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clock uncertainty [ns/day]
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2w 2w? B
goo = —1+ 7 + O(c™),

4 _
goi = &io = 3 w' + O(c™)

2
gfj = SU (l -+ CE U_F) -+ O(C_4).

R R B fFa AT Y3 1L 7

KRR EIAFFHRA
! 2
w(t,x) =G f d%’;;(r_'ii 23:26512 fd3x’cr(r,x")\x —X/|

o' (t,x")

x—x'|

w' (1,X) = G[d3x’
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Fig. 10.1 Relations between time scales.
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H b 3th 75 {5

7 : 1 7 r
TCB-TCG =c¢"" [f (UL.M(IE] + E‘FE) di’ + ve - (x —IE}] :
to

TDB = TCB — Lg x (JDycg — 1) x 86,400s + TDB,



fwig H S 0% B

{ErE H AR BT B, TR TRt E A%, WTCGE
TT. ERBEEXRSHNELATEERD (TT) 5JD (TCG) FX9FH.

l. For M > 2,Y and M are left unchanged. For M = 1 or 2, Y is replaced by

Y —land M by M + 12. [E.}-'E@Hastl ]F,‘ "'dlE‘id 2019 9 23
2. In the Gregorian calendar, one computes ~
c P 58749
A = INT(Y /100); B =2—-A+1INT(A/4), [E’.-}-"E@HDE-JCJ_ ,.__,] $ —If'i_ZL ::l]_ l:,;:i:?49_ [::,
where INT denotes the integer part of the number (e.g., INT(3.92) = 3 ). In the 2 [::' _]_ 9 9 2 3

Julian calendar, B = 0. [ o '}r'—-' @HG st _]_ - ] & D
. . S A 15 v |

3. ID is then given by

JD = INT(365.25- (Y + 4716)) + INT(30.6001 - (M + 1))
+ D 4+ B —1524.5.

fER X FEsofarhiau_JD2CALSiau_CAL2)DAH TIDSRESFI BHIZ 8/
®mE. RXHPEERAMDERAEE, £HESR1858F11817H0AT, HLRE
FRIEH)D2000.
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UT1 =UTC +dUT1

ERA(T,) = 27(0.779 057 273 264 0 + 1.002 737 811911 354 48 T},).

SIS E-EREB AN, EHit, BESE-SRBEGHNE, it
kB ARREN B A BHITIZIE.

GST = ERA(UT1) — EO

EO = —0".014506 —4612".156534 t — 1”.391 581 7 t*+
0”7.00000044 t*> — A cosen + >, Chsinay

GMST = ERA(UT1)+ 0".014506 + 4612"”.156 534 ¢t + 1”.391 581 7 ¢*—
0”.000 00044 ¢* — 0”.000 029 956 t* — 0”.000 000 036 8 ¢°.
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UTC is obtained from about 250 caesium clocks and hydrogen masers lo-
cated in about 65 different laboratories, distributed around the world, and
applying a set of algorithms to ensure a uniform time. It is not determined
in real time, but generated with a delay of about half a month. Real-
time estimates of UTC are computed and provided by different centres,
such as UTC(USNO), from the United States Naval Observatory (USNO);
UTC(NIST), from the National Institute of Standards and Technology
(NIST); and UTC(SU) from Russia. In general, UTC(k) is a realisation of
UTC by a given laboratory k

1
3
4
5
1

The following relations are met
TAI=UTC+1% x n, TAI=TDT-325184
UTC=UT14+dUT1, |dUT1| < 0%9

