King Fahd University of Petroleum & Minerals

Department of Electrical Engineering

EE418- Satellite Communications 

Dr. Ali Hussein Muqaibel

(This assignment was originally developed by Dr. Wajih Abu-Saud and used with permission)
Computer Assignment II: Design of a Satellite Link Budget 
Due: Saturday, Nov. 10, 2012
In this project, we will study the process of designing a complete but simple satellite system including the uplink and downlink parts. So, you will have to design the (1) uplink earth station, (2) Satellite uplink receiving components, (3) Satellite downlink transmitting components, and (4) downlink earth station. The completed design of the satellite system is supposed to meet specific probability of bit error at the lowest cost for building the whole system and launching the satellite (we will assume that the cost of designing the system is zero as we are getting free service from you ( ). 

Since the design procedure requires a lot of computations especially that a trial and error process is generally employed to optimize the design and reduce the system cost, a computer program that will automate the computations is almost necessary. However, writing a program that will determine the carrier to noise ratio of a particular satellite link and the cost of the system is beyond the scope of this project. To assist you in the design, an MS Excel sheet is provided that will take your parameters and provide you with results. However, you as a designer will have to make many decisions to improve the system performance and keep the cost to a minimum. You will have to design the uplink and downlink parts separately and then combine your results, so you will have to try different scenarios and check if the whole system works in each case or not. The system you are designing involves a single uplink earth station, a single GEO satellite, and single downlink earth station. Certainly, if money was not an issue, you can pick the best components for your design. However, in real life, the better the components you pick for your design, the higher the cost of the system will be. In addition to the Excel sheet, a Matlab function that will compute the look angles from any point on earth to a satellite at any location is also provided.

1.
Project Description
The satellite system that you will design will link an Earth Station (uplink Earth Station) located at KFUPM, Dhahran, SA to another Earth Station (downlink Earth Station) at the Nanyang Technological University (NTU), Singapore, using a GEO satellite that is located at 95.0( E. This link will use 64-QAM modulation to transmit digital data at a rate of 150 Mb/s. You do not need to know much about 64-QAM modulation other than that it uses 64 different pulses to transmit digital information. The provided Matlab program will give you the required look angles, the distances from the earth stations to the satellite to compute the path loss, and an approximate distance that the transmitted signal in the uplink and downlink will travel through the atmosphere to compute resulting atmospheric losses. 

2.
Satellite System Specifications
The satellite system that you will design will be transmitting digital data from KFUPM to NTU at the rate of RB =150 Mb/s and a maximum Bit Error Rate of   PB = 1*10-5 using 64-QAM. The figure below allows you determine the minimum needed Eb/No that corresponds to the required PB  in the following form:

1. Using maximum PB given above ( determine the corresponding Eb/No from figure ( determine C/N using the throughput of the used modulation technique ( this C/N is the overall (C/N)overall that the combination of (C/N)uplink  with (C/N)downlink will have to satisfy. 

2. Knowing the required bit rate RB  ( use the throughput to determine the symbol rate RS ( Using RS you can determine the minimum signal bandwidth required for zero-ISI transmission. This represents your signal and noise bandwidths. 
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To build your system, assume that you are picking components for the satellite and earth stations from a storehouse that contains components with different specifications and prices according to the table given below. 
Important Comments:

1. Note that you will have to use the provided Excel sheet twice: once for computing the (C/N)uplink and uplink cost (call this Excel file “Uplink”) and once for computing the (C/N)downlink and downlink cost (call this Excel file “Downlink”). The total Carrier to noise ratio (C/N)overall  will be a combination of both and the total cost will be the cost of the uplink components plus the cost of the downlink components.

2. It may be easier to design a system using the best components with the highest prices first, and then optimize your system by using a cheaper item for each component and observing the change in price (so use the cheapest components that do not reduce the performance (C/N) a lot).

3. Our satellite is a simple relay satellite that does not process the data. We will assume that it uses a single frequency translation systems so it has (uplink RF stage, Mixer, downlink RF stage instead of the IF stage). The procedure for computing C/N using this configuration is exactly the same as what we learned in class.

4. Assume that the earth station at KFUPM (uplink earth station) is a                 noiseless ideal system so the transmitted signal at its antenna contains no noise at all. Therefore, noise will result from the uplink path (TIN at satellite), the satellite components (TS of satellite), downlink path (TIN at receiving earth station), and downlink earth station components (TS of receiving earth station) only. This means that you have two complete satellite links. 

