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Abstract

For the problem of doping noise in Signal-to-Noise Ratio(SNR) signals existing in GNSS multipath
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reflectometry (GNSS-MR) technology, improved complete ensemble empirical mode decomposi-
tion with adaptive noise method is proposed to decompose the original Signal-to-noise ratio data,
filter out the effective residual sequence without noise, implement denoising and applied to GNSS-
MR technology to retrieve sea level height. Experiment with GPS data from MAYG station on the
east coast of Africa in the western Indian Ocean, the results show that compared with the qua-
dratic polynomial fitting method, the root mean square error has been reduced by 29%, the cor-
relation coefficient is 0.98, the validity of the method applied to sea level altimetry is verified.
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2 B4 SO DU (GNSS-MR) AR AT i1 18 15 B S LB A0 B — B (3B IR 7 1%, 107 VE A A R %
SEFE B BRSO AR, T2 N T T v R sG] [2] [3], AR R R S [A] RN 38 ST [5)
71 . 1993 £, Martin-Neira 2£[6] 1 /K32 PARIS (passive reflectometry and interferometry system) A
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ITHERE, 25 R I v FE S i 225 SR 5 T A S B s LA B AR G . BRRBESE[BTA TR AL Z R
20 W DY~ T = P PR B, R GPS AT BDS 119 SNR Hid o P 1 i JE 1R AT 1 i, -5 56w il Sl £
FEREAT XS LA, S5 R3RW] GPS. BDS Wk& St 45 2R 55 6n] ol Sl v B2 1Y) RMSE 74 %1 0.286 m. {H_Eik
WK B R 2 BP0 & 7 ETRVE A R HERR Y SNR (& 5 8%, IF By R S M rsgm, K
LARUHIE BURSHE T 32 BT 4, 30T = B R 45 R IR w22« A T A5 2 A AERR ) SNR 15
T, FIn 75 [10]F A WA 4 i 77500 SNR 5 S8 A7 A0 38, ZIBRILrh e s, 1531 1 SR 56 )
ity S (R~ T e o AR RIS T iR T IR AFAE A TR B () 1), 7 — e R B 52 GNSS-MR -
TN v (PR P o 6T b 1), Colominas M. ASE N $& HH o5t (1) B & I 75 (1) 58 2R A S50 IS 40 i (improved
complete ensemble empirical mode decomposition with adaptive noise, ICEEMDAN) [11]777%, 1% 51575 R 4G
SNR A H i INZed EMD J73[12]53 fif 2 5 0 NASEZAS B B a7, BEAT RO ok EMD 715474
ISR S R, Byl EE S TP, Bk, ASCKFEN A ICEEMDAN 772U — ik 2 IR 3k
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Figure 1. Retrieval principle of GNSS-MR sea level height
1. GNSS-MR i P HSE RERE

GNSS M E BN 1B SHE 5 I H SAHE S, BME S IIRIE Ag 5 SAHE 5 FIARIE A

FEIF R R
A > A €]
WA HUE S HRIEN A cosp NESE S5 RME T RMMRZLE, HRREN
SNR? = A = AZ + A + 2A A cosg (2

BN ELRHE 5 BIRIE Ag i KT SOHE 5 BOIRIE A IEUE, BT L& RS 5 SRR ARG &% th BLHE
THGE, T SRR A N R 2 B AR A T AR B SNR BRZE P, SR ] ik 2 IS VAR
THEREH TN Ago AR F LA T 8 22 AR RN T T 1 SNR B2 F7 51 W] Rom A

A =Acos(4zhsin 0+(p) 3)

A, A NP, oo ESEM, h AFEERASEE, X SNR #Z 751217 Lomb-Scargle M 7>

DOI: 10.12677/gst.2022.103014 142 Mzl


https://doi.org/10.12677/gst.2022.103014

XFE %

BrAFEPR £, h = f 2/2 PG REAAL OB EEE h, FHE h g 0w s A [ 2R T i
ST L, AT SE I GNSS-MR o ¥~ T e 2 R S

3. ICEEMDAN HEB S /55%

ICEEMDAN [13] [14]s&— Mottty B i N e S 1) 8 R B AR BS 0 e T7%, %HE LT EEMD
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Figure 2. GNSS-MR retrieval sea level height process
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Figure 3. Surrounding environment of MAYG station
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Figure 4. Decomposition of SNR sequences by ICEEMDAN
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Figure 5. Lomb-Scargle spectral analysis
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Figure 6. Two methods to invert sea level and measured sea level
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Figure 7. Correlation analysis between the inversion results of the two methods and the measured results
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Table 1. Accuracy statistics of sea level height and sea level height at tide gauge stations retrieved by quadratic polynomial
fitting and ICEEMDAN
F 1. ZRZMAHEF ICEEMDAN RS FH=E S S L ESENEE ST

DARES Y177 #R % 2 (RMSE)/m R RH(R) BJiRZ(ME)/m
TRE A 0.21 0.97 0.05
ICEEMDAN 0.15 0.98 0.02
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