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Intellectual Property Rights

IPRs essential or potentially essential to the present document may have been declared to ETSI. The information
pertaining to these essential IPRs, if any, is publicly available for ETSI member s and non-member s, and can be found
in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to ETS in
respect of ETS standards', which is available from the ETS| Secretariat. Latest updates are available on the ETSI Web
server (http://webapp.etsi.org/| PR/home.asp).

Pursuant to the ETSI IPR Palicy, no investigation, including I PR searches, has been carried out by ETSI. No guarantee
can be given as to the existence of other IPRs not referenced in ETSI SR 000 314 (or the updates on the ETSI Web
server) which are, or may be, or may become, essential to the present document.

Foreword

This Technical Report (TR) has been produced by ETSI Technical Committee Satellite Earth Stations and Systems
(SES).

The present document isintended to be used as a guideline to assist with the measurement methods of the compliance
with the off-axis EIRP density limits for the protection of the GSO arc specified within the Harmonized standards
applicable to satellite earth stations. The present document is intended to be cited in the harmonized standards as a non
normative document, with its reference listed in the Bibliography annex.

Introduction

Most of the harmonized European standards (ENs) applicable to satellite Earth Stations (ESs), prepared in ETSI by the
TC SES, contain off-axis e.i.r.p density limits for the protection of other satellites on the Geostationary Satellite Orbit
(GSO) and initsvicinity: within £3° north/south. These limits are based on the relevant I TU-R Recommendations and
Regulations such as ITU-R Recommendations S.728-1 [1], S.580-6 [2], S.465-5[3], S.524-8 [4], ITU-R

Resolution 902 [5]. For non-symmetrical antenna patterns around their main beam axis, the requirement for the
protection of the GSO arc may be limited to the off-axis directions towards the visible part of GSO arc. For verification
of the conformance with the applicable EN of earth stations fitted with antennas with non-symmetrical patterns, it is
necessary to provide guidelines for determining the parts of satellite earth station antenna radiation patterns concerned
by the geostationary satellite orbit protection.

The purpose of the present document is to provide a method for the determination of the range of off-axis directions
which could be oriented towards the visible part of GSO according to the following operational parameters:

1) therange of operational latitudes of the ES;

2)  the minimum antenna main beam axis elevation,;

3) thetype of antenna mount used (e.g. azimuth-elevation, equatoria);
4) theaignment accuracy of the antenna mount axes,

5)  the minimum offset angle, relative to the satellite position, on the GSO from which protection of the GSO arc
isrequired.

ETSI
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Within the present document:

The GSO arcsis presented in various coordinate systems, e.g. geocentric for an observer far from the Earth,
tropocentric for an observer located at the earth station, in a Cartesian coordinate system defined on the
antenna for an observer located at the antenna flange, in a polar coordinate system defined on the antenna
which will be use to determine the plane contai ning the antenna main beam axis, concerned by the GSO
protection.

The contours of the mapping on the antenna radiation patterns where the shadow of the GSO arcs may occur,
for various type of antenna mount.

The coordinate system used within the present document (see figure 6) may be different from other antenna
coordinate systems. In particular, the present document uses the x-axis as the antenna main beam axis instead
of the z-axis.

The effect of the alignment error of the antenna mount axes on the contours of theses mappings.
The mathematical analysis used for the determination of the GSO shadow and the contours of the mappings.
The description of a mathematical method for the determination of the contours.

A presentation of the Excel tool implementing the mathematical method and provided with the present
document.

The Excel Tool provided with the present document has been devel oped on the base of the present document and may
be used to obtain indicative results, but in any case neither ETSI, nor the ETS| technical committee members who
prepared and approved the present document and the tool are responsible of the errors which may remains nor for the
direct or indirect consequences of those errors.

ETSI



7 ETSI TR 102 375 V1.1.1 (2005-02)

1 Scope

The present document provides a method for the determination of the range of off-axis directions which could be
oriented towards the visible part of GSO according to the following operational parameters:

1) therange of operational latitudes of the ES;

2)  the minimum antenna main beam axis elevation,;

3) thetype of antenna mount used (e.g. azimuth-elevation, equatorial);
4)  thealignment accuracy of the antenna mount axes,

5) the minimum East-West offset angle, relative to the satellite position, on the GSO from which protection of the
GSO arcisrequired; and

6) inthe case of an antenna designed for operation with a specific list of satellites, the minimum distance of the
antenna to the sub-satellite points at the surface of the Earth.

These operational parameters are either:
. specified within the standard (e.g. the minimum antenna main beam axis elevation is equal to 7°); or
. declared by the applicant; or

. indicated within the user documentation.

2 References

For the purposes of this Technical Report (TR), the following references apply:

[1] ITU-R Recommendation S.728-1: "Maximum permissible level of off-axis e.i.r.p density from
very small aperture terminals (VSATS)".

[2] ITU-R Recommendation S.580-6: " Radiation diagrams for use as design objectives for antennas of
earth stations operating with geostationary satellites”.

[3] ITU-R Recommendation S.465-5: "Reference earth-station radiation pattern for usein
coordination and interference assessment in the frequency range from 2 to about 30 GHz".

[4] ITU-R Recommendation S.524-8: "Maximum permissible levels of off-axis e.i.r.p density from
earth stations in geostationary-satel lite orbit networks operating in the fixed-satel lite service
transmitting in the 6 GHz, 13 GHz, 14 GHz and 30 GHz frequency bands".

[5] ITU-R Resolution 902 (WRC-03): "Provisions relating to earth stations located on board vessels
which operate in fixed-satellite service networks in the uplink bands 5 925-6 425 MHz and
14-14,5 GHz".

ETSI
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3 Definitions, symbols and abbreviations

3.1 Definitions

For the purposes of the present document, the following terms and definitions apply:

antenna azimuth axis (Az-axis): direction towards the left hand side and parallel to the horizontal plane when the
antennais oriented towards the South

antenna elevation axis (El-axis): direction parald to the local vertical when the antenna is oriented towards the South
with its main beam axis horizontal

antenna main beam axis: direction where the antenna gain is maximum

applicant: manufacturer or his authorized representative within the European Community or the person responsible for
placing the apparatus on the market

azimuth: angle of the projection of the considered direction on the local horizontal plane with the local North direction
elevation: angle of the considered direction with the local horizontal plane

GSO vicinity: band within 3° of the GSO on the sphere of radius p = 42 164 km around the Earth

3.2 Symbols

For the purposes of the present document, the following symbols apply:

rad radian
ol the antenna azimuth axis inclination variation or equivaent value

3.3 Abbreviations

For the purposes of the present document, the following abbreviations apply:

Az-El Azimuth-Elevation

ei.rp Equivalent Isotropicaly Radiated Power

EN European standard (Norm)

ES Earth Station

ESV Earth Station on board a Vessel

FSS Fixed Satellite Service

GPS Global Positioning System

GSO Geostationary Satellite Orbit

ITU International Telecommunication Union

ITU-R ITU - Radio sector

SES Satellite Earth station and Systems

TC Technical Committee

VSAT Very Small Aperture Terminal

WRC World Radiocommunication Conference
3.4 Mathematical formulas

For the purposes of the present document, the following mathematical formulas will be used:
. allb means"a" equal "b" by definition
. a=b means"a" equal "b" by aprocess of deduction, e.g.: X[ =3 = x> =9

+ a:=b means"a' takesthevalueof "b", eg.. X=X+2 =  thevdued xisinoaratedby?2

ETSI
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for any three vectors gl, bandc:

(aooy-(522)  ((aos)8) - [B[" (a0 )
(a5} a(8S) 12 L r(aE)6e(acpE] ®
(a0) &= <.(a0 ) I
0 for x<0 o _
Y(X) :{1 for x20' the Heaviside function, 2

-1 for x<0
Sign(x) =<0 for x =0, the"sign of " function, 3
+1 for x>0

©)

ArcTan2(x, Y):{:¢ rad ifa=0 for :{x:a.sin(qﬁ)

=¢+m rad ifa<0 y =a.cos(g)

4

GSO arc protection requirement

Several 1TU-R Recommendations and Resolutions specify off-axis EIRP density limits for the protection of the
satellites within 3° of the GSO arc asit could be seen within the following examples:

and:

The ITU-R Recommendation S.728-1 [1] applicable to Ku band Very Small Aperture Terminals (VSATYS)
recommends "that VSAT earth stations operating with geostationary satellitesin the 14 GHz frequency band
used by the FSS be designed in such a manner that at any angle ¢ specified below, off the main-lobe axis of an
earth-station antenna, the maximum EIRP in any direction within 3° of the GSO should not exceed" the
specified values and for ¢ = 2°.

The ITU-R Recommendation S.580-6 [2] recommends design objectives for antenna radiation diagrams of
earth stations operating with geostationary satellites which should be met for any off-axis direction which is
within 3° of the GSO and for which: ¢ i, < ¢ < 20° where ¢,.,i, isafunction of the antenna diameter and the

wave length and for an greater off-axis angles, ¢, that the ITU-R Recommendation S.465-5 [3] should be used.

ITU-R Recommendation S.524-8 [4] (Maximum permissible levels of off-axis EIRP density from earth
stations in geostationary-satellite orbit networks operating in the fixed-satellite service transmitting in the

6 GHz, 14 GHz and 30 GHz frequency bands) recommends "that GSO networks in the FSS operating in the

6 GHz frequency band be designed in such a manner that at any angle, ¢, whichis 2,5° or more off the main
lobe axis of an earth station antenna, the EIRP density in any direction within 3° of the GSO should not
exceed" the specified limit. In Ka band the minimum value of ¢ is2°. Additionally for Ku and Ka bands, "for
any direction in the region outside 3° of the GSO, the specified limits may be exceeded by no more than 3 dB".

The ITU-R Resolution 902 (WRC-03) [5] applicable to Earth Stations located on board Vessels (ESVS)
reguiresthat: "at any angle ¢, etc., off the main-lobe axis of an earth-station antenna, the maximum EIRP in
any direction within 3° of the GSO shall not exceed" the specified limits for ¢ = 2,5° in C band and for ¢ = 2°
in Ku band.

