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I. Introduction

I, Ingrid Hsieh-Yee, Ph.D., do hereby declare as follows:

1. Except where I have been informed by counsel regarding certain legal
issues, as indicated below, I have personal knowledge of all of the matters about
which I testify in this declaration.

2. I have been retained as an independent expert witness on behalf of
3Shape A/S and 3Shape Inc. (“3SHAPE”) to evaluate the authenticity and public
availability of certain printed publications (identified below) which I am told will be
submitted in connection with an inter partes review (IPR) proceeding before the
United States Patent and Trademark Office.

3. I am being compensated for my work in this matter at my customary
hourly rate. I am also being reimbursed for any reasonable expenses associated with
my work and testimony in this investigation. My compensation is not contingent on
the results of my study, the substance of my opinions, or the outcome of this matter.

A.  Qualifications and Professional Experience

4. My complete qualifications and professional experience are described
in my academic curriculum vitae (Appendix A). The following is a brief summary
of my relevant qualifications and professional experience.

5. [ was a professor in the Department of Library and Information Science

at the Catholic University of America for 32 years and was conferred the title of



Professor Emerita in December 2022. I have experience working in an academic
library, a medical library, and a legislative library. I hold a Ph.D. and a Masters in
Library and Information Studies from the University of Wisconsin-Madison.

6. I am an expert on library cataloging and classification and have
published two editions on this subject, Organizing Audiovisual and Electronic
Resources for Access: A Cataloging Guide (2000 and 20006). I taught a variety of
courses, including Cataloging and Classification, Advanced Cataloging and
Classification, Organization of Internet Resources, Organization of Information,
Metadata, Digital Content Creation and Management, Internet Searches and Web
Design, Information Literacy Instruction, Advanced Information Retrieval and
Analysis Strategies, and The Information Professions in Society. I am familiar with
metadata schema design and implementation. In my teaching, I covered the design
and implementation of metadata in databases, search engines, digital repositories,
digital libraries, and digital archives. I also covered how information organization
affects the discovery and access to digital resources on the Internet. My research
interests cover cataloging and classification, information organization, metadata,
information retrieval, information architecture, digital collections, scholarly

communication, social media, user interaction with information systems, and others.



B. MARC, OCLC & Library Catalogs

7. I am very familiar with a library cataloging encoding standard known
as the “Machine-Readable Cataloging” standard, also known as “MARC,” which
became the national standard for sharing bibliographic data in the United States by
1971 and the international standard by 1973. MARC is the primary communications
protocol for the transfer and storage of bibliographic metadata in libraries. Experts
in my field would reasonably rely upon MARC records when forming their opinions.

8. A MARC record consists of several fields, each of them contains
specific data about the work. Each field is identified by a standardized, unique, three-
digit code corresponding to the type of data that follows. Appendix B is a true and

correct copy of Parts VII to X of “Understanding MARC Bibliographic: Machine-

Readable Cataloging” (http://www.loc.gov/marc/umb/um07tol10.html) from the
Library of Congress that explains commonly used MARC fields. For example, the
personal author of a work is recorded in Field 100, the title is recorded in Field 245,
publisher information is recorded in Field 260, the physical volume and
characteristics of a publication are recorded in Field 300, and topical subjects are
recorded in Fields 650.

9. [ am very familiar with library cataloging and processing practices and

the relationships between OCLC (Online Computer Library Center) and library


http://www.loc.gov/marc/umb/um07to10.html

catalogs, and how libraries create and share their records to help the public discover
and access information.

10. The Online Computer Library Center (OCLC) is the largest
bibliographic network of the world, and its WorldCat database is “the world’s most
comprehensive database of information about library collections” (source:
https://www.oclc.org/en/worldcat.html), containing more than 559 million records
from thousands of member institutions (many of which are libraries of some type)
in more than 100 countries. OCLC was founded in 1967 to promote and support
library cooperation. According to the Third Article of the “Amended Articles of
Incorporation of OCLC Online Computer Library Center, Inc.,” OCLC was created
“to establish, maintain and operate a computerized library network and to promote
the evolution of library use, of libraries themselves, and of librarianship, and to
provide processes and products for the benefit of library users and libraries,
including such objectives as increasing availability of library resources to individual
library patrons and reducing the rate of rise of library per-unit costs, all for the
fundamental public purpose of furthering ease of access to and use of the ever-
expanding body of worldwide scientific, literary and educational knowledge and
information” (source: https://www.oclc.org/content/dam/oclc/membership/articles-

of-incorporation.pdf).



11. OCLC members can contribute original cataloging records in MARC
to the system or derive cataloging records from existing records, an activity referred
to as “copy cataloging.” When an OCLC participating institution acquires a work, it
can create an original MARC record for the work in OCLC’s Connexion system (a
system for catalogers to create and share MARC records), and the system will
automatically generate a code for the date of record creation in the yymmdd format,
and the creating library’s OCLC symbol is recorded in subfield “a” of the 040 field.
Once the MARC record is in Connexion, it becomes available to other OCLC
members for adoption to their local online catalogs (i.e., copy cataloging).

12. After a MARC record is created in Connexion, it also becomes
searchable and viewable on WorldCat, which is a free web portal for users to explore
more than 10,000 libraries worldwide. Records in WorldCat, however, are not
presented in MARC fields. Instead, the data elements are labeled to help users
interpret the records. Thus, the information stored in MARC records in Connexion
is available to the interested public through the user-friendly WorldCat web portal.

13. Library online catalogs gained acceptance in the early 1980s and many
libraries migrated their systems to the World Wide Web in the mid-1990s. Library
online catalogs are based on MARC records that represent their collections in order
to help the public understand what materials are publicly accessible in those

libraries. Most libraries with online catalogs have made their catalogs freely



available on the Web. These online catalogs offer user-friendly search interfaces.
Strong user interest in keyword searches and the popularity of Google have led to
the “googlization” of library search systems. As a result, many library catalogs now
provide a single search box for users to conduct keyword searches, with additional
support for searches by author, title, subject terms, and other data elements such as
ISBN (International Standard Book Number). Library catalogs these days also offer
features for users to narrow their search results by language, year, format, and other
elements. Many libraries display MARC records on their online catalogs with labels
for the data elements to help the public interpret MARC records. Many libraries also
offer the option to display MARC records in MARC fields.

14. Libraries create MARC records for works they acquire, including
books, serials, motion pictures, and publications in other formats. MARC records
are representations of materials held by libraries and are critical for the discovery
and access to those materials. Monograph cataloging is fairly common in libraries,
and most libraries make a newly cataloged monograph available to the public soon
after the cataloging work is completed, usually within a week. Libraries can create
original cataloging records or use an existing record in OCLC to create a copy
cataloging record. As soon as the cataloging record is completed, it is added to the
library’s online catalog for users. If the record is an original record, it is also entered

into OCLC WorldCat. If it is a copy cataloging record, the library’s holding symbol



is attached to the existing original record in OCLC WorldCat to facilitate searching
and interlibrary loan.

15. The cataloging of serials and the serial check-in process are discussed
here to show how libraries usually provide access to newly received serial issues.
According to the glossary of the RDA: Resource Description and Access cataloging
standard, a serial is ““a mode of issuance of a manifestation issued in successive parts,
usually bearing numbering, that has no predetermined conclusion. A serial includes
a periodical, monographic series, newspaper, etc.” Because publishers of serials
usually make new serial issues available successively, a customary cataloging
practice is to create one bibliographic record for each serial, and the serial record
(encoded in MARC) typically provides information on the beginning date and
frequency of the serial, not the dates of individual issues. In other words, libraries
typically do not create MARC records for individual issues of a serial. Instead, they
rely on a serial check-in system to track the receipt of new issues. A common
check-in practice is to date stamp a new issue when it arrives. This practice has
become automated since the late 1990s, and libraries now vary in how they share the
receipt date of a new serial i1ssue with the public. Some libraries use a date stamp,
some affix a label to indicate the receipt date, some pencil in the receipt date, and

some do not provide the information to the public.



16. The serial check-in process usually takes less than an hour, and one of
the steps involves placing a date stamp on the new issue to document the date the
issue is checked in. After that, the holdings information of the serial is updated in
the library’s catalog so that users know which issues are available for request or
access. After serial check-in is completed, the new issue is placed on the shelf with
the previous issues of the serial. Libraries with a public periodical room typically
place new issues in the periodical room for easy user access. Because information
presented in serials often reflects latest discovery, a general practice of libraries is to
make new issues of serials available for user access soon after they are checked in,
usually within a week.

17. I am personally familiar with many online catalogs, databases, and
search engines. In preparing for this declaration, I used the following authoritative
information systems to search for records:

e Google Scholar (https://scholar.google.com/)

e Internet Archive (https://archive.org/)

e Online catalog of the University of California Berkeley Library
(https://www lib.berkeley.edu/)

e Online catalog of the University of Washington Libraries

(https://lib.uw.edu/)
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e Online catalog of the Yale University Library
(https://library.yale.edu/)
o WorldCat (https://search.worldcat.org/)

C.  Scope of This Declaration

18. I have been asked to offer opinions on the authenticity and public
availability dates of the following documents:

(1) Estépar, R. S. J., Brun, A., & Westin, C. F. (2004). Robust
generalized total least squares iterative closest point registration. In
Medical Image Computing and Computer-Assisted Intervention—
MICCAI 2004: 7th International Conference, Saint-Malo, France,
September 26-29, 2004. Proceedings, Part |, pp. 234-241, Springer
Berlin Heidelberg, EX1008 (“Estépar”);

(2) Szeliski, R. (2006). Image Alignment and Stitching: A Tutorial,
Foundations and Trends in Computer Graphics and Vision, vol. 2,
issue 1, pp. 1-104, EX1009 (“Szeliski”).

19. I am rendering my expert opinion on the authenticity of the documents
referenced herein and on whether such documents were publicly available and
published. I provide my opinion on when and how the documents were publicly
disseminated or otherwise made publicly available to the extent that persons

interested and ordinarily skilled in the subject matter or art, exercising reasonable

11



diligence, could have located and retrieved this document.

20. I am informed by counsel that an item is considered authentic if there
is sufficient evidence to support a finding that the item is what it is claimed to be. I
am also informed that authenticity can be established based on the contents of the
documents themselves, such as the appearance, content, substance, internal patterns,

protocols followed or other distinctive characteristics of the item.

21. I am informed by counsel that a given reference is “published” if it is
publicly accessible upon a satisfactory showing that such a document has been
disseminated or otherwise made publicly available to the extent that persons
interested and ordinarily skilled in the subject matter or art could locate it exercising
reasonable diligence and obtain the document. I have also been informed by counsel
that materials available in a library constitute “printed publications” if they are
cataloged and indexed according to general library practices and protocols that make

the references available and accessible to members of the interested public.

22. I have been informed by counsel that U.S. Patent No. 9,191, 648 (“the
’648 Patent”) was filed on August 20, 2013 and claims a priority date of February
22,2011. I have assessed public accessibility of the documents referenced below as

of the claimed priority date of February 22, 2011.
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D.  Person of Ordinary SKkill in the Arts

23. 1 am told by counsel that the subject matter of the IPR proceeding
involves three-dimensional imaging techniques and systems that can be used, for
example, in medical and dentistry applications.

24. 1 have been informed by counsel that a “person of ordinary skill in the
art at the time of the invention” (POSITA) is a hypothetical person who is presumed
to be familiar with the relevant field, presumed to be aware of all pertinent art, and
thinks along conventional wisdom in the art. This hypothetical person is also a
person of ordinary creativity, capable of understanding the scientific principles and
literature applicable to the pertinent field.

25. 1 am told by counsel that a POSITA, for purposes of the IPR
proceeding, would have at least (1) a bachelor’s degree in electrical engineering,
computer engineering, computer science, or an equivalent field, as well as at least
two to three years of industry or research experience with computer vision/graphics
making use of three-dimensional virtual models; or (2) a master’s degree in electrical
engineering, computer engineering, computer science, or an equivalent field with a
focus in making use of three-dimensional virtual models in the area of computer
vision/graphics.

26. It is my opinion that such a person would have been actively engaged

in learning about the field, for example, through formal instruction and bibliographic

13



resources. By at least February 22, 2011, such a person would have had access to a

vast array of print and electronic resources, including at least those resources

referenced below.

E. Evidence Considered in Forming My Opinions

27. In the preparation of this declaration, I have reviewed the documents

referenced below and any other documents I reference herein, and each of these is a

type of material that experts in my field would reasonably rely upon when forming

their opinions:

(1)

2)

3)

4)

The documents referenced above in Section 1.C;

Copy of Estépar obtained from the publisher Springer at
https://link.springer.com/content/pdf/10.1007/978-3-540-30135-

6_29.pdf, Appendix 1008A;

Publisher’s webpage for Estépar, available at

https://link.springer.com/chapter/10.1007/978-3-540-30135-6_29,

Appendix 1008B;

Bibliographic and MARC records for Medical Image Computing
and Computer-Assisted Intervention—MICCAI 2004 that contains
Estépar, available at

https://search.library.vale.edu/catalog/6709697 from the online

catalog of the Yale University Library, Appendix 1008C;
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()

(6)

(7)

(8)

Online catalog of the Yale University Library archived by Internet

Archive on October 21, 2002, available at

https://web.archive.org/web/20021021221107/http://orbis.library.y

ale.edu/cgi-bin/Pwebrecon.cgi?DB=local&PAGE=First, Appendix

1008D;

Bibliographic and MARC records for Medical Image Computing
and Computer-Assisted Intervention—MICCAI 2004 that contains
Estépar, available at

https://search.library.berkeley.edu/permalink/01UCS BER/10rhvl

8/alma991043486999706532 from the online catalog of the

University of California Berkeley Library, Appendix 1008E;

The library home page and online catalog of the University of
California Berkeley Library archived by Internet Archive on
October 1, 2004, available at

https://web.archive.org/web/20041001083013/https://www.lib.berk

eley.edu/ and

https://web.archive.org/web/20041001084337/http://sunsiteS.berke

ley.edu:8000/, respectively, Appendix 1008F;

Citations to Estépar, obtained from Google Scholar, Appendix

15
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https://web.archive.org/web/20041001083013/https://www.lib.berkeley.edu/
https://web.archive.org/web/20041001083013/https://www.lib.berkeley.edu/
https://web.archive.org/web/20041001084337/http://sunsite5.berkeley.edu:8000/
https://web.archive.org/web/20041001084337/http://sunsite5.berkeley.edu:8000/

)

(10)

(11)

(12)

(13)

1008G;

Publisher’s webpage for Szeliski, available at

https://www.nowpublishers.com/article/Details/CGV-009, and an

extract of Szeliski obtained from

https://www.nowpublishers.com/article/DownloadSummary/CGV -

009 from the publisher, Appendix 1009A;

Library copy of the front matter of Szeliski, obtained from the Yale

University Library, Appendix 1009B;

Bibliographic and MARC records for Szeliski, available at

https://search.library.vale.edu/catalog/7927620 from the online

catalog of the Yale University Library, Appendix 1009C;

Online catalog of the Yale University Library archived by Internet

Archive on October 21, 2002, available at

https://web.archive.org/web/20021021221107/http://orbis.library.y

ale.edu/cgi-bin/Pwebrecon.cgi?DB=local&PAGE=First, Appendix

1009D;

Bibliographic and MARC records for Szeliski, available at
https://orbiscascade-

washington.primo.exlibrisgroup.com/permalink/01 ALLIANCE U

16


https://www.nowpublishers.com/article/Details/CGV-009
https://www.nowpublishers.com/article/DownloadSummary/CGV-009t
https://www.nowpublishers.com/article/DownloadSummary/CGV-009t
https://search.library.yale.edu/catalog/7927620
https://web.archive.org/web/20021021221107/http://orbis.library.yale.edu/cgi-bin/Pwebrecon.cgi?DB=local&PAGE=First
https://web.archive.org/web/20021021221107/http://orbis.library.yale.edu/cgi-bin/Pwebrecon.cgi?DB=local&PAGE=First

(14)

(15)

(16)

W/1juclfo/alma99123702650001452 from the online catalog of the

University of Washington Libraries, Appendix 1009E;

Online catalog of the University of Washington Libraries archived
by Internet Archive on May 25, 2006, available at

https://web.archive.org/web/20060525191432/http://catalog.lib.wa

shington.edu/search~/, Appendix 1009F;

Publisher’s webpage for Foundations and Trends in Computer
Graphics and Vision archived by Internet Archive on March 7,
2007, and available at
https://web.archive.org/web/2007030707453 1/http://www.nowpub
lishers.com/, and the publisher’s webpage for Szeliski archived by
Internet Archive on March 3, 2007, and available at

https://web.archive.org/web/20070303052646/http://www.nowpub

lishers.com/product.aspx?product=CGV &doi=0600000009,

Appendix 1009G;

Citations to Szeliski, obtained from Google Scholar, Appendix

1009H.
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II.  Authenticity and Public Availability of Estépar (EX1008)
A.  Authentication

28. EX1008 is a true and correct copy of “Robust generalized total least
squares iterative closest point registration,” (“Estépar”), by Estépar et al. in Medical
Image Computing and Computer-Assisted Intervention — MICCAI 2004: 7"
International Conference, Saint-Malo, France, September 26-29, 2004,
Proceedings, (“MICCAI 2004”), Part 1, pp. 234-241, LNCS 3216, that I obtained
from the Yale University Library. When I began researching this article, I searched
WorldCat for records for MICCAI 2004 that contains Estépar, and a record at

https://search.worldcat.org/title/56617014 shows the Yale University Library is one

of 246 libraries holding this work. After verifying the holdings information in this
library’s online catalog, I requested a scan copy of Estépar from the library through
a document delivery service. This library copy is presented as EX1008 in this

declaration.

29. Page 1 is the cover that carries a Yale University Library barcode and
shows this copy is Part 1 of the MICCAI 2004 conference proceedings, which is
“LNCS 3216,” and Springer is the publisher. Page 2 shows a library stamp of “Yale
University Library, Engineering and Applied Science Library.” Page 3 is the series
title page that shows MICCAI 2004 is volume 3216 of Lecture Notes in Computer

Science. Page 4 is the title page that shows three editors, title, conference

18
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information, and publisher. Page 5 is the copyright page that shows MICCAI 2004
has a 2004 copyright date and Springer-Verlag Berlin Heidelberg holds the
copyright. This page shows the Library of Congress Control Number (LCCN)
assigned to this work is “2004111954” and the ISBN of this work is “3-540-22976-
0.” This page also shows a hand-written call number of “ENGN QA76 A1 L43 3216
(LC).” Pages 6 to 15 are the table of contents of “LNCS 3216: MICCAI 2004
Proceedings, Part I” and page 8 (internal page XV) shows Estépar is included in
“Segmentation I and begins on internal page 234. Pages 16 to 31 are the table of

contents of Part II of MICCAI 2004.

30. Page 32 (internal page [234]) is the first page of Estépar that shows the
title, authors, and abstract. The bottom of this page shows Estépar appears in
MICCAI 2004, which was edited by C. Barillot, D.R. Haynor, and P. Hellier, and
published as volume 3216 of the LNCS series. This page also shows Estépar runs
from pages 234 to 241, has a 2004 copyright date, and the publisher holds the
copyright. EX1008 shows Estépar has four parts and a total of eight pages, including

12 equations, three figures, one table, and 10 references.

31. To authenticate EX1008, I searched Google Scholar for information on
Estépar, and a record led me to the publisher’s webpage for this article at

https://link.springer.com/chapter/10.1007/978-3-540-30135-6_29, which included a

link for users to “Download to read the full chapter text.” I then followed this link
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to obtain a copy of Estépar (https://link.springer.com/content/pdf/10.1007/978-3-

540-30135-6_29.pdf). This publisher copy is presented as Appendix 1008A in this

declaration.

32. Appendix 1008A has a total of eight pages, including 12 equations,
three figures, one table, and 10 references. I have closely compared the library copy
(EX1008) with the publisher copy (Appendix 1008A) and found them to contain
the same Estépar article. The difference is the Yale University copy (EX1008)

includes the front matter of MICCAI 2004.

33. Appendix 1008B is the publisher’s webpage for Estépar that I obtained

from https://link.springer.com/chapter/10.1007/978-3-540-30135-6_29. Page 1

shows the title and authors of this article, identifies Estépar as a conference paper
that appears from pages 234 to 241 of Medical Image Computing and Computer-
Assisted Intervention — MICCAI 2004, which 1s volume 3216 of the Lecture Notes
in Computer Science series. Pages 1 and 2 show the abstract, which is the same as
the abstract in EX1008. Pages 3 and 4 show 10 references, which are the same as
the references in EX1008, but presented in a slightly different citation style. Page 5
shows Estépar has a 2004 copyright date and the publisher holds the copyright. It
also shows the DOI of this article. The authors, title, abstract, the article’s

relationship to MICCAI 2004, the LNCS series information, and the references on
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this publisher webpage match the information contained in EX1008 and confirm

MICCAI 2004 that contains Estépar is available at the Yale University Library.

34. EX1008 is in a condition that creates no suspicion about its
authenticity. Specifically, this Yale University Library copy of Estépar is not
missing any intermediate pages, the text on each page appears to flow seamlessly
from one page to the next, and there are no visible alterations to the document. In
addition, this copy has the same content for Estépar as the copy obtained from the
publisher (Appendix 1008A). Furthermore, bibliographic details contained in
EX1008 are the same as those presented on the publisher’s webpage for this article
(Appendix 1008B). Based on my analysis of EX1008, Appendix 1008A, and
Appendix 1008B, it is my opinion that EX1008 is authentic.

B.  Yale University Library Records

35. To determine when MICCAI 2004 that contains Estépar became
publicly accessible at libraries, I obtained the bibliographic and MARC records for
MICCAI 2004 from the online catalog of the Yale University Library. I personally
located, identified, and obtained these records. They are the type of record experts

in my field would reasonably rely upon when forming their opinions.

36. Appendix 1008C is a true and correct copy of the bibliographic and
MARC records for MICCAI 2004. Pages 1 to 4 are the bibliographic record that

shows the conference name, title, ISBNs, publisher, physical description, format,
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language, series, bibliography, subjects, editors, and bookmark of this record. The
“Added to Catalog” field shows the record for MICCAI 2004 was added to the online

catalog of the Yale University Library on “October 13, 2004.”

37. Pages 5 and 6 are the MARC record. The first six digits of Field 008
show the record was first created on “041001” (i.e., October 1, 2004). Subfield “a”
of Field 040 shows “OHX” (i.e., Harrassowitz of Wiesbaden, Germany, an OCLC
commercial partner) created the original record. Subfield “d” of Field 040 shows
“CtY” (i.e., Yale University Library) modified the original record.
Fields 008 and 040 inform my opinion that the Yale University Library used the
original MARC record created on October 1, 2004, by Harrassowitz as the basis for
their copy cataloging record and added the modified record to their online catalog

on October 13, 2004, making MICCAI 2004 discoverable from that date on.

38. Field 010 shows the Library of Congress Control Number. Field 020
shows the ISBN of volume 1. Field 111 shows the authorized form of the conference
name is used as the author of this work. Field 245 shows the title, subtitle and editors.
Field 260 shows the publisher and year of publication. Field 300 shows physical
details. Field 440 shows the series title. Field 504 shows a note of references and
index. Three Fields 700 show the editors are included in the MARC record to help

users discover this work. The Library of Congress Control Number, ISBN for
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volume 1, conference name, title, publisher, series, and editors match the

information contained in EX1008, confirming this record represents MICCAI 2004.