The following Table gives the specification of the satellite system and costs of different components based on their specifications. Some specifications are given in terms of ranges so you can choose any value within the given range for each parameter. Some parameters have different ranges for satellites from earth stations (for example, a reflector antenna for an earth station may have a diameter of 5 m but this is to big for a satellite, so satellites rarely have reflector antennas with diameters more than 3 m or so). Also, the cost of components for earth stations are always lower than the cost of the same components for satellites because satellite components need to be space qualified and their cost includes the cost of launching into space. 

a) 
Specifications of Satellite Components 

(Assume other parameters not specified in table as you wish. These parameters have no effect on computations or cost)
	 

	 
	 
	A
	 
	B
	 
	Cost Description
	Cost (Million SR) of Component per Unit

	Parameters of Transmitter Part of Satellite
	 
	 

	 
	Transmitter Maximum Output Power
	 
	2 – 20 
	W
	
	dBW
	Million SR per W of actual transmitted power
	0.50

	 
	Transmitter Power Amplifier Backoff
	 
	 0.5
	Linear
	
	dB
	
	

	 
	Transmitter Antenna Specifications
	Antenna Efficiency ()
	 0.8
	Linear
	
	dB
	Million SR per unit of 
	1.00

	 
	
	Diameter D (Assuming Circular)
	0.2  – 3.0 
	m
	
	 
	Million SR per m2 of D2
	0.50

	 
	
	Theta 3dB  [ = 75 * λ / D ]
	-
	Degrees
	
	 
	 
	 

	 
	
	Gain [ = ( πD / λ)² ]
	-
	Linear
	
	dB
	 
	 

	 
	Edge of Beam Loss (Specify loss at edge of area if transmitter is a satellite that covers an area of Earth. Set to   0 dB for point-to-point transmission)
	 
	Always = 0 

Because earth station is at the center of Satellite antenna beam
	Linear
	
	dB
	 
	 

	Parameters of Receiver Part of Satellite
	 
	 

	 
	Receiver Antenna Specifications
	Antenna Efficiency ()
	 0.8
	Linear
	
	dB
	Million SR per unit of 
	1.00

	 
	
	Diameter D (Assuming Circular)
	0.2  – 3.0 
	m
	
	 
	Million SR per m2 of D2
	0.50

	 
	
	Theta 3dB  [ = 75 * λ / D ]
	-
	Degrees
	
	 
	 
	 

	 
	
	Gain [ = ( πD / λ)² ]
	-
	Linear
	
	dB
	 
	 

	 
	Received Noise (at output of antenna)
	Received Noise Temp TIN
	80
	K
	
	dBK
	 
	 

	 
	RF Stage Noise and Gain
	RF Stage Noise Temp TRF
	30 – 45
	K
	
	dBK
	Million SR per K lower than 50
	0.05

	 
	
	RF Stage Gain
	10 – 100
	Linear
	
	dB
	Million SR per Unit of Gain
	0.01

	 
	Mixer Stage Noise and Gain
	Mixer Stage Noise Temp TM
	100 – 300
	K
	
	dBK
	Million SR per K lower than 350
	0.02

	 
	
	Mixer Stage Gain
	0.2
	Linear
	
	dB
	Million SR per Unit of Gain
	3

	 
	IF Stage Noise and Gain
	IF Stage Noise Temp TIF
	200 – 900
	K
	
	dBK
	Million SR per K lower than 1000
	0.01

	 
	
	IF Stage Gain
	10 – 100
	Linear
	
	dB
	Million SR per Unit of Gain
	0.01

	 
	 
	 
	 
	 

	
	
	
	
	

	
	
	
	
	


b)
Specifications of Earth Stations Components 

(Assume other parameters not specified in table as you wish. These parameters have no effect on computations or cost)
	 
	 
	 
	A
	 
	B
	 
	Cost Description
	Cost (Million SR) of Component per Unit

	Parameters of Transmitter Part of Earth Stations
	 
	 

	 
	Transmitter Maximum Output Power
	 
	2  – 50 
	W
	
	dBW
	Million SR per W of actual transmitted power
	0.10

	 
	Transmitter Power Amplifier Backoff
	 
	 0.5
	Linear
	
	dB
	
	

	 
	Transmitter Antenna Specifications
	Antenna Efficiency ()
	 0.6
	Linear
	
	dB
	Million SR per unit of 
	1.00

	 
	
	Diameter D (Assuming Circular)
	0.2  – 5.0 
	m
	
	 
	Million SR per m2 of D2
	0.20

	 
	
