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The Reference System 
 
A reference system is the complete 
conceptual definition of how a 
coordinate system is formed. It 
defines the origin and the orientation 
of fundamental planes or axes of the 
system. It also includes the underlying 
fundamental mathematical and 
physical models. 
 
The Conventional Reference 
System 
 
A conventional reference system is a 
reference system where all models, 
numerical constants and algorithms 
are explicitly specified. 
 
A Geodetic Reference System 
 
In general, a Geodetic Reference 
System includes the following: 

1. Location of an origin 
2. Orientation of axes 
3. Definition of scale 

 
It also requires in practice, the 
definition of physical constants and 
physical models 
 
The Reference Frame 
 
A reference frame means the practical 
realization of a reference system 

through observations. It consists of a 
set of identifiable fiducial points on the 
sky (e.g. stars, quasars) or on Earth’s 
surface (e.g. fundamental stations). It 
is described by a catalogue of precise 
positions and motions (if measurable) 
at a specific epoch. 
 
Two fundamental systems used in 
Satellite Geodesy 
 
1. A space-fixed, conventional inertial 
reference system (CIS) for the 
description of satellite motion 
 
2. An Earth-fixed, conventional 
terrestrial reference system (CTS) for 
the positions of the observation 
stations and for the description of 
results from satellite geodesy. 
 
Celestial Reference Systems (CRS) 
 
CIS are also called Celestial Reference 
Systems because they are related to 
extraterrestrial objects like stars, 
planets, the moons and quasars. 
 
A CRS could either be a Kinematic 
CRS or a Dynamic CRS. A Kinematic 
CRS is defined by stars or quasars 
with well-known positions. A dynamic 
CRS is based on the motion of 
planets, the Moon or artificial 
satellites. 
 
It is also termed as Quasi-inertial 
system because Earth’s center of 
mass undergoes small acceleration 
caused by the annual motion around 
the Sun.  
 
Also, the irregularities in the Earth’s 
motion would cause the reference 
frame not to be truly inertial. The 
solution to this problem is to define 
the orientation of the axes at a 
particular instant in time, or epoch. 



The Conventional CRS 
 
The establishment of conventional 
celestial reference systems is under 
the responsibility of the International 
Astronomical Union (IAU).  
 
From January 1, 1988, until December 
31, 1997, the conventional celestial 
reference system was based on the 
orientation of the equator and the 
equinox for the standard epoch 
J2000.0 determined from observations 
of planetary motions in agreement 
with the IAU (1976) system of 
astronomical constants as well as 
related algorithms (cf. Seidelmann 
(ed.) (1992)). The corresponding 
reference frame was the Fifth 
Fundamental Catalogue (FK5) (Fricke 
et al., 1988). 
 
The International Celestial 
Reference System (ICRS) 
 
In 1991 the IAU decided to establish a 
new celestial reference system based 
on a kinematic rather than on a 
dynamic definition (McCarthy, 2000). 
The system is called the International 
Celestial Reference System (ICRS) 
and officially replaced the FK5 
fundamental system on January 1, 
1998.  
 
The axes of the ICRS are no longer 
fixed to the orientation of the equator 
and the vernal equinox, but with 
respect to distant matter in the 
universe. The system is realized by a 
celestial reference frame, defined by 
the precise coordinates of 
extragalactic objects (mainly quasars) 
with no measurable transverse 
motion.  
 
The origin of the ICRS is either the 
barycenter of the solar system, or the 

geocenter. Because of this, the ICRS 
consists of the Barycentric Celestial 
Reference System (BCRS) and the 
Geocentric Celestial Reference 
System (GCRS). 
 
Conventional Terrestrial Systems 
(CTS) and Frames 
 
A Conventional Terrestrial System 
(CTS) aims to be a suitable Earth-fixed 
reference system that is connected in 
a well-defined way to the Earth's 
crust. This is achieved through a set of 
Cartesian coordinates of fundamental 
stations or markers within a global 
network. 
 
The origin of the ideal CTS should be 
fixed to the geocenter and the z-axis 
should coincide with the rotational 
axis of the Earth. 
 
The Orientation of Axes 
 
Since 1962, the International Polar 
Motion Service (IPMS) maintains the 
classical convention for the orientation 
of axes based on astronomical 
observations. The International 
Latitude Service (ILS) had the said 
function from 1895 to 1962. 
 
The mean orientation of the polar axis 
over the period of 1900-1905 
established the Conventional 
Terrestrial Pole (CTP) also named as 
the Conventional International Origin 
(CIO). 
 
The Zero Longitude on the equator is 
called the Greenwich Mean 
Observatory (GMO).  GMO is defined 
through the nominal longitudes of all 
observatories which contributed to the 
former international time service BIH 
(Bureau International de l’Heure). 
 



