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Abstract

The wide-baseline stereo problem, i.e. the problem of establishing correspon-
dences between a pair of images taken from different viewpoints is studied.

A new set of image elements that are put into correspondence, the so
called extremal regions, is introduced. Extremal regions possess highly de-
sirable properties: the set is closed under 1. continuous (and thus projective)
transformation of image coordinates and 2. monotonic transformation of im-
age intensities. An efficient (near linear complexity) and practically fast de-
tection algorithm (near frame rate) is presented for an affinely-invariant stable
subset of extremal regions, the maximally stable extremal regions (MSER).

A new robust similarity measure for establishing tentative correspon-
dences is proposed. The robustness ensures that invariants from multiple
measurement regions (regions obtained by invariant constructions from ex-
tremal regions), some that are significantly larger (and hence discriminative)
than the MSERs, may be used to establish tentative correspondences.

The high utility of MSERs, multiple measurement regions and the robust
metric is demonstrated in wide-baseline experiments on image pairs from
both indoor and outdoor scenes. Significant change of scale (3.5×), illumi-
nation conditions, out-of-plane rotation, occlusion , locally anisotropic scale
change and 3D translation of the viewpoint are all present in the test prob-
lems. Good estimates of epipolar geometry (average distance from corre-
sponding points to the epipolar line below 0.09 of the inter-pixel distance)
are obtained.

1 Introduction
Finding reliable correspondences in two images of a scene taken from arbitrary view-
points viewed with possibly different cameras and in different illumination conditions is a
difficult and critical step towards fully automatic reconstruction of 3D scenes [5]. A cru-
cial issue is the choice of elements whose correspondence is sought. In the wide-baseline
set-up, local image deformations cannot be realistically approximated by translation or
translation with rotation and a full affine model is required. Correspondence cannot be
therefore established by comparing regions of a fixed (Euclidean) shape like rectangles or
circles since their shape is not preserved under affine transformation.

In most images there are regions that can be detected with high repeatability since they
posses some distinguishing, invariant and stable property. We argue that such regions of,



in general, data-dependent shape, called distinguished regions (DRs) in the paper, may
serve as the elements to be put into correspondence either in stereo matching or object
recognition.

The first contribution of the paper is the introduction of a new set of distinguished
regions, the so called extremal regions. Extremal regions have two desirable properties.
The set is closed under continuous (and thus perspective) transformation of image coor-
dinates and, secondly, it is closed under monotonic transformation of image intensities.
An efficient (near linear complexity) and practically fast detection algorithm is presented
for an affinely-invariant stable subset of extremal regions, the maximally stable extremal
regions (MSER). Robustness of a particular type of DR depends on the image data and
must be tested experimentally. Successful wide-baseline experiments on indoor and out-
door datasets presented in Section 4 demonstrate the potential of MSERs.

Reliable extraction of a manageable number of potentially corresponding image ele-
ments is a necessary but certainly not a sufficient prerequisite for successful wide-baseline
matching. With two sets of distinguished regions, the matching problem can be posed as
a search in the correspondence space [3]. Forming a complete bipartite graph on the two
sets of DRs and searching for a globally consistent subset of correspondences is clearly
out of question for computational reasons. Recently, a whole class of stereo matching
and object recognition algorithms with common structure has emerged [9, 15, 1, 16, 2,
13, 7, 6]. These methods exploit local invariant descriptors to limit the number of tenta-
tive correspondences. Important design decisions at this stage include: 1. the choice of
measurement regions, i.e. the parts of the image on which invariants are computed, 2. the
method of selecting tentative correspondences given the invariant description and 3. the
choice of invariants.

Typically, distinguished regions or their scaled version serve as measurement regions
and tentative correspondences are established by comparing invariants using Mahalanobis
distance [10, 16, 11]. As a second novelty of the presented approach, a robust similar-
ity measure for establishing tentative correspondences is proposed to replace the Maha-
lanobis distance. The robustness of the proposed similarity measure allows us to use
invariants from a collection of measurement regions, even some that are much larger than
the associated distinguished region. Measurements from large regions are either very
discriminative (it is very unlikely that two large parts of the image are identical) or com-
pletely wrong (e.g. if orientation or depth discontinuity becomes part of the region). The
former helps establishing reliable tentative (local) correspondences, the influence of the
latter is limited due to the robustness of the approach.

Finding epipolar geometry consistent with the largest number of tentative (local) cor-
respondences is the final step of all wide-baseline algorithms. RANSAC has been by far
the most widely adopted method since [14]. The presented algorithm takes novel steps
to increase the number of matched regions and the precision of the epipolar geometry.
The rough epipolar geometry estimated from tentative correspondences is used to guide
the search for further region matches. It restricts location to epipolar lines and provides
an estimate of affine mapping between corresponding regions. This mapping allows the
use of correlation to filter out mismatches. The process significantly increases precision
of the EG estimate; the final average inlier distance-from-epipolar-line is below 0.1 pixel.
For details see Section 3.

Related work. Since the influential paper by Schmid and Mohr [11] many image
matching and wide-baseline stereo algorithms have been proposed, most commonly using


















