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Review Statement for Jiří Havel's Doctoral Thesis

o'Point to Line Mappings and Other Line parameterizations
not only for Hough Transformoo

November 29,2012

As the reviewer nominated by Brno University of Technology (BUT), I respectfully
make the following statement concerning the doctoral thesis of Mr. Jifi Havei,
submitted for the fulfillment of the requirements of the PhD degree in Computer
Science and Engineering. I consider the following details of the thesis: the position in
the research field, originality, and contributions, including also the candidate's
publications.

This thesis investigates how to parameteize and to accelerate line detection in digital
image processing and analysis. Line detection is one of the most typical tasks in
understanding lower level details in digital images. The thesis siudies Hough
Transfrom (HT) as a line detector. A part of the thesis title "not only for Hough
Transform" does not point out the focus of the thesis in the best possible way. Hough
Transform is a popular method to globally detect geometric primitives as sets of
pixels such as lines, curves, circles, ellipses, and arbitrary model-based objects. In
many vision-based problems further scene understanding is crucially based ón these
primitives. This task consists of two critical matters: accuracy of detection and
computation time of detection, usually containing a trade-off between them. Due to
many real-world practical applications solutions must be robust, and thus in practice,
in many cases real-time solutions. In this thesis, the focus is on ,"r"u..h of the
development of a more robust line parameterization and efficient implementations
using the most modern software and hardware acceleration platforms. As an
application, the real-time detection of chessboard structures for augmented reality is
considered. The work is well motivated and the considered literatúre represents the
current state-of-the-art.

As a conclusion, the topic is appropriate to the particular area of dissertation and it
is up-to-datefrom the viewpoint of the present level of lntowledge.

The thesis consists of seven chapters. In Chapter I, the research field is shortly
introduced, the focus of the thesis is defined, and the objectives and contributions are
given. Also the structure of the thesis is summarized. The exact research questions or
objectives have not been declared, but however, the main contributio.rr oi the thesis
have been summarized. Implicitly it can be seen two main detailed objectives: to
extend the theoretical knowledge about Point-to-Line Mappings (pTLM) and to
implement real-time line detection using modern acceleration techniques ApI
openGl and GPGPU API CUDA. Since the study has been very collaborátive with
many joint publications it would have been wise to explain the role of the author in
the co-operation in Chapter 1. Moreover, the contributions and the relevant
publications could have been connected to emphasize the value of the established
research.
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Chapter 2 considers Hough Transform. The theoretical background of the HT method
is presented, including relationships with Fourier and Radon Transforms, and the
different HT variants are introduced and compared. It would have been interesting to
discuss more about the full HT line detection algorithm and its variants (Algorithm 1

presents the accumulation only) and different parameterizations and mappings, e.g.,
deterministic and probabilistic one-to-many and many-to-one mappings from a point
methodological point of view, motivating the candidate's further work.
Correspondingly, there could have been more state-of-the-art references. However, I
understand that the candidate has chosen to focus on a moÍe mathematical wav of
discussion in his presentation.

Chapter 3 studies various line parameterizations for HT-based line detection. It is
important to understand their performance characteristics and memory requirements.
The most important parameterizations, including the slope-intercept parameterization
and the polar coordinates (also called the 0-p-parameterization), are introduced and
compared using comprehensive mathematical formulations. Line parameterization
based on parallel coordinates (PCLines), originally proposed by the candidate and the
coworkers, is introduced and compared to the independently similar work of Mejdani
et al. This parameterization is the novel and important contribution of the thesis. The
accuracy of the most relevant parameterizations was compared using synthetic images,
showing the potential of PCLines.

Point-to-Line Mappings (PTML) are considered in Chapter 4. In this special case of
line parameterizations, a point in the image space is mapped into a line in the
parameter space. Knowledge on the properties of the most important PTMLs
discussed already in Chapter 3 is theoretically extended. This chapter contains
comprehensive mathematical presentation and analysis, characteristics of PTML.
Moreover, the effects of convolution in the image and parameter space are considered.

In Chapter 5 the studied line parameterizations, focusing on PCLines, are applied to
detect checkerboard-like patterns for camera calibration in augmented reality. This
work contains, in practice, grid detection where a concept of vanishing points must be
studied. The solutions presented in Chapter 4 are shown to be useful.

The hardware acceleration of line detection by Hough Transfrom is studied in Chapter
6. Two implementations by using commodity graphical hardware are presented using
the rendering API OpenGL and its geometry shaders, and using GPGPU API CUDA.
The computation times of these implementations were measured on a variety of
graphical cards using both synthetic and real-world images, and the results were
compared anď analyzed. The both implementations achieved real-time detection
performance, and the CUDA implementation was observed to be slightly faster using
the same hardware, but more complex. The computation times of the PCLines and 0-p
line parameterizations were quite equal, in the fastest implementations in practice the
salne, PCLines being more accurate and containing more suitable characteristics. It
would have been interesting to see more experiments to concretize these possible
feasibilities.
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Conclusions are given in Section 7. The objectives are stated to be fulfilled as the
obtained contributions. Discussion about the future work is minimal, and in general,
future research needs should have been discussed more through the thesis.

Based on the considered matters, the work is original and contains a sfficient
contribution to the area.

The candidate has published four journal articles and nine conference papers, and
moreover, one coauthored book is in print. Besides the scientific publications, the
candidate holds a patent related to the topic of the thesis. All the journals contain an
impact factor and most of the conferences are well-known international conferences.
One of the recent conference papers was published at CVPR which is among the very
top conferences in the research field of computer vision. The candidate has written
many joint publications with other researchers, and thus, the candidate has proven to
be able to co-operate effrciently with other scientists. According to Harzing's Publish
or Perish, the candidate's h-index is 4 and there are 42 citations to the candidate's
research work.

As a conclLtsion, the doctoral thesis has been published at an appropriate level and
the candidate has published very actively.

Besides the clear merits of the thesis, there are also presentation shortcomings,
including mistyping and misspelling. The candidate should notice that careless
presentation may undermine the credibility of the thesis. There are very many too
short paragraphs, containing 1-2 sentences only. The future tense has been used
incorrectly in many places. Moreover, figures are presented randomly before or after a
paragtaph where they are mentioned although a figure should always be presented
after the citation in the text. There are also problems with the references. For example,
PAMI as a publication forum has been written at least in three different ways in the
list of references. Moreover, there should not be citations to publications in the text as
published papers when these references are mentioned to be just submitted papers. "In
literature [43] (or at wikipedia)" is not a scientifically mature expression.

The candidate has shown a good understanding of the key issues in the research field.
The thesis clearly contains contribution to knowledge in the field of computer science
and engineering. There are many references to related work, research problems are
considered properly, and there are several scientific papers published based on the
results of the thesis.

Based on the considerations presented in this review statement I conclude that the
doctoral thesis meets the requirements of the proceedings leading to the PhD title
conferment.
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