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I, Carol S. Peterson, state and declare as follows: 

I. Introduction 

1. I am currently a Research Librarian with the law firm of Knobbe, 

Martens, Olson & Bear, LLP, located at 2040 Main Street, 14th Floor, Irvine, CA 

92614. 

2. I am over eighteen years of age.  I am competent to make this 

Declaration, and I make this Declaration based on my own personal knowledge as 

well as my knowledge of library science practices. 

3. I earned a Master of Library Science from the University of California, 

Los Angeles in 1979 and a Bachelors in English from the University of California, 

Davis, in 1977.  I have worked as a research librarian at Knobbe, Martens, Olson & 

Bear for approximately 40 years. 

4. I understand that a petition for inter partes review of U.S. Patent No. 

11,122,357 will be filed concurrently with this Declaration. 

5. I understand that Exhibit 1003 of the concurrently filed petition is a 

copy excerpts from MICROPHONE ARRAYS: SIGNAL PROCESSING TECHNIQUES AND 

APPLICATIONS (Michael Brandstein & Darren Ward eds., Springer 2001) 

(“Brandstein”). 

6. Appendix A to this Declaration is a true and correct copy of the title 

page, bibliographic and publication information page, preface, and excerpts from 
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Brandstein that was obtained from the University of California, Irvine Library.  I 

have reviewed Exhibit 1003 of the concurrently filed petition and Appendix A, and, 

based on this review, it is my opinion that Exhibit 1003 is a true and correct copy of 

Brandstein. 

7. Exhibit 1004 of the concurrently filed petition is a true and accurate 

copy of Sharon Gannot et al., Signal Enhancement Using Beamforming and 

Nonstationarity with Applications to Speech, vol. 49, no. 8 IEEE TRANSACTIONS ON 

SIGNAL PROCESSING, 1614 (Aug. 2001) (“Gannot”) that was obtained from the 

University of California, Los Angeles Library. 

8. Exhibit 1005 of the concurrently filed petition is a true and accurate 

copy of Lloyd Griffiths & Charles Jim, An Alternative Approach to Linearly 

Constrained Adaptive Beamforming, vol. AP-30, no. 1 IEEE TRANSACTIONS ON 

ANTENNAS AND PROPAGATION, 27 (Jan. 1982) (“Griffiths-Jim”) that was obtained 

from the University of California, Los Angeles Library. 

9. I understand that Exhibit 1006 of the concurrently filed petition is copy 

of Iain A. McCowan et al., Near-Field Adaptive Beamformer for Robust Speech 

Recognition, vol. 12, no. 1 DIGITAL SIGNAL PROCESSING, 87 (Jan. 2002) 

(“McCowan”). 

10. Appendix R to this Declaration is a true and accurate copy of excerpts 

of vol. 12, no. 1 of Digital Signal Processing including McCowan that was obtained 
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from the Stanford University Library.  I have reviewed Exhibit 1006 and Appendix 

R, and, based on this review, it is my opinion that Exhibit 1006 is a true and correct 

copy of McCowan. 

II. Standard Library Practices for Making Materials Publicly Available 
11. I have personal knowledge of standard library practices for making 

materials available to the public. 

12. I have knowledge of and experience with the Machine-Readable 

Cataloging (MARC) system, an industry-wide standard that libraries use to catalog 

materials.  Since at least 1980, MARC has been the international standard for 

cataloging bibliographic data in libraries’ systems.  Each MARC record contains 

fields that provide specific information about how cataloged items are held and made 

available to the public.  MARC records can be accessed through many libraries’ 

electronic cataloging systems. 

III. MARC Records 

13. The MARC record system uses a specific three-digit numeric code 

(from 001-999) to identify each field in a catalog record.  For example: 

a. field tag 008 provides bibliographic information and includes the 

six-digit date of when the item was cataloged in the 

“YYMMDD” format (Date entered on file), the four-digit year 

of the item’s publication date; 
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b. field tag 022 provides the International Standard Serial Number 

(ISSN), which is a unique identification number assigned to 

serial publications; 

c. field tag 245 identifies the full title statement for the work; 

d. field tags 260 and 264 provide publication information that often 

includes the place of publication, name of publisher, publication 

date, and copyright date of the publication; 

e. field tag 300 identifies the physical description, often including 

holdings information, for the work; 

f. field tag 310 provides the current publication frequency of a 

serial; 

g. field tag 362 indicates the numbering used for chronological 

cataloging of individual issues of a serial including information 

on when the serial began, which affects how issues of the serial 

are checked in, processed, and added to the library’s main 

collection; and 

h. field tags 9XX provide local holdings information for the 

resource. 
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14. More information about the MARC record system can be found on the 

Library of Congress website at:  

https://www.loc.gov/marc/bibliographic/bd20x24x.html. 

15. After an item is received by a library, the standard practice for the 

library is to process, catalog, date stamp, and then shelve the item.  The public may 

then access the item by searching the catalog and either requesting a print or 

electronic copy of the item.  If a resource is available online or electronically, 

standard practice is to provide a link in the library’s online catalog through which 

the resource can be downloaded.  Standard practice is to make the item available to 

the public within a few days or weeks of cataloging it. 

IV. Serial Publications 

16. A serial publication, often known as a “journal,” is a resource that is 

periodically published in successive parts (“issues”) and has no predetermined 

conclusion.  Each issue is usually chronologically numbered and dated.  The 

presence of enumeration, years of coverage, and/or other chronological information 

also indicates a serial publication. 

17. There are differences between cataloging finite resources (e.g., books) 

and continuing resources (e.g., serial publications).  For serial publications, the 

MARC record provides information about the serial as a whole, including the first 

or earliest available issue.  It also provides information about the volumes and issues 
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held by a library, including the dates a serial publication’s issues were received by 

the library and the date they were made available to the public.   

18. Serial publications contain unique identifying characteristics that are 

slightly different from non-serial publications such as textbooks.  The issue date for 

a print serial publication, for example, generally appears on the front or back cover, 

the masthead page, title page (if any), table of contents page(s), or on the pages of 

the individual articles contained in the issue.  More information regarding the unique 

aspects of cataloging serials can be found at:  

https://www.loc.gov/aba/pcc/conser/scctppt/Basic-2014/Basic-Trainee-

Mannual.pdf. 

V. Brandstein 

19. As detailed below, I have reviewed the University of California, Irvine 

Library and Library of Congress catalogs and MARC records for Brandstein. 

 University of California, Irvine Library Records for 
Brandstein 

20. Appendix B to this Declaration is a true and correct copy of the 

University of California, Irvine Library public catalog record for Brandstein, which 

was downloaded from:  

https://uci.primo.exlibrisgroup.com/discovery/fulldisplay?docid=alma9910279580

79704701&context=L&vid=01CDL_IRV_INST:UCI&lang=en. 
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21. Appendix B provides the public with availability and holdings 

information for accessing Brandstein, including the location, scope of holdings, and 

call number for locating Brandstein.  Appendix B provides the following 

information for the public to access Brandstein:  

Title: Microphone arrays : signal processing techniques and applications / 

Michael Brandstein, Darren Ward (eds.); 

Publication Date: 2001; 

Publisher: New York : Springer; 

ISBNs: 3540419535, 9783540419532, 3642075479, 9783642075476; and 

Call Number: TK5986 .M53 2001. 

Appendix B also indicates that the University of California, Irvine’s copy of 

Brandstein that is held in the Science Library and is currently out on loan until 

December 12, 2022.  Appendix B shows that three other University of California 

schools have copies of Brandstein available. 

