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Guidelines for allocation of projects.

1. Students are to submit their project preferences to Garry Yee. A minimum of three preferences is required.

2. Students may wish to indicate their preferred group members if they are going to select a group project. There is no guarantee however, that your wish will be granted.

3. You must also indicate all the courses that you have successfully completed.

4. A committee will then allocate students to a project based on the students’ preferences and resources required to do the project.

5. PLEASE NOTE: Despite every attempt to allocate you to your preferred project and team, there is no guarantee that you will be allocated your project preferences. You may also NOT be in a group with people that you have chosen. Although not stated here, there is a need to restrict the number of any one project being allocated due to resource issues.

6. FYP allocation committee reserves the right to change requirements of projects detailed below due to resource or supervision limitations.
7. If a change of project is required during Part A, unless there is special circumstances to consider, there will be no extension given.
Newcastle Academic Proposed Projects:

Peter Schreier

Title: Performance Analysis Of Block Turbo Codes
Proposed by: Peter Schreier

Description/Outcomes: Traditionally, iterative (turbo) coding schemes have employed convolutional codes as constituent codes. However, block codes for use in turbo coding schemes can provide an alternative to punctured convolutional codes when high rate component codes are needed. In this project, students will analyze the performance of block turbo codes using union bounding techniques, and also simulate their performance using either MATLAB or C. The trellis structure of block codes is much more complex than that of convolutional codes, so these simulations will require some creative programming solutions.

Skills Required/Developed: Students attempting this project should possess an EXCELLENT background in coding and communications, as well as programming skills (MATLAB and/or C). Students will gain experience in the latest error correction technology.

Resources: MATLAB (Comm Toolbox) or C

Level of Difficulty: WARNING: This is a challenging project and it should not be undertaken lightly.

Number of students: 2 

Title: The Rihaczek Time Frequency Distribution

Proposed by: Peter Schreier

Description/Outcomes: This project considers a particular time- and frequency-shift covariant bilinear time-frequency distribution, called the Rihaczek time-frequency distribution (TFD). Students will be expected to implement the estimator of the Rihaczek TFD proposed in L. L. Scharf, P. J. Schreier, A. Hanssen, "The Hilbert space geometry of the Rihaczek distribution for stochastic analytic signals," IEEE Signal Processing Letters, vol. 12, pp. 297-300, April 2005, evaluate its performance with practical data, and suggest possible improvements.

Skills Required/Developed: This project requires a very good background in mathematics and systems theory. Some programming skills (MATLAB or C) are required, as well.

Resources: MATLAB or C

Level of Difficulty: Challenging. A very good mathematics and systems theory background is required!

Number of students: 2

Title: Online experiments in Digital Communications

Proposed by: Peter Schreier

Description/Outcomes: In this project, online (web) experiments in Digital Communications are to be developed. These experiments should serve as study aids for students of digital communications. Possible experiments could include: Eye diagrams, transmitters and receivers for digital communication techniques, illustration of the binary symmetric channel, etc. The web site should also include self-test questions (not simply multiple-choice type) so that users can check their knowledge of digital communications.

Skills Required/Developed: This project requires a good background in digital communications and some experience with Web programming techniques (HTML or Java).

Resources: C/Java/HTML

Level of Difficulty: Moderate to difficult. 

Number of students: 2 

Lu Gan

Title: Demosaicking Of Color Images 

Proposed By: Lu Gan

Description: In a full-resolution color image, each pixel is represented by three components, i.e., Red, Green and Blue. However, some commercially available digital cameras are based on a single charge coupled device (CCD), which provides only a single component for each pixel due to their inability to position three photo-sensors at the same location. In these cases, the remaining two color components must be estimated using information from neighboring pixels. The process is often referred as demosaicking.

In this project, the student is required to implement several existing demosaicking algorithms through Matlab and C/C++. Comparisons of these algorithms in terms of their complexity and performance should also be provided. Extra work includes the improvement of these algorithms for better performance. 

Level of Difficulty:
Moderate to Challenging 

Required background: Good understanding of digital Signal processing. Good programming skills in Matlab and C/C++.

Number of Students:  1
Title: Multiwavelet Matlab Toolbox

Proposed By: Lu Gan

Description: Wavelets have found successful applications over the past 20 years. Among various generalizations of wavelets, multiwavelets are quite attractive as they have demonstrated superiorities both in mathematical theory as well as practical applications in image processing. 

The aim of this project is  to develop a user-friendly multiwavelet toolbox, which is similar to the existing wavelet Matlab toolbox. The toolbox should include multiwavelet decomposition, reconstruction, construction as well as fast implementation algorithms. Some simple multiwavelet-based image processing modules, such as denoising and compression should also be implemented. 

Required background: Good understanding of digital Signal processing and competence in mathematics. Good programming skills in Matlab. 

Level of Difficulty:
Difficult

Number of Students:  1

Title: Hiding Fingerprint Image 

Proposed By: Lu Gan

Description: Fingerprint identification is the most widely used biometric technique. In the near future, fingerprint may be used to replace the PIN in most security aspect, e.g., smart card applications. Although fingerprints provide uniqueness, they do not provide secrecy if they are displayed explicitly on the smartcard or document. 

To achieve the security of fingerprint management, this project aims to exploit the watermarking technique, where the fingerprint is hidden or embedded in some host data, e.g., an image, a smart card, or a document. After embedding, the perceptual appearances of the host data are slightly changed so that attackers cannot easily detect such changes. In the meantime, at the authentication side, the fingerprint can still be detected and recognized with some detection algorithm. The student is responsible for the development of fingerprint embedding module as well as the fingerprint detection module. Extra work may incorporate encryption and decryption algorithms to provide higher level of security. 

Required background: Good understanding of digital Signal processing. Good programming skills in Matlab.

Level of Difficulty:
Difficult

Number of Students:  1
Title: Automatic Red-Eye Reduction And Correction Software

Proposed By: Lu Gan

Description:  Red-eye phenomenon is a challenging problem in consumer photography. It occurs when a photograph is taken with a flash and the flashlight is reflected from blood vessels in the back of the retina. In existing commercial software (e.g., Adobe photoshop), users are required to outline the red eye by hand in these systems. 

The aim of this project is to develop a software program that can automatically remove a common "red-eye" effect. The program contains a detection stage and a correction stage. The detection algorithm aims to identify the red-eye image patches and the correction stage removes the red-color. The program is expected to have high detection and correction rate with fast implementation. 

Required background: Good understanding of digital Signal processing. Good programming skills in C/C++.

Level of Difficulty:
Difficult

Number of Students: 1
Minyue Fu

Title: Acoustic Beamforming using Ultrasonic Transmitters

Supervisor: Minyue Fu

Description: Acoustic beam forming has many applications including surround sound systems. The basic idea is to use an array of speakers to create dynamic and realistic sound effects. The key is the localization of acoustic signals. However, the degree of localization is typically limited due to the simple fact that the acoustic wavelength is large (about 68cm for 500Hz signals). In this project, the aim is to study the use of an array of ultrasonic transmitters (speakers) for beam forming. Due to the much smaller wavelength, ultrasonic signals are much more suitable for localizing signals. Due to the natural nonlinear demodulation property of the air, it is possible to transmit acoustic signals through the air using two correlated ultrasonic signals. The result will be a highly localised acoustic "spotlight". A wide range of applications of the technique exists in museums, public facilities or even vehicles where personalized acoustic spotlights are ideal for information delivery. An example of it is that when you stop exactly in front of a painting in a museum, you can hear the commentary for this particular painting.

Required background: Good understanding of Digital Signal Processing, competence in mathematics, good skills in digital design and software development.

