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Joint Doppler and MW cycle slip detection and repair method
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Abstract: Melbourne-Wiibbena(MW) combination method cannot detect the same cycle slip in the
same epoch of L and L, carriers, and the cycle slip separation cannot be realized after the sounding of the
cycle. An improved method of cycle slip detection based on jointing Doppler and MW combination is
proposed. The Doppler integral is applied to detect and repair the cycle slip of single frequency point.
Combining the traditional MW method and Doppler integral method, an improved model is established,
and the cycle slips generated by Li and [, carrier phases are calculated and separated. Verification and
analysis are carried out by the measured data, and the detection results of the improved methods under
three different conditions are compared. Experiments show that the new algorithm can not only detect and
separate the cycle slip combinations in L, and L, carrier phases accurately, but also accurately detect the
location and the values of cycle slips; and it can detect and repair the cycle slips for more than 1 cycle,
which effectively improves the accuracy and reliability of the MW combination algorithm.
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Fig.1 Results of cycle slip detection at 1 s sampling rate
& 11 s RAEZS TR BRI 25 2R

B2 0 1 s SRAFAAY 238 4 BL00 12 A BRI 45 5, AT DUFE 2238 i B0t 8 X6 RSUH B 4f 16 A7 Jo ik g 0, {HL
T8 SE bR 2 B2 T EE G 2 A BRI 2 W E, XSmRS RS AR R 2E . W3R 1 Wl LA, 2385 1)
FRI3 1 %) J] kA PR 1R 25 A 0.35 JAl A, T e B 0k A AR IR 25 76 0.2 J N, IR I sl Bk A T 2 5 AR o Bk

F1PRBESIRERET MW a3k 2% BB % DU RRRE 07 i BRI B R Bk S e AR, W LLAE
XS TAEGER) MW 25 1 22 3% 380 AR 03 vk 24000 ) Bk 1)

s o
AR I v A O VR A R B 2 v B L 5%
TC B JE AR, b o B R 00 0 S K ) T UK 2

Bl 3% 2 s KBRS BT Bk 5 1 I & 2 3 ) 2z |
MW AR BE. WA B AN, Mk 23
KRG AR AR AT LU ORI 3 R o0 > 00 300 1200 To00 2000
Ly 1 Ly 3 3 AR 437 1 o Bk 3 observation epoch(sampling rate/1 )

B, L5500 MW 204 06 R RERR I H XU % L R
173 3.1 JE 8 4k B o U 5 k43 0 E2or
8 S AT LR B 4000 UL Bk, O L R4 T T
JF B U5 B T 0 I 8 5 AR, M 28
U 1 SR AT R R 0 B A, X D B A DG e &8 T v vy
ﬁ?’f‘; ﬁﬁ%#%‘zﬁﬁ%, me{mlj uﬁéﬁﬂﬁ, Xﬁ)ﬁlﬂ% E"Jf’%@ﬂ'ﬁ observation epoch(sampling rate/1 s)
WQ}EE’J%ﬁﬂ[ﬁHﬁﬁj{,LE[:ZIK)‘L}T&H]H%E‘J&T{#Z%:L#/T? Fig.2 Cycle slip detection results by Doppler method at 1 s sampling rate

e 2 1 s RARARA L E RN S BRI s 2R



5 By ith = = >
604 AR EEBFEEFER %18 %
4
— M
S 2}
T 11 s REERBIN S RE 458 by
Tablel Cycle slip detection and repair results at 1 s sampling rate ‘L;l ol
o
a(%d cycle traditional algorithm dgtected and . E
slip value repaired cycle slip 5 i
epoch Doppler improved 20 200 300 1200 T600 2000
number L1 2 MW algorithm
L1 L2 Ll 12 2 ' ' ' ' ' ' [
case 1 300 2 2 0 2257 2223  2.005 -2.029 = ‘mmw |
500 - 2 1987 - 1.966 - -1.845 2z Of
case 2 &
700 2 - 1.992  2.098 - 2.039 - @
o ok
case 3 800 2 3 -0.997 1.713  2.718  1.860 -2.921 %
4 1 1 1 1 ) 1
0 400 800 1200 1 600 2 000
observation epoch(sampling rate/1 s)
Fig.3 Cycle slip detection results of improved Doppler auxillary
4 zld:" -L/Q MW combination algorithm at 2 s sampling rate

