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Abstract

When dealing with the problem structure from motion, known as SFM,
trajectories of several feature points in a few frames should be collected. After this
process, a measurement matrix is formed. By factorizing the measurement matrix, two
matrices the motion matrix and the structure matrix are gained, respectively
containing the motion information of all cameras and the 3D positions of all feature
points. However, when there is occlusion in some frames, some features points may
become invisible in these frames, thus the trajectories of these features are not
complete and some elements in the measurement are missing. We focus on the
problem of recovering these missing elements in the measurement matrix.

The existed methods trying to solve the problem of recovering missing elements
in measurement matrix have been studied. These methods are imputation, alternation,
non-linear optimization and Jacobs. Several different versions of alternation and
non-linear optimization are given and analyzed. Our method is based on the analysis
of the advantages and disadvantages of these methods.

From the general framework, our method is in the imputation class. It recovers all
the missing elements in the measurement matrix one by one. The difference between
our method and all the existed imputation methods is that our method manages to use
as much known elements in the measurement matrix as possible in order to reduce the
influence of the noise. In another perspective, when recovering a single missing
element, our method uses a bio-mimic optimization method, the particle swarm
oriented bacteria foraging optimization, which combines the advantages of both
methods, the particle swarm optimization and the bacteria foraging optimization. So,
based on the points above, our method could be regarded as a combination of the
imputation method and the optimization method.

By analyzing the distribution pattern of elements in the measurement matrix and

it is found that in a sense, the coupling of measurement matrix is sometimes more



important that the percentage of missing elements in the measurement matrix, because
even if two measurement matrices are of the same percentage of missing elements,
missing elements in the one that is completely decoupled could not be recovered at all.
Then, based on the coupling of measurement matrix, two concepts are presented, the
relevant known elements and the Relevance, and by combining the two concepts with
the “Young Diagram” distribution pattern, the order of the recovery of all missing
elements is given. In order to make the “Young Diagram” distribution pattern
available in the measurement matrix, a method to transform the measurement matrix
is presented.

In addition, the bio-mimic optimization method has been briefly introduced. And
the particle swarm oriented bacteria foraging optimization is utilized to solve the
problem of recovering one single missing element.

In the end, both the concept of coupling and the common appearance of the
“Young Diagram” distribution pattern in real data sets are demonstrated by
experiments. And our experiments showed that under different percentage of missing
elements, our method is better than other existed methods in the sense of measuring
by re-projection error.

Keywords: missing data recovery; matrix factorization; particle swarm oriented

bacterial foraging optimization
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