The ITU-R Recommendation S.580-6 [2] in Note recommends 3 that: "When elliptical beam antennas are used
the side-lobe radiation in the direction of the GSO can be reduced if the minor axis of the beam (major axis of
the antenna) is oriented so that it is parallel to the GSO". Further study is required on the application of this
Recommendation in the case of the minor axis of the antenna which would correspond withaD / A < 50.

ETSI
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The present document is intended to show how to compute which parts of the antenna radiation pattern are affected by
any of these requirements - antenna radiation patterns or the e.i.r.p. density - in order to provide protection of the
satellites within the vicinity of the GSO.

5 Aspects of the GSO arc

5.1 Aspect of the GSO arc from the space

From the space the GSO isacircle of radius p = 42 164 km around the Earth and the GSO vicinity is the band within 3°
of the GSO on the sphere of radius p around the Earth.

aNorth pole

30 Earth

GSO GSO vicinity

Figure 1: Aspect of the GSO arc from the space

5.2 Aspect of the GSO arc from an Earth Station (ES)

Only one portion of the GSO arc above the horizon is visible from an earth station. The GSO arc and the limits of the
GSO vicinity look like ellipses.

GSO
GSO vicinity \
"\ D
Horizon '
4 | A South
<
Horizontal
plane < ; |
EaSt B I, EI \\\\ |I
\\\ ;Z\ I,/
\_ ¥ North

Figure 2. Aspect of the GSO arc from an earth station
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Locally at the surface of the Earth any direction D may be defined by:
. the elevation angle (El) of the direction with the horizontal plane; and
. the azimuth angle (Az) of the projection of that direction on the horizontal plane with the local North direction.

On figure 3, the GSO arc and its vicinity are represented as a function of the elevation (El) and azimuth (Az) for
different values of the earth station latitude (Lt).

90° (El
80°
70°
60°
50°
40°
30°
20°
10°
0° AN e
10° Az -180°

-105 -90° -75° -60° -45° -30° -15° 0° 15° 30° 45° 60° 75° 90° 105°

o

Lt=5°/N

Lt=45°/N

Lt=75°/N

LIS LA At R ) E B N M N B N

NENSEE [ SR ETEANEEEEN [ [ I AR i 1

Figure 3: Azimuth (Az) and elevation (El) of the GSO arc and its vicinity
for different values of the earth station latitude (Lt)

5.3 Aspect of the GSO arc from an ES antenna

An ES antenna may be represented by its reflector or the -3 dB contour of its 3-dimension (3-D) antenna radiation
pattern.

V<_______________

__________ Antenna Az axis _________! -3dB contour __.
Front view Lateral view
N AN J
Y Y
Antenna reflector Antenna diagram

Figure 4. Antenna reflector and 3-D antenna radiation pattern
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Three axes, as represented on figures 4 and 5, are defined on an antenna:
. the antenna main beam axis: the direction where the antenna gain is maximum;

. the antenna azimuth axis (Az-axis): the direction towards the left hand side and parallel to the horizontal plane
when the antennaiis oriented toward the South;

. the antenna elevation axis (El axis): the direction parallel to the local vertical when the antenna s oriented
toward the South with its main beam axis horizontal.

The directions of these 3 axis are dependent on the antenna orientation as shown on figure 5.

Antenna El axis - .- ___________

. _ i GSO vicinity
Antenna Main beam axis ---....__. !
: : v
Antenna Az axis - --- Y, >/
GSO
Horizon A '
| South

4 '~ \
/ N \
_East 7 BT \

¥ North
Figure 5. Antenna axes and GSO arc

Any direction D from the antenna may be defined by a couple (¢ »,, ¢g) Of angles, represented on figure 6, and where:

. the angle ¢ 5, isthe angle of the projection of the considered direction on the plane orthogonal to the antenna
elevation axis (El axis) with the antenna main beam axis (Az-axis); and

. the angle ¢, isthe angle of the considered direction with the plane orthogonal to the antenna elevation axis
(El axis).

When the satellite is within the meridian plane of the antenna, then for any direction in the vicinity of the satellite:

. the angle ¢ 5, is approximately equal to the azimuth angle of the considered direction minus 180°; and

. the angle ¢ is approximately equal to the elevation angle of the considered direction minus the elevation of
the satellite direction.

ETSI
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Antenna El axis -

Antenna

GSO
\a

Figure 6: Antenna axes and angles ¢, and ¢g, of a direction D
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Antenna Az axis

NS

—

The coordinate system used within the present document (see figure 6) may be different from other

antenna coordinate systems. In particular, the present document uses the x-axis as the antenna main beam
axisinstead of the z-axis.

Onfigure 7, the GSO arc and its vicinity are represented as a function of the angles ¢, and ¢ for an earth station at

0°/E and 45°/N and for different values of the satellite longitude (Lg_S).

50°

40°

30°

20°

10°

Oo

-10°

-20°

-30°

Phi_El

Lg S =+ 67°/E

'
N

Lg S =- 67°E

“““““““““V—

Lg_S = -30°/E

e

Lg_S = 0°/E

Phi_Az

-180° -150° -120° -90° -60° -30°

0° 30°

90° 120° 150° 180°

Figure 7: GSO arc and its vicinity for an earth station at 0°/E and 45°/N
and pointed towards different satellites at longitude Lg_S

Any direction D from the antenna may also be defined by a couple (a, ¢) of angles, represented on figure 8, where:

. the angle a isthe angle of the projection of the considered direction on the plane orthogonal to the antenna

main beam direction with the antenna azimuth axis (Az-axis); and

. the angle ¢ isthe off-axis angle of the considered direction with the antenna main beam direction.
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—___Main beam axis

____-3dB contour

G---fn Antenna Az axis

___________________ Antenna El axis

_lx

Figure 8: Off-axis angles (¢), and a angle of a direction D

The antenna radiation pattern is usually measured within 2 or more planes containing the main bean axis.
. within the plane a = 0, containing the antenna Az-axis;
. within the plane a = 90°, containing the antenna El axis; and
. when necessary, e.g. with non symmetrical antennas, within intermediate planes (e.g. for a = - 45° and

o = +45°).

A Gain(a, ¢)

[

Figure 9: Antenna radiation pattern measured in a given plan (a = constant)

o

The GSO arc and itsvicinity will be represented within the (a, ¢) domain in order to determine which parts of the
antenna radiation patterns have to meet the requirements for the protection of the GSO arc.

ETSI
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15
‘Main beam axis _ A Plane o = constant
<’””J’ -
d Az-axis .
o 0=900
) f;\\\
~¢ =180°

Figure 10: (a, ¢) domain for the representation of planes within the antenna radiation pattern

For an antenna which always hasits azimuth axis parallel to the horizontal plane, the GSO arc and its vicinity may
cover alarge range within the off-axis angle domain (¢, o).

5.3.1 Types of antenna mounts

Three types of antenna mounts are considered:
the azimuth-el evation antenna mounts without possibility of alignment of the antenna Az-axis with the GSO

tangent;
the azimuth-el evation antenna mounts with alignment of the antenna Az-axis with the GSO tangent, with two

sub-cases:

- the theoretical case;

the case where the polarizer is not rotating but fixed, the two polarization planes rotate with the antenna
and one of these two planesis aligned with the electric field received from the satellite;

. the equatorial antenna mounts.
More precisely, what is called "aignment of the antenna Az-axis with the GSO tangent” consistsin:

putting into coincidence the plane defined by the antenna main beam axis and the antenna Az-axis with the
plane defined by the antenna main beam axis and the GSO tangent; or

putting orthogonal the El-axis with the GSO tangent as shown on figure 11.

For an observer located behind the antenna and looking at the satellite in the direction of the antenna main beam axis,
the GSO tangent and the antenna Az-axis appear aligned, even though there are not parallel.
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Figure 11: Alignment of the antenna Az-axis with the GSO tangent

Azimuth-elevation antenna mount without GSO tangent alignment

5.3.2
An azimuth-elevation antenna mount without GSO tangent alignment capability consistsin two axes:

the antenna mount azimuth axis which is vertical;

. the antenna mount elevation axis which is horizontal.
In the case of an azimuth-elevation antenna mount without GSO tangent alignment, the antenna orientation relative to

the antenna mount elevation axisis constant for any direction of the antenna main beam axis.

»
/,Antenna

Vertical

_-Antenna Az-axis

- Antenna El-axis

-
_--

Horizontal plane
1

Figure 12: Azimuth-elevation antenna mount with no GSO tangent alignment

The antenna Az-axis is always parallel to the horizontal plane at the earth station. Figure 13 represents the visible part
of GSO arc and its vicinity, the -3 dB contour of the antenna main beam and the relative position of the antenna azimuth

and elevation axes for various satellite positions on the GSO arc.

ETSI



-3 dB contour

Horizon

17

ETSI TR 102 375 V1.1.1 (2005-02)

Figure 13: GSO arc and -3 dB contour of the antenna main beam

for various satellite positions

Figure 14 represents the GSO arc and its vicinity within the antenna (a, ¢) domain for various ES latitudes and satellite

positions on the GSO arc.

Case ES latitude Lg_SO
(1) 5,000°/N 74,313°/E
(2) 30,000°/N 71,880°/E
(3) 70,000°/N 38,046°/E
(@) 30,000°/N -71,880°/E
(5) 1,000°/N 0,744°/E

Case (5) corresponds to the case of an ESin the vicinity (e.g. at 138 km) of the sub-satellite point on the Earth.
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/// /(17)\\) // ’/_ ~ 150°
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Figure 14: GSO arc and its vicinity within the (a, ¢) domain
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For agiven range of ES latitudes, a given minimum elevation angle of the pointed satellite, a given minimum elevation
of the satellites to be protected, the envel ope of projections or shadows of the GSO arc and its vicinity on the (a, ¢)
domain for all the possible positions of the pointed satellite, can be determined. It will be called the (a, ¢) domain of the
shadow of the GSO arc and its vicinity on the antenna radiation pattern. It is represented on figure 15 for:

. aminimum elevation angle of the pointed satellite of 7°;
. aminimum elevation angle of the satellites to be protected of 0°;
. ES latitudes from -74°/N to 74°/N.

