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ABSTRACT

With the popularity of smart devices, the need of navigation applications has
been digged, and the services based on user’s location have slowly become a part of
people's lives. Meanwhile, the varieties and complexities brings a challenge for the
performance of the navigation equipment. As the most important method of outdoor
navigation, the performance of GNSS is significant to the development of navigation.
In the complex environment, such as tall buildings, canyons , forest and so on, the
transmission, refraction and reflection of signal or other factors will lead to the energy
attenuation, which badly impacts the performance of signal s acquisition and tracking.
Finally the accuracy and consecutiveness of position becomes very worsen. So the
high sensitivity GPS receiver is urgently required.

The acquisition is the first step of signal synchronization which directly
influences the performance of the receiver. For the problem of parameter's
configuration and optimization, an evaluation method based on Monte-Carlo
simulation is designed after the analyzing the factors that influence weak signal’s
acquisition. For the problem of cross-correlation interfere in the weak signal
environment, the characteristics of interfere is analyzed quantitatively based on the
theory and experiment, which provides the basis for the inhibition of the interference.
When the signal energy is attenuated, the conventional bit synchronization method is
not applicable any more. For this problem, the histogram method and bit energy
method is analyzed and compared based on simulation. And the performance of bit
energy method is analyzed under the different bit inverse probability.

The signals tracking is the process of estimating the signal’s parameter finely
and the receiver's ability to adapt to the complex environment is mostly determined by
the level of weak signal's tracking. The conventional discriminator integral time is
restricted by bit inverse. For this problem, a FFT discriminator is designed which is
more applicable to weak signal. Generally, there is contradictory between  dynamic
and sensitivity in the tracking loop. In order to improve the sensitivity, the INS is

integrated in the software receiver. Considering that oscillator error is an important
I
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factor affects tracking sensitivity, a method is proposed based on the PLL to analyze
the error. Meanwhile the necessary condition is illuminated on which the error should
be feedback to the NCO. In the weak signal environment, it is hard to realize frame’s
synchronization, obtain the signal’s transmission time and assemble the pseudorange.
To overcome this drawback, a new method of frame's synchronization is proposed
based on the signal's matching.

Finally, a complete set of software receiver system is implemented. The
quantitative test of the simulator indicates that, with the auxiliary of doppler and code
phase, the detect probability of 750ms integral time is 90% when the C/NO is
22dB-Hz. When the positioning error is 100 m (or 60 m), the tracking sensitivity is as
low as 11 dB-Hz (or 14 dB-Hz) in the static environment and 15 dB-Hz (or 16dB-Hz)
in the dynamic environment bellow 0.75g. And the sensitivity is 12 dB-Hz(or 14
dB-Hz) if the tracking loop is aided by INS. The vehicle’s test indicates that software
receiver developed by this thesis has strong robustness on the signal’s acquisition and
tracking and is close to U-Blox LEA-6T in terms of overall effect of position.
Keywords: high sensitivity, FFT discriminator, cross-correlation interfere, bit

synchronization, INS- aided tracking loop
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1 %518
11 IR EERENX

SRR ERARBN D5 2 55— 05 iR . AR, SATHIRH
TAEAAE, FEAnFH PAEAR R, I S & L F R A AT R AR LR A 3
Wride 5 . M REE B BE FHLEER 8 & (1 385 52, GNSS (Global Navigation Satellite
System) SEALDIRERL 1 L& DIfe e —, SRS BRI TR %, SN
S R SR AR 3 TR R . Rk, GNSS SURE A7 7E N AT AR i SR AL E R
IR B

