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Medical Image Registration Based on Local Variance and Residual Complexity

LU Zhen-Tai ZHANG Juan FENG Qian-Jin CHEN Wu-Fan

(School of Biomedical Engineering , Southern Medical University , Guangzhou 510515)

Abstract We propose a new similarity measure using local variance and residual complexity.
Traditional intensity-based similarity measures are easily disturbed by noise, intensity bias field
and contrast agent. Even though residual complexity can tackle this problem in some way, it may
not have robust performance due to initial parameter. To address the poor robust problem, our
new measure employs local variance of reference image to construct weighting function. This
function could automatically constraint the residual image. It gives small weighting value to large
residual value, and vice versa. Then, we calculate residual complexity of constrained residual
image. We validate our algorithms using both simulated data and clinical data. The experiment
results indicate that new measure is more robust to initial parameters, noise, intensity bias field

and contrast agent.
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Background

Medical Image registration is a primary task in medical
image analysis for diagnosis, image guided therapy and image
guided surgery. It aims to achieve the best correspondence
among two or more images to provide an informative, quanti-
tative view of the clinical situation. Similarity measure is a
fundamental part in medical image registration. Intensity-
based techniques are commonly used because they do not deal
with identifying geometrical landmarks. In general, it
includes a number of popular similarity measures, e. g. » sum
of squared differences sum of absolute differences, correlation
coefficient and mutual information (MI). They are based on
the assumption that the intensity relationship between pixels
is independent and stationary. However, none of them is
able to process images with intensity distortion, which is
mainly caused by intensity bias field in MRI. In addition,
compared to pre-contrast image, post-contrast enhanced
image of the same patient could be supposed to possess the
property of intensity distortion. Thus, the registration of
images with intensity distortion is a challenging task because
of its violation on the assumption.

To deal with this problem, many methods have been
proposed over these years, which can be classified as being
either local measure based, probabilistic model based, or
intensity distortion correction based and local measure based
method using sum of local measures. In general, this method
performed better than the registration using global similarity
measure. Nevertheless, it is sensitive to noise and outliers.

Moreover, it suffers from expensive computation. As an
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alternative approach., more probabilistic models are utilized to
model higher order pixel interdependence. Such technique
heavily relies on the definition of local intensity interactions.
The last kind of method corrects intensity distortions simul-
taneously with image registration. Such hybrid methods
require defining intensity correction function accurately.
Moreover, it is computationally complex. Andriy Myronenko
et al. proposed residual complexity measure to solve the
intensity correction field. However, residual complexity is
sensitive to parameter. Relatively minor modifications of
parameters can generate dramatically different results. In
addition. it is sensitive to noise and outliers. Inspired by the
robust estimation, a novel robust similarity measure, local
variance and residual complexity, was presented to deal with
above problem, which is an extension to the residual
complexity.

Our research group’s interests include image under-
standing and analysis, image segmentation, registration and
medical image computing. The group has proposed some
novel algorithms about image registration, such as elastic
registration algorithm of medical image based on the prior
knowledge and Markov Random Field model, a new registra-
tion method based on co-occurrence mutual information, etc.
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