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Abstract 

In the framework of the European Union project 

entitled ESPaCE (European Satellite Partnership for 

Computing Ephemerides, 2011-2015) we have 

carried out research by collecting unexploited space 

data and ground-based data for providing new 

dynamical orbit models and ephemeris of natural 

satellites and spacecraft orbits. Besides new 

digitization of old astrometric plate data, Radio 

Science, VLBI tracking, Laser Ranging methods are 

applied to these goals. Furthermore shape and gravity 

field data, reference systems are provided for several 

natural satellites. This project intends to put all this 

material online for free access by the scientific 

community. We will describe the data acquisition 

and distribution performed and in particular the set-

up of the ESPaCE-NSDB astrometric database. 

1. Introduction 

The ESPaCE project aims at strengthening the 

collaboration and at developing new knowledge, new 

technology, and products for the scientific 

community in the domains of the development of 

ephemerides and reference systems for natural 

satellites and spacecraft by combining expertise of 

seven main European research centers involved in 

space sciences and dynamics: Royal Observatory of 

Belgium, Technical University of Berlin, Joint 

Institute for VLBI in Europe, Delft University of 

Technology, CNES-Centre National d’Etudes 

Spatiales, DLR-Berlin and IMCCE- Paris 

Observatory. 

1.1 The workpackages and the data 
provided. 

The core of the activity concerns the extraction and 

analysis of astrometric data from spacecraft 

measurements that have not yet been used in the orbit 

dynamic reconstruction, their combination with 

ground-based astrometric data digitized from old 

plates and the development of new dynamical models. 

The project intends also to advance the European 

expertise in ultra-precise tracking of planetary probes 

and other deep space science missions. By these 

means, we intend to provide new ephemerides of 

several natural satellites, a characterization of their 

rotation properties, and to improve spacecraft orbit 

determination methods for space science. This 4 year 

project is organized in work-packages with the goal 

to deliver to the scientific communities and 

communities at large the best scientific products 

adequate to the present day cutting edge space 

science and technology. In this context the setup of 

databases, the performing of data access and the 

distribution methods are important activities. 

Radio Science: Tracking data of probes which flew 

by natural satellites are collected and analyzed thanks 

to a priori ephemerides of the objects. Several 

considerations upon the acting forces, gravitational 

and non-gravitational forces, are made in order to get 

the best results. These forces are estimated and 

precise orbit of the probes can be computed. SPICE 

Kernels are provided. 

Laser ranging. In this WP the near-future potential of 

interplanetary laser ranging is assessed, by means of 

both numerical simulation and analysis of one-way 

laser ranging data to LRO. Simulations of a laser-

equipped Phobos lander show orders of magnitude 

improvement in geodetic parameter estimation 

accuracy for Phobos and Mars, indicating the added 

value of such a system for planetary science missions. 

Comparison of one- and two-way concepts is 

underway. Using only one-way laser ranging data, 

we have estimated orbits of LRO which show a 

difference of only 10 m with operational SPICE 

kernels. 
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VLBI. Applications of VLBI technologies VLBI 

tracking data are analyzed in view of their use for 

various planetary science objectives. A special 

software is developed and applied to planetary 

science spacecraft VLBI observations. VLBI 

campaigns observing radio science signal from 

different spacecraft have been performed and first 

results are analyzed. 

 

Digitizing. This WP is dedicated to the scan of many 

photographic plates of planetary systems of satellites. 

We have identified in particular plates of Martian, 

Jovian and Saturnian satellites to be scanned. This 

work is made possible thanks to the recent setting up 

of a new digitizing machine in ROB. Digitization of 

Mars plates, Saturn plates, of relevant plates, and the 

Identification of new plates have been carried out. 

These data allowed an accurate astrometric analysis.   

Astrometry. The data scanned are analyzed in terms 

of astrometry in order to obtain orbit models. A 

special task is devoted to the astrometry of Phobos 

and Deimos which have been the goal of several 

space missions. The positions of the natural satellites, 

the planet and the reference stars were extracted from 

the digitized plates and corrected for distortion. 

Astrometric data related to the Martian Jovian, 

Saturnian and Uranian satellites have been ingested 

in a new database: ESPaCE-NSDB (Fig. 1). 

Coordinates and reference systems. On the basis of 

space observations, the shape and gravity model of 

the natural satellites can be obtained. This WP is 

devoted to these tasks for the Martian satellites, the 

Moon, and the icy satellites. Coordinate system for 

these objects, reference shape, gravity model and 

reference system for Phobos, the Lunar coordinate 

system, reference shapes and coordinate systems of 

icy satellites are provided. Rotational data of natural 

satellites are provided in SPICE kernels.   

Spacecraft and satellite ephemerides. New 

dynamical models of the natural satellites and 

improved orbit models of spacecraft are obtained by 

using the digitized astrometric data as well as 

spacecraft data. The dynamical models of the 

Martian satellites Phobos and Deimos can be 

improved in particular on the basis of the new 

analysis of the recent MEX data and the past Viking 

data. Other data from the Galileo and Voyager 

missions and from CASSINI permit also to provide 

new ephemerides of the Galilean, the Uranian and the 

Saturnian satellites. SPICE kernels have been 

provided and are being implemented in the IMCCE 

ephemeride server (MIRIAD and MultiSat 

interfaces). 

 

Figure 1: ESPaCE-NSDB, astrometric database of 

natural satellites soon publicly accessible at 

http://nsdb.imcce.fr 

2. The astrometric database 

The astrometric database is the main tool for 

allowing users to access astrometric positions of 

satellites of Mars, Jupiter, Saturn, and Uranus. All 

the astrometric data obtained in ESPaCE will be soon 

accessible through this system. But the goal is also to 

have a sustainable tool for feeding the repository 

through a provider access. The database involves a 

MySQL database with interfaces through an Apache 

web server (Fig.2). Different format of outputs 

(VOTable, html, ascii) are provided. 

 

Figure 2: ESPaCE-NSDB structure 
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