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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.

The TR 102 375 Excel tool is contained in archive tr_102375v010201p0.zip which accompanies the present document.

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 operationa latitudes of the ES;

2)  the minimum antenna main beam axis elevation,;

3) thetype of antenna mount used (e.g. azimuth-elevation, equatorial);
4) the alignment 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 developed on the base of the present document and may be
used to obtain indicative results, but in any case neither ETSI, nor the ETSI 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
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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 operationa 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
oi the antenna azimuth axis inclination variation or equivaent value

3.3 Abbreviations

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

Az Azimuth angle

Az-El Azimuth-Elevation

ei.rp equivalent isotropically radiated power

El Elevation angle

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

Lt Latitude

SES Satellite Earth station and Systems

TC Technical Committee

VSAT Very Small Aperture Terminal

WRC World Radiocommunication Conference
34 Mathematical formulas

For the purposes of the present document, the following mathematical formulas will be used:

e allb means"a" equals"b" by definition

N
Il
(o]

. a=b means"a" equals"b" by aprocess of deduction, e.g.: X[ —3 = X

ETSI
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a:=b means"a' takesthevalueof "b", eg.: X=x+2 =  thevdued xisinoaratedby2

for any three vectors gl, bandc:

(anb)=~(bra) (a~B)B)5=—J8".(a~B)
(2nD)e=a(0nS)  1aL L T(aB)b+(anB)nb] @
(EAB)E:E.(EAB) Hb”
0 for x<0 o _
T(X) ={ , the Heaviside function, )
1 for x>0

-1 for x<O
Sgn(x)=40 for x=0, the"sign of" function, (3)
+1 for x>0

©)

= d ifa=0 X=asn
ArCTanZ(X,y)Z{ 4 rad It a for:{ ((0)

=p+xz rad ifa<O y=a.cos(¢)

4

GSO arc protection requirement

Several ITU-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:

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, ¢, which is 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 ¢ is 2°. 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)
requires that: "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.

ETSI
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and:

e  ThelTU-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.

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 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 space
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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
| - -
F
Horizontal
plane East J ( |
as ! . '
- SR '.
< T 1
\\\ ;Z\ I/I
\_ Y North

Figure 2: Aspect of the GSO arc from an earth station

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
e theazimuth angle (Az) of the projection of that direction on the horizontal plane with the local North direction.

Infigure 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° AL 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 ) N EN N M N B

NENSEIE [ ST A NEEEEN 1 [ 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)
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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.

i
: A
___________________ o __\l_— ® N

__________ 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

Three axes, as represented in figures 4 and 5, are defined on an antenna:
. the antenna main beam axis: the direction where the antenna gain is maximum;

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

e theantennaelevation axis (El axis): the direction parallel to the local vertical when the antennais oriented
toward the South with its main beam axis horizontal.
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The directions of these 3 axis are dependent on the antenna orientation as shown in figure 5.

Antenna El axis - .- ___________

. . | GSO vicinity
Antenna Main beam axis ... !
: v
Antenna Az axis -- -, v, /
GSO i
Horizon A :
| South

I/ ‘\\ \\
1 ~
4East ' E| ~~J |

V¥ North
Figure 5. Antenna axes and GSO arc

Any direction D from the antenna may be defined by acouple (¢4, ¢g) of angles, represented in figure 6, and where:

. the angle @4, isthe angle of the projection of the considered direction on the plane orthogona to the antenna
elevation axis (El axis) with the antenna main beam axis (Az-axis); and

e theangle g 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:

e theangle ¢, isapproximately 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
Main beam axis

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.

Infigure 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

Lg S =- 67°E

“““““““““V—

Lg_S = -30°/E

HH\HHM\‘\JE::
N

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 (o, ¢) of angles, represented in figure 8, where:

. the angle o is the 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

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

____-3dB contour

G- Antenna Az axis

___________________ Antenna El axis

_lx

Figure 8: Off-axis angles (¢), and o 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 o = 0, containing the antenna Az-axis;
e withinthe plane o = 90°, containing the antenna El axis; and
. when necessary, e.g. with non symmetrical antennas, within intermediate planes (e.g. for o = - 45° and

o = +45°).

A Gain(o, @)

[

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

9

The GSO arc and its vicinity will be represented within the (o, ¢) domain in order to determine which parts of the
antenna radiation patterns have to meet the requirements for the protection of the GSO arc.
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Figure 10: (a, @) domain for the representation of planes within the antenna radiation pattern

For an antenna which always has its 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:

e theazimuth-elevation antenna mounts without possibility of alignment of the antenna Az-axis with the GSO
tangent;

e the azimuth-elevation 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;

e theequatorial antenna mounts.
More precisely, what is called "alignment of the antenna Az-axis with the GSO tangent” consists of:

. 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 in 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 they 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 consists of two axes:

the antenna mount azimuth axis which is vertical;

L]
. 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.
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-3 dB contour

Horizon

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 (o, ¢) domain for various ES latitudes and satellite
positions on the GSO arc.

Table 1: Cases represented in figure 14

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 14: GSO arc and its vicinity within the (o, @) 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 envelope of projections or shadows of the GSO arc and its vicinity on the (o, @)
domain for all the possible positions of the pointed satellite, can be determined. It will be called the (o, @) domain of the
shadow of the GSO arc and its vicinity on the antenna radiation pattern. It is represented in figure 15 for:

e 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 a circle 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 (o, o).

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 in 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 (o, @) 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 in figure 17 for:
. aminimum elevation angle of the pointed satellite of 7°;
. aminimum elevation angle of the satellites to be protected of 0°;
J ES latitudes from 0°/N to 74°/N;
e  anoffset of the antenna Az-axis of +5°.
and in figure 18 for:
. aminimum elevation angle of the pointed satellite of 7°;
. aminimum elevation angle of the satellites to be protected of 0°;
J 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 (¢, @) 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 (¢, @) 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 | of the Az-axis resultsin arotation of i the contour. Thisis verified in 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:

o 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 i, of the

S, max

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

equations:
~ . émax
- forOS‘EISmaX‘SE— 6.|: o =ArcSn M (4a)
' 2 COS(|El g |
- for %— émax S‘Els,max‘ S%: Ol e =%rad (4b)
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Thisvaluedi,,

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 consists of three axes:
. the antenna mount azimuth axis which is vertical;
e theantenna 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

~~<_.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 gives the smallest (o, ¢) domain of the GSO arc shadow on the antenna radiation
pattern.

A practical case closeto that ideal case consists of 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 (o, ¢) domain for various ES latitudes and satellite

positions on the GSO arc.

Table 2: Cases represented in figure 21

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 (o, ¢) domain of the shadow of the GSO arc and its vicinity on the antenna radiation pattern is represented in 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 (¢, @) 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 |atitudes 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 in figure 23 for:
e 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 (o, @) 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 in 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:

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

—_—

Ol of the antenna azimuth axis Uy, ¢ is always equal to zero:
0i=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 (o, ¢) 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 (o, @) domain of the shadow of the GSO arc and its vicinity on the antenna radiation pattern is represented in
figure 25 for:

e 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 (o, @) 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 in figure 26 for:
. aminimum elevation angle of the pointed satellite of 7°;
. aminimum elevation angle of the satellites to be protected of 0°;
J ES latitudes from -74°/N to 74°/N;
e  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;
e  anoffset 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 (o, @) 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 i the contour. Thisis verified in 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 in 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 (o, @) 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 isrotated as shown in figure 28 for:

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

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

J 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;

e o 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 (o, @) 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 in figure 29 for:

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

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

J 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;

e  anoffset 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 (o, @) 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 01 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;
Sy — _
. the error made in applying this offset;

O . o o o _— .
. 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;

ol . N o . . .
. 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 g Palignment made when aligning the antenna polarization plan with the
received electric field;

oi. . . . o .
e theerror ~ 'onoheretrain o g to 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;

e thealignment 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,

e thealignment 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,
e theantennamount azimuth axis whichisvertical;
e theantenna 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.

