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GPS.GLONASS . BEIDOU #I GALILEO P4k T &
MRS SRR GNSS, BRI 4Bk T8 A2 T R 4t ( global
navigation satellite system) "’ Hrt GPS T 18 UK K
WP EC T Z R, BB A SR
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£ GPS [ R FEK i (PWV) X — T A
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i, 52 B i B2 T SEZ AR E R SIS E
{55 ik o B2 AR IR AR S iy, TR A5 7E B
] A FER , 51 GPS TR 25" XA ER 11 A nT
AR 2 43R (ZTD) FH B 2 AE5R | 43l e 25 2 9
RGP AR D, (5 FH PR3O A A P4 5 T
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TORAS PWV, TRESE DS RE IR rh e 2 7 R AR F
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Elgered 25"/ 75 A5 15 i 1Ak 77 2 - fliy , BEAE S AR Y
AN 493 ZHD ik

ZHD = [ (0.002279 +0.0000024 ) ]
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S(e,H)
flo,H) =1 - 0.00266c0s2¢ - 0. 00028H (2)
K, P, A GPS $2WOHL & B Ak B S (B
hPa) , @ SNk 25 B, H b U000 5 o507 T % v B8 (.
A7 : km ), 38 AR R B OUE I RS B — Kt BB ik 3
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1.2 KEABEKE PWY HIITE
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1 1GS DA R B TR E

AR Bt W HE} Eib e SRAE R
L] ~100 em )
J#E B (BRDC) i S - R
fhs ~5 ns(RMS)
N ik ~5 cm
FE LR T (ICU FHRER ) SR K 03,09,15,21 B (UTC) 4 15 min
Bl ~3 ns (RMS)
e B ~3 cm
ARG AL DT (1GU WL 43 ) SEI K 03,09,15,21 A (UTC) 15 min
2z ~150 ps (RMS)
A ~3 cm
Heid 2 i (IGR) 17 ~ 41 h K17 B (UTC) 15 min
Bh2 ~75 s(RMS)
BiA ~2.5 cm
A AT (IGF) 12 ~184d A % 15 min

Bl ~75 ps(RMS)
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2016 4E 10 A 12 H-11 A 10 H ,GPS 34k Ak pl
7 Trimble NETR8 , K524 Trimble 59800,

TEQC Hi UNAVCO Facility (EETESMASR S
b ST TR AR LI BIF 5% K A 6 G A ) BIF L 1 Sy b 2% BF 52
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FERR 22 5428 RN 5 ) O8I g o A S Bk A He
U8 TR IRA B, 2 G0 T 4 30 dIYEY
SEAL IO B B A24 b B RAEERA30 s

FIHR GNSS ZK PRI AR AR A , 2 SROUL I £ 4 o
FRCEHE ST D o8 S B i e B ) =93 %,
L1 P B ARG I 22 B AR 2800 MP1 <0.5 m, 1.2 3%
BERR AR LI 2 B AR, MP2 <0. 5 m, LI T 04K
S ABELAE (o/slps ) =100 f &5 0] 1,4 4 vk
SUERE R (% ) B335 5196 % LI _E R/ B T
by TSR SR B A BE T, (B BT S 1)
REJIEER . MP1 MP2 43 51378 L1 12 80 2 Bk
JOE 5] S AT L R 9 P R 08 ) 22 5 A8 ) 41 7l 44
I FLAEHN SR APT 22 BAR RN 1 BE s ) e
AL MP1 MP2 2/hT0.5, 454 GNSS 7K 508 )
FIEARUE . o/slps A BT LI CSR = 1000/ (o/slps)
PR IZ(ERENS S B BB R M RE ), R 1 P4 A
Ul 25 CSR SEXIEAR/NT0. 5, fEB /NI GPS H2Uk
GINOY NS 3R Ay e N Al WOWS VR b5 € g e
FFEEKR,