BREL RO AR AT BETHE -

1. 4kEE{RER

2. BGEBEFD

3. MWHAE KR leapBfiL, NPk NES, XHEFRZE %%,
T%%Eﬁl—ﬁ( - 57204.

57754.
JXXX—XX—XX

ARFRINE TR AT LUK E E PR BB B X =1



UTT1-UTC

#

# FORMAT(I4, I3, 13,16, 2F10.6, 2F11.7, 4F10. 6. I4)

#

# Date NID b v UT1-uTe LoD dF=i dfpsilon X d7 DAT
# (Oh UTC) ” ” g g ” ” ” ” s
#

# vd mm dd rrwmn n nrrewm o, oo G wonnnn 4o, onmnn o, rremn . rrgann. o, onnnnn o rnnn
#

#

NUM_OBSEEVED_POINTS 2086

BEGIN OBSEEVED

2014 01 01 5eeLE  0.033625 0. 318929 )-0. 0970337 J0. 0011952 -0, 031301 -0, 009436 0, 000008 0.000165 3%
2014 01 02 Beeba 0.033411 0. 3196822 |-0. 0982274 0. 0012359 0. 031407 -0, 009496 -0, 000016 0. 000175 35
2014 01 03 beeen 0, 037304 0, 320458 |-0, 0995076 §0. 0013011 -0, 031579 -0, 009268 -0, 000041 0, 000188 3%
2014 01 04 Seesl  0.037059 0, 320811 |-0. 1008557 0. 0013803 -0, 031547 -0, 009064 -0, 000028 0, 000192 3%
2014 01 05 BREEZ 0, 036693 0, 321223 1-0. 1022601 0, 0014192 -0, 0831318 -0, 008993 0, 000004 0, 000195 35
2014 01 06 BREES 0, 036122 0, 321908 |-0. 10366385 |0, 0013885 -0, 081132 -0, 008947 0,000034 0, 000195 35
2014 01 07 beeed 0, 035263 0, 322840 1-0, 1049945 |0, 0012674 -0, 031189 -0, 008865 0, 000064 0, 000196 35
2014 01 08 bBeeehL 0, 034235 0, 323974 1-0, 1061704 §0, 0010994 -0, 0831351 -0, 008877 0,000102 0,000178 35
2014 01 09 SREes 0, 033904 0, 324984 -0, 1071902 §0, 0009721 -0, 081372 -0, 009063 0,000142 0, 000155 5%
2014 01 10 SeeeT 0, 033577 0, 326468 -0, 1080927 0, 0008292 -0, 081506 -0, 009228 0, 000068 0, 000252 5%
2014 01 11 SeeeE 0. 032842 0, 327905 -0, 1088467 J0. 0006654 0. 081499 -0, 009345 0, 000049 0. 000258 36
2014 01 12 Seeea 0. 031625 0. 328991 |-0. 10946493 J0. 0005909 -0, 031491 -0, 009341 0, 000064 0, 000252 36
2014 01 13 Be6TO  0.030240 0. 330037 |-0. 1100268 0. 0005450 -0, 0831485 -0, 009271 0. 000079  0Q.000247 35
2014 01 14 BeeT1  0.029382 0, 330675 -0, 1105745 0. 0005509 -0, 0831392 -0, 009230 0, 000095 0, 000241 3%
2014 01 15 BeeTZ2  0.023560 0, 331788 |-0. 1111660 J0. 00062493 -0, 0311495 -0, 009245 0, 000123 0, 000207 3%
2p1d 01 L6 Begds 0, 027405, 0, 332652 |-0,11183 00007043 -0, 08R496T -0, 009258 0, 00015s 0, 000L6E
I j p’g “of .3335? }' ﬂ:}ﬁ‘ ey ﬁ»/ﬁ "7!',0 32“; g ﬂ..o/j

35
g
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GPS Time (GPST) is a continuous time scale (no leap seconds) defined

by the GPS control segment on the basis of a set of atomic clocks at the
MCS and onboard the satellites. It starts at 0" UTC (midnight) of 5-6
January 1980 (640). At that epoch, the difference TAI-UTC was 19s,
hence GPS—UTC = n — 19°. GPST is synchronised with UTC(USNO) at
the 1 ms level (modulo 1s), but actually kept within 25 ns.

Glonass Time (GLNT) is generated by the Glonass Central Synchro-
niser. The difference between UTC(SU) and GLNT should not exceed 1 ms
plus 3h? (i.e., tGlonass = UTC(SU) + 3" — 7, where |7| < 1ms), but 7 is
typically better than 1 us. Note that, unlike GPS, Galileo or Beidou, the
Glonass time scale implements leap seconds, like UTC.

Galileo System Time (GST) is a continuous time scale maintained by
the Galileo central segment and synchronised to TAI with a nominal offset
below 50ns. The GST start epoch is 0" UTC on Sunday, 22 August 1999.

BeiDou Time (BDT) is a continuous time scale starting at 0" UTC on
1 January 2006, and is synchronised to UTC within 100 ns (modulo 1s).
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» JAU200038(B1.3, BCRSE #HiskEF K
(Soffel. et al.,2003)

2w 2w?
g{m——1+——€——|—@{c‘ )

4
goi = gio :—Fw 4+ O(c7)

: 2 _
gij = 0jj (1 + p w) + O(c™).