39. Subjects are represented by six Library of Congress subject headings,
with “Imaging systems in medicine |x Data processing” (“|x” indicates a topical
subdivision), “Image analysis |[x Data processing,” “Image processing |x Digital
techniques,” “Operations, Surgical |x Data processing,” “Medicine [x Data
processing,” and “Diagnostic imaging |x Data processing” as the main topics, each
followed by “Congresses” as a form subdivision encoded in subfield “v” to indicate
the main topics are treated at a conference. These subject headings enable users to

conduct subject searches to discover MICCAI 2004.

40. The original MARC record includes a Library of Congress
Classification numbers in Field 050, but that number is not used at the Yale
University Library for MICCAI 2004. Field 902 shows that the library uses “QA76

A1 L43 3216-3217” as the call number for this work at their shelving facility.

41. Appendix 1008C shows the Yale University Library completed their
copy cataloging work for MICCAI 2004 and added the record to their online catalog
on October 13, 2004, making MICCAI 2004 discoverable from that date on. As of
that date, interested users would have been able to discover MICCAI 2004 by the
conference name, title, series title, editors, ISBNs, and LCCN. In addition, they

would have been able to conduct subject searches to discover this work.
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42. A common library practice is to process a newly cataloged book
promptly for public access, usually within a week after the cataloging work is
completed. It is therefore my opinion that, from October 13, 2004 on, MICCAI 2004
that contains Estépar was discoverable, and the physical volumes, after processing,
would have been publicly accessible by October 20, 2004, at the Yale University
Library. If workload at the time caused some delay, the physical copy would have
been publicly accessible no later than November 13, 2004.

43.  As evidence that the online catalog of the Yale University Library was
in operation when the MARC record for MICCAI 2004 was added to the library
catalog, I searched Internet Archive for records. Appendix 1008D is a true and
correct copy of “Orbis, Yale University Library Catalog” archived by Internet
Archive. I personally located, identified, and obtained this copy. This is the type of
record experts in my field would reasonably rely upon when forming their opinions.

44. Page 1 of Appendix 1008D is a screen capture of a Wayback Machine
calendar that shows the library online catalog was archived on October 21, 2002,
and available at

https://web.archive.org/web/20021021221107/http://orbis.library.vale.edu/cgi-

bin/Pwebrecon.cgi?’DB=local&PAGE=First. Pages 2 and 3 are the PDF of this

archived copy that shows, as of October 21, 2002, users could discover Orbis on the

Internet and search the catalog by title, journal, author, keyword, ranked keyword,
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subject, call number, and uniform title, and a “Search Help” was available to help
users explore the online catalog. Appendix 1008D shows that the online catalog of
the Yale University Library was in operation before the copy cataloging record for
MICCAI 2004 was added to the online catalog on October 13, 2004.

C.  University of California Berkeley Library Records

45. Appendix 1008E is a true and correct copy of the bibliographic and
MARC records for MICCAI 2004 that I obtained from the University of California
Berkeley Library. I personally located, identified, and obtained these records to
further demonstrate the public availability of MICCAI 2004 at libraries. They are the
type of record experts in my field would reasonably rely upon when forming their

opinions.

46. Pages 1 to 4 are the bibliographic record that shows MICCAI 2004 is a
conference proceeding, and the University of California Berkeley Library holds the
print copy and also provides access to the online version. Details of the record
include creator, title, other title, format, creation date, publisher, series, reference
and index note, contributors, and ISBNs. These details match the information

presented in EX1008, confirming this record represents MICCAI 2004.

47. Pages 5 to 7 are the MARC record. The first six digits of Field 008
shows the original MARC record was created on “041001” (i.e., October 1, 2004).

Subfield “a” shows NLM (i.e., the National Library of Medicine) created the record,
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and Field 042 shows this is an “NLMcopc” (meaning copy cataloging record of the
National Library of Medicine). Subfield “d” shows OHX (i.e., Harrassowitz) created
the record that was modified by NLM. Field 968 is a local field and the “Addate”
subfield shows MICCAI 2004 was added to the library collection on “041105” (i.e.,
November 5, 2004.” Field 996 is another local field and the “CatDate” shows the
cataloging record date is “11-05-04" (i.e., November 5, 2004). Data from Field 008,
040, 968, and 996 inform my opinion that the National Library of Medicine created
a copy cataloging record for MICCAI 2004 based on the record created by
Harrassowitz on October 1, 2004. After the NLM copy cataloging record was
completed, the University of California Berkeley Library used the NLM record to
create their copy cataloging record on November 5, 2004, making MICCAI 2004

discoverable in their online catalog from that date on.

48. Since the Yale University Library MARC record (Appendix 1008C)
and the University of California Berkeley MARC record (Appendix 1008E) were
based on the same record created by Harrassowitz on October 1, 2004, the two
records have many fields in common, including the LCCN (Field 010), the ISBNs
for the print version (Fields 020), Conference name (Field 111), title (Field 245),
publisher (Field 260), physical description (Field 300), series (Fields 440, 490, 830),
editors (Fields 700), and similar subject headings (Fields 650). These data elements

in the MARC record make MICCAI 2004 discoverable in the online catalog of the
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University of California Berkeley Library. Interested users would have been able to
search for this work by the conference name, title, variant title, LCCN, ISBNs, series

title, and editors. They would also have been able to conduct subject searches to

locate MICCAI 2004.

49.  As evidence that the University of California Berkeley Library had an
online catalog in operation in 2004 when the copy cataloging record for MICCAI
2004 was completed and became searchable, I searched Internet Archive for records
of the library catalog. Appendix 1008F is a true and correct copy of the library home
page and the online catalog archived by Internet Archive in 2004. 1 personally
located, identified, and obtained these records. They are the type of record experts
in my field would reasonably rely upon when forming their opinions. I used screen

captures to produce this appendix.

50. Page 1 is a screen capture of the library home page archived by Internet
Archive on October 1, 2004, and available at

https://web.archive.org/web/20041001083013/https://www.lib.berkeley.edu/. The

“Library Catalogs” column shows that, as of October 1, 2004, users could search the
UCB-Pathfinder catalog and the ALL UC-MELVYL system, and a Guide to Library

catalogs was available.

51. Page 2 1s a screen capture of Pathfinder, which is the UCB Library

Catalog, and this copy was archived by Internet Archive on October 1, 2004, and
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available at

https://web.archive.org/web/20041001084337/http://sunsite5.berkeley.edu:8000/.

This archived copy of Pathfinder shows that, as of October 1, 2004, users could
explore the library catalog by title keyword(s), title phrase, personal author phrase,
subject keyword(s), corporate author keyword(s), conference keyword(s), and call
number phase. They could also limit their searches by location or format to make
the search results more manageable. Appendix 1008F shows that, on October 1,
2004, the online catalog of the University of California Berkeley Library was in
operation. Users could discover the catalog from the library home page or directly
on the Internet. Appendix 1008F shows that users would have been able to use the
online catalog to discover MICCAI 2004 when the library record was created on
November 5, 2004.

D. Usage Record

52. Actual usage of a publication is reflected by other publications that
make reference to it. [ used Google Scholar to review citations to Estépar and
compile a list of citations to demonstrate usage. Appendix 1008G presents six
citations published from 2005 to 2007, and shows the earliest citation appeared in

June 2005.
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E. Summary of My Opinion on Estépar

53. The copy of Estépar from the Yale University Library (EX1008) is
authentic because it contains no signs to raise suspicion about its authenticity, and
the content of Estépar in this copy is the same as the content in the publisher copy
(Appendix 1008A). In addition, the front matter of EX1008 contains the same
bibliographic details presented on the publisher’s webpage for Estépar (Appendix
1008B). The records from the Yale University Library (Appendix 1008C) show
their MARC record for MICCAI 2004 was a copy cataloging record that was added
to the catalog on October 13, 2004. Thus, based on this record, Estépar (EX1008)
was publicly discoverable no later than October 13, 2004. In addition, an archived
record of the library’s online catalog (Appendix 1008D) shows that by October 21,
2002, users could discover and use the online catalog on the Internet, and that means
when the copy cataloging record for MICCAI 2004 was added to the library catalog
in October 2004, users would have been able to use the online catalog to discover
MICCAI 2004. The records from the University of California Berkeley Library
(Appendix 1008E) show their copy cataloging record was created on November 5,
2004. Thus, based on this record, Estépar (EX1008) was publicly discoverable no
later than November 5, 2004. In addition, an archived record of their library home
page and catalog (Appendix 1008F) show that by October 1, 2004, users would

have been able to discover and use the online catalog on the Internet. This means
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that when the copy cataloging record for MICCAI 2004 was created on November

5, 2004, users would have been able to use the online catalog to discover it.

54. Based on the documents and records I have analyzed, it is my opinion
that MICCAI 2004, which contains Estépar (EX1008), would have been
discoverable on October 13, 2004, at the Yale University Library. The physical copy,
after processing, was publicly accessible no later than November 13, 2004, at this
library. MICCAI 2004 would have been discoverable at the University of California
Berkeley Library from November 5, 2004 on. The physical copy, after processing,
was publicly accessible no later than December 5, 2004, at this library. Citation
records (Appendix 1008G) show the earliest citation appeared in June 2005. Thus,
Estépar (EX1008) was published and publicly accessible as early as November 13,
2004 and no later than December 5, 2004 at libraries.

III. Authenticity and Public Availability of Szeliski (EX1009)
A.  Authentication

55. EX1009 is a true and correct copy of Image Alignment and Stitching:
A Tutorial, (“Szeliski”’), by R. Szeliski, Foundations and Trends in Computer
Graphics and Vision, vol. 2, issue 1, pp. 1-104, that I obtained from the publisher.
When I began my research on Szeliski I searched Google Scholar for records and a
record led me to the publisher’s webpage for this work at

https://www.nowpublishers.com/article/Details/CGV-009. I then followed the
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instructions on this webpage to obtain a PDF copy. This publisher copy is presented

as EX1009 in this declaration.

56. EX1009 has a total of 119 pages. Page 1 is the half title page. Page 3 is
the title page that shows the title, author, and NOW of Boston and Delft as the
publisher. Page 4 is the copyright page that shows this work has a 2006 copyright
date and the author holds the copyright. It also shows the ISBN of this work is “1-
933019-04-2” and the Library of Congress Control Number (LCCN) assigned to this
work is “2006938728.” The top of this page shows this work is part of the
Foundations and Trends in Computer Graphics and Vision series, and page 5 shows
this work 1s “Volume 2 Issue 1, 2006 of the series. Page 6 is the series information.
Page 8 shows the title, author, abstract, series title and numbering, pagination (“1-
104”), copyright date, DOI (“10.1561/0600000009"), and publisher of Szeliski.
Pages 9 and 10 are the table of contents. EX1009 shows Szeliski has seven chapters,
including equations, figures (some in color), tables, and 227 references (listed from

pages 95 to 109).

57. EX1009 is in a condition that creates no suspicion about its
authenticity. Specifically, this copy is not missing any intermediate pages, the text
on each page appears to flow seamlessly from one page to the next, and there are no

visible alterations to the document. In addition, this copy is in the custody of the
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publisher, where if it is authentic, it is likely to be found. I therefore see no reason
to question the authenticity of EX1009.

B. Yale University Library Copy

58. More details of Szeliski are available from the publisher. Appendix
1009A is a true and correct copy of the publisher’s webpage for Szeliski

(https://www.nowpublishers.com/article/Details/CGV-009) and an extract provided

by the publisher free of charge at

https://www.nowpublishers.com/article/DownloadSummary/CGV-009. Page 1

shows the title, author, suggested citation, copyright date (“2006), subjects, and “02
Jan 2007 as the publication date. Page 2 shows the abstract, DOI, chapter headings,
book description, and a book cover. Pages 3 to 28 are the extract that indicates the

full text is available at http://dx.doi.org/10.1561/0600000009. The extract includes

the half title page, title page, copyright page, series title and numbering page, series
information page, abstract page, table of contents, and pages 1 to 3, and 227

references on pages 95 to 109.

59. As evidence that Szeliski 1s publicly available at libraries, I searched

WorldCat for records on Szeliski and a WorldCat record

(https://search.worldcat.org/title/86078426) 1dentifies the Yale University Library
as one of the 70 holding libraries. After the holdings information was verified, |

obtained a copy of the front matter of Szeliski from this library through a document
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delivery service. This library copy is presented as Appendix 1009B in this

declaration.

60. The Yale University Library was not able to scan the entire work of
Szeliski for me due to copyright restrictions, so I obtained the front matter of this
work instead. Appendix 1009B is a true and correct copy of the front matter of
Szeliski. Page 1 is the cover that shows the title, author, series title, publisher, a Yale
University Library barcode, and a call number label of “ENGN TA1637 .S93 2006
(LC).” Page 2 shows a library stamp of “Yale University Library, Engineering and
Applied Science Library.” Page 3 is the half title page, page 4 is the title page, page
5 is the copyright page that shows a hand-written call number, page 6 is the series
title and numbering page, page 7 is the series information page, page 8 is the abstract
page, pages 9 and 10 are the table of contents that shows Szeliski includes seven

chapters and the list of references begins on page 95.

61. I have closely compared the Yale University Library copy of the front
matter of Szeliski (Appendix 1009B) with the front matter of the publisher copy
(EX1009) and the extract provided by the publisher (Appendix 1009A), and found
the front matter in these three copies to be identical, confirming Szeliski, which is
Foundations and Trends in Computer Graphics and Vision vol. 2, issue 1 (2006), 1-

104, 1s available at the Yale University Library.
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C.  Yale University Library Records

62. To determine when Szeliski became publicly accessible at the Yale
University Library, I obtained the bibliographic and MARC records for this work
from the online catalog of the library. I personally located, identified, and obtained
these records. They are the type of record experts in my field would reasonably rely

upon when forming their opinions.

63. Appendix 1009C is a true and correct copy of the bibliographic and
MARC records for Szeliski from the Yale University Library. Pages 1 to 3 are the
bibliographic record that shows the author, title, ISBNs, publisher, physical
description, note, format, language, bibliography, subjects, and bookmark of this
record. The “Added to Catalog” field shows the record for Szeliski was added to the

online catalog of the Yale University Library on “September 04, 2007.”

64. Page 4 is the MARC record. The first six digits of Field 008 show the
record was first created on “070320” (i.e., March 20, 2007). Subfield “a” of Field
040 shows “WAU” (i.e., the University of Washington Libraries), created the
original record. Subfield “d” of Field 040 shows “CtY” (i.e., Yale University
Library) modified the original record to create their copy cataloging record. Field
907 is a local note field that shows the cataloging record was added to the catalog
on “2007-09-04” (i.e., September 4, 2007).

Fields 008, 040, and 907 inform my opinion that the Yale University Library used
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the original MARC record created on March 20, 2007, by the University of
Washington Libraries to create their copy cataloging record and entered the record
into their online catalog on September 4, 2007, making Szeliski discoverable in their

online catalog from that date on.

65. Field 010 shows the Library of Congress Control Number (LCCN).
Field 020 shows the ISBNs. Field 100 shows the author. Field 245 shows the title,
subtitle and author. Field 260 shows the publisher and copyright date. Field 300
shows physical details. Field 500 explains Szeliski was published as volume 2 issue
1 (2006) of the series. Field 504 shows the references appear from pages 95 to 109.
Field 730 shows the series title is included to help users discover this work. The
LCCN, ISBNs, author, title, publisher, and series title and numbering match the

information contained in EX1009, confirming this record represents Szeliski.

66. Subjects are represented by two Library of Congress subject headings:
“Imaging processing |x Digital techniques [x Mathematical models™ (“|x” indicates
a topical subdivision), and “Imaging processing [x Digital techniques [x
Mathematics.” These subject headings enable users to conduct subject searches to

discover Szeliski.

67. The original MARC record includes a Library of Congress

Classification numbers in Field 050, but that number is not used by the Yale
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University Library for Szeliski. Field 902 shows that the library uses “TA1637 .S93

2006 (LC)” as the call number for this work at their shelving facility.

68. Appendix 1009C shows the Yale University Library completed their
copy cataloging work for Szeliski and added the record to their online catalog on
September 4, 2007, making this work discoverable from that date on. As of that date,
interested users would have been able to discover Szeliski by the title, author, series,
LCCN, and ISBNs. In addition, they would have been able to conduct subject

searches to discover this work.

69. A common library practice is to process a newly cataloged book
promptly for public access, usually within a week after the cataloging work is
completed. It is therefore my opinion that, from September 4, 2007 on, Szeliski was
discoverable, and the physical copy, after processing, would have been publicly
accessible by September 11, 2007, at the Yale University Library. If workload at the
time caused some delay, the physical copy would have been publicly accessible no
later than October 4, 2007.

70.  As evidence that the online catalog of the Yale University Library was
in operation when the MARC record for Szeliski was added to the library catalog, I
searched Internet Archive for records. Appendix 1009D is a true and correct copy
of “Orbis, Yale University Library Catalog” archived by Internet Archive. I

personally located, identified, and obtained this copy. This is the type of record
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experts in my field would reasonably rely upon when forming their opinions.

71. Page 1 of Appendix 1009D is a screen capture of a Wayback Machine
calendar that shows the library online catalog was archived on October 21, 2002,
and available at

https://web.archive.org/web/20021021221107/http://orbis.library.vale.edu/cgi-

bin/Pwebrecon.cgi?DB=local&PAGE=First. Pages 2 and 3 are the PDF of this

archived copy that shows, as of October 21, 2002, users could discover Orbis on the
Internet and could search the catalog by title, journal, author, keyword, ranked
keyword, subject, call number, and uniform title, and a “Search Help” was available
to help users explore the online catalog. Appendix 1009D shows that the online
catalog of the Yale University Library was in operation before the copy cataloging
record for Szeliski was added to the online catalog on September 4, 2007.

D.  University of Washington Library Records

72. Appendix 1009E is a true and correct copy of the bibliographic and
MARC records for Szeliski that I obtained from the University of Washington
Libraries. I personally located, identified, and obtained these records to further
demonstrate the public availability of this work at libraries. They are the type of

record experts in my field would reasonably rely upon when forming their opinions.

73. Pages 1 to 4 are the bibliographic record that shows Szeliski is available

at the Engineering Library Stacks with a call number of “TA 1634 .F67 v.2.” The
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record details on page 3 include the title, author, subjects, related title, language,
format, description note, publisher, publication date, and ISBNs. These details match

the information presented in EX1009, confirming this record represents Szeliski.

74. Pages 5 to 6 are the MARC record. The first six digits of Field 008
shows the MARC record was created on “070320” (i.e., March 20, 2007). Subfield
“a” of Field 040 shows “WAU” (i.e., the University of Washington Libraries)
created this record. Data from Field 008 and 040 inform my opinion that the MARC
record for Szeliski was completed on March 20, 2007, making this work discoverable

in the online catalog of the University of Washington Libraries from that date on.

75.  Since the Yale University Library MARC record (Appendix 1009C)
was based on the University of Washington MARC record (Appendix 1009E), the
two records have many fields in common, including the ISBNs (Fields 020), author
(Field 100), title (Field 245), publisher (Field 260), physical description (Field 300),
and subject headings (Fields 650). Interested users would have been able to search
for this work in the online catalog of the University of Washington Libraries by the
author, title, ISBNs and series title. They would also have been able to conduct

subject searches to locate this work.

76.  Asevidence that the University of Washington Libraries had an online
catalog in operation in 2007 when the MARC record for Szeliski was completed on

March 20, 2007, I searched Internet Archive for records of the library catalog.
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Appendix 1009F is a true and correct copy of the online catalog archived by Internet
Archive in 2006. I personally located, identified, and obtained this record. It is the
type of record experts in my field would reasonably rely upon when forming their

opinions.

77. Page 1 is a screen capture of a Wayback Machine calendar that shows
the library online catalog was archived by Internet Archive on May 25, 2006, and
available at

https://web.archive.org/web/20060525191432/http://catalog.lib.washington.edu/sea

rch~/. Page 2 is the PDF of the archived copy that shows that, as of May 25, 2006,
users could search the library catalog by author, title, advanced keyword, call
numbers, journal searches, Library of Congress Subjects, Medical Subjects,
Genre/Form, and ISBN and other numbers. Appendix 1009F informs my opinion
that, on May 25, 2006, the online catalog of the University of Washington Libraries
was 1n operation and users would have been able to use the online catalog to discover
Szeliski when the library record for this work was created on March 20, 2007.

E. Internet Archive Records

78. As evidence that Szeliski was published before the University of
Washington Libraries and the Yale University Library created their cataloging
records, I searched Internet Archive for records on Szeliski. Appendix 1009G is a

true and correct copy of the webpage for Foundations and Trends in Computer
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Graphics and Vision and the webpage for Szeliski archived by Internet Archive. |
personally located, identified, and obtained these records. They are the type of record

experts in my field would reasonably rely upon when forming their opinions.

79. Page 1 is a screen capture of a Wayback Machine calendar that shows
the publisher’s webpage for Foundations and Trends was archived on March 7,
2007. Pages 2 and 3 are the PDF of this archived copy that shows Szeliski 1s listed
under “Just Published.” This archived copy means that by March 7, 2007, users

would have discovered that Szeliski was published and available for purchase.

80. Page 4 is a screen capture of a Wayback Machine calendar that shows
the publisher’s webpage for Szeliski was archived on March 3, 2007, by the Internet
Archive. This archived copy shows the title, author, abstract, DOI, and series title
and numbering of this work. The archived copy means that users would have
discovered this webpage by March 3, 2007, and used it to obtain a copy from the

publisher.

81. The archived copy of the publisher’s webpage for the series and the
publisher’s webpage for Szeliski inform my opinion that the publisher listed Szeliski
as a published work in March 2007, and users would have been able to discover it
on the Internet by March 7, 2007. This date is consistent with the January 2007
publication date on the publisher’s webpage (Appendix 1009A), the creation dates

of the original MARC record by the University of Washington Libraryies(Appendix
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1009E), and the copy cataloging date of the Yale University Library (Appendix
1009C).

F. Usage Record

82. Actual usage of a publication is reflected by other publications that
make reference to it. [ used Google Scholar to review citations to Szeliski and
compile a list of citations from 2007 to demonstrate usage. Appendix 1009H
presents five 2007 citations, and shows the earliest citation appeared in June 2007,
confirming my opinion that, in March 2007, Szeliski would have been publicly
discoverable and accessible on the Internet and at the University of Washington
Libraries.

