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Learning  Outcomes

At the end of this lecture, Student will be able to: 

LO 1 : Understand Attitude and orbit control system
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Attitude and 

orbit control 

system
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Maintaining a microwave communication system in space is not a simple problem.
A typical large geostationary satellite is estimated to cost around $125M, on station.

Earth station cost

The revenue to pay these costs is obtained by selling the communication capacity of the satellite to 
users, either by way of leasing circuits or transponders, or by charging for circuit use, as in the 
international telephone and transmission service.

The emphasis throughout this unit is on satellites in geostationary orbit.



ATTITUDE AND ORBIT CONTROL SYSTEM(AOCS)

This subsystem consists of rocket motors that are used to move the satellite back to the correct orbit when external 

forces cause it to drift off station and gas jets or inertial devices that control the attitude of the satellite.

Telemetry, Tracking, Command, and Monitoring (TTC&M)

These systems are partly on the satellite and partly at the controlling earth station.

Power System

The Power is used by the communications system, mainly in its transmitters, and also by housekeeping, subsystems.
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Communications Subsystems:

There are two types of transponder in use on satellites: the linear or bent pipe transponder and the baseband 

processing transponder.

Satellite Antennas:

On Large GEO satellites the antenna systems are very complex and produce beams with shapes carefully tailored to 

ƳŀǘŎƘ ǘƘŜ ŀǊŜŀǎ ƻƴ ǘƘŜ ŜŀǊǘƘΩǎ ǎǳǊŦŀŎŜ ǎŜǊǾŜŘ ōȅ ǘƘŜ ǎŀǘŜƭƭƛǘŜΦ
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Attitude and orbit control system (AOCS)

¢ƘŜ ŀǘǘƛǘǳŘŜ ŀƴŘ ƻǊōƛǘ ƻŦ ŀ ǎŀǘŜƭƭƛǘŜ Ƴǳǎǘ ōŜ ŎƻƴǘǊƻƭƭŜŘ ǎƻ ǘƘŀǘ ǘƘŜ ǎŀǘŜƭƭƛǘŜΩǎ ŀƴǘŜƴƴŀǎ 

point towards the earth and so that the user knows where in the sky to look for the 

satellite.

¢ƘŜ ŜŀǊǘƘΩǎ ƳŀƎƴŜǘƛŎ ŦƛŜƭŘ ƎŜƴŜǊŀǘƛƻƴ ŜŘŘȅ ŎǳǊǊŜƴǘǎ ƛƴ ǘƘŜ ǎŀǘŜƭƭƛǘŜΩǎ ƳŜǘŀƭƭƛŎ ǎǘǊǳŎǘǳǊŜ ŀǎ 

it travels through the magnetic field, tend to cause rotation of the satellite body.

¢ƘŜ ƳƻƻƴΩǎ ƎǊŀǾƛǘŀǘƛƻƴŀƭ ŦƻǊŎŜ ƛǎ ŀōƻǳǘ ǘǿƻ ǘƛƳŜ ŀǎ ǎǘǊƻƴƎ ŀǎ ǘƘŜ ǎǳƴΩǎΦ

LEO satellites are less affected by gravitational fields of the sun and moon.

The Earth is not quite a perfect sphere. At the equator, there are bulges of about 65m at 

longitude 162-degree E and 348-degree E, With the result that a satellite is accelerated 

towards one of two stable points in the GEO orbit at longitude 75-degree E and 252-

degree E.
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Attitude Control System:

There are two ways to make a satellite stable in orbit, when it is 

weightless.

Spinners.

Momentum wheels.

Three-axis stabilized satellite.

Increasing the speed of momentum wheel causes the satellite 

to process in the opposite direction, according the principle of 

conservation of angular momentum.

Spinner design of satellite.

The communications system is driven by an electric motor in 

opposite direction to the rotation of the satellite body to keep 

the antennas pointing towards the earth.

Despun.
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There are two types of rocket motors used on satellites.

Bipropellant thruster.

And arc jets or ion thrusters.

A new development in thrusters uses a high voltage source to accelerate ions to a very high velocity, thus 

producing thrust.

In a three-axis stabilized satellite, one pair of gas jets is needed for each axis to provide for rotation in 

both directions of pitch, roll, and yaw.

When motion is required along a given axis, the appropriate gas jet is operated for a specific period of 

time to achieve the desired velocity. The opposing gas jet must be operated for the same length of time to 

stop the motion when the satellite reaches its new position.

Rotation about the Xr,Yrand Zr axes is defined as roll about the Xraxis , pitch about the Yraxis, and yaw 

about the Zr axis.

The axes Xr,Yrand Zr are defined with respect to the location of the satellite; a second set of Cartesian 

axes,X,Y,Zas shown in figure 3.4, define the orientation of the satellite.
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In a spinner-type satellite, the axis of rotation is usually the Y-

axis, which is maintained close to the Yraxis, perpendicular to 

the orbital plane.

