26-Oct-01

Specification of demands for the antenna system

List of symbols

Pav
Available power on PA terminals
0.5 W

D
Directivity (ideal)
1

Gp
Max antenna gain 
-0.18dB

Gp,worst case
Min antenna gain
Unknown as yet

(
Reflection coefficient
0.3

Pac
Accepted power
0.45 W

Zt
Transmission line impedance
50Ohm


Frequency band – not final, worst case
438MHz


Bandwidth
9.6kHz=0.0022%


Interface
50 Ohm SMA connector 


Position on the satellite
One side

Available power

The radio hardware group has set the amount of power available (Pav) to the antenna system to be ½ W.
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Reflection coefficient

Reflection coefficient is a measurement of reflected Voltage through the transmissions line. The reflected power will therefore be the square of this. Reflected power is wasted power, and therefore it is ideal to have a reflection coefficient of 0. The amount of reflected energy is determined of the relation between the impedance of the transmission line and the antenna impedance (load impedance).

Reflection coefficient
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Accepted power

To find the accepted power (Pac) we insert the value of reflection coefficient into the power budget. 
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Accepted power is a measure of how much power the antenna can transform into radiated power. Some of the accepted power is wasted as ohmic power loss (Pl), this size is taken into consideration in the gain of the antenna. Directivity is the radiation intensity, in the direction in which the antenna radiates the most, divided by the average radiation intensity. To make the antenna system as independent as possible of all other factors, such as attitude control, we aim to have a uniform radiation pattern. Though it is not possible to achieve in reality we set the directivity to be 1.
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The radiated power is denoted Pr.
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Gain

The power gain of the antenna expresses of the amount of power we radiate in the direction we radiate the most, divided by the power fed to the antenna. Because we have set the directivity to be 1, we can now calculate the power gain (
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Impedance

The impedance of the transmission line is set to match the impedance of the 50Ohm SMA-connector, in order to limit the reflection coefficient.
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Polarization 

We have chosen left hand circular polarization (LHCP). The choice of circular polarization is made in order to make communication with the satellite is as independent as possible of the attitude control. If we have a circular polarized antenna on ground station a bad problem can occur. If the satellite is directed in the complete opposite direction of what it is supposed to, we will have mismatch in polarization between ground and satellite. If so it will not be possible to reach the satellite at all. A solution of the problem could be to have the ability to switch between right hand and left hand polarization on the ground station. The way to do that is to make a change in phase.

Frequency band and bandwidth

The frequency band is set to be 438MHz. The exact frequency is yet to be determined, and will be supplied by AMSAT.

When we transceive we operate at two frequencies. One frequency is interpreted as logic 0 and the other as logic 1. Hereby we can communicate binary numbers containing information between ground and satellite. 

The data rate we are transferring information by is >9600 bit/sec. This means that we can shift between the two frequencies at least 9600 times per sec.

If the bandwidth is the difference between the highest and the lowest signal frequency, we are operating at a bandwidth of 50 kHz, as we are going to separate the frequencies meaning 0 and 1 as much as AMSAT permits us to. In the 438 MHz band this will correspond to 0.01%.

If the bandwidth usage is determined by the information flow, it will be 9.6 kHz. In the 438 MHz band this will correspond to 0.0022%.

Interface

50 Ohm SMA-connector.

Position on the satellite

The placement of the antenna on the satellite is limited to one side if it. This is of course to try not to occupy too much space, and make it easier mechanical. 

Link budget for the antenna/ radio system

In order to determine the required size of the gain at the ground radio station,
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Inserting the below values we have
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This is the value of the power transferred to the load on ground station, not encountering the effects of reflection coefficient and mismatch in polarization. These two factors are taken under consideration in the following equation.
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Assuming perfect match in polarization 
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Satellite to ground

Herby we have the power transferred to the load on ground to be
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Ground to satellite

Likewise we have the power transferred 
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Explanation of the factors in the link budget

PL
Power available to the load on ground radio station


Pav  (s)
Available power at the satellite
½ W

D
Directivity of the transmitter
1

Gp   (s)
Antenna of the satellite (power) gain
-3.18 dB

Gr   
Gain of ground station antenna
19 dB

(
Reflection coefficient
0.2

Pav   (g)
Available power on groung station
50 W

Pac
Power accepted by the satellite antenna
0.96 W

Zt
Transmission line impedance
50 Ohm


Frequency band
438 MHz(
(=0.69m

R
Distance from the satellite to the receiver on ground
600 km to 

2830 km

Pinc
Incoming power towards the receiver


Ar
Effective area of the receiving antenna



Bandwidth
9.6 kHz=0.0022%


Interface
50 Ohm SMA connecter 


Position on the satellite
One side
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