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1.2.1  GNSS /KKK

GNSS /KI5 i CMONOC WL %5 4 71 42
Bl , ol m B8 e UK GAMIT10.61 456508
T P AR, LR R B GNSS LI £ Hi
TR, BN E PR GNSS IR 45 (IGS) X% 2 1,
RELAX 3R, TR SR 10°, KT it 2 4EIR
(ZTD) fif 551 B R B /N 3 — (B GNSS il 35 [11]
(R E B3R A2 500 km, ZRAR ) ZTD by X WL,
W] FHF KI5 E. ZTD [ G #h f124 48R (ZHD) M
SFHUZIRAER (ZWD). ZHD 454k 45 B | K i Al
SR ECHE, F) FH Saastamoinen F5% YRS B 1153 3k
%, ZWD & ZTD 5 ZHD HJ210H, fRAAZ PWV=]]x
ZWD T] 45 PWV, B4 240 11 7] iy Bevis 22205
AT, BRI A GNSS K 8] e 3 1, X T4 5]
IF]ELY GNSS ZAKVRMH 3, 45 T IR Pt b 2 17,
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Az T2 3 B e 55 U AT $2 4 FY-4A KR
f (http://satellite. nsmc.org.cn/portalsite/default.aspx),
T2 2019-03—2020-02 FY-4A /KI5 0. BT FY-4A
IRIREE AR IEA T8 5, T GNSS 3 5 A bR 2 26
JFE, ANRE BRI HE T s BRI A TR B R
IR 55 I 1) 2645 B A FR 20K GNSS il s 1) 48 26 i Ak A
HATH)S, JRHLS GNSS 3l st [F] AR Rk R () FY -
4A B ; FY-4A KRN mm, BN 60 min.
15 min, ANERT, 25 [B] 53 %R 4 km.
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[f], FY-4A 7K VRIS HRAE L T GNSS /KIR, Rl
TS0, B FY-4A KPR/ IS4 (E.
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2.1 FY-4A KEBEITE

H TV E FY-4A KIRIRE B, DL AP RIS
GNSS ZK R FH C M, A SCLL GNSS I3 7K 75 R 5
fill, JFJR FY-4A /KM I S5 GNSS /KA
FHIEAE 3B . A — A X sk BE ML e 35— i s AT
GNSS /K755 FY-4A KK HLE:, il 2 Fix.
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GNSS KERYAH R RMSE, W% 1 Fik.

FT1 FY-HAKEBETEERES GNSS KARIHEXM

g = K &
IR WAk
XM RMSE/mm AHXPE RMSE/ mm AHXME RMSE/mm FXME RMSE/ mm
HECX 0.951 2.230 0.935 4.42 0.964 2.57 0.929 0.980
1 HELQ 0913 2.800 0.929 3.90 0.967 1.95 0.919 1.020
HELY 0.948 2,550 0.941 421 0.954 2.74 0.933 0.933
BIFS 0.930 2.160 0.926 4.27 0.967 2.03 0.889 1.020
BISH 0.924 2.250 0.889 4.81 0.970 2.11 0.904 1.090
2 HETS 0.947 2.560 0.871 4.93 0.966 2.70 0.926 0.880
JIXN 0.925 2.480 0.876 4.53 0.976 2.18 0.885 1.280
BIGB 0.909 2.430 0.895 4.27 0.974 2.18 0.877 1.070
TIBD 0.948 2.140 0.882 4.45 0.966 2.13 0.903 0.930
3 TIBH 0.951 2.270 0.896 4.80 0.961 2.41 0.912 0.890
TIWQ 0.956 2.040 0.895 451 0.870 1.51 0.900 0.970
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AHME RMSE/mm XM RMSE/mm AHXME RMSE/mm XM RMSE/mm
BJYQ 0.909 1.920 0.875 4.10 0.947 2.22
HECC 0.898 1.690 0.914 3.80 0.937 2.24 0.868 0.890
4 HECD 0.899 2.180 0.876 4.67 0.965 2.38 0.869 0.910