22. Appendix C to this Declaration is a true and accurate copy of the 

University of California, Irvine Library MARC record for its copy of Brandstein, 

which was downloaded from  

https://uci.primo.exlibrisgroup.com/discovery/sourceRecord?vid=01CDL_IRV_IN

ST:UCI&docId=alma991027958079704701&recordOwner=01UCS_NETWORK. 
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23. The University of California, Irvine Library MARC record (Appendix 

C) for Brandstein indicates that: 

a. The data elements of field tag 008 (010417s2001    nyua     b    

001 0 eng) provide the “date entered on file” for the record, 

which includes the six-digit date entry “010417,” indicating that 

the MARC record for Brandstein was created on April 17, 2001, 

with the character position “s” followed by “2001” indicating 

that the item has a single known date of publication in 2001.  This 

denotes that Brandstein was first cataloged by the University of 

California, Irvine Library on April 17, 2001.  Based on standard 

library practices, Brandstein would have been processed, 

cataloged, shelved, and made available to the public, on an 

ongoing, continuing basis, beginning a few days or weeks after 

April 17, 2001. 

b. Field tag 020 (four separate entries) provide the ISBNs for 

Brandstein (3540419535, 9783540419532, 3642075479, and 

9783642075476). 

c. Field tag 245 denotes the title statement of the work as 

Microphone arrays: signal processing techniques and 
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applications, and that Michael Brandstein and Darren Ward were 

editors. 

d. Field tag 260 indicates that the work was first published or 

distributed in New York in 2001 and that the publisher was 

“Springer.” 

 Library of Congress Records for Brandstein 

24. Appendix D to this Declaration is a true and correct copy of the Library 

of Congress public catalog record for Brandstein, which was downloaded from:  

https://catalog.loc.gov/vwebv/holdingsInfo?&recCount=25&recPointer=0&bibId=

12382050. 

25. Appendix D provides the public with availability and holdings 

information for accessing Brandstein, including the location, scope of holdings, and 

call number for locating Brandstein.  Appendix D provides the following 

information for the public to access Brandstein: 

Main Title: Microphone arrays : signal processing techniques and applications 

/ Michael Brandstein, Darren Ward (eds.); 

Published/Created: New York : Springer, c2001; 

ISBN: 3540419535; and 

Call Number: TK5986 .M53 2001. 
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Appendix D also indicates that Brandstein is available by request in the Jefferson or 

Adams Building Reading Rooms. 

26. Appendix E to this Declaration is a true and accurate copy of the 

Library of Congress MARC record for its copy of Brandstein, which was 

downloaded from:  https://catalog.loc.gov/vwebv/staffView?bibId=12382050. 

27. The Library of Congress MARC record (Appendix E) for Brandstein 

indicates that: 

a. The data elements of field tag 008 (010417s2001    nyua     b    

001 0 eng) provide the “date entered on file” for the record, 

which includes the six-digit date entry “010417,” indicating that 

the MARC record for Brandstein was created on April 17, 2001, 

with the character position “s” followed by “2001” indicating 

that the item has a single known date of publication in 2001.  This 

denotes that Brandstein was first cataloged by the Library of 

Congress on April 17, 2001.  Based on standard library practices, 

Brandstein would have been processed, cataloged, shelved, and 

made available to the public, on an ongoing, continuing basis, 

beginning a few days or weeks after April 17, 2001. 

b. Field tag 020 provides Brandstein’s ISBN (3540419535). 
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c. Field tag 245 denotes the title statement of the work as 

Microphone arrays: signal processing techniques and 

applications, and that Michael Brandstein and Darren Ward were 

editors. 

d. Field tag 260 indicates that the work was first published or 

distributed in New York in 2001 and that the publisher was 

“Springer.”. 

 The Library Catalog and MARC Records are 
Consistent with Publication Information in 
Brandstein 

28. Appendix A indicates that the work is titled “Microphone Arrays: 

Signal Processing Techniques and Applications,” and that it was edited by Michael 

Brandstein and Darren Ward.  Appendix A also provides the work’s ISBN (3-540-

41953-5) and indicates that it published in 2001. 

29. The library catalog information and MARC records for Brandstein, 

discussed above, are consistent with and confirm the bibliographic and publication 

information provided in Appendix A. 

30. Based on the evidence discussed above and my understanding of 

standard library practices, it is my opinion that Brandstein would have been publicly 

available no later than a few days or weeks after April 17, 2001. 
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VI. Gannot 

31. As detailed below, I have reviewed the University of California, Los 

Angeles and Library of Congress catalogs and MARC records for “IEEE 

Transactions on Signal Processing,” the serial publication containing Gannot. 

 University of California, Los Angeles Library 
Records for Gannot 

32. Appendix F to this Declaration is a true and correct copy of the 

University of California, Los Angeles Library catalog record for IEEE Transactions 

on Signal Processing, which was downloaded from:  

https://search.library.ucla.edu/discovery/fulldisplay?docid=alma99246023606533

&context=L&vid=01UCS_LAL:UCLA&lang=en. 

33. Appendix F provides the public with availability and holdings 

information for accessing IEEE Transactions on Signal Processing, including the 

location, scope of holdings, and call number for locating issues of IEEE Transactions 

on Signal Processing.  Appendix F provides the following information for the public 

to access IEEE Transactions on Signal Processing:  

Title: IEEE transactions signal processing : a publication of the IEEE Signal 

Processing Society; 

Publication Information: New York, NY : Institute of Electrical and 

Electronics Engineers Vol. 39, no. 1 (Jan. 1991); 

Type: Journal; 
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Frequency: Monthly; and 

Identifier: “ISSN: 1053-587X” and “ISSN: 1941-0476.” 

Appendix F also indicates that IEEE Transactions on Signal Processing is available 

online, and that the library may be contacted to request copies of Vol. 49, nos. 1-5 

and 7-12 corresponding with call number TK5981 .l59t in the “Boelter Hall Stacks.” 

34. Appendix G to this Declaration is a true and accurate copy of the 

University of California, Los Angeles Library MARC record for its copy of IEEE 

Transactions on Signal Processing, which was downloaded from:  

https://search.library.ucla.edu/discovery/sourceRecord?vid=01UCS_LAL:UCLA&

docId=alma99246023606533&recordOwner=01UCS_NETWORK. 

35. The University of California, Los Angeles MARC record (Appendix 

G) provides the following information for IEEE Transactions on Signal Processing: 

a. The data elements of field tag 008 (901025c19919999nyumr p       

0   a0eng c) provide the “date entered on file” for the record, 

which includes the six-digit date entry “901025” that indicates 

that the MARC record for the serial publication was created by 

the University of California, Los Angeles Library no later than 

October 25, 1990.  The character “c” followed by “19919999” 

indicates that the serial publication is a continuing resource that 

was first published in 1991 and continues to publish. 



Amazon.com, Inc. v. Jawbone Innovations, LLC 
Declaration of Carol Peterson – U.S. Patent No. 11,122,357 

-14- 

b. Field tag 022 indicates that the serial publication’s ISSN is 1053-

587X. 

c. Field tag 245 identifies the title of the serial publication as IEEE 

transactions on signal processing : publication of the IEEE Signal 

Processing Society. 

d. Field tag 260 indicates that the serial publication was first 

published or distributed in New York by the Institute of 

Electrical and Electronics Engineers, and provides publication 

and copyright dates of “c1991-,” indicating the serial publication 

is still published. 

e. Field tag 310 indicates that the serial publication publishes 

monthly. 

f. Field tag 362 indicates that the serial publication began with 

Volume 39, no. 1, which published in January 1991, and does not 

contain an ending designation. 

 Library of Congress Records for Gannot 

36. Appendix H to this Declaration is a true and correct copy of the Library 

of Congress record for the serial publication IEEE Transactions on Signal 

Processing, which was downloaded from:  
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https://catalog.loc.gov/vwebv/holdingsInfo?recCount=25&recPointer=1&bibId=11

385724. 

