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Subject Name- Satellite Communication                               Subject Code: EC 7002 

Unit-III 

The Space segment: introduction, power supply, attitude control, station keeping, thermal control, TT&C 

subsystem, transponders, antenna subsystem, Morelos and Satmex 5, Anik-satellites, Advanced Tiros-

Nspacecraft. The Earth segment: introduction, receive-only home TV systems, master antenna TV system, 

Community antenna TV system, transmit-receive earth station. 

The Space segment 

Introduction 

A satellite communications system can be broadly divided into two segments - a ground segment and a space 

segment. The space segment will obviously include the satellites, but it also includes the ground facilities 

needed to keep the satellites operational, these being referred to as the tracking, telemetry, and command 

(TT&C) facilities.  

The equipment carried aboard the satellite also can be classified according to function. The payload refers to 

the equipment used to provide the service for which the satellite has been launched. The bus refers not only 

to the vehicle which carries the payload but also to the various subsystems which provide the power, attitude 

control, orbital control, thermal control, and command and telemetry functions required to service the 

payload. 

I  a o u i atio s satellite, the e uip e t hi h p o ides the o e ti g li k et ee  the satellite’s 
transmit and receive antennas is referred to as the transponder. The transponder forms one of the main 

sections of the payload, the other being the antenna subsystems 

Attitude Control 

The attitude of a satellite refers to its orientation in space. Much of the equipment carried aboard a satellite is 

there for the purpose of controlling its attitude. Attitude control is necessary, for example, to ensure that 

directional antennas point in the proper directions. In the case of earth environmental satellites, the earth-

sensing instruments must cover the required regions of the earth, which also requires attitude control. A 

number of forces, referred to as disturbance torques, can alter the attitude, some examples being the 

gravitational fields of the earth and the moon, solar radiation, and meteorite impacts. Attitude control must 

not be confused with station keeping, which is the term used for maintaining a satellite in its correct orbital 

position, although the two are closely related. To exercise attitude control, there must be available some 

easu e of a satellite’s o ie tatio  i  spa e a d of a  te de  fo  this to shift. I  o e ethod, i f a ed 
sensors, referred to as horizon detectors, are used to detect the rim of the earth against the background of 

space. With the use of four such sensors, one for each quadrant, the center of the earth can be readily 

established as a reference point. Any shift in orientation is detected by one or other of the sensors, and a 

corresponding control signal is generated which activates a restoring torque. Usually, the attitude-control 

process takes place aboard the satellite, but it is also possible for control signals to be transmitted from earth, 

based on attitude data obtained from the satellite. Also, where a shift in attitude is desired, an attitude 

maneuver is executed. The control signals needed to achieve this maneuver may be transmitted from an earth 

station. Controlling torques may be generated in a number of ways. Passive attitude control refers to the use 

of mechanisms which stabilize the satellite ithout putti g a d ai  o  the satellite’s e e g  supplies; at ost, 
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infrequent use is made of these supplies, for example, when thruster jets are impulse to provide corrective 

torque. Examples of passive attitude control are spin stabilization and gravity gradient stabilization. The three 

a es hi h defi e a satellite’s attitude a e its oll, pit h, a d a  RPY  a es. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.1-Attitude Control 

Station Keeping 

In addition to having its attitude controlled, it is important that a geostationary satellite be kept in its correct 

orbital slot. The equatorial ellipticity of the earth causes geostationary satellites to drift slowly along the orbit, 

to one of two stable points, at 0   and 0�.To counter this drift, an oppositely directed velocity 

component is imparted to the satellite by means of jets, which are pulsed once every 2 or 3 weeks. This results 

in the satellite drifting back through its nominal station position, coming to a stop, and recommencing the drift 

along the orbit until the jets are pulsed once again. These maneuvers are termed east-west station-keeping 

maneuvers. 

Satellites in the 6/4-GHz band must be kept within . 0 of the designated longitude, and in the 14/12-GHz 

band, within . 0. 

