Chief Editor

Area Editors

DOCKET

A R M Find authenticated court documents without watermarks at docketalarm.co



https://www.docketalarm.com/

.

AL TN
By VAREE
Computer Vision and Image Understandlng \

Volume 110, Number 3, June 2008 4/’
i 9 r\l’\r":\
© 2008 Elsevier Inc. All rights reserved. i AN 7 .
\‘\k k l
This journal and the individual contributions contained in it are protected under copyright by Elsevier Inc., and the following terms and conditions z}pfply to their
use: E X

Photocopying Single photocopies of single articles may be made for personal use as allowed by national copyright laws. Permlssu)n 01 !he Publisher and
payment of a fee is required for all other photocopying, including multiple or systematic copying, copying for advertising or})mmouondl-p’urpmes resale, and all
forms of document delivery. Special rates are available for educational institutions that wish to make photocopies for nonprofit educational classroom use.

Permissions may be sought directly from Elsevier’s Rights Department in Oxford, UK: phone: (+44) 1865 843830; fax: (+44) 1865 853333; e-mail: permissions@
elsevier.com. Requests may also be completed online via the Elsevier home page (http://www.elsevier.com/locate/permissions).

In the USA, users may clear permissions and make payments through the Copyright Clearance Center, Inc., 222 Rosewood Drive, Danvers, MA 01923, USA;
phone: (978) 750-8400; fax: (978) 750-4744; and in the UK through the Copyright Licensing Agency Rapid Clearance Service (CLARCS), 90 Tottenham Court
Road, London W1P OLP, UK; phone: +44 (0)20 7631 5555; fax: +44 (0)20 7631 5500. Other countries may have a local reprographic rights agency for payments.

Derivative Works ~Subscribers may reproduce tables of contents or prepare lists of articles including abstracts for internal circulation within their institutions.
Permission of the Publisher is required for resale or distribution outside the institution.

Permission of the Publisher is required for all other derivative works, including compilations and translations.

Electronic Storage or Usage Permission of the Publisher is required to store or use electronically any material contained in this journal, including any article or
part of an article.

Except as outlined above, no part of this publication may be reproduced, stored in a retrieval system, or transmitted in any form or by any means, electronic,
mechanical, photocopying, recording, or otherwise, without prior written permission of the Publisher.

Address permission requests to the Elsevier Rights Department at the fax and e-mail addresses noted above.

Notice No responsibility is assumed by the Publisher for any injury and/or damage to persons or property as a matter of product liability, negligence, or
otherwise, or from any use or operation of any methods, products, instructions, or ideas contained in the material herein. Because of rapid advances in the medical
sciences, in particular, independent verification of diagnoses and drug dosages should be made.

Although all advertising material is expected to conform to ethical (medical) standards, inclusion in this publication does not constitute a guarantee or endorsement
of the quality or value of such product or of the claims made of it by its manufacturer.

Publication information: Computer Vision and Image Understanding (ISSN 1077-3142). For 2008, Volumes 109-112 (12 issues) are scheduled for publication.
Subscription prices are available upon request from the Publisher, from the Regional Sales Office nearest you, or from this journal's website (http://www.
elsevier.com/locate/cviu). Further information is available on this journal and other Elsevier products through Elsevier's website (http://www.elsevier.com).
Subscriptions are accepted on a prepaid basis only and are entered on a calendar year basis. Issues are sent by standard mail (surface within Europe, air delivery
outside Europe). Priority rates are available upon request. Claims for missing issues should be made within six months of the date of dispatch.

USA mailing notice: Computer Vision and Image Understanding (ISSN 1077-3142) is published monthly by Elsevier Inc. (525 B Street, Suite 1900, San
Diego, CA 92101-4495, USA). Annual subscription price in the USA $1343.00 (valid in North, Central, and South America), including air speed delivery.
Periodicals postage paid at San Diego, CA 92199-9602, USA, and at additional mailing offices. USA POSTMASTER: Send change of address to Computer
Vision and Image Understanding, Elsevier, Customer Service Department, 6277 Sea Harbor Drive, Orlando, FL 32887-4800, USA.

Orders, claims, and journal inquiries: Please contact the Customer Service Department at the Regional Sales Office nearest you. Orlando: Elsevier,
Customer Service Department, 6277 Sea Harbor Drive, Orlando, FL 32887-4800, USA; phone: (+ 1) (877) 839 7126 or (+ 1) (800) 654 2452 [toll-free
numbers for customers inside USA] or (+ 1) (407) 345 4020 or (+ 1) (407) 345 4000 [customers outside USA]J; fax: (+ 1) (407) 363 1354 or (+ 1) (407) 363
9661; e-mail: usjcs@elsevier.com or elspes@elsevier.com. Amsterdam: Elsevier, Customer Service Department, PO Box 211, 1000 AE Amsterdam, The
Netherlands; phone: (+31) (20) 4853757; fax: (+31) (20) 4853432; e-mail: nlinfo-f@elsevier.com. Tokyo: Elsevier, Customer Service Department, 4F
Higashi-Azabu, 1-Chome Bldg., 1-9-15 Higashi-Azabu, Minato-ku, Tokyo 106-0044, Japan; phone: (+81) (3) 5561 5037; fax: (+81)(3) 5561 5047; e-mail:
jp.info@elsevier.com. Singapore: Elsevier, Customer Service Department, 3 Killiney Road. #08-01 Winsland House I, Singapore 239519; phone: (+65)
63490222; fax: (+65) 67331510; e-mail: asiainfo@elsevier.com.