G. Summary of My Opinion on Szeliski

83. The publisher copy of Szeliski (EX1009) is authentic because it
contains no signs to raise suspicion about its authenticity, and the copy is in the
custody of the publisher. The publisher webpage for this work (Appendix 1009A)
shows a publication date of “02 January 2007.” The front matter of Szeliski from the
Yale University Library copy (Appendix 1009B) is identical to the front matter in
the publisher copy (EX1009) and the extract provided by the publisher (Appendix
1009A), confirming Szeliski has been publicly accessible at the Yale University
Library. The Yale University Library’s MARC record (Appendix 1009C) shows it

is a copy cataloging record that was added to their catalog on September 4, 2007,
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making Szeliski discoverable in their online catalog from that date on. In addition,
an archived copy of the library home and online catalog (Appendix 1009D) shows
that by October 21, 2002, the online catalog was in operation. The University of
Washington Library’s MARC record (Appendix 1009E) shows the original record
was created on March 20, 2007, making Szeliski discoverable in their online catalog
from that date on. An archived record of the library’s online catalog (Appendix
1009F) shows the online catalog was in operation on May 25, 2006. Archived copies
of the publisher’s webpages for the series and Szeliski (Appendix 1009G) show
Szeliski would have been publicly discoverable and accessible by March 7, 2007.
Usage records (Appendix 1009H) show at least five citations to Szeliski were

published in 2007, and the earliest citation appeared in June 2007.

84. Based on the documents and records I have analyzed, it is my opinion
that Szeliski (EX1009) was publicly discoverable and accessible by March 7, 2007
on the Internet. This work was cataloged by the University of Washington Libraries
and became discoverable in their online catalog from March 20, 2007 on. The
physical copy, after processing, was publicly accessible by March 27, 2007, at the
University of Washington Libraries. If there was a delay in local processing, the
physical copy would have been publicly accessible no later than April 20, 2007. The
Yale University Library copy of Szeliski became publicly discoverable on September

4, 2007, when the record was added to the library catalog. The physical copy, after
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processing, was publicly accessible no later than September 11, 2007. If there is a
delay in local processing, the physical copy would have been publicly accessible no
later than October 4, 2007. Citation records show the earliest citation appeared in
June 2007, confirming my opinion that Szeliski was publicly discoverable and
accessible by March 7, 2007, on the Internet. Thus, Szeliski (EX1009) was published
and publicly accessible as early as April 20, 2007 and no later than October 4, 2007

at libraries.
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IV. Conclusion

85. Insigning this Declaration, I recognize that the Declaration will be filed
as evidence in a case before the Patent Trial and Appeal Board of the United States
Patent and Trademark Office. I also recognize that I may be subject to cross-
examination in the case and that cross-examination will take place within the United
States. If cross-examination is required of me, I will appear for cross-examination

within the United States during the time allotted for cross-examination.

86. I hereby declare that all statements made herein on my own knowledge
are true and that all statements made on information and belief are believed to be
true, and further, that these statements were made with the knowledge that willful

false statements and the like so made are made under penalty of perjury.

Date: 8-9-2024 Executed: \-g"‘%/( / / Gl ,/"“‘*"
Ingrld Hsieh-Yee, Ph D.
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Electronic Information. Presentation at Hamilton College, Clinton, New York.

Hsieh-Yee, L. (1996, May). The Future of Cataloging as a Profession. Presented at "The
Cataloging Forum, Library of Congress, Washington, D.C.

Hsieh-Yee, L. (1994, October). The Impact of the Internet on OPACs. Presented at the Third
Workshop on User Interfaces for OPACs, Library of Congress, Washington, D.C.

Reports

Hsieh-Yee, 1., with Knowledge Management Competencies and Performance Action Group of
the Federal Knowledge Management Initiative. “From Knowledge Management
Competencies to Improved Organizational Performance.” April 9, 2009.
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Hsieh-Yee, 1., with Knowledge Practices Action Group of the Federal Knowledge
Management Initiative. “KM Practice in Government Agencies: Findings and
Recommendations.” April 9, 2009.

Hsieh-Yee, 1. “Delphi Study on Metadata.” 2001. Three quarterly reports submitted to the
Association for Library and Information Science Education.

Hsieh-Yee, 1. “College Students' Information Channels: Patterns of Use and Possible Factors in
Channel Selection.” 1995. Submitted to the Catholic University of America.

Hsieh-Yee, 1. “The Information-Seeking Patterns of Scholars and Their Use of an Online
Information System.” 1994. Submitted to the Council on Library Resources.

Book Reviews

Review of The Measurement and Evaluation of Library Services, by Sharon L. Baker and F.
Wilfrid Lancaster. Information Processing and Management 30 (1994): 450-52.

Review of Subject Access to Films and Videos, by Sheila S. Intner and William E. Studwell; and
Cataloging Unpublished Nonprint Materials, by Verna Urbanski with Bao Chu Chang
and Bernard L. Karon. Information Processing and Management 30 (1994): 449-50.

Review of Automated Information Retrieval in Libraries: A Management Handbook, by Vicki
Anders. Journal of Library and Information Science 19 (1993): 98-100.

Review of Full Text Databases, by Carol Tenopir and Jung Soon Ro. Information Processing
and Management 28 (1992): 667-68.

Review of Descriptive Cataloging for the AACR2R And USMARC: A How-to-Do It Workbook,
by Larry Millsap and Terry Ellen Ferl. Information Processing and Management 28
(1992): 809-11.

Review of MARC Manual: Understanding and Using MARC Records, by Deborah J. Byrne.
Information Processing and Management 28 (1992): 537-38.

Service
Professional Associations and Societies

e Library of Congress. RDA Training Program for the Profession. Co-authored with Tim
Carlton. 2013-2014.

e 2014 Digital Preservation Outreach & Education Survey. Contributed to the design
of the survey, 2014.

e National Digital Stewardship Alliance. Outreach Committee. 2011-2014.

e National Digital Stewardship Residency Program. Advisory Group, 2012-2013.

e FEDLINK Health Information Technology Advisory Council, 2011-2015.
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2012 Joint Conference on Digital Libraries. Program Planning Committee, Pre-
Conference Proposals Review Committee, 2012
Catholic Research Resources Alliance. Five-Year Strategic Plan Task Force, 2011-2012
Institute of Museum and Library Services. Grant reviewer. 2004, 2005, 2010.

Association for Library and Information Science Education.

* ALISE Bodan Wynar Research Paper Award Committee, 2015, 2016, 2017

* ALISE Eugene Garfield Dissertation Award Competition, Jury, 2013, 2014

* ALISE Research Grant Competition Committee. Chair, 2012

* Pratt-Severn Faculty Innovation Award. Chair, 2009, 2010

* ALISE Doctoral Poster Jury, 2012

* “Information Organization Competencies for the 21st Century” Discussion session
leader. 2009 Conference of the Association for Library and Information Science
Education.

* Assisted Technical Services SIG Convener in organizing a program, ““Building a
Metadata Education and Research Community through MERIC (Metadata Education and
Research Information Commons): Demo and Stakeholder Input” for the 2008 ALISE
conference.

* Association for Library Collections and Technical Services/Association for Library and
Information Science Education (ALCTS/ALISE) Metadata Education and Research
Information Center (MERIC) Advisory Board, Co-Chair (with Sherry Vellucci), 2005-
2007. Chair, 2008-2009 (leading the effort to build MERIC, a repository and
collaborative space for metadata educators, practitioners, and researchers)

* Technical Services SIG, Convener, 2004-2005. Organized a program on “Electronic
Resources Management: Current Practices, Employer Expectations, and Teaching
Strategies” for the 2005 conference in Boston, Massachusetts.

* Technical Services SIG, Convener, 2003-2004. Organized a program on “Organizing
Information with Metadata: Desired Competencies and Teaching Innovations” for the
2004 conference.

* Technical Services SIG, Convener, 1999-2000. Organized a program on "Teaching the
Organization of Electronic Resources" for the 2000 conference.

* Curriculum SIG, Co-convener (with Sibyl Moses), 1996-97. Organized a program on
“Government Information Policy” for the 1997 conference.

American Society for Information Science & Technology.

* Reviewer, Conference program panel submissions and poster submissions, 2005, 2006,
2007, 2009, 2011, 2012, 2013, 2014, 2015, 2016, 2017

* Nomination Committee, 2009-2011

* Information Science Education Special Interest Group. American Society for
Information Science and Technology. Chair-Elect, 2007-2008. Chair 2008-2009.

* Committee on Information Science Education. 1999-2006.

* Committee on Information Science Education. Organizing Committee for an
orientation program for students at ASIS annual meetings, 1999-2001

* Committee on Information Science Education. Sub-committee on Student Welfare
(focusing on issues related to master's education), 1998-2001
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* SIG ED. Organizing Committee for the "Seminar on Research and Career
Development" for junior researchers. 1995-96 (chair), 1997-2001
* ISI Doctoral Dissertation Proposal Scholarship Jury, 1997; 2001, 2002
* Pratt-Severn Best Student Research Paper Award Jury. Chair. 1997
* 1998 Midyear Meeting (referee of contributed papers), 1997
* Organizer and moderator of the ASIS Doctoral Forum and the Doctoral Research
Seminar 1994-1995
* SIG Human Computer Interaction. Chair-Elect, Chair, 1993-1995
* Doctoral Forum Award Jury, 1995
* Best Student Paper Award Jury, 1995

American Library Association.

* Committee on Accreditation, External Review Panelist, 2009- (site visiting team 2013-
2014; site visiting team 2016-2017)

* Association for Library Collections and Technical Services Task Force on
Competencies and Education for a Career in Cataloging, member, 2008-2009

* Facilitator for “What They Don't Teach in Library School: Competencies, Education
and Employer Expectations for a Career in Cataloging,” an Association for Library
Collections and Technical Services Preconference, June 22, 2007 in Washington, D.C.
Also a local liaison for bringing this program to the Catholic University of America.

* Facilitator for a discussion on "Effect of Electronic Resources on Technical Services" at
ALA's Midwinter Meeting held in Feb. 1997 in Washington, D.C.

* International Relations Committee, Subcommittee Task Force for IFLA and China,
1994-1997

Virginia Association of School Librarians. Scholarships and Awards Committee. 2010-
2012

Federal Knowledge Management Initiative, Knowledge Management Practices Action
Group. Member. 2009 (leading the effort to build a knowledge management repository)
Federal Knowledge Management Initiative, Knowledge Management Competencies &
Learning Action Group. Member. 2009 (developing an action plan for helping
government knowledge workers and government agencies to develop knowledge
management competencies)

National Center for Education Statistics. Technical Review Panel. 2008.

External evaluator for a case of promotion to full professorship. University of Tennessee.
2008.

National Information Standards Organization (NISO). Advisory Board, Revision of
“IMLS Framework of Guidance for Building Good Digital Collections,” 2004, 2007.
Library of Congress, Bibliographic Control of Web Resources: A Library of Congress
Action Plan. Principal Investigator of Action Item 5.1, focusing on cataloging and
metadata education for students and new librarians, 2002-2003. (worked with the
Association for Library Collections and Technical Services, Education Task Force)
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e Chinese American Librarians Association

* Chinese American Librarians Association Outstanding Library Leadership Award in

Memory of Dr. Margaret Chang Fung, Award Committee, 2016-2017

* Achievement Award Jury, 2000-2001

* CALA Goal 2000 Task Force, 1997

* Scholarship Committee, 1995, 1996-1997 (chair)

* Board of Directors, 1994-1997

* Publication Committee, 1993-1995

* International Relations Committee, 1993-1996

e Sailor™ Assessment Advisory Group (An impact study of Sailor, Maryland's Public
Information Network), 1995

e Editorial boards
Journal of Library & Information Science. Editorial Board, 2012-
Chinese American Librarians Association, Occasional Papers Series. Editorial
Board, 2009-2016.
Library Quarterly. Editorial Board, 2003-2008
Bulletin of the Medical Library Association, 1994-97
Newsletter editor for the Chinese American Librarians Association, 1989-92

e Referee for the following journals
Information Processing and Management
Journal of Digital Information
Journal of Education for Library and Information Science
Journal of Information Science
Journal of Library & Information Science
Journal of Library Metadata
Journal of the American Society for Information Science & Technology
Library and Information Science Research
Library Quarterly

e Expert reviewer, “Digital Library” course, Evaluation module, University of North
Carolina, Chapel Hill, 2007-2008.

e Expert reviewer, “Information Organization” course, University of Michigan, Ann Arbor.
2007.

Catholic University of America

e Academic Senate Committee on Appointments and Promotions, 2005-2008
e Academic Senate Committee on Committees and Rules, 2009-2012, 2019-2022
e Academic Senate representative (for School of Arts & Sciences), 2017-2020
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Academic Senate representative (for School of Library & Information Science) 2003-
2012
Academic Senate Library Committee, Interim Chair (2007), Member, 2008-2012
Academic Senate Committee on Computing, 1995-2003

President’s Administrative Council, 2010-2012
Deans’ Council, 2010-2012

Academic Leadership Group, 2010-2012
Graduate Board, 2010-2012

School of Arts & Sciences, Committee on Appointments and Promotions, 2015-2019
School of Arts & Sciences, Academic Council, 2015-2016.
School of Arts & Sciences, Ordinary Professor Group, 2013-
Doctoral Dissertation Defense Committee, Chair, Dept. of Psychology, 2016, 2017, 2018,
2019, 2020, 2021, 2022
Doctoral Dissertation Defense Committee, Chair, Dept. of Education, 2014, 2015, 2017,
2018, 2019
Doctoral Dissertation Defense Committee, Chair, National Catholic School of Social
Services, 2019, 2020, 2021
Doctoral Dissertation Defense Committee, Chair, School of Nursing, 2006, 2008
CUA Scholarly Communication Project Team, Member (2007), Chair, 2008-2009
Dean Search Committee, 1992-1994, 1998-1999, 2002-2003, 2006-2007
Fulbright Review Panel, 2006
CUA Service Learning Advisory Board, 2001-2002
CUA Faculty Conversations on Enhancing Teaching and Learning through
Technology, Planning Group, 1999-2001
CUA Initiative on Technology and Teaching, 1998-2001

. of Library and Information Science

Admissions Committee, 2007-2009, Chair 2010-2012, Member 2013-2015, Member
2018-2022

Appointments and Promotions Committee, 1991-2022

Student advisement, 1990-2022

4+1 Bachelor to Master program, Program Advisor, 2014-2022

LIS Minor, Advisor, 2017-2022

Curriculum Committee, 2020-21 (Member), 2021-2022 (Chair)

Scholarship & Awards Committee, 2016-2018, 2020-21

Comprehensive examination editor, 2020-21

Symposium, Colloquium, Lecture Series Committee, May 2018-May 2020 (Chair)
Symposium and Colloquium Committee, fall 2016-May 2018

Bridging the Spectrum Symposium session moderator, 2018, 2019, 2020, 2021
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Organization of Information Core Course Outcomes Assessment, 2019, 2020
The Information Professions in Society Core Course Outcomes Assessment, 2019, 2020
Community Services Librarianship, Course of Study Review and Revision, 2020
Organization of Information, Course of Study Review and Revision, 2019
Organization of Information, Competency and Course Offerings Review, 2018-2019
Accreditation presentation, Chair, June 2015-August 2016
Interim Co-Chair, June 2015-August 2016.
Blended/OWL Learning Committee, spring 2016-2018
Technology Committee, fall 2016-2017
Comprehensive examination editor, 2016-2017, reader (every year since 1990)
LIS Advisory Board, 2015-2016 (chair); fall 2016- May 2018 (member)
Committee on Planning and Assessment, 2015-2016 (chair)
Senior Faculty Committee, 2014-2016.
Accreditation Steering Committee, 2014-2016 (Chair, 2015-2016)
Accreditation Students Standard Committee, co-chair, 2014-2016
Accreditation Mission, Goals, and Objectives Standard Committee, co-chair, 2014-2016
Accreditation Curriculum Standard, member 2014-2-16
Accreditation Administration and Finance Standard, member 2014-2016
Cultural Heritage Information Management Project (IMLS-funded), Co-PI, 2012-2015
Cultural Heritage Information Management Forum (scheduled for June 2015), Co-
Organizer, 2013-2015
Health Information Technology Interim Review Committee, 2015 (chair)
Health Sciences Librarianship Advisory Group, 2015- (chair)
Comprehensive examination editors, 2013-2014, 2016-2017
National Digital Stewardship Alliance liaison, 2011-2014
Advisory Board, Chair 2010-2012
Academic Honesty Committee, Chair, 2008-2012
Blended Learning Committee, 2010-2012
Colloquium Committee, 2010-2012
Comprehensive Examination Administration, 2010-2012
Cultural Heritage Information Management Advisory Committee, 2010-2012 (chair),
2013-
Curriculum Committee, 1991-2003, 2007-2009, Chair 2010-2012, member 2013-
Curriculum Subcommittee on Comprehensive Examination, Chair 2009-2012
Health Information Technology Advisory Board, Chair 2010-2012. Member 2013-
Health Sciences Advisory Committee, 2009, Chair 2010-2012. Member 2013-
HIT Expert Forum, Chair 2012. Member 2013-2015
Health Information Technology Student Group Advisor, 2011-2012
State Council for Higher Education of Virginia, SLIS Representative, 2010-2012
Symposium Planning Committee, 2010-2012
Website Management Team, Chair, 2010-2012
Urban School Librarianship Project (IMLS-Funded), PI, 2007-2011 (chair, 2010-11)
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Failing Grades Committee, 1995-1997 (chair), 2000-2001 (chair), 2004-2005 (chair),
2007 (chair)-2011
Faculty Search Committee, 1994-1998, 2002-2004, 2006 (chair), Fall 2007-2009, Chair
fall 2009-2012
Recruitment Committee, Chair 2010-2012
Strategic Planning Committee, Chair 2010-2012
Technology Committee, 2010-2012
Accreditation Advisory Committee, 2007-2009
Accreditation Coordinating Committee, 2007-2009
Accreditation Steering Committee, 2007-2009
SLIS Advisory Group, 2007-2009
Accreditation Curriculum Standard Committee, Co-chair, 2007-2009
Accreditation Faculty Standard Committee, Co-chair, 2007-2009
LSC 551 Information Organization Review Team, Co-chair, 2008-2009, 2015-2016.
Curriculum Subcommittee on Portfolios, 2009
LSC 555 Information Systems in Libraries and Information Centers Review Team,
contributor, 2008-2009
Redesign of LSC 730 Use and Users of Libraries and Information. 2009-
Development of a metadata institute that was taught as LSC 715 Organization of Internet
Resources in 2008. The institute is being revised and will be offered in 2010 under a new
course title.
Development of lesson plans, assignments, and evaluation rubrics for LSC 606,
Cataloging and Classification, for the School’s NCATE accreditation. 2008
Howard and Mathilde Rovelstad Scholarship Committee, Chair, 2004-2007
Assistant Dean Search Committee, Chair, Fall 2007
Liaison to the Association for Library Collections and Technical Services to bring its
preconference program, Cataloging Education and Employer Expectations, to CUA
during the 2007 American Library Association Annual Meeting in Washington, D.C.
Organizer of the colloquium presentation and reception for Tamar Sadeh of Ex Libris on
PRIMO June 2007
Practicum review and design (work with potential supervisors, such as the American
Indian Museum internship description revision) 2006-
Comprehensive examinations (edits, proctoring, and grading), 1990-
SLIS Web site redesign: Comments and suggestions. Fall 2007
Conducted surveys of current students and alumni in preparation for the 2005 re-
accreditation, 2004-2005
Technology Committee, 1992-1999 (chair, 1996-1998), 2002-2003 (member)
Colloquia Committee 1997-1999, 2002-2003.
Advisor of the CUA Student Chapter of the American Society for Information Science
and Technology, 2002-2003
Visiting Professor Search Committee, 1999, 2000, 2001
Leader, Participation in the CORC experiment, 1999-2000
Advisor of the Special Libraries Association Student Chapter, 1993-1999; the group was
recognized for outstanding leadership by SLA in 1999.



21
COA planning Committee, Task Force on Electronic Presentation of SLIS Reports
(team leader) 1997-1998
COA Planning Committee, Subcommittee on Technology 1996-1998
NLM practicum coordinator, 1997-1998
Computer Literacy Workshops: Assisted with the development and evaluation of the
workshops, 1996-1998
Leader, Participation in the InterCat project, 1995-1997
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MARC 21 Reference Materials
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Part X: Field 008 for Books

Part VII:

A Summary of
Commonly Used MARC 21 Fields

This is a summary of the MARC 21 tags used most frequently by libraries in entering
their own bibliographic records. For full listings of all MARC 21 tags, indicators, and
subfield codes, see MARC 21 Format for Bibliographic Data.

In the explanations on these pages:

Tags -- The tags (3-digit numbers) are followed by the names of the fields they represent.
In this summary, and in the MARC 21 Format for Bibliographic Data, if a tag can appear
more than once in one bibliographic record, it is labeled repeatable (R). If it can only be
used once, it is labeled non-repeatable (NR). For example, a catalog record can have
several subjects, so the tags for subject added entries (6XX) are labeled repeatable (R).

Indicators -- The use of indicators is explained in fields where they are used. Indicators
are one-digit numbers. Beginning with the 010 field, in every field -- following the tag --
are two character positions, one for Indicator 1 and one for Indicator 2. The indicators are
not actually defined in all fields, however. And it is possible that a 2nd indicator will be
used, while the 1st indicator remains undefined (or vice versa). When an indicator is
undefined, the character position will be represented by the character # (for blank space).

Subfield codes -- All the data in each field (beginning with the 010 field) is divided into
subfields, each of which is preceded by a delimiter-subfield code combination. The most
common subfield codes used with each tag are shown. Each subfield code is preceded by
the character $, signifying a delimiter. The name of the subfield follows the code.

In general, every field MUST have a subfield 'a' ($a). One exception that is often seen is in
Field 020 (ISBN), when the ISBN information (subfield $a) is unavailable but the price
(subfield $¢) is known. Some subfields are repeatable. In this summary, repeatability is
noted for only the more common repeatable subfields.

Examples: Examples follow the explanation for each field. For clarity, one space has been
placed between the tag and the first indicator, one space has been placed between the
second indicator and the first delimiter- subfield code, and one space has been inserted
between the delimiter-subfield code and the subfield data.

010 Library of Congress Control Number -- (LCCN)
(NR, or Not Repeatable
Indicators undefined.

https://www.loc.gov/marc/umb/umO07to10.htm]
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Subfield used most often:
$a -- Library of Congress control number

Example: 010 ## $a ###86000988#

020 International Standard Book Number -- (ISBN)
(R, or Repeatable)
Indicators undefined.
Subfields used most often:
$a -- International Standard Book Number

$c -- Terms of availability (often a price)
$z -- Cancelled/invalid ISBN (R)

Example: 020 ## $a 0877547637

040 Cataloging source -- (NR)
Indicators undefined.
Subfields used most often:
$a -- Original cataloging agency
$c -- Transcribing agency
$d -- Modifying agency (R)

Example: 040 ## $a DLC
$c DLC
$d gwhs

100 Main entry -- Personal name -- (primary author)
(NR; there can be only one main entry)
Indicator 1: Type of personal name entry element
0 -- Forename
1 -- Surname (this is the most common form)
3 -- Family name
Indicator 2 undefined.
Indicator 2 became obsolete in 1990. Older records may display 0 or 1
Subfields used most often:
$a -- Personal name
$b -- Numeration
$c -- Titles and other words associated with a name (R)
$q -- Fuller form of name
$d -- Dates associated with a name (generally, year of birth)

Example: 100 1# $a Gregory, Ruth W.
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$q (Ruth Wilhelme),
$d 1910-

130 Main entry -- Uniform title -- (NR)
Indicator 1: Nonfiling characters
0-9 -- Number of nonfiling characters present (for initial articles, including
spaces)
Indicator 2 undefined.
Indicator 2 became obsolete in 1990. (See 100 above.)
Subfields used most often:
$a -- Uniform title
$p -- Name of part/section of a work (R)
$1 -- Language of a work
$s -- Version
$f -- Date of a work

Example: 130 0# $a Bible.
$p O.T.
$p Psalms.