A satellite which is nominally geostationary also will drift in latitude, the main perturbing forces being the 

gravitational pull of the sun and the moon. These forces cause the inclination to change at a rate of about . 0/year. If left uncorrected, the drift would result in a cyclic change in the inclination, going from 0 to . 0 in 26.6 years and back to zero, at which the cycle is repeated. To prevent the shift in inclination from 

exceeding specified limits, jets may be pulsed at the appropriate time to return the inclination to zero. 

Counteracting jets must be pulsed when the inclination is at zero to halt the change in inclination. These 

maneuvers are termed north-south station-keeping maneuvers, and they are much more expensive in fuel 

than are east-west station-keeping maneuvers. The north-south station-keeping tolerances are the same as 

those for east-west station keeping, . 0in the C band and . 0 in the Ku band. 

Yaw Axis 

Roll Axis 

Roll Rotation 

Pitch Rotation 

Pitch Axis (Normal to orbital plane) 

To earth station 

Yaw Rotation 

Downloaded from  be.rgpvnotes.in

Page no: 2 Follow us on facebook to get real-time updates from RGPV

https://be.rgpvnotes.in
https://www.facebook.com/rgpvnotes.in
https://be.rgpvnotes.in


 

 

3 

 

Thermal Control 

Satellites are subject to large thermal gradients, receiving the su ’s adiatio  o  o e side hile the othe  side 
fa es i to spa e. I  additio , the al adiatio  f o  the ea th a d the ea th’s al edo, hi h is the F a tio  of 
the radiation falling on earth which is reflected, can be significant for low altitude earth-orbiting satellites, 

although it is negligible for geostationary satellites. Equipment in the satellite also generates heat which has to 

e e o ed. The ost i po ta t o side atio  is that the satellite’s e uip e t should ope ate as ea l  as 
possible in a stable temperature environment. Various steps are taken to achieve this. Thermal blankets and 

shields may be used to provide insulation. Radiation mirrors are often used to remove heat from the 

communications payload. In order to maintain constant temperature conditions, heaters may be switched on 

(usually on command from ground) to make up for the heat reduction which occurs when transponders are 

switched off. 

TT&C Subsystem 

The TT&C subsystem performs several routine functions aboard the spacecraft. The telemetry, or 

telemetering, function could be interpreted as measurement at a distance. Specifically, it refers to the overall 

operation of generating an electrical signal proportional to the quantity being measured and encoding and 

transmitting this to a distant station, which for the satellite is one of the earth stations. Data which are 

transmitted as telemetry signals include attitude information such as that obtained from sun and earth 

sensors; environmental information such as the magnetic field intensity and direction, the frequency of 

meteorite impact, and so on; and spacecraft information such as temperatures, power supply voltages, and 

stored-fuel pressure. Certain frequencies have been designated by international agreement for satellite 

telemetry transmissions. During the transfer and drift orbital phases of the satellite launch, a special channel is 

used along with an Omni-directional antenna. Once the satellite is on station, one of the normal 

communications transponders may be used along with its directional antenna, unless some emergency arises 

which makes it necessary to switch back to the special channel used during the transfer orbit The telemetry 

subsystem transmits information about the satellite to the earth station, while the command subsystem 

receives command signals from the earth station, often in response to telemetered information. 

The command subsystem demodulates and, if necessary, decodes the command signals and routes these to 

the appropriate equipment needed to execute the necessary action. Thus attitude changes may be made, 

communication transponders switched in and out of circuits, antennas redirected, and station-keeping 

maneuvers carried out on command. It is clearly important to prevent unauthorized commands from being 

received and decoded, and for this reason, the command signals are often encrypted. Encrypt is derived from 

a Greek word kryptein, meaning to hide, and represents the process of concealing the command signals in a 

secure code. This differs from the normal process of encoding which converts characters in the command 

signal into a code suitable for transmission. Tracking of the satellite is accomplished by having the satellite 

transmit beacon signals which are received at the TT&C earth stations. Tracking is obviously important during 

the transfer and drift orbital phases of the satellite launch. Once it is on station, the position of a geostationary 

satellite will tend to be shifted as a result of the various disturbing forces, as described previously. Therefore, 

it is e essa  to e a le to t a k the satellite’s o e e t a d se d o e tio  sig als as e ui ed. T a ki g 
beacons may be transmitted in the telemetry channel or by pilot carriers at frequencies in one of the main 

communications channels, or by special tracking antennas. Satellite range from the ground station is also 

required from time to time. This can be determined by measurement of the propagation delay of signals 

especially transmitted for ranging purposes. 

