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Application of wavelet transform combined bilinear
interpolation in Beidou cycle slip

Wang Zhining Liu Chun Dai Lei Liu Tao Wei Jixiang

(School of Electrical and Automation Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract:In order to solve the cycle slip problem for double difference observation sequence in Beidou satellite navigation system,
wavelet transform combineda sliding window linear interpolation method is proposed. Using wavelet transform to scale the carrier phase
detection sequence to extract high-frequency coefficients. The singular value of the high frequency coefficient can be obtainedat the cycle
slip, then replacing singular values with sliding window bilinear interpolation, and coefficient reconstruction is performed. The cycle slip
can be repaired better. The experiment uses this method to simultaneously repair the first and second layers high-frequency coefficients
and to repair only the first-layer high-frequency coefficients. The results show that the number of repairs of the first and second layers
simultaneously is less and higher repair efficiency.

Keywords : Beidou navigation positioning; carrier phase; cycle slip; wavelet transform; bilinear interpolation

H 2L AR R R AR 25 0k BUBURS 41 A ik
( melbourne wnbbena, MW ) "® &5 155 ¥R 22 92 75 5 £ IR Al
25, LB R L, A e ag I 8 Bk, O 332 RAE R

0 35

i3

Jbs} T2 ARG EH AN H 22—, Al
SRz L M R SR R s
ARG E A EOR SRR TR i SR 5t
PERERY B ERAE . FEIL ] 9w LS £, J Bk i 000
B33 S R B R (o U R e ) R R 22— AL
FRAT R L A0 RE LA R, AR AT A BB R 1 K
AR FEAE SRS R E A, R L SRR (L S e b
R, B R AR A e A R BEROAZO A,

UL J BRI B A R T ik A AR 2, s TR 22

Wk H 11.2020-03-17 Received Date ; 2020-03-17

AR, S BUNE BT 23
BHEMERE, S5 ANRIREDS . B2k
PSS AE AL AR 2 SR BRI (A ER L Ol T R
R Je R AR A 2 TR RE, SCHIR [ 10 ] SRR 7R S 98 B A 5
EORAL B B, 15 R R S B W A AT 5 s 12K
UG SRR ZE 0B, SCRR 11 ] 221308 2256
W14 ( empirical mode decomposition, EMD ) Fl4% [m] 3
PR (radial basis function, RBF) WIZ525 & 1) 7 ik (HALEF
X2 RIF LIS, A T f# D TurboEdit J7 1k Tk KM 6

* AT E A ML TR ST K R T8 (R B $E(2014) 2564) B B H



5113

NP A TSN AR A L AL 1 JH B e ) S - 51 -

JHLAN /N E K B T T MW G B R ik 2
Bl JE Bk, B R B/ — legendre Z WG KB
B SCERT 13 ] R otk 9 2 A T BORIR
I Bk, EL A M 52 R Bk AR L B A O v N AR
AT AR S AT B A 2 A SRy A, I ELAE A i) 45k
FU AR AR AT AN 1 RN RE T, BEAE XI5 5 iE 4T R
FE 53 ff , T B IURE E AT | BE A o R Bk i) & 2B AoE
BT A 5 Bk,

B XT3k 28 Jry BR A | A SCHR Y —Fofr /N AR e 20 5 3 B
T RV AE 09 7 ¥ o A JE B3 43, A1) /N A8
X6 A6 I 7 7 AT — RUBE 3ok, H BB RUBE 1Y) v A R
R AT S A A R R SR Bk BT A L L A R kB B
o3 R Sh e 1 R A I e 31 43 Dy s o 1 % B A
SEME O AT MR b, AR5 SRR S
T BRI, TR R k2R, R s R Bk, SE
R BRI Ay tbAer ) 1 Rk, LRI BB A5 1.2
A E GO LR E SN

1 FEBRBF=E R

FEAU S WO LHZ M AR O 55 (R e, e TR D7
Ly R ) SHE 1 PT B 2 (45 5 A% 3 v T, a2 SR ik
A o Y G s MO e A SRR, 2 1 TG
G SRR A2 578 /INBGER 0 DRSS | 231 i 8k
PG AR TR BkE 5, 2 e A 3 A
PEHRIEATAR B SRR R BAR A A AN (1) B