	Theta 3dB  [ = 75 * λ / D ]
	-
	Degrees
	
	 
	 
	 

	 
	
	Gain [ = ( πD / λ)² ]
	-
	Linear
	
	dB
	 
	 

	 
	Edge of Beam Loss (Specify loss at edge of area if transmitter is a satellite that covers an area of Earth. Set to   0 dB for point-to-point transmission)
	 
	Always = 0 

Because satellite is at the center of Earth station antenna beam
	Linear
	
	dB
	 
	 

	Parameters of Receiver Part of Earth Stations
	 
	 

	 
	Receiver Antenna Specifications
	Antenna Efficiency ()
	 0.6
	Linear
	
	dB
	Million SR per unit of 
	1.00

	 
	
	Diameter D (Assuming Circular)
	0.2  – 5.0 
	m
	
	 
	Million SR per m2 of D2
	0.20

	 
	
	Theta 3dB  [ = 75 * λ / D ]
	-
	Degrees
	
	 
	 
	 

	 
	
	Gain [ = ( πD / λ)² ]
	-
	Linear
	
	dB
	 
	 

	 
	Received Noise (at output of antenna)
	Received Noise Temp T_IN
	60
	K
	
	dBK
	 
	 

	 
	RF Stage Noise and Gain
	RF Stage Noise Temp T_RF
	30 – 45
	K
	
	dBK
	Million SR per K lower than 50
	0.05

	 
	
	RF Stage Gain
	10 – 100
	Linear
	
	dB
	Million SR per Unit of Gain
	0.005

	 
	Mixer Stage Noise and Gain
	Mixer Stage Noise Temp T_M
	100 – 300
	K
	
	dBK
	Million SR per K lower than 350
	0.01

	 
	
	Mixer Stage Gain
	0.2
	Linear
	
	dB
	Million SR per Unit of Gain
	1.5

	 
	IF Stage Noise and Gain
	IF Stage Noise Temp T_IF
	200 – 900
	K
	
	dBK
	Million SR per K lower than 1000
	0.005

	 
	
	IF Stage Gain
	10 – 100
	Linear
	
	dB
	Million SR per Unit of Gain
	0.005


c)
Specifications of the Two Transmission Paths (Uplink and Downlink) 

(Assume other parameters not specified in table as you wish. These parameters have no effect on computations or cost)
	Transmission Path

	 
	Satellite-Earth Station Distance
	R
	From Matlab function
	km
	
	 

	 
	Clear Air Atmospheric Loss
	L_A
	0.04 dB / km
	
	
	

	 
	Rain Loss (for each path)
	L_R
	20 dB (per path)
	
	
	

	 
	Other Losses (for each path)
	L_O
	8 dB (per path)
	
	
	

	 
	 
	 
	 
	 
	
	 

	Uplink Parameters
	 
	 

	 
	Signal Bandwidth
	 
	1 – 200
	MHz
	 
	 
	Million SR per MHz of BW
	0.1

	 
	Carrier Signal Frequency
	Frequency fc
	4.00
	GHz
	 
	 
	 
	 

	Downlink Parameters
	 
	 

	 
	Signal Bandwidth
	 
	1 – 200
	MHz
	 
	 
	Million SR per MHz of BW
	0.1

	 
	Carrier Signal Frequency
	Frequency fc
	3.00
	GHz
	 
	 
	 
	 


4.
MS Excel Sheet
You are provided with a fully functioning MS Excel Sheet that will do most of the needed computations for you. All you have to do is provide it with a set of parameters and it will determine the resulting carrier to noise ratio, the cost of each component, and total cost of the satellite system one link at a time.   

The following table is a copy of the table in the Excel sheet (this table is for illustration only. Values in this table are not correct). 

	Satellite Link Design
	 
	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	A
	 
	B
	 
	Cost Description
	Cost (Million SR) of Component per Unit
	Total Cost (Million SR) for Component

	Transmitter Parameters
	 
	 
	 

	 
	Transmitter Maximum Output Power
	 
	100.00
	W
	20
	dBW
	Million SR per W of actual transmitted power
	0.50
	2.51

	 
	Transmitter Power Amplifier Backoff
	 
	0.501
	Linear
	-3.00
	dB
	
	
	

	 
	Transmitter Antenna Specifications
	Antenna Efficiency ()
	0.50
	Linear
	-3.01
	dB
	Million SR per unit of 
	1.00
	2.96

	 
	
	Diameter D (Assuming Circular)
	2.22
	m
	 
	 
	Million SR per m2 of D2
	0.50
	

	 
	
