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Automatic correction method for radial distortion of cameras

using environment structures
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This research is about technologies by which radial distortions of wide—angle
cameras are corrected in fully automatic way utilizing structures that man—made
objects have. It is conventional way to use a target having special patterns in order
to correct the radial distortions, but if the environment has special structures,
it would be possible to utilize those structures for the correction. In this research,
we develop such a method utilizing the fact that images of man—made objects contain
a lot of edges. Cameras for driving recorders or driving assistant devices are used
in such an environment, because road scenes contain many man—made objects. In addition,
full automatic compensation of radial distortions is needed for such devices, because
it is not realistic to ask the users of the devices to execute the calibration by
themselves. Though these applications are not the only target of this research, we
evaluated performance of the developed algorithms using mainly road scenes.

In chapter two of the thesis, we investigate distortions of wide—angle cameras,
define a model of the distortions, and discuss the basic strategies to correct the
distortions.

In chapter three, we present survey of the existing method for the radial distortion

correction. These methods are roughly divided into two categories, methods using



calibration patterns and ones not using them. We discuss methods with patterns first,
and then ones without patterns. We point out disadvantages of these existing methods,
especially when using them for drive assistance devices, and based on this discussion,
make clear the position of the proposed method.

In chapter four, we propose a new method for radial distortion correction, which
fully automatically estimates distortion parameters. The method utilizes entropy of
image intensity gradient histogram. We state first the relation between level of the
distortion and value of the entropy of the histogram, and then an algorithm to search
for the minimum of the distortion level. Correctness of the distortion index computed
from the histogram entropy is verified by comparing the index value and the distortion
level, using artificially distorted images.

In chapter five, effectiveness of the proposed method is proved by correcting
distorted images using the method. We use artificially distorted images first to
evaluate the basic ability of the method, and then, we use real distorted images to
see the performance of the method under real situations. We also discuss the
conditions where the proposed method presents the best performance.

In chapter six, we discuss the speeding up methods of the computation. One strategy
for speeding up is to reduce the number of the distortion parameters, and the other
one is to improve computation method for the image intensity gradient histogram. It
is clear that the reduction of the parameter number greatly contribute to reduce the
computation cost, but it is also obvious that it affects preciseness of the distortion
model. We investigate image distortions of several driving recorders in the market,
and conclude one parameter model is enough for their distortions. For the histogram
computation, we speed it up by computing the histogram directly from the distorted
images without warping them. Combining these two modifications, we show the improved
scheme provides a practical distortion correction performance, keeping light
computation cost.

Based upon the discussions in the above chapters, it is concluded that a fully
automatic correction method for radial distortions of wide—angle cameras has been
proposed. The experiments have shown that the method has both good performance and

light computation cost for practical applications.