240 Uniform title (NR)
Indicator 1: Uniform title printed or displayed
0 -- Not printed or displayed
1 -- Printed or displayed (most common)
Indicator 2: Nonfiling characters
0-9 -- Number of nonfiling characters present (for initial articles, including
spaces)
Subfields used most often:
$a -- Uniform title
$1 -- Language of a work
$f -- Date of a work

Example: 240 10 $a Ile mystérieuse.
$1 English.
$f 1978

245 Title Statement (NR)
Indicator 1: Title added entry
(Should the title be indexed as a title added entry?)
0 -- No title added entry
(indicates a title main entry; i.e. no author is given)
1 -- Title added entry
(the proper indicator when an author given in 1XX; the most common
situation)
Indicator 2: Nonfiling characters
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0-9 -- Number of nonfiling characters present, including spaces; usually set at
zero, except when the title begins with an article; e.g., for The robe, the
second indicator would be set to 4. The letters 7, 4, e, and the space
following them are then ignored in alphabetizing titles. The record will
be automatically filed under "" -- for Robe.

Subfields used most often:

$a -- Title proper

$h -- Medium (often used for non-book media)

$p -- Name of part/section of a work (R)

$b -- Reminder of title (subtitles, etc.)

$c -- Remainder of title page transcription/Statement of responsibility

Example: 245 14 $a The DNA story :
$b a documentary history of gene
cloning /
$c James D. Watson, John Tooze.

246 Varying form of title (R)
Indicator 1: Note/title added entry controller
1 -- Note, title added entry
3 -- No note, title added entry
Indicator 2: Type of title
# -- No information provided
0 -- Portion of title
1 -- Parallel title
4 -- Cover title
8 -- Spine title
Subfield used most often:
$a -- Title proper

Example: 246 3# $a Four corners power review

250 Edition statement (NR)
Indicators undefined.
Subfield used most often:

$a -- Edition statement

Example: 250 ## $a 6th ed.

260 Publication, distribution, etc. (Imprint) (R)
Indicator 1: Sequence of publishing statements

# -- No information provided
Indicator 2: Undefined
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Subfields used most often:
$a -- Place of publication, distribution, etc. (R)
$b -- Name of publisher, distributor, etc. (R)
$c -- Date of publication, distribution, etc. (R)

Example: 260 ## $a New York :
$b Chelsea House,
$c 1986.

300 Physical description (R)
Indicators undefined.
Subfields used most often:
$a -- Extent (number of pages) (R)
$b -- Other physical details (usually illustration information)
$c -- Dimensions (cm.) (R)
$e -- Accompanying material (for example, "teacher's guide" or "manual")

Example: 300 ## $a 139 p.
$b ill. ;
$c 24 cm.

440 Series statement / Added entry--Title
This field was made obsolete in 2008 to simplify the series statement. See 490 and
830.

490 Series statement (No added entry is traced from field) (R)

Indicator 1: Specifies whether series is traced (whether an 8XX tag is also present)
0 -- Series not traced
1 -- Series traced (8XX is in record)

Indicator 2 undefined.

Subfield used most often:
$a -- Series statement (R)
$v -- Volume number (R)

Example: 490 1# $a Colonial American craftsmen

500 General note (R)
Indicators undefined.
Subfield used most often:
$a -- General note (Used when no specialized note field has been defined for
the information. Examples: Notes regarding the index; the source of the title;
variations in title; descriptions of the nature, form, or scope of the item.)
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Example: 500 ## $a Includes index.

504 Bibliography, etc. note (R)
Indicators undefined.
Subfield used most often:
$a -- Bibliography, etc. note

Example: 504 ## $a Includes bibliographical
references.

505 Formatted contents note (R)

Indicator 1: Type of contents note
0 -- Complete contents
1 -- Incomplete contents (used with multivolume set when some volumes are
not yet published)
2 -- Partial contents

Indicator 2: Level of content designation
# -- Basic

Subfield used most often:
$a -- Formatted contents note

Example: 505 0# $a Pride and prejudice —— Emma
—— Northanger Abbey.

520 Summary, etc. note (R)
Indicator 1: Display constant controller

# -- Summary

1 -- Review

2 -- Scope and content

3 -- Abstract
Indicator 2 undefined

Subfields used most often
$a -- Summary, abstract, or annotation
$b -- Expansion of summary note

Example: 520 ## $a This basic guide to parliamentary
procedure tells how to conduct
and participate in a meeting
properly.

600 Subject added entry -- Personal name (R)
Indicator 1: Type of personal name entry element
0 -- Forename
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1 -- Surname (this is the most common form)

3 -- Family name
Indicator 2: Subject heading system/thesaurus (identifies the specific list or file
which was used)

0 -- Library of Congress Subject Headings

1 -- LC subject headings for children's literature

2 -- Medical Subject Headings

3 -- National Agricultural Library subject authority file

4 -- Source not specified

5 -- Canadian Subject Headings

6 -- Répertoire de vedettes-maticre

7 -- Source specified in subfield $2

(Note regarding Sears subject headings: The MARC 21 format does not provide an

assigned indicator for Sears subject headings. Therefore, an indicator of 7 is used, and the

MARC defined code "sears" is placed in subfield $2.)

Subfields used most often:
$a -- Personal name (surname and forename)
$b -- Numeration
$c -- Titles and other words associated with a name (R)
$q -- Fuller form of name
$d -- Dates associated with a name (generally, year of birth)
$t -- Title of a work
$v -- Form subdivision (R)
$x -- General subdivision (R)
$y -- Chronological subdivision (R)
$z -- Geographic subdivision (R)
$2 -- Source of heading or term (used with 2nd indicator of 7)

Example: 600 10 $a Shakespeare, William,
$d 1564-1616
$x Comedies
$x Stage history.

Example: 600 10 $a Shakespeare, William,
$d 1564-1616
$x Knowledge
$z Rome
$v Congresses.

Notice that subfields $v, $x, and $z in the 600 field are repeatable. Subfields $v, $x, $y,
and $z do not have to be in alphabetical order. They will be in the order prescribed by the
instructions given by the subject heading system.

610 Subject added entry -- Corporate name (R)
Indicator 1:Type of corporate name entry element

https://www.loc.gov/marc/umb/umO07to10.htm]

3/19/23,10:28 PM



Understanding MARC Bibliographic: Parts 7 to 10

8 of 17

0 -- Inverted name (not used with AACR2)
1 -- Jurisdiction name
2 -- Name in direct order
Indicator 2: Subject heading system/thesaurus.
See indicator 2 under 600
Subfields used most often:
$a -- Corporate name or jurisdiction name as entry element
$b -- Subordinate unit (R)
$v -- Form subdivision (R)
$x -- General subdivision (R)
$y -- Chronological subdivision (R)
$z -- Geographic subdivision (R)
$2 -- Source of heading or term (used with 2nd indicator of 7)

Example: 610 10 $a United States.
$b Army Air Forces
$v Biography.

650 Subject added entry -- Topical term (Most subject headings fit here.) (R)
Indicator 1: Level of subject
# -- No information provided
Indicator 2: Subject heading system/thesaurus
(identifies the specific list or file which was used)
0 -- Library of Congress Subject Headings
1 -- LC subject headings for children's literature
2 -- Medical Subject Headings
3 -- National Agricultural Library subject authority file
4 -- Source not specified
5 -- Canadian Subject Headings
6 -- Répertoire de vedettes-maticre
7 -- Source specified in subfield $2

Note regarding Sears subject headings: The MARC 21 format does not provide an
assigned indicator for Sears subject headings. Therefore, an indicator of 7 is used, and the
MARC defined code "sears" is placed in subfield $2.)

Subfields used most often:
$a -- Topical term
$v -- Form subdivision (R)
$x -- General subdivision (R)
$y -- Chronological subdivision (R)
$z -- Geographic subdivision (R)
$2 -- Source of heading or term used with 2nd indicator of 7)
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Example: 650 #0 $a Theater
$z United States
$v Biography
$v Dictionaries.

Notice that subfields $v, $x, and $z in the 650 field are repeatable. Subfields $v, $x, Sy,
and $z do not have to be in alphabetical order. They will be in the order prescribed by the
instructions given by the subject heading system.

651 Subject added entry -- Geographic name (R)
Indicator 1: undefined.
Indicator 2: Subject heading system/thesaurus.
See indicator 2 under 600
Subfields used most often:
$a -- Geographic name
$v -- Form subdivision (R)
$x -- General subdivision (R)
$y -- Chronological subdivision (R)
$z -- Geographic subdivision (R)
$2 -- Source of heading or term (used with 2nd indicator of 7)

Example: 651 #0 $a United States
$x History
$v Chronology.

Notice that subfields $v, $x, and $z in the 651 field are repeatable. Subfields $v, $x, $y,
and $z do not have to be in alphabetical order. They will be in the order prescribed by the
instructions given by the subject heading system.

700 Added entry -- Personal name (R)

Indicator 1: Type of personal name entry element
0 -- Forename
1 -- Surname (this is the most common form)
3 -- Family name

Indicator 2: Type of added entry
# -- No information provided (most common; co-authors, editors, etc.)
2 -- Analytical entry (The values for Indicator 2 changed in 1994 with Format
Integration, and older records may display additional values. An analytical
entry involves an author/title of an item contained in a work.)

Subfields used most often:
$a -- Personal name
$b -- Numeration
$c -- Titles and other words associated with a name (R)
$q -- Fuller form of name
$d -- Dates associated with a name (generally, year of birth)
$e -- Relator term (such as ill.) (R)
$4 -- Relator code (R)

9of 17 3/19/23,10:28 PM
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Example: 700 1# $a Baldridge, Letitia.

710 Added entry -- Corporate name (R)

Indicator 1: Type of corporate name entry element
0 -- Inverted name (not used with AACR?2)
1 -- Jurisdiction name
2 -- Name in direct order

Indicator 2: Type of added entry.
See Indicator 2 under 700
# -- No information provided
2 -- Analytical entry

Subfields used most often:
$a -- Corporate name or jurisdiction name as entry element
$b -- Subordinate unit (R)

Example: 710 2# $a Sunburst Communications (Firm)

740 Added entry -- Uncontrolled related/analytical title (R)

Indicator 1: Nonfiling characters
0-9 -- Number of nonfiling characters present (for initial articles, including
spaces)

Indicator 2:Type of added entry. See Indicator 2 under 700
# -- No information provided
2 -- Analytical entry
(This field was redefined in 1994 with Format Integration. Prior to 1994, the
field was also used for variant titles, such as a different wording on a spine
title. In records created since Format Integration, those variant tiles appear in a
246 field.)

Subfield used most often:
$a -- Title

Example: 740 02 $a Uncle Vanya.

800 Series added entry -- Personal name (R)
Indicator 1: Type of personal name entry element
0 -- Forename
1 -- Surname
3 -- Family name
Indicator 2 undefined.
Subfields used most often:
$a -- Personal name
$b -- Numeration
$c -- Titles and other words associated with a name (R)
$q -- Fuller form of name

https://www.loc.gov/marc/umb/umO07to10.htm]
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$d -- Dates associated with a name (generally, year of birth)
$t -- Title of a work (the series)
$v -- Volume number

Example: 800 1# %$a Fisher, Leonard Everett.
$t Colonial American craftsmen.

830 Series added entry -- Uniform title (R)

Indicator 1 undefined.

Indicator 2: Nonfiling characters
0-9 -- Number of nonfiling characters present (for initial articles, including
spaces)

Subfield used most often:
$a -- Uniform title
$v -- Volume number

Example: 830 #0 $a Railroads of America (Macmillan)

[ Back to Top of Page ]

Part VIII:

A List of Other Fields
Often Seen in MARC Records

001  Control number

003  Control number identifier

005  Date and time of latest transaction

006  Fixed-length data elements -- additional material characteristics

007  Physical description fixed field

008  Fixed length data elements (See Part X)

022  International Standard Serial Number (ISSN)

037  Source of acquisition

041  Language code

043  Geographic area code

050  Library of Congress call number

060  National Library of Medicine call number

082  Dewey Decimal classification number (the one recommended
by the Library of Congress; locally-assigned call numbers may
appear elsewhere)

110 Main entry -- Corporate name (less frequent under AACR2
rules)

256  Computer file characteristics

263  Projected publication date
(indicates a CIP -- Cataloging in Publication -- record)
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306
508
510
511
521

530
538
586
656
730
852
856
9XX

Playing time

Creation/production credits note

Citation/references note (review sources)

Participant or performer note

Target audience note (first indicator: 0 = reading grade level, 1
= interest age level, 2 = interest grade level, 3 = special
audience characteristics, 4 = motivation interest level)
Additional physical form available note

System details note

Awards note

Index term -- Occupation

Added entry -- Uniform title

Location

Electronic location and access

Reserved for local use. (They are used by vendors, systems, or
individual libraries to exchange additional data)

[ Back to Top of Page ]

Part IX:

The Leader

There are 24 positions in the Leader, numbered from 00 to 23. For fuller explanation, see
the MARC 21 Format for Bibliographic Data.

00-04
05

06

07

Record length (calculated by the computer for each record)
Record status

= increase in encoding level

= corrected or revised

deleted

new

increase in encoding from prepublication (previous CIP)
pe of record

= language material

= printed music

= manuscript music

cartographic material

= manuscript cartographic material

= projected medium

= nonmusical sound recording

= musical sound recording

= 2-dimensional nonprojectable graphic

= computer file

= kit

= mixed materials

= 3-dimensional artifact or naturally occurring object
= manuscript language material

Bibliographic level

a = monographic component part

b = serial component part

<

”H’OOEW“_"“'OQ"'?CDQO@H’OBQ‘OW
I
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08

09

10
11
12-16
17

18

19

20
21
22
23

Field 008 is used for Fixed Length Data Elements ("Fixed Field Codes"). There are 40
character positions in field 008, numbered from 00-39. Undefined positions must contain
either a blank (#) or a fill character ( | ). Positions 00-17 and 35-39 are defined the same

¢ = collection

d = subunit

1 = integrating resource
m = monograph/item

s = serial

Type of control
# = no specified type

a = archival
Character coding scheme
# = MARC-8

a = UCS/Unicode

Indicator count (always "2")

Subfield code count (always "2")

Base address of data (calculated by the computer for each record)
Encoding level

# = full level

1 = full level, material not examined
2 = less-than-full level, material not examined
3 = abbreviated level

4 = core level

5 = partial (preliminary) level

7 = minimal level

8 = prepublication level (CIP)

u = unknown

z = not applicable

Descriptive cataloging form

# = non-ISBD

a = AACR2

i = ISBD

u = unknown

Multipart resource record level

# = Not specified or not applicable

a = Set

b Part with independent title

c Part with dependent title

Length of the length-of-field portion (always "4")

Length of the starting-character-position portion (always "5")
Length of the implementation-defined portion (always "0")
Undefined (always "0")

[ Back to Top of Page ]

Part X:

Field 008 for Books

way for all media.
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The information shown here for positions 18-34 applies only to books. For explanation of
all the positions below and for positions 18-34 for other media, see the MARC 21 Format
for Bibliographic Data.

Note that field 008 has no indicators or subfield codes.

00-05  Date entered on file (YYMMDD),

where Y=year, M=month, and D=day
06 Type of date/publication status:
= no dates given; B.C. date involved
= detailed date
= single known date/probable date
multiple dates
= reprint/reissue date (Date 1) and original date (Date 2)
= dates unknown
questionable date
publication date and copyright date
= no attempt to code
07-10  Date 1/beginning date of publication
11-14  Date 2/ending date of publication

- T s " g v oo
Il

Date fields contain the year(s) of publication. The type of date(s) in these elements are
specified in fixed field element 06: Type of date/publication status. (For further details, see
the field 008 description in the MARC 21 Format for Bibliographic Data.)

15-17  Place of publication, production, or execution
For example:
pk# = Pakistan
cau = California (US)

(For a full list of codes used in these positions, see the MARC Code List for Countries.)

18-21  Illustrations (up to 4 codes):
= no illustrations

= illustrations

maps

portraits

charts

= plans

= plates

music

facsimiles

coats of arms
genealogical tables
forms

= samples

= phonodisc, phonowire, etc.
= photographs

= illuminations

= no attempt to code
arget audience:

= unknown or not specified
= preschool

J

#
a
b
C
d
€
f
g
h
i
k
1
m
(V)
p
|
22 T.
#
a
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23

24-27

28

= primary

pre-adolescent

adolescent

adult

specialized

= general

= juvenile

= no attempt to code

orm of item:

= none of the following

= microfilm

= microfiche

= microopaque

large print

braille

regular print reproduction
electronic

= no attempt to code

ature of contents (up to 4):

= no specified nature of contents
abstracts/summaries
bibliographies (is one or contains one)
catalogs

dictionaries

= encyclopedias

= handbooks

legal articles

indexes

patent document
discographies

= legislation

= theses

surveys of literature

reviews

programmed texts
filmographies

directories

= statistics

= technical reports
standards/specifications

legal cases and notes

law reports and digests
treaties

= no attempt to code
overnment publication:

= not a government publication
international intergovernmental
federal/national

autonomous or semi-autonomous component
state, provincial, territorial, dependent, etc.
= multistate

= multilocal

T =0 —h 0 oo o
I

7w " w0 o R
Il
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29

30

31

32

33

34

35-37

1 = local

z = other type of government publication

o = government publication -- level undetermined
u = unknown if item is government publication
| = no attempt to code

Conference publication:

0 = not a conference publication

1 = conference publication

| = no attempt to code

Festschrift:

0 = not a festschrift

1 = festschrift

| = no attempt to code

Index:

0 = no index

1 = index present

no attempt to code

https://www.loc.gov/marc/umb/umO07to10.htm]

Undefined (since 1990) (Earlier records may contain the values 0 or 1)

#
|

Undefined
no attempt to code

Literary form:

— oo g »T

A three-letter code. For example: eng fre ger spa rus ita

g = BE Mmoo o —o
|

1ogr.

not fiction (not further specified)
fiction (not further specified)
comic strips

dramas

essays

novels

humor, satires, etc.

letters

short stories

mixed forms

poetry

speeches

unknown

no attempt to code

aphy:

= no biographical material

autobiography

individual biography

collective biography

contains biographical information

= no attempt to code
Language:

(For a full list of codes used in these positions, see the MARC Code List for Languages.)

38

Modified record:

# = not modified

x = missing characters (because of characters unavailable in MARC character
set)

s = shortened

d = "dashed-on" information omitted

3/19/23,10:28 PM
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= completely romanized/printed cards in script
= completely romanized/printed cards romanized
= no attempt to code
ataloging source:
= national bibliographic agency
cooperative cataloging program
= other sources
= unknown
= no attempt to code

%)
\O

—c a0 F+TA— o0 "

[ Back to Top of Page ]

[ Back to Table of Contents ] -- [ Continue to Part 11 ]

' W Library of Congress
Library of Congress Help Desk ( 10/27/2009 )
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Robust Generalized Total Least Squares
Iterative Closest Point Registration
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Harvard Medical School, Boston, MA, USA
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2 Department of Biomedical Engineering, Linképing University, Sweden.

Abstract. This paper investigates the use of a total least squares ap-
proach in a generalization of the iterative closest point (ICP) algorithm
for shape registration. A new Generalized Total Least Squares (GTLS)
formulation of the minimization process is presented opposed to the tra-
ditional Least Squares (LS) technique. Accounting for uncertainty both
in the target and in the source models will lead to a more robust estima-
tion of the transformation. Robustness against outliers is guaranteed by
an iterative scheme to update the noise covariances. Experimental results
show that this generalization is superior to the least squares counterpart.

1 Introduction

The iterative closest point (ICP) algorithm [T] has been extensively used as opti-
mization technique for rigid model based registration based on features extracted
from medical datasets. ICP is an iterative descent procedure which seeks to min-
imize the sum of the squared distances between all points in a source and their
closest points in a target model. As stated by Besl and McKay [I], ICP cannot
deal with outliers and unequal uncertainty among points.

When there is a known correspondence between the points in the source
and the target, the rigid transformation between those sets can be solved in a
least squares sense with a closed form solution [2]. From a statistical point of
view, least squares methods assume that the points are observed with isotropic,
identical and independent Gaussian noise. A more general approach would be
to assume that both the source and the target have noise that can be nei-
ther isotropic nor identical. This kind of model leads to a Generalized Total
Least Squares (GTLS) problem. Kanatani et al. [3] have introduced a total least
squares solution to the problem of rotations of correspondent points.

This paper introduces a novel total least squares generalization of ICP. This
generalization will allow us to consider anisotropic noise both in the target shape
and the source shape. Moreover, an iterative technique is presented that allows
us to estimate the optimal set of covariance matrices so the effect of outlier
points is minimized. An evaluation study is carried out to show the superiority
of the proposed method compared to the standard ICP.

C. Barillot, D.R. Haynor, and P. Hellier (Eds.): MICCAI 2004, LNCS 3216, pp. 234-BZ1], 2004.
© Springer-Verlag Berlin Heidelberg 2004
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1.1 Iterative Closest Points

Let P be the data shape (source shape) and X’ the model shape (target shape)
to be registered with. The data shape is decomposed in point set form, if not
already available in that form. The model shape could originally be given in any
representation but for our purpose we will assume that is also decomposed in a
point set. Thus, let Np, Nx be the number of points in the shapes. P and X are
respectively defined by the Np-tuple P = {p1,p2, -+ ,Pnp} and the Nx-tuple
X = {x1,X2, -+ ,Xny |- There is not a preestablished correspondence between
the points p; and x;.

ICP finds the rigid body transforrnatio7 rotation R and translation t that
aligns the source with the target by minimizing the distance metric

Np
JR,t)=> |lyi—Rp; —t|>,  where y;=C(Rp;+t,X) (1)
i=1

is a point on the surface of the target model X' that corresponds to the point
pi- Given that a priori correspondence between source points and target points
does not exist, an iterative search is needed in order to solve the problem. At
each iteration, a correspondence is established by means of the correspondence
operator C. Then, the transformation that minimizes a mean square metric is
computed. The data points are transformed using the computed transforma-
tion and the process is repeated until a minimum error threshold is achieved
or a maximum number of iterations is reached. The correspondence operator is
typically the closest point operator: C.p(a, X) = argmingex [|x — a|l.

One of the main drawbacks of ICP is that unequal uncertainty among points
is not considered in the process. Several authors have tried to partially take into
account unequal uncertainty by using a weighted least squares minimization [4]
BI6]. This approach, although effective and intuitively correct, is not optimal due
to isotropic assumptions.

2 Method

Real problems present data with noise both in the source and in the target.
Moreover, the noise is typically anisotropic, i.e. certain directions are prone to
being more inaccurate than others. These facts lead us to introduce a generalized
total least squares approach to the aforementioned registration problem.