Attitude control of a three-axis stabilized satellite requires an 

increase or a decrease in the speed of the inertia wheel.

A geostationary satellite is subjected to several forces that tend 

to accelerate it away from its required orbit.

Gravitation forces of the moon and the sun and the 

nonsphericalshape of the earth around the equator.

For the orbit to be truly geostationary , it must lie in the 

equatorial plane, be circular, and have the correct altitude.
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TTC&M: the main functions of satellite management 

are to Control orbit and attitude of the satellite, monitor 
the status of the sensors, and subsystems on the 
satellite, and switch on or off sections of communication 
system.
Telemetry and tracking system:
Monitor pressure in fuel tanks, voltage and current in 
the power conditioning unit, current drawn by each 
subsystem, and critical currents and voltages in the 
communication electronics.

Temperature

Attitude
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Tracking: rate of change of range 

Telemetry carrier or beacon transmitter carrier

Ranging tones

Command:
Attitude, orbit

Apogee kick motor

Spin up a spinner or extend the solar sails and antenna of a three axis stabilised satellite.

Security

Backup system
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Power systems:
Solar cells
Deep space planetary satellites ςthermonuclear generators
Solar cells- beginning of life
Spinner v/s 3 axis stabilised satellites
Rotary joint in 3axis stabilised satellite
Batteries- spring and fall equinoxes
200 w of longitude of service area- eclipse after 1am
Nickel-hydrogen
20-50v---------20to 100Ah
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Communications subsystems:
Description of the communications system: A communication satellite 
exists to provide a platform in geostationary orbit for the relaying of voice, 
video and data communications.
Total channel capacity can be increased only if the bandwidth can be 
increased or reused.
Spatial frequency reuse/polarisation frequency reuse.
International agreements restrict the frequencies that may be used for 
particular services.
The standard spacing between GEO satellites was originally set at 30

Propagation in rain becomes a major factor at frequencies above 10GHz.
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Transponders:
Zone beam and spot beam antenna
Two low noise amplifiers are used
Redundancy is provided wherever failure of one component will cause the loss of a significant part of 
the satellites communication capacity. 
Switch matrix
INTELSAT I and INTELSAT II employed two 250MHz transponders.
Later satellites used upto 44 transponders each with 36, 54 or 72 MHz bandwidth
Intermodulation problems
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Filters

Switched beam technology

Effective isotropically
radiated power

Ka band-0.40 beam width
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Satellite antennas

Basic antenna types and 
relationships:
Wire antennas: monopoles and 
dipoles
Horn antennas
Reflector antennas
Array antennas
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Satellite antennas

Wire antennas:
Used primarily at VHF and UHF 
to provide communications for 
TTC&M systems.
Provide Omnidirectional 
coverage
Antenna pattern is plot of the 
field field strength in the 
farfield of the antenna, when it 
is driven by a transmitter.
The gain of an antenna 
Recprocity
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Contour patterns
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Horn antennas
used at microwave frequencies, when relatively wide beams are required.
Difficult to obtain gains much greater than 23 dB or beam widths narrower than about 100 .
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Reflector antennas
Illuminated by one or more horns and provide a larger aperture than can be achieved with a horn 
alone.
For maximum gain , it is necessary to to generate a plane wave in the aperture of reflector.
An aperture antenna has a gain G given by

Ὃ –τ“ὃȾ‗
Ὃ – ϳ“Ὀ‗

— ϳχυ‗ὈὨὩὫὶὩὩί

Ὃ
σσπππ

—
Aperture efficiency is in the range of 55 to 68% for reflector antennas and 65 to 80% for horn 
antennas.
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Example 1: Global beam antenna
The earth subtends an angle of 170 when vied from geostationary orbit. What are the dimensions and 
gain of a horn antenna that will provide global coverage at 4GHz?

╓ ⱦ
Ᵽ ▀║

Ȣ

D=0.33m
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Example 1: Global beam antenna
The earth subtends an angle of 170 when vied from geostationary orbit. What are the dimensions and 
gain of a horn antenna that will provide global coverage at 4GHz?

╓ ⱦ
Ᵽ ▀║

Ȣ

D=0.33m
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Satellite antennas in 
practice:

Two earth stations on the 
surface separated by 
300km, makes 0.50 at 
GEO satellite require 
11.3m diameter reflector 
at 4GHz and 1.5m at 
20GHz.

