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Final Exam

         

 May 4, 2010
Spring 2010 






                       10:15 – 12:15
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 TEXTBOOK/NOTES, CLOSED COMPUTER/WEB. Calculators are permitted. Remember to specify UNITS for all answers. Use proper NOTATION. Show ALL WORK.

Part A (4-questions @ 10-points each = 40-points)

1. Describe the fundamental principles used for achieving digital data compression. Speculate on a complementary method for performing analog signal compression using a transform-based technique. (Hint: Recall the characteristics of the amplitude spectra of typical message waveforms).
2. Design a Huffman-code for a set of discrete messages: s0, s1, s2, s3 and s4, with respective occurrences probabilities of 0.2, 0.1, 0.4, 0.1 and 0.2. Does the application of the Huffman algorithm provide only one one-set of possible codewords for any given set of messages? Illustrate your answer by applying the Huffman algorithm in the following manner when re-ordering combined symbol probabilities at any stage – 
(a) Place the probability of the combined symbol as high as is allowable (when there are symbols of equal probability at any stage); and

(b) Place the probability of the combined symbol as low as is allowable (when there are symbols of equal probability at any stage); 

What can you conclude from this exercise?


3. Describe the advantages, limitations and trade-offs associated with using the following line-encoding strategies – Unipolar-NRZ, Polar-NRZ, Unipolar-RZ, Bipolar-RZ and Manchester-NRZ. 
4. Derive the I-Q plane constellation for a 4-channel QAM with carrier signal phase variations of 0, /2, , and 3/2 radians.
Part B

5. Modulation, or frequency-translation, can be achieved by multiplying any message signal with a sinusoidal carrier. If the message signal is also sinusoidal, trigonometric identities reveal that the resulting modulated signal consists of two sinusoids with the sum and difference frequencies of the carrier and sinusoid. 
This process is illustrated for DSB-SC modulation the block diagram below:
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Develop a similar block diagram that uses sinusoidal carrier and message multiplication, to generate wideband FM signals.

(20 points)

Part C

6. Mobile Robot for Explosives Detection
Your company has just been awarded a contract by the New York Police Department, for designing a mobile robot for detecting explosives in parked vehicles (a.k.a. car-bombs). The preferred protocol is to allow the robot to interrogate the vehicle, while NYPD personnel are positioned at a safe distance. The communications system in the robot is expected to provide information simultaneously to the personnel on-site, and at the NYPD Command Center, where the data can be subjected to a more thorough analysis.

The actual sensor that provides data to the communications system is a 16-channel Quartz Crystal Microbalance (QCM) array which can detect the presence of extremely small quantities of explosive substances in the environment. Each QCM consists of a quartz crystal coated with an adsorptive surface along with a pair of Au electrodes. The adsorptive surface is specific to a single analyte and allows a minute amount (a few nanograms) of the contaminant to adhere to it; thus changing the mass of the crystal structure. This change in mass causes a proportional shift in the resonant frequency of the quartz crystal. The mass of the adhering layer is calculated by using the Sauerbrey relation: 

m = C f





(1)

where C = 17.7 ng Hz-1 cm-2 for a 5-MHz quartz crystal. The QCM-array consists of 16 separate QCM structures, each with a 14-mm diameter quartz crystal, and each responding to a specific chemical signature present in explosive materials.

Perform a system-level design of the communications system for explosives detection in the mobile robot. Your system must provide a digital bitstream and a network interface to – 

(a) a local host at a safe distance on-site for the display of the detected quantity of each of the 16-contaminants; and, 

(b) a remote host at the NYPD Command Center for detailed data analysis and archival. 

Other desired device specifications are:

	Mass resolution, ng
	3

	Maximum mass load, g
	90

	Output voltage range, V
	± 4.0


Your system-level design should not focus on individual components; rather, it should provide block diagrams of systems and subsystems with specified I/O characteristics. Credit will be given for design simplicity, functionality and adherence to current communications standards. 

(40 points)