Author inquiries: For inquiries relating to the submission of articles (including electronic submission where available), please visit this journal’s homepage
at http://www.elsevier.com/locate/cviu. You can track accepted articles at http://www.elsevier.com/trackarticle and set up e-mail alerts to inform you of
when an article’s status has changed. Also accessible from here is information on copyright, frequently asked questions, and more. For detailed
instructions on the preparation of electronic artwork, please visit http://www.elsevier.com/artworkinstructions. Contact details for questions arising after
acceptance of an article, especially those relating to proofs, will be provided by the publisher.

Advertising information: Advertising orders and inquiries should be sent to James Kenney, Advertising/Commercial Sales Department, Elsevier Ltd.,
84 Theobald’s Road, London WCI1X 8RR, United Kingdom; phone: +44 (0) 20 7611 4494; fax: +44 (0) 20 7611 4463; e-mail: j.kenney(@elsevier.com.

Printed by The Sheridan Press, Hanover, Pennsylvania, United States of America

The paper used in this publication meets the requirements of ANSI/NISO Z39.48-1992 (Permanence of Paper)

AXTIYANTY _ANT TOX7Z ANAA

DOCKET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

© 2008 Elsevier Inc. All rights reserved.

This journal and the individual contributions contained in it are protected under copyright by Elsevier Inc., and
the following terms and conditions apply to their use:

Photocopying Single photocopies of single articles may be made for personal use as allowed by national
copyright laws. Permission of the Publisher and payment of a fee is required for all other photocopying,
including multiple or systematic copying, copying for advertising or promotional purposes, resale, and all forms
of document delivery. Special rates are available for educational institutions that wish to make photocopies for
nonprofit educational classroom use.

Permissions may be sought directly from Elsevier’s Rights Department in Oxford, UK; phone: (+44) 1865
843830; fax: (+44) 1865 853333; e-mail: permissions@elsevier.com. Requests may also be completed online
via the Elsevier home page (http://www.elsevier.com/locate/permissions).

In the USA, users may clear permissions and make payments through the Copyright Clearance Center, Inc., 222
Rosewood Drive, Danvers, MA 01923, USA; phone: (978) 750-8400; fax: (978) 750-4744; and in the UK
through the Copyright Licensing Agency Rapid Clearance Service (CLARCS), 90 Tottenham Court Road,
London W1P OLP, UK; phone: +44 (0)20 7631 5555; fax: +44 (0)20 7631 5500. Other countries may have a
local reprographic rights agency for payments.

Derivative Works Subscribers may reproduce tables of contents or prepare lists of articles including abstracts
for internal circulation within their institutions. Permission of the Publisher is required for resale or distribution
outside the institution.

Permission of the Publisher is required for all other derivative works, including compilations and translations.

Electronic Storage or Usage Permission of the Publisher is required to store or use electronically any
material contained in this journal, including any article or part of an article.

Except as outlined above, no part of this publication may be reproduced, stored in a retrieval system, or
transmitted in any form or by any means, electronic, mechanical, photocopying, recording, or otherwise, without
prior written permission of the Publisher.

Address permission requests to the Elsevier Rights Department at the fax and e-mail addresses noted above.

Notice No responsibility is assumed by the Publisher for any injury and/or damage to persons or property as a
matter of product liability, negligence, or otherwise, or from any use or operation of any methods, products,
instructions, or ideas contained in the material herein. Because of rapid advances in the medical sciences, in
particular, independent verification of diagnoses and drug dosages should be made.

Although all advertising material is expected to conform to ethical (medical) standards, inclusion in this

publication does not constitute a guarantee or endorsement of the quality or value of such product or of the
claims made of it by its manufacturer.

DOCKET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Computer Vision and Image Understanding
Computer Vision

Volume 110, Number 3, June 2008 and Image
Understanding

ELSEVIER CONTENTS

Special issue on Similarity Matching in Computer Vision and Multimedia
-~ Guest Editors: Nicu Sebe, Qi Tian, Michael S. Lew, Thomas S. Huang

Guest Editorial

Similarity Matching in Computer Vision and Multimedia
Nicu Sebe, Qi Tian, Michael S. Lew, Thomas S. Huang ... ...........iitiiiiitiittinnnrnneennns 309

Special Issue Articles

Indexing through laplacian spectra
M. Fatih Demirci, Reinier H. van Leuken, Remco C. Veltkamp . .......... ... ... i i, 312

