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Geostationary Satellite Look Angles Tables

» For geostationary orbit, the look angles values does not change as the satellites

are stationary with respect to earth.

» Angle of elevation and azimuth angle both depend on the latitude of the earth
station and the longitude of both the earth station and the orbiting satellite.
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Geostationary Satellite Look Angles Tables

N ] ] 5;0 55 s Azimuth angle

70 ] [ ] l || 65

S LU o
g LYY YTy YL
2 5 [1] ANNENAE
LUV IAAAAANN A LY
Sl YV Y VTR
s ol LV LA/ LV 1/
MIINNEviAaaaadvini
5 olll] ,//// F /// P / /

I vaviv.edv.a v

A WA AANAAX VA LA | Y

A A T 1

///////// ,// al ,/(
IZ 1T | LA

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90

Earth station longitude minus satellite longitude (AL in degrees)
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FIGURE 13 Elevation angles for earth stations located in the Northern Hemisphere



Geostationary Satellite Look Angles Tables

Example 1

An earth station is located in Houston, Texas, which has a longitude of 95.5°W and a latitude of
29.5°N. The satellite of interest is RCA's Satcom I, which has a longitude of 135°W. Determine the
azimuth angle and elevation angle for the earth station.

solution First determine the difference between the longitude of the earth station and the satellite
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Geostationary Satellite Look Angles Tables

Example 1

An earth station is located in Houston, Texas, which has a longitude of 95.5°W and a latitude of
29.5°N. The satellite of interest is RCA's Satcom [, which has a longitude of 135°W. Determine the
azimuth angle and elevation angle for the earth station.

solution First determine the difference between the longitude of the earth station and the satellite

AL = 135° — 95.5°
= 39.5°

From the figure, the azimuth
angle is approximately 59°

* Locate the intersection of AL
and the earth station’s latitude
on Figure 13.
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From the figure, the
elevation angle is
approximately 35°
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3.9.4 Computing the Line-of-Sight Distance between Two Satellites

* The line-of-sight distance between two satellites placed in the same
circular orbit can be computed from triangle ABC

AB = /(AC? + BC* — 2 AC BC cos¥9)

where AC = BC = orbit radius for a geo-stationary orbit

 The angle 8 will be the angular separation of the longitudes of the two
satellites.

v" If the two satellites are located at 30° E and 60¢° E, then 8 = 30-.
v’ If the two locations are 30> W and 60° E, then 8 = 90- .
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3.9.4 Computing the Line-of-Sight Distance between Two Satellites 7

 The maximum line-of-sight distance between these two satellites occurs
when the satellites are placed so that the line joining the two becomes
tangent to the Earth’s surface,
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3.10 Earth Coverage and Ground Tracks 8

* Earth coverage, also known as the ‘footprint’, is the surface area of the
Earth that can possibly be covered by a given satellite.

 The area of Earth covered by a satellite depends on:
1.The location of the satellite in its geostationary orbit,
2.The carrier frequency and
3.The gain of its antennas.

 The radiation pattern from a satellite antenna may be categorized as
either spot, zonal or earth.

1. Earth Coverage: The radiation patterns covers approximately one-third of
Earth’s surface.

2. Zonal coverage: covers an area less than one-third of Earth’s surface.

3. Spot coverage: beams concentrate the radiated power in a very small

e geographic area.




3.10 Earth Coverage and Ground Tracks 9

3.10.1 Satellite Altitude and the Earth Coverage Area

 The coverage area increases with the height of the satellite above the
surface of the Earth.

* It varies from something like 1.5 % of the Earth’s surface area for a LEO at
200 km to about 43 % for a GEO at 36 000 km.

 The coverage angle, from Equation (3.26), can be computed :

Coverage angle a = sin™! {( = fH ) COS .t'}
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3.10 Earth Coverage and Ground Tracks 10

3.10.1 Satellite Altitude and the Earth Coverage Area

Table 3.7 Variation of the coverage area as a function of the satellite altitude

Satellite altitude (km)

Coverage area (%% of Earth’s surface area)

200
300
400
500
600
700
800
900

1 000
2000
4000
3000
6 000
7000
8 000
9000
10000
15000
20000
25000
30000
36000

1.5
2.0
2.5
3.0
3.5
4.5
5.5
6.0
7.0
12.0
18.5
21.5
24.0
26.0
275
29.0
30.0
350
37.5
40.0
41.5
43.0

It can be seen from the table
that the increase in coverage
area with an increase in altitude
is steeper in the beginning than
it is as the altitude increases
beyond 10 000 km.
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3.10 Earth Coverage and Ground Tracks

3.10.1 Satellite Altitude and the Earth Coverage Area

Table 3.8 Vanation of the full coverage angle as a
function of the satellite altitude

Satellite altitude (km)

Full Coverage angle (deg)

2010
304
40
5S040
(ST
00
S
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2 00D
4 OO
5000
6 OO
T OO0
B OO0
O OO
10 OO0
15 OO0
200 OO
25 000
30 OO0
36 00D

I 50
144
138
134
130
126
124
120
118
1O
T6
58
)
56
52
48
44
32
26
22
18
17
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3.10 Earth Coverage and Ground Tracks 13

* Ground track is the path followed by the sub-satellite point while the
satellites rotates in its orbit.