The part of contour which is approximately acircle of radius equal to 90°, corresponds to an ES located clause to the
sub-satellite point on the Earth.
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Figure 15: Limit within the (a, ¢) domain of the shadow of the GSO arc
and its vicinity for latitudes from -74°/N to 74°/N
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Due to the complexity of the contour, the contour has been computed for three adjacent satellite latitudes (-3°, 0° and
+3°), and for different cases:

the cases where the ES latitude varies from the minimum latitude to the maximum latitude, the ES antennais
successively pointed towards the western and eastern satellites at the minimum elevation, and the satellites to
be protected are successively the eastern and western satellites at the minimum elevation;

the cases where the ES latitude is maximum, the ES antenna is successively pointed towards the western and
eastern satellites at the minimum elevation, and the longitude of the satellite to be protected varies from the
eastern to the western satellite longitudes at the minimum elevation. If the absol ute value of the ES maximum
latitude is lower than 1° then computations are made with 1° instead of the ES maximum latitude;

the cases where the ES latitude is minimum, the ES antenna is successively pointed towards the western and
eastern satellites at the minimum elevation , and the longitude of the satellite to be protected varies from the
eastern to the western satellite longitudes at the minimum elevation. If the absolute val ue of the ES minimum
latitude is lower than 1° then computations are made with 1° instead of the ES minimum latitude;

the cases where the ES latitude is minimum, the longitude of the satellite pointed by the ES antenna varies
from the eastern to the western satellite longitudes at the minimum elevation, and the longitude of the satellite
to be protected is successively the eastern to the western satellite longitudes at the minimum elevation. If the
absolute value of the ES minimum latitude is lower than 1° then computations are made with 1° instead of the
ES minimum latitude.

This method of computation the contour has also been used for the other type of antenna mount.

In the following clause it will be shown that for an antenna which has aways its azimuth axis aligned with the tangent
to the GSO arc, the GSO arc and its vicinity covers a smaller range within the off-axis angle domain (¢, a).

For an antenna designed for alimited range of latitudes, the GSO arc and its vicinity covers asmaller range within the
off-axis angle domain (¢, o), as shown on figure 16 for:

aminimum elevation angle of the pointed satellite of 7°;

aminimum elevation angle of the satellites to be protected of 0°;

ES latitudes from 35°/N to 65°/N.
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Figure 16: Limit within the (a, ¢) domain of the projection of the GSO arc
and its vicinity for latitudes from 35°/N to 65°/N

With an alignment error or offset of the antenna Az-axis the contour is rotated as shown on figure 17 for:
. aminimum elevation angle of the pointed satellite of 7°;
. aminimum elevation angle of the satellites to be protected of 0°;
. ES latitudes from 0°/N to 74°/N;
. an offset of the antenna Az-axis of +5°;
and on figure 18 for:
. aminimum elevation angle of the pointed satellite of 7°;
. aminimum elevation angle of the satellites to be protected of 0°;
. ES latitudes from -74°/N to 74°/N;

. an offset of the antenna Az-axis of +5°.
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Figure 17: Limit within the (a, ¢) domain of the shadow of the GSO arc
and its vicinity for latitudes from -74°/N to 74°/N and with an alignment offset of +5°
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Figure 18: Limit within the (a, ¢) domain of the shadow of the GSO arc
and its vicinity for latitudes from 35°/N to 65°/N and with an alignment error of 5°

It is obvious that a permanent offset i of the Az-axis result in arotation of I the contour. This s verified on figures 17
and 18.

For antennas which could be used up-side down, the contour has to be computed for offset i = 0° and for i = 180°.

It will be demonstrated that:

. For a antenna with an azimuth-elevation mount without GSO tangent alignment, designed for a maximum

elevation El and for a maximum vertical axis offset émax then the maximum value d1, ., of the

S, max

additional offset i of the antenna azimuth axis U Az » dueto misalignment, is given by the following

equations:
T - s’n( émax )

- for 05 [Blg | S5~ |G| Ol = ArcSin| ——c (4a)
2 cos(‘EIs,maxD

- for 7—2-[— émax S‘Els,max‘ Sg: Ol :7—2-[rad (4b)
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Thisvauedi,,

for the other extreme case, to the permanent offset i for the computation of the GSO shadow on the antenna radiation
pattern, for each ES latitude.

« Isindirectly afunction of the ES latitude and has to be added, for one extreme case, and subtracted,

5.3.3  Azimuth-elevation antenna mount with GSO tangent alignment

5.3.3.1 General

An azimuth-elevation antenna mount with GSO tangent alignment capability consistsin three axes:
. the antenna mount azimuth axis which is vertical;
. the antenna mount elevation axis which is horizontal;
. the antenna mount "attitude” axis which is parallel to the antenna main beam axis.

In the case of an azimuth-elevation antenna mount with GSO tangent alignment capability, the antenna orientation
relative to the antenna mount elevation axis is adjustable for any direction of the antenna main beam axis.

Vertical === - - ___
\ . Antenna
rd

-
-

. Antenna Az-axis
7

,Antenna main beam axis
/

\\‘Antenna mount
attitude axis

T ~<_.Antenna El-axis

Horizontal plane

Figure 19: Azimuth-elevation antenna mount with GSO tangent alignment

The antenna El-axis is set orthogonal to the GSO tangent. Figure 20 represents the visible part of GSO arc and its
vicinity, the -3 dB contour of the antenna main beam and the relative position of the antenna azimuth and elevation axes
for various satellite positions on the GSO arc.

In fact thereis no practical means of knowing that such antennais perfectly aligned with the GSO arc. Thiscaseis
presented as the ideal case which givesthe smallest (a, ¢) domain of the GSO arc shadow on the antenna radiation
pattern.

A practical case closeto that ideal case consistsin making the antenna polarizer fixed but on the antennainstead of
being rotating as usual.

Theideal caseis presented first, and then case of an antenna with a fixed polarizer is presented.
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Figure 20: GSO arc and -3 dB contour of the antenna main beam

for various satellite positions

5.33.2 Ideal case

Figure 21 represents the GSO arc and its vicinity within the antenna (a, ¢) domain for various ES latitudes and satellite

positions on the GSO arc.

Case ES latitude Lg_SO
(1) 5,000°/N 74,313°/E
(2) 30,000°/N 71,880°/E
(3) 70,000°/N 38,046°/E
(@) 30,000°/N -71,880°/E
(5) 1,000°/N 0,744°/E

Case (5) corresponds to the case of an ESin the vicinity (e.g. at 138 km) of the sub-satellite point on the Earth.
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Figure 21: GSO arc and its vicinity within the (a, $) domain

The (a, ¢) domain of the shadow of the GSO arc and its vicinity on the antenna radiation pattern is represented on
figure 22 for:

. aminimum elevation angle of the pointed satellite of 7°;
. aminimum elevation angle of the satellites to be protected of 0°;

. ES latitudes from -74°/N to 74°/N.
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Figure 22: Limit within the (a, ¢) domain of the shadow of the GSO arc
and its vicinity for latitudes from -74°/N to 74°/N

The above contour has been computed for 3 different latitudes of the adjacent satellite: -3°, 0° and +3°, using the
method described for the Az-El antenna mount without GSO alignment.

With an alignment error or offset of the antenna Az-axis the contour is rotated as shown on figure 23 for:
. aminimum elevation angle of the pointed satellite of 7°;
. aminimum elevation angle of the satellites to be protected of 0°;
. ES latitudes from 0°/N to 74°/N;

. an offset of the antenna Az-axis of +5°.
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Figure 23: Limit within the (a, ¢) domain of the shadow of the GSO arc and its vicinity
for latitudes from -74°/N to 74°/N and with an alignment error of 5°

It is obvious that a permanent offset | of the Az-axis result in arotation of i the contour. Thisis verified on figure 23.
For antennas which could be used up-side down, the contour has to be computed for offset i = 0° and for i = 180°.

It will be demonstrated that:

. For a antenna with an azimuth-elevation mount with GSO tangent alignment the value of the additional offset

—_—

Ol of the antenna azimuth axis U,, ¢ isaways equal to zero:
o =0

what ever are the values of the elevation and of the vertical axis offset.

5.3.3.3 Practical case of an antenna with a fixed polarizer

In that case the polarizer is not rotating but fixed, the two polarization planes rotate with the antenna and one of these
two planesis aligned with the electric field received from the satellite.
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In order to estimate the (a, ¢) domain of the shadow of the GSO arc and its vicinity on the antenna radiation pattern the
satellite antenna i's assumed to radiate an electric field E, and the associated magnetic field H,, in the direction of the

centre S, of the antenna beam coverage so that the direction of the received electric field a and the associated

magnetic field H ¢ n ot station S, may be computed. The electric field E may have atilt angle (i_EOQ) with the pole
direction.

Figure 24: E and H fields at the satellite and at the ES

The (a, ¢) domain of the shadow of the GSO arc and its vicinity on the antenna radiation pattern is represented on
figure 25 for:

. aminimum elevation angle of the pointed satellite of 7°;

. aminimum elevation angle of the satellites to be protected of 0°;

. ES latitudes from -74°/N to 74°/N;

. atilt angle (i_EQ) with the North pole direction of the electric field at the satellite of 0°;
. alongitude of the centre (Lg_c) of the satellite beam coverage of 5°/E;

. alatitude of the centre (Lt_c) of the satellite beam coverage of 50°/N;

. with aignment on the received H field or the E field but with an additional rotation of 90°.
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Figure 25: Limit within the (a, ¢) domain of the shadow of the GSO arc
and its vicinity for latitudes from -74°/N to 74°/N and Lg_c =5° Lt_¢c =50°i_E0=0°

With an alignment error or offset of the antenna Az-axis the contour is rotated as shown on figure 26 for:
. aminimum elevation angle of the pointed satellite of 7°;
. aminimum elevation angle of the satellites to be protected of 0°;
. ES latitudes from -74°/N to 74°/N;
. atilt angle (i_EO) with the North pole direction of the electric field at the satellite of 0°;
. alongitude of the centre (Lg_c) of the satellite beam coverage of 5°/E;
. alatitude of the centre (Lt_c) of the satellite beam coverage of 50°/N;
. an offset of the antenna Az-axis of +5°;

. with aignment on the received H field or the E field but with an additional rotation of 90°.
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Figure 26: Limit within the (a, ¢) domain of the shadow of the GSO arc and its vicinity

for latitudes from -74°/N to 74°/N, Lg_c =5°,Lt_c =50°i_EO = 0° and with an alignment error of 5°

It is obvious that a permanent offset | of the Az-axis result in arotation of | the contour. Thisis verified on figure 27.

