Automated analysis of multiple performance characteristics in magnetic
resonance imaging systems
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As with other digital imaging systems in heavy medical use, it is desirable with magnetic
resonance imaging (MRI) to obtain extensive, rigorous system performance measures from a
small set of images of one or two relatively simple test objects. Digital analysis of the parallel
square rod (PSR) test object introduces digital image system self-evaluation to MRI and extends
automated image evaluation to include rigorous measures throughout the imaging volume rather
than just average measures over the image. Precise comparisons with theory and between systems
can be performed as well as quality control and corrections for nonuniformities. The PSR test
object consists of an 18X 18 X 36 cm rectangular acrylic container enclosing 60 parallel square
acrylic rods running the entire length. The inter-rod space is filled with a liquid or gel that
produces strong, tissuelike signals in MRI and high contrast relative to the rods for computed
tomography (CT). For profiles of slice thickness and separation, the rods are tilted in the test
object to intersect the image plane at a 45° angle when the test object sides are parallel and
perpendicular to the image plane. The test object itself is rotated 6—12° about its major axis so that
the sides of the rods make a small angle to the rows and columns of pixels. This allows digital
sampling at finer spacing than the pixels for determination of edge response functions. Over the
25-49 blocks in each slice of the imaged volume, maxima, minima, mean values, variances, and
ratios currently are reported for the following variables: signal-to-noise ratio and sensitivity,
linear and nonlinear image distortion, full width at half maximum (FWHM) resolution of the
point spread function (PSF), slice separation, and slice thickness. These performance values at
each rod or edge are displayed as gray scale functional images. Individual rod values are recorded
and plotted as histograms and profiles. Results of the automated analysis for MRI system

examples are in good agreement with expectations from theory and more manual tests.

INTRODUCTION

System performance of magnetic resonance (MR ) scanners
depends on many factors. The performance parameters can
be classified into two groups: (1) those that depend upon the
digital nature of the acquired signals and thus are similar to
other imaging modalities such as computed tomography
(CT), and (2) those which are dominated by magnetic reso-
nance effects. Since MR images depend jointly upon these
parameters in a complicated way, it is necessary to develop a
set of standards and rigorous spatial measurements that will
characterize image quality. These measurements should also
allow for direct comparison of results from different MRI or
CT scanners.

Quantification of MR images involves calculation of tis-
sue specific characteristics: T, T,, and density of the imaged
nuclei. The signal intensities used to calculate these quanti-
ties depend upon the characteristics of the machine as well as
the choice of a model for relaxation. It is important to sepa-
rate machine dependence from inadequacies of the relaxa-
tion model when comparing relaxation times within the
imaging volume and between machines. Prior investiga-
tions'~® have shown that variation in T, and 7, measure-
ments is influenced by inaccurate flip angles, motion and/or
flow, and inadequacies of the models used to obtain the val-
ues. Several authors have shown that imperfect slice defini-
tion can lead to errors in T of up to 100%.%* Others have
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shown that errors of similar magnitude can occur when the
rf field is nonuniform across the image plane or from slice to
slice.>® Diffusion during long echo delay times is also a
source of error, which is dependent upon field gradients as
well as echo time.” In addition to these effects, imperfect
selective 180° pulses can lead to errors in intensity in multi-
ple-echo techniques.'®!! While analysis of the test object
does not result in a direct measure of the accuracy of 7 and
T, calculated values, the analysis does provide information
about parameters such as rf nonuniformity and slice defini-
tion which indirectly affect the accuracy of relaxation time
calculations or any other quantitative measures.

Since the acrylic rods are much denser than the filling
material, the parallel square rod (PSR) test object works
well for CT as well as MRI, although the analysis program
has not yet been run on CT images.

Automated analysis

Earlier system performance measurements in MRI have
been accomplished with a variety of test objects using meth-
ods that were laborious and subjective.'!>"'* Further com-
plicating standardization of system parameters is lack of
consistency in the definition of signal-to-noise ratio
(SNR),'*"'7 and normalization of signal when there are in-
accuracies in slice thickness.>* More importantly, in most
approaches a complete set of quality control (QC) tests re-
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