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Prophet method of GNSS vertical time series prediction

considering the influence of noise
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(1. Faculty of Geomatics, East China University of Technology, Nanchang 330013, China;

2. School of Civil and Surveying & Mapping Engineering, Jiangxi University of Science and Technology, Ganzhou 341000, China;
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Abstract; GNSS (global navigation satellite system) vertical time series have the characteristics of non-stationary, non-linear, and noisy.

Based on the in-depth study of the Prophet prediction model, and the good predictive effect of Prophet prediction model on trend signals and

periodic signals, a “noise reduction — decomposition — prediction” combined prediction method of GNSS vertical time series that introduces EMD

(‘empirical mode decomposition) was proposed. EMD denoising was performed on the original time series, the denoised series were decomposed and

predicted, and the predicted signal of each component was reconstructed into the final predicted series. The measured vertical data was used for

research, and results show that the average signal-to-noise ratio of the signal after noise reduction is 10.30 dB, and the average energy percentage

is 88.75% ; using the short-term prediction method, the root-mean-square errors of GNSS vertical time series prediction results are increased by 26.

41% and 14.88% on average, respectively; the average percentage errors are increased by 18.92% and 7.91% on average, respectively, and the

effectiveness and practicability of the combined forecasting method are verified.

Keywords: Prophet; empirical mode decomposition; noise reduction; time series prediction; combined model
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WS Ie i A5 AR W, BN 43 i 5 R AR LU T LAt PR
Fhwtm Oy =G, 78 3 07 M5 25 48 bR B A Gl 4 T
27.98% F116. 01 % ; 7€ H 53 b iz 25 143 il $2 7+
12.48% F1 8. 45% 3 1 52 5 % b AT AT, AR 3C
S 1) o W 3 e P TN ) T 4B i A
T AR BB B i 3a e, R W A
SC R AE TR I R 0 N R RO
.
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Tab.5 Statistical of every assessment parameter

BJFS 4 I [] %5 35 ik RMSE/mm MAPE/ % R 2= 4 S H I {E/ mm
Prophet 5.52 45.22 4.433
2012 4F 1—6 H [ 43 % EMD-Prophet 5.17 28.85 3.910
[543 f# EMD-Prophet 4.68 29.88 3.490
Prophet 3.15 50.56 2.650
2012 4E 7—12 A I 5 43 % EMD-Prophet 2.33 35.41 1.860
[/ f#: EMD-Prophet 1.89 31.31 1.540
Prophet 5.59 37.37 4.910
2013 4 1—6 A 5 41 f# EMD-Prophet 5.20 36.22 4.510
[543 fif EMD-Prophet 4.57 37.48 3.540
Prophet 3.80 33.22 3.090
2013 42 7—12 H 5 41 f# EMD-Prophet 3.42 31.64 2.630
[0 /3% EMD-Prophet 3.18 29.27 2.460
Prophet 6.62 42.20 5.740
2014 4 1—6 H 21 43 % EMD-Prophet 6.02 35.43 4.930
[543 fif EMD-Prophet 5.57 25.82 3.880
Prophet 2.75 42.70 2.200
2014 4 7—12 A ) 43 % EMD-Prophet 2.51 41.13 2.000
[543 fift EMD-Prophet 2.05 39.86 1.710
Prophet 4.57 41.88 3.840
6 L4 {H /3% EMD-Prophet 4.11 34.78 3.310
[543 f# EMD-Prophet 3.66 32.27 2.750
Prophet 3.05 43.44 2.500
2012 4F 28] 43 f# EMD-Prophet 2.40 32.94 1.860
[543 f# EMD-Prophet 1.87 32.31 1.580
Prophet 4.04 42.72 3.430
2013 4f i 41 f# EMD-Prophet 3.42 40.79 2.750
[543 fi EMD-Prophet 2.95 36.85 2.310
Prophet 3.49 23.79 2.960
2014 4F 28] 43 % EMD-Prophet 2.99 20.31 2.500
[543 f# EMD-Prophet 2.45 17.34 2.060
Prophet 3.53 36. 65 2.960
3 HEHE 41 f# EMD-Prophet 2.94 31.35 2.370
[543 fi EMD-Prophet 2.42 28.83 1.980
Prophet 4.13 47.05 3.590
2012—2013 4= K 43 % EMD-Prophet 3.50 47.07 2.890
[543 f# EMD-Prophet 2.83 43.39 2.160
Prophet 3.59 23.79 2.990
2013—2014 4f K 41 f# EMD-Prophet 3.12 20. 65 2.570
[543 fift EMD-Prophet 2.74 18.61 2.270
Prophet 3.86 35.42 3.290
2 HWIHE 43 f# EMD-Prophet 3.31 33.86 2.730
[0/ fft EMD-Prophet 2.78 31.00 2.210
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AR SCEF X GNSS 5 R i [7] )3 3 {5 5 AR 4k
PR L MRS R L, T EMD 255 % 284y
RZEHE A TREMETFY, /30T EMD J7 A AN [R]
SRR ASCR |, X R T 51 R4 T 40 R O 5
AT SR A5 A DL T 25

1)EMD 2545 % 2L ¥4 J7 12 22 BRI 75 GNSS 5
FRBS A5 5 B e rh A B A P R MR AR, 2B X 3 A4
S S EA T4 FE R AT DU B, A SCSE B R Y 3
AU SR Ee, 224G 53 BN A B4 i, JL U ]
RBST B P A5 5 M B O o PR MR S22 SR 119 {5 T
FL¥I{E > 10. 30 dB, i A 43 HLII{H N 88.75% ,
S5 EMD 45 4 i S5 44 5 15 25 7 550 0 i o M
B, W AT RO 55 M R S

2) EMD-Prophet [ W 73 fif 70 41 & 7 15 7
GNSS = FE I 705 5 o0 A 540 10 T 00 OKS B, i 7
HEHA R PR E B, TN 2 2R
AT R, A B Ath 7 o 500 7 3, AR SO VA A
1121 70900 25 5 38 5 AR iR 22 1y i 4 T
26. 44% 1 14. 88% ; 7£ A 43 Lh i 2= L 43 5 42 7+
18.92% Fi1 7. 90% ; ¥ 46 X H 5% 22 34918 1435
PETF 31.44% F1 17. 48% , & B A SC i I kS FiE
ik

A0 EMD 43 fi#30% 15 5 Prophet #7836
N R A R SRS A IR I A S
IRZEFIR AT M A T — S R 5 43 Tl
TP 3 4L T 3, %o BE T B — A T O 2k
3 FR TN 7 12 AR AS ) 5 B A AT ) e 0 900 &%
e,k GNSS = R EH i AF 5 $2 43k 1 — b (i A
Ko 1B EMD W5 5 548 S A AR — S8 R BRPE it
R JB e M 7 ) P T () v AR AN I T —
() AR, R, e ) gt — 7 19 365 17 5 1153 A%
R R LTI AR A 0B T R A R 2P
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