PAGE  
1

ECOMMS


 
Midterm Exam

          March 7, 2005
Spring 2005 






                    12:40 – 2:40 PM
Student’s Name: 









DIRECTIONS: This exam consists of three parts – Part A, Part B and Part C. Answer all questions in all three parts. This exam is OPEN BOOK/NOTES. Calculators are permitted. Remember to specify UNITS for all answers. Use proper NOTATION. Show ALL WORK.

Part A (8 questions @ 5 points each = 40 points)

1. What is the difference between a baseband signal and a bandpass signal? Why are baseband signals converted to bandpass signals before transmission in wireless communications systems?
2. Describe the three fundamental methods by which a sinusoidal carrier can be modulated by a message signal?

3. Sketch the spectrum of the following waveform:
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Write down the corresponding time-domain signal.

4. An HDTV has 1,080 scan lines and 1,920 pixels per line. If each pixel is quantized with TrueColor 24-bit resolution (8-bits each for Red, Green and Blue respectively), what is the total information contained in each frame? You can assume that each pixel can assume any shade of color with equal probability.
5. (a) Why is standard-AM an inefficient method of communication? 
(b) How does DSB-SC overcome these limitations? And at what cost does it do this?

6. Suggest interesting activities for Dr. Mandayam’s sabbatical year, which starts this Summer. (Keep ‘em clean……).
7. Under what conditions is the discrete Fourier transform of a waveform an acceptable approximation of its continuous Fourier transform?

8. (a) Can a waveform be both a power and energy signal? What about neither?
(b) Compute the average energy and power in a 1 ms rectangular pulse with an amplitude of 5 V.
Part B

9. Demonstrate that a coherent detection system is capable of demodulating standard-AM. Draw a block diagram of the system and perform a time- and spectral-domain analysis. In your analysis at each stage of the block diagram, you should provide equations describing the signals in the time- and frequency- domains. Also provide sketches of the signal spectrum at each stage, clearly indicating all amplitudes and frequencies. Describe the advantages and limitations of the system that you have analyzed.
 (20 points)

Part C

10. Communications Protocol Model for the Titan Rover

Following the recent successful Cassini-Huygen’s mission to Saturn’s moon, Titan, which was managed jointly by NASA and the European Space Agency (ESA), the consortium has decided to return to Titan with a pair of “Rovers.” 

You are hired as NASA’s lead Telecommunications Engineer for the project and are expected to work with ESA’s lead engineer from France. The French want to design the communications protocols from scratch (and gain control of a key element of the project) – it is your responsibility to leverage NASA’s success in the Mars Rover mission by presenting an adaptation of the previous design to suit the new exploration environment on Titan.
The Mars Rover design is described in the following web-pages. First, the two Rovers (Spirit and Opportunity) use a UHF-link to communicate to the Mars Orbiters (Odyssey and the Mars Global Surveyor). The Orbiters use an X-band link to send the data back to earth to the antennas of the Deep Space Network (DSN) (see Figure 9).
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Figure 9: The two-stage communications protocol with the Mars Rovers.

Using the Mars Rovers as a model, develop a communications protocol model for the (future) Titan Rover. The following steps are suggestions for arriving at a design that you can defend to the NASA-ESA consortium engineers:

i. Describe, with appropriate calculations, the Mars Rover communications protocol design, in terms of Source Data Rate, Channel Capacity, Transmission Bandwidth and SNR; for each of the two stages (Rover-Orbiter, Orbiter-Earth). 
ii. Describe your considerations for the Titan Rover design – make suitable modifications to the previous design.
iii. Develop the Titan Rover communications protocol.
Here is some useful information that you may use for arriving at your design specifications:

· The minimum Earth-Mars distance is approximately 150 million kilometers; the minimum Earth-Saturn distance is about 1.2 billion kilometers.
· Titan’s atmosphere is best described as “smoggy” – the surface of the moon was obscured and could not be seen by the Cassini satellite; only when the Huygens probe landed on the surface were the first pictures of Titan available.
Make other justifiable assumptions as necessary. 
Show all work – you will be graded on the technical merits of your argument and your demonstrated skill in applying ECOMMS design equations for arriving at the required project specifications.

(40 points)
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