K2 kG EUE R E

#expl #have FIFHZ/ % MP1 MP2 o/slps
BJSH 24021. 07 23880.73 99.57 0.25 0.24 23880.73
HLMH 24217.53 24513.90 99.90 0.29 0.30 21923.23
XJWQ 24321.00 23498. 63 96. 60 0.30 0.29 23498. 63
YNCX 24590.03 24279.77 98.67 0.28 0.28 4045.70
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MIGS Ht T #2016 4210 4 12 H-11 A 10 H
(A PR B g, 28 B O A A A% S il 1GU
A S0 2 R i A D0 L GAMIT A4 Yok % 0 sy i
1T R I8 — /NI R B — A~ KA AT B K 5 1
P B T R B R 3, MER RS
FARLHTBE R A e & 45 5 S Hov ) B R i b v AL
Y77 % NRMS {H ( normalized root mean square ) J2 ffif i
GAMIT ff g5 B R — A BB IR B R R
Ao B fifp B3t ) S (B O 25 FL AT S8 A R B
NRMS {H#/ N, FEL i A RS FE R, 2, R ARG
MR — Bk 3t NRMS (B R/ T0. 5, BAE(E /)N
T0.3, 4K T0. SHLE R 78 il 5 A v B A R )8
B, SR — SRR AR A B A
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P i oA S G i 1 R, AT
ATLLR L, 3 B NRMS {H 78 16— 3, #87E0. 2 4247 |
T¥Eh, B RAE AR 0. 25, d i AT 45 GAMIT fif 8 4%
R G 2K,

#3  GAMIT ffE 7 %3

SR E ZHUH

Choice of Experiment BASELINE
Choice of Observable LC_AUTCLN
Elevation Cutoff 15
Zenith Delay Estimation YES
Zenith Constraints 0.5
Interval zen 2
MAP GMF
Zenith Model PWL
Inertial frame J2000
Interval zen 2
Antenna Model AZEL
Yaw Model YES
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B2 s T 450 1GU SN U A1 4t A fig 5
PWV RS, B 2 RTAL BG5S 0 AR TE y =«
&b, H RN PWV G5 RAEEUE AR S50, % 4
Gt T DS X oA BT B 45 SR, 2 I 45 T B A O 1k I
T 228/ T0. 3 mm, PR 2 A HE0. 06 mm,
THBIME R BCER L F199 % , UL IGU S PWY
FIGU Tidie iy PWV 122840 EARGF B9 — Bk, %6
Gt T IGU SZ AL Dy AN R A DT A TR 2 T

TR R, Z2 b HA1 s 20 1 TR B AR AR s 15 25 (Herp
DU DRSS ), R 6 MG AT, PR RS
DEIE 5 TR 3 2 1] A AR A 15 22 /N, 18 i S B 1)
I AR 2E HAA4. 3 em ARIER(8) ~ (12) AT A, #F
XTT1000 km 32, BT 5 | S () L4 1) £ (1) 1R 22 29
1.78 mm,ZWD HJi% 25 21°50.59 mm, ¥4 PWV 1)
RZEZIH0.09 mm, /NP BRI IRZEE, X PV
7= AL S /)N

4 KUk IGU SHIHUE FITTHBE S8 PWV RS L2521

S A 349 ffi 22/ mm XS 5 22/ % Y7522/ mm LIPSES ¢
BJSH 720 0.03 1.18 0.17 0.999
HLMH 720 0.06 6.4 0.28 0.995
XJWQ 720 0.05 4.9 0.32 0.994
YNCX 720 0.02 1.3 0.34 0.998

5 IGU S A D5 W 2 Dy i AR R B R 22/ om

! X Aty Y AR bR Z Mt
PGO1 1.6 -1.8 -0.4
PGO2 -3.6 1.6 -1.6
PGO3 1.8 -0.2 0.3
PGO5 -2.4 0.3 -5.5
PGO6 0.2 -2.4 -1.7
PGO7 -1.9 -4.2 2.8
PGO8 1.8 0.2 -0.8
PG09 1.4 -1.6 2.3
PG10 2.1 1.9 -3.5
PG11 1 1.7 -3.3
PG12 -6 0.8 3
PG13 1.8 0.8 -1.8
PG14 2.4 -1.9 1
PG15 -1.8 5.5 -7.9
PG16 2.5 -1.7 -7.1
PG17 0.1 1.9 0.9
PG18 3.3 3.3 -2.3
PG19 -1.6 3.1 0.8
PG20 -0.7 -0.9 -3.5