Level of Difficulty: Moderate to Difficult

Number of Students: 1-2 

Title: Dual-Stage High Precision Control

Supervisor: Minyue Fu

Description: Dual-stage control systems are popularly used high precision positioning and tracking. It consists of two coupled control systems, a coarse control stage providing long-range but low precision and low bandwidth control and a fine control stage providing small-range but high precision and high bandwidth. A best biological example is perhaps your hand where the arm acts as a coarse control stage and the fingers act as fine control stages. Industrial applications of dual-stage control are virtually endless. In principle, any given control system can be easily reconfigured by adding a fine control stage to provide a much higher precision control. However, the strong decoupling between the two stages make the control design task a very interesting exercise. The purpose of this project is to design a simple two-stage high precision control system and study the associated control design problems.

Required background: Good understanding of modeling, control and digital signal processing, good hands-on skills in software and hardware development

Level of Difficulty: Moderate to Difficult

Number of Students: 1-2
Title:  Magnetic Levitation System

Supervisor: Minyue Fu

Description: This project aims to develop a set of "magnetic bearings" to replace the conventional mechanical bearings. The magnetic bearings are used to support high speed rotational machines. These bearings have several advantages: no mechanical friction; no vibration noise; and less dissipation of heat. The project involves both hardware and software designs. The hardware design involves mechanical, electrical and electronic parts. Skills required or acquired: Basic knowledge of EE, CE and/or Mechatronics.

Level of Difficulty:Moderate to Challenge. 

Number of Students: 1-2

Jose De Dona

Title: A Ball-In-A-Tube Height Control Experiment

Proposed by: Dr. Jose De Dona
Description: The purpose of this project is to design and build a ball-in-a-tube apparatus; and to design and implement a control algorithm to be able to control the height of the ball. The ball-in-a-tube is a simple and inexpensive experimental setup that can be used to demonstrate some of the fundamental concepts of feedback control systems. It consists of a transparent tube in a vertical position. Inside the tube there is a light weight ball (e.g., a ping-pong ball); at the bottom of the tube there is a fan that is used to lift the ball; and at the top of the tube there is a sensor (e.g., an ultrasonic sensor) to measure the ball's height. The measurements of the height sensor are sent to a computer through an A/D acquisition card and the computer is programmed to implement a control strategy to, e.g., keep the ball at a fixed desired height position or to make the ball follow a desired trajectory. The resulting control signal is then output through a D/A conversion card to the motor that drives the fan (this signal can be an analog continuous signal or a PWM signal).

The control algorithm can be implemented in a software package such as ProcessACT, dSPACE (which can be interfaced with Matlab/Simulink for controller design and graphical and GUI capabilities), LabVIEW, Matlab/Simulink/Real Time Workshop, etc. Another possibility is to construct an embedded control system consisting of a micro-controller attached to the experimental set up, with a connection to a PC for controller design/downloading and visualization.

Outcomes: The expected outcome is the complete construction of the experimental set up, together with the required connection to the computer (or micro-controller) for controlling the ball height, and the implementation of a control algorithm to demonstrate the functionality of the equipment. It is expected that the design of the controller be customisable from the computer, in order to be able to demonstrate different control strategies and to be able to make the ball follow trajectories defined by the user. Also, the program should have good graphical capabilities to generate plots of the time response of variables of interest for reporting and comparison of different control designs. 

Skills Required &/or Developed: The skills necessary to build the apparatus are basic, as it is a simple setup. Standard electronic skills could be required, to be able to design the few circuitry (if any) that could be required to perform the electrical connections. 

Basic standard programming skills may be required depending on the software platform chosen to implement the control law (e.g., C language). Basic knowledge of Matlab/Simulink is required to perform the system modelling and to design, evaluate and validate different control designs. If the chosen design is based on a micro-controller, then micro-controller programming skills would be required or could be developed during the project. The essential skills that are needed for this project are basic system modelling, signal processing and control system design.  Hence, the student attempting this project should have a solid knowledge of the concepts imparted in subjects such as ELEC2400,  ELEC3400 and ELEC4400.

Level of Difficulty: 

Construction of the apparatus: Easy

Design of the control laws and software implementation: Easy to Challenging, depending on the features included and the control techniques implemented.

Number of Students: This is a project suited for one student. (It can be turned into a

project for more students by implementing a multiple-tube multiple-balls system sharing a common input manifold inlet, to study advanced control  concepts and resource allocation strategies. This way it might become a quite challenging project on multivariable control.)

Title: Autonomous Underwater Vehicle

Proposed by: Dr. Jose De Dona
Description: The purpose of this project is to design, construct and to demonstrate operability of an Autonomous Underwater Vehicle (AUV).In recent years, underwater robotics has become a hot area of research due to the availability of emerging enabling technologies. AUV's are used today for undersea exploration, monitoring, rescue operations and other scientific tasks, often in hostile conditions and without endangering human lives. The project will consist of a number of parts, which will have to be well integrated with each other for a successful outcome. Some of these parts are:

*Design and construction of the AUV's body. The design of the AUV's body is left open to students, but as an initial suggestion it could consist of a primary hull of cylindrical shape that will contain all the electronic components, and two secondary hulls, also of cylindrical shape, attached underneath the primary hull that will contain the propulsion system (dive system and maneuvering system), ballast and floating devices. In order to prevent electrical discharges and leaks to the environment, the power source and all electronic components will be enclosed in waterproof encasing. 

* Design and implementation of the on-board instrumentation equipment. The AUV, being unmanned, needs to sense a number of physical and position variables, in order to be able to take decisions and react to the environment, and to accomplish its mission successfully. A number of sensors is thus required. An initial suggestion of required sensors is: a sonar sensor to detect obstacles, a colour camera for pattern and object recognition, compass sensor to compute the vehicle's heading, pressure sensor to compute the vehicle's depth, accelerometers, leak sensor to detect the presence of water leakage, etc.

* Design of the control system and navigation algorithms. This will require the selection of a micro controller and associated circuitry. The micro controller will combine the environmental and vehicle position information provided by the sensors and will implement a number of control algorithms to achieve the navigation and environmental sensing objectives, as well as a number of safety procedures in case something goes wrong.

Outcomes:  The minimum outcomes that are expected for this project are:

* Design and construction of the vehicle,

* Instrumentation and control algorithms that allow the safe   undertaking of simple underwater navigation operations carried   out in an autonomous way,

* Demonstration of the operation of the vehicle, safe unmanned   operation, and basic navigation manoeuvres.

* The constructed vehicle is intended to be used in subsequent   projects as a prototype for future designs and to be used in   projects studying the coordination between several such AUV's.   Hence, it is expected that the construction be done at the lowest   possible cost and in such a way that future modifications and   upgrades, and the inclusion in the vehicle of extra equipment   (e.g., communications equipment) be facilitated. It is also   expected that the features and operation instructions of the constructed vehicle be well documented to facilitate future developments.

Skills Required &/or Developed:  Some of the skills that will be needed are:

* Mechanical design: To construct the vehicle to comply with the requirements of underwater operation, including drag reduction, determination of the correct amount of buoyancy, resistance to water pressure and waterproofing.

* Electrical design: To implement the propulsion system including power supply and electrical drivers.

* Electronic design: To construct the hardware circuitry, to integrate the different sensors and interface them with the micro controller, and to operate the electrical drivers.

* Micro controller programming: To be able to implement the main control and data acquisition algorithms.

* Signal processing: To be able to estimate different variables, including vehicle position, from the sensed measurements.

* System dynamics and control: To develop models for the vehicle dynamics and to be able to generate control algorithms to achieve vehicle stability, to perform navigation operations, trajectory tracking, etc.

Level of Difficulty: Challenging

Number of Students: This is a project suited for two or three students. In the case of

a two students group, the project can be undertaken as described above. If there is a third member in the group, then more additional features will be expected, e.g., the implementation of more advanced (as compared to a two students project) model based control techniques for trajectory tracking in the presence of disturbances, the execution of more complicated manoeuvring operations, more advanced image processing capabilities using the video camera, etc.

Terry Summers

Title: Simulation of a cascaded H-bridge 3 phase inverter for VAR compensation

Proposed By : Terry Summers

Description: In recent years considerable interest has been shown in using multilevel converters to provided VAR compensation, active filtering and voltage support at medium level voltages for supply utilities and in mining applications. One specific multilevel topology is the cascaded H-bridge converter others include flying capacitor and diode clamped converters.