ENFRCERNBRERRMERXRE, ZEREMPAFIESE.
ERMBYIR K AEREE

» IAU20007RIYB1.3, KRR UL KRBk S ZE R EXRY
EAKEELN LSO AFRE—HRY

lim =diag (-1, +1,+1,+1)

—o0




ML XIkEEH (GCRS)

) |AU2000/;&1>LB1 3EX THLKREREEZR (GCRS) |

H z= 8] AL KR FE X FBCRSHY &S IEI?:I:*T\EL_EJJ%_I:%B'E%O
mFﬁTHE’JF%M_LE SGCRSEBCRSHE Mok = AN
FIREF—F

2W  2W? .
GOO=_1+ Cz g C4 +0(C )
4 —5
Goa = —5 W +0(c™®)

2 —4
Gab:5ab 1+§W +0(C )
WARRLL, 779588, AERFE:S .
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EFRKRERZEZRICRS

FRRXFIRKES (IAU) E1997F8HZITHE23EA
=< FIRE, E1998:-1H1E|i_ Ef RN FHRESXES
ZRENKAERKESE R (ICRS) , LABFKS.

ICRSTFE 1991 FIAUEWN BRI ERFH. ERNEST
KMEARRL, BEAET XHEXISEHEZRAXT VLB
HITEHNER. EARa2HRESZIAUFEDEE
(LieskeZEA1977) F1EzEf) (Seidelmann 1982)

E MBI E].

|ICRSHR &hFNox 75 [a) FE 37 T 2 2 (MR 5 E E 7 = 207450
# (uas) A, ICRSAEIEEEVLBYLIT—HAINE R
BER B RRIIRE LR, EPfRKESEES
(ICRF) &SI,

ICRSHE] LB F AIERSH Bk E[B]5 % (EOP) E#HEZFEPRBIkSZE R,



ICRSARFREHTE N,

» ICRSRRENERBERFUL. AT REHES
%, ICRSREFIL)2000FRFES o
» ICRSKIRSFKSRHR—H . VLBIXLN=RRA
J2000.0FEXFE5ICRSEKIRZA 1 8masE R O

» ICRSEYOXEHFEIERS KA EE RENF A SEE o
W ERFRE MCRA—4AVLBIB R 123/ 58 ot Fes P
R F14)2000.0 L EFAE . LLRYLNIZRER
J2000.05ICRS#EREZ EAF1 S5masER.
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EfRREkSEHELBICRF1, ICRF2. ICRF3

» ICRFERVLBIMS BTSN G ERIEAS A AL FRSCI . T 1998 F#IAUHE %o
|ERS&lAUEﬂEAIﬁEéﬂfu|VSé¥Hﬁ%z’ﬁ# ’rmxiﬂz%%%%nﬁ%ﬁ EZRNE
S5H{IEZELR.

75°

ICRF1: 814 7608/ D FEXRTRIFRA
BNk ERY)2000.0VLBIARER,

: . CTE IR e o0 e w ot .
» gh, 6h°Q ®4h, “e%2R e “oh * 22he 20h  18he } Aah, .
< e, w5 0 . &

.
-15° el L

ICRF2: IAUEZE=-+tEAS (20094
88) BIEMICRF2E8 L3414 Z5TH
A ERRBHANE, 2ICRFIBAES.
SN, &ZIRICRF2 MRS PRI A4 044N
b (uas) , FREMAT0us,

ICRF3: IAU 2018F 138 AR, H
201941 H1 HE£ICRF3E{XICRF2{E A%
HEPRKRIkS EHELS
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» 1997FIAURERKESE

RAREFKS.

» KB L ERALUENICRSHY
KFIH, BET118218H

BEEMESBITHE, VB

¥5 B hﬂ%%f"‘ EHFF
HILERAWEE
b 24}=IAUj<A¢§§T1Z€E§
SCINEY R IR S Z HEZRHCRF
(Hipparcos Celestial
Reference Frame )
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|GAIATI E2X{RUIE

) 1’|E7'j Hipparcos D2/ 5
TS 50§ 100 13,

ST £
im&%%%%tﬁn 10,0

Gaia EE)I%EIEE@E%FEJ:

b GAIAEFI‘—\L_L_S(‘HEJZ% 000 BB/ A 57— TRIFT AR A/

E’l' FXJL/FI\IJ;EL_L_

Hipparcos Gaia
JE AR 12 20
SR B 7.3-9.0 ~20
e EAMRIR ~0 ~5-T
2.6 x 107 to V=15
ERTE & 12 x 10° 2.5 x 10% to V=18
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B &R I 10° — 107
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LK) itidk 56 4= WL

ZSRIEREX. BERSH=Z4IRARM

Ilustration of the Gaia satellite; from ESA, C. Carreau. Credit: ESA
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» TRSERRMIR—LIHFHHHAF R, XMW E (ECEF)

» BFFRRR RS (IERS) X TERMIUBLERAE Z
(ITRS) (BE&. RE. 9., EiRkLwst) .