VK 32 F5 e B e 20K 38 B2 1 (IGF) e ™ | 1
F2016 4E 10 7 12 H-11 A 10 H £ I35k i WL %%
L, FIH GAMIT #AH A RS n] Fok 5915 16U 52
A AN TR A DT R R T [ K R R A L
(WFR4) ,ATUIE &2 A 1GU S AL 5 i~ F-34
WRZEKZ F0.07 mm, B 5 MR 22 29 °40.327 mm, 5

IGU i & Jy 17 391% 22 K2 2450. 03 mm, ¥ 77 L iR
ZZ)R0.16 mm, —F HH2ZE AN K, R LW B T
K, BB AR Pwy SR KT IGU 2
TR PWVAH,

6 IGF 5 IGU SN IGU TR 2 DT8PV 945 R i

N . FHIR BITRIR
Sk Ch ;
s HEAE X7 = % /mm % /mm
IGF B 75 16U S 0.06 0.209
BJSH 720
IGF £ 75 16U Tl 0.03 0.118
IGF 275 16U S 0.08 0.293
HLMH 720
IGF i 5 1GU Tl 0.02 0.104
IGF &7 5 16U S 0.07 0.386
XJWQ 720
IGF B 75 16U il 0.02 0.209
IGF &I 5 16U 5 0.09 0.419
YNCX 720
IGF B J7 5 16U il 0.07 0.209
A
A
5 Z5ig

FTF GPS 328 I /K 7509 B AT GAMIT 444, 16 B
BJSH .HLMH  XJWQ . YNCX 4 /3 s i) W 5 4 | i
FIGU By Sz &2 A 2 5 43 il i 58 pwv, 0K 45
RAEATXF E A M A B

(1)IGU By 520 52 77 Fn 1 48 22 D7 A B T iR 2 R
4.5 cm, & PWV BYIR 22 29°80.09 mm, /NFEEE [
RBE R IR 22 (H

(2) 45 3k FH W Fh 7 5 RO PWV #2355 25 140
/NT0.3 mm, PR 22 AN 0. 06 mm, 3 HHIC FR AL
HRIKFN99 % , i IGU S0 PWV FlFiie PWV 1E75 4k



582 AoOA O & LR K ¥ F R %32 %
ARG B, N PWY ISR mEBN R [10] Fm 3k, RET. GPS MEARARAAE L
SRR K11, T BAE,2006,27(3) :73-74.

(3) LK Bl i Y e K 2 2 D5 (IGF ) bmife e [11] AF s, & 3k8t. GPS KA A L G & )
LRPIMIGU SE0 2 Py - 11 22 K 2950 07 mm, RRATRF T EA[T]. AR5 BRA
PR BR2E24°50. 327 mm, 55 IGU Tidl & 5 i) P 21 %,2011,34(3) :36-40.

ZRKZ)H0.03 mm, ¥ HRIRZEL N0, 16 mm, i 5L [12] Elgered G,Divis J L, Herring T A, et al. Geodesy

I B2 Py be i A2 P 744 D7 AR 22 B 3SOK0. 167 mm), 22 by radio interferometry : water vapor radiometry for

ALK, estimation of the wet delay [ J]. Res Geophys,

(4) T =X Pwv B MR, BT LAE 52 PRt 1991,96(B4) :6541-6555.

PEAb PR 7 TGU SE 2 7 ST Ak, T L3k 45 41 [13] Bevis M,Businger S,Chiswell S R, et al. 1994. GPS

B IR ez, 25 Pl B Dk 2k, ] A4 S meteorology : Mapping zenith wet delays onto precip-

BB i B AE S B iy A bRl DL R B BRI IGU A itable water[J]. J Appl Meteor,33:379-386.

7 T S0 S A R [14] Z2E L% 5, 584, % RALKZEE

Yk BAKA L T RIEFa P B R R A R e AL

S 3Lk BT @) AT (1], AR F IR, 1999,57

(3):283-292.

[1] G Guerova,]J Jones,]J Dousa, et al. Review of the [15] BE, SRA,&EWEA,F A THhkEZRNNY
state-of-the-art and future prospects of the ground- GAMIT &45 B R XM A R[]]. M eFt 5,
based GNSS meteorology in Europe[ J]. Atmospher- 2015,40(2) :22-25.
ic Measurement Techniques,2016,9(11) ;125. [16] &Z% ik, T#% 3, F. i GPS REK

(2] &=8,7 FX, BA. #ild i £ 41 528 GPS AR R FE T[], M A 2008,32(4)
EREKAW YA [T]. AR A, 2004, 32 65-67.