As the name suggests this project requires student(s) to build a simulation of a multilevel, 3 phase, cascaded H-bridge, converter whose purpose is to provide VAR compensation for an 11 kV, three phase system. The switching devices used are to be IGBT’s. Some of the obvious issues to be addressed include:

· The number of H-bridges which have to be cascaded for the particular IGBT’s chosen.

· How to regulate the voltages on individual H-bridges.

· The control strategy to be used for VAR compensation.

· The modulation strategy to be used.

· Sizing of components.

Students who undertake this project will have to be able to undertake a significant amount of research as most of the background knowledge required will not have been covered explicitly during the degree. The simulation platform used is up to the students however Saber is the preferred platform.

Outcomes: A simulation of a cascaded H-bridge multilevel converter.

Level of Difficulty: Challenging

Number of Students : Suitable for up to two students working as a group.

Title: Single-Phase Adjustable Speed Motor Drive

Proposed By : Terry Summers

Description: This project is derived from the Future Energy Challenge  http://www.energychallenge.org) of 2004. The problem as defined by the challenge is, “Innovations in motors and motor drive systems that produce deep cuts in losses and costs for home (appliance) use, or that could replace “universal motor” brush machines in residential applications. Target hardware costs are US$40 for a combination of motor, power electronic driver, and controller that can operate from a single-phase residential source, deliver rated shaft load of 3/4 HP (or 500 W) at 1500 RPM, exhibit a useful speed control  range of at least 150 RPM to 5000 RPM, and provide power e±ciency of at least 70% for loads ranging from 50 W to  500 W at a specified speed.” 

Outcomes: At a minimum, a comprehensive simulation of the drive system. A working single phase adjustable speed  drive is desirable. 

Level of Difficulty: Difficult–Challenging 

Number of Students: Suitable for up to three students working as a group. 

Title: Utility Interactive Inverter System for Small Distributed Generation 

Proposed By : Terry Summers 

Description: This project is derived from the Future Energy Challenge (http://www.energychallenge.org) of 2004. The problem as defined by the challenge is, “The objective of this competition is to improve and foster innovation in the design of flexible utility interactive inverter systems for small distributed generation. The inverter must be efficient and comply with requirements for harmonic control, interconnection, and safety standards. The inverter must be capable to operate in typical voltage and frequencies, grid-connected or stand-alone. Target hardware costs are US$200 for an inverter that can operate from a dc input voltage varying from 30 volts to 60 volts, under constrained input power varying from 250W to 1000W, to a single-phase utility line 110/240V either 50Hz/60Hz, with efficiency of at least 90%.” 

Outcomes: At a minimum a comprehensive simulation of the inverter. A working single phase inverter is desirable. 

Level of Difficulty: Difficult–Challenging 

Numbers of Students: Suitable for up to three students working as a group

Jamil Khan

Title: A Networked Based Video Security System

Proposed by: Dr. Jamil Khan
Description: Main objective of this project is to develop a networked video security system that can monitor different locations of a building and activate an alarm when any intruder or an undesired event is detected. The security system will use a remote camera connected to a microprocessor based controller board which will be connected to an Ethernet network. The camera will capture video frames and send those frames to the controller. The controller will then transmit video frames to a remote PC over the Ethernet only when an alarm condition arises. The controller board will transmit video information using a TCP/IP connection. The controller board will use other types of sensors to detect an intruder or an undesired event. 

Following main tasks are involved in this project:

· Design construction of a hardware interface circuit to connect a camera to a microprocessor board.

· Interface appropriate sensors to the microprocessor board.

· Develop software to connect the controller board with a remote PC using a TCP/IP connection.

· Format video data before transmitting to the remote PC.

Project type: Design, development and construction. Hardware and software.

Resources: Meritech Development Board, CCD camera (not a USB camera), Ethernet switch, ALTERA/Digital IC, Sensors.

Outcomes: A controller board interfaced to a camera and an intruder detection mechanism to generate alarm.

A TCP/IP software to transmit video information to remote PC.

A software on the remote PC should to display transmitted video frames.

Difficulty: Challenging
No. of students: 2.

Title: Development of a PSTN to VoIP Telephone Interface

Proposed by: Dr. Jamil Khan
Description:
This project will develop a hardware interface and call control software that will enable a PSTN telephone to communicate with a VoIP or an IP telephone. A microprocessor based firmware needs to be developed to convert signals and to packetise digital voice to exchange information between a PSTN phone and a VoIP phone and vice versa. The developed hardware will connect an ordinary PSTN phone to a microprocessor board and supply all necessary signals. The microprocessor board will connect to the internet via an Ethernet port. Appropriate software need to be developed to support SIP signalling. The interface should be capable of storing incoming voice calls thus incorporating the basic answering machine features.

Following main tasks are involved in this project:

Design and develop a microprocessor based interface board to connect a PSTN telephone and convert the handset into an IP phone.

Develop software to send and receive voice packets from a local area network and internet.

Develop software to support SIP signalling.

Project type: Design, development and construction. Hardware and software.

Resources: Meritech Development Board, Ethernet switch, ALTERA/Digital IC, Telephone handset.

Difficulty: Challenging
No. of students: 2.

Title: Design and Develop an 8×8 Space Switch to Connect Video Telephones

Proposed by: Dr. Jamil Khan
Description:
Project involves design of a space switch and associated call control software to connect video telephone handsets. The switch should be capable of switching voice and video information between different handsets to multiple handsets (conference call). Handsets can dial number/numbers to connect to a particular handset. Based on the dialled number the switch will connect appropriate input/output connections. The project will be based on the TDM video telephone hardware developed by the University of Newcastle. The switch controller should be able to handle unicast and multicast voice and video connections (conference call).

Following main tasks are involved in this project:

Design and develop a 88 space switch based on the Altera and a microprocessor.

Design and develop control software.

Design and develop unicast and multicast call control algorithms.

Project type: Design, development and construction. Hardware and software.

Resources: Mitshubishi Development Board or similar, Video telephone hardware, ALTERA/Digital IC.

Difficulty: Challenging
No. of students: 2.

Steve Weller

Title: Forward error correction for a video stream

Proposed By: Steve Weller
Description: Forward error correction (FEC) allows the protection of digital data from channel-induced errors. In this project, data from an image sensor / frame-grabber module will be encoded with a forward error correction code, then decoded prior to display. In this project, simple block error correction codes (such as the Hamming code) will be used, as the encoding and decoding of such codes is reasonably straightforward in software. In addition, a simple digital noise source (e.g. implementation of a binary symmetric channel, or additive white Gaussian noise channel) will be developed in software, allowing the benefits of forward error correction to be clearly demonstrated.

Outcomes: interfacing image sensor / frame grabber to produce digital data stream; forward error correction encoder and decoders implemented on a Mitsubishi M16C development environment.

Skills required/developed: understanding of simple forward error correction techniques; interfacing image sensor / frame-grabber module to Mitsubishi M16C board; C software running on Mitsubishi M16C development environment

Resources: B&W CMOS image sensor / frame-grabber module; PC with Altera UP1 board and ByteBlaster programmer

Level of difficulty: moderate

Number of students: 2

Title: Forward error correction in FPGAs

Proposed By: Steve Weller
Description: Forward error correction (FEC) allows the protection of digital data from channel-induced errors. In this project, data will be encoded and decoded using short cyclic forward error correction codes. Such codes are attractive for field-programmable gate array (FPGA) implementation, since both encoding and decoding can be achieved with relatively simple shift register circuits. In addition, a simple digital noise source will be constructed, allowing the benefits of forward error correction to be clearly demonstrated. 