37. Appendix H provides the public with availability and holdings 

information for accessing IEEE Transactions on Signal Processing, including the 

location, scope of holdings, and call number for locating issues of IEEE Transactions 

on Signal Processing.  Appendix H provides the following information for the public 

to access IEEE Transactions on Signal Processing: 

Main Title: IEEE transactions signal processing : a publication of the IEEE 

Signal Processing Society; 

Published/Created: New York, N.Y: Institute of Electrical and Electronics 

Engineers, c1991-; 

Publication History: Vol. 39, no. 1 (Jan. 1991)-; 

Current Frequency: Monthly; and 

ISSN: 1053-587X. 

Appendix H also indicates that a copy with call number TK5981 .I2 is available by 

request in the Jefferson or Adams Building Reading Rooms. 

38. Appendix I to this Declaration is a true and accurate copy of the Library 

of Congress MARC record for its copy of the serial publication IEEE Transactions 

on Signal Processing, which was downloaded from:  

https://catalog.loc.gov/vwebv/staffView?bibId=11385724. 

https://catalog.loc.gov/vwebv/search?searchArg=TK5981%20.I2&searchCode=CALL%2B&searchType=1&recCount=25
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39. As explained below, the Library of Congress MARC record (Appendix 

I) provides the following information for the serial publication IEEE Transactions 

on Signal Processing: 

a. The data elements of field tag 008 (901025c19919999nyumr p       

0   a0eng c) provide the “date entered on file” for the record, 

which includes the six-digit date entry “901025” that indicates 

that the MARC record for the serial publication was created by 

the Library of Congress no later than October 25, 1990.  The 

character “c” followed by “19919999” indicates that the serial 

publication is a continuing resource that was first published in 

1991 and continues to publish. 

b. Field tag 022 indicates that the serial publication’s ISSN is 1053-

587X. 

c. Field tag 245 denotes the title of the serial publication as IEEE 

transactions signal processing : a publication of the IEEE Signal 

Processing Society. 

d. Field tag 260 indicates that the serial publication was first 

published or distributed in New York, NY by the Institute of 

Electrical and Electronics Engineers, and provides publication 
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and copyright dates of “c1991-” indicating the serial continues to 

publish. 

e. Field tag 310 indicates that the serial publication publishes issues 

monthly. 

f. Field tag 362 indicates that the serial publication began with 

Volume 39, no. 1, which published in January 1991, and does not 

contain an ending designation. 

 The Library Catalog and MARC Records are 
Consistent with Publication Information in Gannot 

40. Exhibit 1004 of the concurrently filed petition indicates that the article 

titled “Signal Enhancement Using Beamforming and Nonstationarity with 

Applications to Speech” authored by Sharon Gannot et al. was published in Vol. 49, 

no. 8 of IEEE Transactions on Signal Processing in August 2001.  Exhibit 1004 also 

indicates that vol. 49, no. 8 of IEEE Transactions on Signal Processing has an ISSN 

of 1053-587X and that it was received and date stamped by the University of 

California, Los Angeles on August 18, 2001, and is assigned call number TK5981 

l59t. 

41. The library holdings information and MARC records for IEEE 

Transactions on Signal Processing, which contains Gannot, discussed above, are 

consistent with and confirm the bibliographic and publication information in Exhibit 

1004 of the concurrently filed petition. 
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42. Based on this evidence and my knowledge of standard library practices, 

it is my opinion that Gannot would have been publicly available and publicly 

accessible no later than a few days or weeks after August 18, 2001. 

VII. Griffiths-Jim 

43. As detailed below, I have reviewed the University of California, Los 

Angeles Library and Library of Congress catalogs and MARC records for “IEEE 

Transactions on Antennas and Propagation,” the serial publication containing 

Griffiths-Jim. 

 University of California, Los Angeles Library 
Records for Griffiths-Jim 

44. Appendix J to this Declaration is a true and correct copy of the 

University of California, Los Angeles Library record for IEEE Transactions on 

Antennas and Propagation, which was downloaded from:  

https://search.library.ucla.edu/discovery/fulldisplay?docid=alma99245553606533

&context=L&vid=01UCS_LAL:UCLA&lang=en. 

45. Appendix J provides the public with availability and holdings 

information for accessing IEEE Transactions on Antennas and Propagation, 

including the location, scope of holdings, and call number for locating issues of the 

serial publication.  Appendix J provides the following information for the public to 

access IEEE Transactions on Antennas and Propagation:  

Title: IEEE Transactions on antennas and propagation; 
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Publication Information: New York, Institute of Electrical and Electronics 

Engineers v. AP-11- Jan. 1963-; 

Creation Date: 1963; 

Type: Journal; 

Frequency: Monthly, <Jan. 1984->; and 

ISSNs: 0018-926X and 1558-2221. 

Appendix J also indicates that IEEE Transactions on Signal Processing is available 

online, and that the University of California, Los Angeles Library holds copies of 

volumes 11-50 (1963-2002) corresponding to call number TK7872.A6 l59ta in the 

“Boelter Hall Stacks.” 

46. Appendix K to this Declaration is a true and accurate copy of the 

University of California, Los Angeles Library MARC record for its copy of IEEE 

Transactions on Antennas and Propagation, which was downloaded from:  

https://search.library.ucla.edu/discovery/sourceRecord?vid=01UCS_LAL:UCLA&

docId=alma99245553606533&recordOwner=01UCS_NETWORK. 

47. The University of California, Los Angeles MARC record (Appendix 

K) provides the following information for IEEE Transactions on Antennas and 

Propagation: 

a. The data elements of field tag 008 (751101c19639999nyumr p       

0   a0eng d) provide the “date entered on file” for the record, 
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which includes the six-digit date entry “751101” that indicates 

that the MARC record for the serial publication was created by 

the University of California, Los Angeles Library no later than 

November 1, 1975.  The character “c” followed by “19639999” 

indicates that the serial publication is a continuing resource that 

was first published in 1963 and continues to publish. 

b. Field tag 022 indicates that the serial publication’s ISSN is 0018-

926X. 

c. Field tag 245 denotes the title of the serial publication as IEEE 

transactions antennas and propagation. 

d. Field tag 260 indicates that the serial publication was first 

published or distributed in New York by the Institute of 

Electrical and Electronics Engineers. 

e. Field tag 310 indicates that the serial publication publishes 

monthly and has published monthly since January 1984. 

f. Field tag 321 indicates that the serial publication formerly 

published bimonthly. 

g. Field tag 362 indicates that the serial publication began with 

Volume AP-11 in January 1963 and does not contain an ending 

designation. 
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 Library of Congress Records for Griffiths-Jim 

48. Appendix L to this Declaration is a true and correct copy of the Library 

of Congress record for IEEE Transactions on Antennas and Propagation, which was 

downloaded from:  https://catalog.loc.gov/vwebv/holdingsInfo?&bibId=11150579. 

49. Appendix L provides the public with availability and holdings 

information for accessing IEEE Transactions on Antennas and Propagation, 

including the location, scope of holdings, and call number for locating issues of 

IEEE Transactions on Antennas and Propagation.  Appendix L provides the 

following information for the public to access IEEE Transactions on Antennas and 

Propagation: 

Main Title: IEEE transactions on antennas and propagation; 

Published/Created: [New York], [Institute of Electrical and Electronics 

Engineers]; 

Publication History: v. AP-11-  Jan. 1963-; 

Current Frequency: Monthly, <Jan. 1984->; 

Former Frequency: Bimonthly; 

ISSN: 0018-926X. 

Appendix L also indicates that the Library of Congress’s copy of Volumes AP2-

AP50, no. 3 of IEEE Transactions on Antennas and Propagation (call number 

TK7800 .I2) can be requested in the Jefferson or Adams building Reading Rooms. 
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50. Appendix M to this Declaration is a true and accurate copy of the 

Library of Congress MARC record for its copy of IEEE Transactions on Antennas 

and Propagation, which was downloaded from:  

https://catalog.loc.gov/vwebv/staffView?bibId=11150579. 