Narrow antenna beams 
with high gain over a 
small coverage zones 
lead to large antenna 
structures on the 
satellite.
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Intelsat VI satellite on  
station
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Deployment sequence of ATS-6 10m 
antenna
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Equipment reliability and space qualification

Space qualification

Temperature and electronic equipment:
Quality control or quality assurance
When a satellite is designed, three prototype models are built and tested:

mechanical model
thermal model: -1000c to 1000 c
electrical model

Preflighttesting of flight models, is designed more to cause failure of parts, rather than to check that 
they will operate under worst case conditions.
LEO satellite system- Iridium system-66 operational satellites-8 spares 
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Reliability:
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Reliability:

Ὑὸ
ὔ ὸ

ὔ

ὲόάὦὩὶέὪίόὶὺὭὺὭὲὫὧέάὴέὲὩὲὸίὥὸὸὭάὩὸ

ὲόάὦὩὶέὪὧέάὴέὲὩὲὸίὥὸίὸὥὶὸέὪὸὩίὸὴὩὶὭέὨ

Number of components filed in time t isὔ ὸ=N0ςNs (t)

ὓὝὄὊά
ρ

ὔ
ὸ

Average failure rate ‗ȟὭίὸὬὩὶὩὧὭὴὶέὧέὰέὪὓὝὄὊȟά
If ‗is constant,

‗
ὲόάὦὩὶέὪὪὥὭὰόὶὩίὭὲὥὫὭὺὩὲὸὭάὩ

ὲόάὦὩὶέὪίόὶὺὭὺὭὲὫὧέάὴέὲὩὲὸί

‗ = ὔὙ

A solution of this equation isR=Ὡ
t l =1/‗=m
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Redundancy

Redundancy connections: 
a. Series connection
b. Parallel connection
c. Series/parallel connection
d. Switched connection
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Redundant TWTA configuration 
in HPA of a 6/4 GHz bent pipe 
transponder.



44Satellite communications                                MSR Sekhar, Associate  Professor, ECE15-05-2023

Satellite 
link 
design
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Introduction:
Weight is the critical factor in the design of any satellite.
The over all dimensions of the satellite are critical.
Antenna reflectors are not folded for launch.
Weight of a satellite depend on two factors: no. and output power of transponders 
and the weight of station keeping fuel.
Dimensions of solar panels depend on power requirements of transponders.
Three other factors influence system design: the choice of frequency band, 
atmospheric propagation effects,andmultiple access technique.
Frequency band, effect of rain in radio channel, LEO,MEO and GEO.
BER and S/N ratio
Baseband channel
Digital data are generated by computers at baseband, and BER is measured at 
baseband.
C/N ratio at the input to the demodulator must be greater than 6dB for the BER or 
S/N objective to be achieved.
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Error correction techniques can be used to improve BER
FM ςS/N ratio.
The C/N ratio is measured at the input of the receiver, at the output of the antenna.
Noise less receiver : C/N RATIO
LINK OUTAGE
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Basic transmission theory:
Calculation of the power received by an earth station from a 
satellite transmitter:
Use of flux density and link equation
Flux density crossing the surface of a sphere with radius R is 
given by

Ὂ
ὖ

τ“Ὑ
ὡȾά

Antenna gain G(—), defined as the ratio of power per unit solid 
angle radiated in a direction —to the average power radiated per 
unit solid angle

Ὃ—
ϳ

For a transmitter with output Pt watts driving a lossless antenna 
with gain Gt , the flux density in the direction of the antenna 
boresight at distance R meters is 

Ὂ
ὖὋ

τ“Ὑ
ὡȾά
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The product Pt Gt is often called the effective isotropicallyradiated 
power or EIRP
Power at the receiving antenna with aperture A m2

Pr =F x A watts
Effective aperture Ae=–ὃ where – is aperture efficiency
The power received by a real antenna is 

ὖ
ὖὋὃ

τ“Ὑ
ύὥὸὸί

Gain and area of an antenna are related byὋ τ“ὃ /

ὖ
ὖὋὋ

ϳτ“Ὑ‗
ύὥὸὸίὰὭὲὯὩήόὥὸὭέὲ

ϳτ“Ὑ‗ is known as the path loss Lp

Power received= ύὥὸὸί

Pr =EIRP+GrςLp dBW

‗
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EIRP=ρπὰέὫὖὋ Ὠὄὡ

Pr=EIRP+ Gr-LpςLa-Lta-Lra dBW Where La=attenuation in atmosphere
Lta=losses associated with transmitting antenna
Lra=losses associated with receiving antenna

Ὃ ρπὰέὫ ϳτ“ὃ ‗ Ὠὄ

ὒ ρπὰέὫ ϳτ“Ὑ‗ Ὠὄ

ὒ ςπὰέὫ ϳτ“Ὑ‗Ὠὄ
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9ȄŀƳǇƭŜΥ ! ǎŀǘŜƭƭƛǘŜ ŀǘ ŀ ŘƛǎǘŀƴŎŜ ƻŦ пллллƪƳ ŦǊƻƳ ŀ Ǉƻƛƴǘ ƻƴ ǘƘŜ ŜŀǊǘƘΩǎ ǎǳǊŦŀŎŜ ǊŀŘƛŀǘŜǎ ŀ 
power of 10w from an antenna with a gain of 17dB in the direction of the observer. Find the flux 
density at the receiving point, and the power received by an antenna at this point with an 
effective area of 10m2

