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Subject Name- Satellite Communication                               Subject Code: EC 7002 

Unit-IV 

The space link: Introduction, Equivalent isotropic radiated power (EIPR), transmission losses, the link power 

budget equation, system noise, carrier-to-noise ratio (C/N), the uplink, the downlink, effects of rain, combined 

uplink and downlink C/N ratio, intermodulation noise, inter-satellite links. Interference between satellite 

circuits. 

The space link 

Introduction 

A satellite link consists of an uplink (transmit earth station to satellite) and a downlink (satellite to the receive 

earth station). Signal quality over the uplink depends on how strong the signal is when it leaves the source 

earth station and how the satellite receives it. Also, on the downlink side, the signal quality depends on 

how strongly the satellite can retransmit the signal and how the receiving earth station receives the signal. 

Satellite link design involves a mathematical approach to the selection of link subsystem variables in such a 

way that the overall system performance criteria are met. The most important performance criterion is the 

signal quality; that is, the energy per bit noise density ratio � in the information channel, which carries the 

signal in the form in which it is delivered to the user(s). 

Equivalent Isotropic Radiated Power 

A key parameter in link-budget calculations is the equivalent isotropic radiated power, conventionally 

denoted as EIRP. The maximum power flux density at some distance r from a transmitting antenna of gain 

G is � = �  

An isotropic radiator with an input power equal to GPS would produce the same flux density. Hence, this 

product is referred to as the EIRP, or =  

EIRP is often expressed in decibels relative to 1 W, or dBW. Let PS be in watts; then where [PS] is also in dBW 

and [G] is in dB. 

Transmission Losses 

The [EIRP] may be thought of as the power input to one end of the transmission link, and the problem is to 

find the power received at the other end. Losses will occur along the way, some of which are constant. Other 

losses can only be estimated from statistical data, and some of these are dependent on weather conditions, 

especially on rainfall. The first step in the calculations is to determine the losses for clear-weather or clear-sky 

conditions. These calculations take into account the losses, including those calculated on a statistical basis, 

which do not vary significantly with time. Losses which are weather-related, and other losses which fluctuate 

with time, are then allowed for by introducing appropriate fade margins into the transmission equation. 

Free-space transmission 
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As a first step in the loss calculations, the power loss resulting from the spreading of the signal in space must 

be determined. This calculation is similar for the uplink and the downlink of a satellite circuit. The 

power-flux density at the receiving antenna as � = �  

The power delivered to a matched receiver is this power-flux density multiplied by the effective aperture of 

the receiving antenna. The received power is therefore = � ×  

      = � � �  

      = ( �� ) 

Recall that r is the distance, or range, between transmit and receive antennas and GR is the isotropic power 

gain of the receiving antenna. The subscript R is used to identify the receiving antenna. In decibel notation, the 

equation becomes  

[ ] = [ ] + [ ] + ( �� )  

The received power in dBW is therefore given as the sum of the transmitted EIRP in dBW plus the receiver 

antenna gain in dB minus a third term, which represents the free-space loss in decibels. The free-space loss 

component in decibels is given by     

[ ] = ( �� )  

Feeder losses 

Losses will occur in the connection between the receive antenna and the receiver proper. Such losses will 

occur in the connecting waveguides, filters, and couplers. These will be denoted by RFL, or [RFL] dB, for 

receiver feeder losses. The [RFL] values are added to [FSL]. Losses will occur in the filters, couplers, and 

waveguides connecting the transmit antenna to the high-power amplifier (HPA) output. 

 

Antenna misalignment losses 

When a satellite link is established, the ideal situation is to have the earth station and satellite antennas 

aligned for maximum gain, There are two possible sources of off-axis loss, one at the satellite and one at the 

earth station, The off-axis loss at the satellite is taken into account by designing the link for operation on the 

actual satellite antenna contour; this is described in more detail in later sections. The off-axis loss at the earth 

station is referred to as the antenna pointing loss. Antenna pointing losses are usually only a few tenths of a 

decibel In addition to pointing losses, losses may result at the antenna from misalignment of the polarization 

direction. The polarization misalignment losses are usually small, and it will be assumed that the antenna 

misalignment losses, denoted by [AML], include both pointing and polarization losses resulting from antenna 

misalignment. It should be noted that the antenna misalignment losses have to be estimated from statistical 

data, based on the errors actually observed for a large number of earth stations, and of course, the separate 

antenna misalignment losses for the uplink and the downlink must be taken into account.  
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(a)                                              (b) 

 

Figure 4.1-(a) Satellite and earth-station antennas aligned for maximum gain; (b) earth 

Station situated o  a give  satellite footpri t,  a d earth-station antenna misaligned. 