Table 3: Cases represented in figure 31

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

EiEEEE SEEs S

Phi.sin(Alpha)
180°

150°

120°

\

90°

60°

30°

09
A%

A

-30°

Az axis

-60°

-90°

-120°

-150°

Phi.cos(Alpha) e I

[
120° 90° 60° 30° O°
—GSO ——GSO+3°

-180°
-30° -60° -90° -120° -150° -180°
——Phi=90° ——Phi =180°

180° 150°
—GS0 -3°

Figure 31: GSO arc and its vicinity within the (o, @) domain

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

e 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 32: Limit within the (¢, @) 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 |atitudes 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 in 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
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——Phi =90° —— Phi = 180° —— Limit

Figure 33: Limit within the (¢, @) 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 in 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 a antenna with an equatorial mount the maximum value Ai of theinclination error Oi of the antenna

—_—

azimuth axis U, 5 dueto an error SEl | onthe elevation and to an error 0 Az,  on the azimuth of the

2>l

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

N2 El 2 Az ?

. 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) _ UMZNH
sn| — |=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:
(AY . (6EL.Y . (6Az,, Y
sin| — | =sin| —=| +sin| ——— )
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°;
J ES latitudes from -74°/N to 74°/N;

. no offset of the antenna Az-axis;

2|

0AzZ . . _— . :
. an error NN on the azimuth of the estimated direction of the North pole in the station of 4°;

~

El
. an error o 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)
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Figure 34: Limit within the (o, @) 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.

In 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:

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

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

o 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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e withalignment on the received H field or the E field but with an additional rotation of 90°;
. with alignment error of 1°;
e  withaminimum 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 (&, ¢) 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 antennais
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
(2
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
I
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, ={Y=Rcos(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=-sn(Lt,).sin(Lg,)
Z =cos(Lt,)

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

SN, =0 SE =0 sV, =[s]=R

6.3 Satellite geographical coordinates
Let:

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

ETSI TR 102 375 V1.2.1 (2007-08)

€)

(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(Ltg).cos(Lgs)
S=1Y = p.cos(Lt).sin(Lgs)
Z = p.sin(Lty) 14
X =-sin(Ltg).cos(Lgs)
Ng =1Y =-sin(Ltg).sin(Lgs)
Z =cos(Ltg) 1)
X =-sin(Lgs)
E, =Y =cos(Lgs)
Z=0
(16)
SN, =0 SE.=0 an
6.4 Local coordinates

Figure 37: ES and satellite geographical coordinates
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Then:
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the earth station;

the axis towards the local South at station S, ;

The GSO arc is mainly southwards for a station on the north hemisphere but it is northwards for a station
on the south hemisphere.

the axis towards the local East at station S ;
the vertical axis at station S,;
the azimuth of a considered direction D ;

the elevation of a considered direction D ;
the vertical at station S ;
the direction of the North at station S, ;

the direction of the East at station S, ;

apoint of the space with geographical coordinates (XM YLy ) and local coordinates
(X s Va0 2 )

the distancefrom S, to M .

x=0 x=-1 x=0
V,=1y=0  N,=ly=0 E =]y=1 -
z=1 z=0 z=0 dy = SnMH 18)
Xy =—d,.cos(El, ).cos( Az, )
SM =1y, =d,.cos(El,).sin(Az,) (19)
z, =d,.sin(El,)
=-SM.N,=-(M.N,-S.N,) =-MN,
SM=1y,=SME, = ME-SE =ME (20)
z,=SMV, = MV,-SV. =MV,-R

Xy = Xy .sin(Lt,).cos(Lg,)+Y,,.sin(Lt,).sin(Lg,)-Z,,.cos(Lt,)
v =—Xy.sin(Lg,)+Y,.cos(Lg,) (21)
z,, = Xy .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,)
| +2,.cos(Lt,).cos(Lg,) - Rcos(Lt,).cos(Lg,)
E— +X,.8in(Lt,).sin(Lg,)+ Yy, .cos(L
SW=ly, = (Lt,)-Sn(Lg, )+ Yy coS(L, ) 2
+2,,.cos(Lt,).sin(Lg,)—Rcos(Lt,).sin(Lg,)

Z,, =—Xy.cos(Lt,)+z,.sin(Lt,)+Rsin(Lt,)

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 Satellite local coordinates
Let:
S the satellite on the GSO, or within its vicinity;
p: the nominal GSO radius = 42 164 km, and also radius the sphere of the GSO vicinity;

Azg the azimuth of the satellite S

Elg: the elevation of the satellite S,
dy: the distance from the station S, to the satellite S;
6,: the angle at the Earth centre between the direction of the satellite S and the direction of the station S, ;

Ng : 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;
Es : the direction of tangent to the GSO towards the East at the satellite S position.
Then:

cos(6,) SS,__Ss, = cos( Ltg).cos(Lt,).cos(Lgs—Lg,)+sin(Ltg).sin(Lt,)

SIS ew @
0,=[§5=\SS55=\S5+§5-285 = [P+ R -2pRaxs(g) .
X, =-SN,
SS=ly.=+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)
zs = p.| cos(Lts).cos(Lt,).cos(Lgs - Lg, ) +sin(Lts).sin(Lt,) |-R

Xs =—d,.cos(Elg).cos( Az)
S.S=1Ys =d,.cos(Elg).sin( Az) @27)
zs=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:

. T
S‘”(z*‘“)_sin(en) sin(a,)  cos(El,) _sin(¢,) _sin(a,)
P d, R P d, R (28)

wmi

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

i}

d,’=p’+R°-2.p.Rcos(8,)

(30)

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

S.n(Eln): Sn_S%/n — - p.(Z:OS(Hn)_R
SS| Jp*+R*-2pRcos(d,) a
(+sin(Ltn).cos( Lt,).cos(Lgs - Lg, )J
SSN | —cos(Lt,).sin(Lt
cos(EIn).cos(AA)zs‘EN”z—§= cos( L) Sn(Lts) (32)
ss d, Jp*+R-2.pRcos(8)
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= . Lts).sin(Lgs—L
cos(EIn).Sin(Azn)zi_'Eﬂ:ﬁ:pCOS( ts)Sn(Lgs—Lg,) (33)
H%S d, /p*+R*-2p.Rcos(6)
Az, = ArcTan2 %,—%]: ArcTan2(ys,—Xs) (34)
with:
ArcTan2(a.sin(x),acos(x))=x for a>0 and xe[-7,+7] (35)

Az, = ArcTanz((Sin(Lgs -Lg,)) ’(_Sin(Ltn).COS( "y Lgn)J]

+tan(Ltg).cos(Lt,)

(36)
The satellite longitude L gg corresponding to a given elevation El , is a solution of the following equations:
. .cos(6 )—R
sin(El,)= p-c08(6,)
\/pz +R?—2.p.Rcos(6,) @37)

cos(6,) = cos(Ltg).cos(Lt,).cos(Lgs —Lg,)+sin(Ltg).sin(Lt,)
p?.cos(6,)’ —2.(p.R.cos( Eln)2).003(49”)—(,02.sin(Eln)2 — R?.cos( Eln)z) =0

cos(8,)—sin(Ltg).sin(Lt,) (38)
cos(Ltg).cos(Lt,)

cos(Lgs—Lg,)=

The discriminant A of the above 2" degree equation of c0S(8,) is:

A= 4_,02.sin(EIn)2.(,o2 + R?.cos( Eln)z)

(39)
Two values of €os(6, ) are obtained:
R R)
cos(&n):(—j.cos(Eln)zisin(EIn).\/l—(—j .cos(El, )"
P P (40)

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

Then:

cos(8
P

cos(d,)—sin(Ltg).sin(Lt,)
cos(Ltg).cos(Lt,)

cos(Lgs—Lg,)=

)= [EJ.COS( El.)* +sin(EIn).\/1—(EJ2 .cos(El, )"

(41)

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

p p

cos(6,)-sin(Lts).sin(Lt, ..

cos(Lgs—Lg,)=

cos(6,) = (Ej.cos( Eln)2 +sin(EIn).\/1— (Ejz .cos( E|n)2

cos(Lts).cos( Lt

n,max)

I—gs = Lgn

or:

cos(Lts—Lt, ., ) = (E].cos( El,)’ +sin(El,) .\/1— (%

Jz .cos(El, )’

6.7 Antenna Cartesian coordinates

Figure 40: Antenna Cartesian coordinates

ETSI
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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
(Xam Yam»Zam )

Then:

___ |x=-cos(Elg).cos(Az)

— S .

