ECE-492/3 Topics for Fall’11

1. "Blinkenlichter - information leakage from optical emanations"

FS: Dr. Paris

Starting point: http://nostarch.com/download/silence_ch05.pdf  This is about observing network traffic and transmission from the blinking lights at the front of modems and other comms gear.

2. Generation of Electric Power for Personal Devices via Normal Activities
FS: Dr. Cook

In today's culture people often carry several items which require batteries for electricity.  From time to time these batteries must be re-charged. It is proposed to exploit normal human activities as a means of generating electricity. This electricity could be used to power the devices or to charge a master battery which could in turn be used to charge the individual batteries when needed. Some routine activities such as walking could result in the generation of electricity. One can envision rotating generators with ratchets being powered by joint motion at the knee or at the elbow. Piezoelectric devices planted in ones shoe could also generate electricity. This project would involve selecting a means of generating the electricity and constructing such a device. Emphasis should be placed on efficiency of power generation and minimal intrusion into normal behavior.
3. Adaptive Rollover Warning Device

FS: Dr. Cook

Rollover is a concern for operators of vehicle with high a center of gravity (CG) and a relatively narrow wheel base. Rollover can be caused in off-road vehicles when traveling along the side of a steep slope. It can also be caused by turning at high speeds. Based on roll angle, speed, height of CG and turn angle, calculations can be used to alert the operator that the safety margin is small. These relationships should be developed.
Based on the loading of the vehicle, the height of the CG may change. Interrelations of certain variables can be used to adaptively detect the change and in fact determine the new CG height. These relationships should be developed.

The goal is an instrument with a user friendly interface that will accomplish the above and provide a real-time warning when rollover is imminent.

4. Three-tank system

FS: Dr. Gertler

The system consists of three interconnected water tanks, with a pump, several valves and sensors. The task is to control the water level in the tanks, against various disturbances. A microcontroller is attached to the physiscal system, that takes the sensor measurements and operates the pump and (some of) the valves. The system is used to test/demonstrate various control and fault detection strategies.

5. Design and implementation of Low Density Parity Check (LDPC) codes or Turbo codes for the wireless communication systems

FS: Dr. Chang

The error correcting codec (ECC) will enhance the performance of wireless communication systems with high reliability and efficiency.

6. Design and implementation of innovative coding schemes for CDMA systems
FS: Dr. Chang

Highly efficient multiple-access coding schemes are studied for future wireless communications. Both theoretical consideration and practical implementation will be fully addressed in this project.

7. Design and implementation of the Reed-Solomon Product Code (RSPC) ECC for DVD players. 

FS: Dr. Chang

8. Marine water alkalinity measurement device

FS: Dr. Hintz

Partially implement on a laptop a controller for performing alkalinity measurements of marine water samples utilizing the method of reverse Gran titration.  The project can be done with USB connected A/D converters to read the pH of a fluid and USB connected binary valued switches to control several micropumps and valves. The pumps, valves, and usb control devices will be supplied.  The measurement method is documented in a Mason owned patent application.  The partial implementation refers to a writing a Matlab driven GUI to control the valves and pumps. The GUI will be implemented utilizing Matlab GUIDE.  The control of the pumps and valves will be through the Matlab Instrument Control Toolbox. Calculation of the alkalinity from the measured data is a plus, but not required.
9. Software-defined radio (SDR) projects

FS:  Dr. Nelson

I am interested in any project built around GMU's software-defined radio boards, which are designed to work with the GNU Radio open source libraries.  More information about the boards can be found at http://www.ettus.com/custom.html.  Ideas for projects can be found at http://gnuradio.org/trac/wiki/OurUsers and http://www.gnu.org/software/gnuradio/doc/exploring-gnuradio.html .
 

10. Bioengineering: Wireless Doppler ultrasound instrument
FS: Dr. Sikdar

Neuromuscular disorders are a common cause of disability. To monitor how patients are responding to therapy, clinicians need to evaluate the performance of muscles during routine functional tasks, such as walking. Currently, wireless electromyography systems are available for measuring electrical activity of muscles during such studies. However, these systems do not provide direct measurement of the muscle and tendon kinematics. Doppler ultrasound can be used to measure skeletal muscle motion. But, conventional Doppler systems used in hospitals are wired, and cannot be used during dynamic studies. The goal of this project is to develop a wireless Doppler system. The project will involve designing and developing a prototype system that can wirelessly communicate with a laptop computer to record data. This project will expose students not only to medical device development, but also biomechanics principles, Doppler ultrasound physics and Doppler signal processing. 
11. Design and Development of a Shipping Container for Cell-Based Biochips  (bioengineering topic)
FS:  Dr. Pancrazio

Living cells cultured on substrates offer a basis for biosensor and pharmacological assay operation. A cell-based biochip shipping container needs to be developed that controls temperature, maintains gas concentrations in a sealed environment, and incorporates a multichannel data logger. The project would culminate in a demonstration of the shipping container capabilities. Considerations include minimization of cost, weight, and power consumption.

