ELG 4392: Electrical Engineering Project, Winter 2005
(Misbah Islam)

This course will be conducted as teamwork under the supervision of professors and technical assistants. The project work is to be performed utilizing modern management principles and methodologies that include the design of an overall work-plan encompassing all activities. 

The activities are to be assigned to different members of the team so that project progress can be monitored and corrective actions taken to enable its successful completion. The project team has to:

· Analyze, expand and refine the general requirements

· Perform domain analysis, i.e. literature search to review current knowledge and developments in the area

· Produce a work-plan using tools (such as MS Project) for tracking progress

· Assemble a Web site for the project

· Produce a High Level Design using standard notations 
(such as UML)

· Design Validation using one or more of the following

· Design reviews

· Theoretical studies

· Computer simulations using tools (such as Matlab)

· Deliver a seminar to present the work done by individual team members

· Submit a printed project report including text, diagrams, code, results and references

ELG 4392 Project List (2005):

Bioinstrumentation:

1. Design and implementation of a wireless based portable Blood Pressure Data Capture System:
(Key words: Programmed BP instrument, Telemetry, Bluetooth, Wifi, 
Cell phone, Blackberry, PDA)

2. Modeling and Analysis of ECG/EMG signals and the design of an instrument for real time analysis.
 (Key words: Fractal dimension, Brownian motion).
3. Development of Biomedical and healthcare applications using the Labview tool.
(Key words: Signal Processing, Dialysis data,  Optical cell data)

4. Design of camera system for kinematic data capture for gait analysis.

(Keywords: Optical sensors, camera interface, treadmill)

5. Kinematic data analysis and processing for pattern recognition.
(Keywords: Digiyal filters, Discrete Fourier Transforms, FFT)

6. Design and construction of instrumentation amplifiers for ECG/EMG equipment.
General EE (2005)

7. Design, construction and verification of Digital Filters (IIR and FIR), using Z –Transform
8. Design of an underwater Pressure Gauge Network for Data Capture
9. Application of Digital Filters (IIR, FIR and Kalman) in Seismic Data analysis
10. Design of a Kalman Filter for an Inertial Navigation System
11. Performance of Digital Image Compression Algorithms
12. Wireless based Home Automation System

13. Remote Control of Appliances via Telephone Line
14.  Design and implementation of a underwater pressure gage network and data capture system.

15.  Signal Processing and data analysis of Pressure gage network data for prediction of events.

16. Hardware Decryption of Advanced Encryption Standard Algorith
Network Related:
Robotics (EE Aspects):

Student Initiatives:

ELG 4392 Project List (2004):

1. Wireless based Home Automation System
2. Remote Control of Appliances via Telephone Line
3. Design, construction and verification of Digital Filters (IIR and FIR)
4. Design of a Kalman Filter for an Inertial Navigation System
5. Performance of Digital Image Compression Algorithms
6. Implementation of Neural network transistor models into circuit simulators 
7. Design and construction of instrumentation amplifiers for ECG/EMG equipment.
8. Circulation of airflow parameters in a novel device for measuring mouse breathing.
9. Autonomous Underwater Vehicle Passive Sonar Array
10. Hardware Decryption of Advanced Encryption Standard Algorithm 
1. Wireless based Home Automation System


The software will be a user-friendly GUI package, which will run on the PDA. The aim is to have a user-friendly interface that will allow different users to change their own personal settings, control all appliances, and receive the current status of appliances in the home. The PDA device will be blue-tooth networked to the micro-controller.

Another goal is to implement Internet connectivity directly to the micro-controller OR via the PDA to the micro-controller. This would allow access from anywhere and would be useful for such things as turning the air conditioning on from work. A similar GUI software interface will be used for the Internet connection as well. 

Appliances

The electronic devices (appliances) receive signals sent from the micro-controller and the appropriate control action takes place. The details of the signal transfer etc. are open to suggestion at the moment. Some serious thought needs to go into this so that we make sure that new devices can be EASILY added to the system at a later date (without having to re-program the micro-controller).

Also receives coded blue-tooth signals from the PDA. These signals contain data to change personal settings and/or control appliances in the house. The micro-controller also sends data to the PDA to update the current status of appliances in the house. 

References: www.x10.com
Equipment Requirements: X10 sensors and actuators.

2. Remote Control of Appliances via Telephone Line 
The basic components that make up this project are illustrated in the block diagram below. The program is loaded onto the microcontroller, which configures the modem to be able to detect dial tones, generate DTMF tones and engage in a handshaking process with the remote modem before the light is turned on electronically. There are a few building blocks that make up the whole scenario. 

Example System




Microcontroller and other Hardware
A microcontroller can be configured so that one of its serial ports behaves as a UART. This can be done by converting parallel data from the CPU into a serial data stream for Tx/Rx. This code needs to be written in C.