Ugs === =1 Y =C0s(Elg).sin(Az) (44)
CB sy

_ (Va5 x=-sin(Az)

Ls, = m = ;/:;COS(AZS) (45)

x=+sin(Elg).cos( Az)
Az,) (46)

fn= % ACm: y=-sin(Elg).sin

—

z=+cos(Ely)
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=
~ Earth

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

As shown in figure 41, the satellite left hand side direction for a ES S, istowards the East when the ES is 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 a ES 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:

—cos(i).sin( Azg)+sin(i).sin(Elg).cos( Az)
—cos(i).cos(Azg)—sin(i).sin(Elg).sin(Azg) (47)
+sin(i).cos(Elg)

X
Upys=00s(i).Lg,+sin(i)Tg, =1y
z

x=+sin(i).sin( Az )+cos(i).sin(Elg).cos( Az)
Ug s =—Sin(i).Ls, +cos(i)Tg, =1y =+sin(i).cos( Az ) - cos(i).sin(El).sin( Az) (48)

n

z= +cos(i).cos(Elg)

X
SM =4 y=cos(El,).sin(Az,) (49)
z

+cos(i).cos(El,, ).sin(Azs— Az, ) (50)
—sin(i).cos(El, ).sin(Elg).cos( Az — Az, )

£+sin(i).sin(EIM ).cos(El)

—cos(i).sin(Elg).cos(El,, ).cos( Azs - Az, ) (51)

+cos(i).cos(Elg).sin(El, )

{sin(i).cos(ElM ).sin(Azg - Az, )
E

Z, v =S,Muug ¢ =cos(Elg).cos(El,, ).cos( Az — Az, )+sin(Elg).sin(El, ) (52)
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6.8 Antenna polar coordinates

Two types of polar coordinates are used:

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

e the other describe the antenna radiation patterns, with the angle o 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
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______ Antenna Az axis Antenna El axis __

Figure 43: Off-axis angles (¢), and o angle of a direction M
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Let:
S: the earth station with its antenna;
M : apoint of the space (Ely,;, Az,,) and antenna coordinates,
o - 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
(RS the off-axis angle of the direction of M with the antenna main beam direction;
0Og the angle of the direction of M with the plane defined by the antenna main beam axis and the antenna
azimuth axis (Az-axis);
QA 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, =C0S(¢y ).Sin(@,,)
Srllvl = ya :Sin((Pa )
= COS .COS
X, =sin(g, ).cos(e,, )
SM =3y, =sn(¢,).sin(ay,)
= COS
and:
¢EI = Ar CS n ( ya ) (55)
@n, = ArcTan2(x,,z,) (56)
¢y = ArcCos(z,, ) = ArcCos(cos( @y ).cos(@,, )) -
= ArcTan2| — Ya y— %
sin(gu) sin(ou)
a,, =1= ArcTan2(y,,x,)+z.Y(-sin(g, )) rad (58)
= ArcTan2(sin( g ),cos(¢g ).Sin(@,,))+7.Y (=sin(g, )) rad
0°< g, <180° = 0<sin(gp,)<1 (59)
a,, = ArcTan2(sin( gy ),c0s(¢g ).Sin(¢,, ) (60)
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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 ;
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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:
—  EASS
H sAS H (61)
is = angle(ug 5. s, (62)
Thevaluesof Sin(ig) may be obtained from the following set of equations:
X = p.[ cos(Ltg).sin(Lt,).cos(Lgs—Lg,)—sin(Lts).cos(Lt,) ]|
S,S=1{ys=p.cos(Lts).sin(Lgs - Lg,)] (63)
zs = p[ cos(Lts).cos(Lt,).cos(Lgs - Lg,)+sin(Lt).sin(Lt,) |-R
x=0
z=1 (64)
[, =| A (65)
Vin S8
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TS = ﬁ] /\LS,n (66)

(s

x=—sin(Lt,).sin(Lgs—Lg,)
Eg=1y=cos(Lgs - Lg,) 0
z=-cos(Lt,).sin(Lgs—Lg,)

— Es /\31—3
l"IEI,S —_-— ==
EASS 68)
i, =angle(Ug . s, ) (69)
Figure 45: Projections of @ on Q and T,
0s(ir,) = Uy o T | o
ITESTS = i, =ArcTan2(sin(i,,),cos(i,,)) (70)

sin (iAz) =-Ug s-Ls,
The antenna azimuth axis (Az-axis) is aligned with the tangent to the GSO arc at the satellite S position when:

==y,

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 ;
EO: the radiated electric field at the satellite;

Hy:  theradiated magnetic field at the satellite;

Z,: the vacuum impedance: 7 = [#0 =120z =376,6Q:

0

thetilt angle of radiated electric field at the satellite relative to the North pole direction N ;

g,
E .: thereceived electricfield at station #n;
H, .: thereceived magnetic field at station #n;
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 received electric field a or magnetic field H_ | and L_S:
Then:
u, =, (71)
S|
— S5
U, — (72)
S8
— _ S§ AV,
[ = AV 73
SN
— _S§AN
ES,C i —
‘&c A NH
(74)
E,= cos(i, ).N+sin(ig, ) Es, (75)
Zy,H,=u.AE (76)
n /\(Eo/\un)"'zo-(Ho/\un)
Er,n == _— — _— —
un/\(EO/\un)+Zo.(H0/\un)H an
ZoH,  =u AE (78)

ETSI



58 ETSI TR 102 375 V1.2.1 (2007-08)

When the antenna Az-axis is aligned on the received electric field:

. T P o
ni-E. COS(IE +Ej =Lg, Uy s =Ls,.E ,=—sin(i;) .
=— (. T = e :
Ugy s =—H, , sm(lE +E) =TonlUp s = Tsn-E, , =Cos(ig)
When the antenna Az-axisis aligned on the received magnetic field:
Ups = Hr,n COS(iE) = Ls,n-qu,s = s,n-Hr,n
= > (80)
Ug s = Er,n Sln(IE):TS,n'qu,S:TS,n'Hr,n
ic = 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

GSO GSO

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;
V. . . _
n: 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;

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:
— NAaSS
Ups T= == (82)
NASS
— §§ AUy s
Ug s =——7—
IS
(83)
igg = angle(qu’S, LS’n) (84)

The values of 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)
zs = p.(cos(Lt, ).cos(Ltg).cos(Lgs — Lg, ) +sin(Lts).sin(Lt,))-R

x=0
V,=1y=0
z=1 (86)
L= | 2t @)
"My
T 25|\ (88)
S,n S,n
=
x=—cos(Lt,)
N={y=0 (89)
z=+sin(Lt,)
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NASS
Up, s % (90)
INASS)
cos(ig, ) = Uny o-Lg _ o _
_ ( ) " :>{|Eq:ArcTanZ(sn(lEq),cos(lEq)) (91)
sin(igg ) = Un s Tsn
When the equatorial antenna mount is correctly installed, the antenna azimuth axis (Az-axis) inclinationis: | = —ig, .