Fixed atmospheric and Ionospheric losses Atmospheric gases result in losses by absorption. These losses 

usually amount to a fraction of a decibel, and in subsequent calculations, the decibel value will be denoted by [ ]. 

The Link-Power Budget Equation 

The [ ] can be considered as the input power to a transmission link. Now that the losses for the link have 

been identified, the power at the receiver, which is the power output of the link, may be calculated simply as  [ ] − [ ] + [ ], where the last quantity is the receiver antenna gain. Note carefully that decibel 

addition must be used. The major source of loss in any ground-satellite link is the free-space spreading loss [ ],however, the other losses also must be taken into account, and these are simply added to[ ]. The 

losses for clear-sky conditions are [ ] = [ ] + [ ] + [ ]. +[ ]. +[ ]. 

The decibel equation for the received power is [ ] = [ ] + [ ] − [ ] 

Where,[PR] = received power, dBW 

 System Noise 

The receiver power in a satellite link is very small, on the order of picowatts. This by itself would be no 

problem because amplification could be used to bring the signal strength up to an acceptable level. However, 

electrical noise is always present at the input, and unless the signal is significantly greater than the noise, 

amplification will be of no help because it will amplify signal and noise to the same extent. In fact, the 

situation will be worsened by the noise added by the amplifier. The major source of electrical noise in 

equipment is that which arises from the random thermal motion of electrons in various resistive and active 

devices in the receiver. Thermal noise is also generated in the lossy components of antennas, and thermal-like 

noise is picked up by the antennas as radiation. 

The available noise power from a thermal noise source is given by =  
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Here,  is known as the equivalent noise temperature, is the equivalent noise band width, and =. 8 × / is Boltz a ’s constant. With the temperature in kelvins and bandwidth in hertz, the noise 

power will be in watts. The noise power bandwidth is always wider than the -3dB bandwidth determined from 

the amplitude frequency response curve, and a useful rule of thumb is that the noise bandwidth is equal to 

1.12 times the -3dB bandwidth, or  

≈ . * B-3dB. 

Antenna noise Antennas operating in the receiving mode introduce noise into the satellite circuit. Noise 

therefore will be introduced by the satellite receive antenna and the ground station receive antenna. Although 

the physical origins of the noise in either case are similar, the magnitudes of the effects differ significantly. The 

antenna noise can be broadly classified into two groups: noise originating from antenna losses and sky noise. 

Sky noise is a term used to describe the microwave radiation which is present throughout the universe and 

which appears to originate from matter in any form at finite temperatures. Such radiation in fact covers a 

wider spectrum than just the microwave spectrum. Antenna losses add to the noise received as radiation, and 

the total antenna noise temperature is the sum of the equivalent noise temperatures of all these sources. 

Amplifier noise temperature 

The input noise energy coming from the antenna is ,� = �  

The output noise energy  out will be ,�  plus the contribution made by the amplifier. Now all the 

amplifier noise, wherever it occurs in the amplifier, may be referred to the input in terms of an equivalent 

input noise temperature for the amplifier Te. This allows the output noise to be written as , = � −  

The total noise referred to the input is simply  , / , or ,� = � −  

 

For the cascade connection, the overall gain is: =  

The noise energy of amplifier 2 referred to its own input is simply . The noise input to amplifier 2 from 

the preceding stages is � +  and thus the total noise energy referred to amplifier 2 input is  , = � + +  

This noise energy may be referred to amplifier 1 input by dividing by the available power gain of amplifier 1:     , = , /  

= � + +  

 

Amplifiers in cascade 

 