Transponders 
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A transponder is the series of interconnected units which forms a single communication channel between the 

receivers and transmit antennas in a communication satellite. Some of the units utilized by a transponder in a 

given channel may be common to a number of transponders. Thus, although reference may be made to a 

specific transponder, this must be thought of as an equipment channel rather than a single item of equipment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2-Satellite control system 

A typical transponder bandwidth is 36 MHz, and allowing for a 4-MHz guard band between transponders, 12 

such transponders can be accommodated in the 500-MHz bandwidth. By making use of polarization isolation, 

this number can be doubled. Polarization isolation refers to the fact that carriers, which may be on the same 

frequency but with opposite senses of polarization, can be isolated from one another by receiving antennas 

matched to the incoming polarization. With linear polarization, vertically and horizontally polarized carriers 

can be separated in this way, and with circular polarization, left-hand circular and right-hand circular 

polarizations can be separated. Because the carriers with opposite senses of polarization may overlap in 

frequency, this technique is referred to as frequency reuse. Frequency reuse also may be achieved with spot-
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beam antennas, and these may be combined with polarization reuse to provide an effective bandwidth of 

2000 MHz from the actual bandwidth of 500 MHz 

A transponder may handle one modulated carrier, such as a TV signal, or it may handle a number of separate 

carriers simultaneously, each modulated by its own telephony or other baseband channel. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2 -Satellite wideband receiver 

The Antenna Subsystem 

The antennas carried aboard a satellite provide the dual functions of receiving the uplink and transmitting the 

downlink signals. They range from dipole-type antennas where omnidirectional characteristics are required to 

the highly directional antennas required for telecommunications purposes and TV relay and broadcast. 

Directional beams are usually produced by means of reflector-type antennas—the paraboloid reflector being 

the most common. As shown, the gain of the paraboloid reflector, relative to an isotropic radiator � = �� �� 2  
Where � the wavelength of the signal, D is is the efle to  dia ete , a d ηI is the aperture efficiency. A typical 

value for � is 0.55. The ratio D/l is seen to be the key factor in these equations, the gain being directly 

proportional to (D/l)2 and the beam width inversely proportional to D/l. Hence the gain can be increased and 

the beam width made narrower by increasing the reflector size or decreasing the wavelength. In comparing C-

band and Ku-band, the largest reflectors are those for the 6/4-GHz band. 

The Earth Segment 

The earth segment of a satellite communications system consists of the transmitter and receiver earth 

stations. The simplest of these are the home TV receive-only (TVRO) systems, and the most complex are the 
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terminal stations used for international communications networks. Also included in the earth segment are 

those stations which are on ships at sea, and commercial and military land and aeronautical mobile stations. 

Receive-Only Home TV System 

Planned broadcasting directly to home TV receivers takes place in the Ku (12-GHz) band. This service is known 

as direct broadcast satellite (DBS) service. There is some variation in the frequency bands assigned to different 

geographic regions 

The outdoor unit 

This consists of a receiving antenna feeding directly into a low-noise amplifier/converter combination. A 

parabolic reflector is generally used, with the receiving horn mounted at the focus. The receiving horn feeds 

into a low-noise converter (LNC) or possibly a combination unit consisting of a low-noise amplifier (LNA) 

followed by a converter. The combination is referred to as an LNB, for low-noise block. The LNB provides gain 

for the broadband 12-GHz signal and then converts the signal to a lower frequency range so that a low-cost 

coaxial cable can be used as feeder to the indoor unit. The low-noise amplification must be provided at the 

cable input in order to maintain a satisfactory signal-to-noise ratio. An LNA at the indoor end of the cable 

would be of little use, because it would also amplify the cable thermal noise. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.3-Block diagram showing a home terminal for DBS TV/FM reception. 