Pl 3 2 s AL A BrpmIZ

AR FEX MW DA FIEIEAT Tk, HxHE 5 MW & AN BB F — 3T Ly A1 Ly b 7= A AH R R B
HICHE 8 2 AP AR LA Ja Bk a0 P 22 32 80 (6 A9 57 1k % 22 3 S (e A 52 Rl B2 W A R, X MW &
BTGB . AR 2 B L AT BRI FIE K2 GPS Bk, Fu0r R T4 BRI, TN T MW A Ak
AR o SESGIE T 3 bR 00X A% e 4RI 7 6 AR IR HEAT X L, WA A B U i A RE S B i) B B
HBEMR B SE A A Bk o 2ot 7 3 RE A AU A2 58 MW 21 & rp R0 2R 2800 SR Bk 51X, mT LAV T AT 5 % 00 A £
1 AL BB, ARRERIET GPS # A E MBS A, AT 2 2 S B Al P R T B — 2D RIE
Xof 1t — 20 4 vy T ARG THS 8 2 1) F 58 s A s 8 T AR AT .

S & Lk

[11]

[2]

[3]

[51]

[6]

[71]

[8]

[9]

SRS A O E A SR R R FAR RO IE ] R S TR AR, 2018,16(2):227-232.
(ZHANG Hongjie, WEI Xinrong,CAO Jin,et al. Navigation method to high orbit target for navigation constellation[J].
Journal of Terahertz Science and Electronic Information Technology, 2018,16(2):227-232.)

WANG Z,WANG X,JI S,et al. Optimal cycle slip detection and correction with reliability[J]. Empire Survey Review, 2015,
48(349):233-239.

UG A HE 2 o, E 42,58 . GNSS H2UWLE I It 1 K 5 D[R] 3 B (1], 22 T2, 2018,27(4):14-20,28. (SHUAI Weiyi,
DONG Xurong, WANG Jun.,et al. Analysis of GNSS receiver data quality and common problems|[J]. Engineering of
Surveying and Mapping, 2018,27(4):14-20,28.)

B, S A 2 B TR AR A R R i B 5 S (D). R T O S R A A, 2017,31(11):1828-1834.
(PEI Jing,MA Ying,LIU Chun. Research and improvement of polynomial fitting method in cycle slip detection[]J]. Journal
of Electronic Measurement and Instrument[J]. Journal of Electronic Measurement and Instrumentation, 2017,31(11):
1828-1834.)

KA Se U ) g A RE T ORURE AR U R R R 22 R Y R BRI S & R (1] I 4, 2016,36(2):58-62. (DONG
Bingquan,CHAI Hongzhou,LIU Ming,et al. A new cycle slip detection and correction method with dual-frequency carrier
phase observation and high-order difference[]J]. Hydrographic Surveying and Charting, 2016,36(2):58-62.)

WA 2 S SO PR T 5 TR MW 2 vk B et v 2 A 22 1k Y A B R B D VR (0. A BROE 0 R B, 2016,41(4):39-42.
(CHEN Meng,LI Jianwen,CHEN Xingyu,et al. A new cycle slip detection based on MW and improved ionosphere residual

method[J]. GNSS World of China, 2016,41(4):39-42.)

Ih 5 AR 0 SCHE A . LT 22 Ml B v )2 R 22 PRI 5 08 5 T Bk Ok O kD). A BROE L R GEL 2014,39(5):

8-12. (MA Chi,LI Baiyu,LIU Wenxiang,et al. An improved cycle slip detection and repair method of ionosphere residual

error based on Doppler aid[J]. GNSS World of China, 2014,39(5):8-12.)

SO E e IR AR . — FlOBUSSE 28 Uk A A R BRI 5 8 2 ik [)]. MR, 2017,42(9):15-19. (GUO Xiang, LU
Tieding,PEI Dongdong. A method to cycle-slip detection and repair of dual frequency carrier phase[J]. Science of
Surveying and Mapping, 2017,42(9):15-19.)

T, GNSS Fi Bk 516 2 fl & B 58 [D]. b I 2 Rl24 058 e, 2016. (WAN Jun. Research on fusion algorithm
of cycle slip detection and correction for GNSS[D]. Beijing:Chinese Academy of Surveying and Mapping, 2016.)



% 4 LLiEE: BEZEHE MW BBRENFMEE R 605

[10]

[11]

[12]

[13]

[15]

[16]

TN ZL, A IR AE. ST MW 5 STPIR 416 09 R BRI 518 5 Jr ik mit o )] UK 2= 254 (5 BRI, 2015,40(6):
790-794. (FAN Lihong, WANG Li,ZHANG Ming,et al. A combination of MW and Second-order Time-difference Phase
Ionospheric Residual for cycle slip detection and repair[J]. Geomatics and Information Science of Wuhan University,
2015,40(6):790-794.)

