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WE ng 7 EE b/ R A 2 A I 4 T I & IR % (International Very Long
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FEPEL. EOPSEUR SLEUAT K 2% oA B 23 0] e A 5 S ARl BFF 738 09, oF Hiuug il
AR T X RS 3 HUIE 11 75 5K 295-10 cm, XM EOPHIR Z/NT1.5 mas; H. @& LAER
SEFURG EER N1 m, XN EOPHIRZ /N T8 mas. A T HRIE LR KRG MR #EN Tz, — &%
T E A EMEOPTIk 4 . AL} LR FH ARG AF], — K2 FAT AR K3 dFEOP
TR A . T EOP 1) TR AS FE B I [a) 17 322 %704k, Tkl dUT1-UTCHRAS 4 = 1)
A P53 A FE 90 290.18 ms 0.4 masB. R, RAAFI RIS, &S NEOPRFEEIEN
EHIZE, A AR AT REHL PR REOP TR bl B 7] A5 44 1 32 0.

HAR LT 7 (Very Long Baseline Interferometry, VLBI){E A H #if M —A] $2 {1t
HER S H RIER, A28 122 R F 0, Bets B0 e AL bR R 38 M 48 0HE, #5185
PEAL KR R I H R, 2 ME— 1] DR HE 2 EOPS HUIF IR UT1-UTCAR AL 1) 2 (8] K Hs
M EF AR B

] B 3 / R A4 £ 22 VL BIIR %5 (International VLBI Service for Geodesy and As-
trometry, IVS)H bt 42 R a2 5, & 8147 VLBIW Ml 3 &K AAEOPF™ fh. A LA 48
TIVSHUR. B A= SRk, 36 T-2010—201948 [ B2 b7 0 A FF R A 0I5k,
a3 WNIVSF= ity B Bl AR 25 88 77+ TVSAS R 2R B0 I FRTEO PG FE B e 55 i 99 284 1)
KEA. BRFEEXMWEOPIRS BE /I3 M FE, RGEVHL T IVSHH 0 FIEOP ™ i 31
RBARBERE 17K, it —28 70 8. V1Al DX OB A R 55 K 2 Fg HEAR 3

2 IVSHI#EA " m

IVSTE [E Pt K [ 7% ik 55 41 24 (International Earth Rotation Service, IERS)
AL, A EAE SR IT EVLBIUL N, Hodfs Ak PR, 25 = 3y R 28 458 1 2 1) F vs  J3E E
[(UT1-UTC. #3h) LA LK IR E R RS 38 R, JR3R At [ PR R BRZ HHEZE 7 i
M55t TVS H AT B2 MMM s 3 EAE Gy 9N A Oy SR Oy 2904
e TSR JE Lo AN LA IR Hh C 2E 5T, 003l R 5% v (9 23T P L TVIS B 7 sl
A R 5 32k B R LN, A 5 e K 73 A e o EAT 080 AR S5 0 T T Y N DT A

2.1 MR

TEREFER, IVSAH LS R AT URE I VLBIN T X S A9 B A3 20 FF FE 40043 1K
LI FH T 0 AT 5T R S ARPEAS [F G REE B bR, rRETIVSILI 2 v H R EOPE M. K
BRHWER S B MERR L RE, BT R S0 S5 LIS, ARSI R FH A 1) B4 0000 - Jet) B W u 3
FEIRAL I w743 12 Wi I 55 K024 WUl il Rz S 000, R 48 Ik 43 A, mT
3 SR TR R SR [ 3 DX L0 . TV S ) it 0L 00 24 2 R 3 B L1

2.2 EOP~&

i HE AN [ 000 e 0 00 28 TR A0 P i, TVSTa) P S 4 5 EEOP AL Ml (Earth Orientation
Parameter Series, EOP-S)7 i A58 M EOP WM (Intensive Earth Orientation Param-
eter Series, EOP-1)7™ fi.

EOP-S;™= fi i 8 [5 B¢ S 1] B 15 K bl 72 J5) (Federal Agency for Catography and
Geodesy, BKG). K H K&K €170 (Goddard Space Flight Center, GSFC).