D =N, +int(P) +F (D) (1)
A Ny NI R R  RE s int (@) WEEFTHELG FL ()
SRy SRR @ R AR AR AE

JEBIK ) 7 A RS B o 7 R RE AR R, %R 8k
RS Gy eI 2], - HLAE R i Pl BRI Bt nl LA BR .
XFF 5 JEBELLT BN EBE, RSB R AE R AR
P A B GE T, AR AR OIAE A= 1 JE A R Bk, X2
JE A E AR AR 48 AL=10.03 ~0.06 m,AB =
0.10~0.18 m,AH=0. 14~0. 16 m, FH 53R 7T LB B g
FEAE 1 R BN T (45 SR iR 22 2 JBOR UL b, PR,
THER A ORI mAE e ) E B R T2 —, 1
THER B, A S e AR R &

2 INETHREERIER

LI AR S A2 GE ) 155 b B D5 15, K455 DR i)
SR BRI, X T AR AR S AT (4 B AR o A
I, AT RE 23l AR A5 5 A /DN 78 46 phy A L
e TR, A /N P AR RS A 5 BEAT S0 A al DAL AR
SAEAL T SR AT /NI I SR

ARG SR 4015 R AR () R 7, I HL /NI A8 48 7 WL 5%
AME S IR DACORAS 0 7 A8 T S 22 A PN 2, AT 9]
FERC S AR — b, /N AR e R 155 A AT B BAR
TR, M HFEAG,
2.1 INEIRIE

Wp(r) e (R) RN ¢ (w) , VAW

dw < (2)
s ¢ (o) A/NBEF R 0 A B2 (2) 2/
PRy B A

W —A/ NP AN (3) s .

1 t=b

., (1) mw ; ) (3)

W BE R I s PR IS, /N BB SR ETE 0= b B
gy, W EEH S H o JE ., S8 o RN RES
B, 2800 BT RS,

HETH /N R 2 Haar /NI, DB R 51/
I, Sym BRIV FEFEAT BRI 518 S ) ik
HUPERB BT I /NI pRER , BEAE AT A5 LRI Fn 1 52 J Bk
2.2 INEEREAYIZER

1) Haar /N

Haar /NS /N 43 BT v die 7 FH 31 1 — A 1] B IE 28
/N RRER, Haar ZNEEBE pRECHY 5 LN (4) P

1,0s:< L
2
b= o< (4)
0, HAlh
2)DB FRII/NE

Daubechies /NI B 7N 23 81 2% & Inrid + Daubechies
P, — MBSk dbN, N /NGB, HAR S Rl
& BTSN, DG R B S A TR

FE R BRI oL R v, Gn SR N sRAE ARG S AT
A S BT SR 15 . BRAE S35 T Haar /NEEF db6
N X ARSI P 270 T A 4, IR IR A SR . Haar /)
ORI 1 7R, db6 NEACR AN 2 iR

FEHP 1 0 2 R, Haar 75F8 0 2o 72 v 56 2 it
FRAN T R HUR WO, R BRI R A SR AN H
B ASREHIWT R B ALE T db6 /)N AE 8 17 B 1 WL
S5 1 R RBONEE 2 J2 R B0 U Bk IR 2 5 RE A
Wi A R, PRI S T db6 /N

3 NESHTES E BRI 2 2

ARSL 3T XA AGE I e 81) , R0 /DNl 728 480 A )



- 52 - LSRR R e o

o 34

400r Decomposition at level 2:‘s':a2+' d;r_dL’_\\

.. 350t
300t

me W\JW\ NWWMWNMMMW\MM
WMWWWMWJ\WW T m.