3.10.2 Satellite Ground Tracks

* |f the Earth were not rotating, the ground track would simply be the
circumference of the great circle formed by the bisection of the Earth

with the orbital plane of the satellite.
* Two factors that influence the ground track due to Earth’s rotation:

1. The altitude of the satellite
2. The latitude at which the satellite is located

/
/
+ Satellite’s
Ground ;
track ¥ orbit




Satellite Ground Track

Molniya Satellite Ground Track
(HEO Track)

14



3.10.3 Orbit Inclination and Latitude Coverage 15

The northern and southern latitudes of the terrestrial segment
covered by the satellite’s ground track depend upon the satellite orbit
inclination

The covered zone from the extreme northern latitude to the extreme
southern latitude, which is symmetrical about the equator, is called the
latitude coverage

The latitude coverage is 100 % only in the case of polar orbits.

The higher the orbit inclination, the greater is the latitude coverage.
This also explains why an equatorial orbit is not useful for higher
latitude regions and also why a highly inclined Molniya orbit is more
suitable for the territories of Russia
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* This chapter presents a closer look at what LA ;
a typical satellite comprises, irrespective Satelhte

of its intended application. TechnOlOgY

* Different subsystems and their major

functions are also presented . Principles and Applications
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4.1 Satellite Subsystems

A typical satellite (communications, weather forecasting ,or remote
sensing satellite) consists of the following subsystems:

R

-+
3.
6.
1.
8.

. Mechanical structure
. Propulsion subsystem

Thermal control subsystem

Power supply subsystem

Telemetry, tracking and command (TT&C) subsystem
Attitude and orbit control subsystem

Payload subsystem

Antenna subsystem

18



4.1 Satellite Subsystems

1. The mechanical structural subsystem

Provides the framework for mounting other subsystems of the satellite
Provides an interface between the satellite and the launch vehicle.

2. The propulsion subsystem

is used to provide the thrusts required to impart the necessary velocity
changes to execute all the maneuvers during the satellite lifetime

This would include major maneuvers required to move the satellite
from its transfer orbit to the final orbit or moving it to the graveyard
orbit for decommission at the end of its life-span and also the smaller
maneuvers needed throughout the lifespan of the satellite, such as
those required for station keeping or avoiding debris.

19



4.1 Satellite Subsystems

3. The thermal control subsystem

It is essential to maintain the satellite platform within its operating
temperature limits for the type of equipment on board the satellite.

It also ensures the desirable temperature distribution throughout the
satellite structure, which is essential to retain dimensional stability and
maintain the alignment of certain critical equipment.

4. The power supply subsystem

It is used to collect the solar energy, transform it to electrical power
with the help of arrays of solar cells

It distributes electrical power to other components and

It contains batteries, which provide standby power during eclipse
periods, other emergency situations, and during the launch phase of

~ the satellite when the solar arrays are not yet functional

20



4.1 Satellite Subsystems

5. The telemetry, tracking and command (TT&C) subsystem

It monitors and controls the satellite from the lift-off stage to the end
of its operational life in space.

The tracking part determines the position of the spacecraft and follows
its travel using angle, range and velocity information.

The telemetry part gathers information on the health of various
subsystems of the satellite, encodes this information and then
transmits the same.

The command element receives and executes remote control
commands to effect changes to the platform functions, configuration,
position and velocity.

21



4.1 Satellite Subsystems

6. The attitude and orbit control (AOC) subsystem

* |t performs two primary functions.
* |t controls the orbital path, which is required to ensure that the

satellite is in the correct location in space to provide the intended

services.
* |t also provides attitude control, which is essential to prevent the

satellite from tumbling in space and also to ensure that the antennas
remain pointed at a fixed point on the Earth’s surface.

22




4.1 Satellite Subsystems

7. The payload subsystem

It is that part of the satellite that carries the desired instrumentation
required for performing its intended function and is therefore the most
important subsystem of any satellite.

The nature of the payload on any satellite depends upon its mission.
The basic payload in the case of a communication satellite is the
transponder, which acts as a receiver, an amplifier and a transmitter.
For a weather forecasting satellite, a radiometer is the most important
payload.

For a remote sensing satellite, High resolution cameras, multispectral
scanners and thematic mappers are the main payloads

Scientific satellites have a variety of payloads depending upon the
mission. These include telescopes, spectrographs, plasma detectors,

Mnagnetometers, spectrometers and so on.
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4.1 Satellite Subsystems

8. The Antennas subsystem

Antennas are used for both receiving signals from ground stations as
well as for transmitting signals towards them.

There are a variety of antennas available for use on board a satellite.
The final choice depends mainly upon the frequency of operation and
required gain.

Typical antenna types used on satellites include horn antennas,
centre-fed and offset-fed parabolic reflectors and lens antennas.
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