"http://ivscc.gsfc.nasa.gov/
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51 N R S &2 A0 (Institute of Applied Astronomy, TAA). 3 E i % K 3 & (United
States Naval Observatory, USNO)H172: [H [2 22 K 3 & (Observatoire de Paris, OPAR)
S M R AT, 77 R AT R R, OO A R IR A DU B, 43
SRR EGIAT BITVS-R1/RAMLI. B2 T4 BRI 2 25 58 05 U i T20000 A R AT
WF RSB WL, VLB 25 25 W0 W00 2 028 T O A 1) DI 0 o et . e, 82
TEOPH HH Wl A& k55 BITVS-R1/RAMI BT o7 1 EEBIFETO% LA L. HALEOP AL 7 iy
i A IE— A H A

F 1 IVSTHh M AR K 35 BR
Table 1 Types and descriptions of IVS geodetic observation

Obs. sessions Obs. type Instructions Duration/h

R1 EOP observation (every Mon.) 24

R4 EOP observation (every Thu.) 24

T2 Global TRF monitoring™ 24

AUS/EVN Regional TRF monitoring 24

Regular sessions CRF CRF monitoring® 24
RD/RDV Research and development observation 24

APSG APSG observation® 24

AOV AOV observation? 24

AUA AUA observation® 24

Continuous sessions CONT EOP continuous monitoring 24
INT1 Near-real-time UT1 monitoring (Mon.-Fri.) 1

Intensive sossions INT2 Near-real-time UT1 monitoring (Sat.-Sun.) 1
INT3 Near-real-time UT1 monitoring (Mon.) 1

VLBA Near-real-time UT1 monitoring 1-2

& TRF: Terrestrial Reference Frame.

> CRF: Celestial Reference Frame.

¢ APSG: Asia-Pacific Space Geodynamics.

4 AOV: Asia-Oceania VLBI Group.

¢ AUA: AUSTRAL VLBI program (The AUSTRAL observing program is an initiative led by
the Australian AuScope VLBI antennas in collaboration with radio telescopes in Warkworth,
New Zealand, and Harte-beesthoek, South Africa).

EOP-I7% & {0 A4 5 R YE-FIVS AT “INT? R 5. “INT” W5 T-20004F
ECTFERFRAE AT R ER S, “INT” RFWM L7 NINTL, INT2FIINT3WM. 20114F 42,
GSFCH T iR TR s AT HAKFE LR T3 B2 51 (VLBI Array, VLBA) WX B4 A fif 5 45
R, HATVLBAMIEA 4N IEEZ 50, 737 )yMauna Kea (Mk). Pie Town (Pt). Los
Alamos (La)HISt. Croix (Sc), HHMk-PtEE2E S 4005k 2H OULI S, B i 2286
B ARAIE T S AN () B b $2 (4 IR 25101, VLB AN #5445 3 2 T-20194F 1E 20 N 84347 0
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B nsEZSEOPILM /= 5. r= ShAE H AT S 3, 7= 5 e T Z124 Wichq ) 2 [E R AT 22
AR @, [ N A 7E48 hiN 3RAG A 24 K FTEOP-17% .

3 EOPHELMN. Aks5aEIVME

3.1 HIERTLSE

NT EMZBLEOPH HF WM. Assfe /1, LAIVS-R1/R4 K “INT” Z 51 AE i
X5, I EERN2010—20194FIAA. BKG. GSFC M USNO KA ] “EOP-S” Al “EOP-
177 i, DAAF R B 43 9l 6 b W00 1) e 5K BE 2R AT 20 M. BH T OPARK AT 7™ i AR FE L
ZHAR R, BOEA X OPAR K AR = AT 4E 1t

WA 45 R UT1I-UTCLA KA 954> 70 5 AN 2 (Lo) RITE R FEAE NN 75 &
K B WIVEAN Fa b ANRF A RS 7 TH, KRS B EOP S STERS W 3l 28 A ) [ PR K 3¢
kG 22200048 Y (International Astronomical Union 2000 Standards, TAU2000) T i
EOP CO4R 8P A & e E R [ —SHBHERE N, FRH3IRFE R E AR 25—
JG, K ZE IR (BRMS)ENINFEREE. 5 AL (1)-(2)5K.