51. As explained below, the Library of Congress MARC record (Appendix 

M) provides the following information for the serial publication IEEE Transactions 

on Antennas and Propagation: 

a. The data elements of field tag 008 (751101c19639999nyumr p       

0   a0eng d) provide the “date entered on file” for the record, 

which includes the six-digit date entry “751101” that indicates 

that the MARC record for the serial publication was created by 

the Library of Congress no later than November 1, 1975.  The 

character “c” followed by “19639999” indicates that the serial 

publication is a continuing resource that was first published in 

1963 and continues to publish. 

b. Field tag 022 indicates that the serial publication’s ISSN is 0018-

926X. 

c. Field tag 245 identifies the title of the serial publication as IEEE 

antennas and propagation. 
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d. Field tag 260 indicates that the serial publication was first 

published or distributed in New York by the Institute of 

Electrical and Electronics Engineers. 

e. Field tag 310 indicates that the serial publication publishes issues 

monthly and has published monthly since January 1984. 

f. Field tag 321 indicates that that the serial publication formerly 

published bimonthly. 

g. Field tag 362 indicates that the serial publication began with 

Volume AP-11, which published in January 1963, and does not 

contain an ending designation. 

 The Library Catalog Records and MARC Records 
are Consistent with Publication Information in 
Griffiths-Jim 

52. Exhibit 1005 of the concurrently filed petition indicates that the article 

titled “An Alternative Approach to Linearly Constrained Adaptive Beamforming” 

by L. J. Griffiths and C. W. Jim was published on page 27 of Volume AP-30, no. 1 

of IEEE Transactions on Antennas and Propagation, which has an ISSN of 0018-

926X.  Exhibit 1005 further indicates that Volume AP-30, no. 1 of IEEE 

Transactions on Antennas and Propagation was published in January 1982.  Exhibit 

1005 bears a date stamp of January 20, 1982, indicating that it was received and 



Amazon.com, Inc. v. Jawbone Innovations, LLC 
Declaration of Carol Peterson – U.S. Patent No. 11,122,357 

-24- 

catalogued by the University of California, Los Angeles Library no later than 

January 20, 1982. 

53. The MARC records for IEEE Transactions on Antennas and 

Propagation, which contains Griffiths-Jim, discussed above, are consistent with and 

confirm the bibliographic and publication information in Exhibit 1005. 

54. Based on the evidence discussed above and my understanding of 

standard library practices, it is my opinion that Griffiths-Jim would have been 

publicly available no later than a few days or weeks after January 20, 1982. 

VIII. McCowan 

55. As detailed below, I have reviewed the Stanford University Library and 

Library of Congress catalogs and MARC records for “Digital Signal Processing,” 

the serial publication containing McCowan. 

 Stanford University Library Records for McCowan 

56. Appendix N to this Declaration is a true and correct copy of the 

University of the Stanford University Library public catalog record for Digital 

Signal Processing, which was downloaded from:  

https://searchworks.stanford.edu/view/3471549. 

57. Appendix N provides the public with availability and holdings 

information for accessing Digital Signal Processing, including the location, scope of 
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holdings, and call number for locating the serial publication.  Appendix N provides 

the following information for the public to access Digital Signal Processing:  

Key Title: Digital signal processing; 

Imprint: Duluth, MN : Academic Press, c1991-; 

Beginning Date: 1991; 

Frequency: Quarterly; 

Vol/Date Range: Vol. 1, no. 1 (Jan. 1991)-; and 

ISSN: 1015-2004. 

Appendix N also shows that the Stanford Library holds copies of volumes 7 through 

19 of Digital Signal Processing with call numbers “TK5102.5 .D4463 V.7” through 

“TK50102.5 .D4463 V.19 2009” off campus at “SAL3.”  Appendix N indicates that 

the public does not have free access to SAL3 but that copies can be requested through 

library staff and are available. 

58. Appendix O to this Declaration is a true and accurate copy of the 

Stanford University Library MARC record for its copy of Digital Signal Processing, 

which was downloaded from:  

https://searchworks.stanford.edu/view/3471549.refworks_marc_txt. 

59. The Stanford University Library MARC record (Appendix O) for the 

serial publication containing McCowan indicates that: 
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a. The data elements of field tag 008 (900620c19919999mnuqr1p       

0   a0eng d) provide the “date entered on file” for the record, 

which includes the six-digit date entry “900620” that indicates 

that the MARC record for the serial publication was created by 

the Stanford University Library no later than June 20, 1990.  The 

character “c” followed by “19919999” indicates that the serial 

publication is a continuing resource that was first published in 

1991 continues to publish. 

b. Field tag 022 indicates that the serial publication’s ISSN is 1051-

2004. 

c. Field tag 245 denotes the title of the serial publication as Digital 

signal processing. 

d. Field tag 260 indicates that the serial publication was first 

published or distributed in Duluth, MN by Academic Press, and 

provides the publication and copyright dates “c1991-” indicating 

that the serial publication is still published. 

e. Field tag 310 indicates that the serial publication publishes 

quarterly. 

f. Field tag 362 indicates that the serial publication began with Vol. 

1, no. 1 in 1991, and does not contain an ending designation. 
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 Library of Congress Records for McCowan 

60. Appendix P to this Declaration is a true and correct copy of the Library 

of Congress public catalog record for Digital Signal Processing, which was 

downloaded from: https://catalog.loc.gov/vwebv/holdingsInfo?bibId=11390503. 

61. Appendix P provides the public with availability and holdings 

information for accessing Digital Signal Processing, including the location, scope of 

holdings, and call number for locating Digital Signal Processing.  Appendix P 

provides the following information for the public to access Digital Signal 

Processing: 

Main Title: Digital signal processing; 

Published/Created: Duluth, MN : Academic Press, c1991-; 

Publication History: Vol. 1, no. 1 (Jan. 1991)-; 

Current Frequency: Bimonthly, <2005->; 

Former Frequency: Quarterly, <-2003>; and 

ISSN: 1051-2004. 

Appendix P also shows that the Library of Congress’s copy of volume 3 through 

volume 12, no. 1 is assigned call number TK5102.5 .D4463 and is available by 

request in the Jefferson or Adams Building Reading Rooms. 

62. Appendix Q to this Declaration is a true and accurate copy of the 

Library of Congress MARC record for its copy of the serial publication Digital 
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Signal Processing, which was downloaded from:  

https://catalog.loc.gov/vwebv/staffView?bibId=11390503. 

63. The Library of Congress MARC record (Appendix Q) for Digital 

Signal Processing indicates that: 

a. The data elements of field tag 008 (900620c19919999mnubr p       

0   a0eng c) provide the “date entered on file” for the record, 

which includes the six-digit date entry “900620” that indicates 

that the MARC record for the serial publication was created by 

the Library of Congress no later than June 20, 1990.  The 

character “c” followed by “19919999” indicates that the serial 

publication is a continuing resource that was first published in 

1991 continues to publish. 

b. Field tag 022 indicates that the serial publication’s ISSN is 1051-

2004. 

c. Field tag 245 denotes the title of the serial publication as Digital 

signal processing. 

d. Field tag 260 indicates that the serial publication was first 

published or distributed in Duluth, MN by Academic Press, and 

provides the publication and copyright dates “c1991-” indicating 

that the serial publication is still published. 
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e. Field tag 310 indicates that the serial publication publishes 

bimonthly and has published bimonthly since 2005. 

f. Field tag 321 indicates that the serial publication published 

quarterly through 2003. 

g. Field tag 362 indicates that the serial publication began with Vol. 

1, no. 1 in 1991, and does not contain an ending designation. 

 The Library Catalog Records and MARC Records 
are Consistent with Publication Information in 
McCowan 

64. Appendix R indicates that the article titled “Near-field Adaptive 

Beamformer for Robust Speech Recognition” by Iain A. McCowan et al. was 

published on page 87 of vol. 12, no. 1 of “Digital Signal Processing” in January 

2002.  Exhibit 1006 also contains a date stamp of February 19, 2002, indicating that 

it was received and catalogued by the Library of Congress no later than February 19, 

2002. 