Outcomes: forward error correction encoder and decoders implemented on an Altera CPLD/FPGA development board

Skills required/developed: programming FPGAs with graphical entry and/or VHDL; understanding of simple forward error correction techniques

Resources: PC with Altera UP1 board and ByteBlaster programmer

Level of difficulty: moderate

Number of students: 2

Title: FPGA-based implementation of digital filters

Proposed By: Steve Weller
Description: Digital filters are a central component of digital signal rocessing (DSP) systems. Typically, digital filters are implemented in software, often using microprocessors specifically designed to implement finite impulse response (FIR) and infinite impulse response (IIR) filters. In this project, FIR and IIR filters will be implemented using resources available in field-programmable gate array (FPGA) chips, such as those on the Altera UP1 development board.

Outcomes: VHDL code and/or graphical design entry techniques for implementing FIR and IIR filters on the Altera UP1 board

Skills required/developed: programming FPGAs with graphical entry and/or VHDL; understanding of digital filters

Resources: PC with Altera UP1 board and ByteBlaster programmer

Level of difficulty: moderate

Number of students: 2

Brett Ninness

Title: Control Systems Toolbox for Octave.

Proposed By: Brett Ninness

Description: Octave is a freely availabe package http://www.octave.org that provides much of the basic functionality as MATLAB http://www.mathworks.com.  However, it does not have the same suit of toolboxes available for it as available for MATLAB.  The goal of this project is to write a control systems toolbox for octave that provides as close to the functionality of the MATLAB control systems toolbox as possible.

Difficulty level:  Medium
Number of Students:  2
Title: CDMA communications system

Proposed By: Brett Ninness

Description: CDMA, or code division multiple access is a spread spectrum modulation

format used in current, and proposed next generation mobile communications systems. The task in this project is to build such a system using either a Mitsubishi development environment. The modulation frequencies used will begin with audio, and if the student are good enough, will progress to radio frequencies.

Difficulty level:  Medium
Number of Students:  2
Title: Space time coded system

Proposed By: Brett Ninness

Description: A new idea, still at the level of research proposal, but which has generated great interest in the international research community is one of transmitting and receiving across multiple transmit and receive antennas in mobile environments. A key idea behind this is that, as opposed to single antenna systems where scattering is a problem, it becomes a bonus, and indeed is necessary for the system to work.

The task in this project is to build one of these so-called space-time coded communications systems using either a Mitsubishi development environment.  The modulation frequencies used will begin with audio, and if the studens are good enough, will progress to radio frequencies

Difficulty level:  Medium
Number of Students:  2
Title: USB Oscilliscope

Proposed By: Brett Ninness

Description: The goal of this project it to design custom circuitry that interfaces an analog to digital converter to a USB bridge so that analog signals can be measured and input to a standard PC.  Software is also required that takes the sampled information from the USB input, and displays it on the PC so as to provide an oscilliscope function.

Difficulty level:  Medium
Number of Students:  2
Title: Audio Spectrum analysis using Multi-rate filtering techniques.

Proposed By: Brett Ninness

Description: The idea here is to build piece of equipment based on a MitsubishiM16C chip which accepts audio input from a stereo and drives an LCD display according to the time-varying spectral density of the audio input. Calculating this spectral density is computationally demanding, but the project involves using some new ideas on multi-rate filtering to help with the computational burden.

Difficulty level:  Easy -> Medium
Number of Students:  1
Title: A Self-tuning Sound System Equaliser Supervisor

Proposed By: Brett Ninness

Description: In live music systems there are many non-ideal components which necessitates "tuning" the system for each new environment. This project is interested in correcting the frequency response of the system automatically.

Difficulty level:  Easy -> Medium
Number of Students:  1
James Welsh

Title: Low Cost Personal Monitoring System

Proposed By: James Welsh
Description: The idea of this project is to design and construct a low cost personal monitoring system. The system should be designed around a microprocessor to which specific measuring devices are connected via a suitable network topology. Measurements to be considered include mass, height, temperature, heart rate, blood pressure, oxygen saturation, lean body mass, etc. The system should automatically detect when measuring devices are connected and disconnected from the network. Measurements should be displayed in an appropriate form on a small LCD. This project involves the design of a microprocessor system and the electronics associated with the sensors to conduct the various measurements. Software development will include code to read data from the sensors, process this data and display the readings.

Level of Difficulty: Easy to challenging.

Number of Students: Suitable for 1 student.

Title:  Ball and Plate

Proposed By: James Welsh
Description: This project involves the construction of a complete ball and plate system. The actuators for the system should consist of AI robotics modules. There are a number of ways to sense the position of the ball with one possibility being the use of camera. A microcontroller should be used for the implementation of the control laws. The ultimate goal of the project is the implementation of a control system that enables the position of the ball to be maintained at a desired location on the plate despite disturbances to the system. The scope of this project could be extended such that the ball is required to traverse a specified trajectory on the plate.  This is a very challenging project which will utilise electronic, microprocessor and control skills.

Level of Difficulty: challenging.

Number of Students: Suitable for 1 student.

Title: Running/Cyclying Monitor

Proposed By: James Welsh
Description: Most running and cycling enthusiasts like to know where they have been, how fast and how far they have gone, what grades they have traversed, etc. This project consists of the design and construction of a system that would enable cyclists and runners access to such information using GPS technology. Sensors for cadence and heart rate are also required to be incorporated into the system. Data should be displayed to the user via an LCD. The system should also allow a log to be recorded and downloaded to a PC via a wireless link. The system should be small enough to allow a user to wear the device during activity without additional burden.

The scope of the project could be extended to include the overlaying of the route of the runner/cylcist on a digital map displayed on a PC. The project involves the design of a microprocessor system that can interface to both a GPS receiver as well a PC as well as the design of the sensor electronics and interface to the microprocessor. Software will need to be developed for both  the microprocessor and the PC.

Level of Difficulty: Easy to moderate.

Number of Students: Suitable for 1 student.

Brendan McGrath

Title: Development of a 600V Boost Power Factor Correction Converter.

Proposed by: Brendan McGrath

Description:  It is well known that grid connected power supplies which utilise single phase diode rectifier circuits inject harmonic distortion into the AC grid. This distortion is problematic, and can lead to poor power factor, voltage distortion, conductor heating, and malfunction of electrical equipment connected to the grid. Power Factor Correction (PFC) rectifiers offer one solution to the problem, and make use a boost converter coupled to the output of the single phase rectifier. When the boost circuit is switched at high frequency (e.g. 10kHz), the resulting rectifier input current contains only high frequency switching ripple, and the power factor is close to unity. 

PFC circuits also offer the potential to boost the rectified DC bus voltage to well above the theoretical limit of 340V achievable by single phase rectifiers, and this makes PFC circuits suitable to a wide range of additional applications. For example at a DC bus of 600V it is possible to couple the PFC rectifier to a three phase 415V AC drive, and so the PFC circuit operates as a high performance single phase to three phase converter. However it is challenging to build PFC circuits operating at 600V, because the required high voltage boost diodes have significant reverse recovery limitations that limit the switching frequency. One way around this limitation is to use a three level boost topology, but the control of this multilevel structure is far more complex. In this project it is required to examine the two competing PFC solutions, and then a 600V PFC rectifier using one of these structures will be constructed. There will be a significant literature study required for this project.

Outcome :  A working prototype PFC system (two or three level), that can be run up to 600V DC at up to 500W of load.

Level of Difficulty : Difficult to Challenging. 

Title: Design and Modelling of a Multilevel Shunt Active Filter for Medium Voltage Distribution Networks.

Proposed by: Brendan McGrath
Description: Non-linear loads connected to the AC grid are problematic because they inject harmonic currents into the grid. Common example loads include switched mode power supplies, variable frequency drives, and saturating magnetic equipment (i.e. transformers). This distortion can lead to a range of unwanted side-effects, including increased system losses, increased dielectric stress, and malfunction of susceptible equipment. Active harmonic filters have been proposed as one solution to the problem. These devices are placed in parallel (i.e. shunt) with non-linear loads, and use active cancellation of the harmonic currents drawn by the load, thereby harmonically isolating the non-linear load from the rest of the grid. While this approach has been demonstrated for low voltage distribution networks, there remain many questions concerning the efficacy of the approach for medium voltage (i.e. 6.6kV and above) networks. In particular the higher voltages involved require alternative converter topologies compared to the conventional two-level ap proach, and multilevel (i.e. Cascaded, Diode Clamped and Flying Capacitor structures) have shown some promise in this area. 