Azx; = xiac) — Ti(Coa) 5 (1)

n ‘2
RMS — \/Z% 2)

X, zjacy AT LARFEFIUTLI-UTCS 4, 24000 NCOAS AT F HIUT1-UTCS 4,
Az AT OHERUTI-UTCSHE COAM B 2, i AFEART 5, n TR

3.2 EHWM

FIH 38 08 50 B 5 R R VR4S T v, 6 BA_EAZ S AT RO AR XL Y 4 & (Xpoles
Ypole) XUT1-UTCZHIM N AMFERE AT S0, JEX 44 T IVS-RIFMIVS-RAW
Mk, Hait g R EL (a)-(d). BB IR Ras HIARER Tk L UT1-UTCH
EAEIVS-RIFIVS-RAM M I Ze 1H K B, E1 (a)-(b) 7 5l I& T Xpole.  YpolefI A &
FERBITIRIREZE, B (c)-(d) B T UTI-UTCH & AN 2 BRI 7 AR R 2.

MBI BTCAS R DT 45 i

(V)% EEAS TR A 7 51, PN 58 A B2 9 THD, TVS-RUWE I PR A B2 A APt T IVS-RAM
M. AFEEREEE T, B T o HrH OBKGIIRFEY 7r R 45 R 46, HARWFFETIVS-RIU
TR FIVS-RAM I

(2)XF EEAS [F] 23 A v O AR SR 5 IR, AR 5, 45K 20 B A0 I R B0 RS 12 22 AN K.
ARG R FE 7 TH, BeR% 43 B T 20K BE SR T-0.05 mas, UT1-UTCEARR T°0.003 ms,
BKGHIH# R UT1-UTCHr & Mk FERS 22, A5 & 0 B 5 T, R 7 & 1R B 7E0.2-
0.3 mas/E A7, UT1-UTCHEEFE0.02 msLA.

3.3 fnsEX
) FH2010—20194 “INT” & 1] Jr 4 Jn o 00 %5 6, xF BL 458 2 #r dr 0 BUT -
UTCSHIIN. AMTFEREEE AT S, Hgiit45 3 WK 2.
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X ECAS [ 43 B o0 ) e B 5 SR 22 e, FL AR SRS 52 B I [ PR A Ak i 5 R AR — 3 S
FEJ7TH, TAAFIBKGF= I AMFA K 437 080.02 ms. 0.03 msZE A, B T-USNO
FGSFC, AR5 Hr HC AT GRS FE IR 5K 22 511 7£0.02 ms i A

fift S 5 T, B T TAACK FH Quasar®X 4 LL AR, & 4 B 0 (BKG. GSFC,
USNO. OPAR)#EHICALC/SOLVE 1108 #E 47 R 5. 55 43t b o0 10 8 55 5 s 3k
A=, A MO RIfRR G R A B R, HIRE e R AR 8 E A & 8
A R, BARIR A Rk — 25 247

4 EOPHEESMtSHEIXER
EOP (1) fif 5k FE 5 WM 5 385 19 3 A5 2 PVA . WL & 35 149 40 4wl LR A 5 33 B
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Fig.3 EOP differences w.r.t. network volume

HIL KIS LA H, B D R ARA 3K, R FIUT1-UTC/r &R 3 H — e
e, W PR ARFR K T80 Mm3H, A& B AR AL T g2 A JURP - L AW I 2 28Y 1 4
T 5 LR 2.

- FRD/RDVIMIM £ N F T R0 78, mT20000 (1 B 1 4 3k 1 225 42 W5 )
FERLI R e 00 S F YR %k % 5 T S EOPHI H W W, MRSAFEER. R,
)R 3 O 0 24 R W ) A B T EOPAS B A A5 T3 — 2D VP A5 AR e, d i &2n] LA
VI HEWT, FFHIVSAZER 745 1974 LA W0l 85 F8 R 4% B /348 0.2 mas, UT1-UTCAHE
T0.02 ms. VLB 22 i 2 00 W B g 32 4t 19 % 8 MIUT1-UTCAHN 5 & K B 4 3 vl ik
0.076 masf10.007 ms/K .
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*2 ANEIVSHM AR ESR
Table 2 Characteristics of IVS observing programs

