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An Enhanced Satellite Positioning Algorithm Based on Generalized
Interpolation Method of Receiver Clock Error
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Abstract: In order to improve the continuity and accuracy of satellite positioning, basis and feasibility of the
positioning method assisted with receiver clock error model are analyzed and discussed in this paper. A high-accuracy
receiver clock error mathematical model and the corresponding assisted positioning algorithms are established. The
optimized fitting model satisfies interpolation conditions in the piecewise boundary points. The interpolation points of the
latest mean value or weighted mean value of clock error series are used to constrain the model, and make real-time
performance better and extrapolation accuracy higher. Feasibility and accuracy of the method are analyzed and tested by
using the GPS measurement experiment. The present work indicates that the enhanced algorithm based on the model not
only can assist the incomplete constellation positioning situation to achieve three-dimensional positioning, but also can
enhance the complete constellation positioning and improve the positioning accuracy effectively.

Key words: Satellite positioning; Receiver clock error; Incomplete positioning; Generalized interpolation method

B AP TESBUE R 2L, I B, FEARSE & &1

BER G AT — Bt a4 REE TR MBUE LR E S

FERTT A R F YRS AR T, T # TS, XAMEILENE TR M RES S
EEMAGEZSHAAMRDELD T 4 Bg“de5e Ak, 80y GPS S TR RGAE ML T I H A i
BREMAMN" . WA AP FBEE  REARIZ —, XX — R, ¥ A5

0 3

T

R E399:2011-12-13;  #&15] H $:2012-11-08
HETH  FRK A RPLEHS (61271284) s EALEBE AR AL TARTEZ)7 I H (KGCX2 - EW -4071)



w2

X REF PR TERE SUR AR TR S AR Ak 187

24" DERGY REREHS Y kT
BT S dE gyt TR BTN, IS =
HerENr o (HXFE A INATF BB 7, AR
WK EEREK L, BEAEEZ 2 T/EF R A
YOI E RIRRE . MHELZ R, %R P AR B & DY
PR B LBk 22 01T 2 B Al B B 6 5 e
BOMORE S, R B & B E Y Hoep,
FIAN B AR SRR TAMER B TRESE
SNEE, B P sl 1 5EE R EBUER, B S
BMRIRZE . M T RO 22 S0 B g o 7 2, |
J& TAKE T BB 5 E BB E B MRS
AN, TR P2 S8l 5 RN, HILE R
W2 T, A RN AR5

FRUSCHL A 22 B AU B Bl e 67 () S B8 A T H A AR
BRI E S, DI —BCR AR S RS A S G
I (R I TR B RS B R A, S TR 7
KB BMFEB XA 55 IR . & T SCHkxT
PR RIIEAT T AR BT R R ) (AT s
R ARG, SE TR SR F e T ik
LI R, 7R S AR A R

ASCAT BT RIS T Bl b 22 A B () 5T FE Al
SupirdE SRR e E Tk S — R =
STBOEIT SAMERR, 2RISR EAE S AT
F, BRI B E BB B , X 45 BEAS [RI LIRS BE i B b
A] AR Ho AT o B AL 3 R O R 5 T L
FESCHL . IR e (3 R kB nT i B L2
FEmERMAET A EM BN, SEI =4t 7, t
AERAFIER BREM SR EMIBN, BRIREE AL
R, B, A 3CE T GPS SESEE, X vk # 1T
T A S5uE, UER T R R AT S S A

1 BB shEREMER

1.1 #Eish e X
B 228 O P Byl s PR 18] 5 T2
TRORG BE B Bt ] 22 ] R 22 A, B T 000y AR Bk
SLIREARE]
J(xi -x)2 +(y, —y)? + (7, -2)? +cAt = p;
(i =1,2,-+,n) (1)
Hrp, n= 4 5N BEANE G, oy, Bz 5 B TE
EAEH M E ALAR R T AR50, B B LE R

PRI ONEEAE sy 2 F AR AR B, 2 BIA A
AL E AR R 2

PEERABCAL KT, P i o L& AR
BEJEF-5h , 0 HU G B A — e R R B AT, AT (45 GPS
REMARGH) Z R BT e, HLFR L, E
BRI 2 Ar AR L 5 T2 M RS
ZIE 2SR, B IE A B kA b K w22, a0
A HHBERE JHE R R RGN O 2
FIRE A E IR 2255 o JX B A el 22 25 R0 Ar HMH,
ERS-Z o2 ST VA N A
1.2 HUph 2 AR i S e 5 AT