For antennas which could be used up-side down, the contour has to be computed for offset i = 0° and for i = 180°.

With atilt angle of the electric field radiated by the satellite equal to 22°, as for Telecom 2 satellites in Ku band, the
contour is no more ideal as shown on figure 27 for:

aminimum elevation angle of the pointed satellite of 7°;

aminimum elevation angle of the satellites to be protected of 0°;

ES latitudes from -74°/N to 74°/N;

atilt angle (i_EO) with the North pole direction of the electric field at the satellite of 22°;
alongitude of the centre (Lg_c) of the satellite beam coverage of 5°/E;

alatitude of the centre (Lt_c) of the satellite beam coverage of 50°/N;

no offset of the antenna Az-axis,

with alignment on the received H field or the E field but with an additional rotation of 90°.
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Figure 27: Limit within the (a, ¢) domain of the shadow of the GSO arc and its vicinity
for latitudes from -74°/N to 74°/N, Lg_c =5°,Lt_c =50° i_EO = 22° and with no alignment error

When the centre of the satellite beam coverage is not at the sub-satellite point on the Earth, asin the above example,
thisimplies that the coverage areais limited to a portion of the visible part of the Earth from the satellite, and
consequently that the range of operational latitudes of the ESis also limited to a smaller range than the range from
-74°IN to 74°/N, in the above example.

When the range of operational latitudes of such antennais limited to the range from 30°/N to 74°/N, with atilt angle of
the electric field radiated by the satellite equal to 22°, as for Telecom 2 satellites in Ku band, the contour is till closeto
theideal contour but it is rotated as shown on figure 28 for:

. aminimum elevation angle of the pointed satellite of 7°;

. aminimum elevation angle of the satellites to be protected of 0°;

. ES latitudes from 30°/N to 74°/N;

. atilt angle (i_EO) with the North pole direction of the electric field at the satellite of 22°;
. alongitude of the centre (Lg_c) of the satellite beam coverage of 5°/E;

. alatitude of the centre (Lt_c) of the satellite beam coverage of 50°/N;

. no offset of the antenna Az-axis,

. with alignment on the received H field or the E field but with an additional rotation of 90°.
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Figure 28: Limit within the (a, ¢) domain of the shadow of the GSO arc and its vicinity
for latitudes from 30°/N to 74°/N, Lg_c =5°, Lt_c =50° i_EO = 22° and with no alignment error

Theses performances would be quite ideal if the antenna mount is fitted with a means of putting an offset equal to the
electric field tilt angle as shown on figure 29 for:

. aminimum elevation angle of the pointed satellite of 7°;

. aminimum elevation angle of the satellites to be protected of 0°;

. ES latitudes from 30°/N to 74°/N;

. atilt angle (i_EO) with the North pole direction of the electric field at the satellite of 22°;
. alongitude of the centre (Lg_c) of the satellite beam coverage of 5°/E;

. alatitude of the centre (Lt_c) of the satellite beam coverage of 50°/N;

. an offset of the antenna Az-axis of -22°;

. with alignment on the received H field or the E field but with an additional rotation of 90°.
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Figure 29: Limit within the (a, ¢) domain of the shadow of the GSO arc and its vicinity

for latitudes from 30°/N to 74°/N, Lg_c =5° Lt_c =50° i_EO =22° and with an alignment offset of -22°

Thetilt angle (i_EOQ) with the North Pole direction of the electric field at the satellite depends of the satellite and of the
considered coverage and transmit frequency band. It is equal to 22° for Telecom 2 satellites. It seems that for some
satellite operators the common values of thetilt anglesis 0°, 3° or 7,5°, but it is not ageneral rule.

Presently, the values of thetilt angles seem to be not available in the satellite documentation published on the Web.
Consequently the design of antenna using this technique of alignment with the GSO tangent is unsuitable for any
satellite but could be suitable for a specific satellite or a series of satellites with the same value of thetilt angle,
provided that the user isinformed of that limitation, e.g. within the user documentation.

The value of the offset J1 of the antenna azimuth axis Uy, s isthe sum of:

the offset i_EQ, if applied, for compensation of thetilt anglei_EO of the electric field radiated by the satellite;
Oy — _
the error made in applying this offset;

theerror ~ P dueto adifference of orientation of the electric field radiated in the direction of the ES with the
electric field radiated in the direction of the centre of coverage;

theerror ~ P dueto adifference of orientation of the polarization plane of the receive antennain the satellite
direction but within the tracking or pointing contour of the antenna main beam with the polarization planein
the direction of the antenna main beam axis;
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| -
e thetracking or pointing alignment error a Palignment made when aligning the antenna polarization plan with the
received electric field;

o theerror ~ 'onosheretrain agy g o the rotation angle of the received electric field through the ionosphere and
through the atmosphere mainly when it is raining at the time of the alignment of the antenna polarization plan
with the received electric field.

The error Ol

ionosphere+rain 1S 1Mportant in C-band and not negligible in Ku band during rainy conditions. For this reason:

. theinitial alignment of the polarization plane of antennas receiving in Ku band with the GSO tangent should
be performed during clear sky conditions;

. the alignment of the polarization plane of antennas receiving in Ku band with the GSO tangent should not be
performed during rainy sky conditions, consequently the automatic and permanent alignment systems are
unsuitable for these antennas,

. the alignment of the polarization plane of antennas receiving in C band with the GSO tangent is unsuitable for
antennas receiving in C band.

For the use of such antennas, investigations have to be performed on the range of values of the above listed errors and
on their effects on the contour.

5.34 Equatorial antenna mount

An equatorial antenna mount normally consists of one axis but isin fact in three axes:
. the antenna mount pole axis which is parallél to the Earth pole axis,
. the antenna mount azimuth axis which is vertical;
. the antenna mount elevation axis which is horizontal.

The antenna mount azimuth axis and elevation axis are used to give the correct orientation to the antenna mount pole
axis. Once done, the antenna only rotates around the antenna mount pole axis.

Antenna mount pole-axis . Antenna El-axis Antenna  Antenna Az-axis

_.- Vertical

Antenna mount El-axis -

Antenna mount Az-axis

Horizontal plane

Figure 30: Equatorial antenna mount
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Figure 31 represents the GSO arc and its vicinity within the antenna (o, ¢) domain for various ES latitudes and satellite
positions on the GSO arc.

Case ES latitude Lg_SO
@) 5,000°/N 74,313°/E
(2 30,000°/N 71,880°/E
(3) 70,000°/N 38,046°/E
4 30,000°/N -71,880°/E
(5) 1,000°/N 0,744°/E

Case (5) correspondsto the case of an ESin the vicinity (e.g. at 138 km) of the sub-satellite point on the Earth.

AFl axis Phi.sin(Alpha)

// | \\ 150°
7 N 120°
: \\ 90°

60°

30°

09
A%

A

-30°

Az axis

-60°

-90°

-120°

-150°
Phi.cos(Alpha) \\ S .
® 180

180° 150° 120° 90° 60° 30° O0° -30° -60° -90° -120° -150° -180°
——GS0O0-3° =—GSO ——GSO+3° ——Phi=90° ——Phi=180°

Figure 31: GSO arc and its vicinity within the (a, ¢) domain

The (a, ¢) domain of the shadow of the GSO arc and its vicinity on the antenna radiation pattern is represented on
figure 32 for:

. aminimum elevation angle of the pointed satellite of 7°;
. aminimum elevation angle of the satellites to be protected of 0°;

. ES latitudes from -74°/N to 74°/N.
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2El axis Phi.sin(AIp?Ez;’:go
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180° 150° 120° 90° 60° 30° O0° -30° -60° -90° -120° -150° -180°

——Phi =90° —— Phi = 180° —— Limit

Figure 32: Limit within the (a, ¢) domain of the shadow of the GSO arc
and its vicinity for latitudes from -74°/N to 74°/N

The above limit has been computed for 3 different latitudes of the adjacent satellite: -3°, 0° and +3°.

The above contour has been computed for 3 different latitudes of the adjacent satellite: -3°, 0° and +3°, using the
method described for the Az-El antenna mount without GSO alignment.

With an alignment error or offset of the antenna Az-axis the contour is rotated as shown on figure 33 for:
. aminimum elevation angle of the pointed satellite of 7°;
. aminimum elevation angle of the satellites to be protected of 0°;
. ES latitudes from -74°/N to 74°/N;

. an offset of the antenna Az-axis of +5°.
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Ml axis Phi.sin(Alpha)
180°

/ j - 150°
i | S

/. | AN o
/N |

2 .
N
\J]

J L
\W 7 / 1207

\\ // -150°
Phi.cos(Alpha) ~ | / -180°

[ J
180° 150° 120° 90° 60° 30° O0° -30° -60° -90° -120° -150° -180°

——Phi =90° —— Phi = 180° —— Limit

Figure 33: Limit within the (a, ¢) domain of the shadow of the GSO arc
and its vicinity for latitudes from -74°/N to 74°/N and with an alignment error of 5°

It is obvious that a permanent offset | of the Az-axis result in arotation of | the contour. Thisis verified on figure 33.
For antennas which could be used up-side down, the contour has to be computed for offset i = 0° and for i = 180°.