The aim of this project is to design a medium voltage multilevel converter suitable for an active filter application, and then model the converter using an appropriate simulation tool (Saber) under a range of operating conditions. Some of the considerations to be investigated include the required converter rating, the  number of harmonics that can reasonably be eliminated, and any additional components that may be required to ensure satisfactory performance of the converter. There will be a significant literature study required for this project.   

Outcome : A design for a multilevel inverter that can be used as a shunt active filter at medium voltage levels. Complete simulation models, that can be used to investigate the performance of the active filter in a wide range of operating conditions.

Level of Difficulty : Challenging. 

Title: Design and Modelling of a 5kW Zero Voltage Switched Full Bridge Converter for Railway Applications.

Proposed by: Brendan McGrath
Description: Modern diesel powered locomotives often make use of high current capacity battery banks as a back-up power source when the diesel alternator is not available (e.g. start-up conditions). These locomotives therefore require electrically isolated, high power throughput battery chargers. A key challenge in traction applications, however, is to reduce the size and weight of the required auxiliary systems while simultaneously operating in difficult environments (i.e. high ambient temperatures,  20% voltage fluctuation, high vibration, etc.). One way to reduce the size of the battery charger is to use a power electronic solution at a high switching frequency which reduces the size of the magnetic components. 

One candidate converter for this type of application is the Zero Voltage Switched (ZVS) Full Bridge Converter. This structure uses a H-Bridge with capacitors across each switch to drive a transformer, and these capacitors form a resonant circuit with the transformer leakage inductance allowing for soft-switching. The transformer output is then rectified using either a centre-tapped rectifier arrangement, or a current doubler circuit. This project is a study into the feasibility of using the ZVS converter in this type of application. It will be necessary to design a converter at representative voltage and power levels, and this includes magnetic, thermal and power electronic designs. It will then be necessary to model the converter using a simulation tool such as Saber, and if possible investigate secondary effects on the converter operation such as tail-current losses in the devices. A significant component of this project will involve a literature survey.

Outcome : A complete design of the ZVS converter, and simulation models that can be used to investigate the performance of the converter in a wide range of operating conditions.

Level of Difficulty :Challenging. 

Siew Wah Chan

Title: Cha-05-1. DSP Processor

Proposed by: Siew-Wah Chan 

Description: To design and implement a processor with an instruction set and architecture to support the implementation of digital signal processing algorithms.
Level of Difficulty: Moderate 

Number of Students:  1

Title: Cha-05-2. PC-based Logic Analyser

Proposed by: Siew-Wah Chan 

Description: A logic analyser is an instrument specifically designed for testing digital systems. It is able to capture multiple channels of sequential digital data through a multiple channel probe and display the data as waveforms or in a binary/hexadecimal format. The project requires the design and implementation of a logic analyser using the PC to control the capture and the display of the data.

Level of Difficulty: Moderate

Number of Students: 1

Title: Cha-05-3. Simulator for an ASIC Design Laboratory

Proposed by: Siew-Wah Chan 

Description: This project involves the development of an application simulator with a graphical user interface on a PC to support an Application-Specific Integrated Circuit (ASIC) design laboratory. The simulator is used to test the ASIC chip designed in the laboratory to verify that it is functioning correctly for the application it is targeted for. Through a hardware interface to be designed and implemented, the simulator will provide the ASIC chip with simulated inputs and receives outputs from the ASIC chip to simulate the functions/actions to be performed.

Level of Difficulty: Moderate 

Number of Students:  1

Mehmet Yuce

Title:  An Infrared Optical Transceiver with 2 Mbps Data Transmission

Proposed By: Mehmet Yuce

Description: A wireless optical transmission system will be developed for this project. The design will include an infrared LED with a suitable wavelength as a transmitter and a photodiode (PD) to receive the data and to reconvert it to an electrical signal. The data demodulation part takes the output of PD into digital signal for further signal processing, which can be done via FPGA. The suggested modulation scheme is pulse-width modulation (PWM) because of its easy demodulation property. Students will gain experience with optoelectronic components and will explore the quality of a transmission over optical link.

Resources: Oscilloscope, Protel to design the PCB board,
Level of Difficulty: difficult or challenging
Number of Students: 2

Title: A High Efficient Wireless Power Transfer via Inductive Link
Proposed By: Mehmet Yuce

Description: The goal of this project is to design a hardware prototype system that transfers power wirelessly through inductively coupled coil pairs using one of the ISM bands that is below 100 MHz. The prototype will contain a primary site and a secondary site. The primary site will transmit a sinusoidal signal to the secondary site to provide a power greater than 100 mW. At the secondary side, the system will convert the received sinusoidal signal to a constant DC signal (3V or 5V).  This project has a wide range of applications in implantable devices in biomedical as well as in RFID systems where it is difficulty to use standard batteries due to their large sizes. The project requires a very good optimization of both the primary and the secondary sites to obtain maximum transfer efficiency. A program that optimizes the electronics components should be carried out using a software program (e.g. Matlab).

Resources: Oscilloscope, Signal generator, spectrum analyzer (to characterize the coils), Protel, Matlab.

Level of Difficulty: Difficult

Number of Students: 2 or more

Colin Coates
Title: Modelling of Low Voltage Distributed Generation Systems

Proposed By: Colin Coates

Description:
A new concept in power generation / distribution is that of a micro-grid.  A micro-grid is a situation where an industrial site or building might have several small alternative electrical energy sources (solar, wind, gas turbines, batteries, fuel cells) associated with it in addition to a connection to the main supply grid.  The motivation for this could be greater efficiency, reduced greenhouse gas emission or improved reliability of supply.  This project aims to research and develop suitable models of the alternative energy sources and their associated power electronics to allow the investigation of micro-grid system behaviour.  The models would be implemented in MATLAB / Simulink environment.

Outcomes: Computer models to represent the transient behaviour of alternative energy sources. Verification (where possible) of the model predictions.

Level of Difficulty:
Difficult

Number of Students:  More suitable for individuals, although there could be multiple individuals working on different aspects of the problem.
Title:  Grid Connected Solar System
Proposed By: Colin Coates

Description: 
Outcomes:
Interface solution to grid connected solar

Level of Difficulty:
Difficult

Number of Students: Suitable for one or two students 
Abbas Kouzani’s

Title: Face Recognition  System

Proposed By: Dr Abbas Kouzani 

Description: The face is a distinct part of who the person is and how people recognise the person. A system which could correctly detect and recognise human faces would be useful in a number of important applications including: security and surveillance, robot vision, and banking. The aim of this project is to develop techniques to use databases of known face images to detect and recognise a person in an input face image captured by a USB camera. 

Outcome: Software that captures a face image via a USB camera, and determines the identity of the person.

Level of Difficulty: Difficult

Number of Students: 1

Title: Road-Sign Recognition
Proposed By: Dr Abbas Kouzani 

Description: In an intelligent vehicle, a driver assistant system monitors the driver, vehicle, and the road to assist the driver making decisions navigating the vehicle. Road signs offer information about the traffic conditions. Automated road-sign recognition is considered an important task in the driver assistance system. A camera captures images of the road ahead. A computer checks images and intelligently compares them with a database of road-sign images. The system will have the potential to help in improving road safety. The aim of this project is to develop an algorithm to use a databases of road-sign images to acquire images from the camera, detect and recognise road-signs from within the images in a reasonable time frame.

Outcome: Software that captures images from a camera, and identities road-signs.