12. Development of a control mechanism for a robotic sweeping system (bioengineering topic)
FS: Dr. Pancrazio

Persons living with significant disability can often make contributions with the use of assistive technologies. Staff in the Special Education program at the Arlington Public School System have requested a means by which a student
within their program could vacuum and/or sweep floors from his wheelchair. Working with the stakeholders, the senior design team will design, develop, and implement a control mechanism for guiding a robotic floor sweeping
system capitalizing on input signals that the subject can reliably generate.

 

	13. Frost Adaptive Array Processing Algorithm
FS: Dr. Ephraim

This algorithm enhances a signal arriving from a given desired direction while suppressing interfering  signals arriving from other directions. The algorithm is adaptive in the sense that it does not require knowledge of the statistics of either the signal or the noisy signal. The algorithm performs constrained least mean-squares estimation. It minimizes the power of the received signal while maintaining flat response in the desired direction. Students choosing this project will be required to understand the algorithm, implement it in Matlab, and demonstrate its capabilities in responding to different signals and noise sources. This project is suitable to students who have successfully completed ECE 460. A full description of the algorithm can be found in "An algorithm for linearly constrained adaptive array processing, Frost, O.L., III; Proceedings of the IEEE, Volume: 60 , Issue: 8,  Publication Year: 1972 , Page(s): 926 - 935." More recent articles with new twists are available upon request.

14. Adaptive noise cancellation
FS: Dr. Ephraim

This project deals with adaptive noise cancellation where a noisy signal is given plus a correlated reference to the noise. Using the auxiliary noise source we would like to somehow "cancel" the noise in the primary input. This situation is encountered in practice for example in an office with a noisy fan which interferes with ongoing conversations. Students are expected to implement Widrow's least mean square (LMS) algorithm and measure the efficiency of this approach in suppressing the noise and in the inevitable consequence of distorting the main speech signal. This project is suitable to student who have taken ECE 460. G.W. Elko, "Adaptive noise cancellation with directional microphones," 1997 IEEE ASSP Workshop on Applications of Signal Processing to Audio and Acoustics, 1997.



15. Low-cost vibrometer 

FS: Dr. Pachowicz

It is a well known phenomenon that you can evaluate/monitor mechanical systems based on vibration and acoustic signals they generate when working under loads. This project will focus on designing a low-cost hybrid vibrometer connected to a laptop. For example, such a device will integrate a 3D accelerometer and a microphone, acquire data, and send data to a laptop through a USB connection. A software component will process the data to determine basic vibro-patterns. Next, these patterns will be compared for different stress loads for a car engine and/or another motor. There are sophisticated laser-based systems on the market, but an emphasis of this project is on a low-cost device which can be used by amateurs. 
16. Real-Time CNC calculator and debugger
FS: Dr. Pachowicz

CNC machine setup includes spindle speed and tool feed data which depend on material, tool size and tool type. This device will help to set up machine parameters, monitor them, and alert an operator during a machining process. A device will have an rpm sensor, manual data inputs, and a number of digital displays. It will save operational data and provide an analysis though a USB connection. 
17. Low-cost miss-step detection for small CNC machines
FS: Dr. Pachowicz
CNC is an automated process extensively used in high precision manufacturing. Signals sent to step motors enforce system motion. This motion, however, can be interrupted by occasional obstructions, overload, or harmonics. A simple feedback monitoring is needed to detect missing steps and provide information needed to debug a CNC setup and G-code. This will require a USB connection with a PC. The goal of this project is to build a low-cost device for amateur CNC market. 

18. Low-cost Telemedicine Station
FS:  Dr. Nelson and Dr. Ikonomidou
Existing telecommunications infrastructure can be an inexpensive means for providing medical care to rural, low-income areas.  The goal of this project is to design a proof-of-concept telemedicine station that measures a patient's vital signs and transmits the information to a centralized data center via the cellular network.  The station must be completely autonomous, low cost, and make use of only a simple mobile phone -- no smart phones allowed!
19. Multi-frequency scalable MRI receiver system
FS:  Dr. Ikonomidou

The MRI receiver system consists of several receiver chains, which include the receive coils (acting as antennas for the MRI signal), low noise amplifiers to ensure a low noise figure, and a high-speed demodulation and A/D system. This project will focus around the last part; it will include the design of a demodulation and sampling system around Echotek data acquisition boards, and implement a control system to synchronize acquisition with the MRI experiment. 