» ITRSE— ALY BB EKLEIESE (ITRF) , ITRF
H—ARK ESAE S LIRAE, 2T EH,

84, PZ-90, GTRF, BDCS,
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(ITRF)

» ITRSEH1991 FIUGG2E RN E X,

SEZER
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Figure 1. ITRF2014 network highlighting VLBI, SLR, and DORIS sites colocated with GNSS.
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From

BTS84
BTS85
BTS86
BTS87
ITRFO
ITRF88
ITRF89
ITRF90
ITRF91
ITRF92

ITRF93

ITRF94

ITRF96

ITRF2000

ITRF2005

A%

M A

BTS&5
BTS86
BTS&7
ITRFO
ITRFS88
ITRF89
ITRF90
ITRF91
ITRF92
ITRF93

ITRF94
ITRF96
ITRF97
ITRF2005

ITRF2008

T |1y
(em)
(em/y)
+54
+3.1
-3.8
+0.4
+0.7
+0.5
=0.5
+0.2
=1.1
-0.2
—0.29
0.6
0.29
0.0
0.0
0.0
0.0
-0.01
+0.02
+0.05
=0.03

N, K A 4

T3|T
(cm)
(cm/y)
+2.1
—6.0
+0.3
-0.1
=0.3
+3.6
=24
+0.4
-1.4
-0.7
+0.04
+0.5
=0.04
0.0
0.0
0.0
0.0
+0.08
—0.01
+0.09
0.00

T;5|Ts
(cm)
(cm/y)
+4.2
-5.0
-1.3
+0.2
0.7
+2.4
+3.8
+1.6
H).6
-0.7
+0.08
+1.5
—(.08
0.0
0.0
0.0
0.0
+0.58
+0.18
+0.47
0.00

Ry|R;
(0.001")
0.001"/y)
-0.9
-1.8
~0.4
0.0
-0.3
-0.1
0.0
0.0
0.0
~0.39
~0.11
+0.39
+0.11
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

E 22 7 |a) 6 4% 3 A 4

R>|R> R;|R3
0.0017)  (0.0017)
(0.001”/y)  (0.001"/y)
=25 =3.1
-1.8 -5.81
+2.5 +7.5
0.0 —0.2
0.2 =0.1
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
+0.80 —0.96
=0.19 +0.05
=0.80 +0.96
+0.19 =0.05
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
0.0 0.0
From To
WGS72 ITRF20
WGS84 ITRF90
PZ-90 PZ-90.02
PZ-90.02 WGS-84(1150)
PZ-90.11 ITRF2008
ITRF96 NADRS3(CORS96)
ITRF97 NADB3(CORS96)
ITRF2000 NADS83(CORS96)

D|D
(107%)
(1078 /y)
-0.5
-1.7
-0.2
-0.1
+0.1
-0.31
-0.3
-0.03
-0.14
+0.12
0.0
-0.04
0.0
0.0
0.0
0.0
0.0
—0.040
—0.008
-0.094
0.0
Ty|Ty
(ecm)
(cm/y)
-6.0
-6.0
=107
-36
=0.3
+99.1
0.0
+98.9
+0.07
+99.6

o e

hy

1984
1984
1984
1984
1988
1988
1988
1988
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Right ascension and declination
wrt fixed coordinate axes and barycentric origin
realized by ICRF/Hipparcos tagged in TCB

e —

FK5
J2000 equator and equinox

| Lignt Tme |

Light Bending

Annual Aberration

Annual Parallax
BCRS

TCB-TCG

l Proper Motion |<: FK5 Proper Motion

GCRS position of the CIP based on
AU 2000A precession-nutation

Intermediate right ascension and declination:
measured from the CEO and with respect to the CIP
celestial intermediate equator of epoch tagged in TCG

<:| |1AU1976 precession
1AU1980 nutation

apparent right ascension and declination

referred to the CEP equator and equinox of date

polar motion, Earth rotation (via Earth Rotation Angle), ]

GCRS

polar motion, Earth rotation (via Greenwich
——  Apparent Sidereal Time)

geocentric position: the observed position in
ITRS tagged in TCG

TCG-TT

TT-TAl

i

mcentn’c parallax, diurnal aberration, refraction,
| effects

ITRS

Observation in local Conventional Terrestrial
Reference Frame tagged in UTC
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g
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| ICRSPLACE
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Qs Ep
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Light deflection
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€ =Ra(—[£+s]) Rald) Ra(E)
X=sindgog B, Y=sindsin E

NPB
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P=Rs(x,) Ril-a@,) R~y ) Ri(g)
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A 4 Y
CIRS /! ERS | | Celestial Interme diate Re ference Sysiem True Equinox and Equater of Date
INTERMEDIATE PLACE |——& APPARENT FLACE
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Rotation to tere: yrstam
Rs(8(UT1)) Ra(GAST(UTL,TT))

| Terrestrial Intermediate Reference System | TT

v
SYSTEM  FLACE FROCESS TIME
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oTIgIn.

