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ABSTRACT. A new procedure has been devised for computing apparent places of stars in 
the intermediate frame (Capitaine 1990) linked to the nonrotating origin (Guinot 1979) for 
estimating the Earth rotation parameters (ERP) from astrometric observations. The latitude 
and time parameters as derived by this procedure have been compared to the parameters as 
derived from the classical procedure used for the reduction of Paris astrolabe observations 
(Chollet 1984). The consistency between the two procedures has been found to be of the 
order of a few 10'4", which is under the order of precision of the computations in the 
classical procedure. The new procedure, which is more directly related to the Earth rotation, 
is proposed to be used for the derivation of the ERP in the Hipparcos frame from existing 
astrometric observations, which is planned for the near future (IAU WG on "Earth Rotation 
in the Hipparcos Reference Frame"). 

1. INTRODUCTION 

The latitude and time parameters are clasically derived from astrolabe observations of one 
group of stars by comparing the computed apparent places of the stars in an intermediate 
frame linked to the Celestial Ephemeris Pole (CEP) and true equinox with their 
corresponding observed places. 

The use of the nonrotating origin (NRO) as proposed by Guinot (1979) instead of the 
equinox, for reckoning the Earth's angle of rotation, associated with the use of the celestial 
coordinates of the Celestial Ephemeris Pole to account for the effects of precession and 
nutation, instead of the classical precession and nutation parameters, provides an 
intermediate frame which is more directly related to the observation of Earth rotation. 

A new procedure has thus been devised for computing the instantaneous latitude and 
time parameters from Paris astrolabe observations referred to such an intermediate frame. 
This procedure is based on the matrix transformation of vector components (denoted by [ ]) 
between the geocentric celestial and terrestrial reference systems (denoted by CRS and 
TRS, respectively) which can be written (Capitaine 1990) as: 

[TRS] = W(t). R(t). NP(t) [CRS], (1) 

W(t) being for the terrestrial displacement of the CEP (i.e. "polar motion"), R(t) for the 
celestial Earth's angle of rotation (i.e. "stellar angle") and NP(t) for the celestial 
displacement of the CEP (i.e. precession/nutation) from the epoch to to the date t. 
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2. PROCEDURE FOR COMPUTING APPARENT POSITIONS OF STARS REFERRED TO THE NRO 

The new procedure, compiled from the classical procedure for computing apparent 
positions of stars for astrolabe reductions (Chollet 1984), uses the following steps: 

- expression, in rectangular coordinates, of the unit vector determined by the standard mean 
place of the star in the FK5 (epoch J2000.0), 

- correction for proper motion and normalization of the resulting vector, 

- rotation (e<,) of the vector from the mean equator of epoch to the ecliptic of epoch, 

- correction for annual parallax and aberration using the position and velocity of the Earth, 
with respect to the solar system barycenter, referred to the ecliptic and mean equinox of 
J2000.0 and normalization of the resulting vector, 

- rotation (-Eo) of the vector from the ecliptic of epoch to the mean equator of epoch, 

- rotation of the vector from the mean equatorial frame of epoch to the celestial intermediate 
frame of date, t, linked to the CEP and the NRO, using the matrix transformation (Capitaine 
1990) (see Figure 1): NP(t) =R3 (s).R3(-E). R2(d). R3(E). (2) 

equator at date t 

Figure 1: The angular parameters for the transformation in the new procedure 

3. PROCEDURE FOR DERIVING LATITUDE AND TIME PARAMETERS REFERRED TO THE NRO 

The new procedure uses the following steps: 

- rotation of the vector from the intermediate celestial frame of date to the local terrestrial 
frame linked to the CEP and to the local meridian, using the rotation matrix R3(8+A.), where 
9 = 60 + k (UT1 - UTl0) is the stellar a-igle (Guinot 1979, Capitaine et al. 1986) and X is the 
longitude of the station, 

- computation of the spherical coordinates of the resulting apparent direction to be compared 
with the observed spherical coordinates of the star, 

- least squares adjustment of latitude and time parameters: 9 and UT1 -UTC for each group of 
stars. 

4. NUMERICAL CHECKS 

Numerical checks of this procedure were performed for the derivation of the latitude and 
time parameters from Paris astrolabe observations spanning several months (see example). 
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(ii) New procedure 
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Table 1: Example of the estimated parameters <p and UTO-UTC using the two procedures 
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These checks show our procedure referred to the NRO to give results consistent to a few 
10"4 arcseconds with the estimations of the same parameters from the classical procedure 
referred to the true equinox and using the Sidereal Time computed with the complete 
equation of the equinoxes (Aoki and Kinoshita 1983). Such a consistency is under the 
order of precision of the computations in the classical procedure. 

The practical advantages of this new procedure for deriving variations of latitude and 
time from astrometric data are that the calculations are simpler and that the derived quantities 
are more directly linked to the kinematic parameters representing Earth Rotation. 

5. CONCLUSION 

The present study shows that the computation of the apparent places of stars referred to the 
nonrotating origin provides latitude and time parameters which are consistent with those 
derived from the classical method with an accuracy of a few 10"4 arcseconds. Such a 
procedure, which is more directly related to the Earth rotation, can be used with advantage 
for the estimation of the Earth Rotation Parameters (ERP) from astrometric observations. It 
is proposed to be used for the computation of the ERP in the Hipparcos frame from existing 
astrometric observations, which is planned for the near future (IAU WG on Earth Rotation 
in the Hipparcos Reference Frame). 
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