This involves setting up of the transmit/receive mode registers to specify the size of the data block and positioning of clock, and parity. A control register which determines the baud rate, interrupt flags and transmit and receive enable needs to be initialized.

The software may contain 3 modules:

Module 1 - For the initialization of the PC microcontroller, resetting and initializing the UART and the modem.

  

Module 2 - This module is basically responsible for establishing a communication link. There will be a slightly different algorithm between the sending and the receiving modem. 

  

Module 3 - Once the communication link is established, this module serves to pass on the configuration data for the remote microcontroller that controls the remote appliance. It also monitors and performs the necessary adjustments. It then terminates the communication link and put the microcontroller into sleep mode 

  

These modules are then combined and can be represented in the form of flowchart diagram as follows:

  





3. Design, construction and verification of Digital Filters (IIR and FIR)
Information to be supplied..
4. Design of a Kalman Filter for an Inertial Navigation System

Kalman filter is used as an estimator for the states of a linear system that is being perturbed by random or white noise. This filter has become an important technique for inferring missing information that is buried under a noisy signal. It is used as a predictor for the state variables in a variety of areas, such as control systems and complex physical systems (turbulent flow, astronomy).

The positioning of a Kalman filter is shown in the following diagram.





The optimal estimator will take into account the observations z(t) and the available statistics to provide values that minimize the “quadratic loss function” QLF, expressed as a matrix 

QLF = [ x(t) –x ~(t) ]T M[ x(t) –x~(t) ]

M is a nxn matrix that is used to specify the weights of system variables.

What you have to do:

· Study the theory of linear optimal filters

· Model equations for Kalman filter for MATLAB processing

· Study and formulate the design of a GPS based Inertial Navigation System

· Estimate the behavior of the INS through MATLAB/ Simulink simulation. 

References:

· Grewal and Andrews: Kalman Filtering - Using Matlab, 2nd ed, John Wiley, 2002
· Brown and Hwang: Intro to Random Signals and applied Kalman Filtering, 3rd ed. John Wiley, 1997.

5. Performance of Digital Image Compression Algorithms

Image compression addresses the problem of reducing the amount of data required to represent a digital image. This is needed for the sake of economy in terms of disk space usage, data transmission and reception performance and using limited bandwidth.
The underlying idea is to remove or encode redundant, useless or repetitive information during scanning and to decode that during regeneration when displaying.

The images can be a) still or b) full motion video. Many algorithms, methodologies and standards have been proposed. 
PROJECT:

The project involves

· Scanning and storing images (still and video)

· Information encoding employing compression methodologies including

· Source encoder and decoder

· Lempel-Ziv-Welch coding

· Wavelet coding

· JPEG1

· MPEG1 and 2

· Study the performance of above in terms of speed and size.
· Decoding the compressed information and studying performance
· Comparing picture quality and error analysis.
References:

1. VCDemo is an interactive image and video compression free-ware software package for Windows, by ICT group, Delft University, Holland 
2. Gonzalez and Woods: Digital Image Processing, Prentice Hall, 2002
3. SGS-Thompson, Technical Note: An Overview of the MPEG Compression Algorithm
6. Implementation of neural network transistor models into circuit simulators. 
Supervisor’s Name: Mustapha C.E. Yagoub,

I – INTRODUCTION 
The 21st century will be the information age characterized by ever-increasing needs for global and personal communications. This places severe constraints on the nature of the communicating terminal: it must be wireless and portable, cost-effectively produced in large numbers, and capable of broad bandwidth and high-power operation. In the same time, the demand for concurrent and multidisciplinary design with nonlinear behaviors, electromagnetic (EM) effects and reliability criteria considered simultaneously becomes increasingly important. Furthermore, the need for statistical analysis and yield optimization taking into account process variations and manufacturing tolerances in the components makes the computational tasks during simulation, statistical design and optimization, massive as well as highly repetitive. On the other hand, this trend should meet the time-to-market requirements where a single round of design is strongly required. 

The aim of this proposal is to allow RF/microwave engineers to use these nonlinear/EM-based models into circuit simulators in order to achieve efficiently such statistical circuit analyses. 

II – STATE OF THE ART 

In RF/microwave systems, parameters are governed mainly by the transistor behaviors. It is then extremely important that the transistor model must be both accurate and fast so that the design solutions can be achieved feasibly and reliably in commercial circuit/system simulators. To achieve a successful design, system designers have the option to select any appropriate existing models available in a commercial software library (such as Cadence, ADS, HSpice, etc…), plug it in, and then obtain the simulated circuit performance. Therefore, they are expecting the simulator will provide them with the best available models of a given device for both small- and large-signal applications. The research community has proposed a huge number of modeling techniques to make the design process easier, faster and more efficient. Due to low frequency dispersion, self-heating, and trap effects, such models are still perfectible, and there is a need, therefore, for further research towards development of efficient nonlinear models for such transistors.