GNSS fefg N PR AR SELLMA B W, NEER. HJIRHDOK,
GNSS CA 1L FALAE M USRI T ERIVER . Rl b S # 2 B R %k,
BT HAAER RS (LBS) E NI H & A G4 1 Bk & A
JeiE, 2011). 1f] GNSS Refg R, EREMREUH A ALE, ihErE LBS R K
TR BKE KRR HER%E GNSS ML EZHT &, AM1%HTF GNSS
(3T E AL PEREEE R BT 21, 1 F TR T (5 5 o B s i) @ e il B &2
ANBRARLF R0 /R IR B TR SR, Rl AT AR . ks . BRAREERSS M s, T
PRAES HThF. Thh. ROSERE, PEGSURLIEE®RERERZ, AESHHM
RGBSR RARR PR, ST T RS> GDOP Eid K, & FHE
ARSI N I, HERTERBIA BN E S K, X DR E ., 5%
TSP ) GPS 5 S MU R AT IR, (R IE S5 15 5 21
TURRERE ST S SRUE AL,  BAT T4 B RIS B RN T 5

T 25 REEMHET G, FEshiET, 2has e PR R 8 £ 2 H
. WYESHAS (Inertial Navigation System, INS) iZf7#4iZ s, R b 344
AN e BERURR, I A R RR At m RE FE S S (Britting, 2010). 215 F4HBh)E,
PREFFRER T 5 AR 32 B A ROR IR, i se et 7 IR ai = 8], (3T 1 R
JZ o BRI AR R ZE BE I TR PO R 110 GNSS STIRZA SR, Bt
K GNSS 5 INS #EAT4LE, AR LA INS IRZRIAHRL iR BLET) GNSS
A0 L RE ) B IR R R U
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1.2 ENIMARIRIR

FIH AT M1, %Bh GPS (Assisted GPS, AGPS) I HLE A M= REUE GPS
(High Sensitivity GPS, HSGPS) HEHLH A2 M RIS 15 5 5L T BlStLAE LA
ARGEAL PR EETFB (FHh, 2013).

MEE R SBE R, AR 5, AR R IR T
HLAT 23815 ThRE (BRI AT LAAR 25 5 1 A X 265 R 25 2% P SRS AL H A5 ., I
[7 I R ECRELIS (R )L 7 B A4 B B . AGPS U ) FH A B AR HE T2 11
A LA, LA HORELIE 1) 22 5 AT, S R D T A P R 22 4 P 1 4
FRAC ], TR AE A 2R PTG PR R BT (B T MR T, AT B2 v K R ORI or
HRE . HSGPS N R7ETCHiNE B 44T il id sodt i se B i sE £, bk
B BB B, BT HSGPS A EL ¥ @ Bl WL E A B Akt e, A
A T B R 2 — o N IR BRI ER B AR X455 GNSS $UicH,
A BARIEAT I 18
I. 7858 GNSS 5 5 HIREARIR

GNSS {5 9 W\ LR R BT, Cae ke s zd, mT{E9
HAAASGHE, TS 3 7o & A, BTSSRkt 2 R By ie JAE S 5
R DA RO, MRS RE A LL— kO K, TG 5 Ae sl i e S e R, S
ik, Dk, m RSBSOS 5515 5 1R, SARA I F B 2 K
SrEfIa], AREUE W MEMELL.

FFAR G 2 B 5 W LU AT 8K 1 2, ARURA AR 43 ek ) 32 LR Bl e . 205
S BN A IRAER BRI, 59— 75 TR AR 23 B (] AR R I T 25 )
AR, FEAHIR R RN, B A E S WL RIS IE BT, A
B TR] AR A K A 2 5 S50 SR T TR U I, 53 4%, B AR AR A B TR B G
S L4 m, FARRUY 7 B R Le B R 208, DA AR 2 55915 5 3k
AN ET D IR, R R E B T

FEAHF ARG BO~F 7 I8 S R 7 ARALSZ IR, AT FEEAIG 1 B RR B e 77 R ) e 4t
R, T ELAEAR AR 268 IR AN 22 5 4 1) U FE 58 T A TRy . BN RE MR
W LI AR T35 TAH TR0, AATE— @ AR T, (AfE— s LLYE A, dE
TR R EmRBUE SHFRNEE Tz —.
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ZE 53 MRS W& R FH 3 T8 18145 5 RO S 1 1 AT L HE A ofe AIA 2194 B A Ar
s . AHLLARAE ARG, 220 AR AR 2 A e A R LB R AR 318, (R IR
TS5 5MESARe, BUrBERTIREHITS . Sk b, 20T RN ErERE Bl
THAEARTAR