It will be demonstrated that:

. For aantenna with an equatorial mount the maximum value Al of the inclination error Ol of the antenna

—_—

azimuth axis Uy, 5 dueto anerror OEl , onthe elevation and to an error Az, on the azimuth of the

2|

estimated direction of the North polein astation S, at latitude Lt,, is given by the following relationship:

V. (OELLY . (A, Y
gn(%j =sin( 2N’n] +Sn(TNJ .cos(Lt,).cos(Lt, +Ely,,) ©

. When the latitude of the station is known with an accuracy highly better than Ai , e.g. with a GPS, then the
following relationship applies:

: (Ai) . [|0Az ,
sin| — |=sin| |—=
2 2

].cos( Lt,) 6)
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NOTE 1: A North-South error of 1 km on the location of the earth station corresponds to an error of 0,009°
(= 360° x 1 km/ 40 000 km) on the latitude of the earth station. This error is considered negligible for the
antenna axis alignment. A GPS gives a better accuracy.

. For ESs designed to operate at any latitude, with the coordinates provided by a GPS, then the following

relationship applies:
(NY (0B Y . (oA, Y
sin| — | =sin| —="| +sin : 7
2 2 2

Figure 34 shows the contour for:

. aminimum elevation angle of the pointed satellite of 7°;
. aminimum elevation angle of the satellites to be protected of 0°;
. ES latitudes from -74°/N to 74°/N;

. no offset of the antenna Az-axis;

2|

O0AzZ . : — . .
. an error NN on the azimuth of the estimated direction of the North pole in the station of 4°;

~

OEl
. an error N.n on the elevation of the estimated direction N of the North polein the station of 3°.

NOTE 2: These values correspond to aglobal error angle between the North pole direction and its estimation of 5°

(\/m:5)-
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4El axis Phi.sin(Alpha)
180°
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/ 120°
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Figure 34: Limit within the (a, ¢) domain of the shadow of the GSO arc
and its vicinity for latitudes from -74°/N to 74°/N and with a pole axis alignment error of 5°

54 Minimum longitude offset

The requirement for the protection of the other satellites of the GSO applies to adjacent satellites the longitudes of
which are greater or equal to aminimum longitude offset (dLg_S min).

To aminimum longitude offset (dLg_ S _min) corresponds a minimum off-axis angle. The value of this minimum angle
depends on the latitude of the ES and on the relative position of the pointed satellite.

On figure 35 the minimum off-axis angles are marked with red squares. Figure 35 corresponds to the case of alignment
on the received electrical field:

. aminimum elevation angle of the pointed satellite of 7°;

. aminimum elevation angle of the satellites to be protected of 0°;

. ES latitudes from -74°/N to 74°/N;

. atilt angle (i_EO) with the North pole direction of the electric field at the satellite of 22°;
. alongitude of the centre (Lg_c) of the satellite beam coverage of 5°/E;

. alatitude of the centre (Lt_c) of the satellite beam coverage of 50°/N;

. no offset of the antenna Az-axis;
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. with alignment on the received H field or the E field but with an additional rotation of 90°;
. with alignment error of 1°;
. with a minimum longitude offset (dLg_S min) of 3°.

A marker, represented by a dotted line, is used to determine the minimum size of the minimum off-axisangle. It is
made of a straight line (Alpha = constant) a circle (Phi = constant) and a square with a side length equal to 2 x Phi and
aninclination equal to Alpha

1el axis Phi.sin(Alpha)
50
|
e 4°
- 30
4 .‘.\ .l-' : — 3 lo
E / :
X ‘ .
@ : b
N ~ - N L -1°
/ "‘ L ol [ ] -20
\\’_ =L = -40
Phi.cos(Alpha) }/ i
| ‘ r I -5°
50 40 30 20 10 QO _10 _20 _30 _40 _50
GSO -3° GSO GSO +3° ------- Marker m dLg S min

Figure 35: Minimum off-axis angle within the (a, ¢) domain of the shadow of the GSO arc
and its vicinity for latitudes from -74°/N to 74°/N, Lg_c =5°, Lt_¢ =50°,i_EQ =22°,
with alignment error of 1° and dLg_S _min = 3°

The minimum off-axis angles corresponding to the minimum longitude offset (dLg_S min) have been computed for
three adjacent satellite latitudes (-3°, 0° and +3°), and for following cases:

. the cases where the ES latitude varies from the minimum latitude to the maximum latitude, the ES antennais
pointed towards the satellite at the ES latitude, and the satellites to be protected are successively the East and
West satellites at the minimum longitude offset (dLg_ S min);

. the cases where the ES latitude varies from the minimum latitude to the maximum latitude, the ES antennaiis
successively pointed towards the West and East satellites at the minimum elevation, and the satellites to be
protected are successively the East and West satellites at the minimum longitude offset (dLg_S min).

The smallest values of the minimum off-axis angles are obtained for the lowest elevation angles.
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6 Mathematical analysis
6.1 Geographical coordinates
See figure 36.
A Z North pole
Nn Vi
< | Ex
NA "
A
— Y
O
Lgs LOn
0
Ns
s
% GSO

Figure 36: ES and satellite geographical coordinates

Let:
O: the centre of the Earth;

the mean Earth radius = 6 371 km (The Earth is assumed to be spherical.);
OoZ. the axis towards the North pole;
OX : the axis at the intersection of the Greenwich median plane and the Earth equatorial plan;

OY: the axis orthogonal to OX and oz axis towards the East;

N : the direction of the North pole.

®)

pd|
Il
N < X
Il
HOO
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6.2 Earth station geographical coordinates
Let:

S: the earth station;

Lg, the earth station longitude, positive towards the East;

Lt the earth station latitude, positive towards the North;

Vi ; the vertical at station S,;

No :  thedirection of the North at station S,;

E,. the direction of the East at station S, .

The Earth is assumed to be spherical.

Then:

X = R.cos(Lt,).cos(Lg,)
S =JY= R.cos(Lt,).sin(Lg,)
Z =Rsin(Lt,)

X = cos(Lt, ).cos(Lg,)
V, =1Y =cos(Lt,).sin(Lg,)
Z =sin(Lt,)

X =-sin(Lt,).cos(Lg,)
N, =1Y =-sin(Lt,).sin(Lg,)
Z =cos(Lt,)

X =-sin(Lg,)
E, =1Y =cos(Lg,)
Z=0

SN, =0 S.E, =0 sV, =[s]=r

6.3 Satellite geographical coordinates
Let:

S the satellite on the GSO, or within its vicinity;

ETSI TR 102 375 V1.1.1 (2005-02)

€)

(10

(11

(12)

(13)

p: the nominal GSO radius = 42 164 km, and also radius the sphere of the GSO vicinity;

Log the satellite longitude, positive towards the East;
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Ltg: the satellite latitude, positive towards the North;

the direction of the North at the satellite S position. This direction is different of the North Pole direction
when the latitude of the satelliteis not equal to O;

Es : the direction of tangent to the GSO towards the East at the satellite S position.
Then:
X = p.cos(Lts).cos(Lgg)
S=Jy :p.COS(LtS).Sin(Lgs)
Z = p.sin(Lt) (14)
X = -sin(Ltg).cos(Lgs)
N =4Y = -sin(Lt,).sin(Lgs)
Z =cos(Ltg) (15)
X =-sin(Lgs)
ES = :COS( Lgs)
Z=0
(16)
SN; =0 S&=0 &0
6.4

Figure 37: ES and satellite geographical coordinates
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Let:
S: the earth station;
Ox the axis towards the local South at station S, ;
NOTE: The GSO arcis mainly southwards for a station on the north hemisphere but it is northwards for a station
on the south hemisphere.
Oy the axis towards the local East at station S ;
Oz the vertical axis at station S,;
Azp: the azimuth of a considered direction D ;
Elp: the elevation of a considered direction D ;
A . .
n: the vertical at station S, ;
N, . the direction of the North at station S, ;
E,. the direction of the East at station S, ;
M : apoint of the space with geographical coordinates (XM Y Ly ) and local coordinates
(% Yur 2w )
d,, the distance from S, to M .
Then:
x=0 x=-1 x=0
V,=1y=0  N,={y=0 E={y=1
z=1 z=0 z=0 dy = SnMH 18
x, =—d,.cos(El,, ).cos(Az,)
S\M =1y, =d,.cos(El, ).sin(Az,) (19)
z, =d,,.sin(El,)
X =-SMN,=-(MN, -§N;) =-WMN,
SM=iy,=SME, = ME-SE =ME, (20)
z,=SMV, = MV,-S§V, =MV, -R
Xy = Xy.sin(Lt,).cos(Lg,) +Y,,.sin(Lt,).sin(Lg, ) -Z,,.cos(Lt,)
SM =1y, =-X,,.sin(Lg,) +Y,,.cos(Lg,) (1)

z, = X,,.cos(Lt,).cos(Lg,) +Y,,.cos(Lt,).sin(Lg,) +Z,,.sin(Lt,) -R
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_ +X,.sin(Lt,).cos(Lg,) - yy.sin(Lg,)
X _[+ZM.COS( Lt,).cos(Lg,) - R.cos(Ltn).cos(Lgn)]
i<y :(+XM,sin( Lt,).sin(Lg,) + Yy .cos(Lg,) J
" | +z,.cos(Lt,).sin(Lg,) ~Rcos(Lt,).sin(Lg,)
Z,, =%, .cos(Lt,) +z,.sin(Lt,) +Rsin(Lt,)

(22)

For any vector ﬁ?: = ﬁs’ —ﬂ the above two sets of equations for the transformation of geographical coordinates

into local coordinates and conversely are applicable for R = O due to the fact that the coordinates of AB arethe
differences of absolutes coordinates.

