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In this research, horizon line detection and tracking using an
evolutionary method in images are addressed. Due to the rapid development
of computer vision and the increase in camera resolution, information from
cameras 1is used to solve various problems, such as object detection,
recognition, and tracking. Videos captured by optical systems are valuable
for autonomous surface vehicles to perceive surrounding information for
obstacle detection, remote control, and estimation of spatial orientation.
Video processing in maritime scenarios is quite challenging because of
random camera shaking caused by waves and the processing time of
high-resolution images. A horizon line on maritime images is used to address
the above challenges. For example, it is used for the following purposes:
estimation of the spatial orientation of a camera/ship and image
registration, which aligns consecutive frames into a one—coordinate system
for object detection and object tracking. On the other hand, the performance
of state—of—-the—art horizon line detection methods is still limited in terms
of both speed and accuracy. The focus of this thesis is to produce a fast
and accurate method of horizon line detection.

We searched for and analyzed state—of-art methods in horizon line

detection to achieve this goal. Then, we proposed our novel method that



efficiently integrates existing methods’ advantages. We formulated the
horizon detection problem as a global optimization problem, and
optimization is done by a genetic algorithm (GA). The GA provides fast
optimization utilizing fewer combinations of parameters compared to
exhaustive search. Simple GA requires the generation of an initial
population for each frame of a sequence, and it is time—consuming.
Therefore, we used evolutionary video processing (EVP). The EVP generates
the initial population once at the initial frame of a sequence and inherits
a population of the last generation into an initial generation of the next
frame. As a result, the EVP improved optimization accuracy and reduced
processing time. In an EVP, a fitness function is used to guide the simulation
toward an optimal solution, and it evaluates the goodness of each
individual. Therefore, designing the fitness function is very important for
quick convergence on an appropriate solution, and it has a significant
impact on computational time. The fitness function should precisely
evaluate how to fit a given solution and should be fast to compute. Therefore,
we also introduced a fast estimation of global and local feature estimations
for the fast evaluation of fitness function. In addition, we adopted a
coarse—to—fine approach to meet real-time processing requirements.

The local feature—based extract the horizon candidates using the edge
information and use consecutive filtering to find the final solution. A
limitation of these methods is that if the candidates cannot be extracted
from edge information in the previous stage, they are not considered in the
next stage, even though these candidates are survival candidates in the
filtering of the next stages. Unlike these methods, our method is a heuristic
optimization method, and local and global features are concurrently
utilized to evaluate each candidate. The proposed method does not extract
edge information frommulti—-scale images, and even for blurred input images,
it can detect the horizon line.

On the other hand, the existing global feature—-based methods used a global
feature as an optimization criterion to optimize the horizon line
parameters. These methods are not dependent on edge information, and they
can detect the horizon line on blurred and noisy images. But these methods
require computational cost because they calculate the global feature for
all candidates, and they use exhaustive search to optimize the parameters.
Thus, we created a probability map of the horizon line in the pre—-processing
stage and used it as a global feature factor in the fitness function of the

coarse optimization. In coarse optimization, local and global features are



concurrently utilized to evaluate each candidate. In the fine—tuning step,
the global feature factor effects were weaker than those of the local feature
factor for the optimization because the position of the horizon line was
roughly determined in the coarse optimization. Therefore, we assumed only
the local feature factor in the fine optimization for fast evaluation of
fitness function.

We verified the performance of the proposed method using the Singapore
Maritime Dataset (SMD) and Buoy-Dataset (BD), which are publicly available.
We compared the performance of the proposed method with state—of-the-art
methods, which used the same datasets. The experimental results indicated
that the proposed method could detect the horizon line more accurately than
the compared methods. In particular, the median positional error and median
orientation error of the proposed method were relatively smaller than those
of all the compared methods in all datasets. The processing speed of our
method was approximately 20fps for high-resolution images.

Additionally, we improved and tested the proposed method on two datasets.
Those are detection of the horizon line in road images and detection of
borderline detection for mowing machines. The experimental results show
that the proposed method, which is based on a genetic algorithm, can be used

for other prominent line detection problems.
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