65. The library catalog and MARC records for Digital Signal Processing, 

which contains McCowan, discussed above, are consistent with and confirm the 

bibliographic and publication information Appendix R and Exhibit 1006. 

66. Based on the evidence discussed above and my understanding of 

standard library practices, it is my opinion that McCowan would have been publicly 

available no later than a few days or weeks after February 19, 2002. 
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67. I understand that in IPR Case No. 2022-01124, Shauna Wiest similarly 

submitted a declaration concluding that McCowan was publicly available within a 

few days or weeks of February 19, 2002.  This supports my opinion that McCowan 

would have been publicly available within a few days or weeks of February 19, 2002. 



IX. Conclusion 

I declare that all statements made herein of my knowledge are true, and that 

all statements made on information and belief are believed to be true, and that these 

statements were made with the knowledge that willful false statements and the like 

so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 
18 of the United States Code. 

Executed on November 18, 2022, in Los Alamitos, California. 

Carol S. Peterson 
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710	 2#$aIEEE Signal Processing Society. 

776	 08$iOnline version: $tIEEE transactions on signal processing (Online) $x1941-0476 $w(DLC)  2008212918 $w(OCoLC)44608166 

776	 08$iOnline version: $tIEEE transactions on signal processing $w(OCoLC)623586529 

780	 00$tIEEE transactions on acoustics, speech, and signal processing $x0096-3518 $w(DLC)   74646881 $w(OCoLC)1156938 

891	 00$9853 $81 $av. $bno. $u12 $vr $i(year) $j(month) $wm $x01 

891	 40$9863 $81 $a<39>- $i<1991>- $xprovisional 

850	 ##$aAAP $aArU $aAzTeS $aCSt $aCU-A $aCU-I $aCU-RivP $aCU-SB $aCoFS CoU $aDGW $aDLC $aDeU $aICarbS $aIaU $aInLP $aInU $aMBU $aMCM $aMH-GM $aMd
908	 ##$aWorldCat Daily Updates 2022-08-10 $bWorldCat record variable field(s) change: 040, 655 

951	 ##$aUclaCollMgr Serials1 20151030 $acdl 090811 $acdl 060324 $acdl 041212 $a20 Mar 91 reb $aMARS $9LOCAL 

992	 ##$aTC0208302 $cACB-3362 $9LOCAL 

992	 ##$c07-AOU-4792 $9LOCAL 

996	 ##$a24602-ucladb $9LOCAL 
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 MARC Tags



LCCN Permalink https://lccn.loc.gov/91642053

Publication history Vol. 39, no. 1 (Jan. 1991)-

Description v. : ill. ; 28 cm.

Current frequency Monthly

ISSN 1053-587X

Linking ISSN 1053-587X

LC classification TK5981 .I2

Main title

IEEE transactions on signal processing : a publication of the IEEE Signal Processing Society.

Published/Created

New York, NY : Institute of Electrical and Electronics Engineers, c1991-

Request this Item      LC Find It

More Information

   

PERIODICAL OR NEWSPAPER

IEEE transactions on signal processing : a
publication of the IEEE ...
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https://catalog.loc.gov/vwebv/holdingsInfo?bibId=11385724
https://catalog.loc.gov/vwebv/holdingsInfo?bibId=11385724
https://catalog.loc.gov/vwebv/staffView?bibId=11385724
https://catalog.loc.gov/vwebv/staffView?bibId=11385724
https://lccn.loc.gov/91642053
https://lccn.loc.gov/91642053
https://catalog.loc.gov/acsvoyager/voyagerLogin.htm?page=request&bibId=11385724&recCount=25&recPointer=1&searchId=0
https://catalog.loc.gov/acsvoyager/voyagerLogin.htm?page=request&bibId=11385724&recCount=25&recPointer=1&searchId=0
https://openurl.loc.gov/01loc?url_ver=Z39.88-2004&ctx_ver=Z39.88-2004&rfr_id=info%3Asid%2Fcatalog.loc.gov%3ALCDB&rft_val_fmt=info%3Aofi%2Ffmt%3Akev%3Amtx%3Ajournal&rft.genre=journal&sfx.ignore_date_threshold=1&rft.lccn=91642053&rft.issn=1053-587X&rft.title=IEEE+transactions+on+signal+processing&rft.lccn=2008212918
https://openurl.loc.gov/01loc?url_ver=Z39.88-2004&ctx_ver=Z39.88-2004&rfr_id=info%3Asid%2Fcatalog.loc.gov%3ALCDB&rft_val_fmt=info%3Aofi%2Ffmt%3Akev%3Amtx%3Ajournal&rft.genre=journal&sfx.ignore_date_threshold=1&rft.lccn=91642053&rft.issn=1053-587X&rft.title=IEEE+transactions+on+signal+processing&rft.lccn=2008212918


Continues IEEE transactions on acoustics, speech, and signal processing 0096-
3518 (DLC) 74646881 (OCoLC)1156938

Portion of title Institute of Electrical and Electronics Engineers transactions on signal
processing
Transactions on signal processing
Signal processing

Serial key title IEEE transactions on signal processing

Abbreviated title IEEE trans. signal process.

Related names IEEE Signal Processing Society.

LC Subjects Electro-acoustics--Periodicals.
Signal processing--Periodicals.
Speech processing systems--Periodicals.
Speech processing systems--Periodicals.
Signal processing.
Electro-acoustics--Periodicals.

Other Subjects Electro-acoustics.
Signal processing.
Speech processing systems.
Signaalverwerking.

Form/Genre Periodicals.
Periodicals.

Browse by shelf order TK5981

Notes Title from cover.

Indexed selectively by Chemical abstracts 0009-2258 Jan. 1991-

Reproduction no./Source IEEE Service Center, P.O. Box 1331, 445 Hoes Lane, Piscataway, NJ
08855-1331

Additional formats Online version: IEEE transactions on signal processing (Online) 1941-
0476 (DLC) 2008212918 (OCoLC)44608166
Online version: IEEE transactions on signal processing
(OCoLC)623586529

LCCN 91642053
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https://catalog.loc.gov/vwebv/search?searchArg=IEEE%20transactions%20on%20acoustics,%20speech,%20and%20signal%20processing&searchCode=TALL&searchType=1&recCount=25
https://catalog.loc.gov/vwebv/search?searchArg=IEEE%20transactions%20on%20acoustics,%20speech,%20and%20signal%20processing&searchCode=TALL&searchType=1&recCount=25
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https://catalog.loc.gov/vwebv/search?searchArg=Signal%20processing.&searchCode=SUBJ%2B&searchType=1&recCount=25
https://catalog.loc.gov/vwebv/search?searchArg=Electro-acoustics--Periodicals.&searchCode=SUBJ%2B&searchType=1&recCount=25
https://catalog.loc.gov/vwebv/search?searchArg=Electro-acoustics--Periodicals.&searchCode=SUBJ%2B&searchType=1&recCount=25
https://catalog.loc.gov/vwebv/search?searchArg=Periodicals.&searchCode=SUBJ%2B&searchType=1&recCount=25
https://catalog.loc.gov/vwebv/search?searchArg=Periodicals.&searchCode=SUBJ%2B&searchType=1&recCount=25
https://catalog.loc.gov/vwebv/search?searchArg=Periodicals.&searchCode=SUBJ%2B&searchType=1&recCount=25
https://catalog.loc.gov/vwebv/search?searchArg=Periodicals.&searchCode=SUBJ%2B&searchType=1&recCount=25
https://catalog.loc.gov/vwebv/search?searchArg=TK5981&searchCode=CALL%2B&searchType=1&recCount=25
https://catalog.loc.gov/vwebv/search?searchArg=TK5981&searchCode=CALL%2B&searchType=1&recCount=25


Invalid LCCN sn 90004861

CODEN ITPRED

Dewey class no. 621.382/2/05

Postal reg no. 256620 USPS

National bib agency no. 9885223
SR0070324

Other system no. (OCoLC)ocm22582582

Additional Links http://ieeexplore.ieee.org/servlet/opac?punumber=78

Type of material Periodical or Newspaper

Source of description Latest issue consulted: Vol. 39, no. 6 (June 1991.



