KFUPM-EE DEPT.

EE418- Satellite Communications
Dr. Ali Muqaibel

Assignment # 3                                                                               Due:

Satellite Subsystems and Link Budget Design
1. A satellite receiver has an overall System Temperature of TS = 97.45 K, and the following other specifications:

TIn  = 35 K






TRF = 50 K



GRF = 1000

TM  = 250 K


GM = 0.125

TIF  = Unknown


GIF = 10

a) Find the noise temperature of the IF stage (TIF),

b) If the bandwidth of the signal we are interested in is 20 MHz, find the noise power that would be accompanying this signal at  i) the output of the antenna, ii) the output of the RF stage, iii) the output of the mixer, and  iv) the output of the IF stage. 


2. A circular antenna on a GEO satellite is transmitting signals in the frequency range 10.2 GHz to 12.5 GHz. Determine the minimum diameter of the antenna in each case (consider the worst situation in each case) that will be able to provide: 

a) a minimum 3-dB coverage area on Earth with a circular shape around the sub-satellite point with radius of 500 km,

b) a minimum antenna gain of 56.80 dB given that the antenna reflector has an efficiency of 0.7  

3. What are the main (five) subsystems in a satellite system?

4. Define the following terms: 3dB beamwidth, nulls, boresight, aperture efficiency, reciprocity.

5. For a satellite downlink with the following specifications

	Satellite Output Power
	 
	15.00
	W

	Satellite Output Backoff
	 
	2.5
	dB

	Satellite Antenna Gain
	Antenna Efficiency
	0.85
	

	
	Diameter
	1.20
	m

	Edge of Beam Loss for Sat. Antenna
	 
	3
	dB

	Signal Bandwidth
	 
	22
	MHz

	Carrier Signal Frequency
	 
	11.3
	GHz

	Minimum Permitted C/N ratio at receiver
	 
	16
	dB

	Earth Station Antenna Gain
	Antenna Efficiency
	0.6
	

	
	Diameter
	0.85
	m

	Receiver Noise Specifications
	Tin   =   25 K 
	
	

	
	TRF  =   35 K
	   GRF = 100
	

	
	TM  =   100 K
	 GM = 0.1
	

	
	TIF  =   200 K
	GIF = 20
	

	Maximum Sat.-Earth Station Distance
	 
	40000
	km

	Clear Air Atmospheric Loss
	 
	2
	dB

	Rain Loss
	 
	8
	dB

	Other Losses
	 
	1
	dB


a) Fill in the table given below with the proper results obtained from the table above both in linear units and in dB units (Include a sheet that shows all of your work). Remember that losses represent gains that are smaller than zero or negative dBs.

	Carrier Results

	
	Effective Satellite Transmitted Power
	 
	
	W
	
	dBW

	
	Satellite Antenna Gain
	 
	
	Linear
	
	dB

	
	Earth Station Antenna Gain
	 
	
	Linear
	
	dB

	
	Free Space Path Loss at Edge of Beam
	 
	
	Linear
	
	dB

	
	All Other Losses
	 
	
	Linear
	
	dB

	 
	Earth Station Received Carrier Power
	 
	
	Linear
	
	dB

	
	
	
	
	
	
	

	Noise Results

	
	Boltzmann's Constant
	 
	
	J/K
	
	dB(W/K/Hz)

	
	System Noise Temperature
	 
	
	K
	
	dBK

	
	Noise Bandwidth
	 
	
	MHz
	
	dBHz

	 
	Earth Station Received Noise Power
	 
	
	W
	
	dBW

	
	
	
	
	
	
	

	C/N Ratio

	 
	C/N Ratio at Earth Station Antenna Output
	 
	
	Linear
	
	dB


b) Determine if this system will satisfies the minimum system carrier to noise ratio (C/N) or not. Determine the (C/N) margin in dBs (remember that the (C/N) margin is positive if the system performs better than minimum (C/N) permitted and negative if does not). 

c) If you were able to modify the satellite antenna diameter only, what would be the new satellite antenna diameter that will give a (C/N) margin of +3 dB? 

d) If you were able to modify the satellite transmitted power, how much would the satellite transmit in W for the downlink to have (C/N) margin of +1 dB? 

e) Statistics indicate that the coverage area of this satellite experiences rain attenuation according to table below. If the (C/N) margin obtained in (b) is completely allocated to rain attenuation, how many hours a year will this downlink provide a (C/N) ratio below the minimum allowed (called outage time). Use interpolation between two points to find an accurate outage time. 

	Attenuation (dB)
	Duration 

(Hours a year)

	1 dB
	350

	2 dB
	300

	3 dB
	250

	4 dB
	210

	5 dB
	160

	6 dB
	130

	7 dB
	100

	8 dB
	85

	9 dB
	70

	10 dB
	55

	11 dB
	30

	12 dB
	22

	13 dB
	15

	14 dB
	10

	15 dB
	7

	16 dB
	3


Individual submission is expected.
Good luck , Dr. Ali H. Muqaibel

