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Abstract—We present a method for merging multiple partitions
into a single partition, by minimising the ratio of pairwise
agreements and contradictions between the equivalence relations
corresponding to the partitions. The number of equivalence
classes is determined automatically. This method is advantageous
when merging segmentations obtained independently. We propose
using this consensus approach to merge segmentations of features
tracked on video. Each segmentation is obtained by clustering
on the basis of mean velocity during a particular time interval.

I. INTRODUCTION

Motion is an important cue for object segmentation and
finding regions of similar motion is an important step for
computer vision applications such as object detection and
tracking.

Pixels corresponding to objects in motion can be grouped
on the basis of their appearance and relative motion [1].
Appearance models of dense features have been used for two-
layer segmentation [2] (where each layer is a set of features
that follow the same motion in the image plane) and multiple-
layer segmentation [3]. Such global methods minimise an
energy functional constructed from local appearance, imposing
a constraint on the motion. For example, in [4], the constraint
is given by a Hidden Markov Model of actions, alternating
between segmentation and model fitting. Another constraint
is that a higher derivative of the position of each feature
is bounded, effectively requiring smooth motion. But dense
optical flow is a highly redundant representation of motion.
Feature trackers [5]-[8] effectively reduce the amount of
motion to process to a few features chosen to maximise the
stability of their appearance along time. Common fate can be
used to group features tracked into objects.

Relative motion models have been used by [9], depending
only on the position of tracked features, and not on their
appearance. Groups of features were split and merged using
an on-line update which assumed features from the same
object undergo an affine transformation between frames, at the
cost of sensitivity to tracking errors and density of features.
Each feature group had an associated reference frame, and
the affine transform was defined with respect to that frame.
Features were segmented differently during initialisation and
update. Such approaches will fail when there is a lack of
support for affine grouping, for example when the geometric
transformations involved are degenerate, or the features are
short lived and there is not sufficient overlap in their support
intervals.

978-1-4244-2175-6/08/$25.00 ©2008 IEEE

In [10] a consensus of segmentations of an image’s pixels
was achieved by constructing a matrix that counted the number
of times two elements were grouped together, effectively
building a histogram of instances of an equivalence relation.
Their approach included a statistical measure of consensus, in
order to choose the number of clusters that achieved the best
consensus. This approach for merging multiple segmentations
into one can in principle be applied to any other kind of
segmentation, including the segmentation of sparse features.

We propose an algorithm that takes feature trajectories and
uses the mean velocity over different time intervals to produce
a family of independent segmentations that capture motion at
a variety of granularities. This is in contrast with [9], where
groups of features were formed and destroyed on-line, in order
to allow the detection of groups of objects moving at different
velocities. Each of our segmentations corresponds to motion
saliency at different time scales, and, because features are
relatively short lived, segmentations are defined on overlapping
sets of features.

The reason why time intervals of multiple lengths are
considered is that sets of features which move together over
short timescales may separate over larger timescales due to
objects, parts of objects or groups of objects moving apart. In
contrast, objects, parts or groups which remain together over
a long timescale may exhibit different short-term motion.

A binary partition is then obtained for each time interval
by applying the k-means algorithm, using Euclidean distance,
to an estimated mean velocity. Multiple partial segmentations
are then merged into a single segmentation by a consensus
algorithm. Each segmentation is considered as an equivalence
relation defined on a subset of features, over a particular time
interval. Features which should fall in the same class but
do not appear in the same segmentations, are linked through
transitivity. For example, if features a and b appear in the same
class in frame 100, and features b and c appear in the same
class in frame 110, then features a and c should belong to the
same class, unless there is a segmentation which separates
them. The consensus algorithm approximates the simplest
segmentation which does not group together features which
were separated in any of the partitions. Although each partition
has only two classes, the consensus algorithm generates as
many classes as needed.

Section II describes a method to segment features on the
basis of their mean velocity at a particular time interval.
Section III presents the consensus method, which can be









Fig. 3. Segmentation (top and middle) and consensus (bottom) for frames 1000 (left) and 1250 (right).