A system noise temperature may now be defined as TS by , =  

and hence it will be seen that  is given by = � + + /  

 

Downloaded from  be.rgpvnotes.in

Page no: 4 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


5 

 

                                                                   (a) 

 

 

 

 

 

 

                                                             (b) 

                               

 

 

 

 

 

Figure 4.2-(a) Single amplifier (b) Amplifiers in cascade 

 

This is a very important result. It shows that the noise temperature of the second stage is divided by the 

power gain of the first stage when referred to the input. Therefore, in order to keep the overall system noise 

as low as possible, the first stage (usually an LNA) should have high power gain as well as low noise 

temperature. This result may be generalized to any number of stages in cascade, giving 

 = � + + �� + �� � +  ………. 

Noise factor 

An alternative way of representing amplifier noise is by means of its noise factor, F. In defining the noise factor 

of an amplifier, the source is taken to be at room temperature, denoted by  usually taken as 290 K. The 

input noise from such a source is and the output noise from the amplifier is 

, =  

Here, G is the available power gain of the amplifier as before, and F is its noise factor. A simple relationship 

between noise temperature and noise factor can be derived. Let Te be the noise temperature of the amplifier, 

and let the source be at room temperature as required by the definition of this means that � =  Since 

the same noise output must be available whatever the representation, it follows that 

Amplifier power 

gain G 

Amplifier   

Amplifier   

 

�  

�  , �
,�  

, �

,�  
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+ =  

or = −  

 

This shows the direct equivalence between noise factor and noise temperature. As a matter of convenience, in 

a practical satellite receiving system, noise temperature is specified for low-noise amplifiers and converters, 

while noise factor is specified for the main receiver unit. 

The noise figure is simply F expressed in decibels: 

 

Noise Figure = [ ] =  

 

 

Overall system noise temperature 

The system noise temperature referred to the input 

 

   = � + + { −  } + { +  } 

The Uplink 

The uplink of a satellite circuit is the one in which the earth station is transmitting the signal and the satellite is 

receiving it. Equation can be applied to the uplink, but subscript U will be used to denote specifically that the 

uplink is being considered. Thus becomes  

 [ ] = [ ] + [�] + [ ] − [ ]………… 

For Downlink 

 [ ] = [ ] + [�] + [ ] − [ ]………… 

Effects of Rain 
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In the C band and, more especially, the Ku band, rainfall is the most significant cause of signal fading. Rainfall 

results in attenuation of radio waves by scattering and by absorption of energy from the wave. Rain 

attenuation increases with increasing frequency and is worse in the Ku band compared with the C band. Rain 

attenuation data are usually available in the form of curves or tables showing the fraction of time that a given 

attenuation is exceeded. Rain attenuation is accompanied by noise generation, and both the attenuation and 

the noise adversely affect satellite circuit performance. As a result of falling through the atmosphere, 

raindrops are somewhat flattened in shape, becoming elliptical rather than spherical. When a radio wave with 

some arbitrary polarization passes through raindrops, the component of electric field in the direction of the 

major axes of the raindrops will be affected differently from the component along the minor axes. This 

produces a depolarization of the wave; in effect, the wave becomes elliptically polarized. This is true for both 

linear and circular polarizations, and the effect seems to be much worse for circular polarization where only a 

single polarization is involved, the effect is not serious, but where frequency reuse is achieved through the use 

of orthogonal polarization depolarizing devices, which compensate for the rain depolarization, may have to be 

installed. Where the earth-station antenna is operated under cover of a radome, the effect of the rain on the 

radome must be taken into account. Rain falling on a hemispherical radome forms a water layer of constant 

thickness. Such a layer introduces losses, both by absorption and by reflection. It is desirable, therefore, that 

earth station antennas be operated without radomes where possible. Without a radome, water will gather on 

the antenna reflector, but the attenuation produced by this is much less serious than that produced by the 

wet radome. 