CALL NUMBER TK5981 .I2
Set 1

Request in Jefferson or Adams Building Reading Rooms

Status c.1 v. 58/, no. 3-4 2010 Mar-Apr In Process 06-11-2012

Older receipts v.39-v.44 (1991-1996:Apr.), v.44:no.4-v.54:no.1 (1996:June-2006:Jan.)

v.54:no.3-v.56:no.3 (2006:Mar.-2008:Mar.), v.56:no.7-v.62:no.1/4
(2008:July-2014:Jan./Feb.), v.62:no.9/12-v.65:no.9/12 (2014:May/June-
2017:May/June), v.65:no.17/20 (2017:Sept./Oct.), v.66:no.1/4-v.67:no.4
(2018:Jan./Feb.-2019:Feb.)


CALL NUMBER TK5981 .I2
Copy 1
Unbound issues

Request in Newspaper & Current Periodical Reading Room (Madison LM133)

Latest receipts v. 56, no. 6 (2008 June)

Item Availability
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https://catalog.loc.gov/vwebv/search?searchArg=TK5981%20.I2&searchCode=CALL%2B&searchType=1&recCount=25
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v. 56, no. 4 (2008 Apr.)
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Full Record
 MARC Tags

000 04049cas a2200829 a 4500

001 11385724

005 20220812105052.0

008 901025c19919999nyumr p       0   a0eng c

010 __  |a  91642053  |z sn 90004861

016 7_  |a 9885223 |2 DNLM

016 7_  |a SR0070324 |2 DNLM

022 0_  |a 1053-587X |l 1053-587X |2 1

030 __  |a ITPRED

032 __  |a 256620 |b USPS

035 __  |a (OCoLC)ocm22582582

037 __  |b IEEE Service Center, P.O. Box 1331, 445 Hoes Lane, Piscataway, NJ 08855-1331

040 __  |a NSD |b eng |c NSD |d WAU |d NSD |d NYG |d DLC |d COO |d DLC |d NST |d NSD |d ELM |d 
HUL |d NST |d DLC |d CAS |d DLC |d MYG |d IUL |d NST |d IUL |d NST |d DLC |d MYG |d CUS |
d MYG |d SYS |d IEEEX |d NLM |d OCLCQ |d NLGGC |d NSD |d OCLCQ |d OCLCF |d OCLCO |
d OCLCA |d IUL |d OCLCO |d OCLCA |d CNMON |d OCLCO |d PUL

042 __  |a nsdp |a pcc

050 00  |a TK5981 |b .I2

082 00  |a 621.382/2/05 |2 20

210 0_  |a IEEE trans. signal process.

222 _0  |a IEEE transactions on signal processing

245 00  |a IEEE transactions on signal processing : |b a publication of the IEEE Signal Processing Society.

246 30  |a Institute of Electrical and Electronics Engineers transactions on signal processing

   

PERIODICAL OR NEWSPAPER

IEEE transactions on signal processing : a
publication of the IEEE ...

- 170 -

https://catalog.loc.gov/vwebv/holdingsInfo?bibId=11385724
https://catalog.loc.gov/vwebv/holdingsInfo?bibId=11385724
https://catalog.loc.gov/vwebv/staffView?bibId=11385724
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246 30  |a Transactions on signal processing

246 30  |a Signal processing

249 0_  |i ACQUIRE Title: |a IEEE transactions on signal processing : a publication of the IEEE Signal
Processing Society

260 __  |a New York, NY : |b Institute of Electrical and Electronics Engineers, |c c1991-

300 __  |a v. : |b ill. ; |c 28 cm.

310 __  |a Monthly

362 0_  |a Vol. 39, no. 1 (Jan. 1991)-

500 __  |a Title from cover.

510 2_  |a Chemical abstracts |x 0009-2258 |b Jan. 1991-

588 __  |a Latest issue consulted: Vol. 39, no. 6 (June 1991.

590 __  |a SERBIB/SERLOC merged record

592 __  |a ACQN: aq 94020572

650 _0  |a Electro-acoustics |v Periodicals.

650 _0  |a Signal processing |v Periodicals.

650 _0  |a Speech processing systems |v Periodicals.

650 _0  |a Speech processing systems |x Periodicals.

650 _0  |a Signal processing.

650 _0  |a Electro-acoustics |x Periodicals.

650 _6  |a Traitement automatique de la parole |x Périodiques.

650 _6  |a Traitement du signal.

650 _6  |a Électroacoustique |x Périodiques.

650 _6  |a Électroacoustique |v Périodiques.

650 _6  |a Traitement du signal |v Périodiques.

650 _6  |a Traitement automatique de la parole |v Périodiques.

650 _7  |a Electro-acoustics. |2 fast |0 (OCoLC)fst00906339

650 _7  |a Signal processing. |2 fast |0 (OCoLC)fst01118281

650 _7  |a Speech processing systems. |2 fast |0 (OCoLC)fst01129243

650 17  |a Signaalverwerking. |2 gtt

655 _7  |a Periodicals. |2 fast |0 (OCoLC)fst01411641

655 _7  |a Periodicals. |2 lcgft |0 http://id.loc.gov/authorities/genreForms/gf2014026139 |0 (uri)
http://id.loc.gov/authorities/genreForms/gf2014026139

710 2_  |a IEEE Signal Processing Society.

776 08  |i Online version: |t IEEE transactions on signal processing (Online) |x 1941-0476 |w (DLC)
2008212918 |w (OCoLC)44608166

776 08  |i Online version: |t IEEE transactions on signal processing |w (OCoLC)623586529

780 00  |t IEEE transactions on acoustics, speech, and signal processing |x 0096-3518 |w (DLC)
74646881 |w (OCoLC)1156938
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CALL NUMBER TK5981 .I2
Set 1

Request in Jefferson or Adams Building Reading Rooms

Status c.1 v. 58/, no. 3-4 2010 Mar-Apr In Process 06-11-2012

Older receipts v.39-v.44 (1991-1996:Apr.), v.44:no.4-v.54:no.1 (1996:June-2006:Jan.)

v.54:no.3-v.56:no.3 (2006:Mar.-2008:Mar.), v.56:no.7-v.62:no.1/4
(2008:July-2014:Jan./Feb.), v.62:no.9/12-v.65:no.9/12 (2014:May/June-
2017:May/June), v.65:no.17/20 (2017:Sept./Oct.), v.66:no.1/4-v.67:no.4
(2018:Jan./Feb.-2019:Feb.)