Rotation for polar motion:
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I
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1
T =I——2[A(I}—|—VE'I'E]
C

+ ci“ [B{r) + B (t)rl + BY (tyrirl + C(r.x)] +0(c™),

11 : 1.
X = 8, [r’E + = (5 VEVE * TE + Wexi(XE) g + FE@E - TE — 5 afﬁré)]
+ O(c™,
| % (1).%,(1) &, (1
2 : _ .
a‘;A([) p— ’2‘ Vg e wext(xE)~ ﬁ%”%ﬂ?iﬂ’.'b‘
6 | - FEBCRSHHY
53(1) =g Vg — 5 Vg Wext (XE) + 4V Wext (XE) + 5 Wey (XE), LB RE R0
1R
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BY = —UES(,,' Qu T Zngx[(XE) —P

- | -
9 Emwext(xE) + 581} wext(xE)-
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GCRS#E|ITRS3% #%

ITRS| = W(t) - R(t) - M(t) - [GCRS]

M9, RO F Mo 7HZHBT CIP EXRIkE=E RZPHIIEE]
(ZE-T5), HIkRBELUK CIP kS22 R PRIEE)
(th#%) SIERINEEERERE

t = (TT — 2000 January 1d 12h TT )/36 525.

KEKHE]Z% & (CIRS), Z fili/z CIP, X #i&Z& CIO;
ek ] 2% & (TIRS), Z fili/& CIP, X #h/& TIO;
HRES % R, Z fhi CIP, X fili2 ¢ W20 &5 .
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» 2003F 18 1H#, IAU2000AT E-EaREIER
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KBS R B
CIPZEGCRS H 13 B AT W i — 4B RS 35 15
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IAU 2000 RiILLART, BRETBiEiMERXIkA B
(CEP) R3EIRY; CEP ENXEKFERIkFHTkS %
AP B ERHED). (BEEZREZIHBRANGEE
MFET 1 d BN 2%, ZIMARFEESIMNE
sFRFE (BT 1 d), X{FESF CEP BIE XA BRI
Atk FJFEN T XEkHPIE)H (CIP), FMEEEXIKS
ZZ0NEHEs ResBAEXT 2 d /9N, mHE
e FSETRE s ‘*&izl_zj]

frequency in ITRS = - | | | — | | | | —eee
—35 =25 -15 -05 +05 +1.5 +2.5(cpsd)

—polar mﬂtionl |polar MOLION m—

frequency in GCRS ==== | | | | [ | | —---
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MCIO — Ra(—S) - M

1—aX? —aXY —X
My, = R3(—FE) - Ry(d) - R3(E) = —aXY 1—aY? -Y
X Y 1 —a(X 2 + YQ)
IAU 2006/2000 & [ X(t) = —07.016617 +2004”.191 898 t — 0.4297829 >~
-SRI ch ., XFnYy 0”.198 618 34 3 4 0”.000 007 5 t* 4 0”.000 005 928 5 t°+
H’] iE —tjj > :l(as0)i SIn(ARGUMENT) + (a,,0); SIn(ARGUMENT)]+-
< > .il(ask)i SIN(ARGUMENT) + (@, 1); sin(ARGUMENT)] £*
X YEETES Y(t) — —07.006951 — 0”.025896 ¢ — 22”.407 2747 {2+
EHWBE, TE 0”.00190059 ¢ + 07.001 112 526 ¢* + 0”.000 000 135 & {5+
ﬂ:u Eﬁj] ElJ 5/ ur] > il(bs.0)i sin(ARGUMENT) + (b g); sSin(ARGUMENT )|+
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O E % 15.62 > + " .[(cs,0); SIn(ARGUMENT) + (c,,0); SIN(ARGUMENT) |+
JHLE > 1.il(Cs k)i SI(ARGUMENT) + (c 1.); SIN(ARGUMENT)] th.
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'ﬁIAU2OOOAg%Eiﬂﬁiﬁf—’féﬁ’JGASTE’ﬁEL‘ﬁﬁ, MEF'CTES(‘I?X
BHFETRRIENNMIMEE, EEEBERINMATNER

GAST = GMST + Ay cosey + CT,

CT= Y (C!;sinax + C/, cosai) — 0700000087 ¢ sin 2
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Rcio(t) = R3(ERA(UTL))
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t
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YA + A cosen + Ar)y coswap,
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JPLITERZE

» JPL E)ﬁ%ﬂﬂ%ﬂiﬁt’—i?ﬁ‘ HEIG=ME, BRI AKES,
1T E BN LA K 15 28 R ST |t ﬁv‘#ﬁi‘n)ﬂ ? 1 # ZEE, B
. DE403, DE40 DE43(50

yl:l D E 4 O 5 ’ % %- T } A 'I 6 O O_/EE Mass parameters from DE421 expressed as ratios and as TDB-compatible values.