Level of Difficulty: Challenging

Number of Students: 1

Title: Classification of Attractiveness in Facial Images
Proposed By: Dr Abbas Kouzani 

Description: Looks have always been valued, but in recent years, attractiveness has become even more important to both genders. The attractiveness is one of the key emotional factors taken into account when meeting, dating, and selecting a partner. Dating and marriage agencies often present thousands of photographs of single male or female participants to the person looking for a date. The person has to manually search through this large collection of photographs to be able to make a shortlist of the candidates he/she finds attractive and date worthy. This can often be a time consuming and cumbersome process. The aim of this project is to develop an intelligent algorithm to learn the attractiveness preferences of a person using a set of a few example face images, and then automatically classify a large collection of face images using the learnt attractiveness preferences. The algorithm will be implemented in C, C++, or Matlab. The program will include a GUI, training and test face databases, and learning and classification components.

Outcome: Software that presents a few prespecified face images to a person, learns attractiveness preferences of the person, then classifies and presents to the person the face images of the attractive people from within a large collection of face images.

Level of Difficulty: Challenging

Number of Students: 1

Title: Content-Based Classification of Audio Data
Proposed By: Dr Abbas Kouzani 

Description: Audio streams mainly include music, speech, and advertisement segments. The aim of this project is to create a program in C, C++, or Matlab to automatically classify audio data. The program should be able to capture live audio data (eg from a microphone connected to a PC) and specify the content of the audio data. The program will need to distinguish human speech, music, and advertisements. The program will include data acquisition, preprocessing, feature extraction, and classification components.

Outcome: Software that captures live audio data, and determines the content of audio data.

Level of Difficulty: Difficult

Number of Students: 1

Title: Voice Morphing

Proposed By: Dr Abbas Kouzani 

Description: Voice morphing is a method which is used to modify a source speaker's speech characteristics to sound as if it was spoken by a target speaker giving it a new identity while preserving its original content. The aim of this project is to develop an algorithm which can morph speech from a source speaker to a target speaker. For example, the algorithm could modify the spectral properties and pitch of the source voice to match those of the target voice. The algorithm will be implemented in C, C++, or Matlab. It will capture live voice data from a microphone which is connected to a PC, transform the voice, and play back the transformed voice on a speaker attached to the PC.

Outcome: Software that captures live voice data, transforms the voice data, and plays back the transformed voice on a speaker.

Level of Difficulty: Challenging

Number of Students: 1

Title:  Home Security

Proposed By: Abbas Kouzani

Description: The aim of this project is a to produce a Bluetooth enabled Web Camera. This will involve designing a Bluetooth enabled camera, this may be performed using a Mitsubishi M16C C and a CMOS Image Sensor. This Bluetooth enabled camera will communicate with a Bluetooth enabled ARM-based C board. As well as interfacing to the Bluetooth camera the ARM-based C board will be required to act as an embedded web server, making the images it receives from the camera available to devices connected to the internet. The ARM-based C board will also be required to display the image from the Bluetooth camera on its local colour LCD screen.

One PC will be connected to the ARM-based C boards Ethernet port and will be required to display the image from the Bluetooth Web Cam within a standard web browser. An additional task that may be undertaken on this PC is to use face recognition algorithms to detect faces detected by the Bluetooth camera.
Level of Difficulty: Hard to Advanced

Number of Students: Suitable for up to three students working as a group
Peter Turner

Title: Data Exchange

Proposed By: Peter Turner

Description: This project is based around hardware that has been constructed to allow Video, Digital and Voice data to be multiplexed onto and de-multiplexed from a single high-speed synchronous serial link. The project is based on a European standard E1 communications link; however, the data rate is deliberately reduced from the standard 2.048Mbps to 256kbps to accommodate the limited capabilities of the computer hardware available.

As the hardware for this project has already been designed, this project will involve writing software (assembler language or C code for the Mitsubishi M16C C) and completing digital designs (Altera EPLD’s) to interface with the hardware to perform the required communication functions. 

Level of Difficulty:
Moderate to Challenging
Number of Students: Suitable for up to three students working as a group. There is equipment for only 2 groups.
Title: Home Networking

Proposed by: Peter Turner

Description: This project is to implement a wireless Data Acquisition (DAQ) System using Bluetooth as the wireless technology. Mitsubishi M16C C’s fitted with Ericsson Bluetooth modules will be used to establish the Bluetooth network. One of these M16C C’s will act as the DAQ module. This module will need to be programmed and a significant amount of electronic design will be required to design a Switch-mode power supply, capable of maintaining an output during a brown-out, as well as interface electronics that provide significant protection to the C. 

The second M16C C will perform two functions and be referred o as the Wireless DAQ hub. It will gather the data collected from the DAQ module and it will provide a mechanism for a standard phone to query the status of any DAQ’s it can communicate with. This will involve having some form of voice generation software and circuitry associated with this C.

The data gathered by Wireless DAQ hub will also be relayed to a Bluetooth enabled PC where a GUI will display the status of any attached DAQ modules. An additional task may be to implement some form of programmable control functionality with the Bluetooth enabled PC, e.g. implement a basic graphical programming environment similar to a simple PLC Ladder Logic application.
Level of Difficulty:
Moderate to Challenging
Number of Students: Suitable for up to three students working as a group. There is equipment for only 2 groups.
Title: Robot Dog Soccer

Proposed By: Peter Moylan

Description: The object of this project is to use 2 Robot Dogs to compete in a game of Robot Dog Soccer. Each Robot Dog will have a uniquely coloured directional shape mounted on its back and head so that an overhead USB Camera can be used to determine its position on the field. Each team will have its own PC and USB Camera. The PC will receive and interpret the captured images, then send commands via a Direct Sequence Spread Spectrum (DSSS) wireless communication channel to the Robot Dogs. 

The Robot Dogs have been constructed using Megarobotics AI601 modules. These modules contain a C with a serial port and circuitry to monitor and position an internal motor. This motor is positioned by sending commands to the AI601’s C via the serial port. The serial ports of all the AI601 modules are interconnected in a multi-dropped fashion back to a Mitsubishi M16C C, which is mounted on the back of the Robot Dog. This M16C C interfaces to an RFWaves DSSS module which allows it to communicate wirelessly in the 2.4 GHz to 2.5GHz ISM band at data rates up to 1Mbps.

This project was offered last year. All the results will be made available to groups undertaking this project this year and it is expected that a significant improvement be made to the Robot Dog Soccer teams performance.

Level of Difficulty: Moderate to Challenging

Number of Students: Suitable for up to three students working as a group 

Title: Walking Humanoid Robot

Proposed By: Peter Moylan

Description: The aim of this project is to make a humanoid robot navigate through an obstacle course. To make this difficult task a little easier, this obstacle course will consist of clearly identifiable objects, i.e. the floor will be green, the walls will be yellow, a “rock” will be red, etc. 

A CMOS image sensor will be mounted on the humanoid robots head. Images from this camera will be captured by a local Mitsubishi M16C C and then transmitted via a Direct Sequence Spread Spectrum (DSSS) wireless communication channel to a PC where the image processing will be performed. There will be two operating modes for the humanoid walking robot, these are:

1. Manual – in manual mode an operator will be able to guide the robot through the obstacle course by issuing commands from the GUI on the PC. The operator will only be able to use the image displayed on the GUI to help navigate the robot.

2. Automatic – in automatic mode the PC will implement an image detection algorithm such that the robot can navigate the obstacle course without any intervention from an operator. 

The Humanoid Robot has been constructed using Megarobotics AI601 modules. These modules contain a C with a serial port and circuitry to monitor and position an internal motor. This motor is positioned by sending commands to the AI601’s C via the serial port. The serial ports of all the AI601 modules are interconnected in a multi-dropped fashion back to a Mitsubishi M16C C, which is mounted on the back of the Humanoid Robot. This M16C C interfaces to an RFWaves DSSS module which allows it to communicate wirelessly in the 2.4 GHz to 2.5GHz ISM band at data rates up to 1Mbps.