6.5

Let:
S

P:

Azg

Elg

Satellite local coordinates

the satellite on the GSO, or within its vicinity;
the nomina GSO radius = 42 164 km, and al so radius the sphere of the GSO vicinity;

the azimuth of the satellite S;

the elevation of the satellite S;

the distance from the station S, to the satellite S;

the angle at the Earth centre between the direction of the satellite S and the direction of the station S ;

the direction of the North at the satellite S position. This direction is different of the North Pole direction
when the latitude of the satellite is not equal to O;

the direction of tangent to the GSO towards the East at the satellite S position.

cos(g,) = S§, _SS, —cos(Lt ).cos(Lt,).cos(Lgs —-Lg,) +sin(Lts).sin(Lt,)

§Is]» -
d = Hﬁé” =/S5S55=,55+5.5, -255 =P +R? 2.pRcos(6,) o4
Xs = -SIN_
§.S=1¥s =+SE, (25)
z,=+SV. -R
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Xs = p.[ cos(Lts).sin(Lt,).cos(Lgs - Lg,) —sin(Lts).cos(Lt,)]

S,S=1ys = p[cos(Lts).sin(Lgs -Lg,) ] (26)
z = p.| cos(Lts).cos(Lt,).cos(Lgs ~Lg,) +sin(Lt,).sin(Lt,) | -R

Xs = —d,.cos(El).cos( Az)
S,.S=1Ys =d,.cos(El).sin( Az) 27)
z, =d,.sin(El)

6.6 Other relationships between Satellite and ES coordinates
Let:

a,. theaspect angle from the satellite S between the direction of the Earth centre O and the direction of the station

S.

Figure 38: Triangle (0, S, §,)

Within thetriangle (0, S, S,) the following relationships exist:

s’n(72T+ E|n) _sin(g,) _sin(a,)  cos(El,) _sin(6,) _sin(a,)

P d, R or: P d, R (28)

wmi

cos(6,) = —i =cos(Ltg).cos(Lt,).cos(Lgs —Lg,) +sin(Lts).sin(Lt,) (29)

S

d,’ =p*+R* -2.pRcos(8,)

(30)

Then for agiven satellite Sand a given earth station S, the elevation El , of the satellite in station S, may be
determined with the following formulae:

R = OE.
S, \/,0 +R* -2.p.Rcos(8,) -
(+sin(Ltn).cos(LtS).cos(LgS—Lgn)J
SSN | —cos(Lt,).sin(Lt
COS(EIn).COS(AZn): SnE—Nn X _ COS( n) Sln( s) (32)
S.S d, \/,02 +R® -2.p.R.cos( 6)
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cos(E,).sin(Az,) = EEEZ_S:p.cos(Lts).sn(Lgs—Lgn) @)
\/ 2,2
" P’ +R? -2.pRcos(6)

0|
(0]
o

n n

Az = ArcTan2 % —%] = ArcTan2(ys, —Xs) (34)

with:
ArcTanZ(a.sin(x),a_cos(x)):x foo  a>0 and xOf m+ 7 (35)

-sin(Lt, ).cos(Lgs - Lgn)B

+tan(Ltg).cos(Lt,)

Az = ArcTanZ((Sin(Lgs - Lgn)) (

(36)
The satellite longitude L gg corresponding to a given elevation El , is a solution of the following equations:
. .cos(d,)-R
sin(El,) = p.cos(6)
\/ P’ +R -2.pRcos(6,) (37

cos(,) = cos(Ltg).cos(Lt,).cos(Lgs —Lg,) +sin(Lts).sin(Lt,)
p*.cos(8,)’ —2.(p.R.cos(EIn)2).cos(Q) —(,oz.sin(EIn)2 —Rz.cos(EIn)z) =0

cos(8,) —-sin(Lts).sin(Lt,) (38)
cos(Lts).cos(Lt,)

cos(Lgs - Lg,) =

Thediscriminant A of the above 2™ degree equation of COS(6’n ) is:

A= 4.,02.sin(EIn)2.(,02 + Rz.cos(EIn)z)

(39)
Two values of COS(6,) are obtained:
R RY
cos(Hn):(—j.cos(Eln)zisin(EIn).\/l—(—j .cos(El,)’
P P (40)

The larger values of COS(6?n ) corresponds to an earth station visible from the satellite, the other value to an earth
station hidden by the Earth as shown on figure 39.
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Figure 39: Triangle (0, S, §,)

cos(d,) = (%)cos( El,)* +sin(El) .\/1—(%J2 .cos(El,)’ -

cos(d,)—sin(Ltg).sin(Lt,
c05(Lgs ~L0n) = (co)s(LtS)(.cos)(Ltn)( !

The maximum satellite latitude Lt,, 5, corresponding to agiven elevation El , is solution of the following equations:

or:

6.7

cos(8,) = (Ej_cos( El,)’ +§”(E'")'\/1_(%j2 .cos(El,)’

)
_cos(8,)-sin(Lts).sin(Lt

n,max)

Lg.-Lg,)=
cos(Lg: ~L9,) cos(Lts).cos(Lt, ) 2
Lgs = Lg,
R RY’
cos(Lt. - Lt ) :(;].cos( { ) +sin(EIn).\/l—(;J cos(EL )’
(43)

Antenna Cartesian coordinates

Figure 40: Antenna Cartesian coordinates
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Let:
S: the earth station with its antenna;
Va. the vertical at station S ;
S the satellite;
U_F:S the antenna main beam axis, or radial axis towards the satellite,
Uy s: theantennaazimuth axis (Az-axis);
Ug g:  theantennaelevation axis (El-axis);
L_S; . theleft hand side direction at the satellite for station S, : orthogonal to §§ and \7n :
'ITS; . thedirection at the satellite within the vertical planein S, containing S, orthogonal to §§ and to L_S; \

and oriented towards the antenna top;

i: The inclination angle between the antenna azimuth axis (Az-axis) Uy, g and the satellite l&ft direction

Lsn'

(x y,z) theearth station local coordinates;

(X3, Yar Z5) the antenna coordinates;

—_—

M : apoint of the space with local coordinates (XM v Y Zy ) or (Ely, Azy,) and antenna coordinates
(X Yo Zem )

Then:

x = —cos(Els).cos( Az)

“ﬁy os((EEll))-sn(Azs) @
V, 08,5 X__S'nAZ)
~|fioeg) e
x=+sin(El, ).cos( Az,
Ton= H%SH ifjof; ))Sm(AZs) (46)
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=
~ Earth

Figure 41: Satellite left hand side direction Lg, for astation S,
seen from the satellite

As shown on figure 41, the satellite left hand side direction for a ES S, is towards the East when the ESis located in the

north hemisphere and in the meridian plan of the satellite, otherwise any other direction is possible. The variations of
that direction are continuous except at the sub-satellite point on the Earth along any line passing by that point and where
the discontinuity at this point is equal to +180°. The use of the satellite left hand side direction for aES S, is suitable for

antennas which are rotated by 180° in azimuth when crossing the equator from one position to the position symmetrical
to the sub-satellite point and when pointing the same satellite, and:

B B x=—cos(i).sin(Az) +sin(i).sin(Els).cos( Az)
Uy, s =c0s(i).Ls, +sin(i)Ts, =4y = —cos(i).cos(Azs) -sin(i).sin(Elg).sin(Az;) (47)

z= +sin(i).cos(Elg
- x=+sin(i).sin( Az) +cos(i).sin(Els).cos( Az)

Uy s = —sin(i).Ls, +cos(i)Ts, =1y = +sin(i).cos( Azs) —cos(i).sin(Els).sin( Az) (48)
z= +cos(i).cos(Els)

x = —cos(El,, ).cos( Az, )
S,M ={y=cos(El,).sin(Az,) (49)
z=sin(El,)

in(Az; -Az, ) (50)

El, ).cos(Azs Az, ) (51)

S,M .U, s =cos(El).cos(El, ).cos( Az - Az, ) +sin(Elg).sin(El,, ) (52)

Zam
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6.8 Antenna polar coordinates

Two types of polar coordinates are used:

»  oneisused to describe the North-South and East-West variations (¢ and ¢ 5,) from the main beam axis asiit
could be seen by an observer at the antenna location;

. the other describe the antenna radiation patterns, with the angle a of the plan containing the main beam axis
and the direction to the considered point M and the off-axis angle ¢ of the direction of M from the main beam
axis.

Main beam axis Antenna El axis

_________

\;?
<--

Sn

Antenna Az axis _____ ]

Figure 42: Off-axis angles ¢g and ¢4, of a direction S M

Main beam axis —
AZ,
M
| 3
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\ \\
\ // \\\
\ ’ ~
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LR
[N I
| \ |
] \ ]
1 \ 1
1 A} 1
1 \ 1 -
1 ~ T »,
] S . [ N
: " \\_\_:,’ Ya:
_________ . :
1
a |
1
1
1
1
1
1
1
1
1
1
1
1

______ Antenna Az axis Antenna El axis __

Figure 43: Off-axis angles (¢), and a angle of a direction S,M
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Let:
S: the earth station with its antenna;
M : apoint of the space (Ely,;, Az,,) and antenna coordinates,
oy the angle of the projection of the direction of M on the plane orthogonal to the antenna main beam axis
with the antenna azimuth axis (Az-axis); and
(ONYS the off-axis angle of the direction of M with the antenna main beam direction;
o g the angle of the direction of M with the plane defined by the antenna main beam axis and the antenna
azimuth axis (Az-axis);
$ A the angle of the projection of the direction of M on the plane define by the antenna main beam axis and
the antenna azimuth axis (Az-axis) with the antenna main beam axis.
Then:
X, =cos(@y ).sin(¢,,)
SM =1y, =sin(dg)
= Cos .COS
x, =sin(g,, ).cos(a,, )
S\M =1y, =sin(g,, ).sin(a,, )
= Cos
Za (¢M ) (54)
and:
¢g = ArcSin(y,) (55)
&,, = ArcTan2(x,,z,) (56)
¢, = ArcCos(z,,, ) = ArcCos(cos(gg ).cos(¢,,)) -
= ArcTan2| — Ya = %
sin(gy ) 'sin(¢w )
ay =1=ArcTan2(y,,x,) +m.Y( sin(4, )) rad (58)
= ArcTan2(sin(¢y ), cos(4g ).sin(¢,,)) +77.Y( -sin(4,,)) rad
0°< ¢, <180° = 0<sin(g,)<1 (59)
ay = ArcTan2(sin(¢ ), cos(¢g ).sin(g ,)) ©0)
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6.9 Antenna Az-axis alignment

Figure 44a: Antenna Cartesian coordinates

4 Z North pole

N, 4N ¢ v,

Figure 44b: Antenna Cartesian coordinates

Let:
S: the earth station with its antenna;
Vo the vertical at station S, ;
N, : the direction of the North at station S, ;
E, : the direction of the East at station S;
S the satellite;
Ng : the direction of the North at the satellite S position and orthogonal to oS ;

ETSI



Iaz:

xy.2)

54 ETSI TR 102 375 V1.1.1 (2005-02)

the direction of tangent to the GSO towards the East at the satellite S position, orthogonal to OS and

—_—

Ng;

the antenna main beam axis, or radial axis towards the satellite;

the antenna azimuth axis (Az-axis);

the axis antenna elevation axis (El-axis);

the left hand side direction at the satellite for station 31 , orthogonal to STS and \7n ;

the direction at the satellite within the vertical planein S, containing S, orthogonal to 31—8 and to Q .
and oriented towards the antenna top;

the inclination angle between the antenna azimuth axis (Az-axis) Uy, s and the left hand side direction

L_S; of the satellite for station #n,

—_— _

the inclination angle between the U,, 5 and L, or between the U, 4 and 'E; with the antenna

mount;

the earth station local coordinates,

(X3, Yar Z5) the antenna coordinates.

