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The most basic and fundamental tools for signal processing are filtering, smoothing, and regression, followed by or 

combined with an interpretation of the so-processed signals: signal analysis. While these methods are very advanced for 

scalar-valued data, the theory and methodology is much less developed, but of equal importance, for time-varying 

images, where one needs to be concerned with the spatial alignment of images (so-called image registration).  

 

We are developing computational methods to extend methods such as linear regression, or spline models to 

appropriately deal with image-valued data. We are also working on registration methods capable of aligning images 

containing pathologies (such as brain-tumors) and images, which change appearance over time. Application areas for 

such models are diverse and span medical as well as computer vision applications. For example, in medical image 

analysis such models can be used to capture changes during brain development and to compare and summarize changes 

over time for individual subjects. Such models may also be used to predict likely brain changes for individuals and to 

compare subject populations: for example to distinguish subjects with dementia from healthy subjects. We are currently 

using these methods to study normal brain development in the macaque monkey. As the developed theories are general 

they also have computer vision applications for example for people counting from surveillance videos or in general to 

extract information from video sequences. 

 

  
Left:  Principle of “geodesic regression”: generalizing linear regression to image-valued data. 
Right: Appearance changes across time are highly relevant for an appropriate analysis as seen in this developing macaque (with age in 
months). 
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Longitudinal Image Registration with
Temporally-Dependent Image Similarity Measure

Istvan Csapo, Brad Davis, Yundi Shi, Mar Sanchez, Martin Styner, and Marc Niethammer

Abstract—Longitudinal imaging studies are frequently used
to investigate temporal changes in brain morphology and of-
ten require spatial correspondence between images achieved
through image registration. Beside morphological changes, im-
age intensity may also change over time, for example when
studying brain maturation. However, such intensity changes are
not accounted for in image similar ity measures for standard
image registration methods. Hence, (i) local similar ity measures,
(ii) methods estimating intensity transformations between images,
and (iii) metamorphosis approaches have been developed to
either achieve robustness with respect to intensity changes or to
simultaneously capture spatial and intensity changes. For these
methods, longitudinal intensity changes arenot explicitly modeled
and images are treated as independent static samples. Here, we
propose a model-based image similarity measure for longitudinal
image registration that estimates a temporal model of intensity
change using all available images simultaneously.

Index Terms—Longitudinal registration, deformable registra-
tion, non-uniform appearance change, magnetic resonance imag-
ing (MRI).

I . INTRODUCTION

Longitudinal imaging studies are important to study changes

that occur during brain development, neurodegeneration, or

disease progression in general. Spatial correspondences almost

always need to be established between images for longitudinal

analysis through image registration. Most image registration

methods have been developed to align images which are

similar in appearance or structure. If such similarity is not

given (e.g., in case of pathologies or pre- and post-surgery

images) cost function masking [4] is typically used to discard

image regions without correspondence from the registration.

Such strict exclusion is not always desirable. When investi-

gating brain development (or neurodevelopment) for example

(our target application in this paper) valid correspondences

for the complete brain are expected to exist. However, brain

appearance changes continuously over time (see Figure 1)

due to biological tissue changes, such as the myelination of

white matter [2], [24], and adversely affects image registration

results [17].
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Fig. 1. Brain slices andmagnifications from T1 weighted magnetic resonance
images for a monkey at ages 2 weeks, 3, 6, 12, and 18 months. White matter
appearance changes locally asaxonsaremyelinated during brain development.

The effect of appearance change on the result of an image

registration depends on the chosen transformation model and

the chosen image similarity measure. Generally, transforma-

tion models with few degrees of freedom (such as rigid or

affine transformations) are affected less by local changes in

image appearance than transformation models which can cap-

ture localized spatial changes, such as elastic or fluid models.

In particular, in Section IV-C we show that affine methods

perform well even in the presence of strong non-uniform

appearance change, while deformable methods introduce er-

roneous local deformations in order to resolve inconsistencies

in appearance. However, transformation models which can

capture local deformations are desirable for many longitudinal

studies as changes in morphology tend to be spatially non-

uniform.
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Fig. 2. Simplified model of neurodevelopment. The outer ring represents
gray matter, the bright central ring is the myelinating white matter surrounded
by darker, unmyelinated white matter. The overall changes (bottom row; age
increases to the right) can be decomposed into intensity changes due to the
myelination process (top row) and morphological changes due to growth
(middle row).