Ὂ
ὖὋ

τ“Ὑ
=2.49 x10-14 W/m2 

The power received with an effective collecting area of 10m2is therefore
Pr =2.49 x 10-13
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The satellite in above example operates at a frequency of 11GHz. The receiving antenna has a 
gain of 52.3dB. Find the received power.
Pr =EIRP+GrςLp dBW
EIRP=17.0dBW
Gr=52.3dB
Path loss= ςπὰέὫ ϳτ“Ὑ‗Ὠὄ=-205.3dB
Pt=27+52.3-205.3=-126.0dBW
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System noise temperature and G/T ratio :
Noise temperature:

ὖ ὯὝὄ

²ƘŜǊŜ ƪҐ.ƻƭǘȊƳŀƴƴΩǎ ŎƻƴǎǘŀƴǘҐмΦоф Ȅ мл-23 j/K=-228.6dBW/K/Hz
The noise power spectral density kTp is constant for all radio frequencies 
up to 300GHz.
A device with a noise temperature of Tn kelvins produces at its output the 
same noise power as a blackbody at a temperature Tn degrees kelvin 
followed by a noiseless amplifier with the samegainas the actual device.

Equivalent noise bandwidth
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Calculation of system noise 
temperature 
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Double conversion earth 
station receiver
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Pn=GIFkTIFBn +Gm GIFkTm Bn + 
GRFGm GIFk Bn (TRF+Tin)=

GRFGmGIFkBn(TRF+Tin+Tm/GRF

+TIF/(GRFGm))

Ts=[TRF+Tin+Tm/GRF+TIF/(GRFGm)] 
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Pn=GIFkTIFBn +Gm GIFkTm Bn + GRFGm GIFk Bn (TRF+Tin)= GRFGmGIFkBn(TRF+Tin+Tm/GRF+TIF/(GRFGm))

Ts=[TRF+Tin+Tm/GRF+TIF/(GRFGm)] 

Tno=Tp(1-Gl ) where Gl is linear gain of the attenuating device or medium and Tp is the physical 
temperature in degrees kelvin of the device or medium
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Ts=[TRF+Tin+Tm/GRF+TIF/(GRFGm)] 
Example: Suppose we have a 4GHz receiver with the following gains and noise temperatures:
TRF=50K
Tin=25K
Tm=500K
TIF=1000K
GRF=23dB
GIF=30dB
Calculate the system noise temperature assuming that the mixer has a gain Gm=0dB. Recalculate 
the system noise temperature when the mixer has a 10dB loss. How can the noise temperature of 
the receiver be minimised when the mixer has a loss of 10dB?
Ts=[25+50+(500/200)+(1000/200)]=82.5K
If the mixer had a loss, as is usually the case, the effect of the IF amplifier would be greater. For 
Gm=-10dB, the linear value is Gm=0.1 as a ratio. Then 
Ts=127.5K.
The lowest system noise temperatures are obtained by using a high gain LNA. Suppose we 
increase the LNA gain in this example to GRF=50dB, giving ratio GRF=105.
Ts=75.1K
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Noise figure and noise temperature:
It is frequently used to specify the noise generated within a device.

ὔὊ
ϳ

ϳ

It is best to convert noise figure to noise temperature Td=To(NF-1) 
NF is frequently given in decibels and must be converted to a ratio before being used in the above 
equation.
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G/T ratio for earth stations:
The link equation can be written in terms of (C/N) at earth station

ὅ

ὔ

ὖὋὋ

ὯὝὄ

‗

τ“Ὑ

ὖὋ

Ὧὄ

‗

τ“Ὑ

Ὃ

Ὕ
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Design of down links:
The design of any satellite communication is based on two objectives:
Meeting a minimum  C/N ratio for a specified amount of time, and carrying the maximum 
revenue earning traffic at minimum cost.
Rain attenuation
Outage
C band links 
Voice channels and internet traffic
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Link budgets:
A link budget is a tabular method for evaluating 
the received power and noise power in a radio 
link.
The link budget must be calculated for an 
individual transponder , and must be repeated 
for each of the individual links.
When a bent pipe transponder is used, the 
uplink and down link C/N ratios must be 
combined to give an overall C/N.
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Factors which contribute to a worst case scenario include:
1. An earth station located at the edge of the satellite coverage zone
2. Maximum path length
3. Low elevation angle
4. Maximum rain attenuation
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Link budget example : 

C band downlink for earth  coverage beam 
Link margin=16dB-9.5dB=6.5dB
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Design of down links:


