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Abstract

We propose a new image registration criterion that
uses segmented versions of the images to exploit both
the geometric and photometric characteristics of the
distinct regions they contain. It is inspired on the
Minimum Description Length principle, considering the
alignment parameters as side information, in a coding
framework. The criterion is robust with respect to un-
stable segmentation, a frequent problem in close obser-
vation of natural scenes. Results on real images illus-
trate the performance attained.

1. Introduction

Estimating the map that puts in correspondence dif-
ferent views of scene points obtained with distinct cam-
eras, or with the same camera from different posi-
tions/orientations is an important goal in a wide vari-
ety of applications, ranging from medical imaging to
robot navigation [9, 3], and is known as the problem
of image registration or image mosaicing. The major-
ity of the proposed techniques, see e.g. [8], rely on the
identification of a set of landmarks (or features) in each
image, and numerical estimation of the map on the ba-
sis of the pair-wise association of features present on
both images. These methods have the advantage of be-
ing relatively fast, but breakdown when many similar
features are dispersed in the observed area, as it is of-
ten the case for local views of natural scenes. Global
methods, based either on minimisation of the entropy
of image residuals [6] or on the maximisation of mu-
tual information, have also been proposed, in particu-
lar in the medical imaging domain [9]. These methods
have very large computational requirements, involving
the estimation of a probability distribution (joint distri-
bution, when mutual information is used) for each pos-
sible map between the two images. Both approaches are
based on local comparison of pixel intensities, and are
thus unable to efficiently exploit the macroscopic struc-
ture of the images.

In this paper we propose a new criterion for image regis-
tration that exploits the geometric and photometric char-
acteristics of the distinct regions that compose the ob-
served images. The criterion is inspired on the Min-
imum Description Length (MDL) [4], and selects the
map between the two images by casting the registration
problem in a sequential coding perspective. The map is
chosen as the optimal value of “side-information” that
enables the most efficient “predictive coding,” in a sense
that is made precise in Section 3. Before introducing the
new criterion, we define notation and the input informa-
tion used by the algorithm (in particular, the fact that
the images are first segmented), in Section 2. Section
4 presents results using real images, both for a simu-
lated camera motion, and for real images acquired by a
mobile observer (video camera installed in an underwa-
ter robot) that demonstrate the validity of the criterion
proposed.

2. Pre-processing

Let In be the image acquired at sampling time
tn, n = 1, 2, . . .:

In = {In(s), s ∈ S} , In(s) ∈ L ,

where S denotes the image support (defined in a sen-
sor centric coordinate system), and L is the finite set of
pixel values. Typically, S is a rectangular discrete grid,
and L = Lb&w ≡ {0, ..., 28 − 1} or L = L3

b&w .
Our image registration criterion requires prior segmen-
tation of the acquired images, and considers alignment
of a set of labeled images Is

n:

Is
n = {Is

n(s), s ∈ S} , Is
n(s) ∈ {c1, . . . , cKIn} , ,

where KIn � |L| is the number of distinct regions in
In. We denote by {vn

` }KIn

`=1 the set of empirical distri-
butions1

∀s ∈ S, Is
n(s) = c` ⇔ In(s) ∼ vIn

` .

1Notation x ∼ p indicates that variable x is drawn from probabil-
ity law p.
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Figure 2. Urban aerial images.

4. Results

We present in this section mosaics obtained super-
posing images using estimates of inter-image maps H
(modeled as simple translations in the image plane) that
maximise the coding gain (10). Fig. 2 shows the su-
perposition of 3 aerial images of an urban area obtained
from Google Earth, which have a clear geometric and
structured content. The inset shows a detail of the right
bottom corner, where the images are “glued” together,
demonstrating that the correct maps have been identi-
fied. The second example, Figure 3, uses real images
of the ocean floor taken with an underwater robot, and
are typical of natural scenes, presenting gradual tran-
sitions between regions, and no clear geometric struc-
ture. The red rectangle indicates the recomposed re-
gion corresponding to one of the images, that is isolated
in the right side of the figure to enable evaluation of
the quality of the estimated maps. In Fig. 4 we show
the segmented version of two images in the sequence,
where instabilities in the exact region boundaries are
noticeable, as it is often the case. Despite this varia-
tion, the criterion proposed identified the correct image
correspondances. Lack of space prevents discussion of
segmentation issues here, and a thourough presentation
is defered to a forthcoming publication. In this exam-
ple, data departs from two underlying assumptions of
the estimaiton criterion: (i) the automatic control of the
underwater camera - as well as variation of natural light
- has induced intensity changes from image to image,
and (ii) the maps H are modelled as simple translations,
when in fact the robot has undergone small oscillations
in orientation and altitude. This example shows that our
criterion is not over-sensitive with respect to these un-
modeled artifacts.

Figure 3. Underwater images.

Figure 4. Segmented images (figure 3).
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