Combined Uplink and Downlink C/N Ratio 

The complete satellite circuit includes an uplink and a downlink. Noise will be introduced on the uplink at the 

satellite receiver input. Denoting the noise power per unit bandwidth by  and the average carrier at the 

same point by  the carrier-to noise ratio on the uplink is  =  

It is important to note that power levels, and not decibels, are being used here. The carrier power at the end 

of the space link is shown as PR, which of course is also the received carrier power for the downlink. This is 

equal to γ times the carrier power input at the satellite, where γ is then system power gain from satellite input 

to earth-station input, as shown It includes the satellite transponder and transmits antenna gains, the 

downlink losses, and the earth-station receives antenna gain and feeder losses. The noise at the satellite input 

also appears at the earth station input multiplied by y, and in addition, the earth station introduces its own 

noise, denoted by PND. Thus the end-of-link noise is � ����. 

The   ratio for the downlink alone, not counting the �  contribution, is ���, and the combined   ratio at 

the ground receiver is �� ��+ �� 

 

Denoting the combined noise-to-carrier ratio value by , the uplink value by [ ] and the downlink value by [ ] then =  

= � +
 

= � +  
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= � +  

 

= [ ] = [ ]  

 

Carrier-to-Noise Ratio 

A measure of the performance of a satellite link is the ratio of carrier power to noise power at the receiver 

input, and link-budget calculations are often concerned with determining this ratio. Conventionally, the ratio is 

denoted by  (or CNR), which is equivalent to ��. In terms of decibels, = [ ] − [ ] 

For [ ]  [ ] resulting in 

 

= [ ] − [ ] − [ ] − [ ] − [ ] + [ ] 

The  
�

  ratio is a key parameter in specifying the receiving system performance. The antenna gain  and the 

system noise temperature   

 

 = [ ] − [ ] −  

Therefore, the link equation becomes 

 [ ] = [ ] + − [ ] − [ ] − [ ] 

The ratio of carrier power to noise power density �may be the quantity actually required. Since == ,then [ ] = [ ] = [ ] − [ ] 

And therefore = [ ] = [ ] + [ ] 

 [ ]is a true power ratio in units of decibels, and [ ] is in decibels relative to 1 Hz, or dBHz. Thus, the units for [ ] are dBHz. Substituting for [ ]gives [ ] = [ ] + [ ] − [ ] − [ ] 
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Inter-modulation Noise 

Inter-modulation occurs where multiple carriers pass through any device with nonlinear characteristics. In 

satellite communications systems, this most commonly occurs in the traveling wave tube HPA aboard the 

satellite. Both amplitude and phase nonlinearities give rise to inter-modulation products. Where a large 

number of modulated carriers are present, the inter-modulation products are not distinguishable separately 

but instead appear as a type of noise which is termed inter-modulation noise. 

Inter-Satellite Links 

Inter-satellite links (ISLs) are radio frequency or optical links that provide a connection between satellites 

without the need for intermediate ground stations. Although many different links are possible, the most 

useful ones in operation are: 

1. Low earth orbiting (LEO) satellites LEO -LEO 

2. Geostationary earth orbiting (GEO) satellites—GEO-GEO 

3. LEO –GEO    

Satellite networks often require communications between two satellites via an inter-satellite link (ISL). An ISL 

is also called a cross-link. As a communication link, an ISL has the disadvantage that both transmitter and 

receiver are space borne, thereby limiting operation to both low transmitter power  and low figure-of-merit 

dG=TT values. For long cross-links, it would be necessary to increase the satellite EIRP. This means resorting to 

transmitting with narrow beams to achieve a higher power concentration. The two satellites (A and B) are 

assumed to know the exact location of one another, use identical antenna of diameter D and beam width �pointing at each other, in the same orbit of altitude h, and are not influenced by any aerodynamic drag. If 

the satellites are separated by propagation distance dc and angle gs, and satellite A transmits signal of power 

Pt to satellite B of equivalent noise temperature , then, by geometry, 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.3- Inter-Satellite Links 
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If the satellites are separated by propagation distance �and angle , and satellite A transmits signal of power 

Pt to satellite B of equivalent noise temperature  then, by geometry, � = 2( + ℎ � �
 ) 

The propagation distance where maximum line-of-sight exists is when  �, ��  = 2[( + ℎ)2- ] 
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