Then:
T E; 0SS
BS J— ——
H Es DS“SH (61)
ig = angle(u—a;,ﬁ;) (62)
Thevaluesof Sin (is) may be obtained from the following set of equations:
Xs = p.[ cos(Ltg).sin(Lt,).cos(Lgs - Lg,) —sin(Lts).cos(Lt,) |
S,S=1ys = pcos(Lts).sin(Lgs ~Lg,) ] (63)
z = p cos(Lts).cos(Lt,).cos(Lgs ~Lg,) +sin(Lt).sin(Lt,) | -R
x=0
\7[; ={y= 0
z=1 (64)
Ls, = \ED—S”_S (65)
CEEE
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o= o | oL, (%0)
"Ass)
x=-sin(Lt,).sin(Lgs -Lg,)
E. ={y=cos(Lg, -Lg,) (67)
z=-cos(Lt,).sin(Lgs -Lg,)
—_ E
uEl,S E" %"
(68)
i = angle(KLS,TS,n) (69)
Uazs
I-S,n """
Figure 45: Projections of @ on E and Tg,
Uy o Te,
008y, ) = ui sn = i = ArcTan2(sin(i,,),cos(iy,)) (70)

sin(i,) = ~Ug 5L,
The antenna azimuth axis (Az-axis) is aligned with the tangent to the GSO arc at the satellite S position when:

=i,

6.10 Az-axis alignment of an antenna with a fixed polarizer
Let:

S the satellite;
S: the centre of the satellite beam coverage on the Earth;
S: the earth station with its antenna;
V. . .
n: the vertical at station S,;
N: the direction of the North pole;
J,; : the direction of station S, from the satellite;
Jc : the direction of the centre S, of the satellite beam coverage on the Earth from the satellite;
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Ls,: theleft hand side direction at the satellite for station S, orthogonal to STS and \7n;
E . thedirection towards the East at the satellite: orthogonal to §C and N ;
_E;: the radiated electric field at the satellite;
_qu the radiated magnetic field at the satellite;
Z,: the vacuum impedance: 7, = \/% =120.71=376,6 Q;
0
iEO : the tilt angle of radiated electric field at the satellite relative to the North pole direction N ;
E .: thereceived electricfield at station #n;
H—r’n . thereceived magnetic field at station #n;

the inclination angle between the antenna azimuth axis (Az-axis) Uy, s and the left hand side direction

L, of the satellite for station #n;

Then:

ETSI

—_—

g the inclination angle between the received electric field a or magnetic field H_ | and L_S:
u, 5 (71)
ss|

u, _§° (72)
Lsn 5 OV, (73)

" s ov,

£ SSON

S,c —_ -
|ss.ON| -
E,= cos(lEO)N+S|n(|EO)ES: (75)
Z,.H, :LTc ] = (76)

__ao(m @) o 5)

“RoEn e 2w ) o
Z,H,, =u, OE, (78)
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When the antenna Az-axis is aligned on the received electric field:

i-E. cos(iE +gj =Lg Ups =Lg,E , =-sin(ic) .
Ugs = ~Ho, sin(iE+g) =TonUps =TsnE, , =cos(ic)
When the antenna Az-axisis aligned on the received magnetic field:
Ugs=H, . cos(ic) = L, Up s =Lsn-H, 1 -
Uy s =E, sin(ic) =Tg o Ups =Ten-H, 1
i = ArcTan2(sin(i. ), cos(ic ) (81)

The antenna azimuth axis (Az-axis) is aligned with the received electric field E_r; or magnetic field H_ | from

satellite Swhen: | = —i .

6.11  Antenna with equatorial mount

4

GSO GSO

“Uazs

Figure 46: Antenna Cartesian coordinate systems relative to the local vertical direction

and relative to the Pole axis

Let:
S: the earth station with its antenna;
Vo the vertical at station S, ;
S the satellite;
Uy st theantennaazimuth axis (Az-axis);
Uy s:  theaxisantennaelevation axis (El-axis);
N: the direction of the North,
N,

ETSI

the direction of the North at the satellite S position and orthogonal to O—S ;
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Es : the direction of tangent to the GSO towards the East at the satellite S position, orthogonal to OS and
Ng;
g : theleft hand side direction at the satellite for station S, : orthogonal to STS and \7n ;
'I?n : the direction at the satellite within the vertical planein S, containing S, orthogonal to 31—8 and to Q .
and oriented towards the North;
i the inclination angle between the antenna azimuth axis (Az-axis) Uy, s and the left hand side direction
L_S; of the satellite for station #n;
g’ the inclination angle between the U,, 5 and L_S; with the antenna mount.
Then:
0 N DS S ()
Az,S — =
N 0SS
— _S5,SOu,
Ug s = ‘T
(83)
= angle( Up, s LS,n) (84)

Thevaluesof Sin (i ) may be obtained from the following set of equations:

xs = p.(sin(Lt,).cos(Lts).cos(Lgs - Lg, ) —sin(Lts).cos(Lt,))
S.S=1Ys = p.cos(Lts).sin(Lgs -Lg,) (85)
z; = p.(cos(Lt, ).cos(Lts).cos(Lgs —Lg,) +sin(Lts).sin(Lt,)) -R

x=0
\7[;: y:O
z=1 (86)
V. 0SS
L, =| =— 87
G ;
_| 88 |4
Ts, = == | ULsn (88)
ToAlss)
x = —cos(Lt,)
N={y=0 (89)
z=+sin(Lt,)
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NOS;S
Uyns 7=—— (90)
INOSS)
00S(icy ) = Uny oL _ o _
o . :>{|Eq = ArcTanZ(sn(lEq),cos(lEq)) (91)
SiN(igg) = Unps Ton
When the equatorial antenna mount is correctly installed, the antenna azimuth axis (Az-axis) inclinationis: | = =i, .

<

—1>

Axis alignment offsets and errors

Axis alignment errors with an azimuth-elevation mount

General

the earth station with its antenng;

the vertical at station S ;

the estimated vertical at station S, ;
the satellite;

the left hand side direction at the satellite for station S, orthogonal to STS and \7n ;

the estimated left hand side direction at the satellite for station S, orthogonal to §§ and \7n :
the direction of the North;

the estimated direction of the North at station S ;

the antenna azimuth axis (Az-axis) when the correct direction N of the North is used,;

the antenna azimuth axis (Az-axis) when the estimated direction ﬁ of the North is used;

the direction towards the antenna top: within the vertical plane (\7n, ﬁé) in S, containing S, and

orthogonal to STS ;

the direction towards the antenna top: within the vertical plane (\7n , STS) in §, containing S, and

orthogonal to §§ :
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i the inclination angle between the antenna azimuth axis (Az-axis) Uy, s and the left hand side direction

L_S; of the satellite for station #n when the correct direction N of the North is used;

(i+3i):  theinclination angle between the antenna azimuth axis (Az-axis) U az,s and theleft hand side direction

L, of the satellite for station #n when the estimated direction N of the North is used.

Then:

L= e 0SS ©

" oSS
o= >, (93)

V.05

— _| S5

T., =| == | OL, 94
S.n Sns‘ S, ( )
-l:Sn: E_ |:“:Sn (99)

“lss)
Uns =cos(i).Lg, +sin(i)Tg, (96)
Un s =cos(i).I:—S: +sin(i) T, (97)
U, s =cos(i +0i).Lg, +sin(i +di) T, (98)
Uy s Un, s =COS(ON) (99)
(ps DUy = sin(a1)Tg, 0 Lz gn(d).% (100)
sin(ai) :(@ D@;) %2 (101)

7.1.2 Case of no alignment of the antenna azimuth axis with i =0

In that clause the equivalent antenna azimuth axisinclination variation Ol due to the use of an approximated vertical
direction is determined for the case where the antenna mount antenna axis offset is equal to zero: .

