Honours Topics

Supervisor: Dr Małgorzata O’Reilly

Any pure research or applied topic of your interest in Probability theory, Stochastic Modelling, Markov Chains, Simulation, or other areas of Operations Research. If you are interested in analysis involving uncertainty, or constructing models for unpredictable real-life systems, or inventing algorithms and coding them, I can find an interesting project for you.

Examples:

Markov Chain model for the operation of power generation systems (available)

Collaboration with: Hydro Tasmania

Summary: In [1] we constructed a stochastic model to describe the operation of a hydro-power generation system and study the effect of various operational modes, including maintenance, on the lifetime and profitability of the system. In order to model the various modes of the generator, we use a continuous-time Markov Chain, and to model the state of deterioration of the system, we use a continuous variable. The proposed model can be used as a decision making tool in the development of operating strategies and assessment of bid prices to ensure that a system maintains long term profitability, and short term changes in operation to increase system degradation are made with sufficiently high revenue to cover the increase in long term cost. Naturally, it could also be used for other systems subject to various states of operation and the associated deterioration and repair. The aim of this project is to follow up the ideas in [1] and investigate questions such as possible applications of the model as well as modifications to the model that would address the practical needs of the industry. 

[1] Nigel Bean, Małgorzata O’Reilly and Jane Sargison. A stochastic fluid flow model of the operation and maintenance of power generation systems. IEEE Transactions on Power Systems, vol. 25 (3), 1361-1374, 2010.
Markovian-modulated stochastic models and their applications  (Mr Andrew Haigh)

Summary:  Markovian-modulated models are a class of models with a two-dimensional state-space consisting of a phase and a level. The phase variable is often used to describe the state of some physical environment that we want to model. Simple two-phase examples are on/off mode of a switch in a telecommunications buffer, peak/off-peak period in a telephone network, or wet/dry season in reservoir modeling. The model assumes that the transitions between phases occur according to some underlying continuous-time Markov Chain. Furthermore, the rate of increase of the fluid level at time t depends on the phase at time t, and so the Markov Chain is the process that drives the fluid level at time t. The aim of the project is to explore and review the current literature in the area.

Quality Assurance for Intensity Modulated Radiation Therapy (Mr Andrew McGrath)
Collaboration with: Holman Clinic of Royal Hobart Hospital

Summary: Intensity modulated radiation therapy (IMRT), requires some sort of measurement of the output fields. The commissioning of treatment planning systems routinely requires the comparison of measured and calculated dose distributions. A commonly used method for IMRT Quality Assurance has been the one in which parameter Gamma is used to determine whether a particular therapy session has been successful or not. Gamma is a function of the difference between the measured dose distribution and the distribution calculated by the planning software. That is, it is the measure of the difference between the delivery and plan. A standard criterion for passing or failing the therapy has been to pass the therapy whenever some proportion of measurement points, say 90%, pass. However, there exist considerable problems with such criterion. Notably, an alternative, interesting criterion for evaluations with parameter Gamma, proposed by Chappell, Wen and Nicolau, has been used for IMRT Quality Assurance at the Holman Clinic of Royal Hobart Hospital for a number of years. The aim of the project is to analyze the existing set of data and compare the new criterion with the previously used criterion.