MPEAMERB R EME, TEZBIUTIL
AR IR «

(1) HEZ U2 I A8 R 22 B AR X 1B R0 B
B RHESIERIRE . i TR ] A X L6 R R 5|
R HITRZE LA NG, B T @ KA (E
SEWRREL, IATLUEE,

(2) PHBEINEEUR2E BT R R o A28 Dk BRI
RIRE ouere PEILMIKS BE R F DOP Hp (B 4ok B2
T TDOP JERJG , X P22 g T R FEAL IR 22 %200,
H¥EJrREMTHERT f3X(2) &

oy = TDOP « o ygre (2)

(3) B#&JETH5 P UL SRR B ok
MITRZE o IR HE TR ARG E M AT R AR AR A
fepniifTii . GPS PR/ 4R ¥4 — WA &M
T 107 "s p/ AR e BE , O D A8 f6 3o B 22 (E 1Y
SN Al AR AT T E B4 R ER 2 Y R R R
PR iR, BAR KRR IR THh B, A&
R . SAIK) NG+ Oscilloquartz SA A ]
OSA 5310,0SA 8607 BVA Z£LFp{H IR fF (TCXO0)
7=, H100s LIRS T 1077 ~ 10 P&
T3 b HAt FBBRAN B e R 7™ i, L At — e AT
K 107" h ko P, B AR AETR (R ) 1R 25 %4
BN PP ZET KA K 73 5h, SR B 7E
AR AR 22 I & T 25 A 22 3500, AN 2 — Bedd
LRI Y S A= A w8

MUA_EZ3 AT, Ao B SO 22 e S B A
ARG SRR AL, IF 4 B S8 B & 5 L B 7
P B SRR ISR . IR H, B TR
Phe BARFE T F P s 3 AL bR 8 L DR BRI 2 1R 5%



188 S

H F34 %

RESHNENE, FREARA 2l SE
RS R IR , A R R T 2RI, o
PR 3t ] 4 B, B R A B R A

2 ITHERHFERGE

T2 & K F] Lagrange . Neville , Chebyshev 18 {H
BRI & 55 5 2 AT B 0 AL 3, (B A ST 4
ZAETIE, EAFEE A B AR

(1) R R BRI A 5 T3, (E X L
BB AR . R BRI ] RERRTE R R R
FRAT = NG B, (H S TE RS it 58 2 10 [R] i 3 iU
WAL, A REBIEATT A,

(2) HESEEZEFEE —ENTE. HE
R B AN B B B R R RAE B E T & B
HUS SRR IR 22 A BT R, A B
LB RN ZER 18 i bR BU™ 4838 T B AU AL 1
HRBIE L — R E MR IR 2, (HA S IR P
Mrore, REARAFEL.

I, FIATT SCREHR o) ST — o ik
iR ETERE AT R, 15 FIE R S oI 45 A0S
SR BT b 8 R B RS B, A R s,
BT PR 5 A 4R BT R B Z B A . T
TGN B AR, B A 4 S A B
AR = B B, i Va8, S T2 5
HEEERTHE™

B P 22 AU () 8 57 S bR E o2 — > —JT Rk
BT SCHE A BT R, A 1 B o

U

4

A)

Bl FESRIR AR B

Fig.1 Extension area and the corresponding function value

BCETTIR A, WHY) SUR{E R U(x) o

Ulx) =a, +a,x +a,x°, x e [x,, %,] (3)
Hea,,a,,0, HFFE R, 7T HEHRBH P TFIE
RIRE -

3
min [(a,,a,,a;) = z (a, +ax, +ax; - U,)*
=0

a, + ax, + axs = U,

vt {al +ax, +ax; = U,
(4)
AERITE Sy BOD SR b AR B AR, AR
Bz a R EA B A 55— 7w, 3OF
P B X S A B 45 R (AR N RO 1R B, S 3L
orBEX NN AR R, SRS a Tt (E A

BIERTR

3 ETHED NEAFENEMHEE SEREE

3.1 ARSEAE LI A P 22 AR K B Bk

= P b TSR AR ] B R S P ER R
TEFS AT RS H B PhE 2 B I ] B Sk B,
IR B B 22 S AR TEY R RRAS X B ] P9 o 22
ARt DL AT I

F

2 FRSMER B
Fig.2 Schematic diagram of the data extrapolation
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Fig.3 Enhancement algorithm flowchart
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Fig.4 Measured clock error in the single point positioning
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