2.1 GTLS Registration of Corresponding 3-D Point Sets

Let us assume that the target points and the source points are corrupted with
additive noise: x; = X; + Ax; and p; = p; + Ap;, where Ax; and Ap; are
independent random variables with zero mean and known covariance matrices

! The method can also handle affine transformations by looking for the solution in a
linear affine subspace
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Vx;] = E[Ax;Ax]]| and V[p;] = E[Ap;Ap}]. The relation between the free
noise data is given by the rigid transformation model

%, =Rp;+t, i=1,---,Np. (2)

Our problem is to find an estimator of the rotation matrix, R, and the translation
term, t from the noisy data {x;} and {p;}.

The Gauss-Markov theorem states that the linear minimum variance unbi-
ased estimator when the noise is correlated is given by the minimization of the
Mahalanobis distance

Np N
J(R,t) = Z(pi —p) T VIp] "t (pi — Pi) + _Z(xi — %) TV[x] i — %),

(3)

subject to the model constraint (2)). This problem can be seen as a Generalized
Total Least Squares problem [7] from the matrix algebra point of view. The main
difficulty of this problem is that we are looking for the solution in the group
of rotations SO(3). To find a feasible implementation, we have decoupled the
problem over the minimization variable. Thus, we will independently minimize
the rotation variable and the translation variable. An iterative approach will
seek the optimal solution in both spaces.

Rotation term. Let us restrict our data model to be
x; = Rp;, i=1,---,Np. (4)

The minimization of the functional J in eq. [B]) subject to (@) has been previously
addressed by Ohta and Kanatani [3]. The authors show that the values of %; and
pi that minimize (3]) can be solved analytically using Lagrange multipliers and
considering R fixed. From this solution, the resulting minimum is minimized
with respect to R. The problem reduces to

Np
Je(R) =3 (i ~Rp) "WI(xi ~Rp;)  R=ag min Jp, ()
=1

where WR = (RV[p;]RT + V[x;])~!. The same authors proposed an opti-
mization scheme based on quaternions using the renormalization technique of
Kanatani [§]. The implementation of this optimization method has been proven
to be robust and stable.

Translation term. In this case, the data model is merely
X; =p; +t, i=1,---,Np. (6)

Following the same approach as in [3], we have solved the values of %x; and p;
that minimize @) considering t fixed. Again, minimizing that result with respect



Robust Generalized Total Least Squares Iterative Closest Point Registration 237

to t, we can write

Np
Ji(t) = (i —pi =) Wil —pi—t),  t=argminJ; (7)
i=1

where Wt = (V[p;] + V[x;])'. t can be analytically obtained by equating the
gradient to zero and solving for t. The solution is given by

A Np Np
t=0_ WH' Y Wix —p)). (8)
i=1 i=1

Note that setting the covariance matrices to the identity, the solutions R and t
reduce to the least squares ones.

Robustness. A total least squares approach has the flexibility of encoding the
uncertainty information of the observed data points in the covariance matrices.
In point correspondence problems we can identify two sources of noise: extrinsic
noise due to sensor errors and intrinsic noise due to incorrect matches. The
extrinsic noise is problem dependent and we try to model it by means of the
covariance matrices. The intrinsic noise has paramount importance as recognized
by Haralick et al. [9]. Outliers make ordinary LS estimators the estimator of least
virtue. We have enforced the robustness of the correspondence problem by an
iterative algorithm that looks for the optimal set of covariance matrices. At the
same time, the iterative approach will allow us to look for the solution in both
parameter spaces, rotation and translation.

Our aim is to make the outlier points having a noise covariance higher than
initially expected by adding an isotropic part. The covariance matrix can be
written as the sum of two terms

Vixi] = Vealx] + 02 13 VIpi] = Vea[pi] + 07, Is. 9)

An iterative scheme will look for the optimal set of aii and 01271- such that the

outliers are identified.

The robust corresponding points algorithm can be summarized as follows:
Set initial variable: t = [0,0,0]7, V[x;] = Veo[xi] + I, V[pi] = Veu[pi] + L.
Estimate R as described in [3] using {x} = x; — t} and {p;}.

Rotate source points with estimated R: {p, = ﬁpl}

Estimate t using eq. (8) with points {x;} and {p}.

Update covariance matrix before next iteration

a) {p; = Rp; + t}.

b) Transform source covariance matrix: Ve, [p;] = RV., [pi]RT.

ik W=

B (e R i e R RN
i 0 otherwise,
o _ JIIPE—xl?/2 if Tr[Veo[pd]] < 3IIp§ —xul|?/2,
pi 0 otherwise.

6. Check for convergence, if not go to step 2.
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2.2 Generalized Total Least Squares ICP: GTLS-ICP

The iterative closest points problem defined in section [T can be solved using
the minimization method presented in the previous section. In this case, the
correspondence between the data points, {p;}, and the model points, {x;}, is
not known. For each point, we know the covariance matrix of the noise, V,,.[pi]
and Ve, [x;] respectively. The functional () can be rewritten as

J(R,t) = Z(Pi —pi) Vipi] '(pi —Pi) + Z(yi -y) " VIyi '(yi —yi).  (10)

where y; is the result of the closest point operator. An iterative closest point
approach will start by assuming a matching between data and model points.
From this matching, the transformation that minimizes the function ([I0) will be
solved by using the previous algorithm. In the initial iterations, it is dangerous
to minimize J using the initial covariances, V.., since the dominant noise will
be due to the uncertainty of the matching. Sharp et al. [I0] have shown that
the noise due to the closest point correspondence operator can be modeled as an
isotropic Gaussian noise with variance equal to the distance between the data
point and the closest point in the model. This noise model can be introduced to
update the covariance matrices globally for each iteration. Thus, the algorithm
will initially look for the solution in the least squares sense and the closer the data
points and model points get, the more the algorithm will rely on the provided
noise covariances, V.
The GTLS-ICP algorithm can be summarized as follows:

Update model covariance matrices: V]y;| = Vi, [yi] + oIs.

1. Set the initial transformation: R =I5, t = [0,0,0]”.

2. Transform data points: {p} = Rp; + t}.

3. Find closest points: {y; = Cep(p}, X)}.

4. Noise level estimation due to C.,: 02 = Nip Zf\;”l lly: — pilI>.
5.

6.

Solve corresponding points registration between {y;} and {p;} — R and
t.
7. Check for convergence, if not go to step 2.

3 Experiments

3.1 Methodology

The reliability of our algorithm has been tested by random noise simulations.
A hip model has been used as the model shape. Points have been randomly
sampled from that mesh and transformed with a known rotation matrix R, and
translation vector t (see Fig. ).

Noise has been independently added to the mesh and the transformed points.
The noise between points is independent but not identically distributed with a
known covariance matrix. Noise has been generated according to two distri-
butions: Normal and Tukey’s slash distribution. The slash distribution can be
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Fig. 1. Hip and random sampled points after transformation used for the evaluation
of the algorithm.

Table 1. Eigenvalues of noise covariance matrices for each class. The degree of
anisotropy decreases with the the number of the class

Cov. class| A1 A2 A3 [|Cov. class| A1 A2 A3 ||Cov. class| A1 A2 A3
1 1.00 0.00 0.00 6 0.67 0.17 0.17 11 0.44 0.33 0.22
2 0.80 0.20 0.00 7 0.57 0.29 0.14 12 0.40 0.40 0.20
3 0.67 0.33 0.00 8 0.50 0.38 0.12 13 0.40 0.30 0.30
4 0.57 0.43 0.00 9 0.44 0.44 0.11 14 0.36 0.36 0.27
5 0.50 0.50 0.00 10 0.50 0.25 0.25 15 0.33 0.33 0.33

obtained as a Gaussian random variable with zero mean and a given covari-
ance divided by a uniform random variable over the interval [0,1]. The slash
distribution has been used to model outliers due to its broad tails. 15 different
classes of noise have been simulated depending on the covariance. Table [Tl shows
the eigenvalues of the different noise covariance matrices. The first five classes
correspond to the case of noise confined onto a plane.

A distance metric on rotation matrices can be defined as the minimal angle of
rotation needed, around some axis, to transform one rotation into another. This
can be calculated using quaternions of the relative rotation error R, = RR.
The quaternion representation of R, is q. = [0, q1, 92, g3]* . The error vector is
defined as A2 = Af],, where Af2 = arccos(2qp) is the angle of the rotation
error R and 1, = [g1, g2, g3]7 / sin(42) is the axis of rotation. The variance of
the error is given by V[AQ] = E{ARANT}.

The two statistics that we have used to assess the rotation error have been
the mean rotation error F, and the standard deviation Sy, defined as

Eq = |E{AQ}],  Sa=/TVIAT]. (11)

Regarding the translation, we have used the mean translation error F; and
the standard deviation S; defined as

Bi= Bt -8}, S = TE{(t - )t -7}, (12)

To estimate the error statistics, 100 independent realizations have been carried
out for each anisotropic noise class and variance. We have compared our method
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Fig. 2. Evaluation of the rotation error and translation error for different covariance
matrices and Gaussian noise. Dark bar: GTLS-ICP. Light bar: LS-ICP

Rotation Error (degrees)
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[ isicp
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Fig. 3. Evaluation of the rotation error and translation error for different covariance
matrices and slash noise. Dark bar: GTLS-ICP. Light bar: LS-ICP.

(GTLS-ICP) with the standard least squares ICP (LS-ICP) using Horn method
[2] to minimize the functional at each iteration.

3.2 Results

The GTLS-ICP algorithm has been tested by randomly sampling 150 points from
the mesh. A rotation of 30° around the axis [1,1,1]7 and a translation [1, 1, 1]T
have been applied. Noise has been added to the mesh and to the sampled points
after the transformation.

Figure Bl shows the rotation error statistics for Gaussian noise. From these
results we can see that, as long as rotations are involved, the mean error is
similar for both methods; however the standard deviation of our solution is
significantly smaller for anisotropic noise classes. The more isotropic the noise
becomes, our solution tends to the standard least squares as expected. The
translation error follows a similar tendency, our method shows a lower Sy when
the noise distributes in an anisotropic way.

Figure Bl shows the error statistics for slash noise. Slash noise has been only
added to the sampled points, while the mesh has been corrupted with Gaussian
noise. The results clearly shows the stability and robustness of our method. It is
fair to say that a preprocessing for outliers rejection may improve the results for
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LS-ICP. However, our method seamlessly incorporates the rejection of outliers
by setting up the covariance matrices adequately.

4 Conclusions

A generalization of the iterative closest points algorithm has been presented using
a generalized total least squares framework. The main contributions of this work
are: 1) noise is modeled both in the target shape and the source shape (total
least squares), 2) anisotropic noise can be taken into account in the estimation
of the transformation (generalized total least squares) and 3) outlier rejection
is intrinsically handled by iterative estimation of the optimal isotropic noise
variance of the covariance matrices. We believe that registration techniques that
use ICP, or some of its variants, as optimization process will directly benefit
of the generalized approach introduced in this paper, yielding a more robust
estimation.

Acknowledgments. This work has been funded by CIMIT and NIH grant P41
RR 13218.

References

1. Paul J. Besl and Neil D. McKay. A method for registration of 3-D shapes. IEEE
Transaction on Pattern Analysis and Machine Intelligence, 14(2):239-256, 1992.

2. B. K. P. Horn. Closed-form solution of absolute orientation using unit quaternions.
Journal of the Optical Society of America, 4(4):629-642, 1987.

3. N. Ohta and K. Kanatani. Optimal estimation of three-dimensional rotation
and reliability evaluation. IEEE Transactions on Information and Systems, E81-
D(11):1247-1252, 1998.

4. Zhengyou Y. Zhang. Iterative point matching for registration of free-form curves
and surfaces. International Journal of Computer Vision, 13(2):119-152, Oct 1994.

5. Calvin R. Maurer, Georges B. Aboutanos, Benoit M. Dawant, Robert J. Maciunas,
and J. Michael Fitzpatrick. Registration of 3-D images using weighted geometrical
features. IEEE Transaction on Medical Imaging, 15(6):836 — 849, Dec 1996.

6. Chitra Dorai, John Weng, and Anil K. Jain. Optimal registration of objects view
using range data. IEEE Transaction on Pattern Analysis and Machine Intelligence,
19(10):1131 — 1138, Dec 1997.

7. S. van Huffel and J. Vandewalle. Analysis and properties of the generalized total
least squares problem AX =~ B, when some or all columns are subject to error.
SIAM Journal on Matriz Analysis and Applications, 10(3):294 — 315, 1989.

8. K. Kanatani. Statistical Optimization for Geometric Computation: Theory and
Practice. Elsevier, 1996.

9. Robert M. Haralick, Hyonam Joo, Chung-Nan Lee, Xinhua Zhuang, Vinay G.
Vaidya, and Man Bae Kim. Pose estimation from corresponding point data. IEEE
Transactions on Systems, Man. and Cybernetics, 19(6):1426 — 1446, Nov 1989.

10. Gregory C. Sharp, Sang W. Lee, and David K. Wehe. ICP registration using in-
variant features. IEEE Transaction on Pattern Analysis and Machine Intelligence,
24(1):90-102, Jan 2002.



APPENDIX 1008B



Robust Generalized Total Least Squares Iterative Closest Point Registrat... https://link.springer.com/chapter/10.1007/978-3-540-30135-6_29

SPRINGER LINK Login

= Menu Q search T cart

Home > Medical Image Computing and Computer-Assisted Intervention — MICCAI 2004 > Conference
paper

Robust Generalized Total Least Squares Iterative
Closest Point Registration

| Conference paper

| pp234-241 | Cite this conference paper

Chvion Rt Db e
e s 1)

e Medical Image Computing and

2 “"CDMW!!FMSISM
Intervention -

Computer-Assisted Intervention —
MICCAI 2004

(MICCAI2004)

Raul San José Estépar, Anders Brun & Carl-Fredrik Westin

m Part of the book series: Lecture Notes in Computer Science ((LNCS,volume 3216))

£3J Includedin the following conference series:
International Conference on Medical Image Computing and Computer-Assisted Intervention

g) 1839 Accesses D 30 Citations

Abstract

This paper investigates the use of a total least squares approach in a generalization of the iterative

l1of6 7/13/24,12:01 PM


https://www.springer.com/series/558
https://www.springer.com/series/558
https://link.springer.com/conference/miccai
https://link.springer.com/conference/miccai
http://citations.springer.com/item?doi=10.1007/978-3-540-30135-6_29
http://citations.springer.com/item?doi=10.1007/978-3-540-30135-6_29
https://link.springer.com/
https://link.springer.com/
https://idp.springer.com/auth/personal/springernature?redirect_uri=https://link.springer.com/chapter/10.1007/978-3-540-30135-6_29
https://idp.springer.com/auth/personal/springernature?redirect_uri=https://link.springer.com/chapter/10.1007/978-3-540-30135-6_29
https://idp.springer.com/auth/personal/springernature?redirect_uri=https://link.springer.com/chapter/10.1007/978-3-540-30135-6_29
javascript:;
javascript:;
https://order.springer.com/public/cart
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
javascript:;
https://order.springer.com/public/cart
https://order.springer.com/public/cart
https://order.springer.com/public/cart
https://link.springer.com/
https://link.springer.com/
https://link.springer.com/
https://link.springer.com/book/10.1007/b100265
https://link.springer.com/book/10.1007/b100265
https://link.springer.com/book/10.1007/b100265
https://link.springer.com/book/10.1007/b100265
https://link.springer.com/book/10.1007/b100265
https://link.springer.com/book/10.1007/b100265
https://link.springer.com/book/10.1007/b100265
https://link.springer.com/book/10.1007/b100265
https://link.springer.com/book/10.1007/b100265

Robust Generalized Total Least Squares Iterative Closest Point Registrat... https://link.springer.com/chapter/10.1007/978-3-540-30135-6_29

closest point (ICP) algorithm for shape registration. A new Generalized Total Least Squares (GTLS)
formulation of the minimization process is presented opposed to the traditional Least Squares (LS)
technique. Accounting for uncertainty both in the target and in the source models will lead to a more
robust estimation of the transformation. Robustness against outliers is guaranteed by an iterative
scheme to update the noise covariances. Experimental results show that this generalization is superior

to the least squares counterpart.

Download to read the full chapter text 'i/‘

Similar content being viewed by others

. Bl
g w4 s

Compatter Vision -
2 ACCV 2016 Workshops

Qtewwe  WBSIG e
I . . o ADIRECT- lobal
Non-rigid Point Set Rapid Analytic Optimization o Dtimi(z:atit)ynpaelg;?tahm tor
Registration Based on of Quadratic ICP Algorithms P g

image registration

Iterative Linear
Optimization

Chapter ©2016 Chapter ©2017 Article 02June 2020

Keywords

Covariance Matrice Generalize Total Iterative Close Point Target Shape

Rotation Error

These keywords were added by machine and not by the authors. This process is experimental and the

keywords may be updated as the learning algorithm improves.

20f 6 7/13/24,12:01 PM


https://link.springer.com/content/pdf/10.1007/978-3-540-30135-6_29.pdf
https://link.springer.com/content/pdf/10.1007/978-3-540-30135-6_29.pdf
https://link.springer.com/search?query=Covariance%20Matrice&facet-discipline=%22Medicine%20%26%20Public%20Health%22
https://link.springer.com/search?query=Covariance%20Matrice&facet-discipline=%22Medicine%20%26%20Public%20Health%22
https://link.springer.com/search?query=Generalize%20Total&facet-discipline=%22Medicine%20%26%20Public%20Health%22
https://link.springer.com/search?query=Generalize%20Total&facet-discipline=%22Medicine%20%26%20Public%20Health%22
https://link.springer.com/search?query=Iterative%20Close%20Point&facet-discipline=%22Medicine%20%26%20Public%20Health%22
https://link.springer.com/search?query=Iterative%20Close%20Point&facet-discipline=%22Medicine%20%26%20Public%20Health%22
https://link.springer.com/search?query=Target%20Shape&facet-discipline=%22Medicine%20%26%20Public%20Health%22
https://link.springer.com/search?query=Target%20Shape&facet-discipline=%22Medicine%20%26%20Public%20Health%22
https://link.springer.com/search?query=Rotation%20Error&facet-discipline=%22Medicine%20%26%20Public%20Health%22
https://link.springer.com/search?query=Rotation%20Error&facet-discipline=%22Medicine%20%26%20Public%20Health%22
https://link.springer.com/10.1007/978-981-10-2260-9_19?fromPaywallRec=false
https://link.springer.com/10.1007/978-981-10-2260-9_19?fromPaywallRec=false
https://link.springer.com/10.1007/978-981-10-2260-9_19?fromPaywallRec=false
https://link.springer.com/10.1007/978-981-10-2260-9_19?fromPaywallRec=false
https://link.springer.com/10.1007/978-981-10-2260-9_19?fromPaywallRec=false
https://link.springer.com/10.1007/978-981-10-2260-9_19?fromPaywallRec=false
https://link.springer.com/10.1007/978-981-10-2260-9_19?fromPaywallRec=false
https://link.springer.com/10.1007/978-981-10-2260-9_19?fromPaywallRec=false
https://link.springer.com/10.1007/978-981-10-2260-9_19?fromPaywallRec=false
https://link.springer.com/10.1007/978-3-319-54526-4_5?fromPaywallRec=false
https://link.springer.com/10.1007/978-3-319-54526-4_5?fromPaywallRec=false
https://link.springer.com/10.1007/978-3-319-54526-4_5?fromPaywallRec=false
https://link.springer.com/10.1007/978-3-319-54526-4_5?fromPaywallRec=false
https://link.springer.com/10.1007/978-3-319-54526-4_5?fromPaywallRec=false
https://link.springer.com/10.1007/s10898-020-00914-y?fromPaywallRec=false
https://link.springer.com/10.1007/s10898-020-00914-y?fromPaywallRec=false
https://link.springer.com/10.1007/s10898-020-00914-y?fromPaywallRec=false
https://link.springer.com/10.1007/s10898-020-00914-y?fromPaywallRec=false
https://link.springer.com/10.1007/s10898-020-00914-y?fromPaywallRec=false
https://link.springer.com/10.1007/s10898-020-00914-y?fromPaywallRec=false
https://link.springer.com/10.1007/s10898-020-00914-y?fromPaywallRec=false

Robust Generalized Total Least Squares Iterative Closest Point Registrat... https://link.springer.com/chapter/10.1007/978-3-540-30135-6_29

References

1. Besl, PJ., McKay, N.D.: A method for registration of 3-D shapes. IEEE Transaction on Pattern
Analysis and Machine Intelligence 14(2), 239-256 (1992)

Article Google Scholar

2. Horn, B.K.P.: Closed-form solution of absolute orientation using unit quaternions. Journal of the
Optical Society of America 4(4), 629—642 (1987)

Article MathSciNet Google Scholar

3. Ohta, N,, Kanatani, K.: Optimal estimation of three-dimensional rotation and reliability evaluation.
IEEE Transactions on Information and Systems E81- D(11), 1247—-1252 (1998)

Google Scholar

/.. Zhang, ZY.: Iterative point matching for registration of free-form curves and surfaces.
International Journal of Computer Vision 13(2), 119—-152 (1994)

Article Google Scholar

5. Maurer, C.R., Aboutanos, G.B., Dawant, B.M., Maciunas, R.J., Michael Fitzpatrick, J.: Registration of
3-D images using weighted geometrical features. IEEE Transaction on Medical Imaging 15(6),
836—849 (1996)

Article Google Scholar

6. Dorai, C., Weng, J., Jain, A.K.: Optimal regis tration of objects viewusing range data. IEEE
Transaction on Pattern Analysis and Machine Intelligence 19(10), 1131-1138 (1997)

Article Google Scholar

/. van Huffel, S., Vandewalle, J.: Analysis and properties of the generalized total least squares problem

30f6 7/13/24,12:01 PM


https://doi.org/10.1109%2F34.121791
https://doi.org/10.1109%2F34.121791
https://scholar.google.com/scholar_lookup?&title=A%20method%20for%20registration%20of%203-D%20shapes&journal=IEEE%20Transaction%20on%20Pattern%20Analysis%20and%20Machine%20Intelligence&volume=14&issue=2&pages=239-256&publication_year=1992&author=Besl%2CP.J.&author=McKay%2CN.D.
https://scholar.google.com/scholar_lookup?&title=A%20method%20for%20registration%20of%203-D%20shapes&journal=IEEE%20Transaction%20on%20Pattern%20Analysis%20and%20Machine%20Intelligence&volume=14&issue=2&pages=239-256&publication_year=1992&author=Besl%2CP.J.&author=McKay%2CN.D.
https://doi.org/10.1364%2FJOSAA.4.000629
https://doi.org/10.1364%2FJOSAA.4.000629
http://www.ams.org/mathscinet-getitem?mr=928747
http://www.ams.org/mathscinet-getitem?mr=928747
https://scholar.google.com/scholar_lookup?&title=Closed-form%20solution%20of%20absolute%20orientation%20using%20unit%20quaternions&journal=Journal%20of%20the%20Optical%20Society%20of%20America&volume=4&issue=4&pages=629-642&publication_year=1987&author=Horn%2CB.K.P.
https://scholar.google.com/scholar_lookup?&title=Closed-form%20solution%20of%20absolute%20orientation%20using%20unit%20quaternions&journal=Journal%20of%20the%20Optical%20Society%20of%20America&volume=4&issue=4&pages=629-642&publication_year=1987&author=Horn%2CB.K.P.
https://scholar.google.com/scholar_lookup?&title=Optimal%20estimation%20of%20three-dimensional%20rotation%20and%20reliability%20evaluation&journal=IEEE%20Transactions%20on%20Information%20and%20Systems&volume=E81-%20D&issue=11&pages=1247-1252&publication_year=1998&author=Ohta%2CN.&author=Kanatani%2CK.
https://scholar.google.com/scholar_lookup?&title=Optimal%20estimation%20of%20three-dimensional%20rotation%20and%20reliability%20evaluation&journal=IEEE%20Transactions%20on%20Information%20and%20Systems&volume=E81-%20D&issue=11&pages=1247-1252&publication_year=1998&author=Ohta%2CN.&author=Kanatani%2CK.
https://link.springer.com/doi/10.1007/BF01427149
https://link.springer.com/doi/10.1007/BF01427149
https://scholar.google.com/scholar_lookup?&title=Iterative%20point%20matching%20for%20registration%20of%20free-form%20curves%20and%20surfaces&journal=International%20Journal%20of%20Computer%20Vision&volume=13&issue=2&pages=119-152&publication_year=1994&author=Zhang%2CZ.Y.
https://scholar.google.com/scholar_lookup?&title=Iterative%20point%20matching%20for%20registration%20of%20free-form%20curves%20and%20surfaces&journal=International%20Journal%20of%20Computer%20Vision&volume=13&issue=2&pages=119-152&publication_year=1994&author=Zhang%2CZ.Y.
https://doi.org/10.1109%2F42.544501
https://doi.org/10.1109%2F42.544501
https://scholar.google.com/scholar_lookup?&title=Registration%20of%203-D%20images%20using%20weighted%20geometrical%20features&journal=IEEE%20Transaction%20on%20Medical%20Imaging&volume=15&issue=6&pages=836-849&publication_year=1996&author=Maurer%2CC.R.&author=Aboutanos%2CG.B.&author=Dawant%2CB.M.&author=Maciunas%2CR.J.&author=Michael%20Fitzpatrick%2CJ.
https://scholar.google.com/scholar_lookup?&title=Registration%20of%203-D%20images%20using%20weighted%20geometrical%20features&journal=IEEE%20Transaction%20on%20Medical%20Imaging&volume=15&issue=6&pages=836-849&publication_year=1996&author=Maurer%2CC.R.&author=Aboutanos%2CG.B.&author=Dawant%2CB.M.&author=Maciunas%2CR.J.&author=Michael%20Fitzpatrick%2CJ.
https://doi.org/10.1109%2F34.625115
https://doi.org/10.1109%2F34.625115
https://scholar.google.com/scholar_lookup?&title=Optimal%20regis%20tration%20of%20objects%20viewusing%20range%20data&journal=IEEE%20Transaction%20on%20Pattern%20Analysis%20and%20Machine%20Intelligence&volume=19&issue=10&pages=1131-1138&publication_year=1997&author=Dorai%2CC.&author=Weng%2CJ.&author=Jain%2CA.K.
https://scholar.google.com/scholar_lookup?&title=Optimal%20regis%20tration%20of%20objects%20viewusing%20range%20data&journal=IEEE%20Transaction%20on%20Pattern%20Analysis%20and%20Machine%20Intelligence&volume=19&issue=10&pages=1131-1138&publication_year=1997&author=Dorai%2CC.&author=Weng%2CJ.&author=Jain%2CA.K.