DRI T — R R FH BRI A S5 15 5 v (BEEEC, 2011).
Tamazin M %54 H 7 —Fi R FH UC FC 98 38k 253 V8 B 1 Lo AR 80 % 5 3000 e 2 10 99
(Tamazin M, 2012). S T —FhdE T H6G 3E s 20R B AR G o8 201 55 45
SHEIREE (R, 2016). SRR LA IR 75 H R TE AR R A5 3 78 4 (56
ko

M55 510 B AH DRI 55 T 55045 5 1 ELAH QUG , i 3Rt 2 2 HAH DG TR 5%
WA T IR . HAT, AR EAR OGRS — RS FA ST
RHAETBUST T BEAFAE HAH G T B BRI AR, SR IR 22 10 BRI v 0 22 e a0
P TREBR AT PR, SRR BRI EE, HIRRTE A
B 55915 5 4 BRI T HH A5 AE 5 R I8 S FLAH DG B, T2 I B R A i
S5 5 RAHOG . HRR(E S IEACAUME 5 LB 5545 5 AT .

1. 7488 GNSS 155 BREFRAIR

IRTE R T B EAS S I F, (B A S H(E 5 530S 5 2 R AR A7)
SRIK, T AUAIZE) . RS R T R A AL, H 3 B0 4 R AR
5, DRI e B AR PR R B A TR BE A A5 5 S A L 5 IS SRR — 3 )
b, FHARIUID RO 1R 22 K, DRI 5 S O R A B o A M e 7 16 A7 R B

G S5 A8 AN ], BRI T LAY N BIR R AR R, S50 BT 1)L 44 sk
T AR R IR R U A %05 e BRI, AR GEBUTUA AR 40 I () 52 LL AR B AR
SR, FHORBUEZIR . (BT Bl 1 FRER RE B0, BN B8 At vT BASE I
SRS I, BRIy AR 2B [ R R /N e T FRT S840 AT SpX
it AR RR A (K BR ), SCBAC IS TR KRR 7 DT G A v R RS RO Hh 46 32 T BR
Yan K S5 FR T LR I FRT S88007 1%, Haprfons b 7 ok ge, fERS & T,
320ms FH 43 B] S fIK AT BRI 15dB-Hz {55 (Yan K, 2016).

TETCHRENIETE T, @i S0k PHHE B 7E — e F2 A mT SR s R U
bR T e Al T (I TE R /R SR A, AR LA SR B LR SR TR R TR
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PeFs, Niu X, Li BZEp#rxf bl ¥ i Z [ PEREZ 7 (Niu X, LiB, etal, 2016).

BRI B B BURRR I m TR, Sthz, s KAy e
Hs 47 56 R R R U R TH AU/ o TR S REDROE . HERfM N 12 538k, FEI%
R ER K Z BNAS, AR R A SRS, (AR T e s R AU, DI i 158 12k B
PREZI BN AR TS R BN s 7 Nz — . EFR PR E R, ~Alban S19
LR T LR AR SR EEIAZE R (~Alban S, 1998); Tsujii T 25 i szl
W] 228 B B i 1) 7 AR BE B A T 8 2 A B 7 2C (Tsuijii T, 20110
W TS BN 2 E A e S &, DT Rl 77 2R RS T80 .

T Oy RS 3R i i A 2 B B A B0, TN E ok B B BRI A B, T BN 75 B4
/N R AT DLERER R BNAS, DRI RS A0 e 7% 0 R B 1) PR e

TR

Ll

1.3

AR B E N T IR R GRS FLUON e RO AR BRER T ST
BUREEAT 7 /v, oa IR 1 ASSCIIBE 7 N 2

S BRI ARSI LA 4 SO L3S 73 ANABE 3 B B A SR R AT T B

B H R MR 515 S IR R AN R R, JRER P IR L RE DR
RIS, UG R EAH SR TR REAT 08, SRR I TIN5 e
R I o3 A0S AR PR R 8 RO PR RS 2IE T 9915 S AR LLRS R D Uy ik