	Theta 3dB  [ = 75 * λ / D ]
	1.01
	Degrees
	 
	 
	 
	 
	

	 
	
	Gain [ = ( πD / λ)² ]
	27000.00
	Linear
	44.31
	dB
	 
	 
	

	 
	Edge of Beam Loss (Specify loss at edge of area if transmitter is a satellite that covers an area of Earth. Set to   0 dB for point-to-point transmission)
	 
	0.501
	Linear
	-3.00
	dB
	 
	 
	 

	 
	Maximum Transmitter Bandwidth
	 
	50.00
	MHz
	 
	 
	 
	 
	 

	 
	Link Frequency range
	 
	3.700
	GHz (MIN)
	4.5
	GHz (Max)
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Transmitted Information Signal
	 
	 
	 

	 
	Signal Bandwidth
	 
	22.00
	MHz
	 
	 
	Million SR per MHz of BW
	0.20
	4.4

	 
	Carrier Signal Frequency
	Frequency fc
	10.00
	GHz
	 
	 
	 
	 
	 

	 
	Carrier Signal Wavelength
	Wavelength  λ
	0.030
	m
	 
	 
	 
	 
	 

	 
	Minimum Permitted C/N ratio at receiver
	 
	40.00
	Linear
	16.02
	dB
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Receiver Parameters
	 
	 
	 

	 
	Receiver Antenna specifications
	Antenna Efficiency ()
	0.50
	Linear
	-3.01
	dB
	Million SR per unit of 
	1.00
	2.96

	 
	
	Diameter D (Assuming Circular)
	2.22
	m
	 
	 
	Million SR per m2 of D2
	0.50
	

	 
	
	Theta 3dB  [ = 75 * λ / D ]
	1.01
	Degrees
	 
	 
	 
	 
	

	 
	
	Gain [ = ( πD / λ)² ]
	27022.93
	Linear
	44.32
	dB
	 
	 
	

	 
	Received Noise (at output of antenna)
	Received Noise Temp TIN
	30.00
	K
	14.77
	dBK
	 
	 
	 

	 
	RF Stage Noise and Gain
	RF Stage Noise Temp TRF
	50.00
	K
	16.99
	dBK
	Million SR per K lower than 50
	100
	2

	 
	
	RF Stage Gain
	500.00
	Linear
	26.99
	dB
	Million SR per Unit of Gain
	0.001
	0.5

	 
	Mixer Stage Noise and Gain
	Mixer Stage Noise Temp TM
	200.00
	K
	23.01
	dBK
	Million SR per K lower than 250
	0.02
	1

	 
	
	Mixer Stage Gain
	0.50
	Linear
	-3.01
	dB
	Million SR per Unit of Gain
	1
	0.5

	 
	IF Stage Noise and Gain
	IF Stage Noise Temp TIF
	400.00
	K
	26.02
	dBK
	Million SR per K lower than 500
	0.01
	1

	 
	
	IF Stage Gain
	10.00
	Linear
	10.00
	dB
	Million SR per Unit of Gain
	0.01
	0.1

	 
	Receiver System Gain and Noise Temperature
	Receiver System Noise Temp TS
	82.00
	K
	19.14
	dBK
	 
	 
	 

	 
	
	Receiver System Gain
	2500
	Linear
	33.97940009
	dB
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Transmission Path
	 
	 
	 

	 
	Satellite-Earth Station Distance
	R
	40000.00
	km
	 
	 
	 
	 
	 

	 
	Clear Air Atmospheric Loss
	LA
	0.06
	Linear
	-12.00
	dB
	 
	 
	 

	 
	Rain Loss
	LR
	0.01
	Linear
	-20.00
	dB
	 
	 
	 

	 
	Other Losses
	LO
	0.15
	Linear
	-8.24
	dB
	 
	 
	 

	 
	Free Space Path Loss
	LP [ = 1 / (4πR / λ)² ]
	3.56208E-21
	Linear
	-204.4829647
	dB
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Carrier Power Results
	 
	 
	 

	 
	Effective Transmitted Power at Edge of Beam (or center point for point-to-point transmission)
	 
	2.511886432
	W
	4.00
	dBW
	 
	 
	 

	 
	Transmitter Antenna Gain
	 
	27000
	Linear
	44.31
	dB
	 
	 
	 

	 
	Receiver Antenna Gain
	 
	27022.93
	Linear
	44.32
	dB
	 
	 
	 

	 
	Free Space Path Loss
	 
	3.56208E-21
	Linear
	-204.48
	dB
	 
	 
	 