Neural modeling of devices and circuits is one of the most recent trends in microwave CAD. Fast, accurate and reliable neural network models can be trained from measured or simulated data. Once developed, these neural models can be used in place of CPU-intensive physics/EM models of active/passive devices to speed up microwave design. Neural network techniques have been used to model a wide variety of microwave devices and circuits with significant successes. The purpose is to plug these models into RF/microwave simulators. 

III – PROPOSED TASKS 

The objectives of the proposed proposal can be listed sequentially as follow: 

(a) Development of an algorithm to generate transistor neural network models: With emphasis on optimal and statistical methods, the objective of this first part is to develop a useful algorithm for transistor neural network model generation.
(b) Implementing the device models in conventional circuit simulators: The developed models must work as a bridge that connects the simulations and CAD circuit and system tools. The retained circuit simulators are Agilent Design System (ADS) and Spice, available at SITE. 
(c) Designing an amplifier in a circuit simulator: A simple amplifier has to be designed in order to be used it for reference. 
(d) Running statistical simulations in circuit simulators: Once the neural network models implemented in circuit simulators, the students have to run some circuit optimization in order to compare the original circuit responses with the ones obtained by using neural network models. 
IV – IMPACT FOR STUDENT CURRICULUM
This proposal will allow students to use their present experience in computing to model efficiently RF/microwave transistors utilized in telecommunication systems. 

Thus, the students will have the opportunity to achieve a project, which combine computer and electrical knowledge, master the use of electronic circuit simulators and advanced modeling techniques. Therefore, this mixing work is a significant asset to the student curriculum

7.  Design and construction of instrumentation amplifiers for ECG/EMG equipment.

This project is being offered with the technical support from Prof Adler.

An Ottawa area company has technology for monitoring various parameters in exercising athletes. There is interest in verifying whether ECG/EMG signals can be used to augment the information from these devices. 
The goal of the project is to design, build and test ECG/EMG monitoring electronics. Subsequently, it is desired to develop data analysis algorithms to test the feasibility of measuring these parameters from ECG/EMG data.

Project:

· Research ECG/EMG electronics design
· Develop Electronics design

· Develop Data acquisition system and code

· Build and text electronics

· Conduct preliminary exercise testing

8. Circulation of airflow parameters in a novel device for measuring mouse breathing. 
[image: image1.wmf]
This project is being offered with the technical support from Prof Adler.

Details later.
9.  Autonomous Underwater Vehicle Passive Sonar Array

The University of Ottawa now has a team that will attempt to compete in an Autonomous Underwater Vehicle (AUV) competition, which will be held in mid 2004.  In order to compete, students must usually design an AUV that can locate an underwater target and then perform a specific function.  This is a multi-disciplinary project and requires collaboration between at least three of the branches of engineering at the University.  The AUV team recently received funding from the Engineering Endowment Fund.

The goal of this particular project is to design an array of a passive sonar array that can determine various pieces of information about underwater noises.  The primary purpose will be to determine the direction of ping sources.  Frequently during competitions, a target will emit short sonar pings, lasting approximately 200ms, at a particular (usually known) frequency.  The sonar array must be able to determine from which direction the ping is coming, and output this direction as an angle from the bow (e.g.: if the ping is coming from straight ahead, it should return 0 degrees). The particular frequency must be settable during run-time.  Other pings may be happening at different frequencies and must be ignored by the unit.

Students working on this project would be required to first create a computer model (using MATLAB or another piece of software) and then implement the designed passive sonar array.

If time permits, the students could also implement a sonar transmitter to allow pings to be sent from the AUV.  These pings will bounce off obstacles and be reflected back to the AUV. The passive sonar array must then determine the distance and bearing to the obstacles.  In addition, based on the Doppler effect, the velocity of the AUV could be determined by the frequency deviation between the ping and the reply. 

Required material (estimation):
· Hydrophones (4 to 8)

· Processor and/or DSP Board

10. Hardware Decryption of Advanced Encryption Standard Algorithm 

A lot of this project is actually about understanding how the algorithm works. As this is a new Algorithm there is a lot of that need to be understood. Currently I regard these as separate functions of the algorithm by using a high level programming language (MATLAB) so that all of the math can be done with very little computations done by the code I have written. The code is done by functions within MATLAB and my code does not have to be "tight".

You will use VHDL. In this Language, code is written so that the code can be mapped to hardware on the ALTERA boards with MAX PLUS 2 supplied by the University. 

There are 3 main sub programs to write, sub-bytes, shift-rows, mix-columns. You  will have to amalgamate the programs and eventually pipeline the system to run as efficiently as possible on the ALTERA board.

Eventually you will encode a picture, show the encoded picture and then decode the picture to demonstrate its effectiveness.
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