Robust Generalized Total Least Squares Iterative Closest Point Registrat... https://link.springer.com/chapter/10.1007/978-3-540-30135-6_29

AX =B, when some or all columns are subject to error. SIAM Journal on Matrix Analysis and
Applications 10(3), 294—315 (1989)

Article MATH MathSciNet Google Scholar

8. Kanatani, K.: Statistical Optimization for Geometric Computation: Theory and Practice. Elsevier,
Amsterdam (1996)

MATH Google Scholar

O, Haralick, R.M,, Joo, H., Lee, C.-N., Zhuang, X., Vaidya, V.G., Kim, M.B.: Pose estimation from
corresponding point data. IEEE Transactions on Systems, Man. and Cybernetics 19(6), 1426—1446
(1989)

Article Google Scholar

10. Sharp, GC., Lee, SW., Wehe, D.K.: ICP registration using invariant features. IEEE Transaction on
Pattern Analysis and Machine Intelligence 24(1), 90—102 (2002)

Article Google Scholar

Author information

Authors and Affiliations

Laboratory of Mathematics in Imaging, Brigham and Women’s Hospital, Harvard Medical School,
Boston, MA, USA

Raul San José Estépar, Anders Brun & Carl-Fredrik Westin

Department of Biomedical Engineering, Linkoping University, Sweden
Anders Brun

Editor information

Editors and Affiliations

4 of 6 7/13/24,12:01 PM


https://doi.org/10.1137%2F0610023
https://doi.org/10.1137%2F0610023
http://www.emis.de/MATH-item?0681.65025
http://www.emis.de/MATH-item?0681.65025
http://www.ams.org/mathscinet-getitem?mr=1003101
http://www.ams.org/mathscinet-getitem?mr=1003101
https://scholar.google.com/scholar_lookup?&title=Analysis%20and%20properties%20of%20the%20generalized%20total%20least%20squares%20problem%20AX%20%E2%89%88%20B%2C%20when%20some%20or%20all%20columns%20are%20subject%20to%20error&journal=SIAM%20Journal%20on%20Matrix%20Analysis%20and%20Applications&volume=10&issue=3&pages=294-315&publication_year=1989&author=Huffel%2CS.&author=Vandewalle%2CJ.
https://scholar.google.com/scholar_lookup?&title=Analysis%20and%20properties%20of%20the%20generalized%20total%20least%20squares%20problem%20AX%20%E2%89%88%20B%2C%20when%20some%20or%20all%20columns%20are%20subject%20to%20error&journal=SIAM%20Journal%20on%20Matrix%20Analysis%20and%20Applications&volume=10&issue=3&pages=294-315&publication_year=1989&author=Huffel%2CS.&author=Vandewalle%2CJ.
http://www.emis.de/MATH-item?0851.62078
http://www.emis.de/MATH-item?0851.62078
https://scholar.google.com/scholar_lookup?&title=Statistical%20Optimization%20for%20Geometric%20Computation%3A%20Theory%20and%20Practice&publication_year=1996&author=Kanatani%2CK.
https://scholar.google.com/scholar_lookup?&title=Statistical%20Optimization%20for%20Geometric%20Computation%3A%20Theory%20and%20Practice&publication_year=1996&author=Kanatani%2CK.
https://doi.org/10.1109%2F21.44063
https://doi.org/10.1109%2F21.44063
https://scholar.google.com/scholar_lookup?&title=Pose%20estimation%20from%20corresponding%20point%20data&journal=IEEE%20Transactions%20on%20Systems%2C%20Man.%20and%20Cybernetics&volume=19&issue=6&pages=1426-1446&publication_year=1989&author=Haralick%2CR.M.&author=Joo%2CH.&author=Lee%2CC.-N.&author=Zhuang%2CX.&author=Vaidya%2CV.G.&author=Kim%2CM.B.
https://scholar.google.com/scholar_lookup?&title=Pose%20estimation%20from%20corresponding%20point%20data&journal=IEEE%20Transactions%20on%20Systems%2C%20Man.%20and%20Cybernetics&volume=19&issue=6&pages=1426-1446&publication_year=1989&author=Haralick%2CR.M.&author=Joo%2CH.&author=Lee%2CC.-N.&author=Zhuang%2CX.&author=Vaidya%2CV.G.&author=Kim%2CM.B.
https://doi.org/10.1109%2F34.982886
https://doi.org/10.1109%2F34.982886
https://scholar.google.com/scholar_lookup?&title=ICP%20registration%20using%20invariant%20features&journal=IEEE%20Transaction%20on%20Pattern%20Analysis%20and%20Machine%20Intelligence&volume=24&issue=1&pages=90-102&publication_year=2002&author=Sharp%2CG.C.&author=Lee%2CS.W.&author=Wehe%2CD.K.
https://scholar.google.com/scholar_lookup?&title=ICP%20registration%20using%20invariant%20features&journal=IEEE%20Transaction%20on%20Pattern%20Analysis%20and%20Machine%20Intelligence&volume=24&issue=1&pages=90-102&publication_year=2002&author=Sharp%2CG.C.&author=Lee%2CS.W.&author=Wehe%2CD.K.

Robust Generalized Total Least Squares Iterative Closest Point Registrat... https://link.springer.com/chapter/10.1007/978-3-540-30135-6_29

Visages U746, INSERM-INRIA-CNRS-Univ-Rennesl, IRISA, Rennes, France
Christian Barillot

Department of Radiology, University of Washington, 98195-6004, Seattle, WA, USA
David R. Haynor

Project VisAGeS, IRISA - INRIA - INSERM, IRISA campus Beaulieu, 35042, Rennes Cedex, France
Pierre Hellier

Rights and permissions

Reprints and permissions

Copyright information

© 2004 Springer-Verlag Berlin Heidelberg
About this paper

Cite this paper

Estépar,R.S.)., Brun, A., Westin, CF. (2004). Robust Generalized Total Least Squares Iterative Closest Point
Registration. In: Barillot, C., Haynor, D.R., Hellier, P. (eds) Medical Image Computing and Computer-
Assisted Intervention — MICCAI 2004. MICCAI 2004. Lecture Notes in Computer Science, vol 3216.
Springer, Berlin, Heidelberg. https://doi.org/10.1007/978-3-540-30135-6_29

.RIS¥ .ENW&  .BIBL

DOI Publisher Name Print ISBN

https:// Springer, Berlin, Heidelberg 978-3-540-22976-6
doi.org/10.1007/978-3-540-3

0135-6_29

Online ISBN eBook Packages

978-3-540-30135-6 Springer Book Archive

50f6 7/13/24,12:01 PM


https://s100.copyright.com/AppDispatchServlet?publisherName=SpringerNature&orderBeanReset=true&orderSource=SpringerLink&title=Robust%20Generalized%20Total%20Least%20Squares%20Iterative%20Closest%20Point%20Registration&author=Ra%C3%BAl%20San%20Jos%C3%A9%20Est%C3%A9par%2C%20Anders%20Brun%2C%20Carl-Fredrik%20Westin&contentID=10.1007%2F978-3-540-30135-6_29&copyright=Springer-Verlag%20Berlin%20Heidelberg&publication=eBook&publicationDate=2004&startPage=234&endPage=241&imprint=Springer-Verlag%20Berlin%20Heidelberg
https://s100.copyright.com/AppDispatchServlet?publisherName=SpringerNature&orderBeanReset=true&orderSource=SpringerLink&title=Robust%20Generalized%20Total%20Least%20Squares%20Iterative%20Closest%20Point%20Registration&author=Ra%C3%BAl%20San%20Jos%C3%A9%20Est%C3%A9par%2C%20Anders%20Brun%2C%20Carl-Fredrik%20Westin&contentID=10.1007%2F978-3-540-30135-6_29&copyright=Springer-Verlag%20Berlin%20Heidelberg&publication=eBook&publicationDate=2004&startPage=234&endPage=241&imprint=Springer-Verlag%20Berlin%20Heidelberg
https://citation-needed.springer.com/v2/references/10.1007/978-3-540-30135-6_29?format=refman&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-3-540-30135-6_29?format=refman&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-3-540-30135-6_29?format=endnote&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-3-540-30135-6_29?format=endnote&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-3-540-30135-6_29?format=bibtex&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-3-540-30135-6_29?format=bibtex&flavour=citation
https://metadata.springernature.com/metadata/books
https://metadata.springernature.com/metadata/books
https://citation-needed.springer.com/v2/references/10.1007/978-3-540-30135-6_29?format=refman&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-3-540-30135-6_29?format=refman&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-3-540-30135-6_29?format=endnote&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-3-540-30135-6_29?format=endnote&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-3-540-30135-6_29?format=bibtex&flavour=citation
https://citation-needed.springer.com/v2/references/10.1007/978-3-540-30135-6_29?format=bibtex&flavour=citation

Robust Generalized Total Least Squares Iterative Closest Point Registrat... https://link.springer.com/chapter/10.1007/978-3-540-30135-6_29

Share this paper

Anyone you share the following link with will be able to read this content:

C Get shareable link )

Provided by the Springer Nature SharedIt content-sharing initiative

Publish with us

Policies and ethics [2

6 of 6 7/13/24,12:01 PM


https://www.springernature.com/gp/policies/book-publishing-policies
https://www.springernature.com/gp/policies/book-publishing-policies

APPENDIX 1008C



Medical image computing and computer-assisted intervention - MICCA... September 26-29, 2004 ; proceedings - Quicksearch - Yale Library

leclisearch Search Orbis/Morris All Fields Q

Advanced Search  Search Help @

ALL RESULTS BooOks+ DIGITAL COLLECTIONS DATABASES
ARCHIVES OR MANUSCRIPTS ARTICLES+ NEW ARRIVALS

SEE ALL RESULTS BY DATA SOURCE

Books+ Search Results

Medical image computing and computer-assisted intervention - MICCAI 2004 : 7th
international conference, Saint-Malo, France, September 26-29, 2004 ; proceedings

https://search.library.yale.edu/catalog/6709697?block=Books

7/13/24, 12:27 PM

Page 1 of 4


https://library.yale.edu/
https://search.library.yale.edu/
https://search.library.yale.edu/catalog/6709697?block=Books#
https://web.library.yale.edu/quicksearch
https://search.library.yale.edu/quicksearch
https://search.library.yale.edu/digital_collections
https://search.library.yale.edu/databases
https://search.library.yale.edu/archives
https://search.library.yale.edu/articles
https://search.library.yale.edu/new_arrivals
https://search.library.yale.edu/catalog

Author

Title

ISBN
Published

Physical
Description

Format
Language
Added to Catalog

Series

Bibliography

Subjects

Also listed under

Bookmark As

Citation

SITE NAVIGATION

FIND, REQUEST, AND USE

Medical image computing and computer-assisted intervention - MICCA... September 26-29, 2004 ; proceedings - Quicksearch - Yale Library

International Conference on Medical
Image Computing and Computer-Assisted
Intervention (7th : 1998 : Saint-Malo,
France)

Medical image computing and computer-
assisted intervention - MICCAI 2004 : 7th
international conference, Saint-Malo,
France, September 26-29, 2004 ;
proceedings / Christian Barillot, David R.
Haynor, Pierre Hellier (eds.).

3540229760 (v. 1)
3540229779 (v. 2)

Berlin ; New York : Springer, 2004.
2v.:ill.; 24 cm.

@ Books
English
October 13, 2004

Lecture notes in computer science ; 3216-
3217

Includes bibliographical references and
index.

Imaging systems in medicine > Data
processing > Congresses.

Image analysis > Data processing >
Congresses.

Image processing > Digital techniques >
Congresses.

Operations, Surgical > Data processing >
Congresses.

Medicine > Data processing >
Congresses.

Diagnostic imaging > Data processing >
Congresses.

Barillot, Christian.
Haynor, David R.
Hellier, Pierre.

https://search.library.yale.edu/catalog/670
9697

Cite

Bass Library

https://search.library.yale.edu/catalog/6709697?block=Books

YALE’S LIBRARIES

7/13/24, 12:27 PM

Available from:

Library Shelving Facility (LSF)
QA76 A1 L43 3216-3217 (LC)

Request for pickup <

Request scan of article / chapter <

Send to home address
« Available

Notes: **Shelved using vol. no. of main series: Lecture notes in
computer science. pt.1 shelved as: pt.3216 pt.2 shelved as: pt.3217

Med
+ Summary Holdings : :'“,'..m:;

More info at Google books

| Search |

O RE |

SUBSCRIBE TO OUR NEWSLETTER

Page 2 of 4


https://www.library.yale.edu/
https://search.library.yale.edu/catalog?f%5Bauthor_facet%5D%5B%5D=International+Conference+on+Medical+Image+Computing+and+Computer-Assisted+Intervention+%287th+%3A+1998+%3A+Saint-Malo%2C+France%29
https://search.library.yale.edu/catalog?commit=search&q=%22Lecture+notes+in+computer+science+%3B%22&search_field=Series
https://search.library.yale.edu/catalog?f%5Bsubject_hierc_ss%5D%5B%5D=Imaging+systems+in+medicine
https://search.library.yale.edu/catalog?f%5Bsubject_hierc_ss%5D%5B%5D=Imaging+systems+in+medicine+%3E+Data+processing
https://search.library.yale.edu/catalog?f%5Bsubject_hierc_ss%5D%5B%5D=Imaging+systems+in+medicine+%3E+Data+processing+%3E+Congresses
https://search.library.yale.edu/catalog?f%5Bsubject_hierc_ss%5D%5B%5D=Image+analysis
https://search.library.yale.edu/catalog?f%5Bsubject_hierc_ss%5D%5B%5D=Image+analysis+%3E+Data+processing
https://search.library.yale.edu/catalog?f%5Bsubject_hierc_ss%5D%5B%5D=Image+analysis+%3E+Data+processing+%3E+Congresses
https://search.library.yale.edu/catalog?f%5Bsubject_hierc_ss%5D%5B%5D=Image+processing
https://search.library.yale.edu/catalog?f%5Bsubject_hierc_ss%5D%5B%5D=Image+processing+%3E+Digital+techniques
https://search.library.yale.edu/catalog?f%5Bsubject_hierc_ss%5D%5B%5D=Image+processing+%3E+Digital+techniques+%3E+Congresses
https://search.library.yale.edu/catalog?f%5Bsubject_hierc_ss%5D%5B%5D=Operations+Surgical
https://search.library.yale.edu/catalog?f%5Bsubject_hierc_ss%5D%5B%5D=Operations+Surgical+%3E+Data+processing
https://search.library.yale.edu/catalog?f%5Bsubject_hierc_ss%5D%5B%5D=Operations+Surgical+%3E+Data+processing+%3E+Congresses
https://search.library.yale.edu/catalog?f%5Bsubject_hierc_ss%5D%5B%5D=Medicine
https://search.library.yale.edu/catalog?f%5Bsubject_hierc_ss%5D%5B%5D=Medicine+%3E+Data+processing
https://search.library.yale.edu/catalog?f%5Bsubject_hierc_ss%5D%5B%5D=Medicine+%3E+Data+processing+%3E+Congresses
https://search.library.yale.edu/catalog?f%5Bsubject_hierc_ss%5D%5B%5D=Diagnostic+imaging
https://search.library.yale.edu/catalog?f%5Bsubject_hierc_ss%5D%5B%5D=Diagnostic+imaging+%3E+Data+processing
https://search.library.yale.edu/catalog?f%5Bsubject_hierc_ss%5D%5B%5D=Diagnostic+imaging+%3E+Data+processing+%3E+Congresses
https://search.library.yale.edu/catalog?f%5Bauthor_facet%5D%5B%5D=Barillot%2C+Christian
https://search.library.yale.edu/catalog?f%5Bauthor_facet%5D%5B%5D=Haynor%2C+David+R.
https://search.library.yale.edu/catalog?f%5Bauthor_facet%5D%5B%5D=Hellier%2C+Pierre
https://search.library.yale.edu/catalog/6709697
https://search.library.yale.edu/catalog/6709697/cite_view
https://books.google.com/books?id=iVj1ebPGfLUC&printsec=frontcover&source=gbs_ViewAPI
http://orbis.library.yale.edu/vwebv/patronRequests?bibId=6709697&bibDbCode=LOCAL&bibDbName=Local%20Database
https://ill.library.yale.edu/illiad/illiad.dll?action=10&form=30&sid=scan-orbis&genre=Scan&PhotoJournalTitle=Medical%20image%20computing%20and%20computer-assisted%20intervention%20-%20MICCAI%202004%20:%207th%20international%20conference,%20Saint-Malo,%20France,%20September%2026-29,%202004%20;%20proceedings&CallNumber=QA76%20A1%20L43%203216-3217%20(LC)&Location=lsfeng&ItemInfo2=6709697&ISBN=3540229760,%203540229779&ISSN=&CitedIn=scan-quicksearch
https://ill.library.yale.edu/illiad/illiad.dll?Action=10&Form=20&Value=GenericRequestMailToAddress&LoanTitle=Medical%20image%20computing%20and%20computer-assisted%20intervention%20-%20MICCAI%202004%20:%207th%20international%20conference,%20Saint-Malo,%20France,%20September%2026-29,%202004%20;%20proceedings&LoanAuthor=International%20Conference%20on%20Medical%20Image%20Computing%20and%20Computer-Assisted%20Intervention%20(7th%20:%201998%20:%20Saint-Malo,%20France)&CallNumber=QA76%20A1%20L43%203216-3217%20(LC)&Location=lsfeng&ItemInfo2=6709697&ISSN=3540229760,%203540229779&CitedIn=library-mail-to-address-service
https://books.google.com/books?id=iVj1ebPGfLUC&source=gbs_ViewAPI
https://library.yale.edu/find-request-and-use
https://web.library.yale.edu/building/bass-library
https://subscribe.yale.edu/

Medical image computing and computer-assisted intervention - MICCA... September 26-29, 2004 ; proceedings - Quicksearch - Yale Library 7/13/24, 12:27 PM

HELP AND RESEARCH SUPPORT  Beinecke Rare Book and Gy [ > ]
Manuscript Library
VISIT AND STUDY

Classics Library

EXPLORE COLLECTIONS @YALELIBRARY
ABOUT US
ASK YALE LI
MY LIBRARY
HOURS
George Kubler in Latin America
You frame
You stop n
= - \ v 'V B : & | You calme
p . B | # - - 3 L5t Strong th
TRANSISTHMIAN VIEWS 2o Dako b
/- OFCENTRALAMERICA | | | / il (ES
; X '
PO.BOX 208
New Haven, ( “ o
06250-8240 AmIA=YINIRERS
(203) 432-17; 8 | A

YALE LIBRARY INSTAGRAM

https://search.library.yale.edu/catalog/6709697?block=Books Page 3 of 4


https://library.yale.edu/help-and-research-support
https://library.yale.edu/visit-and-study
https://library.yale.edu/explore-collections
https://library.yale.edu/about-us
https://ask.library.yale.edu/
https://library.yale.edu/my-library-accounts
https://web.library.yale.edu/buildings
https://www.yale.edu/
https://beinecke.library.yale.edu/
https://web.library.yale.edu/classics-library
https://library.medicine.yale.edu/
https://web.library.yale.edu/divinity
https://web.library.yale.edu/international/east-asia-library
https://web.library.yale.edu/music
https://web.library.yale.edu/arts
https://walpole.library.yale.edu/
https://library.law.yale.edu/
https://marx.library.yale.edu/
https://web.library.yale.edu/building/sterling-memorial-library
https://britishart.yale.edu/while-we-are-closed
https://www.facebook.com/yalelibrary
https://twitter.com/yalelibrary
https://www.instagram.com/yalelibrary
http://www.youtube.com/yaleuniversitylibrary
https://www.instagram.com/yalelibrary

Medical image computing and computer-assisted intervention - MICCA... September 26-29, 2004 ; proceedings - Quicksearch - Yale Library 7/13/24, 12:27 PM

ACCESSIBILITY DIVERSITY, EQUITY, AND INCLUSION GIVING PRIVACY AND DATA USE
CONTACT OUR QUICKSEARCH TEAM

© 2022 Yale University Library ¢ All Rights Reserved

https://search.library.yale.edu/catalog/6709697?block=Books Page 4 of 4


https://usability.yale.edu/web-accessibility/accessibility-yale
https://library.yale.edu/diversity
https://www.yale.edu/givelibrary
https://web.library.yale.edu/data-use
https://yalesurvey.qualtrics.com/SE/?SID=SV_ePRYbhHrT3D2eEd

Download as: MARCXML MARC21

Return to Patron View

Librarian View

LEADER 01647cam a2200373 a 4500

0016709697

005 20110325175603.0

008 041001s2004gw ab1010engd

010 |a2004111954

035 |a (OCoLC)ocn688790429

035 |a 6709697

040 la OHX |c OHX |d KKS |d CtY

020 |a 3540229760 (v.1)

020 |a 3540229779 (v.2)

050 O 0 |aR857.06 |b15742004

079 laocm56617014

11 2 |a International Conference on Medical Image Computing and Computer-Assisted
Intervention |n (7th: |d 1998 : |c Saint-Malo, France)

245 0 O |aMedical image computing and computer-assisted intervention - MICCAI 2004 : |b 7th
international conference, Saint-Malo, France, September 26-29,2004 ; proceedings / |c
Christian Barillot, David R. Haynor, Pierre Hellier (eds.).