VU B SR QR RIS A B, P B 1 — Rl N T 9915 51
FFT 38000, HUCR A igmi pR iR R UL IR 2R, ettt — RS R Al B BR R A
gty FX, RKETYHA SRR ER T O, e, HEBRHIERE T
PRI Tk, AR —FE T 5515 5 ROy BE RS 7%

FhE, HRRMAACR R ARG BT, G R, 1. FUEB
7R, MR FESHRRERIERE, R, ERESMBIERET, MBUHBh. i
Mo R BB IR I ER R R BUE BTN, BJm, TR RS A BT
TR E 0 o
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2 GNSS =T IR SR M S

e R FE WYL 5 W RO LA i B B CIA A 3REUE 5 i S
IS I¥) 328 111 R H A A S SE L E AL I, PRI, P A SR L 2L DhRe AR AN
AT /NG LL GPS L1 a4 B RS SHIZH . GPS UL
SERE . DR B AR B GNSS SO HE A T A JF 2
FERAFAT, PR, REHUERE 5 BB ICRBLUE AL 3
BT, SR 7 ZEAOM R B B IS s R 2 8, PRI B A
Ji BRI AIRIE B BIRAESE « IRBD . AR R S DR B R 1 2 M A AR
o MR SR Srae R i N S5, HAIR IR, R iRyl EA
B IR PE LR 7 I B R 1 2 W ARSI . DRI, AREEER /NIRRT AR B
FRIRAF A KNR, SR 5 18 5 X R I A R G AT B SRR A 4ok U B
TSR G AR R
BV LR 1R 22 BEIN TR DO B T GPS TE AR Z ENANBAIN B AR, P
HATR U BAME o DRI T 5 =/ NPR I S AP R . L E . LS
JIREBHAT R ZIB AT, HESEU IR ERY TR G B AUEE

2.1 FEWH TAE /=8

GPS RS0/ & 75 [A] B HAER 43« b T W 42 38 40 A P IR e 46 = BB o 2L e,
b PSR BB <GPS #EURHL” (Kaplan etal., 2006). GPS f2iihl A& idid 4
WP RES, BHAd— K5 IREREL R AR BUE U845 51 25 1 S B S E AL

2.1.1 GPS D2 {5 S HIZEH

GPS DEAS S IIE AT LLor N =AY E 0 Bk Dihd . 2589 (Rinde, 2004) .
=HEWFIEZ AR T GPS 55 . BN GPSESHIM 2, HTHAREK
Ki, Emrh LLEZn) 7 Nk T3, LS s EAERY), HZ T
hidJE T GPS [E 5 M )E, HRUFIMHICRER SOy IR 2R A, CIA
i —ANJE S Ams, A5 1023 N5 fr s £ 5 i 2 GPS 15 5 (128 =)=, JA 1114 20ms,
AL UL SEILSE O (6 B S S, PR T LY 3% B HI I 5 sU () T Ll

RINN:
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SYM=RR¥E OB (Psin2o f +9 RR(YO D (Nsin@2 # F @D
Horp, SE—TUNEME LL B CIA TGS, 55108 PONIGES. P R 45
NIX 2 MESHIThE, XD () A TR AR CIABGEHEEE, YO () v POY)REE)
FELPA A, DO () DR sl (00 88 s 10 g, oA L1 3800 BT a6 AR 6

2.1.2 AR GPS EWHLZ#

— L) GPS FUHR LIS A S U I 2.1 Fros o SR LI A BB 45 F 4%
M TARTRAR I S Ja UFr , 38 70 9 R AT AR o A AR . BEAi 875 5 b B
TR AL S AR A R o
B RERWCER T GPS (S 5 IR AL N LR A i ) LA
73
Hxk, BEPETE AR GPS {55 #EAT H B PEBCARME F BOR, R iE
BICRHA 5 Lo SR RS 25 R B, BRI A e A5 38 1 Sy m] AR B (0 B B