IERS, the ITRS and the ITRF 
 
In 1988 the responsibility for 
establishing and maintaining both the 
conventional celestial and terrestrial 
reference systems and frames, was 
shifted to the International Earth 
Rotation Service (IERS). The results 
are based on modern space 
techniques like the Satellite Laser 
Ranging, Very Long Baseline 
Interferometry, GPS and Doppler. 
 
The CTS established and maintained 
by the IERS and used today is the 
International Terrestrial Reference 
System (ITRS).  
 
The ITRS is defined as follows 
(Boucher et al., 1990; McCarthy, 
2000): 
 
− it is geocentric, the center of mass 
being defined for the whole Earth, 
including oceans and atmosphere, 
− the length unit is the SI meter; the 
scale is in context with the relativistic 
theory of gravitation, 
− the orientation of axes is given by 
the initial BIH orientation at epoch 
1984.0, and 
− the time evolution of the orientation 
will create no residual global rotation 
with regard to Earth’s crust (no-net-
rotation condition). 
 
These specifications correspond with 
the IUGG resolution no. 2 adopted at 
the 20th IUGG General Assembly of 
Vienna in 1991. The orientation of 
axes is also called IERS Reference 
Pole (IRP) and IERS Reference 
Meridian (IRM). 
 
The realization of the ITRS, the 
International Terrestrial Reference 
Frame (ITRF) is formed through 
Cartesian coordinates and linear 

velocities of a global set of sites 
equipped with various space geodetic 
observing systems.  
 
If geographical coordinates (ellipsoidal 
latitude, longitude, and height) are 
required instead of Cartesian 
coordinates (X, Y, Z), use of the 
GRS80 ellipsoid is recommended. 
 
The Earth's crust undergoes various 
deformations. Thus, the establishment 
of a terrestrial reference frame is not 
an easy task. The main influences to 
these deformations are the following: 
 
1. Global Plate Tectonics 
2. Solid Earth Tides 
3. Ocean and atmospheric loading 
effect 
4. Polar Tides 
5. Regional and local effects 
 
The largest effect comes from global 
plate tectonics. 
 
Relationship between CIS/CRS and 
CTS 
 
The transition from the space-fixed 
equatorial system (CIS) to the 
conventional terrestrial system (CTS) 
is realized through a sequence of 
rotations that account for 
 
− precession 
− nutation 
− Earth rotation including polar motion 
 
Precession and Nutation 
 
Earth’s axis of rotation and its 
equatorial plane are not fixed in space, 
but rotate with respect to an inertial 
system. This results from the 
gravitational attraction of the Moon 
and the Sun on the equatorial bulge of 
Earth. The total motion is composed 



of a mean secular component 
(precession) and a periodic 
component (nutation) 
 
Earth Rotation and Polar Motion 
 
For the transition from an 
instantaneous space-fixed equatorial 
system to a conventional terrestrial 
reference system we need three 
further parameters. They are called 
Earth Rotation Parameters (ERP) or 
Earth Orientation Parameters (EOP), 
namely 
 
GAST- the Greenwich apparent 
sidereal time  
xp , yp - the pole coordinates. 
 
 
Acronyms used 
 
NAVSTAR GPS - NAVigation System with 
Time And Ranging Global Positioning 
System) 
MCS - Master Control Station 
MS - Monitor Station 
GA - Ground Antennas 
OCS - Operational Control Segment 
GNSS - Global Navigation Satellite 
System 
CIS - Conventional Inertial Reference 
System 
CTS - Conventional Terrestrial Reference 
System 
CRS - Celestial Reference System 
IAU - International Astronomical Union 
ICRS - International Celestial Reference 
System 
BCRS - Barycentric Celestial Reference 
System 
GCRS - Geocentric Celestial Reference 
System 
IPMS - International Polar Motion Service  
ILS - International Latitude Service 
CTP - Conventional Terrestrial Pole 
CTO - Conventional Terrestrial Origin 
GMO - Greenwich Mean Observatory 
BIH - Bureau International de l’Heure 
IERS - International Earth Rotation 
Service  

ITRF- International Terrestrial Reference 
Frame 
IRP - IERS Reference Pole  
IRM - IERS Reference Meridian 
ERP - Earth Rotation Parameters  
EOP - Earth Orientation Parameters  
SA - Selective Availability 
PRN - Pseudo-random noise 
GAST – Greenwich Apparent Sidereal 
Time 
 
 
Reference: 
 

• Seeber, Gunter. Satellite Geodesy. 
Berlin. 2003 

• GE522 Lectures from Engr. JP 
Ablao 

 