20. MRI compatible vital signs monitoring system

FS:  Dr. Ikonomidou

Monitoring vital signs (heart rate, temperature, respiration) in the MRI environment poses more challenges than in a usual laboratory environment, because of strong electromagnetic interference and limitations posed by the strong magnetic field. The proposed project will seek to design monitoring systems that can function under these conditions. 

21. Automatic Signature Verification System 

FS:  Dr. Ikonomidou and Dr. Nelson

Identity fraud remains a serious concern in the financial industry. With signature being one of the primary identification features in use, automatic verification of the signee can have a significant impact on the safety of financial transactions.  This senior design project will enhance a first design of an automated signature verification system by combining image and biometric data.  The system will need to be thoroughly tested on a broad subject pool.

22. Weather Balloon Greenhouse Gas Monitoring System

FS:  Prof. Carl G. Schaefer, Jr.

The two most common greenhouse gases in the atmosphere are carbon dioxide and methane.   Increasing levels of methane and CO2 in the atmosphere are believed to correlate with global warming and climate change.   In this project, students will design, build, and launch a weather balloon sensor system to detect and log carbon dioxide and methane concentrations as a function of altitude (pressure), temperature, and humidity.  The sensor system must be recoverable and, as such, shall include a parachute recovery system with a GPS receiver and cell phone tracking system to enable location of the sensor package once it lands. 

23. Autonomous Control of RC Powerboat

FS:  Prof. Carl G. Schaefer, Jr.

In this project, students will design, build, and test a microcontroller-based feedback control system to control and navigate an RC powerboat over a closed course on the GMU duck pond or aquatics center.   The control system is expected to “close the loop” around throttle and rudder (steering) servos and use an onboard GPS sensor to navigate a “blind” course defined by GPS waypoints not known prior to the demonstration.

24. Measurement and Analysis of Overnight and Ground Shipment Shipping Environments

FS:  Prof. Carl G. Schaefer, Jr.

Students will design, build, and demonstrate a self-contained, self-powered MEMS-based sensor system to monitor and log acceleration, package orientation, temperature, pressure, and humidity of packages during shipment.  The project team is expected to build a number of these sensor systems, insert them into standardized packages of identical weight and volume, and ship to and from an address on the West Coast via two methods of delivery: overnight express and ground shipment.  Students will be expected to assess the impact of various shipping hazards including shock, vibration, impact, temperature and humidity associated with handling, transportation and warehousing operations for shipping and distribution of packages in the mail system.

25. Communication Network Based Control System for Energy Efficiency

FS: Dr. Mark

Develop a prototype of a communication network based system to control electrical devices for energy conservation in a building. See 
http://www.lbl.gov/Science-Articles/Archive/sb-EETD-internet-controls.html, which describes a communication network based control system that "allows building lighting and envelope systems to respond automatically to changes in occupancy, daylight levels, and energy costs — while at the same time giving occupants more 
control over their workspace environment."

26. Musical Lights

FS: Prof. Michael F. Young

Musical lights have always been very popular with dance clubs and other entertainment events. Lighting and sound can complement each other to produce a stunning result of combined effects that have a great appeal for entertainment purposes. This goal of this project is to design and build an 8-channel  “Color Organ” (Google it) that syncs to any kind of music. Each channel will controls the light intensity of an incandescent light based on the amplitude of the instantaneous frequency components of the music across eight audio sub-bands. The heart of the project is an audio spectrum analyzer (think FFT) whose output in each audio band (e.g.,. 20 – 60 Hz, 60 -140 Hz, 140 – 260 Hz, etc.) controls the intensity of the light associated with it. (Think of the Windows Media Player Spectrum Graph.)   The device would have eight (8) AC outlets available to allow the user to plug any kind of incandescent lamp into it.  

27. GORT II

FS: Prof. Michael F. Young

The Geomobile Omni-directional Robotic Telepresence device created last year was never finished. (The team ran into problems that they simply did not have time to solve.) This project is about picking up the pieces, re-engineering some of the hardware and software aspects of the device in order to get it to function according to the specification. Key to its operation is the software to do multiple, low-latency video “conferencing” from GORT to the base computer. Additionally, a new automatic steering feature needs to be added that makes it easy to drive it down a hallway without crashing into a wall. 
28. Assistive technology device

FS: Dr. Peixoto

Any project that complies with the requirements of the assistive technology design challenge: a1designchallenge.org . The team is expected to submit their project to the University Program in April of 2012.
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