—_—

qu,S

|

1
—
1

=}

(102)

|

c
]
>
)

=

U s (103)
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(p s =C08(d1).Lg, +sin(d) Ts, (104)

: gz;& [N;H © s
(v Dsns)j Ve sns)sns

( ) (VOssh s8)  |a=+ 53 (V. 053)y,
a= +vn.(sns 0((v%0 .8 sns)) a=+|58 (\7 Dvn).sns (106)
a=,((C 053 5 59 |a=+[sY (s50V)%
oSS 57559

(Gus DUps) S5 (L 0L )

. — g (snsm\T )
sin(ai) :(uAZ,S Dum,s)-“zz‘ ”\/‘SDJSH [Hsnsmv H} (107)
The value of _gé_, may be computed as follows:
|s:sovi|

x=0
V.={y=0 (108)

z=1
d, S‘—SH (109)

y = +d,.cos(Elg).sin( Az) (110)

x = —d, .cos(El).cos( Az)
S.S=
z=+d,.sin(Elg)

x=d,.cos(Els).sin(Az)
S,SOV= < y= d,.cos(El,).cos(Az)

z=0
(112)
HQ—SD\Z”: d,.cos(El) w2
5 .1
(113)

Bs50v] ens(en)
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Then:

v, (114)

The computation of the maximum value of Sin (JI ) for given values of the satellite elevation Elg and of the vertical

o

satellite is within the vertical pl ane( X, 2) , as represented on figure 47:

offset are simplified when using alocal Cartesian coordinate system (% X, Y, 2) oriented such that the

AZ

< v

Figure 47: Local Cartesian coordinate system (%,f(, Y, 2)

(Sn, X, Y, 2) : the Cartesian coordinate system where, Z isthevertical in S, ()?, )7) isthe horizontal planein

S, ()?, 2) isthe vertical plane containing the satellite S;

9 the offset angle of the estimated vertical \Z relative to the vertical \7,; : r\7n D\7n sin (é) ;
a: the angle between the projection of \Z in the horizontal plane with the X axis.
Then:
Xx=0
V,=1¥=0
z=1 (115)
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___. [x=cos(Els)
z=sin(El) (116)
x:sm(é).cos(a)
V= y:sin(é’).sm(a)
zZ= cos(é?) (117)
B x=-sin(El) sin(é).sin(a)
‘.2:;‘ V= {9=+ sin(El,) sin(é).cos(fr)— cos(EIS).cos(é)
2:+cos(EIS).sn(é).sn(é') w1s)
_iiD\Z}ﬁ: cos(EIs).sin(é).sin(a“')
(‘SHSH (119)
“ %—2 OV | = (gn(é).sin(fr))2+ (sin(EIS).dn(é).cos(c?)— cos(EIs).cos(é))2
(120)
n(51) = s’n(é).sin(fr)
\/(Sin(é)_sin(ar))z+(sin(EIS).§n(é).cos(é')—cos(EIS).cos(é))z )
an(a)" - (sin(é?).sin(c“r))2

(sin(é).sin(fr))z +(sin(EIS).§n(é).ws(d) —cos(EIS).cos(éA?))2 (122

The maximum values, as the minimum values, of i for given valuesof El and 6 are obtained for values of &
which are solutions of:

d(sin(a1)’)

da

=0 (123)

with:

~

6

A

(cos( EIS).cos(é’) —sin(EIS).sin( ).cos(a))
(s’n(EIS).sin(é) —cos(EIS).cos(é?).cos(fr))

((g‘n(é).sin(fr))z +(gn(EIS).9n(é).cos(5r) —cos(EIs).cos(é)) jz w0

-2.sin(6 Z.Sin(fr). .
d(sn(a1)’) g

da
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There are 3 valuesof @ which make null the derivative:

a=kar
= = Jcos(d)=tg(El). g(é) (125)
cos(&) =ctg (El )ctg(é)

The first solution corresponds to the minimum value of Ol :

a=km = d§n(d)’= 0 =0 for Elg 22 -5
0+cos(EIS+9) 2
(126)
The second solution corresponds to the maximum value of Oi forO< |EIS| < 7—27— ‘é‘ ;
~ én(é)
7 Elg)tg(@ in(ol) =
oto-u@n) Swelgdy
tg(El. )t é‘sl - ag(E ( ) -~ o<|E|<Z-5
oteLa(d (=ald) - osleds T
. . . T |5 T
The third solution corresponds to the maximum value of Ol forE - ‘9‘ < | EIS| < 2
cos(d) =ctg(Els )ctg(é’) = |sin(ai) =1 129)
A /e T
. S = < —_— = El = —
ltg (B1,) ctg (9) <1 ctg ([E]) < tg |4 > AslEdsg
The conclusion is the following:
For a antenna with an azimuth-elevation mount, designed for a maximum elevation El smex andfora

axis Uy, g isgiven by the following equations:

A

maximum vertical axis offset émax then the maximum value I, ,, of the offset JI of the antenna azimuth
6,

)

i . = ArcSin{mJ (130a)

s\EIS,max\sg: di

Ol

forOS‘EIS’maX‘SZ—ZT—

Hmax

for T_ = Erad (130b)
2 2

max

At given latitude Lt the maximum elevation of an antennais for a satellite within the meridian plane of the antenna.

p.sin(Lt,)

cos(El ) =
( ) \/p2+R2 —2_,0.R.COS(Ltn)

(131)
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The minimum is the | atitude, the maximum is the elevation.

7.1.3 Case of no alignment of the antenna azimuth axis with i # 0

In that clause the equivalent antenna azimuth axisinclination variation Ol due to the use of an approximated vertical
direction is determined for the case where the antenna mount antenna azimuth axis offset is not equal to zero: .

Asfor i =0:
Ups =C0s(i) L, +sin(i)Tg, (132)
O =cos(i).Lg, +sin(i) T, (133)
U, s =cos(i +3di).Lg, +sin(i +d) T, (134)
Uy oUn s =COS(1) (135)
Ops DUy = sin(a1)Tg, 0 Lz sin(d).% (136)
sin(ai) :(@ D@;) gz (137)
but:
cos(i)’ V. +sin(i)" - — Vs
e M=
s ST ) Ly )
with:
V. ((ossp (@ sg))ss
V. ([ssoiossl) (ss [ ss))ss a9
v, ((ssclessl) (4@ sg))ss
V. (Vossp(ss (vosg))ss
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(v Dsns)] Ve sns)sns
:( sns) (Vo 5.8) sns)
V.=V, (gsm((vm Sy sns)) (140)
Vo={((7 ossp ss) s
% =[5 (70597

(snsm(vm sns)gj EE (]7 §§))j_“
( VD as) “ )
(v Dsns)] sns) vg ShS] * )
V.= Hgs” .((vnmsns)j sns).\@ sns)

(141)

V,=-Js g V. os8) (s (% §9)

V.=+[55 (v, 0s8)((%0 58) s

V.= o[5S v (sso{(w0 sg ss) a2
Vo= s V(v ossp s s

V. =+59 (v, 053)V,

V,

sc:( 5§80V SnS)QJ (4 STS))STS

(snsmvm gs) (W 58 s3)
(v ossp s ss)(q s =
V. _Hsns” I\ DSHS).(SHS] vn)

=[5 {7053 59

v,
A
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V.=(Vcssp (58 (& 539)s8
V.= ossp (v 58 5958

(144)
V. =|s g (v, o5 8). (Vo 59
|5 i ssfn )
s ([ 5 59
and finally:
sin(4) = TZ“:S {%gi}jzcos(las) { jn:;{) v (145)

This expression of Sin (JI) isindependent of i.

Consequently, the results obtained for i =0 are also applicablefor i Z 0.

7.1.4  Case of alignment of the antenna azimuth axis

For an antenna mount with alignment possibility of making the antenna azimuth axis parallel to the tangent to the GSO
at the satellite:

~—— —— | E.O0SS | == G
u =u =|—=—2"1_1[0SS and u, u 0 146
Az,S Az,S (HES DSqSH] Sr| Az,S 5 ( )
then:
. _(— _—\ SS_
sin(ai)=(u,, . Ou . 0 (147)
( ) ( Az,S Az,S) SnS‘
or.
d=0 (148)
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Axis alignment errors with an equatorial mount

N
A

—_—

Figure 48: Estimated North direction N and corresponding Az-axis GAZ’S

the earth station with its antenna,

the vertical at station S,
the satellite;

the direction of the North;
the estimated direction of the North at station S ;

the antenna azimuth axis (Az-axis) when the correct direction N of the North is used,;

the antenna azimuth axis (Az-axis) when the estimated direction N of the North is used;
the left hand side direction at the satellite for station S, : orthogonal to §§ and \7n ;

the direction at the satellite within the vertical planein S, containing S, orthogonal to §§ and to L_S; :
and oriented towards the antenna top;

the inclination angle between the antenna azimuth axis (Az-axis) Uy, 5 and the left hand side direction

Lg,, of the satellite for station #n when the correct direction N of the Northis used,

n

the inclination angle between the antenna azimuth axis (Az-axis) U az,s and theleft hand side direction

L, of the satellite for station #n when the estimated direction N of the North is used.

n
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Then:
—— NOSS
Ups = = 149
—— _ NOSS
Azs :% (150)
Qo5
Un s =c0s(i) L, +sin(i)Tg, (151)
U s =cos(i +3i).Lg, +sin(i +d) T, (152)
Uy 5-Un s =COS(1) (153)
Ups DUy = Sin(a1) T, 0 L7 sin(d).% (154)
. ~— ——\ SS
sin(di) :(uAZ,S DuAZ,S). %é (155)
sin(di) = EDE O ED S“_S : S“_S (156)
[Noss)) UNoss))f|ss)

(Fossp (= s5)ss

ss{icssh = 59 (8 i st 9
:((ﬁ 0SS sTs).(sTs ~) (((ﬁ SB) ﬁ) sTst (157)
=S (R oss) N =-fsef N{foss -5 (No ) ss
=|ssf (N oN)ss [s8 N(No 55} - [S[' (59 N)K

sin(di) =~ STS—- iéDE N (158)
[0 sson

. ____ 1 | SSON|&

(RS =k
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sin(ﬁ,STS):l = s§n(di)=- [Z_z—ggu N (160)

For agiven location S, agiven satellite S and for a given inclination error Ol the ends of the vector N representing
the estimated directions of the North at station S, areon acirclein aplane parallel to the plane (§§, N) andat a

distance equal to SiN (JI ) from S, on asphere of radius equal to 1.

e e e e e m -,
/ /

Figure 49: Circle of ends of vectors N representing
the estimated North directions for a given inclination error Oi

For agiven location S, any satellite S and for a given maximum inclination error Al the ends of the vector

N representing the estimated directions of the North at station S, are within the cone NN = COS(Ai) of axis N

and on a sphere of radius equal to 1 centred in S, .
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T A .
U
ElS Usis .
Unz6

Uazs

GSO

Figure 50: Cone of the vectors N representing
the estimated North directions for a given maximum inclination error Al

the estimated direction N of the North.

Let:

ElN,n.

AZN,n.

the elevation of the direction N of the North polein station S ;

S

the azimuth of the direction N of the North polein station

(EIN’n +5EIN,n) © th