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ECOMMS


 
Final Exam

          

  May 3, 2005
Spring 2005 






                    12:30 – 2:30 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 (4 questions @ 10 points each = 40 points)

1. Describe the spectral artifacts introduced in an envelope detector when demodulating a single-tone AM signal. Illustrate (with sketches).
2. What are the advantages of using multi-level baseband signals in bandpass digital modulation techniques? What are the disadvantages?
3. Describe a procedure for calculating the maximum frequency deviation of an ICL8038 Precision Waveform Generator/Voltage Controlled Oscillator tuned to 30 kHz and used as a frequency modulator with a message frequency of 1 kHz.

4. How do source-encoding techniques perform data compression? What is the theoretical limit for information compression? Why is this limit not practically achievable? (Or is it….?)
 Part B

5. Perform a spectral-domain analysis of the modulation system shown in Figure 5. In your analysis at each stage of the block diagram, you should provide equations describing the signals in the frequency domain. Also provide sketches of the signal spectrum at each stage, clearly indicating all amplitudes and frequencies. The message signal, m(t), is a rectangular pulse of width 1 ms. Make other suitable assumptions as necessary.

 (20 points)


Figure 5: Modulation system.

Part C

6. ADXL210-E MEMS Accelerometer-based Crash Notification System
You are the lead engineer in designing a crash notification system for light aircraft. The system will be part of the airplane’s “black box” and, on impact, will transmit measured g-forces to a remote central location at 161.975 MHz (designated VHF band).
The heart of your automated crash notification system is the ADXL210-E dual-axis MEMS (micro-electromechanical-system) accelerometer that is capable of measuring accelerations with a range of ±10 g and a resolution of 2 mg. The accelerometer output is in the form of pulse-width-modulated (PWM) signals whose duty cycles (ratio of pulse width to period: see Figure 6) are proportional to acceleration. A portion of the data sheet for the chip is attached, but the key specifications that you can use in your design are listed below:
· Measurement range:
±10 g
· Measurement resolution: 
 2 mg

· Output pulse period:
0.5 ms to 10 ms (adjustable)

· Output duty cycle per g:
 4

[image: image1]
Figure 6: Illustrating pulse duty cycle. 
Perform a system-level design of the baseband and bandpass modules of your automated crash notification system. Make suitable assumptions; list them clearly.
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. Credit will be given for design simplicity, functionality and adherence to current communications standards.
(40 points)
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