The indoor unit for analog (FM) TV 

The signal fed to the indoor unit is normally a wideband signal covering the range 950 to 1450 MHz This is 

amplified and passed to a tracking filter which selects the desired channel.  
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As previously mentioned, polarization interleaving is used, and only half the 32 channels will be present at the 

input of the indoor unit for any one setting of the antenna polarizer. This eases the job of the tracking filter, 

since alternate channels are well separated in frequency. 

The selected channel is again down converted, this time from the 950- to 1450-MHz range to a fixed 

intermediate frequency, usually 70 MHz although other values in the very high frequency (VHF) range are also 

used. The 70-MHz amplifier amplifies the signal up to the levels required for demodulation. A major difference 

between DBS TV and conventional TV is that with DBS, frequency modulation is used, whereas with 

conventional TV, amplitude modulation in the form of vestigial single sideband (VSSB) is used. The 70-MHz, 

FM intermediate frequency (IF) carrier therefore must be demodulated, and the baseband information used 

to generate a VSSB signal which is fed into one of the VHF/UHF channels of a standard TV set. 

Master Antenna TV System 

A master antenna TV (MATV) system is used to provide reception of DBS TV/FM channels to a small group of 

users, for example, to the tenants in an apartment building. It consists of a single outdoor unit (antenna and 

LNA/C) feeding a number of indoor units. It is basically similar to the home system already described, but with 

each user having access to all the channels independently of the other users. The advantage is that only one 

outdoor unit is required, but as shown, separate LNA/Cs and feeder cables are required for each sense of 

polarization. Compared with the single user system, a larger antenna is also required (2- to 3-m diameter) in 

order to maintain a good signal-to-noise ratio at all the indoor units. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.4-master antenna TV (MATV) system. 
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Community Antenna TV System 

The CATV system employs a single outdoor unit, with separate feeds available for each sense of polarization, 

like the MATV system, so that all channels are made available simultaneously at the indoor receiver. Instead of 

having a separate receiver for each user, all the carriers are demodulated in a common receiver-filter system. 

The channels are then combined into a standard multiplexed signal for transmission over cable to the 

subscribers. 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.5 -community antenna TV (CATV) system. 

 

Transmit-Receive Earth Stations 

The block diagram is shown where, for clarity, redundant units are not shown. Starting at the bottom of the 

diagram, the first block shows the interconnection equipment required between satellite station and the 

terrestrial network. For the purpose of explanation, telephone traffic will be assumed. This may consist of a 

number of telephone channels in a multiplexed format. Multiplexing is a method of grouping telephone 

channels together, usually in basic groups of 12, without mutual interference. 

It may be that groupings different from those used in the terrestrial network are required for satellite 

transmission, and the next block shows the multiplexing equipment in which the reformatting is carried out. 

Following along the transmit chain, the multiplexed signal is modulated onto a carrier wave at an intermediate 

frequency, usually 70 MHz Parallel IF stages are required, one for each microwave carrier to be transmitted. 

After amplification at the 70-MHz IF, the modulated signal is then up converted to the required microwave 

carrier frequency. A number of carriers may be transmitted simultaneously, and although these are at 

different frequencies they are generally specified by their nominal frequency, for example, as 6-GHz or 14-GHz 

carriers. It should be noted that the individual carriers may be multi-destination carriers. This means that they 

carry traffic destined for different stations. For example, as part of its load, a microwave carrier may have 

telephone traffic for Boston and New York. The same carrier is received at both places, and the designated 

traffic sorted out by filters at the receiving earth station. Referring again to the below block diagram, after 
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passing through the up converters, the carriers are combined, and the resulting wideband signal is amplified. 

The wideband power signal is fed to the antenna through a diplexer, which allows the antenna to handle 

transmit and receive signals simultaneously. The statio ’s a te a fu tio s i  oth, the t a s it a d e eive 

modes, but at different frequencies. In the C band, the nominal uplink, or transmit, frequency is 6 GHz and the 

downlink, or receive, frequency is nominally 4 GHz. In the Ku band, the uplink frequency is nominally 14 GHz, 

and the downlink, 12 GHz. High-gain antennas are employed in both bands, which also means narrow antenna 

beams. A narrow beam is necessary to prevent interference between neighboring satellite links. 
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re detailed block diagram of a transmit-receive earth station. 
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