<

—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) U,, 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+8i):  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 ﬁ of the North is used.
Then:

=2 )

VA
IELL L (93)

s
'Eqn: i? Alg, (94)
-l:S,n = E_ A I:S,n (95)

531
Uy, s =008(i) L, +sin(i) T, (9)
OAZ,S:(:os(i).I:—S;+sin(i).'?s’qn (97)
U, «=cos(i+0i).Ls . +sin(i+0i).T. (98)
Az,S S.n Sn

Upy s Upy s = COS( i) (99)
aAZ,SAuAZ,S:sin(ai).fmAg:gn(ai).% (100)
SiN(61) = (G5 AUy ). %z (101)

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

In that clause the equivalent antenna azimuth axis inclination variation 91 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

|

(102)

=}

I
—
v

|

c
Il
>
)

=

U s (103)
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U, s = C0S(61).Lg, +5n(61) T, (104)

Lolfg)e

(s AU ) 5.8 = (L AL, sns_

a=+ \TASnS) ((VA%S)ASHS) a=+ §~ 2 (\7/\§§)V
a=+,(§3(%,~§8)~83)]  Ja=+ ssl (\TAV SS (106)
a=—V,((%~58)158)~88)  |a=+ §§2.(§§A\Z).\Z
o= 88"V (7 059
. ss_ |59 [(88~%)]
SiN(01) =(lp s AUy s ) T = To——= (107)
(Buntn) o s [usnsw ik
The value of _gé_, may be computed as follows:
[S:SAvi|
x=0
V. =1y=0 (108)
z=1
d S‘—SH (109)

=Jy=+d,.cos(El).sin(Az) (110)

x=—d,.cos(El).cos( Azs)
SS=
z=+d,.sin(El)

x=d,.cos(Elg).sin( Az)
\7{

SSa y=d,.cos(Elg).cos(Az)
z=0
(111)
H%—S/\\ZH =d,.cos(El;) w2
S5 I
(113)

[5.SAY] cos(Els)
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Then:

1 (§§/\V’\n)
cos(Elg)’ H§§A\7n

sin(di)= v, (114)

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

@

satellite is within the vertical plane( X, Z), as represented in 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 (S,, %, ¥, Z)

(S,,%,¥,2): the Cartesian coordinate system where, Z isthevertical in S, (X, ¥) isthe horizontal planein

S, (X, Z) isthevertical plane containing the satellite S;

6: the offset angle of the estimated vertical \Z relative to the vertical \7,; : r\7n /\\7n sin (é) ;
a: the angle between the projection of \Z in the horizontal plane with the X axis.
Then:
Xx=0
V,=19=0
z=1 (115)

ETSI



64 ETSI TR 102 375 V1.2.1 (2007-08)

ss %= cos(Elg)
B | ancery
s (116)
X:sm(é).cos(&)
V. = y:sm(e).sm(o?)
Z= cos(é) (117)
B %=-sin(Ely).sin(6).sin(&)
‘—:::2“/\\_/:2 y=+sin(El) sm(é).cos(o?) cos(El )cos(e)
z=+cos(Els) sin(é).sin(&) w18
-E_SA\Z}\Z_cos(EIS).s'n(é).sin(&)
(‘SHSH (119)
Sn—s 7'2 ~ ~\2 . . (A ~ A\
“ . AV, (sm(@)sm(a)) +(sm(EIS).sn(H).cos(a)—cos(EIs).cos(H))
(120)
(67)= s’n(é).sin(o?)
J[8n(3)sin() +(sn(E1) sin(9) cos()-cos(,os(d))
Sin(gi)zz (sin(é).sin(&))z
(sin(é).sin(o?)) +(sin(EIS).sin(é).cos(o?)—cos(EIS).cos(é)) (122

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

. 2
d(sn(Aé‘l) ):0 -
do
with:
o (cos(EIS).cos(e) sin(Elg) cos (& )
—2.sin(6) .sin().
d(sin(éi)z) (s’n(EIS).sin(Q) cos(El) cos cos
da A o,

((sin(e).sin(d))2+(sin(Els) (6?) cos( &) —cos( Elg )cos(@)) j

(124)
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There are 3 valuesof & which make null the derivative:

d(sin(si)’)

e =0 & cos(a)=tg(Elg)t (63) (125)

cos(&) =ctg(Elg).ctg (6)

The first solution corresponds to the minimum value of O :

a=kzx = sin(di)’= O  __0 forE.2%-d
0+cos(EIS+¢9) 2
(126)
The second solution corresponds to the maximum value of Ji for Q< |EIS| < %— ‘é‘ :
~ 5 sin(é)
7 Els)tg(@ in(ol)|=——7-—=
wol@)=10(8)0(0) - ==l o
tg(El)ig(d)<1 El 6 0<|Ely|<Z |
fo(EL:)19(¢) ag(E>uld) o<
The third solution corresponds to the maximum value of Ol for% - ‘é‘ < |EIS| < % :
cos(@)=ctg(Els)ctg(d) = |sin(di)|= 129
- T \A V4
cg(Els)ag(d)<1 <  ag(lEl)<tg(ld) >-lsled<? o
The conclusion is the following:
e For aantennawith an azimuth-elevation mount, designed for a maximum elevation El smex andfora

maximum vertical axis offset émax then the maximum value i, of the offset Ji of the antenna azimuth

axis Uy, g isgiven by the following equations:

P s’n( émax )

- f0r O|Elg o | ST ~|Oa|: S = Arcsin) — (1308)
2 COS(|El g |

- for %— émax S‘Els,max‘ S%: Ol e =%rad (130b)

At given latitude Lt the maximum elevation of an antennais for a satellite within the meridian plane of the antenna.
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.Ssin( Lt
COS( El o ) = —— é)sm( )
\/p +R*-2.p.Rcos(Lt,)

(131)

The minimum the latitude, the maximum the elevation.

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

In that clause the equivalent antenna azimuth axis inclination variation d1 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: m

Asfor i =0:
Uy s =cos(i).Lg, +sin(i) Ty, (132)
pue = c0s(i) g, +sin(i) T, (133)
(p s =00s(i +61).Lg, +sin(i +61) T, (134)
Upy 5:Up, s = COS( 1) (135)
aAZ,SAuAZ,S:sin(ai).fmAgzsin(ai).% (136)
SiN(61) = (Gus Alns): :—z (137
but:
cos(i)’ ¥ +sin(i)’ -V
sn(di)=— Hsnj‘ B (138)
’\/nASnS-’VnASnSH-HSnSH +cos(i).sin(i). sis (Ve +Via)
with:
Vo0 (VA 58)7(%A59)) 53
Vel ((STSA(\ZAﬁ))A(S“—SA(\ZA?S)))'?S (139)
7.0((§84(V.153))7(%, ~55) )55
Vo0 ((V,A58)A(88A(% £ 59))) 58
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Vo=V~ 58)7 (% A 58)) 55

2= (oSS 58) s8]

V. ~V,(58A((%1 59159
({70 55155 SSJ7

V= +[5S[ (% 158,

N

ﬂ

-~((837(7r58)) (5307 A58)) )58
V. =(88A (V7 55))((554(% A 55)) A5
:(vAgsAss) (% A58)+58)+53)
{58 (- 59)~55) 759

(141)

. —2

V.=-[SS

Ss

~ _ _ J— —_—

i~
I

Vo =+[sg v
+§§‘

1 SSA (\7n/\§§)/\§§)) (142)

6~
Il
—_—
L
9]
>
<
>
2%
2l
<
>
L
2]
N
0
0]

\7;=(((\7A§§) §§) §§) Vi Aﬁé) (143

_ — _ _ =

sc—HSn#\ -( VnASnS) SnS)- :
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- (144)
C=[8S (759} (459
V-[55 V. (581(7459)
-5 {75537
and finally:
|sY (vss)o SSNA
-3, R | i s

This expression of Sin(Ji) isindependent of i.

Consequently, the results obtained for | =0 are aso applicablefor i 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:

~—— —— | EcASS | == —
u =Uu = e |A S and u AU =0 (146)
Az,S Az,S (HES A %S“] Sr| Az,S Az,S
then:
oy (=— — SS
sin(o0i)=(U, s AU, o). =0 (147)
or.
61 =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:

Uy s =Cos(i).Lg,+sin(i) Ty,

(p s =COS(i +81).Lg, +sin(i+61) Ty,

Upy s Upy s = COS( i)

\=‘£l

Opps AU s =SiN(31) T, A Lg, =Sin(di). 2

:U)
0!

gmauzﬁﬂ;Aa;Q.gg

((ﬁ@g)A(mﬁ))gg:

~ _ _

-[5] (7~N)53- |5 AN ~59) s
sn(81) SS SSAN I
s[5

Cisve_ 1 [ 88N |=
o )

ETSI
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(149)

(150)

(151)

(152)

(153)

(154)

(155)

(156)

-55((NASS)7(N 1 58))=(58A(NA5F)) (N 53)
((N/\&S)/\SHS) (%/\N) (((EASTS)/\STS)/\STSJN (157)
IS8 S

gsAN)

(158)

(159)
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sin(ﬁ,sn—s)zl = sin(di)=- é_i—ig” N (160)

For agiven location S, agiven satellite S and for a given inclination error 01 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(di) from S, on asphere of radius equal to 1.

R TP
/ /

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

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 R
u
ElLs Ugis R
qu

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) © thedlevation of the estimated direction N of the North pole in station Srl;

~

(AZN’n + 5AZN’n) . the azimuth of the estimated direction N of the North pole in station S ;

AEl:

AAZ,; :

Lt

n,min *

< AEl;

the maximum absolute value of OEl ,: ‘5EI N

the maximum absolute value of 0 AZ,, ‘é'AZN'n <AAz;

the maximum operational latitude for which the earth station is designed.
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Then:

x=-cos(Lt,) =-cos(El,).cos(Az,,)

N={y=0 =-+cos(El,).sin(Az,,) (161)

z=+sin(Lt,) =+sin(El,)

x=—cos(El ,+JEl ,).cos( Az, , + 5 Az, )
N= y=-+cos(El,, +8El,,).sn(Az, ,+5Az, ) (162)
z=+sin(El,, +5El,)

and consequently:

(163)

— . ( OEl ? . (0AZ ’
N.N:1—2.sm( 2“'”] —2.sm( 2“’”} .cos(Lt,).cos(Lt,+SEl ) (164)

The following condition:

— .N\2
N.N > cos(Ai) =1~ Z.Qn(%j (165)
becomes:
(6B, Y (6Az, .V (A
sn( 2N,nj +sn(%} .cos(Ltn).cos(Ltn+§EIN,n)sw(%} (166)
If ARz, and AHly are the maximum absolute values of OAZy and OBly, ,and if Lto min is the maximum

operational latitude for which the earth station is designed, then:

-\ 2

AEly, ) | o AAZ, )
n(%} +sin(%] .0S( Lt iy )-COS( Lt, o +AEL ) ssin(%) (en

When the latitude of the station is known with an accuracy highly better than Al , e.g. with a GPS, then the maximum
error in azimuth of the direction of the local North or South is given by the following relationship:

J:‘“('AS'J

- cos(Lt,)

AAz,
2

AEl, =0 = sin[

(168)

NOTE: 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.
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For antennas designed to operate at any latitude the condition becomes the following:

AEl =0
’ = ‘AAZN N
Lt, e [-80°,+80°] ’

<|Ai| (169)

8 Contour computation method

8.1 General

The computation of the contour of the shadows of the visible part of the GSO on an antenna radiation pattern is required
for the following three cases:

a) thecaseof astationinagiven location pointed towards a given satellite;

b) the case of stations within arange of latitudes pointed towards any satellites on the GSO and above agiven
elevation, including the case of a station in a given location pointed towards any satellites on the GSO and
above a given elevation.

The functions referred to within the present clause 8 are described in detail in clause 9 (Excel tool).

The method of the computation of the contour is based on the type of antenna mount considered within the present
document. For any other type of antenna mount the same methodology should be followed for the determination of the
normal inclination of the antenna Az-axis and for the determination of the impact of the antenna mount axes alignment
errors on the antenna Az-axis inclination and the methods described within the following two clauses 8.2 and 8.3 apply.

8.2 Case of 1 ES and 1 satellite

In the case of astation in a given location pointed towards a given satellite, for the determination of the shadow of the
GSO and its vicinity on the antenna radiation pattern, within the (o, @) domain, the method described in clause 9.7.2
applies.

The GSO shadow of the GSO and its vicinity should be computed:

a) for noaignment error;

b) for the maximum positive alignment error;

c¢) for the maximum negative alignment error; and

d) if necessary when the maximum alignment error islarge for intermediate alignment errors.
These computations should be repeated for:

e) for the maximum inclination offset i of the antenna Az-axis;

f)  for the minimum inclination offset i of the antenna Az-axis; and

g) if necessary when the range of inclination offset is large for intermediate values.

For antennas which could be used up-side down, all the above computations should be repeated for the inclination offset
increased or decreased by 180°.

The contour of the shadows of the GSO and its vicinity, with alignment errors and inclination offsets, on the antenna
radiation pattern, within the (o, ¢) domain, is the envelop of all the shadows which have been computed.
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8.3 Case of ESs and satellites

In the case of stations within a range of latitudes pointed towards any satellites on the GSO and above a given elevation,
including the case of a station in a given location pointed towards any satellites on the GSO and above a given
elevation, for the determination of the contour of the shadows of the GSO and its vicinity on the antenna radiation
patterns, within the (o, @) domain, the method described in clause 9.6.13 applies.

The contour of the shadows of the GSO and its vicinity should be computed:

a) for noaignment error;

b) for the maximum positive alignment error;

c¢) for the maximum negative alignment error; and

d) if necessary when the maximum alignment error islarge for intermediate alignment errors.
These computations should be repeated:

e) for the maximum inclination offset i of the antenna Az-axis;

f)  for the minimum inclination offset i of the antenna Az-axis; and

g) if necessary when the range of inclination offset is large for intermediate values.

For antennas which could be used upside down, all the above computations should be repeated for the inclination offset
increased or decreased by 180°.

The contour of the shadows of the GSO and its vicinity, with alignment errors and inclination offsets, on the antenna
radiation patterns, within the (c., ¢) domain, isthe envelop of all the contours which have been computed.

9 Excel tool

9.1 General

Itis recognized that all the problems of limits and discontinuities have not been fully considered, mainly when crossing
the equator or in the vicinity of the sub-satellite point on the Earth. However it is considered that this tool provide
enough information on the limit within the (o, ¢) domain of the shadow of the GSO arc and its vicinity for
measurement purpose.

The tool consists of:
o aworksheet, named "GSO";
. 2 Visual Basic Modules, named: "Basic_functions' and "GSO_arc _functions'.
The "GSO" worksheet contains:
. 3 sections for: the constants, the input data, the GSO shadow output data, the contour output data;
e  4graphs
- the GSO arc and its vicinity for an observer at the ES (the elevation vs. azimuth of the GSO points);
- the GSO arc and its vicinity for the antenna (Phi_El vs. Phi_Az of the GSO points);

- the GSO arc and its vicinity within the (o, ¢) domain and the limit within the (o, ¢) domain of the
shadow of the GSO arc and its vicinity (Phi.sin(Alpha) vs. Phi.cos(Alpha) of the GSO points);

- the minimum off-axis angle, corresponding to the minimum satellite longitude offset, within the (o, @)
domain.
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9.2 Cell colours

Mainly 4 colours are used for the cells of the worksheet:

Table 4: Colours of cells in tables

Brown for constants

Blank for input data

Blue for formulas or results from a Visual Basic subroutine
Green for titles

9.3 Constants

Presently the worksheet contains only one constant:

Table 5: Constants declared within Excel worksheets

Constants Remark
Antenna type table 1: Az-El mount without alignment This table is use to display the type of antenna
2: Az-El mount WITH ideal alignment selected by a number.

3: Az-El mount WITH polar alignment

4: Equatorial mount

Other constants are declared:

Table 6: Global constants associated to Excel worksheets

Name Value Unit Remark
Pi = 3,14159265358979
dg =Pi_/180 rad/®
p_ =42 164 km GSO radius
R _ =6371 km Earth radius
Sqr_2 =1,4142135623731 _ \/E

94 Buttons

Two types of buttons are used within the worksheet:

. one "Command button™ with caption " Contour" which initiate the computation of the contour with the input
parameters;

. several " Spin buttons® (E) used to increment or decrement values of some input parameters, e.g.:

Table 7: Examples of Excel sheet rows with spin buttons

Title Real variable | Integer variable | Spin button
ES latitude max 74,000°/N 74°IN « >
ES latitude min -74,000°/N 65 462°/N « »

When the spin button value of arow isincremented or decremented, the associated integer variable within the row
(e.g.i_ES Lt min) and thereal variable (e.g. ES Lt_min) of the row are updated with the spin button integer value.
Any modification of the integer variable results in a modification of the spin button value with that value. A negative
(e.g. -74°) value may be given to an integer variable but after action on the spin button the number displayed will be
equal to -74 + 216,

Thereisan exception for "Lg_S0" where the integer variable is an integer between -100 and 100 and representing a
percentage of the maximum longitude offset of the other satellite.
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Table 8: Case of row with spin button for "Lg_SO0"

Title

Real variable

Integer variable

Spin button

Lg_SO

70,553°/E

100

[ <> |

9.5 Input data

Table 9: Input data within worksheet "GSO"

Excel worksheet input data area Remarks

Inputs

Antenna mount

Type of antenna mount 2| 2: Az-El mount WITH [Type of antenna:

ideal alignment [1: Az-El mount without alignment

2: Az-El mount WITH alignment
3: Az-El mount WITH polar. alignment
4: equatorial mount

Permanent alignment error 0,000°/N 0 < > ||e[-90°, +90°]
The sign of this offset is given to the inclination
error

Az-El antenna mount

Vertical direction offset 0,000° Recommended values €[-180°, +180°]
The sign of this offset is given to the inclination
error

Equatorial antenna mount

North pole direction azimuth 4,000° Recommended values € [-0°, +360°]

offset

North pole direction elevation 3,000° Recommended values € [-90°, +90°]

offset The sign of this offset is given to the inclination
error

E/H field alignment

Tilt angle with the North pole 22,000° Recommended values € [-180°, +180°]

direction of the electric field at

the satellite

Longitude of the centre of the 5,000°/E Recommended values € [-180°, +180°]

satellite beam coverage

Latitude of the centre of the 50,000°/E Recommended values € [-90°, +90°]

satellite beam coverage

H_polar TRUE TRUE for alignment on the received H field
FALSE for alignment on the received E field

E/H field alignment error 0,000° Recommended values e [-180°, +180°]
The sign of this offset is given to the inclination
error

Antenna inclination

i Az -127,930° Inclination with Az-El mount

i Eq 52,700° Inclination with equatorial mount

| E 74,724° Inclination with E or H field alignment

i 0 -127,930° The selected antenna inclination according to the
antenna type

Alignment errors

Alignment error due to Az-El 0,000° Computed with the axes alignment error

mount

Alignment error due to Az-El 0,000° No formula available

mount with E field

Alignment error due to 4,654° Computed with the axes alignment error

eqguatorial mount

Alignment error 0,000° Selected alignment error according to the
antenna mount type

Earth station

ES latitude 36,000°/N 36°/N <« » ||e[-90°, +90°]

ES longitude 0,000°/E 0°/E « » ||e[-180° +180°]

Minimum ES elevation 7,000° 7° <« » [|e[-90°, +90°], of the pointed satellite

Minimum horizon elevation 0,000° 0° <« » |[e [-90°, +90°], of the other satellite

Max longitude offset 70,553° Function of the minimum ES elevation
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Excel worksheet input data area | Remarks
Pointed satellite
Lg_SO 70,553°/E 100 « = longitude of the ES + percentage of the
maximum longitude offset,
with percentage €[-100, +100]
Azimuth_0 101,724° Azimuth of the pointed satellite
Elevation 0 7,000° Elevation of the pointed satellite
Range of ES latitudes
ES latitude min -74,000°/N | 65 462°/N «
ES latitude max 74,000°/N 74°IN « >
ES latitude step 1,480°/N Latitude step for the computations
Markers
Phi 173,000° 173° <« Marker Phi = constant
Alpha 0,000° 0° « » Marker Alpha = constant

The minimum horizon elevation could be negative for an ES high above the sea level:

Table 10: Examples of negative horizon elevations for
various ES altitudes above the sea level

ES altitude | Horizon elevation
Om -0,000°

100 m -0,321°

200 m -0,454°

500 m -0,718°

1000 m -1,015°
1500 m -1,243°
2000 m -1,435°
3000 m -1,758°
4000 m -2,030°

9.6 Functions and Subroutines

The following Visual Basic functions and subroutines of the module "GSO_arc_functions" are used.

9.6.1 Function Azimuth()
The function Azimuth gives the satellite azimuth [°/N].
The inputs of the function Phi_ Azimuth(Lg_S, Lt_S, Lg_n, Lt_n) are;
. Lg S the satellite longitude [°/E];
e LtS the satellite latitude [ °/N];
. Lg_n the ES longitude [°/E];
. Lt n the ES latitude [°/N].
The value of the function Azimuth is computed with the following equation:
—sin(Lt,).cos(Lgs—Lg,)

= ArcTan2| (sin(Lgs—L :
A (sn(Lgs-La,)) +tan(Ltg).cos(Lt,)

(170)
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9.6.2 Function Elevation()
The function Elevation gives the satellite elevation [°/E].
The inputs of the function Phi_ Elevation(Lg_S, Lt S, Lg n, Lt n) are:
. Lg S the satellite longitude [°/E];
e LtS the satellite latitude [ °/N];
. Lgn the ES longitude [°/E];
. Lt n the ES latitude [°/N].

The value of the function Elevation is computed with the following equations:

cos(&n):%:cos(Lts).cos(Ltn).cos(LgS—Lgn)+sin(LtS).sin(Ltn)
p- (171)
SIﬂ(E' )_S—névn _ ,O.COS(Hn)—R
n)— [ 2, o2
‘SHS‘ \/p +R*-2.p.Rcos(6,) a7

9.6.3 Function Phi_Az()

Phi_Az isthe angle [°] of the projection of the considered direction within the plane defined by the antenna main beam
axis and its Az-axis, with the antenna main beam axis.

Theinputs of the function Phi_ Az (Az_S0O, El_S0,i, Az_S, EI_S) are:
. Az SO the pointed satellite azimuth [°/E];
. El_SO the pointed satellite elevation [°];
e AzS the other satellite azimuth [°/E];
. El_S the other satellite elevation [°];
o theinclination of the antenna Az-axis[°].

The value of the function Phi_ Az is computed with the following equations:
+sin(i).sin(Els).cos(Elg )
X, = S,SUy, ¢ =| +cos(i).cos(Els).sin( Azg — Az (173)
—sin(i).cos(El).sin(Elg ).cos( Azg — Az)

Z, =S,SUg, =cos(Elg ).cos(Elg).cos( Azg — Azs)+sin(Elg ).sin(Els) (174)

@, = ArcTan2(x,, z,) (75)
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9.6.4 Function Phi_EI()

Phi_El isthe angle [°] of the projection of the considered direction within the plane defined by the antenna main beam
axis and its El-axis, with the antenna main beam axis.

The inputs of the function Phi_ Az (Az_S0, El_S0, i, Az_S, EI_S) are:
e Az S0 the pointed satellite azimuth [°/E];
. El_SO the pointed satellite elevation [°];
e AzS the other satellite azimuth [°/E];
. ElS the other satellite elevation [°];
. i the inclination of the antenna Az-axis[°].

The value of the function Phi__ El is computed with the following eguations:
—sin(i).cos(Els).sin( Az — Az)
Yo =S,Sug ¢ =| —cos(i).sin(Elg ).cos(Els).cos( Azg — Az (176)

+cos(i).cos(Elg ).sin(El)

¢EI = Ar CS n ( ya ) (177)

9.6.5 Functions Phi_cos_Alpha() and Phi_sin_Alpha()
The outputs of these functions are such that:
0 Phi_cos_Alpha= Phi * Cos(alpha);
o Phi_sin_Alpha= Phi * sin(alpha).
where;
o Phi: isthe off-axis angle [°] of the considered direction measured from the antenna main beam axis;
. Alpha isthe angle[°] between:
- the plane defined by the antenna main beam axis and the considered direction; and
- the plane defined by the antenna main beam axis and its Az-axis.
The inputs of these functions Phi_cos_Alpha(Phi_Az, Phi_EI) and Phi_sin_Alpha(Phi_Az, Phi_El) are:

e  Phi_Az theangle[°] of the projection of the considered direction within the plane defined by the antenna main
beam axis and its Az-axis, with the antenna main beam axis;

e Phi_El: theangle[°] of the projection of the considered direction within the plane defined by the antenna main
beam axis and its El-axis, with the antenna main beam axis.

The value of the function Phi_cos_Alphais computed with the following equations:

¢y = ArcCos(z,, ) = ArcCos(cos( @y ).cos(@,,))

(178)
a, = ArcTan2(sin(gg ),cos(@y ).sin(g,,)) (179)
Phi_cos Alpha=g,, .cos(e, ) (180)
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Phi_sin_Alpha=g,, .sin(a,, ) (181)

9.6.6 Function Inclination_with_Az_EIl_mount()

The function Inclination_with_Az_El_mount returns the value of the inclination of the antenna Az-axis so that it is
aligned with the GSO tangent.

The inputs of the function Az_EI_mount(Lg_S, Lt S,Lg _n, Lt n) are:
. Lg S the pointed satellite longitude [°/E];
. Lt S the pointed satellite latitude [°/N];
. Lg_n: the ES longitude [°/E];
. Lt n: the ES latitude [°/N].

The value of the function Az_EI_mount is computed with the set of equations selected in clause 6.9.

9.6.7 Function Inclination_with_E_field_alignment()
Inclination_with_E field_alignment(Lg_S, Lt S, Lg_c, Lt c,i_EO,Lg n, Lt n, H_polar).

The function Inclination_with_E_field_alignment returns the value of the inclination of the antenna Az-axis so that it is
aligned with the E or H field received from the satellite.

Theinputs of the function E_field_alignment(Lg_S, Lt S,Lg ¢, Lt ¢, i_EO,Lg n, Lt n, H_polar) are:

. Lg_S the pointed satellite longitude [°/E];

. Lt S the pointed satellite latitude [°/N];

. Lg c the centre of coverage longitude [°/E];
. Lt ¢ the centre of coverage latitude [°/N];

e i EO theradiated E field tilt angle [°/N];

. Lg_n: the ES longitude [°/E];

o Lt_n: the ES latitude [°/N];

. H_polar: TRUE when the horizontal polar is used, FALSE when the vertical polar is used.
The value of the function Inclination_with_E_field_alignment is computed with the set of equations selected in
clause 6.10.
9.6.8 Function Inclination_with_equatorial_mount()

The function Inclination_with_equatorial_mount returns the value of the inclination of the antenna Az-axis when a
perfect equatorial mount is used.

Theinputs of the function Inclination_with_equatorial_mount(Lg_S, Lt S,Lg n, Lt n) are:
. Lg_S the pointed satellite longitude [°/E];
. Lt S the pointed satellite latitude [°/N];
. Lg_n: the ES longitude [°/E];

. Lt n: the ES latitude [°/N].
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The value of the function Inclination_with_equatorial_mount is computed with the set of equations selected in
clause 6.11.

9.6.9 Function Az_EI_mount_alignment_error()

The function returns the maximum value di, ., of the offset i of the antenna azimuth axis U,, 5 due to amaximum

vertical axis offset @ for aantenna with an azimuth-elevation mount.

max !
Theinputs of the function Az_ElI_mount_alignment_error(Vertical_offset, El_S) are:
e Vertica offset: the maximum vertical axis offset émax [°1;

. El_S the elevation of the pointed satellite [°].

The value of the function Az_El_mount_alignment_error is computed with the following equation:

R sin émax
For |El| <Z_lg Ol = ArcSn u
2 cos(|El|)
For z—‘émax‘ <|El4| Si. =Zrad
2 2 (182)
The sign of the Vertical_offset is given to the inclination offset Ji,,, :
Ol = SN O ) O e (183)

9.6.10 Function Az_EI_mount_with_E_field_alignment_error()

The function returns the value of the offset J1 of the antenna azimuth axis U,, 5 dueto the E or H field alignment
error, for an antenna with an azimuth-elevation mount and with polarization alignment.
Theinput of the function Az_El_mount_with E field_alignment_error (di_E) is:

. di_E: the polarization alignment error [°].

The value of the function Az_ElI_mount_with E field alignment_error is computed with the following equation:
51 =|oi| (184)
The sign of the di_E is given to the inclination offset Ol :
di = 9gn(di.).oi (185)
NOTE: Itisrecognized that presently the above equations could be simplified (e.g. Oi = Ji. ) but the general

structure of this clause is kept identical to other similar clauses for possible future developments of this
clause for taking into consideration the various sources of errors.
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9.6.11 Function Equatorial_mount_alignment_error()

The function returns the variation value ( Ai ) of the antenna Az-axis inclination due to errors on the equatorial mount
North-South axis.

Theinputs of the function Equatorial_mount_alignment_error(dAz_N, dEl_N, Lt n) are:
. dAz_N:  the North pole direction azimuth offset [°];
. dEl_N: the North pole direction elevation offset [°];
. Lt n: the ES latitude [°/N].

The value of the function Equatorial_mount_alignment_error is computed with the following equation:

2 2
Ai =2.ArcSn \/sin(m;l“) +sin(5pz‘z“‘) .cos(Lt, ).cos(Lt, +JEl) (186)

The sign of the dEI_N is given to the inclination offset Al :

Ai = 9gn(JEl ).Ai (187)

9.6.12 Function Max_satellite_longitude_offset()
The function returns the maximum longitude offset ( Lgs—-Lg, ) of asatellite visible at a given minimum elevation.

Theinputs of the function Max_satellite_longitude offset(Lt_n, EIl_min, Lt _S) are:

e Ltn the ES latitude [°/N];

e El min: the minimum elevation of the satellite [°]. This parameter is optional. The default value is equal to
0°;

e Lt S the satellite latitude [°/N]. This parameter is optional. The default valueis equal to 0°.

The value of the function Max_satellite longitude_offset is computed with the following equations:

cos(6,) = (%}.cos( El,)° +sin(EIn).\/1— (;jz .cos(El, )’ (188)

_ cos(6,)—sin(Ltg).sin(Lt,)
(L =L0:)= ArcCos( cos( Lt ).cos(Lt,) J

(189)

9.6.13 Subroutine GSO_external_contour()

The subroutine GSO_external _contour() computes the contour within the (o, @) domain of the shadows of the GSO arc
and its vicinity for various positions of the ES and the pointed satellite.

This subroutine is activated by the command button " Contour” and by some spin buttons.