850 __  |a AAP |a ArU |a AzTeS |a CSt |a CU-A |a CU-I |a CU-RivP |a CU-SB |a CoFS
CoU |a DGW |a DLC |a DeU |a ICarbS |a IaU |a InLP |a InU |a MBU |a MCM |a MH-
GM |a MdBJ |a MdU |a MiEM |a MiU |a MnU |a MoKL |a MoU |a MsSM |a NBuU |a NN |a NNC |a 
NNE |a NRU |a NSyU |a NcD |a NcRS |a NcU |a NjP |a NjR |a NmU |a OCP |a OCU |a OU |a OrC
S |a PPD |a PPiM |a PU |a RPB-S |a TU |a TxHR |a ViBlbV

859 41  |u http://ieeexplore.ieee.org/servlet/opac?punumber=78

853 00  |8 1 |a v. |b no. |u 12 |v r |i (year) |j (month) |w m |x 01

863 40  |8 1 |a <39>- |i <1991>- |x provisional

890 __  |a IEEE transactions on signal processing. |i 91-642053

906 __  |a 7 |b cbc |c serials |d u |e ncip |f 19 |g n-oclcserc

920 __  |a Keep 1

923 __  |d 20020726 |s Group Registration

984 __  |a srvf

985 __  |e eserial 200406

991 __  |b c-GenColl |h TK5981 |i .I2 |w SERIALS

991 __  |b o-NLS/REF |w ACQUIRE

992 __  |b 93000437 |w ACQUIRE

992 __  |b SER |w SERLOC

Request this Item      LC Find It

Item Availability
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https://catalog.loc.gov/vwebv/search?searchArg=TK5981%20.I2&searchCode=CALL%2B&searchType=1&recCount=25
https://catalog.loc.gov/vwebv/search?searchArg=TK5981%20.I2&searchCode=CALL%2B&searchType=1&recCount=25
https://catalog.loc.gov/acsvoyager/voyagerLogin.htm?page=request&bibId=11385724&recCount=0&recPointer=0&searchId=0
https://catalog.loc.gov/acsvoyager/voyagerLogin.htm?page=request&bibId=11385724&recCount=0&recPointer=0&searchId=0
https://openurl.loc.gov/01loc?url_ver=Z39.88-2004&ctx_ver=Z39.88-2004&rfr_id=info%3Asid%2Fcatalog.loc.gov%3ALCDB&rft_val_fmt=info%3Aofi%2Ffmt%3Akev%3Amtx%3Ajournal&rft.genre=journal&sfx.ignore_date_threshold=1&rft.lccn=91642053&rft.issn=1053-587X&rft.title=IEEE+transactions+on+signal+processing&rft.lccn=2008212918
https://openurl.loc.gov/01loc?url_ver=Z39.88-2004&ctx_ver=Z39.88-2004&rfr_id=info%3Asid%2Fcatalog.loc.gov%3ALCDB&rft_val_fmt=info%3Aofi%2Ffmt%3Akev%3Amtx%3Ajournal&rft.genre=journal&sfx.ignore_date_threshold=1&rft.lccn=91642053&rft.issn=1053-587X&rft.title=IEEE+transactions+on+signal+processing&rft.lccn=2008212918


CALL NUMBER TK5981 .I2
Copy 1
Unbound issues

Request in Newspaper & Current Periodical Reading Room (Madison LM133)

Latest receipts v. 56, no. 6 (2008 June)
v. 56, no. 4 (2008 Apr.)

Supplements "Content Gazette" (2010:June)
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Send to

QR PERMALINK EMAIL CITATION EXPORT BIBTEX

ENDNOTE
BASIC

EXPORT TO
EXCEL

MENDELEY REFWORKS EXPORT RIS

PRINT

Search for articles within this journal

Search inside

Online access

Full availability (Access issues? Try )using the VPN

Available from 1963 volume: 11 issue: 1.

IEEE Electronic Library (IEL) SHOW LICENSE

Available from 1963 volume: 11 issue: 1.

IEEE Electronic Library (IEL) Journals

Available from 1963 volume: 11 issue: 1.

IEEE Xplore All Journals

Please sign in to check if there are any request options.

How to get it

MY LIBRARY ACCOUNT

BACK TO LOCATIONS

Available SEL/8270 Boelter Hall Stacks; Current issues in Current Jnls ;
TK7872.A6 I59ta
Holdings: v.11-50(1963-2002)v.51:no.1-8,10-

LOCATION ITEMS

Article title or keyword

1963
IEEE transactions on antennas and propagation.

Available at  SEL/8270 Boelter Hall Stacks; Current issues in Current Jnls (TK7872.A6
I59ta) 
Available Online 

 View Journal Contents 

JOURNAL

TOP

SEND TO

SEARCH INSIDE

ONLINE ACCESS

HOW TO GET IT

LINKS

DETAILS

RELATED RESOURCES

NEW
SEARCH DATABASES RESEARCH

GUIDES
JOURNAL
TITLE MY LIBRARY ACCOUNT Menu
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https://search.library.ucla.edu/discovery/favorites?vid=01UCS_LAL%3AUCLA&lang=en&section=items
https://www.library.ucla.edu/
https://www.library.ucla.edu/


12(2003),v.52(2004)v.53:no.1-7,9-12(2005)v.54-55(2006-
2007)v.56:no.1-3,5-6,9-12(2008),v.57:no.2,4-12(2009)

Note: Library does not have current subscription.
v.33:no.4(1985) includes the Symposia Cumulative
Index 1963-1984.

Indexes: Cumulative index: 1952-1968;1969-1973;1974-
1979;1963-1984;1952-84;1985-1990

Item in place (0 requests)
Non-circulating

v.57 no.10-12 yr.2009

Item in place (0 requests)
Non-circulating

v.57 no.7-9 yr.2009

Item in place (0 requests)
Non-circulating

v.57 no.4-6 yr.2009

Item in place (0 requests)
Non-circulating

v.57 no.2 yr.2009

Item in place (0 requests)
Non-circulating

v.56 no.9-12 yr.2008

SHOW MORE ITEMS




OTHER UC LIBRARIES

Links

MARC Record

Author / Contributor

Title IEEE transactions on antennas and propagation.

Other Title Transactions on antennas and propagation
Antennas and propagation

Publication Information New York, Institute of Electrical and Electronics Engineers
v. AP-11- Jan. 1963-

Creation Date 1963

Related titles Earlier title : 

Available in other form: 

Available in other form: 

Type Journal

Physical Description volumes illustrations 28 cm

Notes "A publication of the IEEE Antennas and Propagation Society" (called 1963-
May 1964, Institute of Electrical and Electronics Engineers, Professional

Technical Group on Antennas and Propagation; 1964- Institute of Electrical

Details

IEEE Antennas and Propagation Society, issuing body. 

Institute of Electrical and Electronics Engineers. Antennas and Propagation
Group, issuing body. 

Institute of Radio Engineers. Professional Group on Antennas
and Propagation. IRE transactions on antennas and propagation 

Online version: IEEE transactions on antennas and
propagation 

Online version: IEEE transactions on antennas and
propagation (Online) 

- 176 -

https://search.library.ucla.edu/discovery/sourceRecord?vid=01UCS_LAL%3AUCLA&docId=alma99245553606533&recordOwner=01UCS_NETWORK
https://search.library.ucla.edu/discovery/sourceRecord?vid=01UCS_LAL%3AUCLA&docId=alma99245553606533&recordOwner=01UCS_NETWORK
https://search.library.ucla.edu/discovery/search?query=creator%2Cexact%2CIEEE%20Antennas%20and%20Propagation%20Society%2CAND&vid=01UCS_LAL%3AUCLA&facet=creator%2Cexact%2CIEEE%20Antennas%20and%20Propagation%20Society&mode=advanced&offset=0
https://search.library.ucla.edu/discovery/search?query=creator%2Cexact%2CIEEE%20Antennas%20and%20Propagation%20Society%2CAND&vid=01UCS_LAL%3AUCLA&facet=creator%2Cexact%2CIEEE%20Antennas%20and%20Propagation%20Society&mode=advanced&offset=0
https://search.library.ucla.edu/discovery/search?query=creator%2Cexact%2CInstitute%20of%20Electrical%20and%20Electronics%20Engineers.%20Antennas%20and%20Propagation%20Group%2CAND&vid=01UCS_LAL%3AUCLA&facet=creator%2Cexact%2CInstitute%20of%20Electrical%20and%20Electronics%20Engineers.%20Antennas%20and%20Propagation%20Group&mode=advanced&offset=0
https://search.library.ucla.edu/discovery/search?query=creator%2Cexact%2CInstitute%20of%20Electrical%20and%20Electronics%20Engineers.%20Antennas%20and%20Propagation%20Group%2CAND&vid=01UCS_LAL%3AUCLA&facet=creator%2Cexact%2CInstitute%20of%20Electrical%20and%20Electronics%20Engineers.%20Antennas%20and%20Propagation%20Group&mode=advanced&offset=0
https://search.library.ucla.edu/discovery/fulldisplay?vid=01UCS_LAL%3AUCLA&docid=alma9938452113606533&lang=en&context=L
https://search.library.ucla.edu/discovery/fulldisplay?vid=01UCS_LAL%3AUCLA&docid=alma9938452113606533&lang=en&context=L
https://search.library.ucla.edu/discovery/search?query=title%2Cexact%2CIEEE%20transactions%20on%20antennas%20and%20propagation%2CAND&vid=01UCS_LAL%3AUCLA&mode=advanced&offset=0
https://search.library.ucla.edu/discovery/search?query=title%2Cexact%2CIEEE%20transactions%20on%20antennas%20and%20propagation%2CAND&vid=01UCS_LAL%3AUCLA&mode=advanced&offset=0
https://search.library.ucla.edu/discovery/search?query=title%2Cexact%2CIEEE%20transactions%20on%20antennas%20and%20propagation%20(Online)%2CAND&vid=01UCS_LAL%3AUCLA&mode=advanced&offset=0
https://search.library.ucla.edu/discovery/search?query=title%2Cexact%2CIEEE%20transactions%20on%20antennas%20and%20propagation%20(Online)%2CAND&vid=01UCS_LAL%3AUCLA&mode=advanced&offset=0


