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Optimization on ranging deviation of reference station
receivers in pseudolite augmentation system

XU Bo, SUN Guangfu, CHEN Huaming, OU Gang
(Satellite Navigation R&D Center, College of Electronic Science, National University of Defense Technology, Changsha 410073, China)
Abstract; The pseudo-satellite is stationary for the reference station receiver, therefore, the distance among reference station receivers is
nearly kept constant. On that condition, the error caused by sampling and quantization is not Gaussian variables, which can have impact on the
measurement accuracy. In order to solve the problem, the digital signal model of satellite navigation receiver was introduced, and then the effect of

sampling and quantization error on measure bias was analyzed. Simulation results are presented to support the conclusion, and the optimization of

reference receiver in pseudo-satellite system is proposed in the end.

Key words: satellite navigation; pseudolite; reference station receivers; ranging deviation

TRSN ARG C 2N FE 5 5 2 s 5T
U5, FEE B | R 55 Ak 2 AR 3 vh R4 1A
MY T TLRASA RS B S E 5w M, 76
RS PY A Ay 7 T ) DX 3R, I B 4 T S
ENIRSS o T RIS N DR S AL
PERE, Tt LR SR G4, H 3%
FH T B 4 22 40 1 i R B RO T L i
ER

250 3R R GE 3G g R A A
FIRGAE T A0l E AR R FAR AL S HUE —
MRS 22005 ., — 5 T3 Aok i e J L AT A1 ] 38
I TR R B R R 5 55— T TR TR
FR G015 22 I 18] 2 A8 {H A1 5 1 2 A AR 5t B AT
KRR, A 2205 B A SR 22 SR R4
NSRRI SE Lr e o O TR Mo R T B R A
MBS AT B LA, R AR ST R ALE S DL &
25505 8 JE A B b 1w LR B EH DLk
2 JL{aKS BE 7 ( Geometric Dilution Of Precision,

«  UWeFs HHEE:2016 —07 -28
E£TH: HEKARFAE LB H (61403413)

GDOP) 2 8 5 fil 2 42 9 T P B e B R B
LT 220450 R 40 Oy T2, L0 45 Bl aod 384
fE S IR R RGP THILRE Ty, b HAT PR Al
B RIERALM SR, KRR T RGUE T

Dh TR 3G90 R T BEAR AT LA B o TR Al WL
FE R LA E TG IR MARAS 1 5 o i 1) 5 3 A
BEo DT SEBLEAR B L, 5 FH 22 00 RE e i T
R A , TS BL2E 3 7E A d K B R B Al 2 2
FuHHML  HHTE A My TR SR R G rR A
IS LS LS TR R G 58 A, O %
A X TR RS RHERE T R Tt BT
S G TR AR S AU GE L I 240 T mndis sk
A, PRI ROV 2 st e LB P, DR S TR LA
TR HRZ S, MR IBE 25 ARE R 235
BT SR B 55 B A AR AN BR T SR — & 1 3
JEE (AR RS A8 B AR B A5 S A B R
FEREALIR 2 2 B BE LT F MR 1R, IR I
11 S e e WSOHL o T ek o (R B T AL A

TEE R AR (1982—) , B I Eg & P, 30, 181, E-mail 148193077 @ qq. com



178 - e AN o 4

5539 &

2R [E) 5 T LT, X T TR LR 225w RO, Y
2 B (R A PR AN AR, T T P Z )AL
AEAE B I 2 2 S B 2 % o
HT T P A0 30 LB AR E L B AR I (] ok
BAFAE—E MRS , (HIEJe I ) Ay ] LA T
B R SRR AR Z [F AR C R LT 2
THER . TERXFEOLT , B 5 5 40 FFR T i
RAER AR ZE AT B WA R b, A AT RE T 3L
SR 0 7= A e A AT 5 5 L 22

R 1 RAT 2 TSGR o i O TR M 3 R 48 T
R R PRI O 22 R RE L o AR G A XS R e
e (Analog-to-Digital, AD) f Ak 1% 22 {9 73 #7423 &
B AR 22 N 3 B A B2 PR AL, T AN 2 5
SO B 22 , PR e X e g5 3 O LR M5 R 48 F
225w O B 0 22 8 20 A 9 AN

BEXS BRI, AR SCH Yo 4t T LR AR
WeHIL B B T 15 S B8, e B ml B o3 M T 10
B 5 P AR R B AT SR AL XHZ AL
0B O 22 A S, 9K 38 5 5 SURTIE T 4518 1Y IE
Wtk sJa e T Oh TR MR R G T 2% ulhiik
LI AL BT T35

1 £HFPFEEIIEESEE

BB B B S
r(t) = V2Cd(t-7y)e(i~7,) x
cos[ 2m(fy +f,)t +6,] +n,.(t) (1)
Horr: € Ron 55 T3 7o Ron A5 5 15 i 1N 35
d(0) oA AT X0 BUEY = 15e (1) 32om
PEHI A IER S o fy FORPRFRIBIR f, LR 2
WA 5 0, RN B s n, (1) Rl BR i 37
FIMe R BRI DR B M E Ny , R ANE 5
LB L C/N, .
H H L B A $e oL 2R AT T 28 431 28 v
A SRR AT B B 7 2 X T AR
B , 155 A BRER T A0 B B BB 15 5, TF
R ESAMF T o B PR E S A TR AT
AL B BT E 0 s LR ], 0 T
BRI E S I IS SN Ve VS ERE I
FOR AT W ESIME S s (1) BB
s'p(t) = Zk,g(l—kTs)S.y[k] (2)