HEYY 0.885 0.885 0.927 2.85 0.943 1.91 0.855 0.810
HEJZ 0.890 1.840 0.918 4.31 0.928 2.63 0.853 0.820
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JIXN. TIBD. TIBH. TIWQ 75>l s5 4 2 KI5 () AH
KM T H 22K #H %, BIFS. BJGB. HECC,
HECD., HECX ., HELQ. HELY ., HEYY . HEJZ JL 13
SUE AR PR T4 7K VR B AR M. FY-
4A JKIEHT GNSS KR Z BIFEE—E R 2. T E

ZKIRME K, R RMSE KT HABZE T Ak
H, EER Y, A RMSE KRR, 5.6 RMSE.
2.2 [XiH FY-4A 7K;55 GNSS #C5HEX M

FY-4A KIAFAE—E I 22, s L EATALIE, a0
TR S A A T AR I, TAR R R HAE A
D5 fi, QN BESE B DX RS I T AR 5 KA 2. R 43
ZA5 | 4y XA T FY-4A K755 GNSS KR
£ . RMSE 115, R4 Rk 2 fios.

2 FY-4A 7Ki55 GNSS /K589 %145 RMSE %it

# = #* %
[X dak 2k Ay
AR RMSE/mm AHICHE RMSE/mm AHICHE RMSE/mm AHICHE: RMSE/mm
1 0.938 2.54 0.923 4.18 0.959 2.44 0.925 1.01
2 0.951 2.38 0.897 452 0.964 226 0.902 1.07
3 0.892 1.89 0.905 3.97 0.945 2.30 0.848 0.86
4 0.925 221 0.888 3.95 0.964 2.16 0.965 1.24
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GNSS FKIAEAN ] DX L AN TR 27 (A M 22 572,

FY-4A JK{AHI GNSS KI5 W R AYZPE G R . NI,
SEERAE AN [F) =1 P Z (A1 R P [ YA

3  FY-4A /KKK IEFEAY

3.1 FY-4A FKERRIEERIME

T FY-4A 7KK GNSS /K IEAEA R X 8, A
[) 25 AR DG M ) 22 57, FY-4A 7K PR 1E AR 7R 75 28
Oy X TR A

WFFEEAERR T ARG A1, 10 T RR 3 4K
it F TSR AT SEMEAG I8 . 16 SCRE LR B 80% FEAKL
P FH T RERIAL EE, 20% AEASEICE ] TREASIOUE, R4t
RIS 90 5 A B T) AN [R], LA 500 S8 T M G
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R3 FY-4A KRIEER G

KA FWRMA by by FEUREAR by b
= -0.725 1.006 778 0.016 0.955
: = —0.074 0.936 % —0.163 1.020
& —0.368 1.045 k -0.415 1.038
? = 2541 0.932 % 0.102 1.062
& 0.169 0.945 k -0.161 0.941
’ = 1.014 0.924 % —0.157 1.007
& —0.593 1.053 k -0.587 1.034
! " 2296 0.929 % 0.018 1.092

T2 bo by W LAFY -4 AJKIRAEN 1 48 1, GNSSIKIAAE g R A8
i, ML P R4

F 4 KIEFE FY-4A K55 GNSS 7k;5#) RMSE %t

3.2 FY-4A KARRIERE AT £ 4I0IE

FEE T FY-4A KPR BRI, 546 00 H ] S 1.
B FHELFT T B 19 20% FY-4A Fl GNSS K I E R #E1 T
R ] SEMEAG 50 38 o B TE ALY RS FY-4A 7K IR
MIEAE, 5 GNSS /K {RAH A, TH5 1 1E I W & 1)
RMSE 5-F-#){ 2=, £ 1EJ5 19 FY-4A /K755 GNSS
JKIRI) RMSE 5-F-3f 22 an 3k 4 Fin.