260 |a Berlin; |a New York : |b Springer, |c 2004.

300 la2v.:|bill.; |c24 cm.

440 O |aLecture notes in computer science; |v 3216-3217

504 |a Includes bibliographical references and index.

650 O |almaging systems in medicine |x Data processing |v Congresses.

650 O |almage analysis |x Data processing |v Congresses.

650 0 |almage processing |x Digital techniques |v Congresses.

650 0 |a Operations, Surgical |x Data processing |v Congresses.

650 0 |a Medicine |x Data processing |v Congresses.




650 O |aDiagnosticimaging |x Data processing |v Congresses.

700 1 |a Barillot, Christian.

700 1 |a Haynor, David R.

700 1 |a Hellier, Pierre.

901 |a R857.06

902 |a Marx Library |b Library Shelving Facility (LSF) >> QA76 A1L43 3216-3217
(LC)|DELIM|7309493

907 |a2004-10-13T10:52:11.000Z




APPENDIX 1008D



|http://orbis.Iibrary.yale.edu/cgi—bin/Pwebrecon.cgi?DB=IocaI&PAGE=First | Go SEP gelanll MAR @ Q

75 captures 2 1 ’ li

21 Oct 2002 - 19 Nov 2023 Ak 2002 I ] » About this capture

' »
')—A%
R YALE UNIVERSITY LIBRARY CATALOG

[\

NEW SEARCH LIBRARY CATALOGS | YOUR LIBRARY ACCOUNT | PLACE REQUESTS BOOKBAG HELP  LOG OUT

Database Name: Yale University Library
Simple Search Advanced Search Course Reserve
Search for: Search in:

| Title (omit leading articles: A, An, The, L")
Journal/Newspaper/Magazine Title (omit leading articles: A, An, The, L")

Quick Limits (Optional): Author (sorted by qame)
Use with Title and Keyword searches only Author (sorted by title)
[ N A Keyword (MUST use and/or/not or " ")
one v]
Ranked Keyword
Subject

Call Number
Uniform Title as Main Entry (e.g. Bible, Arabian Nights)

[ 50 Records per page #] [SearchJ[CIearJ MORE LIMITS

Orbis Feedback Orbis Feedback




Yale University Library Catalog, Simple Search 7/25/24,10:21 PM

The Wayback Machine - https://web.archive.org/web/20021021221107/http://orbis.library.yale.edu:80/cgi-b...

L
O I IS YALE UNIVERSITY LIBRARY CATALOG

NEW SEARCH | LIBRARY CATALOGS | YOUR LIBRARY ACCOUNT | PLACE REQUESTS |BOOKBAG | HELP | LOG OUT

Database Name: Yale University Library
Simple Search Advanced Search Course Reserve

Search for: Search in:

Title (omit leading articles: A, An, The, L")
Journal/Newspaper/Magazine Title (omit leading articles: A, An, The, L")
Author (sorted by name)

Quick Limits (Optional): Author (sorted by title)
Use with Title and Keyword searches only |Keyword (MUST use and/or/not or " ")
( None B Ranked Keyword

Subject

Call Number
Uniform Title as Main Entry (e.g. Bible, Arabian Nights)

( 50 Records per page ¢ Searchj Clear MORE LIMITS

Orbis Feedback Orbis Feedback

Search Help

Title or Journal Title Enter as much of the title as you know:
old man and the sea
journal of environmental economics

Omit any initial article (a, al, an, the, der, el, I', la, etc.):
petit prince instead of le petit prince

Non-keyword searches automatically truncate to the right when abbreviated: the title zen
and the art retrieves all titles that start with this phrase.

Author (sorted by For individuals, enter last name first:

name) carson rachel

Enter names of organizations or groups:
american psychological association

Author (sorted by Use this index when the form of the author's name is known or for prolific composers or
title) authors.
Use Author (sorted by name) for second authors, editors, and translators.

Enter author's last name first:
shakespeare william
bach johann

Keyword Use and, or, not to combine one-word search terms:

italy and renaissance faulkner and absalom
Use ? to truncate:

econ? finds economy, economical, economics, etc.
Use quotation marks to search for phrases:

"global warming"” "great britain"”

Use parentheses to group search terms:

(modern or contemp?) and paint?

https://web.archive.org/web/20021021221107/http://orbis.library.yale.edu/cgi-bin/Pwebrecon.cgi?DB=local&PAGE=First Page 1 of 2


https://web.archive.org/web/20021021221107/http://orbis.library.yale.edu/cgi-bin/Pwebrecon.cgi?PAGE=dbPage&SEQ=20021021181059&PID=2433
https://web.archive.org/web/20021021221107/https://orbis.library.yale.edu/cgi-bin/Pwebrecon.cgi?DB=local&PAGE=pbLogon
https://web.archive.org/web/20021021221107/http://orbis.library.yale.edu/cgi-bin/Pwebrecon.cgi?PAGE=REQNOBIB&SEQ=20021021181059&PID=2433
https://web.archive.org/web/20021021221107/http://orbis.library.yale.edu/cgi-bin/Pwebrecon.cgi?cart=true&PAGE=LOGON&SEQ=20021021181059&PID=2433
https://web.archive.org/web/20021021221107/http://www.library.yale.edu/pubstation/opachelp
https://web.archive.org/web/20021021221107/http://orbis.library.yale.edu/cgi-bin/Pwebrecon.cgi?PAGE=Exit&SEQ=20021021181059&PID=2433
https://web.archive.org/web/20021021221107/http://orbis.library.yale.edu/cgi-bin/Pwebrecon.cgi?PAGE=bbSearch&SEQ=20021021181059&PID=2433
https://web.archive.org/web/20021021221107/http://orbis.library.yale.edu/cgi-bin/Pwebrecon.cgi?PAGE=rbSearch&SEQ=20021021181059&PID=2433
https://web.archive.org/web/20021021221107/http://orbis.library.yale.edu/cgi-bin/Pwebrecon.cgi?PAGE=lbSearch&SEQ=20021021181059&PID=2433&LRP=sbSearch
https://web.archive.org/web/20021021221107/http://www.library.yale.edu/about/orbisfeedback.html
https://web.archive.org/web/20021021221107/http://www.library.yale.edu/about/orbisfeedback.html

Yale University Library Catalog, Simple Search

Ranked Keyword

DO NOT use and, or, not between search terms ; leave spaces between words.
Use + to indicate essential terms:

+cuba +politics
Use * to indicate important terms:

*renaissance
Use quotation marks to search for exact phrases:

"green revolution"” "mourning becomes electra”
Use ! to indicate words that must not appear:

psychology !child

Use ? to truncate:

environ? finds environment, environmental, environs

7/25/24, 10:21 PM

Subject

Use Library of Congress Subject Headings:
soil erosion

or Medical Subject Headings:
magnetic resonance imaging

Call Number

Enter as much of the call number as you know, including punctuation and spaces:
PS3537.T32

Uniform Title as Main
Entry

Used for title searches on works in the oral tradition that have no identifiable author, such

as the Bible, Arabian Nights, or Beowulf.

Quick Limits

Can only be used with Keyword, Title, and Ranked Keyword searches.
Limits are retained between searches until "None" is selected by the user.

More limits

Can only be used with Keyword, Title, and Ranked Keyword searches.
Use to apply one or more limits to a search.

Can restrict searches to certain languages, libraries & collections, dates, media, or item

types.
Limits are retained between searches until cleared by the user.

To combine a Quick Limits with selections from More Limits , go to More Limits first,
make your selections, then go back to the search box and choose a Quick Limit before

searching.

New Search Titles Headings Search History Library Catalogs Your Library Account Place Requests Help Log Out

https://web.archive.org/web/20021021221107/http://orbis.library.yale.edu/cgi-bin/Pwebrecon.cgi?DB=local&PAGE=First

Page 2 of 2


https://web.archive.org/web/20021021221107/http://orbis.library.yale.edu/cgi-bin/Pwebrecon.cgi?PAGE=dbPage&SEQ=20021021181059&PID=2433
https://web.archive.org/web/20021021221107/https://orbis.library.yale.edu/cgi-bin/Pwebrecon.cgi?DB=local&PAGE=pbLogon
https://web.archive.org/web/20021021221107/http://orbis.library.yale.edu/cgi-bin/Pwebrecon.cgi?PAGE=REQNOBIB&SEQ=20021021181059&PID=2433
https://web.archive.org/web/20021021221107/http://www.library.yale.edu/pubstation/opachelp
https://web.archive.org/web/20021021221107/http://orbis.library.yale.edu/cgi-bin/Pwebrecon.cgi?PAGE=Exit&SEQ=20021021181059&PID=2433
https://web.archive.org/web/20021021221107/http://www.library.yale.edu/
https://web.archive.org/web/20021021221107/http://www.library.yale.edu/hours
https://web.archive.org/web/20021021221107/http://www.library.yale.edu/about/orbisfeedback.html
https://web.archive.org/web/20021021221107/http://www.yale.edu/yaleinfo/index.html
https://web.archive.org/web/20021021221107/http://www.yale.edu/

APPENDIX 1008E



Medical image computing and computer-assisted intervention : MICCAI 20...R. Haynor, Pierre Hellier (eds.). - University of California Berkeley 7/13/24, 1:04 PM

CONFERENCE PROCEEDING ¥ 4
Medical image computing and computer-assisted

intervention : MICCAI 2004, 7th international conference,

Saint-Malo, France, September 26-29, 2004 : proceedings /

Christian Barillot, David R. Haynor, Pierre Hellier (eds.).

International Conference on Medical Image Computing and Computer-Assisted

Intervention (7th : 2004 : Saint-Malo, France); Barillot, Christian.; Haynor, David R.;

Hellier, Pierre.

Top 2004
VIEW ONLINE Available at Northern Regional Library Facility NRLF (UCB) (R857.06 1574 2004)
Available Online
GETIT
LINKS
DETAILS View Online
SEND TO %
Springer Nature - Complete eBooks
VIRTUAL BROWSE Part |,
. [
Springer Nature - Complete eBooks
Part ll.
Springer Nature - Springer Book Archive - Springer
Computer Science
[

Springer Nature - Springer Book Archive - Springer
Computer Science

Get It

Sign in to view request options and to access your account. 'EI SIGNIN

https://search.library.berkeley.edu/discovery/fulldisplay?context=L...rch_scope=Mylnstitution&tab=Everything&docid=alma991043486999706532 Page 1 of 4


https://na07.alma.exlibrisgroup.com/view/action/uresolver.do?operation=resolveService&package_service_id=49724032870006531&institutionId=6531&customerId=6530
https://na07.alma.exlibrisgroup.com/view/action/uresolver.do?operation=resolveService&package_service_id=49724032860006531&institutionId=6531&customerId=6530
https://search.library.berkeley.edu/view/action/uresolver.do?operation=resolveService&package_service_id=24564431520006532&institutionId=6532&customerId=6530&VE=true
https://search.library.berkeley.edu/view/action/uresolver.do?operation=resolveService&package_service_id=24564431510006532&institutionId=6532&customerId=6530&VE=true
https://search.library.berkeley.edu/discovery/fulldisplay?docid=alma991043486999706532&context=L&vid=01UCS_BER:UCB&lang=en&adaptor=Local%20Search%20Engine&tab=Everything
https://search.library.berkeley.edu/discovery/fulldisplay?docid=alma991043486999706532&context=L&vid=01UCS_BER:UCB&lang=en&adaptor=Local%20Search%20Engine&tab=Everything
https://search.library.berkeley.edu/discovery/search?vid=01UCS_BER%3AUCB&lang=en
https://search.library.berkeley.edu/discovery/jsearch?vid=01UCS_BER%3AUCB&lang=en
https://guides.lib.berkeley.edu/az.php
https://search.library.berkeley.edu/discovery/browse?vid=01UCS_BER%3AUCB&lang=en
https://search.library.berkeley.edu/discovery/blankIll?vid=01UCS_BER%3AUCB
https://guides.lib.berkeley.edu/uclibrarysearch/
https://search.library.berkeley.edu/discovery/favorites?vid=01UCS_BER%3AUCB&lang=en&section=items
https://lib.berkeley.edu/

Medical image computing and computer-assisted intervention : MICCAI 20...R. Haynor, Pierre Hellier (eds.). - University of California Berkeley 7/13/24, 1:04 PM

< BACK TO LOCATIONS
LOCATION ITEMS

Northern Regional Library Facility

Available , NRLF (UCB) ; R857.06 1574 2004 v =

Holdings: pt.1-2 (2004) -V
Item in place (0 requests) v.1 24/7 chat
Loanable

Item in place (0 requests) v.2

v
Loanable
OTHER UC LIBRARIES v/
University of California Los Angeles
Available in institution
University of California Santa Barbara
Available in institution
Links
Display MARC Record(#
Details
Creator International Conference on Medical Image Computing and Computer-
Assisted Intervention (7th : 2004 : Saint-Malo, France)
Title Medical image computing and computer-assisted intervention : MICCAI
2004, 7th international conference, Saint-Malo, France, September 26-29,
2004 : proceedings / Christian Barillot, David R. Haynor, Pierre Hellier
(eds.).
Other title MICCAI 2004
Format 2 volumes :illustrations (some color) ; 24 cm
Creation Date 2004
Publisher Berlin ; New York, N.Y. : Springer, 2004.
Series Lecture notes in computer science ; 3216-3217
Lecture notes in computer science ; 3216-3217.
Notes Includes bibliographical references and indexes.
Contents Pt.1-- Pt. 2.
Additional forms Also issued online.
Subject

https://search.library.berkeley.edu/discovery/fulldisplay?context=L...rch_scope=Mylnstitution&tab=Everything&docid=alma991043486999706532 Page 2 of 4


https://search.library.berkeley.edu/discovery/search?query=creator%2Ccontains%2CInternational%20Conference%20on%20Medical%20Image%20Computing%20and%20Computer-Assisted%20Intervention%2CAND&tab=Everything&search_scope=MyInstitution&vid=01UCS_BER%3AUCB&facet=creator%2Cexact%2CInternational%20Conference%20on%20Medical%20Image%20Computing%20and%20Computer-Assisted%20Intervention&mode=advanced&offset=0
https://search.library.berkeley.edu/discovery/search?query=title%2Ccontains%2CLecture%20notes%20in%20computer%20science%20%2CAND&tab=Everything&search_scope=MyInstitution&vid=01UCS_BER%3AUCB&mode=advanced&offset=0
https://search.library.berkeley.edu/discovery/search?query=title%2Ccontains%2CLecture%20notes%20in%20computer%20science%20%2CAND&tab=Everything&search_scope=MyInstitution&vid=01UCS_BER%3AUCB&mode=advanced&offset=0
https://search.library.berkeley.edu/discovery/sourceRecord?vid=01UCS_BER%3AUCB&docId=alma991043486999706532&recordOwner=01UCS_NETWORK

Medical image computing and computer-assisted intervention : MICCAI 20...R. Haynor, Pierre Hellier (eds.). - University of California Berkeley

Genre

Contributor

Related titles

Identifier

Source

Send to

=

PRINT

EXPORT BIBTEX

https://search.library.berkeley.edu/discovery/fulldisplay?context=L...rch_scope=Mylnstitution&tab=Everything&docid=alma991043486999706532

Médecine -- Informatique

Imagerie pour le diagnostic -- Informatique
Diagnostics -- Informatique

Imagerie pour le diagnostic
Robotique

Chirurgie assistée par ordinateur
Robotics

Diagnostic imaging

Diagnosis -- Data processing
Computer-assisted surgery
Diagnostic imaging -- Data processing
Medicine -- Data processing
Diagnosis, Computer-Assisted
Diagnostic Imaging

Image Processing, Computer-Assisted
Robotics

Surgery, Computer-Assisted

Therapy, Computer-Assisted
EBRgress

proceedings (reports)

Conference papers and proceedings
Actes de congres

Barillot, Christian.
Haynor, David R.
Hellier, Pierre.

7/13/24, 1:04 PM

Available in other form: Medical Image Computing and Computer-Assisted

Intervention -- MICCAI 2004 7th International Conference Saint-Malo,
France, September 26-29, 2004, Proceedings, Part |

Available in other form: Medical Image Computing and Computer-Assisted

Intervention -- MICCAI 2004 Tth International Conference Saint-Malo,
France, September 26-29, 2004, Proceedings, Part ||

ISBN : 9783540229766

ISBN : 3540229760

ISBN : 9783540229773

ISBN : 3540229779

Library Catalog

" ® b B

CITATION ENDNOTE EASYBIB EXPORT RIS
DIRECT LINK EMAIL

Page 3 of 4


https://search.library.berkeley.edu/discovery/search?query=sub%2Ccontains%2CMe%CC%81decine%20--%20Informatique%20--%20Congre%CC%80s%2CAND&tab=Everything&search_scope=MyInstitution&vid=01UCS_BER%3AUCB&mode=advanced&offset=0
https://search.library.berkeley.edu/discovery/search?query=sub%2Ccontains%2CImagerie%20pour%20le%20diagnostic%20--%20Informatique%20--%20Congre%CC%80s%2CAND&tab=Everything&search_scope=MyInstitution&vid=01UCS_BER%3AUCB&mode=advanced&offset=0
https://search.library.berkeley.edu/discovery/search?query=sub%2Ccontains%2CDiagnostics%20--%20Informatique%2CAND&tab=Everything&search_scope=MyInstitution&vid=01UCS_BER%3AUCB&mode=advanced&offset=0
https://search.library.berkeley.edu/discovery/search?query=sub%2Ccontains%2CImagerie%20pour%20le%20diagnostic%2CAND&tab=Everything&search_scope=MyInstitution&vid=01UCS_BER%3AUCB&mode=advanced&offset=0
https://search.library.berkeley.edu/discovery/search?query=sub%2Ccontains%2CRobotique%2CAND&tab=Everything&search_scope=MyInstitution&vid=01UCS_BER%3AUCB&mode=advanced&offset=0
https://search.library.berkeley.edu/discovery/search?query=sub%2Ccontains%2CChirurgie%20assiste%CC%81e%20par%20ordinateur%2CAND&tab=Everything&search_scope=MyInstitution&vid=01UCS_BER%3AUCB&mode=advanced&offset=0
https://search.library.berkeley.edu/discovery/search?query=sub%2Ccontains%2CRobotics%2CAND&tab=Everything&search_scope=MyInstitution&vid=01UCS_BER%3AUCB&mode=advanced&offset=0
https://search.library.berkeley.edu/discovery/search?query=sub%2Ccontains%2CDiagnostic%20imaging%2CAND&tab=Everything&search_scope=MyInstitution&vid=01UCS_BER%3AUCB&mode=advanced&offset=0
https://search.library.berkeley.edu/discovery/search?query=sub%2Ccontains%2CDiagnosis%20--%20Data%20processing%2CAND&tab=Everything&search_scope=MyInstitution&vid=01UCS_BER%3AUCB&mode=advanced&offset=0
https://search.library.berkeley.edu/discovery/search?query=sub%2Ccontains%2CComputer-assisted%20surgery%2CAND&tab=Everything&search_scope=MyInstitution&vid=01UCS_BER%3AUCB&mode=advanced&offset=0
https://search.library.berkeley.edu/discovery/search?query=sub%2Ccontains%2CDiagnostic%20imaging%20--%20Data%20processing%2CAND&tab=Everything&search_scope=MyInstitution&vid=01UCS_BER%3AUCB&mode=advanced&offset=0
https://search.library.berkeley.edu/discovery/search?query=sub%2Ccontains%2CMedicine%20--%20Data%20processing%2CAND&tab=Everything&search_scope=MyInstitution&vid=01UCS_BER%3AUCB&mode=advanced&offset=0
https://search.library.berkeley.edu/discovery/search?query=mesh%2Ccontains%2CDiagnosis%2C%20Computer-Assisted%2CAND&tab=Everything&search_scope=MyInstitution&vid=01UCS_BER%3AUCB&mode=advanced&offset=0
https://search.library.berkeley.edu/discovery/search?query=mesh%2Ccontains%2CDiagnostic%20Imaging%2CAND&tab=Everything&search_scope=MyInstitution&vid=01UCS_BER%3AUCB&mode=advanced&offset=0
https://search.library.berkeley.edu/discovery/search?query=mesh%2Ccontains%2CImage%20Processing%2C%20Computer-Assisted%2CAND&tab=Everything&search_scope=MyInstitution&vid=01UCS_BER%3AUCB&mode=advanced&offset=0
https://search.library.berkeley.edu/discovery/search?query=mesh%2Ccontains%2CRobotics%2CAND&tab=Everything&search_scope=MyInstitution&vid=01UCS_BER%3AUCB&mode=advanced&offset=0
https://search.library.berkeley.edu/discovery/search?query=mesh%2Ccontains%2CSurgery%2C%20Computer-Assisted%2CAND&tab=Everything&search_scope=MyInstitution&vid=01UCS_BER%3AUCB&mode=advanced&offset=0
https://search.library.berkeley.edu/discovery/search?query=mesh%2Ccontains%2CTherapy%2C%20Computer-Assisted%2CAND&tab=Everything&search_scope=MyInstitution&vid=01UCS_BER%3AUCB&mode=advanced&offset=0
https://search.library.berkeley.edu/discovery/search?query=mesh%2Ccontains%2CCongress%2CAND&tab=Everything&search_scope=MyInstitution&vid=01UCS_BER%3AUCB&mode=advanced&offset=0
https://search.library.berkeley.edu/discovery/search?query=creator%2Ccontains%2CBarillot%2C%20Christian.%2CAND&tab=Everything&search_scope=MyInstitution&vid=01UCS_BER%3AUCB&facet=creator%2Cexact%2CBarillot%2C%20Christian.&mode=advanced&offset=0
https://search.library.berkeley.edu/discovery/search?query=creator%2Ccontains%2CHaynor%2C%20David%20R.%2CAND&tab=Everything&search_scope=MyInstitution&vid=01UCS_BER%3AUCB&facet=creator%2Cexact%2CHaynor%2C%20David%20R.&mode=advanced&offset=0
https://search.library.berkeley.edu/discovery/search?query=creator%2Ccontains%2CHellier%2C%20Pierre.%2CAND&tab=Everything&search_scope=MyInstitution&vid=01UCS_BER%3AUCB&facet=creator%2Cexact%2CHellier%2C%20Pierre.&mode=advanced&offset=0
https://search.library.berkeley.edu/discovery/fulldisplay?vid=01UCS_BER%3AUCB&search_scope=MyInstitution&tab=Everything&docid=alma991086074383006532&context=L
https://search.library.berkeley.edu/discovery/fulldisplay?vid=01UCS_BER%3AUCB&search_scope=MyInstitution&tab=Everything&docid=alma991086074378306532&context=L