Hep T R RAERING , g (1) FoR A bkop, 3
BN
1,0<t<T,

aw={ (3)

0,else

BRBE X e, (1) ARAER AR 2, KK

WP
6‘({(” =s"w (1) —s(1) (4)
2 ECRAE R AL 1Y 52 B, 1E 28 R AR S
FE S MRIEA N
s'o(t) =s"p () expl —2a(fip +£1)t]
=sp(t)expl —2m(fip +f)t] +
gq(t)exp[ 2w (fie +fi)t]
L (t) +n,(1) (5)
Hdr n, (o) AT HERFERALIR 22 0, (1) 5IARY
Pa
TEXFMEOLT , AERT S 3% R 5], HAH DG A 1Y
FIEAN

SP'[k] = s’y (t)e(t)de
t=(k-1)T,
KT,

= f so()e(0)di +
1= (k-1)T,
kT,

n,(t)c(e)de

t=(F-1)T,
A SP[k] + Q,[k] (6)
Forp, Q, [k ] 375 ERS SRR 56 SUEL H H >R AR
ACIRESI AN M O T AURT I, B SOR
PRZ A RAE AR
FEAHSC ZEL SP' [k 1, o0it Q, [k 1 iz /In
TR ng [k ], P T — B E A5 R4
M5, H AT 25 R AR ZE . (BT
LR 5 HMSOLAS ] 3 — g 1) 3l 5 F il , o
TSR AH 5 U8 1) X AR P 0 2R R A R L MR AR
QLR IFZM T AR X AR , BRIV I 2R /1N,
WEFIABRMM R 2. I TR ARG
o, A SRR LIRS O, LA ] AR A G 4 1
FEARIN, A E 20 W 5 1 M5 5 Ak B 55 B 4015 54k B
Z IR 2257

2 RELEXEITHEENIE

I BEBEECHL, 285 BB 3 7
S 7 AE G BB R 50 T
ARSI I A A
SR UTIRERPE LR AT TUR R o5,
HOCHLIEE 0 B/ WAL 053 90 TR 227 T
MR RERE
TRRGLR, 1 M1 1 e o
FEAIL S, AEACHLRBER £, MDA 0 15
B
1

AT TN )

(7)



56 1]

TR 1A O TR IR RS w L s 22 AT - 179 -

Horf JLCM (x,y) FRH x,y W/ INVA RS
FRAE L3R oA v 0, 224 foff G PR R 1) 5000
DR R AR, R SR R Do e 3R, B
TRt IS R B B AT A A A R . L
SKRER L Sy 2f. + 1 Haz, %R A9 OB AR A7 A 343
PR AT LLIAE] 10 ™ ns,
SEBREMSAIL DR PR i 4 A B O 1 s, PRI
WOHLTE BEAE 1 s (A BRASE I) YA 1 Pl B )
{Eo T o201 6 I 7E A BRI P, DR RS A 437
T2 BRI P 2238 AR AR
BB AN P 8 (1 PR o R A 22 £, , R T RS
FEA BRI T, P, Dt 56 22 5 S 80 Ph g A 137
ARAR R B — AR A, WA R AN A
foTo=f /1. (8)
RIS AN T, 1 WA 7 SR L 30 5 5 19
PRt 22385 S A 25 0 2 LA T S0
e BffTo 9)
B, 2 RS I B BUT S A S 225
4 Bk 258, v LIS B A R T,
P, PR AR A T2 B R A 2k 200 -
1

Ar= o m  Ton(g sy 0

fe 2
AT S 7Ty

P, 425 S8 A BRISH AR I, O T PR UEAL
P IARDIAG T HER B REEIR A A SR
RO R YR AR R S BUR LA LAY
Ir BRI, FOR LR 2 BB o TR
5 BRI ML PR AE LI 8] PN EEBAGE , I N [RIAT
TEME X — 4, SR SE PR AR R A E— 2
TEAAEI . PRI, SR SOLe 3 AR A R T B AE—
TE T FEI N PRUE R A B AR A T o R

3 ENLEXNEITHEENIE

TERCF IR, 7T R AR B,
ity ZXRAE R B R i R A, e A
AR SRR SATAE SIS, AR I
LN R AN IV S S5 IS L S (EP o
NS S AAFAE S S, B AL B A AR5 i JH
JE , DR TG S50 IR DTS2 IR 2 AL
AR o

HI T A AR B 52 1, PR R
ROV, B BUTE B A R o S AR P X
JE s AR A2 2%, T S Ay R O vk
it AL At BRI

HARTEOL T, T YOI AL B AT A O 2808 A
(LIRS AR 2 (] AR B S B, A U, 2

HARE A 2R i O ARG A T (HUR 2%
AR RARAL BT , BRI D ) =2 8] F) R XA 57
KA R ZMMER L. B TRIEAASE
B2 I S O ) A8 ARG AR, 4 4 Ak ]
S e st 220 ) B8 O ) =2 ] ER AR AR 62 2 S
AR ARAL, BARIE 1 PR

S
AR A

Z N\ £ N
VAN /N
*E'fﬁl \v/ \V/
i / \\ // \\
- /
ﬁg&ﬁz \\// \\V//

BT BB F 7R 3
Fig.1 Schematic view of the carrier relative phase
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Fig.2 Different carriers relative phase corresponding
to the correlation cumulative value envelope

when local carrier using level 5 quantization
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under level 5 and level 7 quantization power conditions
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Fig.4 Code tracking error when carrier using level 5 quantization,

analog intermediate frequency using 7.5 MHz
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Fig.5 Code tracking error when carrier using level 5 quantization,

analog intermediate frequency using 7.523 45 MHz
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