The inputs of the subroutine GSO_external_contour() are read in the worksheet "GSO":

. ES Lg: the earth station longitude [°];
. ES Lt min: the earth station minimum latitude [°];
. ES Lt max: the earth station maximum latitude [°];
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ES El_min: the minimum elevation of the pointed satellite [°];
Hz El_min: the minimum elevation of the satellite to be protected [°];
Type_of _antenna_mount: 1for Az_El_mount_without_alignment;

2 for Az_El_mount WITH_alignment;
3for Az_El_mount WITH_polar_alignment;
4 for Equatorial_mount;

Permanent_alignment_error: the permanent inclination offset of the antenna Az-axis[°];

Vertical_offset: the maximum error of the vertical [°] of an Az-El mount;
dAz_N: the error in azimuth of the pole axis of an equatorial mount [°];
dEI_N: the error in elevation of the pole axis of an equatorial mount [°].

The contour is 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 antennaiis
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 absolute val ue 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.

In each case, for agiven pointed satellite longitude (Lg_S0O) and a given longitude (Lg_S) of the other satellite the
values of the following variables are computed using the functions already described:

Table 11: Intermediates variables of subroutine GSO external contour

Variables Equations Remarks
Az_S0 = Azimuth (Lg_S0, 0, ES_Lg, ES_Lt) /N Azimuth of the pointed satellite
El_SO = Elevation (Lg_S0, 0, ES Lg,ES Lt) " Elevation of the pointed satellite
Az S = Azimuth (Lg_S, Lt S,ES Lg, ES Lt) /N Azimuth of the other satellite
ElS = Elevation (Lg_S, Lt S,ES Lg, ES_Lt) " Elevation of the other satellite
Nominal_inclination = (See next table) Antenna Az-axis inclination,

according to the Type_of antenna_mount

Alignment_error = (See next table) Antenna Az-axis inclination error due to the

antenna mount axes alignment errors,
According to the Type of antenna_mount

iSO = Nominal_inclination + Alignment_error Global inclination of the antenna Az-axis
Permanent_alignment_error

Phi Az S =Phi_Az (Az_SO, El SO,i SO,Az S,EIl §)" Off-axis angle along the antenna Az-Axis

Phi El S =Phi El (Az SO, El SO,i SO,Az S,El S)™ Off-axis angle along the antenna El-Axis

Phi_cos_Alpha_S = Phi_cos_Alpha (Phi_Az_S, Phi_EI_S) Phi * Cos(Alpha) " Alpha is defined after the
next table

Phi_sin_Alpha_S = Phi_sin_Alpha (Phi_Az_S, Phi_EI_S) Phi * Sin(Alpha) ' Alpha is defined after the
next table
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Table 12: Alignment error and nominal inclination intermediates
variables of subroutine GSO external contour

Type_of_antenna_mount Alignment_error Nominal_inclination
Az_EI_mount_without_alignment Az_EI_mount_alignment_error 0
(Vertical_offset, EI_S0)
Az_El_mount_WITH_alignment 0 Inclination_with_Az_E|_mount (Lg_S0,
0,ES Lg, ES Lt
Az_E|_mount_WITH_polar_alignment 0 Inclination_with_E_field_alignment

(Lg_S0,0,Lg c, Lt c,i EO,ES Lg,
ES_Lt, H_polar)

Equatorial_mount Equatorial_mount_alignment_error |Inclination_with_equatorial_mount
(dAz_N, dEI_N, ES_Lt) (Lg_S0,0,ES_Lg, ES_Lt)

The outputs are stored in the table "GSO_external _contour” of the worksheet "GSO". The outputs are;
. Phi_cos Alpha S = Phi * Cos(alpha) '°; and
. Phi_sin_Alpha_S=Phi * Sin(alpha) ".

o Phi: isthe off-axis angle [°] of each considered direction measured from the antenna main beam axis;
. Alpha isthe angle[°] between:
- the plane defined by the antenna main beam axis and each considered direction; and

- the plane defined by the antenna main beam axis and its Az-axis.

9.6.14 Subroutine GSO _internal_contour()

The subroutine GSO_internal_contour () computes the minimum off-axis angles within the (o, ¢) domain
corresponding to the minimum longitude offset (dLg_S_min) for various positions of the ES and the pointed satellite.

This subroutine as the subroutine GSO_internal_contour() is activated by the command button " Contour" and by some
spin buttons.

The inputs of the subroutine GSO_internal_contour() are read in the worksheet "GSO". Their are those of the subroutine
GSO_external_contour() plus the following input data:

. dLg_S min: the minimum longitude offset [°].

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 antennais
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 outputs are stored in the table "GSO_internal_contour” of the worksheet "GSO". The structure of that tableis
identical to the structure of the "GSO_external_contour” table.
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9.7.1

General

The outputs of the worksheet "GSO" consist in:
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Output data and graphs

e  the GSO shadow for agiven ES and a given pointed satellite;

. the GSO_external _contour (See the subroutine GSO_external_contour());

. the GSO_internal_contour (See the subroutine GSO _internal _contour());

e 4 graphswhich have already been presented along the present document.

9.7.2

GSO shadow for a given ES and a given pointed satellite

The GSO shadow on the antenna radiation pattern, within the (o, @) domain for a given ES and a given pointed satellite
uses the following inputs.

Table 13: Inputs for the computation of the GSO shadow on the antenna radiation pattern

Title Variable Remarks
Antenna inclination
i 0 -127,930° |the selected antenna inclination according to the antenna type.
Earth station
ES latitude ES Lt 36,000°/N |e [-90°, +90°]
ES longitude ES_Lg 0,000°/E  |e [-180°, +180°]
Minimum horizon Hz_El_min |0,000° € [-90°, +90°], of the other satellite
elevation
Pointed satellite
Azimuth 0 Azimuth 0 (101,724 azimuth of the pointed satellite
Elevation_0 Elevation_0 |7,000 elevation of the pointed satellite
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The GSO shadow on the antenna radiation pattern is computed within the worksheet "GSO" according to the following

formulae.
Table 14: Formulae and intermediate variables for the computation
of the GSO shadow on the antenna readiation pattern
Title Variable Formula Remarks
Satellite latitude Lt S -3 Satellite latitude: -3, 0 and +3
successively
Max satellite dLg_S_max = Max_satellite_longitude_offset
longitude offset (ES_Lt; Hz_El_min; Lt_S)
Satellite longitude dLg_S =dLg_S_max/50
step
Satellite longitude Lg_ S =Lg S+dLg_S Satellite longitude
Lg_S is initiated with:
(ES_Lg - dLg_S_max)
and is increased up to:
(ES_Lg +dLg_S_max)
Az_S - 180° Az_S 180 = Azimuth (Lg_S; Lt S; ES Lg; Satellite azimuth
ES Lt)-180
El_S El_S = Elevation (Lg_S; Lt_S; ES_Lg; Satellite elevation
ES_Lt)
Phi_Az Phi_Az = Phi_Az (Azimuth_0O; Elevation_0; [The angle [°] of the projection of the
i_0; Az_S 180 + 180; Lt_S) satellite direction within the plane
defined by the antenna main beam axis
and its Az-axis, with the antenna main
beam axis
Phi_EI Phi_El = Phi_El (Azimuth_O; Elevation_0; [The angle [°] of the projection of the
i_0; Az_S_180 + 180; EI_S) satellite direction within the plane
defined by the antenna main beam axis
and its El-axis, with the antenna main
beam axis
¢®.cos (o) Phi_cos_Alpha_S |= Phi_cos_Alpha (Phi_Az; Phi_El) [For the meaning of Phi_cos_Alpha_S
see the subroutine
"GSO_external_contour".
@.sin (o) Phi_sin_Alpha_S [= Phi_sin_Alpha (Phi_Az; Phi_El) [For the meaning of Phi_sin_Alpha_S

see the subroutine
"GSO_external_contour".
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