
MRI scans are one of the most 
important diagnostic techniques 

that doctors can use, but it is very 
expensive technology, partly due 
to the time it takes to produce 
and analyse such complex images. 
Mathematics provides the central 
algorithms for analysing and 
reconstructing the images in real 
time. 

The two common algorithms, 
Sequential Backward Selection and 
Sequential Forward Selection, force 
a compromise between analytical 
speed and image quality. 

Tappenden and supervisor, Associate 
Professor Ian Coope at the University of 
Canterbury, chose this issue for her PhD as 
“the most interesting that uses the skill base 
I have – linear algebra and optimisation,” she 
says.

The algorithms rely on Least Squares 
approximations and the L2 norm, but other 
approximation criteria, like the L1 norm, may 
be useful. The images are compressed before 
processing using Fourier methods, but recent 
techniques such as compressed sensing are 
also being explored as an alternative.

MRI data comes in the form of a matrix 
but it is not feasible to look at every 
combination of rows. “An existing criterion 
uses the trace of the matrix,” says Tappenden, 
“whereas we’ve created an algorithm 
which uses the determinant criterion to 
choose an optimal subset of rows to give an 
accurate image.” Her paper was published in 
September in the IEEE journal Transactions 
on Image Processing. The algorithms will 
be implemented by the engineers who 
programme the machines.

Tappenden has also written some algorithms 
to reconstruct MRI scans from sparse 
data sets. “If you have some conditions on 
the image – lots of zeros and few non-
zeroes – then you can do a really good 
reconstruction with only a tiny bit of data. 
These are optimisation problems with some 
really nice properties.” JR
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NZIMA Scholar Rachael Tappenden is studying the algorithms behind Magnetic 
Resonance Imaging (MRI). 

Mathematical reasoning may be 
regarded as the exercise of 

a combination of two facilities, 
intuition and ingenuity.”  

Alan Turing, 1912-1954
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Brain scan showing the location of 
two 15-minute slices of MRI data 
taken at different levels.
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Six of  America’s ten best jobs in 2011 
require a strong background in  

mathematical science. 
The annual Jobs Rated report ranked 
software engineer as the top job, 
followed by mathematician, actuary 
(employed by insurance companies to 
determine the probabilities of  acci-
dents, sickness, death and property loss 
from statistics), statistician, computer 
systems analyst and meteorologist. 
The top income was US$94,000 for 
mathematicians.
The report rated 200 occupations for 
work environment, physical demands, 
outlook, income and stress, and the 
best jobs scored high in all or most of  
these fields. 
On average, these professions offer 
better than average income, compara-
tively low stress, a comfortable work 
environment, few intense physical 
demands and strong hiring. In short, 
they are much more satisfying.
See www.careercast.com/jobs-
rated/10-best-jobs-2011
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