GMs /G M; GM,; [km3s~2

EIJ 2 ] 7 O '/Eﬁ k é/\] 6 O O '/EE Hq. I‘Ej ‘Eﬁ o Mercury 6{;’23597. 400017 22032.090000
— — Jenus 408523. 71865 324858.5¢
MEERTBETEHERS Earth 332046, 048166 398600.436233

Al M 27068703. 185436 4902.800076
ifE:L_ 1T}_ﬂ: 1:% é& 1E */El ﬁ o B% T I\IEIT ;5:]98;':]3. 59(_))267 428[28.3’;5214

Jupite 1047. 348625 126712764.800000
H sz \ 'fTﬂEE \ ﬂinj( BH E,J n\\Jﬁ S:Eir;lr 3497. 901?’6? : ?é'—’lU;)SIS.QUUOUU
EHEIERS, BRIMTE Neptume 1012257306 6436585.000000

E/]j: xﬁj] ﬂl Ej] 7\5 ?EDE E,] *E XT i e Pluto t:%5836(j83. 767599 977.000000
): ﬁl: EFFI 1|&'|—'E mg% FLE.'\ . % 9I\ Earth-Moon mass ratio Gﬂf@/fj:i 3005690699

H B XTIk A2 AR AU S2 0,

AR s Bk AN K BRAAZE XS H Bk

AR I ERFE 4 T 2 8
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BERERRFHIENLTARN MG ERSEEIHGIE,
ZHERREHNNFELE, 2RMERRRE.

M e 2
o 1Tl : Pyl
k(28 -1) Z M i f s ):i:f
2 e — @k T e
k=0.k#j
2(14 ) 3 | (x;—=z;) x; 1
TT e TR T e l ETE 22 (@i — ;) - &
. m
+ = Z L 3{(3:: x;)| (2 + 27) @
¢ e —xy
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BT H P ALFR AR & L 0) /R

o E—ERIRFEHT,

EHEEXITESESNE

Al R =5 R AL AR R IT E A 1LIn)RE
SRS B,

o
SESHERNITE, FHITAEIMEREELS
I
o WS EETNEIERIT 1T AN[E] M 28 o
ZNE e EOD (=]
o XHEIAEIRIIHREMEX o
o EREEAFZIE.
Maximum allowed error X,Y.s EOPs EOP QOcean tide
Angle Surf/LEO GPS GEO Representation Interpolation corrections
0.7 deg 90 km 330 km 520 km None (GMST Only to 2050) None - -
0.37 deg 46 km 170 km 270 km None (GMST Only to 2025) None - -
10 asec 350 m 1.3 km 2.1 km 4-term X, Y, No s None
1.3 asec 46 m 170 m 270 m 4-term X, Y, No s AUTI1 Nearest No
0.8 asec 28m 110 m 170 m 6-term X, Y, No s AUTI1 Nearest No
0.66 asec 23m 85m 140 m [5-term X, Y, No s AUTI1 Nearest No
0.14 asec 4.7 m 18 m 28 m 15-term X,Y, No s Xp, ¥, AUTI Nearest No
23 mas 0.80 m 30m 4.7Tm Interp, Lagr 7, No s Xps ¥, AUT1 Linear No
2.3 mas 7.9 cm 29 cm 46 cm Interp, Lagr 7, Simple s Xp, ¥, AUTI Linear No
0.19 mas 6.5 mm 24cm 3.9cm Interp, Lagr 7, Simple s All EOPs Lagr 3 Yes
71 pas 2.5mm 9.1 mm 15 mm Interp, Lagr 7, Simple s All EOPs Lagr 5 Yes
37 pas 1.3 mm 4.8 mm 7.5 mm Interp, Lagr 7, Simple s All EOPs Lagr 7 Yes
5.0 pas 0.18 mm 0.64 mm 1.1 mm Interp, Lagr 9, Simple s All EOPs Cubic Spline Yes
1.2 pas 39 pm 0.15mm 0.23 mm Interp, Lagr 9, Simple s All EOPs Cubic Spline* Yes
0.34 pas 12 pm 43 um 68 um Interp, Lagr 11, Simple s All EOPs Cubic Spline* Yes