N
D

=
&

S{n

PR, SR HGE T R BRER X FE S AT BB D A (VR B I 4 3R A5
(¥ B RS S 2 B 3 o &

fJa, HEREMIANTE G, SHUSHUE AT DRSS AT B SCHs PRs g 12
BEN, MHHREZE XREERN, BEmaEAT AL E . AT (A 5

RE
TRETE Lo
RN kS soc |- é
A | | b e Nmxl i o
gt ;5 L L3
> ADC |—— §
= BR| | |[mm .
o 90° ESln coS ﬁagg E ﬁﬂ%ﬂ J'Cﬁﬂ)l ﬁ%
g k7 : * §
x5 | [BEE - 3
wE [ T aB N o I <:=
| S
SIRAT S AL B ARG E SRR
< > - >

K] 2.1 GPS HAiHz UL ) S A &5 1
2.2.3 GPS #ZUH{ARE E LR IR

ARAE LA R, A SR — R0 2 ) ot =S R B 0, AT DSR2
SR R ARAR, XS GPS FRMHLSEILE (L RS A B . i TR0 ZE AR AR, U
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PUERTA LA IR EA — S RA A B %, KIS 20 [F 3R E 4
FUCA L TR BE A5 B A BE SR B A o % 8] FRL B I8 P A% 43 13 252 ) 5 1 2 1E 2 Y,
DRI T SR B A 5 PR A S O T A2 WA IS 1) 5 SR 18] 22 P 3fe LA I m] LS 21 Dy
MEAE. WK 22 for, EBLEN—BESE AOBZ] (GPS BHZ%) #HK
W, 6L %1 ORI Z%) # GPS Bl Bl . BelithL At 7] 55 GPS i
(] R 22 SRR O AR SLEh 22, e ot (8) o bR T SRR (RS, B 22 R AR
RIEAE I T R R g e — RS, B E — R AE . ik GPS LEFS
SRR ARG S E SN T 220 L, Pyl 7 (8) TR

rty=cte tq) -tV ) (2.2)
EIEH B ZIER | AIXTRELER T )5, hEEEIERIEA:
r=r €( g Y ck cT+ , (2.3)

Horp, r RoR DE SR RIS, e bRz, MK
R &EMiRzEraf. X (2.3) g hEEmn s 2.

Ao, £
° : > TR
|
B N
| e,
' |
' |
: |
! JUATHE B ;
o 9
| !
at, | !
— r > BehLA A b
| Ity
¢ I i > GPSi ]
! t-¢ 4 t

2.2 Pkl &
el LR B 4 DA TR, ATTR A T AL R4
BJOT -0 0y (£ prdp P:
NP -0 €y2 g (# 3+ap P

(2.4)
|

W0 €7 9 (£ gy b
R, (% v 2 R B (X7, Y, 2) Hy T n fafr BASER,
R, TRUNER. R (24) MRDLAEAM T Rl Bl
T S o AT
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2.2 1R SRR

2.2.1 1BMERE

AL B B0 FE PR MR ORI P v, BRASACAT LLINAS A I RS fE 8, I R vt
AL 1B S, PR I E S R EE T A bR R . HINE R E FEAH: £
iR 7 (Bias). Hufil A 7% % (Scale-factor) . I & M 7 (ARW. VRW) (Groves,
2013), [AlL, ARSI SRR LIRSy (Skog etal., 2006):

l,=w B, 8 nO¢ (2.5)
l.=f b, & fQCg (2.6)

Hr: (2.5) AAFRIBOCI S, |, AFRIBRAC I R, WINE SR
TR, by AR R, Sy MBI L IR iR %, 6, ABEIBA I BE ML
o (2.6) AR BB, | gAML IMEME, OVESERT, b,
NINRWE, S, NIRRT R2%E, 6, NInRMBEALE S .
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LW TR
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P42, K T R HER R AR R n RIVE, W, Ko n R T e &
IEEE f O A H R n BRI, 9"y n RIPEE I, w FoR FRIE A
AT R ZAMEE MR, W) 2R n BT | RIS AEELE n R0
o

K 2.4 BARHEA 7 HERER S 5L R (Shinetal., 2003). Jeks%ElE Cl ¥
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e Ve 1
g CEL T
e -V, 1
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1) HEEERZEE S 7T
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é
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