. dXpole dUT1
Programs Obs. number Num. of stations Volume of networks

mas /ms

R1 3948.24 8.93 170.22 0.163 0.017
R4 3081.66 8.85 105.22 0.178 0.019
RD 1979.89 7.18 70.61 0.169 0.018
RDV 13016.86 14.76 142.21 0.136 0.017
T2 5331.39 15.07 215.83 0.198 0.016
CONT 17206.84 16.11 377.41 0.076 0.007

5 XIEMBRSEE 7R
5.1 JANGEIN

N T B e I (1 ORFE RE T, 6T B AT BR b LS ALAS s ulml if i 2 je 71 AT
guit. K3HF% TIVS, EE. MR B LECM X T2 Je 3ok KI5 e 1) s 0 i
B R KL K. WoRHBIX AOVEHZA.  AusScopel 3347 1 hnsd i sze, {5 i 7k
ANTERLI AR, B Z A AT AR TR, R B AR Z X 3810 i s S 6 7733647 VT A

®3 EREZMBINFTY

Table 3 Mainly global intensive observation sessions

Stations Code Length/km
IVS-INT1 Kokee, Wettzell KkWn 10357
IVS-INT2 Tsukuba/Ishioka, Wettzell Ts/IsWn 8445
IVS-INT3 Ishioka, Wettzell, NyAlesund IsWnNy 8004
Mauna Kea, Pie Town MkPt 4796
USA

Mauna Kea, Pie Town, St. Croix, Los Alamos MkPtScLa 4796
Badary, Zelenchukskaya BvZv 4405

Russia .
Badary, Ussurijsk, Zelenchukskaya BvUvVZv 6521
Europe Santa Maria, Wettzell SaWn" 3286

* .
In construction

X LA R TR SO K SIERS CO4/I-F M %2 (Avg. of dUT1)i#AT 4t
T, HORSEE 235 W4 (a)—(b).

ST S, S8 D00 A0 5 23 £ A 5 RO 0 00 0 B T B O P R L TRIINTTOUE
AR EE, JFC A U 2 24 R T IVS-INTL I BE 45 R ah 76 fife S50 RS P 7 T, BRIV S-INTHH
72 FEJTH, MKPtHEZEI N SMEA RS FE 3 011250.023 ms. 0.195 ms. N T yRFMNE A
IR LA L, K F 3G D0 I (R A 1.5-2 h LI N, KT IVSR A 91 bl
DN ERF ) 2 DO 0 5 T B,k — 2D 4w MRS FE, FL A U RS E S CINT R A
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W Z21°80.015 ms; 2 #r0H, HarE N S @R BvZvEEZE N, AMF AR 25N
0.026 ms. 0.029 ms, fEUvE U UG, THEAMT G0 3 5 220,025 ms!®l; BRI 5 1,
SaWnk 2855 2 2 SR WM In s Wil ) = BERL 2 H AT 4 T R Goillik R SEIe i B, R
T 1) FH P BN IR S, A SCAT G 50 IR T Bohm &5 A 45 B S5, T iz 2ok ik 3
HF770.04 msfrIfR 9.
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Fig.4 Accuracy of intensive observation in different areas

5.2 EHRUN

N o3 AR X STVS A BRI R 22 57, B 580 Rl 50 AR 44~ 7370 3%
EVLBAMM M, BRI Y (European VLBI network, EVN).  ME A AOV M %4 A1
KA AusScope WL Y. 73 )44 3R WL i g 55045 R S5TVS-R1/RAZE R BEAT XS B, %
oy BHE A B 5 P W2 (Ave. of dX/Ypole)4: Bl ILE5 (a)-(b), UT1-UTCr &
eSS P2 (Avg. of AUT1) 7 5 L6 (a)—(b).
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Fig.5 Comparison of regular observation polar motion accuracy in different areas
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Fig.6 Comparison of regular observation UT1-UTC accuracy in different areas

PNEEEIEVEC W it

(1)%F EEAS [ 1 [X M2 R K 182, 26 I VLBA R RS 1 STVS 4 BR IS B e 93, A1
FFEREPEAE0.2 mas/iAs, EVNAIAOVALIIM K 2, 8 KFIE AusScopeFIFE B fe 22, K
TR 19X P AR 55 FEE AT, (2239 7E0.25 mas/e Aa. WAk, MR X 43 & (0 MR S50k i e ks 1o
FY g, RHEAOVEEZABI4h, F 5 R AT G855 A DO 9 5 55 B0 77 [ 52 1)
RRER A 5%,