2t SR 6 SIS . STPIR A MW 4145 AL b = Wk 00 58 52 (). ¥ 1 I2:, 2018,38(1):31-34. (LI Di,CHAI
Hongzhou,PAN Zongpeng. A combination of STPIR and MW for BDS triple-frequency cycle slip detection and repair[J].
Hydrographic Surveying and Charting, 2018,38(1):31-34.)

HOWT RS SR R LA R EMD B E T MR R MW 2 A TR BRI M R )], K M i 5 i Bk B ) 2,
2015,35(4):666-670. (GAN Yu,SUI Lifen,QI Guobin,et al. Improving the performance of MW combined observation on
cycle slip detection using EMD threshold de-noising[J]. Journal of Geodesy and Geodynamics, 2015,35(4):666-670.)

AR OE AR AT K I GPS A 22 B E BE R I A TECR-MW 28 & 3k (1], W1 K 2 % 4 (A R B2 R,
2014,42(2):155-158. (ZOU Zhengbiao,HE Xiufeng,TANG Xu. Cycle slip detection using TECR and MW combined
method for undifferenced GPS data[J]. Journal of Hohai University(Natural Sciences ), 2014,42(2):155-158.)

SR B RO R IR A — R T 2 W i R A BDS SROOU I R R B R 58 Bk 0], RSO, 2017,58(2):
42-48. (ZHANG Xin,CAI Chenglin,TANG Zhenhui,et al. A method of detecting and repairing cycle-slip based on
Doppler improved BDS single-frequency observations[J]. Acta Astronomica Sinica, 2017,58(2):42-48.)

WL AR, 23 0 R A T R P AL AR R J]. A E AL 4R, 2016,4(1):21-24. (DONG Kai,HU Shaolin.
Study on evaluation method for Doppler shift data quality[J]. Journal of Geodesy and Geodynamics, 2016,4(1):21-24.)
R, ZEYWMEAE GNSS FdR b # iy N F 5 8RR PP []. TR 158, 2017,45(6):54-58. (LI Ren’an. The
application and assessment of Doppler measurements in data processing of GNSS[J]. Geotechnical Investigation &

Surveying, 2017,45(6):54-58.)

(3% 599 W)

[9]

[12]

[13]

[14]

[15]

B E L Bl T PDR 5 AN B R RS A LR ] KRR S LT R, 2017,15(3):
402-408. (LU Hang,BA Bin,WANG Pengfei. A fusion algorithm based on improved PDR and external position information[J].
Journal of Terahertz Science and Electronic Information Technology, 2017,15(3):402-408.)

RIS, 55 B T 5. BT XEPUME SRS LAY 2K F IR Agent RAHMEZL I IT(I]. #5455 5 0 E, 2016,38(3):83-87.
(CHENG Xiaopeng,QI Feng, WANG Xiao. Design of electronic warfare simulation system framework based on semi-
autonomous Agent[J]. Command Control & Simulation, 2016,38(3):83-87.)

Wi Bl SR 6 AE . T P R R A R R AR RCRE D PR A AT S D). R PLOT B, 2018,35(8):25-30,75. (CHEN
Hao,HUANG Jian,GONG Jianxing,et al. Research on combat capability evaluation of electronic weapon equipment system[J].
Computer Simulation, 2008,35(8):25-30,75.)

B, 0 B 5k 5. 3R T MRS P A K TR R WS AR AR )], PE AL Tolk K224, 2019,37(1):63-69. (WEI Na,LIU
Mingyong,ZHANG Shuai,et al. Optimizing underwater game strategy based on cooperative confrontation[J]. Journal of
Northwestern Polytechnical University, 2019,37(1):63-69.)

TR 2% P R . A S B £ X BT IR R A SELT]. AR S R, 2019,41(1):125-128. (HE Yuehong,SUN
Liangwei,WANG Shoubin. The system research of communication countermeasure in warship formation[J]. Ship Science
and Technology, 2019,41(1):125-128.)

B Ins, d G T SR BER MA 5 T A LAL S SR DT IEF S )], R G 4l 2017,29(21):106-112. (LUO
Yuanqiang, MENG Guanglei. Research on UAV maneuver decision-making method based on Markov network[J]. Journal
of System Simulation, 2017,29(z1):106-112.)

ZHANG Yun. Key technologies of confrontational intelligent decision support for Multi-Agent systems|[]J]. Automatic Control
and Computer Sciences, 2018,52(4):283-290.