Two accelerometers will be mounted to the frame of the Humanoid Robot. These accelerometers will be connected to the frame of the robot and each have 2 analog outputs which. The outputs of these accelerometers will be a critical factor in the implementation of the algorithm to monitor the walking robots centre of gravity and keep the robot upright and ‘balanced’.

This project was offered last year. All the results will be made available to groups undertaking this project this year and it is expected that a significant improvement be made to the Walking Humanoid Robots performance.

Level of Difficulty: Hard to Advanced

Number of Students: Suitable for up to three students working as a group
Singapore Academic Proposed Projects:

Liat Chuan Kang

Title: FPGA Instrument
Proposed By: Liat Chuan Kang
Project Description The aim of this project is to build a FPGA-test instrument that can be used as either a digital oscilloscope or a logic analyzer. The project is design in nature, and performance is measured by the amount of effort put into the design and implementation of the various features in the instrument. A simplified block diagram of the system is shown in Figure 1.

The following components are needed for the project:

1. FPGA Board: Altera uP2

2. User Interface: Additional interface needed, such as keyboard, mouse, etc.

3. Analog Interface: Signal conditioning for analog signals

4. Digital Signals: Interface directly with FPGA board

5. Monitor: A conventional PC monitor

Skills Required: The skills required for the students are:

· Analog and digital circuit design, including data acquisition, signal conditioning

· Hardware board-level design and troubleshooting

· FPGA logic design, which include signal processing, control, handshaking, memory controller, user interface and various other interfaces such as Monitor, mouse, keyboard, UART etc.
Level of Difficulty: Moderate

Number of Students:  Two (2) students are proposed to undertake this project. Responsibilities of each student:

· Student 1 shall undertake all hardware designs at board level for both digital and analog circuits. This shall also include interface circuits to the peripherals such as PC, Monitor, User Interface, memories etc.

· Student 2 shall undertake the design of the logic inside the FPGA, and contribute to the interface circuits related to the FPGA. He/she shall also contribute to the software interface with the PC.

Figure 1: Block diagram of an FPGA-based instrument 
Denis Ng
Title: RF and Microwave Circuit Design 

Prepared by:
Denis Ng (PSB Academy)

Description:  To allow students to develop a basic background and knowledge of RF and microwave components, circuit behaviour, circuit design and measurement techniques so as to develop and implement a final year design project in RF and microwave circuits.  Actual projects are still to be specified. Please see Denis for more details

Level of Difficulty: Depending on the project

Number of Students: Depending on the project

Title: Portable USB/PS2 DC-DC Converter

Proposed By: Colin Coates and Denis Ng

Description: The use of a portable dc-powered electronic equipment for the frequent traveler necessitates carrying several ac adaptors. Often, for an engineer working in the fields, there may be a need for a dc source to power up small peripheral equipments running on dc supplies. In most cases, the user will have access to his portable notebook computer. If devices run on 5V and consumes less than 500mA of current, it is common to tap the 5V supply from the computer ’s USB or PS2 ports. For other voltages and current levels, the only source is to connect to an available ac power supply.

This project will focus on the design and fabrication of a portable, dc-dc converter capable of supplying voltages ranging from 1V to 20V. The input dc source is from USB and PS2 ports on the notebook computer. Up to 4 USB and 1 PS2 ports can be simultaneously used to provide a maximum output current in excess of 2A. A windows-based software running on the notebook computer will be used to adjust the output voltage and monitor the load current.

Outcomes: The main requirements for the project are:
Literature survey on existing buck-boost converter design.

Incorporate suitable strategies to maximize conversion efficiency, source current sharing and output overload protection circuitry.

Design of a firmware to adjust the converter output voltage from 1V to 20V and monitor the output current from the screen of the notebook computer.

Perform simulation of converter design and thermal analysis.

Fabricate on veroboard and perform final testing.

Quantify the performance of the dc-dc converter against simulated values.

Bonus marks will be awarded for :

Fabrication using printed circuit board.

Use of surface mount components for miniaturization.

Good simulation accuracy with measured results.

Skills Required &/or Developed : This is a hardware and software (microcontroller and GUI design) project where the student is expected to possess a good understanding of subjects like ELEC2400, ELEC3210, ELEC3710 and ELEC4210. 

Resources: Analogue simulation tool such as Protel DXP. 

Microcontroller development system.

Basic electronic equipment like Regulated Power Supply, DMM, etc.

Level of Difficulty: Moderate

Number of Student: 1

Daniel Chua
Title : MIMO(Multiple-Input-Multiple-Output) for CDMA systems 

Proposed by : Daniel Chua

Description :  The objective of this project is to design and study multiple input multiple output (MIMO) receivers for CDMA systems.

CDMA systems have emerged as the technology of choice for cellular systems. They were first introduced by Qualcomm for second generation digital cellular communications in the US. Since then, the global standard for third generation cellular communication (UMTS-3GPP) has adopted wideband CDMA as its physical layer technology. The advantages of CDMA are numerous. Some advantages include the ease of deployment of new base stations, soft capacity and quality of service, soft handover and low receiver complexity.

MIMO (Multiple Input Multiple Output) based wireless communication is the future for wireless communication systems. By exploiting the spatial and temporal dimensions of the channel, MIMO systems can easily improve the bandwidth efficiency of current wireless systems by an order of magnitude. MIMO has therefore been proposed for next generation cellular networks to improve the data throughput of the current CDMA technology.

This project would investigate into the design of CDMA systems using MIMO technology and study different receiver architectures. The MIMO systems offer high data throughput while preserving the good properties of CDMA systems. 

Outcomes : Algorithms developed in MATLAB and performance evaluation study and report

Skills required &/or developed : MATLAB programming skill, communications theory

Level of difficulty : challenging

Number of students : up to 2 (students will look into different aspects of the MIMO design)

Title : Capacity enhancements for GSM systems 

Proposed by : Daniel Chua

Description : The objective of this project is to investigate into the single antenna interference cancellation technique to improve the capacity of GSM systems. The project would involve looking into the various techniques based on antenna arrays that are used to mitigate interference to improve the capacity utilization of the GSM system and compare the performance of these array-based techniques with the single channel interference cancellation technique.

Outcomes : Algorithms developed in MATLAB and performance evaluation and report 

Skills required &/or developed : MATLAB programming skill, communications theory

Level of difficulty : challenging

Number of students : 1

Title : Intruder Detection System 

Proposed by : Daniel Chua

Description :  The objective of this project is to develop image recognition algorithms to detect intruders based on video images. The project would involve a literature review of the various algorithms that are used for image recognition and making comparative studies to look into the relative merits and shortcomings of the different approaches. The student would then develop methods to detect intruders in a warning system based on feature extraction and recognition.  

Outcomes : Algorithms developed and tested in MATLAB before implementation in C for speed performance optimization-  

Skills required &/or developed : MATLAB and C programming skill, communications theory

Level of difficulty : challenging

Number of students : 1

Title :  Investigation the properties of CDMA code sequences 

Proposed by : Daniel Chua

Description : The project would perform an exhaustive investigation into the cross-correlation properties of the various code sequences that could be used for the CDMA system. The study would involve setting up a simulation model of the CDMA system and performing an evaluation study of the different code sequences and giving a recommendation as to which of the code sequences would be the best one to use. 

Outcomes : Algorithms developed in MATLAB and performance evaluation and report

Skills required &/or developed : MATLAB programming skill, communications theory

Level of difficulty : challenging

Number of students : 1

Philip Wong

Title:  Asymmetrical Amplitude Modulation And Its Application In Modem Over Pot

Proposed By: Philip Wong
Description: Normally, when a message signal m(t) is amplitude modulated, the envelopes containing the message is symmetrical . However, by defining the message signals carefully one can generate an amplitude modulated signal such that on each of the envelope, a separate message is represented. One example of such implementation is represented by the following equation for every cycle. It is assumed that the messages x(t) and y(t) are constant during the one cycle of the carrier. 

z(t)=x(t)-y(t)+(1+x(t)+y(t))*cos(wt)   where z(t) is the output and w is the carrier frequency. 