A AL FR S EH R /RALHR

X (N + h) cos ¢ cos A
X=|Y|= (N + h)cosgsin A
Z (1 —€®) N + h)sing
F— a _ a
J1—e2sinfgp /1 — f(2— f)sing
VX2+Y2
=-— N
Cos @
Z ( , N )1 Y
@ = arctan 1l —e"—= , A = arctan —.
JXZ 172 N +h X —singcoshA  —singsinA  cosg
do M+ h M +h M+h dX
= AT di | = —sin A Cos A 0 N ay
dh (N +h)cosg (N +h)cosg dZ
COS ¢ COS A COS @ sin A sin @

dX = —(M + h)singcosAdp — (N + h) cos g sinidi + cos @ cos A dh
dY = —(M + h)singsin Adg + (N + h) cos ¢ cos A dX + cos ¢ sin A dh
dZ = (M + h)cospdg + sin g dh
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V4
A
U;
n; n;j n; - X;;
X; | Xij =1 ¢€j | = Ef‘XI'j
| Ujj u; - X;;
@i
A
[ —sing; cosA; —sind; cosg; cosd; |
R; =| —siny; sin 4; cosAd; COS; sinA;
COS 0 sin @,
— sin @; cos A;] [—sin A; | (COS ; COS A;
n;, =|—sing; sind;|{, € =| cosd;|, u; =|cosy;sinA;
Cosg; | 0 | - sing;
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uRr €Ex €y €z 1
ur | = [0x Oy 0z J b=
uy ax Qy Oy k

UR = =7 = exl+eyj+ezk

|r

ur =uy X ugp =0xi+dyj+dzk
r* x v* . .
=axi+ayj+azk

11 =
N r* X v*|

0O ~ 0 and [X—x]=|v—
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(GPS/VLBI/SLR/DORIS)

REEE (RR. EEMRE

H =3 8 Ao [/

ERREIHEL

J

[E| R 2% 2k [X 13
RAEZE
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GPS A #1E 4 WGS-84

» GPSJ #%2 ) EAWGS-844E 5 T# X o

» WGS-8489 B R L IA1987F, @i31000% /&b EMA LI, £
ZRMRAHEHGZEHERK. HELHEL-2m.

» FLER A A LARIATH B RS WGS-84(730) KA LHKHH
M EAGCPSEsEHEMA, BITRFO2x &, #5E A2 £420cm.

» WGS-84 (G873) . WGS-84(G1150). WGS-84(G1674) #Hl5
ITRF94. ITRF20004=21TRF20083} &2, f4&# EA£10. 2. 1cm.

Ellipsoidal parameters of WGS-84 (revised in 1997).

Ellipsoid

Semi-major axis of the ellipse a 6378137.0m

Flattening factor f  1/298.257223563
Earth’s angular velocity we 7292115.0-10"rad/s
Gravitational constant u 3986004.418-108m3/s?

Speed of light in vacuum ¢ 2.99792458-10%m/s




GLONASS 5% £ 22 PZ-90

» GLONASS) # e XL 2ZH S K EPZIOLEZHEETLH,

» AR PZ-905ITRFI73% 4% 5 & — A~ B FRGLONASS K %
IGEX-98 &4+ 4%,

» FRIFBIGEXM9LE#®, X —PREHPZI0xX, v, )5
WGS-8489 33 3

T x [ —3ppb —353 mas —4mas | [ z - 0.07m
v | =| vy |+|353mas —3ppb 19mas y |+] —0.0m

z z 4mas —19mas —3ppb 2z —0.77m |



GLONASS A # 1E 3£ PZ-90.02

» HRIEGLONASSHAARALGY K, A2007F9A208 4, 3t
J & ZHAEPZ-90.02 AEE T K. ZEFAPZ-908 AR
B, 2 ERITRF2000,

» PZ-90.025ITRFEZRIXAH B &-F#; LR ETHAesedt,
BERZN

x x —0.36 m
y _ y + 0.08 m Ellipsoidal parameters of PZ-90 and PZ-90.02.
2 J1TRF2000 L # JPZ-90.02 0-18m
Ellipsoid
Semi-major axis of the ellipse a 6378136.0m
Flattening factor f 1/298.257 839303
Earth's angular velocity wg 7292115.0-10"rad/s
Gravitational constant g 3986004.4 - 108 m3/s?
Speed of light in a vacuum c  2.99792458-10%m/s
Second zonal harmonic coefficient J9  1082625.75-107°




b3 & # 42 22(BDCS . CGCS2000)

LT RAR AL RABDCS, L X 5CGCCS2000—% (A7 48R 49
éfﬁ%«ﬁ) ]) . [+ B REGTNETEORIHIANTFRESES

CGCS20005 ITRFI7 & B 7L2000.06k45 — &, ® HKGPS## F20005 H
FRL KA AT 2172,

GNSS CORS % ¥ CGCS20004% & #h1% 7.

