR R R E .

120

....................

—
(=3
(=3

=i

x©
(=}
i

PR E AR/ He
N
<O

0 i H i
24 25 26 27 28
REEL(C/ Noy/ (dB/ Hz)
——: W EIF£200 Hz, R R 100 ms;
e ZWENHIRE200 Hz, ZHUE200 ms.
B 4 IR0 R AR 2 v 2

2.3 ZBHIEETERESHW

N T VA B PR RE A SCHI S PRNS 5 T2
WO AT S HF A AS 15 00 3 R 22 18 1E /) DBZP 22 70 M+
BEVEBCH R FET 280 MT AR BL 2B AT Lo . S5
A BB AR 2R R 4. 309 MHz, SRS R A 12 MHz. DBZP
FEBUR O 12 000 A RAE AT 22 3 8 B RS 18 RS O — 10
~+10 kHz,# &4 K K 500 Hz, BLE A [E] & 100 ms, 3 Ff
TEREA S R X AE T I HE FR) 55 4 044 AN SRR A Y B 0
. 5 R T 3 Fh I IEAM ARSI PRNS 5 1L A ¥4 19 [L
AR B 5 AR SCH A AR A5 A th T 400 R R 22
B IE - A OG W g R HH BT 2 3 ) RS O 2. 81 kHz b
P 5(b) S ARSI 0% 22 & IE () DBZP 22 43 A0 T 5 12 4 4K
L2 [&1 5 (h) AR 56 U i KR H B AE 23 B 0 R O 3 kHz
Ab s 5Ce) S B HE FET 28 70 A0 T 50 ik 4l AR g 51 i Bl
5Co) PR g fE I Z2 3% B 4542 0 3 kHz. 73 #r 5 1L
SCERE A A AR 2248 IE 9 DBZP 22 73 M1 T 55054l 3R 25
REMRIERSA 1 B WEE FFT 20 M THEEREY
3.dB. G 3 Bl rhOR O It B R K (IR ) 22 3 8 0 A
SR AR SCBE R R R R B o A AR A RN T



%5 6 1] B A BT DBZP 22 4348 T 19 GPS {5 5 3K 5 i « 1089 -
o SRR T SN B B B FFT 2 50 T S0k 77 B, 46 %
0.9 B 7R SOV LS PE B 28 1% 22 18 TE 1 DBZP 22 43 48 T 5 4l
038 RERGFWRILIBEZA 1 dB, L HE: FFT 20 TR LIS

@8-; 2 3 dB; e Ab AR ST VL AR KRR i 1 il AR G B

= V-

Sos B3

1 04 ,

=03 [1] Kovar P, Kacmarik P, Vejrazka F. Interoperable GPS, GLO-
0.2 NASS and Galileo software receiver[J]. IEEE Aerospace and
0.1 Electronic Systems Magazine, 2011, 26(4) .24 - 30.

00 ) 060 %000 6 ObO S 060 . 10‘0\0(‘; ‘12 000 [2] Li X, Akos D. Implementation and performance of clock steering
RFER in a software GPS L1 single {requency receiver[J]. Journal of
10 (2) ASCHE the Institute of Navigation, 2010, 57(1):69 — 85.
09 [3] Yu X, Sun Y, LiuJ, et al. Design and realization of synchronization
0.8 circuit for GPS software receiver based on FPGA[]J]. Journal of
0.7 Systems Engineering and Electronics, 2010, 21(1) :20 - 26.

g 0.6 [4] Juang J] C, Chen Y H. Accounting for data intermittency in a

205 software gnss receiver[ ] |. IEEE Trans. on Consumer Electro-

1 04 nics, 2009, 55(2) 327 - 333.

o3 C5] Rtk BRI THkI. IET FET Ry shis GPS i B i g7 ik
0.2 HAkl)]. RETRS A FHAR, 2011, 33(1):151 - 156. (Zhao L,
0.1 Gao S H, Ding J C. Improved acquisition for high dynamic GPS

OOMM“ZI 8(1)(),4..000 3 060l 8100()‘%2 000 signals based on FFT[J]. Systems Engineering and Electron-
AR ics, 2011, 33(1) ;151 —156.)
o (b) YRS ZEE 1E (DBZP 2 43 #1555 [6] Bsfv. 3k8t. W%, 3+ FFT (9 GPS R IFT gk Bk 1)) 52
0.9 MisFE, 2011, 32(1):162 —166. (Chen X, Zhang R, Shuai T.
08 A new rapid acquisition algorithm based on FFT for GPS signals
07 [J]. Jowrnal of Astronautics, 2011, 32(1):162 —166.)
ﬁ 06 [7]1 Li H, Lu M, Feng Z. Direct GPS P-code acquisition method
§ 0.5 based on FFT[J]. Tsinghua Science and Technology , 2008, 13
T 04 (1):9-16.

