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Koordinaatistot Reference Frames

 Tähtitieteelliset koordinaatistot Celestial

 Horisonttikoordinaatisto Horizontal

 Ekvatoriaalinen koordinaatisto Equatorial

 Ajalliset vaihtelut Temporal changes

 Inertiaalikoordinaatiston määritelmä Inertial

 Aika Time

 Maahan sidotut koordinaatistot Terrestrial

 Globaalit / paikalliset Global/local

 Koordinaatistojen väliset muunnokset

 Coordinate transformations

Satelliitin liikettä helpompi 
kuvata koordinaatistossa 
joka ei pyöri Maan mukana 
(= inertiaalikoordinaatisto)

Maan pinnalla asioita 
helpompi kuvata 
koordinaatistossa joka pyörii 
Maan mukana

Motion of a satellite should
be expressed in a refrence
frame which do not rotate
with Earth; objects on the 
Earth should be expressed in 
an Earth-fixed frame
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Tähtitieteelliset Celestial
koordinaatistot

Satelliittien liikkeiden kuvaamiseen tarvitsemme 

koordinaatiston, joka ei ole sidottu Maan 

pyörimisliikkeeseen. Samassa koordinaatistossa voimme 

ilmoittaa myös muiden taivaalla olevien kohteiden paikat. 

Tällaista kutsutaan inertiaalikoordinaatistoksi

Taivaankappaleiden ja satelliittien näkymistä varten 

tarvitsemme havaitsijan paikkaan sidotun paikallisen 

koordinaatiston.
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 = h + a
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 = h + a
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Prekessio
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Toposentrinen paikka
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Refraktio

Kansainvälinen tähtitieteellinen 
koordinaattijärjestelmä ICRS
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ICRS
• Its origin is located at the barycenter of the solar system through 

appropriate modelling of VLBI observations in the framework of 
General Relativity (HUOM. joskus voidaan käyttää myös Maan 
massakeskipistettä). 

• Its pole is in the direction defined by the conventional IAU models for 
precession (Lieske et al., 1977) and nutation (Seidelmann, 1982).

• Its origin of right ascensions was implicitly defined by fixing the 
right ascension of 3C 273B to the Hazard et al. (1971) FK5 value 
transferred at J2000.0. 

•The directions of the ICRS pole and right ascensions origin are 
maintained fixed relative to the quasars within +/- 20 
microarcseconds. The ICRS is realized by VLBI estimates of equatorial 
coordinates of a set of extragalactic compact radio sources, the 
International Celestial Reference Frame (ICRF). 

•The ICRS can be connected to the International Terrestrial 
Reference System (ITRS) by use of the IERS Earth Orientation 
Parameters (EOP).

ICRF

The International Celestial Reference Frame (ICRF) realizes an 
ideal reference system, the International Celestial Reference 
System (ICRS), by precise equatorial coordinates of 
extragalactic radio sources observed in Very Long Baseline 
Interferometry (VLBI) programmes. The Hipparcos catalogue 
which includes all the FK5 stars was astrometically aligned to 
ICRF and provides the primary realization of ICRS at optical 
wavelengths. 

http://www.iers.org/iers/earth/icrs/icrs.html

http://www.iers.org/iers/products/icrf/

http://www.iers.org/iers/earth/techniques/vlbi.html
http://www.iers.org/iers/earth/icrs/axes_icrs.gif
http://www.iers.org/iers/products/icrf/
http://www.iers.org/iers/earth/itrs/
http://www.iers.org/iers/earth/rotation/eop/
http://www.iers.org/iers/earth/icrs/icrs.html
http://www.iers.org/iers/earth/techniques/vlbi.html
http://www.iers.org/iers/earth/icrs/icrs.html
http://www.iers.org/iers/products/icrf/
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ICRF

The ICRS is materialized by precise equatorial coordinates of 
extragalactic radio sources observed in Very Long Baseline 
Interferometry (VLBI) programmes. 

The ICRF contains J2000.0 VLBI coordinates of 608 extragalactic 
radio sources evenly distributed on the sky. The radio positions are 
based upon a general solution for all applicable dual-freqency Mark 
III VLBI data available through the middle of 1995. 

The objects in ICRF are classified in three categories: defining, 
candidate and other sources. 

ICRF
Defining: 212 high-astrometric-quality 
objects, as far as the period of observations 
analyzed to build the frame is concerned. 
They define the ICRF axes. 

Candidate: 294 sources, some have 
insufficient observations or duration of 
observation to be defining, while others 
with many observations may have larger 
than expected differences in position 
between catalog. They are likely to climb 
up to the former category in the future. 

