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___________
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 TEXTBOOK/ NOTES/ CALCULATOR and CLOSED COMPUTER/ WEB/ PDA/ CELLPHONE.

Remember to specify UNITS for all answers. Use proper NOTATION. Show ALL WORK. List ALL ASSUMPTIONS.
Part A (4 questions @ 10 points each = 40 points)

1. Describe the time- and spectral- domain characteristics of additive white Gaussian noise (AWGN).
2.  Describe the Nyquist criterion (with equations) for reconstructing a continuous-time waveform from its discrete-time samples. Does a similar criterion exist for reconstructing continuous amplitudes, when the waveform is sampled in amplitude (i.e. quantized)? Give reasons for your answer. (Hint – refer to a fundamental law).
3. If time-travel were possible, what implications would this have for the design of telecommunications systems?
4. A discrete source generates a total of 4-equiprobable messages. How many parity bits should be added to each Huffman-encoded word in order to – 
(a) Detect a single bit error?

(b) Locate a single bit error?
Part B

5. A PCM telemetry system involves the multiplexing of four input signals: si(t), i =1, 2, 3, 4. Two of the signals s1(t) and s2(t), have bandwidths of 80 Hz each, whereas the remaining two signals s3(t) and s4(t) have bandwidths of 1 kHz each. The signals s3(t) and s4(t) are sampled at the rate of 2,400 samples per second – this frequency is generated using a master clock. The sampling rate for s1(t) and s2(t) is derived by dividing the master clock frequency using a binary counter.

(a) If the sampling rate for s1(t) and s2(t)  is given by dividing the master clock sampling rate by 2R (i.e. an integer power of 2), find the maximum value of R.

(b) Design a multiplexing system that uses this value of R. Show the time allocations for each channel for 1 complete frame of the TDM protocol that you have designed.

(20 points)

Part C

6. Video Surveillance System for the US Navy – NEW AND IMPROVED!

In this problem, you are required to improve upon your design presented for the midterm exam, with added specifications listed below.

The Story So Far – The next generation of ships that are being deployed by the US Navy are required to operate with significantly low manning – i.e. the number of sailors present on naval vessels must be < 70. Diagnosis and preventive maintenance of shipboard systems, especially in the engine-room, becomes more challenging under such circumstances. The Navy has arrived at a clever solution for this problem – install a surveillance video camera in the engine room, transmit the video stream to shore, recover the signal and analyze for anomalous indications (either manually or automated, with some supervision).

Design a Ship-to-Shore Video Surveillance System for this application, with these new added specifications:

(a) The surveillance video camera is monochrome (black & white only) with a specified average SNR due to quantizing errors of 48-dB, frame size of 256x256 pixels and a frame rate of 15-frames/second.

(b) Multi-level baseband signaling is required.
(c) M-ary QAM digital bandpass modulation is used to transmit the video signal to the shore.
Your design should address the following points:

(a) Your assumptions, clearly stated, for addressing the problem.

(b) The overall block-diagram of your system-level design.

(c) The number of quantization levels (gray-levels/pixel), bits/pixel and the data rate that is required.
(d) Number of levels required in the line-encoded signal.

(e) I-Q constellation for the M-ary QAM.

You will be graded on the technical, commercial and aesthetic merits of the case that you make for your proposed design solution. Adherence to established telecommunications standards is particularly encouraged.
 (40 points)





















































































