Medical image computing and computer-assisted intervention : MICCAI 20...R. Haynor, Pierre Hellier (eds.). - University of California Berkeley 7/13/24, 1:04 PM

Virtual Browse

drw
-u-_
< cal Medical Medical Medical Fo>

Tetrics : image image image tl
computing computing computing it

national and and and

erence, ... computer- computer- computer-

07 ©2002 ©2003 1 2004 C

™

PRIVACY
ACCESSIBILITY
NONDISCRIMINATION

Berkeley

UNIVERSITY OF CALIFORNIA

https://search.library.berkeley.edu/discovery/fulldisplay?context=L...rch_scope=Mylnstitution&tab=Everything&docid=alma991043486999706532 Page 4 of 4


https://lib.berkeley.edu/about/privacy-policy
https://dac.berkeley.edu/web-accessibility
https://ophd.berkeley.edu/policies-and-procedures/nondiscrimination-policy-statement
https://berkeley.edu/

leader ©05699cam a2201153 a 4500

001 9913185351606531

005 20230921213019.0

008 04100152004 gw a b 101 0 eng

010 ##%$a 2004111954

016 7#$a972104933 $2DE-101

016 7#$a972103406 $2DE-101

016 7#%$a101232701 $2DNLM

020 ##$a9783540229766 $q(v. 1 ; $qpbk. ; $galk. paper)

020 ##$a3540229760 $q(v. 1 ; $gpbk. ; $galk. paper)

020 ##$a9783540229773 $q(v. 2 ; $qpbk. ; $galk. paper)

020 ##$a3540229779 $q(v. 2 ; $gpbk. ; $galk. paper)

035 ##$a(CLU)5087427-ucladb-Voyager

035 ##$a(0ColLC)56617014 $z(0CoLC)456715356 $z(0CoLC)960135608 $z(0CoLC)1011870894 $z(0CoLC)1013451039 $z(0CoLC)1044075877 $z(0
035 ##%$a(0CoLC)ocm56617014

040 ##$aNLM $beng $cNLM $dOHX $dKKS $dCUS $dC$Q $dIXA $dBAKER $dDLC $dMUQ $dYDXCP $dCGC $dBTCTA $dGW5XE $dOCLCF $dOCLCO $dOCLC
042 ##$anlmcopyc

049 ##$aMAIN

050 00$aR858.A2 $bI575 2004

055 #3%$aQA75 $b.L38

060 00$22004 L-816

060 10$aWB 141 $bI605m 2004

072 #7%aQ $21lcco

072 #7%$aR $21cco

082 00$2610/.28 $222

088 ##$aLNCS 3216

088 ##$alLNCS 3217

090 ##$aR857.06 $bI574 2004 $9LOCAL

111 2#%$alnternational Conference on Medical Image Computing and Computer—Assisted Intervention $n(7th : $d2004 : $cSaint-Malo,
245 10$aMedical image computing and computer-assisted intervention : $bMICCAI 2004, 7th international conference, Saint-Malo,
246 30$aMICCAI 2004

260 ##$aBerlin ; $aNew York, N.Y. : $bSpringer, $c2004.

300 ##%$a2 volumes : $billustrations (some color) ; $c24 cm

iy B T T I R R I B L



336
337
338
490
530
504
505
650
650
650
650
650
650
650
650
650
650
650
650
650
650
650
650
650
650
650
650
650
650
650
650

##$atext $btxt $2rdacontent

##$aunmediated $bn $2rdamedia

##$avolume $bnc $2rdacarrier

1#$alecture notes in computer science ; $v3216-3217

##$aAlso issued online.

##$alncludes bibliographical references and indexes.

0#$aPt. I — Pt. 2.

#0%$aMedicine $xData processing $vCongresses.

#0%$aDiagnostic imaging $xData processing $vCongresses.
#0%$aDiagnosis $xData processing. $@http://id.loc.gov/authorities/subjects/sh85037490
#0%$aDiagnostic imaging. $@http://id.loc.gov/authorities/subjects/sh85037507
#0%$aRobotics. $0http://id.loc.gov/authorities/subjects/sh85114628
#0%$aComputer—-assisted surgery. $0http://id.loc.gov/authorities/subjects/sh2006007439
12%$aDiagnosis, Computer—-Assisted

22%$aDiagnostic Imaging

22%$aImage Processing, Computer—Assisted

22%aRobotics

22%$aSurgery, Computer—-Assisted

22%$aTherapy, Computer-Assisted

#6%$aMédecine $xInformatique $vCongres.

#6%$aImagerie pour le diagnostic $xInformatique $vCongres.
#6%$aDiagnostics $xInformatique.

#6%$almagerie pour le diagnostic.

#6%$aRobotique.

#6%$aChirurgie assistée par ordinateur.

#7%aRobotics $2fast

#7%aDiagnostic imaging $2fast

#7%aDiagnosis $xData processing $2fast

#7%aComputer—assisted surgery $2fast

#7%$aDiagnostic imaging $xData processing $2fast

#7%$aMedicine $xData processing $2fast



655
655
655
655
655
700
700
700
830
008
008
008
068
996
996

#2%$aCongress

#7%aproceedings (reports) $2aat

#7%$aConference papers and proceedings $2fast

#7%$aConference papers and proceedings. $2lcgft $0http://id.loc.gov/authorities/genreForms/gf2014026068
#7%aActes de congres. $2rvmgf

1#%$aBarillot, Christian.

1#$aHaynor, David R.

1#%$aHellier, Pierre.

#0$alecture notes in computer science ; $v3216-3217. $0http://id.loc.gov/authorities/names/n42015162
##$aWorldCat Daily Updates 2022-06-07 $bWorldCat record variable field(s) change: 040, 505
##$aWorldCat Daily Updates 2023-02-27 $bWorldCat record variable field(s) change: 040, 650
##$aWorldCat Daily Updates 2023-09-21 $bWorldCat record variable field(s) change: 040, 650, 655
##$aReclvl: f Addate: 041105 Addid: OCL Moddate: 080605 Modid: XRF $9LOCAL

##$eGLADN185377791 $9LOCAL

##$ab161186191 $bUpdated: 03-18-15 $cCreated: 04-05-09 $dCatDate: 11-05-04 $9LOCAL

PRIVACY | ACCESSIBILITY | NONDISCRIMINATION

Berkeley

UNIVERSITY OF CALIFORNIA 24/7 chat



APPENDIX 1008F



ooe

|https://www.Iib.berkeIey.edu/

@ @https://web.archive.org/web/20041001083013/https://www.Iib.berkeley.e( ) ¢

HW SEP [e]laal NOV ® @ 6
<[ xk > 0o

2003 pAlE] 2005 BV

15,415 captures
21 Jan 1997 - 25 Jul 2024

I Vv

7 ’W&'—j

. <

FIND
INFORMATION

o &) brary

LIBRARY
CATALOGS

ABOUT THE

SERVICES LIBRARIES

NEWS & EVENTS

+ Books * UCB-Pathfinder =« Borrowing « Libraries and . _Finding _ Copy Cards _
. Articles « UCB-GLADIS materials collections A-Z information "I;hursday Shept.30 is the last
. (telnet) * Renewing « Hours and maps  * Library classes a’;wfexc angt‘:‘ Xte“’,l’l‘ C°Pl
* Electronic e ALL UC-MELVYL materials o and tours cards for ones that will wor
resources B ing f * Visitor c " with our new system.
) . . -MEL * Borrowing from information * Connecting » Details
Websites AtL:' UtC MELVYL other libraries o from
« Al t ( €lne ) . G|V|ng to the Ff
ypes » Guide to libra * Course Library ot campus Closures
catalogs i reserves and « Computers in » Doe North Reading Room
i exams * More ... the libraries
* Other library * Copyin * Frequentl
catalogs Pying askqed Y » New in the libraries
. gol_cument questions » Exhibits & events
elivery
(for a fee) » Contact us
* Library
privileges
* Services for
users




Ihttp://sunsite5.berkeley.edu:8000/ |[ Go | AUG gelel DEC @ @ QD

205 captures 01 > ﬂ

11 Jun 2004 - 12 May 2008 2003 pdigd 2005 BT
u
Pathfinder

GLADIS - UCB Library Catalog

Quick Search for | | ("submit Search )

O Title keyword(s) [Tips]

O Title phrase (e.g,For whom the bell*')[Tips]

O Personal Author phrase (e.g. 'Audubon, John J')[Tips]
O Subject keyword(s)[Tips]

O Corporate Author keyword(s)[Tips]

O Conference keyword(s)[Tips]

O Call Number Phrase[Tips]

Limit by: lo: Location [keyword] (and ) ([AN] )
Limit by: pf: Publication Format [keyword]("and % ) (Al Formats +)




APPENDIX 1008G



Appendix 1008G
Citations to Estépar

Source Document

Estépar, R. S. J., Brun, A., & Westin, C. F. (2004). Robust generalized total least
squares iterative closest point registration. In Medical Image Computing and
Computer-Assisted Intervention—MICCAI 2004: 7th International
Conference, Saint-Malo, France, September 26-29, 2004. Proceedings, Part
17 (pp. 234-241). Springer Berlin Heidelberg.

Citations: 2005 to 2007 (in chronological order)

Yeung, S. K. (2005, June). Stochastic framework for inverse consistent registration
(Doctoral dissertation).

Yeung, S. K., & Shi, P. (2006, August). Stochastic framework for symmetric affine
matching between point sets. In /8th International Conference on Pattern
Recognition (ICPR'06) (Vol. 3, pp. 790-793). IEEE.

Wilson, K., Guiraudon, G., Jones, D., & Peters, T. M. (2006, October). 4D shape
registration for dynamic electrophysiological cardiac mapping. In
International Conference on Medical Image Computing and Computer-
Assisted Intervention (pp. 520-527). Berlin, Heidelberg: Springer Berlin
Heidelberg.

Sofka, M., Yang, G., & Stewart, C. V. (2007, June). Simultaneous covariance
driven correspondence (cdc) and transformation estimation in the
expectation maximization framework. In 2007 IEEE Conference on
Computer Vision and Pattern Recognition (pp. 1-8). IEEE.

Kashani, A. H., Owen, W. S., Lawrence, P. D., & Hall, R. A. (2007, August). Real-
time robot joint variable extraction from a laser scanner. In 2007 IEEE
International Conference on Automation and Logistics (pp. 2994-2999).
IEEE.

Fontanelli, D., Ricciato, L., & Soatto, S. (2007, September). A fast ransac-based
registration algorithm for accurate localization in unknown environments
using lidar measurements. In 2007 IEEE International Conference on
Automation Science and Engineering (pp. 597-602). IEEE.



APPENDIX 1009A



now publishers - Image Alignment and Stitching: A Tutorial 7/13/24, 9:51 PM

Foundations and Trends® in Computer Graphics and Vision > Vol 2 > Issue 1

Free Preview:

By Richard Szeliski, Microsoft Research, USA, szeliski@microsoft.com &

Share

Suggested Citation
Richard Szeliski (2007), "Image Alignment and Stitching: A Tutorial", Foundations and Trends® in Computer

Graphics and Vision: Vol. 2: No. 1, pp 1-104. http://dx.doi.org/10.1561/0600000009

Publication Date: 02 Jan 2007
© 2006 R. Szeliski

Subjects
Feature detection and selection, Image restoration and enhancement, 3D reconstruction and image-based

modeling

https://www.nowpublishers.com/article/Details/CGV-009 Page 1 of 2


https://www.nowpublishers.com/CGV
https://www.nowpublishers.com/CGV?vol=2
mailto:szeliski@microsoft.com
https://www.nowpublishers.com/Search?s2=Feature%20detection%20and%20selection
https://www.nowpublishers.com/Search?s2=Image%20restoration%20and%20enhancement
https://www.nowpublishers.com/Search?s2=3D%20reconstruction%20and%20image-based%20modeling
http://www.facebook.com/sharer.php?u=http://www.nowpublishers.com/article/Details/CGV-009&t=Image%20Alignment%20and%20Stitching:%20A%20Tutorial
http://twitter.com/share?url=http://www.nowpublishers.com/article/Details/CGV-009&text=Image%20Alignment%20and%20Stitching:%20A%20Tutorial
http://linkedin.com/shareArticle?url=http://www.nowpublishers.com/article/Details/CGV-009
https://www.nowpublishers.com/article/DownloadSummary/CGV-009

now publishers - Image Alignment and Stitching: A Tutorial

Journal details

p

In

-

this article:

. Introduction
2. Motion Models

3. Direct (pixel-based) Alignment
4. Feature-Based Registration

5.
6
7

Global Registration

. Compositing
. Extensions and Open Issues
References

Book details

ISBN: 978-1-933019-04-8
116 pp. $75.00

ISBN: 978-1-933019-99-4
116 pp. $100.00

N o o 0N

Table of contents:

1. Introduction

. Motion Models

. Direct (pixel-based) Alignment
. Feature-based Registration

. Global Registration

. Compositing

. Extensions and open issues
References

Copyright © 2024 now publishers inc.

Boston - Delft

https://www.nowpublishers.com/article/Details/CGV-009

Abstract

This tutorial reviews image alignment and image stitching algorithms. Image alignment algorithms can
discover the correspondence relationships among images with varying degrees of overlap. They are ideally
suited for applications such as video stabilization, summarization, and the creation of panoramic mosaics.
Image stitching algorithms take the alignment estimates produced by such registration algorithms and blend
the images in a seamless manner, taking care to deal with potential problems such as blurring or ghosting
caused by parallax and scene movement as well as varying image exposures. This tutorial reviews the basic
motion models underlying alignment and stitching algorithms, describes effective direct (pixel-based) and
feature-based alignment algorithms, and describes blending algorithms used to produce seamless mosaics.
It ends with a discussion of open research problems in the area.

DOI:10.1561/0600000009

Image Alignment and Stitching
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Abstract

This tutorial reviews image alignment and image stitching algorithms.
Image alignment algorithms can discover the correspondence relation-
ships among images with varying degrees of overlap. They are ide-
ally suited for applications such as video stabilization, summarization,
and the creation of panoramic mosaics. Image stitching algorithms
take the alignment estimates produced by such registration algorithms
and blend the images in a seamless manner, taking care to deal with
potential problems such as blurring or ghosting caused by parallax
and scene movement as well as varying image exposures. This tutorial
reviews the basic motion models underlying alignment and stitching
algorithms, describes effective direct (pixel-based) and feature-based
alignment algorithms, and describes blending algorithms used to pro-
duce seamless mosaics. It ends with a discussion of open research prob-
lems in the area.
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1

Introduction

Algorithms for aligning images and stitching them into seamless photo-
mosaics are among the oldest and most widely used in computer vision.
Frame-rate image alignment is used in every camcorder that has an
“image stabilization” feature. Image stitching algorithms create the
high-resolution photo-mosaics used to produce today’s digital maps
and satellite photos. They also come bundled with most digital cameras
currently being sold, and can be used to create beautiful ultra wide-
angle panoramas.

An early example of a widely used image registration algorithm
is the patch-based translational alignment (optical flow) technique
developed by Lucas and Kanade [123]. Variants of this algorithm are
used in almost all motion-compensated video compression schemes
such as MPEG and H.263 |113]. Similar parametric motion estima-
tion algorithms have found a wide variety of applications, including
video summarization [204203,111,93|, video stabilization [81], and video
compression [95,/114]. More sophisticated image registration algorithms
have also been developed for medical imaging and remote sensing — see
[29,[226||71] for some previous surveys of image registration techniques.
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2 Introduction

In the photogrammetry community, more manually intensive meth-
ods based on surveyed ground control points or manually registered tie
points have long been used to register aerial photos into large-scale
photo-mosaics [181]. One of the key advances in this community was
the development of bundle adjustment algorithms that could simultane-
ously solve for the locations of all of the camera positions, thus yielding
globally consistent solutions [207]. One of the recurring problems in cre-
ating photo-mosaics is the elimination of visible seams, for which a vari-
ety of techniques have been developed over the years [135,1361/148,50.(1].

In film photography, special cameras were developed at the turn
of the century to take ultra wide-angle panoramas, often by expos-
ing the film through a vertical slit as the camera rotated on its
axis [131]. In the mid-1990s, image alignment techniques were started
being applied to the construction of wide-angle seamless panoramas
from regular hand-held cameras [124,/193,43}|194]. More recent work
in this area has addressed the need to compute globally consistent
alignments [199,|167,(178], the removal of “ghosts” due to parallax
and object movement [50}/178,[210}/1], and dealing with varying expo-
sures [124],1210}|116}|1]. (A collection of some of these papers can be
found in [19].) These techniques have spawned a large number of com-
mercial stitching products [43.|168], for which reviews and comparison
can be found on the Web.

While most of the above techniques work by directly minimizing
pixel-to-pixel dissimilarities, a different class of algorithms works by
extracting a sparse set of features and then matching these to each
other [227,35138,7,/129}30]. Feature-based approaches have the advan-
tage of being more robust against scene movement and are potentially
faster, if implemented the right way. Their biggest advantage, how-

" i.e., to automatically dis-

ever, is the ability to “recognize panoramas,’
cover the adjacency (overlap) relationships among an unordered set of
images, which makes them ideally suited for fully automated stitching
of panoramas taken by casual users [30].

What, then, are the essential problems in image alignment and
stitching? For image alignment, we must first determine the appro-
priate mathematical model relating pixel coordinates in one image

to pixel coordinates in another. Section [2| reviews these basic motion
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models. Next, we must somehow estimate the correct alignments relat-
ing various pairs (or collections) of images. Section [3| discusses how
direct pixel-to-pixel comparisons combined with gradient descent (and
other optimization techniques) can be used to estimate these parame-
ters. Section [4] discusses how distinctive features can be found in each
image and then efficiently matched to rapidly establish correspondences
between pairs of images. When multiple images exist in a panorama,
techniques must be developed to compute a globally consistent set of
alignments and to efficiently discover which images overlap one another.
These issues are discussed in Section [l

For image stitching, we must first choose a final compositing surface
onto which to warp and place all of the aligned images (Section @
We also need to develop algorithms to seamlessly blend overlapping
images, even in the presence of parallax, lens distortion, scene motion,
and exposure differences (Section @ In the last section of this survey,
additional applications of image stitching and open research problems
were discussed.
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Abstract

This tutorial reviews image alignment and image stitching algorithms.
Image alignment algorithms can discover the correspondence relation-
ships among images with varying degrees of overlap. They are ide-
ally suited for applications such as video stabilization, summarization,
and the creation of panoramic mosaics. Image stitching algorithms
take the alignment estimates produced by such registration algorithms
and blend the images in a seamless manner, taking care to deal with
potential problems such as blurring or ghosting caused by parallax
and scene movement as well as varying image exposures. This tutorial
reviews the basic motion models underlying alignment and stitching
algorithms, describes effective direct (pixel-based) and feature-based
alignment algorithms, and describes blending algorithms used to pro-
duce seamless mosaics. It ends with a discussion of open research prob-
lems in the area.
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Introduction

Algorithms for aligning images and stitching them into seamless photo-
mosaics are among the oldest and most widely used in computer vision.
Frame-rate image alignment is used in every camcorder that has an
“image stabilization” feature. Image stitching algorithms create the
high-resolution photo-mosaics used to produce today’s digital maps
and satellite photos. They also come bundled with most digital cameras
currently being sold, and can be used to create beautiful ultra wide-
angle panoramas.

An early example of a widely used image registration algorithm
is the patch-based translational alignment (optical flow) technique
developed by Lucas and Kanade [123]. Variants of this algorithm are
used in almost all motion-compensated video compression schemes
such as MPEG and H.263 [113]. Similar parametric motion estima-
tion algorithms have found a wide variety of applications, including
video summarization [20,93,111,203], video stabilization [81], and video
compression [95,114]. More sophisticated image registration algorithms
have also been developed for medical imaging and remote sensing — see
[29,71,226] for some previous surveys of image registration techniques.



2 Introduction

In the photogrammetry community, more manually intensive meth-
ods based on surveyed ground control points or manually registered tie
points have long been used to register aerial photos into large-scale
photo-mosaics [181]. One of the key advances in this community was
the development of bundle adjustment algorithms that could simultane-
ously solve for the locations of all of the camera positions, thus yielding
globally consistent solutions [207]. One of the recurring problems in cre-
ating photo-mosaics is the elimination of visible seams, for which a vari-
ety of techniques have been developed over the years [1,50,135,136,148].

In film photography, special cameras were developed at the turn
of the century to take ultra wide-angle panoramas, often by expos-
ing the film through a vertical slit as the camera rotated on its
axis [131]. In the mid-1990s, image alignment techniques were started
being applied to the construction of wide-angle seamless panoramas
from regular hand-held cameras [43,124, 193, 194]. More recent work
in this area has addressed the need to compute globally consistent
alignments [167, 178, 199], the removal of “ghosts” due to parallax
and object movement [1,50,178,210], and dealing with varying expo-
sures [1,116,124,210]. (A collection of some of these papers can be
found in [19].) These techniques have spawned a large number of com-
mercial stitching products [43,168], for which reviews and comparison
can be found on the Web.

While most of the above techniques work by directly minimizing
pixel-to-pixel dissimilarities, a different class of algorithms works by
extracting a sparse set of features and then matching these to each
other [7,30,35,38,129,227]. Feature-based approaches have the advan-
tage of being more robust against scene movement and are potentially
faster, if implemented the right way. Their biggest advantage, how-
ever, is the ability to “recognize panoramas,” i.e., to automatically dis-
cover the adjacency (overlap) relationships among an unordered set of
images, which makes them ideally suited for fully automated stitching
of panoramas taken by casual users [30).

What, then, are the essential problems in image alignment and
stitching? For image alignment, we must first determine the appro-
priate mathematical model relating pixel coordinates in one image
to pixel coordinates in another. Section 2 reviews these basic motion



3

models. Next, we must somehow estimate the correct alignments relat-
ing various pairs (or collections) of images. Section 3 discusses how
direct pixel-to-pixel comparisons combined with gradient descent (and
other optimization techniques) can be used to estimate these parame-
ters. Section 4 discusses how distinctive features can be found in each
image and then efficiently matched to rapidly establish correspondences
between pairs of images. When multiple images exist in a panorama,
techniques must be developed to compute a globally consistent set of
alignments and to efficiently discover which images overlap one another.
These issues are discussed in Section 5.

For image stitching, we must first choose a final compositing surface
onto which to warp and place all of the aligned images (Section 6).
We also need to develop algorithms to seamlessly blend overlapping
images, even in the presence of parallax, lens distortion, scene motion,
and exposure differences (Section 6). In the last section of this survey,
additional applications of image stitching and open research problems
were discussed.
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Appendix 1009H
Citations to Szeliski
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