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Application of Lagrange interpolation theorem-assisted wavelet
transform method in cycle slip detection

Liu Chun Liu Tao Li Weithua Wei Jixiang Wang Zhining

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

Abstract: In the field of Beidou navigation and positioning, in order to obtain accurate carrier phase observation data, the cycle slip
phenomenon in carrier phase observation must be effectively detected and repaired. This paper first constructs single-difference and
double-difference detection quantities, then using wavelet transform to three-scale decomposition of single-difference and double-
difference detection sequences,and extracting high-frequency coefficients and low-frequency coefficients at the same time. Obvious cycle
slips can be observed from singular values of high-frequency coefficients. Then, the singular values of high frequency coefficients are
replaced by Lagrange linear interpolation, and the high frequency coefficients and the low frequency coefficients are reconstructed.
Finally, the reconstructed signal is subtracted from the original signal to obtain the cycle slip difference value, which is used to repair the
cycle slip layer by layer. In the experiment, 200 cycle-free epochs were selected, and different cycle slips were added at 100 epochs.
Simulation results show that the method can effectively detect and repair cycle slips of more than 0.5 weeks.
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Fig. 1 Cycle hopping diagram

2) H T B I Sl R Z | 22 AR A S () R
TRAEWE R,

3) i FHEMOHLAN w5 B 2 FRMOHL B B KA (9 A S 4
S5 )RRl WO HIL G B e, S 2 DR ARMEBUE (R 5

4) TEBREE TR A RE R by 580 B D] 3 A 5k
B, B BB 8 R TR IR I SR, S ERT A
BREAMT , 2 R Jo T HOAN IR

2 BB EACEERF N

JE Bk — BB AR R LB S e — R 3k
ARSI g v 6 TR SR BRAR 25 2 gt 21 O H A £5 40 i
ALFRES AT AT R AER T /N Bk, 0 AR /N R Bk
W1 LK 1SR DA B JE BN 25 5w I ), 2 0 TR
SERUAIRG BE P AR T E A S, AR B A R ST, 2
AR LIS & A 1 SR JE Bk, X 22 B AR | R R Y 5
Wi 518 AL=0.03~0.06 m,AB=0.10~0. 18 m,AH=
0.14~0. 16 m, X EEHUA T LAF ), 7776 — A Bk 2 0t
FENIIRZEIR B R GE LA b PRt ZEdE S mRs o o
XoF JE kR4 T A A A I R A A — 0 & DG Y TAEE,
UG T BRI AR AL UL I Bt v i JE Bk, A2 {8l 600G B2
KB,

3 INETRERER

(IR IR i 45 5 b B0 5 1% £ HEL oA 4 ]
VAR AR R e B8, e RSO T 403 00 il D AN [ 1
Y, 475 B, THEE M O R, 1 L
HeBE AR IR BT — A PR /NI A 4 oy e L
A8 80 2 SRR IR, e — RIS A7 7 1, BT 20553 B
ARIIHTHRR AL T EL7E I SO AT R AR A5 5 S
MEAYBETT o FEARITGRE 20, FAT B B W3R 7 B R AR
FIR RF ] 3 3 5 7 R AP 2, LA v I 1] 0 B 3 R



5 8 3]

Lagrange 17 {1 22 B By /)N AR 4 1% 78 J8 BRI b i 1z <197 -

AR AR . TR /NS — P
SUT RSB RIG 5 AT A TR
3.1 NERE
XFALEIRE (1) e L(R) (1) WA (2) B
7 LHR) JRFE XAESH R 12T WS (1) R
LY BRI 5 Y BT AL S5
[ 1) Par < 2)

ISR RS ] LP(R) R I Tk S — 1 R
BE55 ¢ (), (3) .(4) B,

Cw=j: w(:}})dw<oo (3)
Jww)dw =0 (4)

W () BERRA /N L SRE BN R /)N B

AT SR T (a,b) , S8 a RH 0, B
R (5) FIaRTE i s B /INBERE SR g (1) 2B U AR
TS (a,b) WS/ RE, TR /N, /INBERE R
e x = b BT Ps), Bt o (ERE . S8 a TR
45 R S5, S50 FROERRESHL,

J L) = ! Lot 5

ban(0 = b ) (5)

XA REEAE S /(1) , H/NBAEH .

Wab)= [ 0, (0di=

IRIGIEST (6)
TR
Wia)= [ W a,b) b (7)

K Wa) HNBTT 2 Wa,b) A/NEEREL,
3.2 BEINE

DB /N &35 24 B0 /NI 43 BT 24 3 Daubechies 141 9
/NI RREL, TS R dbN, N/ R B, /N D RR AR
() FIRBERE G (1) THZERX 2N - 1,9 (1) B
JHE A N, Bl B S K T 258 B 50RO A4 4] 4338
RS, BR N =1 (haar /N ) Z b, dbN A BA X FRE,
A N=1FH WA dbN (N~ 1) BEAT B 5 5k
3 EE R b (T T B B Y

ig:

p(y) = ;C}f"”‘y" (8)
Forfr € g IR R

[my(w) |= (cos ) p(sin® ) (9)

A
1 2N-1

my(w) :Ezk‘:o he ™ (10)
db3 /NN 2 iR

2-

1.5+

0 05 1 15 2 25 3 35 4 45 5
1

&2 db3 /M
Fig.2  db3 wavelet chart

3.3 MRS HTIERR I E B

NSRS X5 S 24T 22 RO A i, A5 K
Ak BB (A — b SIS A8 9 50 A T ik, T UK R 0 o 1%
JE ik, ARAE G AT (5 B RRAE 1 38 7 e 32 4% A 3t
A2 SR A VC S, T B2 5 1 I3 B