3 3-1 BDCS €N E R EE

s £ E X

1 44 #=6378137.0 m

2 BB HER (BEASE) u=3.986004418x 10" m’/s’
3 B # =1/298.257222101

4 MBEEAEE €3 =7.2921150%10° rad/s




GALILEO % # £ & (GTRF)

» FHAGTRFA I L GPSKIELA R, AGTRFH A
Bty GPSHAGalileo Bl 4. XELAZHABR T KigL 2
RGN KBER.

» GTRFZ K5 R A WITRFAF A B 3cm (2sigma) AR . £
ZHGGSP (HGFZAR K MTAFF B E) 7w,
GTRF5EITRF&y £ 4E:8 T IGS3E A 4R KL W

y e uk by ;3 LHiE AGTRFAEER T,



T EHEARKBATE W LT AR

» ARRIF ZETHRAFHRE (GastAFh &3 A)

y FMAHFHFEEL T AR ALRETES,

» B EZHERBANIRELIFR R T

 HLS RIRAAT R 09K IR 4% LR T A s AL IR 4
AR, BEEZHE A HETELALRR T &HAT,

ez -=<. Orbit i inclination
) h W argument of perigee
) Satellite £ arg. ascending node (Aries)
A arg. ascending node (Greenwich)
V true anomaly

1
v /Perigee

© sidereal time

W Y vernal equinox

y A 7| —"’Eduator G Greenwich meridian
/ """" ->\" Ascending

Y »/G node




GNSS /) 1% 2 ) xt 5 69 2 47 &

GPS. BDS. Galileo¥ %X Al16 X184 FME X ARE L ELE, A AICDRAEH &
THAILZAESFMAGAETREETHIEIELE, 259 LABHENLE, W
Omega, | &%, A peLiFARIERE ZLIERMEEZ, W REAIMES L EHE
ZPILE RS,

B FWGS84, GTRF. BDCS., PZ-90¥ & B A REAMESFHITRF, B ALK
ERAPABBRASEE, REZFHHITTRER,

MEALH A RATHRD KAIR (RRESE. ARG I, B TFEFMALLAY
BEMREAKAEZR, APRELERET 2RI GHRLHK

Glonass broadcast ephemeris and clock message parameters.
GPS/Galileo/Beidou broadcast ephemeris and clock message parameters.

Parameter Explanation Parameter Explanation
toe Ephemerides reference epoch in seconds within the week te Ephemerides reference epoch
\f Eigsﬂirf.i; of semi-major axis x(te) Coordinate at t. in PZ-90
M, Mean anomaly at reference epoch y(te) Coordinate at te I PZ-90
w Argument of perigee Z(te) Coordinate at te in PZ-90
i Inc\lnlatlon at referejce epoch . Vx(te) Velocity component at te in PZ-90
Qg Longitude of ascending node at the beginning of the week i .
An Mean motion difference Vy(te) Velocity component at t. in PZ-90
i Rate of inclination angle Vz(te) Velocity component at t. in PZ-90
0 Rate of node’s right ascension X" (te) Moon and Sun acceleration at t.
Cuc, Cus | Latitude argument correction Y (te) Moon and Sun acceleration at t,.
Cres Crs Orbital radius correction 7 M ds | .
Cic, Cis Inclination correction (tE) oon an un acceleration at t.
ao Satellite clock offset Ta(te) Satellite clock offset
a satellite clock drift Yn(te) Satellite relative frequency offset
ar Satellite clock drift rate
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Ultra-rapid

Products Broadcast Predicted | Observed Rapid Final
(delay) (real time) | (real time) | (3-9h) | (17-41h) | (12-18d)
Orbit GPS ~100 cm ~5 cm ~3 cm ~2.5cm | ~ 2.5 cm
(sampling) ( ~2h) (15 min) (15min) | (15min) | (15min)
Glonass ~5cm
(sampling) (15 min)
Clock GPS ~5ns ~3ns ~150 ps ~T5 ps ~T5 ps
(sampling) (daily) (15 min) (15 min) (5 min) (305s)
Glonass ~ TBD
(sampling) (15 min)
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Celestial coordinates ( XY Z) = M x Terrestrial
coordinates (xy z)
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