	 
	All Other Losses
	 
	9.46436E-05
	Linear
	-40.24
	dB
	 
	 
	 

	 
	Earth Station Received Carrier Power
	 
	6.17861E-16
	Linear
	-152.09
	dB
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Noise Power Results
	 
	 
	 

	 
	Boltzmann's Constant
	 
	1.3804E-23
	J/K
	-228.6
	dBW/K/Hz
	 
	 
	 

	 
	Receiver System Noise Temperature
	 
	2500.00
	K
	33.97940009
	dBK
	 
	 
	 

	 
	Noise Bandwidth
	 
	22.00
	MHz
	13.42422681
	dBHz
	 
	 
	 

	 
	Receiver Noise Power
	 
	6.17861E-16
	W
	-181.1963731
	dBW
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	C/N Ratio
	 
	 
	 

	 
	C/N Ratio at Receiving Antenna Output (or at Receiver IF Stage Output)
	969.86
	Linear
	29.10528322
	dB
	Total Cost of Uplink-Downlink Components
	17.93


Sample of the Excel sheet you will use

This Excel sheet has three types of cells: 1) un-shaded cells are blank or have description text [do not modify these], 2) red-shaded cells are cells that take inputs [feel free to modify these as you wish, just remember that losses should be input as values smaller than 1 or negative values in dB], and 3) blue-shaded cells are cells that produce outputs [do not modify these]. Some of the red-shaded cells will sometimes change when you modify other input cells such as the cells that relate the reflector antenna efficiency, diameter, (3dB, and gain. Changing the gain of an antenna, for example, will result in modifying the diameter and (3dB cells so this will allow you to put the efficiency, the required gain, and the sheet will give you the required diameter.  

You will have to put suitable values for all the parameters according the given specifications in the Satellite System Specifications part of this document.

Note: Remember that for the uplink, the parameters you will use for the transmitter part of the Excel sheet come from the Earth station parameters while the parameters you use for the receiver part of the sheet come from the satellite parameters. The opposite is true for the downlink. Also, note that you will have to enable Macros in MS Excel to be able to use the Excel sheet (Click on Tools ( Click on Macro ( Click on Security ( Choose “Medium”  ( Restart MS Excel ( Open the file, you will be informed that it contains macros and asked if you want to permit them or not ( Choose “Enable Macros”)    

3.
Matlab Code
A Matlab function called “lookangles.m” is also provided, This will help you determine the look angles to the satellite from any point on earth, the distance to the satellite, and one more important quantity, which is the clear air atmospheric attenuation, which depends on the length of the path that the satellite signal travels through the atmosphere (this is certainly a function of the elevation angle). Put this file in the “work” directory of Matlab, and type “help lookangles” to get help on how to give it parameters and how to get results from it. This function will give you the length of the path from earth stations to the satellites in addition to the length of the path that the electromagnetic waves will travel through the atmosphere assuming the thickness of the atmosphere is 100 km (so all values you get for this parameter are always greater than or equal to 100 km and will depend on the elevation angle. This path length will result in atmospheric losses. We will assume that atmospheric loss has a value of 0.04 dB/km of path through the atmosphere.       

4.
Report
An electronic report (MS Document) giving a brief introduction, your work and method of obtaining your design, tables from the two Excel sheets containing results of your final design that you are satisfied with, bill of materials (a complete list of components used in the design showing the cost of each component and total cost). 

Also, your report must include a professionally drawn and detailed block diagram of the uplink earth station, the GEO satellite, and the downlink earth station with details on each  Also, show on your figure the look angles of the antennas of the two earth stations.  A brief conclusion about the project is also required. In addition to the MS Word document, please submit the two Excel sheets called “Uplink” and “Downlink”. 
You need to submit a total of no more than four pages including the code. A hard copy should be submitted in the class on the due date and a soft copy ( report+m-file) should be submitted through e-mail.
Instructions: 
1. Writing style and organization are very important (Quality not Quantity!)
2. Your names and serial numbers should be clearly presented on the first page as well as on the code.
3. Work individually. 

4. This assignment accounts for 6% of your total grade.

5. Allow yourself enough time. Do not work close to the due date.

6. Assignments are to be submitted during class time. Any late submission will result in low grade.

7. You can use the discussion group in the Course WebCT to discuss general ideas and questions. 
8. Copying is the easiest way to loose points.
“An engineer is a person who can do for a dollar what any fool can do for one hundred dollars”

Good luck,       Dr. Ali Muqaibel   