(4):229-232. [17] B#& kAM KiEA ¥ TEQC ZHE 2 B4

(3] FAA4, 295,548, 5 2RI R%EBK F£ GNSS 3 HBFAL 2P e B AR R [ ]]. B3]
ARE[]]. AFi8R 1999 ,44(3) :333-336. #r,2015,35(2) :69-72.

[4] k=%, f21048, O4E R, F. B A GAMIT 34 (18] skaRA#E, x| 7T, 23k, m A TEQC AF#3k 4 i &
22T ERATHAFEREKRAT EGHR[T]. F W 2435 4 sk ey LM R E R AT R E AT []]. K
FLAALF R ,2014,2(1) :30-33. ¥ E 53k /1 5 ,2011,31(22).

[5] EZE®,ZZ GAMIT{EAIH[]]. 2RI E [19] AR, &¥=8,%%,5. Wik GPS KAKM £
%.2002,27(2). AT RAFTRA[]]. AEFHHE, 2017,

[6] Z4efn, T XK, ZMB. GPS J 3% 2 #94huid 2 36(2) :351-355.

EZo4M[]]. K¥m &5 K3k 3h /15,2008, 28 [20] ZEJ %, 33X TEQC /£ GPS % 38425 ¥ ¢
(1):50-54. S Fr & oA [J]. MG R E H S G

[7] xJak, KiEAE KM SF. GPS B K A 45 Ak 2012,35(12) :90-92.

AL FAY AR ZoM[]]. MAeHF,2007,32  [21] HilA KAV, REE. GPS #¥%E MLk &
(2):21-23. RIREERIRFT[]]. ¥ 2 = [ 13 8 ,2008,6

[8] Choi K K, Ray J, Griffiths J, et al. Evaluation of (3):30-31.

GPS orbit prediction strategies for the 1GS ultra— [22] SF#E, Edth, £ F,%. &8 GAMIT/
rapid products[ J]. GPS Solutions, 2013,17(3) : GLOBK # 347 4% 2 GPS BB [ J]. #
403-412. AT ,2005,17(3) :173-182.

[9] £, 543, HEK, 5. K3 CORS & A (23] ATARC R TAYR Z 78R ATRIRTAT

WA AEG[]]. A AL F %,2016,41(5)
117-121.

WA J]. 7T K5 FR,2015,43(3) :267 -
270.



% 6 BEmsA 5 . AR iR B 4 L AE B A TRIRAS B BUR K AT K B0 2 54T 583

Error Analysis of Inversion of Atmospheric Precipitable Water Vapor by

Measured and Forecast of Ultra-rapid Ephemeris

DUAN Xiao-mei'>, CAO Yun-chang®, MA Shang-chang'
(1. College of Electronic Engineering, Chengdu University of Information Technology, Chengdu 610225 ,China;2. CMA Meteorological
Observation Centre, Beijing 100081, China)

Abstract ; Accurate satellite ephemeris files are needed in the NRT water vapor remote sensing. In this paper, in order to
determine the influence of measured and forecast of IGU ephemeris on the error of PWV, the observed data from Terres-
trial GPS network were processed by using the GAMIT software and the PWV is retrieved respectively by using the meas-
ured and predicted ephemeris files downloaded from 1GS website, and the highest accuracy of IGF is used as the stand-
ard to determine the impact of the IGU on the PWV error. The results show that the orbit error of the measured and the
predicted IGU ephemeris is 4.5 c¢m, resulting in PWV error of about 0.09 mm. The mean square error of the PWV re-
trieved by the measured and predicted IGU ephemeris is less than 0.3 mm, and the average deviation is not more than
0.06 mm. Moreover, the correlation coefficient is 99 % , which indicates that the measured PWV and forecast PWV
have a great consistency on the changing trend. Based on the IGF, the mean square error of atmospheric precipitation is
about 0.327 mm and 0. 16 mm by using the measured and predicted of IGU ephemeris respectively, which has little
effect on PWV results. Therefore, the IGU ephemeris can meet the requirement of GPS NRT water vapor remote sensing.

Keywords : meteorological detection technology; PWV; IGU ephemeris;orbit error; GPS;water vapor detection