80 100 120 140 160 180

Bl 1 Haar /NEAR IR

Fig. 1 Haar wavelet detection effect

—-O—

I

B Decomposition at level 2:s=a.+d +d.
400 /ﬁ—iv—— e

= 0 Brmrar b renenneen ) / rv.ﬂmﬂrwr_mvv st
-1

20 40 60 80 100 120 140 160 180
El 2 db6 /NEHRIRCR

Fig.2 db6 wavelet detection effect

FEONHEAT RO o ff , B R I R 8, BAE R 5
HUOSE 12 i R B AT A, PR A St i g 1
PR LR PR (B 40 R 25 1 )2 w0 2R 2 S (1 A [ B o
5012 )2 m 0 R BAT S AT R e, A A R Bk B 2
3.1 WekismED

B AR (A 7 VA BRI, Sl SRR (A, Hias B
HIE (A, SRR s, P E R T A R ER
AL, ) P JR s S M e L, 235 SRS M DURAIE  Fe 83
AR P, AT BE 2 il as [l A5 15 22 K, i
P B AR ER  TT 5 B, 5 BRI (T A
OB AR (3 R, S0 R B R 25 . A
T B AP A e A B FLAT (GGE D8 D 2 A R R
REAEUE 2 —0 43 = W0 43 i (R S ), 76 538 A9 A X 2 57
THIEATHERG R 4, 15 B ORI PR AR Sk FH L
RAEAR AL X R Bk T IE

R EFEE 2 = G(x,y) .y ARSERTH] ¢ PRECCR
Hra=£(1),y=g(t) SWEMELH G(x,y) MEZIAFK

A

G(x,y) =F[x + dx(x,y) +dy(x,y) ] (5)
s da(w,y) ,dy(x,y) FRMEEE, E10E x v 1Y
WEEPEREL, R T el R, E U E Ax Ay, b
HREAWAR, G (v, y) AR NE G, .G, WTE
AHRE A RS 2, + 1] AHRE A FER(E 2 2= (6) Bz, H
o Q SHAFE T4

Qx—Gxi(l—a)+Gyi-a (6)

AW a=0.5,i e [t,0 + 1]t HIHETIITC, H
MRS HEATH S A DAL X 7= A & A 3 10 R A7 4
[ER=2
3.2 FEABpIRFEE

I FH N AR eI o kS B e ot — 5 RUBE Yy
UG I ERRE S A TIRDE S AT LA 4 A A
Gy TR YR, I I PR R FARURT | S T AT Y
f553%, R TR R

IS WL (AR A F 58 X 42, ] LAAE K B ] )7 31
RIAT AT, VR ] PR AR, 7E A R Bk A A= i R B

SO AR ; b JE R 2 S AR, BV HE BT
#{E [RIESF, 08 11 268 e A 7 1 the 2 1 BRAS [) 2 B )
W, AR /N e JEUER 0 /N S R A o (2) AR AR R
T ZNRE o, BEIEXHE 5 1 401 R £, FLIG KR
OISR AL AT AR A B g, (1), BT RS SR b
ALK 4305 S AT R, AT LB E ¢, (1) Y R AR
(B, B 23 SR8, U R i o e RO & A i s I, AR 4T
SEPEIRER R R A TR T I0 . 3K st /0N I A o A
W VE T, BB R A A S B R, S B
MBS, R TIN5 48 R A AT S A 2 I, TR R
JEBR B B, B AR AR A 3 8 43 SR T 1 11, 7 R A A
ST FR O IR AL PR, ASOHES 12 i &R
BOmE AR XA 1.2 2 @i R B0, LR BE =
FIRIR SRR

&1 3 JT 7 S AR SCHRIN G 52 J Bk 1 e A 0 g 52
JABK AL BRIR

1) fi# BT Rinex ST, K45 A 3 Kt i 2535 AH A7 08
=R

2) 4 ARAT A 22 B A 57 ORI () 1 L2 A £, X6 X
ZERM P FN R db6 /N HEAT Z RUBE 43 M, ) B B g
WRREL, AR RO PSS AR, W B Bk, I Eh
XA A VA X R A 2R 58T S A T (R

3) WS W S R BT A R AR S A
RGP s AR AS A Bk 25 1H

4) F FH JR B 25 (6 43R 19 db6 /N E AT IB 5, X E
MG S AT 50T . AR R B ARS8 52 3 & Bk
B 5.



5113

“lﬁl’

fEBTRinex XA, RBRBAALE
'
BEAT AT
!
FIR Bt AT — RIS

J

RBAHERIR RRE

N
R B

Y
R AR5 53047 A

I

SR E SR E A

Y
REEA Bk

N

K3 JEl kB I FE S

Fig.3  Cycle slip detection and repair flow chart
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