AR L WL B FT LAAE S I [8] P 910 ok 247 047, 1
Shrn ] BRSO, BRI DR B R — 2O R4, Rk
JEIBJR T, 3l 3 P A 2 B R T8 AR 5 L)
(AR AR 2 5 Wi Sl e A9 , /NI 23 T A 65 7 Y
PR T BRI SR, U 25 A Lo, £l Bk e — 2 S
TR AT AR J] B B S L AR /N I B TR /N
PREC (1) TR ZERWTIRNRE S o, LIER
BUEZ R ARTAL , I ELIE IS AR 73 e AT i 40 19 Ak A7
ARHTIR W (a,b) ,FRESED BIAKTEAL AT LIS R 5 5
MES R W (a,b) HRLE, 55T LIS 3 2R
AEAGI RTS8 b AR (5575 S M T L3 b T R
JOL AR I I 5, AR R Bk I & A= B B O

4 INESHEX E BRI EE

AR SCIR /NI 732 i Xof J] e A7 0 I FNAE 52 %o B
25 K ZERG I B 3EA T = RUBE ik, B 3B 41 32 BORIT At
B, I HIH Lagrange 2% PEAR AR 1R X 55 40 22 B0Ar S (ELoE
AT, 3K 7 v AT ARRI e & ek
4.1 Lagrange fH{EEE"

R H PR y = f(x), Hor o, X519 R KA
Ax)(i=0,1, n,x #5280 #j), S8« WXEZ



- 198 - LSRR R e o

5 34

[m,n ], WS R 200000 (11) s,

Qk(x)= Z‘oaixi (11)
iy,
Sla)=Q (%) i=0,1,-k (12)

TZERI‘ETJ [xt 7xt+l J Ij;J ’yt =f(xz) J’m =f(xt+l ) [j:JXTJ’g
WA A TIR(E I8 55, 3745 Lagrange 28 1 47 (B A% 3 bR 0N
A (13) Fion,

Li(x) =yl (x) +y,,,l.,(x) (13)
Kb e IoT,
X T X X%
lz = 9ll+] = (14)
X, TX xr+1 - xz

N Lagrange FH{EZ T (15) FiR

k —

0.(x) = Zolm ry, = Zu I -

j=0,j=i X;

4.2 PFBmERNFEE

AT JE R B AR ORI (B R — 4 F i A 2k,
KA BRI Mo kAR Gl E /N E BN B B
N3 R LK< INJEL B RO TR A o S Bk A A
FIRLE , Lagrange 4 (A FRAH B /N ipl A2 8 2 000 Mg &2
JA B A 3 AR AU 22 )2 R o3, RHE S AT 22 R 43
fifp, PR IBUREE O LY, 25 K A R BRI, TR R 2
HH IR SR SH I AT DAAS 30 J] kBT kAR B ER 6 A
FRECRERASH — A XN, R R R R B, A
Lagrange A EH E— A2 X, H KB R BUE
ISR E R BT, P 25 AR IRk ) S A2 1, AT
xf R BREA T IR RS, v LIAT R 52 JE

Pl 3 T 7R S A SCHR N G 52 ] il it A T, 00
B Bk AL BT

1) RAT A = H5 8 00 AR S WL

2) I FHARAS: 08 268 0k R A O 00 25 A s 0 2 A Y
X E2E KRGy )i A T = ROBE /N A3 il , 43 i B db3
/N ] 48 BB e A5 2 SORTARR AT AR 0, o v It 3R i I
AR(E, D) PR B, Lagrange LR VERR (R = 0 R B &
SAEEA TR (R 4

3) R ) e A0 2R ORI R ST B O
A F -5 R AR 3 AU, AT 3R A Bk 22 08

4) FILFH JE Bk 25 (B0 A 1 db3 /N HE T — 2 — 211
B, BRI H e =B,

7) (1)

5 ZXBRHESH

ARYEIIR R H RN 5 s 1AL -2 AR A7 WL
Bl . SEESRH] T 200 A 3 7T I J Bk 28 I A A0 W8 I £
T, A 7K JE Bk AT ERIN FE &, 43 AE 100 T3 JT A
0.3.0.5 JA Bk, W2 Lagrange 28 V47 (4 B /Nl A8 iz

Fih

| semmuemans |

Wﬁﬁ\ﬂ§ﬁmél

aiR

K3 JE Bk B AME 2
Fig. 3 Cycle slip detection and repair flow chart
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Table 2 First layer high frequency coefficient

Lagrange interpolation result

K E R Lagrange i {H
48 0.087 8
49 0.1957 0.164 8
50 0.593 1 0.309 8
51 0.266 5 0.136 5
52 -0.048 7 -
53 0.060 5 —

K3 F2ETHEH Lagrange FHELE R
Table 3 Second layer high frequency coefficient

Lagrange interpolation result

¥ LS Lagrange 1 {H
24 0.003 4 —_—
25 0.166 0 0.056 1
26 0.3850 0.070 0
27 0.059 9 0.046 7
28 -0.012 1 —_—
29 0.019 8 —_—
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Table 4 Third layer high frequency coefficient

Lagrange interpolation result

75 [ Lagrange ffi E
13 -0.001 5 —_—
14 0.1383 0.039 4
15 0.023 9 —_—
16 -0.012 3 e
17 -0.033 5 —_—
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