Advances in Computer Vision and Pattern
Recognition

Founding editor

Sameer Singh, Rail Vision, Castle Donington, UK

Series editor

Sing Bing Kang, Microsoft Research, Redmond, WA, USA

Adyvisory Board

Horst Bischof, Graz University of Technology, Austria

Richard Bowden, University of Surrey, Guildford, UK

Sven Dickinson, University of Toronto, ON, Canada

Jiaya Jia, The Chinese University of Hong Kong, Hong Kong

Kyoung Mu Lee, Seoul National University, South Korea

Yoichi Sato, The University of Tokyo, Japan

Bernt Schiele, Max Planck Institute for Computer Science, Saarbriicken, Germany
Stan Sclaroff, Boston University, MA, USA



More information about this series at http://www.springer.com/series/4205



Kenichi Kanatani - Yasuyuki Sugaya
Yasushi Kanazawa

Guide to 3D Vision
Computation

Geometric Analysis
and Implementation

@ Springer



Kenichi Kanatani
Okayama University
Okayama

Japan

Yasushi Kanazawa

Toyohashi University of Technology
Toyohashi, Aichi

Japan

Yasuyuki Sugaya

Toyohashi University of Technology
Toyohashi, Aichi

Japan

ISSN 2191-6586 ISSN 2191-6594  (electronic)
Advances in Computer Vision and Pattern Recognition

ISBN 978-3-319-48492-1 ISBN 978-3-319-48493-8 (eBook)
DOI 10.1007/978-3-319-48493-8

Library of Congress Control Number: 2016955063

© Springer International Publishing AG 2016

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part
of the material is concerned, specifically the rights of translation, reprinting, reuse of illustrations,
recitation, broadcasting, reproduction on microfilms or in any other physical way, and transmission
or information storage and retrieval, electronic adaptation, computer software, or by similar or dissimilar
methodology now known or hereafter developed.

The use of general descriptive names, registered names, trademarks, service marks, etc. in this
publication does not imply, even in the absence of a specific statement, that such names are exempt from
the relevant protective laws and regulations and therefore free for general use.

The publisher, the authors and the editors are safe to assume that the advice and information in this
book are believed to be true and accurate at the date of publication. Neither the publisher nor the
authors or the editors give a warranty, express or implied, with respect to the material contained herein or
for any errors or omissions that may have been made.

Printed on acid-free paper
This Springer imprint is published by Springer Nature

The registered company is Springer International Publishing AG
The registered company address is: Gewerbestrasse 11, 6330 Cham, Switzerland



Today, computer vision techniques are used for various purposes, and there exist
many textbooks and references that describe principles of programming and system
organization. At the same time, ever new research is going on all over the world,
and the achievements are offered in the form of open source code on the Web. It
appears, therefore, that sufficient environments already exist for students and
researchers for embarking on computer vision research.

However, although executing a public source code may be easy, improving or
modifying it for other applications is rather difficult, because the intent of the code
author is difficult to discern simply by reading the code. On the other hand, many
computer vision textbooks focus on theoretical principles coupled with application
demos. As a result, one is often at a loss as to how to write a program oneself.
Actual implementation of algorithms requires many small details that must be
carefully taken into consideration, which a ready-to-use code does not provide. This
book intends to fill that gap, describing in detail the computational procedures for
programming 3D geometric tasks. The algorithms presented in this book are based
on today’s state of the art, yet arranged in a form simple and easy enough to
understand. The authors also believe that they are the most appropriate form for
practical use in real situations.

In this book, the mathematical background of the presented algorithms is mostly
omitted for the ease of reading, but for theoretically minded readers detailed
derivations and justifications are given in the form of Problems in each chapter;
their Solutions are given at the end of the volume. Also, historical notes and related
references are discussed in the Supplemental Note at the end of each chapter. In this
sense, this book can also serve as a theoretical reference of computer vision
research. To help readers implement the algorithms in this book, sample codes of
typical procedures are placed on the publisher’s Web page.'

This book is based on the teaching materials that the authors used for student
projects at Okayama University and Toyohashi University of Technology, Japan.
Every year, new students with little background knowledge come to our labs to do
computer vision work. According to our experience, the most effective way for
them to learn is to let them implement basic algorithms such as those given here.

"http://www.springer.com/book/9783319484921
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Through this process, they learn the basic know-how of programming and at the
same time gradually understand the theoretical background as their interest deep-
ens. Thus we are hoping that this book can serve not only as a reference of the latest
computer vision techniques but also as useful material for introductory courses of
computer vision.

The authors thank Takayuki Okatani of Tohoku University, Japan, Mike Brooks
and Wojciech Chojnacki of the University of Adelaide, Australia, Peter Meer of
Rutgers University, the United States, Wolfgang Forstner, of the University of
Bonn, Germany, Michael Felsberg of Linkdping University, Sweden, Rudolf
Mester of the University of Frankfurt, Germany, Prasanna Rangarajan of Southern
Methodist University, the United States, Ali Al-Sharadqah of California State
University, Northridge, the United States, Alexander Kukush of the University of
Kiev, Ukraine, and Chikara Matsunaga of For-A, Co. Ltd., Japan. Special thanks go
to (the late) Prof. Nikolai Chernov of the University of Alabama at Birmingham, the
United States, without whose inspiration and assistance this work would not have
been possible. Parts of this work are used with permission from the authors’ work
Ellipse Fitting for Computer Vision: Implementation and Applications, ©Morgan &
Claypool,” 2016.

Okayama, Japan Kenichi Kanatani
Toyohashi, Japan Yasuyuki Sugaya
Toyohashi, Japan Yasushi Kanazawa

October 2016
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