2 4 1, FY-4A KRG RIAL IE 5, 45 X35 .
#2457 RMSE ¥4 A R R BE A8/, FY-4A K™
il 1R 25 KNS K RAE I A 6, SRCIERTARLE,
2% X 1 RMSE I/ 2, 5 2R IR 1E 5%
T T HABZEY, £ 2219 RMSE /MR EE R XT 8D,
R HORS B B, X2 P AR R D, IR IR AR
I, FY-4A KIRIRE .

mm
Ay
L ESl # H B il
RMSE S 2 RMSE 2 RMSE S35y w22 RMSE S8 22
1 2.12 -0.500 4.19 -2.146 1.90 —0.945 0.96 -0.003
2 1.87 —0.085 3.38 2.227 2.14 0.892 0.84 0.138
3 2.60 —-0.427 3.91 -1.311 2.10 —-1.098 1.05 —0.161
4 2.08 —0.044 4.48 -0.099 2.26 —0.057 1.00 —0.020
= % ) S Rs T = %5 XEMERAT R SKRES S SERE
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Study on FY-4A PWYV correction model in Beijing-Tianjin-Hebei region
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Abstract: Integrating Global Navigation Satellite System (GNSS) and Fengyun meteorological satellite

FY-4A can obtain high-precision and high-spatial resolution water vapor distribution information. This paper

used the GNSS observation data from crustal movement observation network of China (CMONOC) to carry
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out the FY-4A water vapor correction study in the Beijing-Tianjin-Hebei region. Firstly, the Beijing-Tianjin-
Hebei region was divided into four regions, and the correlation analysis between GNSS precipitable water
vapor (PWV) and FY-4A PWYV was carried out by regions and seasons. Secondly, different function models
were selected by region and season and combined with GNSS PWYV data to construct the FY-4A PWV
correction models. Then, the GNSS PWV was compared with the results of the regional model and the single-
site model respectively to carry out the reliability test of the model. Finally, the corrected FY-4A PWV
distribution in the Beijing-Tianjin-Hebei region was obtained through regional FY-4A PWYV correction and
mosaiced. Research shows that the FY-4A PWYV has a good correlation with GNSS PWV, and the accuracy
of the regional FY-4A PWYV correction model is equivalent to that of the single-site model, which can replace
the single-site model for the FY-4A PWYV correction. The regional model based on CMONOC GNSS PWV
can improve the accuracy of FY-4A PWV to a certain extent, and provide references for the short-term
weather forecast and InSAR atmospheric correction.

Keywords: crustal movement observation network of China; Global Navigation Satellite System

(GNSS); Fengyun meteorological satellite; precipitable water vapor; correction model

(L% 118 W)

with 4G long term evolution (LTE), denser network deployments and wider transmission bandwidth of 5G can
bring about a significant improvement in positioning accuracy. Hopefully, 5G positioning can mitigate
coverage and accuracy problems of Global Navigation Satellite Systems (GNSS) in difficult environments
such as indoor and urban canyons. This article describes the differences between 5G and 4G in the
measurement domain. Then the precision of Sub-6G (FR1) and high frequency mm wave (FR2) ranging
measurements with Cramér-Rao bound is assessed. Followed by the description of positioning algorithms,
eleven scenarios are listed with typical simulation parameters based on 3GPP specifications and commercial
network configurations. The simulation results show that the precision of network synchronization is the main
factor affecting the positioning quality. If the time synchronization error is 50 ns, 5G positioning precision is
over 10 m. A larger bandwidth can significantly improve the ranging precision of 5G signals if the time
synchronization problem can be solved by ideal synchronization or double-differencing with positioning nodes
near a user end. Under ideal conditions, 5G FR1 can achieve an accuracy of about 1 m, and FR2 can achieve
an accuracy of 0.16 m.

Keywords: 5th generation mobile communication technology (5G); positioning; millimeter wave; high-

precision; precision assessment
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