The students are required to extend this modulation technique to cater for the case of Quadrature Amplitude Modulation and applied to performance studies on digital signal when transmitting across POT. Studies may be carried out in MATLAB but a physical prototype is to built for final testing across the POT.

Level of Difficulty: Difficult

Number of Students: Up to 2

Title:  Study On The Transient Response Of A Dc Dc Convertor And Its Application To Static Frequency Converter

Proposed By: Philip Wong
Description: Theoretically by employing n units of DC power supplies with n switches one can get a pseudo sine wave frequency converter. The purpose of this study is to verify and or modify the transient behavior of the DC ~DC converter unit so that the pseudo sine wave frequency converter uses the minimum number of DC~DC converters. A cost and performance comparison with its sine coded PWM units is expected.

Students are expected to build a hardware prototype.

Level of Difficulty: Difficult

Number of Students: up to 2

Title: To Study And Construct A Microprocessor Based Controller For Balancing Of Parallel Pumps Operation Using P,Pi,Pid Algorithm With Transportation Lag Compensation And Its Extension To Rapidly Fluctuating  Process

Proposed By: Philip Wong
Description: To compensate two or more parallel running pumps with large transportation lag is quite a challenge. It has been found, however using a simple incremental control with transportation lag compensation was quite effective. This project is to verify the performance in terms of P, PI, and PID. 

The transportation  lag compensation techniques cannot be used with respect to rapidly fluctuating process as the technique assumes that during the period of  waiting for response, no change of the process takes place except that being induced by the controller.  The students are to extend this technique to cater for such processes.

Level of Difficulty: Difficult

Number of Students: Up to 2

Title:  Inverse Multiplexing To Enhance Data Throughput

Proposed By: Philip Wong
Description: Data through the POT is generally restricted by the frequency bandwidth available in each POT.  Studies have also shown that given a set of lines, 20~30% of its users require high speed connection. By using speed compression, it is possible to increase each line voice capacity by 4 times without having to modify the lines as in the case of ADSL. Hence a 100 lines assemble will be equivalent to 25 lines with compressed speech freeing 75 lines for inverse multiplex. If 5 lines are utilised to enhance through put this gives rise to 15 lines having a transmission speed 5 times that of the POT modem. 

The students are to design a prototype system to perform this using ADSL modem as input terminal for high speed communication from the subscriber side.

Level of Difficulty: Difficult

Number of Students: Up to 2

Title:   Signaling Rate Enhancement  Over A Digital Line
Proposed By: Philip Wong
Description: In digital lines data are sent across in a pulse streams where at each bit interval a high value representing symbol 1 and a low value representing symbol 0. As in the case of fiber, symbol 1 may be turning on the Transmitting LED for the length of the symbol time and a zero represented by turning off the LED for the same amount of time. In order to carry more information than what it is doing now, the purely digital line can be transformed into an analog line by utilizing the pulse duration.

Transmitting analog signal in a digital line

To transmit sampled analog values over a digital line, a carrier in the form of a pulse train having a frequency equal to the reciprocal of the bit time is used. This carrier has equal mark space ratio when unmodulated. There are many ways this carrier can be modulated to  carry more information. This technique is described by way of an example.

 In a pulse train there are two parameters which can be made to represent digital variable  viz:-

1. Pulse width

2. Pulse period

The pulse width can be quantised  to represent a m bit m_ary  signal  as shown in fig 1.





Fig 1 pulse width modulation

Information can also be carried via the period of the pulse train. The period of the pulse train can also be quantized to represent a n bit  m_ary signal as shown in fig 2.




Fig 2 pulse period modulation

These two parameters can be used simultaneously to represent information without causing mutual interference. Fig 3 illustrates the wave form representing a 10 bit information in a given cycle. In this cycle, the mark represent one of the state of a 6 bit m_ary signal, the period represents a 4 bit  m_ary signal


Fig 3 Combine pulse width and pulse period ( frequency ) modulation

Receiving pulse width and pulse period signal in a digital line.

1
Demodulating the pulse width modulated portion of the train.

The receiver on receiving  the pulse width modulated pulse trains, convert the pulse width duration into digital values. There are many state of the art procedure for doing this.

One way which this can be done is to measure the width by gating a high frequency pulse through each pulse in the pulse train and counting them. This effectively converts each width ( which is the value of each sample)to a digital value. Based on this counted value, the  transmitted  m_ary   vector is estimated.

2 Demodulating the pulse period modulated portion of the train.

The  technique for measuring the pulse width can be applied to measure the period of the  pulse train. To do this , incoming pulse train is divided by two. The mark now represents the period of the pulse train. The measured width of this pulse is used to estimate the transmitted m_ary vector.

Students are expected to build a final prototype, which verifies the effect of limited bandwidth and noise performance of the system, although Matlab may be used for the studies .  They are also to look into the feasibility of using this in FSK transmission. 

Level of Difficulty: Difficult

Number of Students: Up to 2

Phang Piao Chun

Title   FPGA implementation of Serial Communication Controller 
Proposed by: Phang Piao Chun
Description:  As consumer electronics, computer peripherals and industrial application add embedded functionality, demand is growing for inexpensive, fast and reliable serial communication between media to serve these applications. Some of the common integrated serial buses in microcontroller (MCU) include UART, synchronous peripheral interface (SPI), I2C and USB, along with automotive serial buses: the controller area network (CAN) and local interconnect network (LIN). These buses differ in speed, physical interface requirements and communications methodology. The goal of this project is to use the VHDL language to design controller cores based on I2C, SPI, UART and USB communication protocols. Hardware demonstration of the core functionalities will be on FPGA development board (e.g. Altera UP2). Microcontroller development platform based on MC16 can also be used with the FPGA boards for initializing the registers of their controllers. Students will also be expected to conduct a literature survey and detailed performance study on existing serial communication protocols.  

Level of Difficulty 
: Moderate to Challenging

Number of students 
: 1 student

Title:   FPGA implementation of Phillips-compatible 8051 Microcontroller.

Proposed by: Phang Piao Chun

Description:  Despite the pervasiveness of high performance microprocessor used in gaming and computer graphics arena, lower-cost CPUs such as Microchips PIC and Phillips 80C51 are still the most cost-effective solutions for niche applications requiring cost-sensitive and low power devices. The venerable 8051, originally invented by Intel Corp has gained popularity since its introduction and it has since been adopted by many leading microprocessor vendors. The goal of this project is to implement a Phillips 80C51 op-code compatible CPU core capable of functioning on a FPGA development board (e.g. Altera UP2). The CPU is to be specified fully in VHDL and is designed to emulate the functionality of the 8051 in terms of instruction set decoding, operand addressing and bus operation. Students may further explore additional capabilities such as general purpose I/O, Interrupt controls, timers/counter etc. As there are many possible architectural variants to the original 8051 core, students are only expected to design the CPU based on the standard 12MHz clock frequency. 

Level of Difficulty 
: Challenging

Number of students 
: 1 student

Title: High speed FPGA implementation of SDRAM controller.

Proposed by: Phang Piao Chun

Description:  SDRAM is a high-speed dynamic random access memory (DRAM) with a synchronous interface. Although it has traditionally been used in personal computers, the drastic drop in memory prices has help to nudge its way into networking application where DRAMs are primarily used for packet buffer memory (where large amounts of packet memory are required to store entire packets while network processors process the packet headers). The synchronous interface and fully-pipelined internal architecture of SDRAM allows extremely fast data rates if used efficiently. The goal of the project is to design a SDRAM controller based on VHDL language, providing a simplified FPGA application interface to industry standard SDR SDRAM devices. The controller design will be implemented on a FPGA development board with on-board SDRAM (e.g. Micron MT48LC4M32B2) devices. Students will acquire the necessary high-speed FPGA design skill to clock the SDRAM controller in excess of 100MHz.

Level of Difficulty 
: Challenging

Number of students 
: 1 student
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