=03 [8] Borio D, O’ Driscoll C, Lachapelle G. Coherent, noncoherent,
0.2 and differentially coherent combining techniques for acquisition
0.1 of new composite GNSS signals[J]. IEEE Trans. on Aerospace

() XAt Al A e and Electronic Systems, 2009, 45(3): 1227 —1240.
O N041000 gOO(})ﬁ BOCRICIO0ORIZ000 [97] Zhao W, Kou Y, Zhang Q. Segmented matched filter with dif-
(c) HAEFFTE M TR E: ferentially coherent combined for PN code fast acquisition[ C] /
e e L L fone Proc. of the International Symposium on Communications and
FIS ARSIR S AR A Information Technology ., 2009:876 —880.
[10] Wang S C, Yang D F, Liu Z G, et al. Simulation study on a
3 éi':.: 'i{[’} novel high-dynamic GPS software receiver[ J]. The Interna-

ASCEE M T —Ff kT DBZP 2270 AT GPS {5 5 4ifi 3k
Wk SR DBZP £ R 5 FFT IR & AR LS & .
AE S B AR R 1Y) GPS {554l 4. a8 RE e FET 34 2
Hh R 220 B RS 5 | A 3 R A AR T S AR ) A S5 T R 4
O s [ A G A TR LA TR BRE B IE SR WIS T AR AR
EA LLES S S I RIE ST

17 BT AN ) 2038 0y B0 5 AN ) R BRI ) R A [ £ MR L
T GPS {5 5 19 1E B A I R 9 5 OR R AR 22 B IE Y
DBZP 2200 M T %k M 4 FFT 220 M T HE 21T LU &L
RBALTE 5 FREE T X5 T 9026 1oy 46 I A8 3R, AR SO L
AVEB R R ZEEIE M DBZP 25 4348 T30 15 RBUE SR 24 1.
L dB. [ % FFT 20 M TR LR A 292.8 dB.IF HZ &
RS B R BRI AL AR A7 ) B ke 3 LR W

D5 LT A SCEIEAEAS [A) B0 ] o AN [i) 0 LU 4t 3 450
IR ZEDRUEZE » J¢ BUAS SCOL 6 Al AR NG 1L v » HL AT 4 3R
BN AN 2 I AR SR I [ 5 T B i B DG AR . X S Y PRINS
T TRBAEBEAT TR IF R AR AR 2218 1R 19 DBZP 22

tional Journal for Computation and Mathematics in Electrical
and Electronic Engineering » 2009, 28(6) :1386 —1401.

[11] Ziedan N 1. GNSS receivers for weak signals[ M]. Norwood:
Artech House, 2006.

L12] T gk, Bk, A /NEE. I R A3 3 1R 2208 1E 19 5 RS GPS {5
SR ARLI]. MK TR K42, 2009,30(8) : 887 - 892.
(Ding J C, Zhao L, Yu X H. A highly sensitive GPS signal acquisi-
tion technique using frequency error correction[J]. Jouwrnal of
Harbin Engineering University , 2009,30(8) :887 —892. )

[13] Yu W, Zheng B, Watson R, et al. Differential combining for
acquiring weak GPS signals[J]. Signal Processing, 2007, 87
(5): 824 - 840.

[14] Ziedan N 1, Garrison J L. Unaided acquisition of weak GPS signals
using circular correlation or double-block zero padding[ C]// Proc. of
the IEEE Position Location and Navigation Symposium . 2004 ; 26
- 29.

[15] #E54E . 04). 3T DBZP F ikl GPS 155 iy P defili 3k
[J]. B F2£4% ,2008,36(12) : 2285 — 2289. (Jiao R X, Mao X C.
Double block zero padding-based fast-acquisition of weak GPS signal
[J]. Acta Electronica Sinica, 2008,36(12):2285 — 2289.)