Other: 102 sources with identified excessive 
position variation, either linear or random. 
They are included for the sake of densifying 
the frame or because they have contributed 
to the optical frame ties.

http://hpiers.obspm.fr/webiers/results/icrf/Icrs.html
http://hpiers.obspm.fr/webiers/results/icrf/icrfrsc.html
http://hpiers.obspm.fr/webiers/results/icrf/icrfdef.html
http://hpiers.obspm.fr/webiers/results/icrf/icrfcan.html
http://hpiers.obspm.fr/webiers/results/icrf/icrfoth.html
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The 2nd realization of the International Celestial Reference Frame: ICRF 2

The International Celestial Reference Frame (ICRF1) was the realization of the International
Celestial Reference System (ICRS) at radio frequencies (Ma et al. 1997). It was defined by the
very long baseline interferometry (VLBI) positions of 212 defining compact radio sources.
Since the adoption of ICRF1 by the IAU in 1997, the work of maintaining the ICRS was given
to the IERS, with the International VLBI Service for Geodesy and Astrometry (IVS) having
operational responsibility for the VLBI realization. Significant developments and improvements
in geodetic/astrometric VLBI sensitivity and quality have been made since the generation of
ICRF1. An IERS/IVS Working Group (with members in the USA, France, Germany, Italy,
Russia, Ukraine, Australia, and China) was established specifically for the second realization of
the ICRF. A complete description of the ICRF2, as well as the procedures used for its
elaboration, are given in the IERS Technical Note 35 (2009).

The ICRF2, submitted for adoption by IAU at the XXVII General Assembly (august 2009),
contains precise positions of 3414 compact radio astronomical sources, more than five times
the number as in ICRF1. Further, the ICRF2 is found to have a noise floor of only 40 micro-
arc-seconds (μas) and an axis stability of 10 μas. Alignment of ICRF2 with the ICRS was
made using 138 stable sources common to both ICRF2 and ICRF-Ext2. Future maintenance of
ICRF2 will be made using a set of 295 new defining sources selected on the basis of
positional stability and the lack of extensive intrinsic source structure. The stability of these
295 defining sources, and their more uniform sky distribution eliminates the two largest
weaknesses of ICRF1.

= NOT YET IN USE

Celestial ephemeris origin
The CEO is the point on the true equator used to measure 
the rotation of the Earth and the origin of intermediate 
right ascension. The CEO replaces the true equinox.

The CEO was located on the true (CIP) equator of J2000.0 at a 
point 2.012 mas from the ICRS prime meridian (consistent the 
conventional definition of the Earth Rotation Angle), at right 
ascension 00h 00m 00s.00013416 in the ICRS.

As the true equator moves in space, the path of the CEO in space 
is such that the point has no instantaneous east-west velocity 
along the true equator. In contrast, the equinox has instantaneous 
velocity along the equator. After 1 century, the CEO is still within 
70 mas of the ICRS prime meridian, whereas the equinox has 
moved nearly 1.4 degrees.

http://hpiers.obspm.fr/icrs-pc/icrf2/tn_icrf2_140709.pdf
http://hpiers.obspm.fr/icrs-pc/icrf2/tn_icrf2_140709.pdf
http://hpiers.obspm.fr/icrs-pc/icrf2/tn_icrf2_140709.pdf
http://hpiers.obspm.fr/icrs-pc/icrf2/tn_icrf2_140709.pdf
http://hpiers.obspm.fr/icrs-pc/icrf2/tn_icrf2_140709.pdf
http://hpiers.obspm.fr/icrs-pc/icrf2/tn_icrf2_140709.pdf
http://hpiers.obspm.fr/icrs-pc/icrf2/tn_icrf2_140709.pdf


2/1/2010

12

Earth Orientation Parameters (EOP) 
The IERS Earth Orientation Parameters (EOP) describe the 
irregularities of the earth's rotation. Technically, they are the 
parameters which provide the rotation of the ITRS to the ICRS as a 
function of time.

Universal time. Universal time (UT1) is the time of the earth clock, which 
performs one revolution in about 24h. It is practically proportional to the 
sidereal time. The excess revolution time is called length of day (LOD).

Coordinates of the pole. x and y are the coordinates of the Celestial 
Ephemeris Pole (CEP) relative to the IRP, the IERS Reference Pole. The CEP 
differs from the instantaneous rotation axis by quasi-diurnal terms with 
amplitudes under 0.01" (see Seidelmann, 1982). The x-axis is in the direction 
of IRM, the IERS Reference Meridian; the y-axis is in the direction 90 degrees 
West longitude.

Celestial pole offsets. Celestial pole offsets are described in the IAU 
Precession and Nutation models. The observed differences with respect to the 
conventional celestial pole position defined by the models are monitored and 
reported by the IERS.

http://www.iers.org/iers/products/icrs/

http://www.iers.org/iers/earth/itrs/
http://www.iers.org/iers/earth/icrs/
http://www.iers.org/iers/earth/rotation/ut1lod/
http://www.iers.org/iers/earth/rotation/polmot/
http://www.iers.org/iers/earth/rotation/precnut/
http://www.iers.org/iers/products/icrs/