(2)X EE A A X TUT1-UTCHG B2, AU SRR FE AT, 35 E VLBAME H Mk
55 f e, AHL 22 0 AN B S0 R A BRI 1 X 33k X i s 22 7£0.025-0.03 s, 155 T-IVS-
R1/RAMM[£10.01 ms. K F]E AusScope W H T WL P JLART K 2R Je R 28 5% Sl 1) 1] £,
fif SRS FERAIC, I 22490.039 ms.

6 SHEERE

KILRZBAN A TIVSHLE. &2 B A O MRS A K H AT ) I b o08 0 7= 5t R 8 5
FF2010—20194F A TF R AR B &, 40 3 AIVSF= i H 5 U500 iR 25 88 0. TVSAS[RI 2
LI FIEOPHE FE K He 5l M B o6 Ry SR FE XM EOPIRSS fit 113N 2, &
SRl TIVS /A R 0 IEOPFZ fi BUR e AR B B8 J17KF. S5 8 B ARAS[R) I 99 1)
W IS A7 /E 2 5, EOPRS it /I AFAE 2 5, (R FHIVS A Bk 4 A5 1974~ LA ik (1)
ZEO BRI S A RS RS B 1R = £ 490.2 mas, UT1-UTCHS AL T0.02 ms; X 3800 31 )9 5
T, EEVLBAM K M. sl I UT1-UTC o & K AMNT A8 FE 4 5 7T 1£0.025 ms.
0.195 ms, STVSAERULIM 45 42230

Ja SR TAE H U H A EOP it T KRG VEAS, 345 BB R AR 5
ZER, FEIIER F e E VLBIM g — 2404 LR = IR S AG FE, NG EEMEOP H 3477 &
PR 25T G i

£ E Xk

(1] skEak, TR, eE, 2 OSSR (5 B R ER), 2013, 38: 911
[2] HFEHE. HhERE M SEERS IR AT, B B ERERBE IR RS, 2012
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EOP Products of IVS Analysis Center and Its
Precision Evaluation

MA Zhuo-xi®  QIN Wen-zhen' YU Liang! LI Jun?
(1 Xi’an Dwvision of Surveying and Mapping, Xi’an 710054)
(2 Xi’an Piesat Information Technology Co., Ltd., Xi’an 710054)

AsstracTt The organization and subordinate analysis center of International Very
Long Baseline Interferometry (VLBI) Service for Geodesy and Astrometry (IVS) are
introduced. The types of earth orientation parameters (EOP) products currently re-
leased by IVS and the uses of different observation types are summarized systematically.
Based on the observation data published from 2010 to 2019, this paper evaluates the
overall service capacity of IVS regular observation and intensive observation products
of different analysis centers. By constructing the geometric volume formed by observa-
tion stations, the relationship between EOP accuracy and the number of observation
stations, the distribution of the station network is analyzed, and the calculation accu-
racy of EOP for different observation types of IVS is counted. Besides, compared with
observation data of regional networks in the United States and Europe publically on the
website, the differences between the regular observation and intensive observation re-
sults of regional networks in different regions and IVS results are analysed. The results
showed that the accuracy of EOP is closely related to the distribution of observation
stations. The external coincidence precision of the polar motion component deter-
mined by IVS conventional observation is better than 0.2 mas, the precision of UT1-
UTC (the difference between Universal Time (UT1) and Coordinated Universal Time
(UTQ)) is about 0.015 ms, and the UT1-UTC value of intensive observation has a differ-
ence of 0.02-0.03 ms from International Earth Rotation Service (IERS) C04 products.
The precision of the regional observation network is restricted by the shape of the
observation network and the length of the baseline, which is generally inferior to the
observation precision of IVS. Among them, the regular and intensive observation results
of the Very Long Baseline Array (VLBA) network in the United States are the closest
to the global observation results of IVS.

Key words Very Long Baseline Interferometry (VLBI), International VLBI Service
for Geodesy and Astrometry (IVS), Earth Orientation Parameters (EOP), measuring
accuracy, methods: data analysis
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