Strategies for shape matching using skeletons
Wooi-Boon Goh . . ... i i e e e i 326

Speeded-Up Robust Features (SURF)
Herbert Bay, Andreas Ess, Tinne Tuytelaars, Luc Van Gool. . ... ....... .. .0t iiiiinnnnn. 346

Content based video matching using spatiotemporal volumes
Arslan Basharat, Yun Zhai, Mubarak Shah . ... ........ ... it iiiiiirinenrnnenrnnnnas 360

Anytime similarity measures for faster alignment
Rupert Brooks, Tal Arbel, Doina Precup .. .......c.oiu ittt nnensenneenneanns 378

Locally adaptive subspace and similarity metric learning for visual data clustering and retrieval
Yun Fu, Zhu Li, Thomas S. Huang, Aggelos K. Katsaggelos. . ... .........iiiiiiiiiiinninneenns 390

Combining visual dictionary, kernel-based similarity and learning strategy for image category retrieval
Philippe Henri Gosselin, Matthieu Cord, Sylvie Philipp-Foliguet. . . . .......... ... . . i, 403

Measuring novelty and redundancy with multiple modalities in cross-lingual broadcast news
Xiao Wu, Alexander G. Hauptmann, Chong-Wah Ngo . .. ...... ...ttt iinnnneens 418

Abstracted/Indexed in abstract and citation database SCOPUS®. Full text available on ScienceDirect®.

UWREN I

1077-3142(200806)110:3;1-F

DOCKET

A R M Find authenticated court documents without watermarks at docketalarm.com.



https://www.docketalarm.com/

Available online at www.sciencedirect.com

Computer Vision

ScienceDirect and Image
Y v Understanding
ELSEVIER Computer Vision and Image Understanding 110 (2008) 346-359
www.elsevier.com/locate/cviu
Speeded-Up Robust Features (SURF)
: b b
Herbert Bay ®, Andreas Ess *, Tinne Tuytelaars °, Luc Van Gool *
& ETH Zurich, BIWI, Sternwartstrasse 7, CH-8092 Zurich, Switzerland
® K. U. Leuven, ESAT-PSI, Kasteelpark Arenberg 10, B-3001 Leuven, Belgium
Received 31 October 2006; accepted 5 September 2007
Available online 15 December 2007

Abstract

This article presents a novel scale- and rotation-invariant detector and descriptor, coined SURF (Speeded-Up Robust Features).
SURF approximates or even outperforms previously proposed schemes with respect to repeatability, distinctiveness, and robustness,

yet can be computed and compared much faster.

This is achieved by relying on integral images for image convolutions; by building on the strengths of the leading existing detectors
and descriptors (specifically, using a Hessian matrix-based measure for the detector, and a distribution-based descriptor); and by sim-
plifying these methods to the essential. This leads to a combination of novel detection, description, and matching steps.

The paper encompasses a detailed description of the detector and descriptor and then explores the effects of the most important param-
eters. We conclude the article with SURF’s application to two challenging, yet converse goals: camera calibration as a special case of image
registration, and object recognition. Our experiments underline SURF’s usefulness in a broad range of topics in computer vision.

© 2007 Elsevier Inc. All rights reserved.

Keywords: Interest points; Local features; Feature description; Camera calibration; Object recognition

1. Introduction

The task of finding point correspondences between two
images of the same scene or object is part of many com-
puter vision applications. Image registration, camera cali-
bration, object recognition, and image retrieval are just a
few.

The search for discrete image point correspondences can
be divided into three main steps. First, ‘interest points’ are
selected at distinctive locations in the image, such as cor-
ners, blobs, and T-junctions. The most valuable property
of an interest point detector is its repeatability. The repeat-
ability expresses the reliability of a detector for finding the
same physical interest points under different viewing condi-
tions. Next, the neighbourhood of every interest point is
represented by a feature vector. This descriptor has to be
distinctive and at the same time robust to noise, detection

* Corresponding author.
E-mail address: aess@vision.ee.ethz.ch (A. Ess).
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displacements and geometric and photometric deforma-
tions. Finally, the descriptor vectors are matched between
different images. The matching is based on a distance
between the vectors, e.g. the Mahalanobis or Euclidean dis-
tance. The dimension of the descriptor has a direct impact
on the time this takes, and less dimensions are desirable for
fast interest point matching. However, lower dimensional
feature vectors are in general less distinctive than their
high-dimensional counterparts.

It has been our goal to develop both a detector and
descriptor that, in comparison to the state-of-the-art, are
fast to compute while not sacrificing performance. In order
to succeed, one has to strike a balance between the above
requirements like simplifying the detection scheme while
keeping it accurate, and reducing the descriptor’s size while
keeping it sufficiently distinctive.

A wide variety of detectors and descriptors have already
been proposed in the literature (e.g. [21,24,27,39,25]). Also,
detailed comparisons and evaluations on benchmarking
datasets have been performed [28,30,31]. Our fast detector
and descriptor, called SURF (Speeded-Up Robust
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