and Electronics Engineers, Antennas and Propagation Group).
Chemical abstracts 0009-2258

Additional forms Also issued in microform.

Language English

Subject

Genre Periodicals.

Indexes/Finding Aid Vols. 1-16, 1953-1968, 1 v.; v.17-21, 1969-1973, 1 v.

Frequency Monthly, <Jan. 1984->

Identifier LC : 57039363
ISSN : 0018-926X
OCLC : (OCoLC)01752540
OCLC : (OCoLC)ocm01752540
ISSN : 1558-2221

MMS ID 99245553606533

Source Library Catalog

Former System Number 24555-ucladb

Radio -- Periodicals

Radio -- Antennas -- Periodicals

Antennas (Electronics) -- Periodicals

Radio waves -- Periodicals

Radio -- Antennes -- Périodiques
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Set 1

Request in Jefferson or Adams Building Reading Rooms

Status c.1 v. 67, no. 1 2019 Jan In Process 03-03-2021
c.1 v. 69, no. 1 2021 Jan At Bindery - 09-13-2022
c.1 v. 69, no. 2 2021 Feb At Bindery - 09-13-2022
c.1 v. 69, no. 3 2021 Mar At Bindery - 09-13-2022
c.1 v. 69, no. 5 2021 May At Bindery - 09-13-2022
c.1 v. 69, no. 6 2021 June At Bindery - 09-13-2022

Older receipts

Item Availability
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https://catalog.loc.gov/vwebv/search?searchArg=TK7800%20.I2&searchCode=CALL%2B&searchType=1&recCount=25
https://catalog.loc.gov/vwebv/search?searchArg=TK7800%20.I2&searchCode=CALL%2B&searchType=1&recCount=25


v.AP1 (1952), v.AP2-v.AP50:no.3 (1953:July-2002:Mar.), v.50:no.8-v.52
(2002:Aug.-2004), v.53:no.2-v.53:no.3 (2005:Feb.-2005:Mar.),v.53:no.5-
v.54:no.1 (2005:May-2006:Jan.)

v.54:no.3-v.56:no.3 (2006:Mar-2008:Mar.), v.56:no.6-v.66:no.10
(2008:June-2018:Oct.), v.66:no.12-v.69:no.3 (2018:Dec.-2021:Mar.),
v.69:no.5-v.69:no.6 (2021:May-2021:June)


Supplements "Spec. suppl." 1959:Dec.


Indexes "Cumulative Index" 1952/1984

v.AP39 (1991)


CALL NUMBER TK7800 .I2
Copy 1
Unbound issues

Request in Newspaper & Current Periodical Reading Room (Madison LM133)

Latest receipts v. 70, no. 9 (2022 Sept.)
v. 70, no. 8 (2022 Aug.)
v. 70, no. 7 (2022 July)
v. 70, no. 6 (2022 June)
v. 70, no. 5 (2022 May)
v. 70, no. 4 (2022 Apr.)
v. 70, no. 3 (2022 Mar.)
v. 70, no. 1 (2022 Jan.)
v. 69, no. 12 (2021 Dec.)
v. 69, no. 11 (2021 Nov.)
v. 69, no. 10 (2021 Oct.)
v. 69, no. 9 (2021 Sept.)
v. 69, no. 8 (2021 Aug.)
v. 69, no. 7 (2021 July)
v. 69, no. 4 (2021 Apr.)
v. 57, no. 4, pt. 2 (2009 Apr.)

CALL NUMBER TK7800 .I2

Request in Newspaper & Current Periodical Reading Room (Madison LM133)
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https://catalog.loc.gov/vwebv/search?searchArg=TK7800%20.I2&searchCode=CALL%2B&searchType=1&recCount=25
https://catalog.loc.gov/vwebv/search?searchArg=TK7800%20.I2&searchCode=CALL%2B&searchType=1&recCount=25
https://catalog.loc.gov/vwebv/search?searchArg=TK7800%20.I2&searchCode=CALL%2B&searchType=1&recCount=25
https://catalog.loc.gov/vwebv/search?searchArg=TK7800%20.I2&searchCode=CALL%2B&searchType=1&recCount=25


 
 
 
 
 
 
 
 
 
 
 
 
 

EXHIBIT M 
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Full Record
 MARC Tags

000 03990cas a2200805   4500

001 11150579

005 20220812095006.0

008 751101c19639999nyumr p       0   a0eng d

010 __  |a  57039363

016 7_  |a I03585000 |2 DNLM

016 7_  |a 009844966 |2 Uk

022 0_  |a 0018-926X |l 0018-926X |2 1

030 __  |a IETPAK

032 __  |a 256600 |b USPS

035 __  |a (OCoLC)ocm01752540

037 __  |b IEEE Service Center, 445 Hoes La., Piscataway, NJ 08854

040 __  |a MUL |b eng |c MUL |d NSD |d YUS |d HUL |d OCL |d RCS |d NSD |d AIP |d DLC |d NST |d O
CL |d NSD |d NST |d MYG |d CUS |d MYG |d DLC |d LYU |d IEEEX |d OCLCQ |d CUS |d OCLC
Q |d NSD |d LVB |d OCLCQ |d OCLCF |d OCLCO |d IUL |d OCLCO |d QAQUL |d EUX |d RCE |d 
OCLCQ |d UKMGB |d L2U |d IUL |d OCLCO |d PUL

042 __  |a nsdp

050 00  |a TK7800 |b .I2

210 0_  |a IEEE trans. antennas propag. |b (Print)

222 _0  |a IEEE transactions on antennas and propagation |b (Print)

245 00  |a IEEE transactions on antennas and propagation.

246 30  |a Transactions on antennas and propagation

246 30  |a Antennas and propagation

260 __  |a [New York], |b [Institute of Electrical and Electronics Engineers]

   

PERIODICAL OR NEWSPAPER

IEEE transactions on antennas and propagation

- 186 -

https://catalog.loc.gov/vwebv/holdingsInfo?bibId=11150579
https://catalog.loc.gov/vwebv/holdingsInfo?bibId=11150579
https://catalog.loc.gov/vwebv/staffView?bibId=11150579
https://catalog.loc.gov/vwebv/staffView?bibId=11150579


300 __  |a volumes |b illustrations |c 28 cm

310 __  |a Monthly, |b <Jan. 1984->

321 __  |a Bimonthly

336 __  |a text |b txt |2 rdacontent

337 __  |a unmediated |b n |2 rdamedia

338 __  |a volume |b nc |2 rdacarrier

362 0_  |a v. AP-11- Jan. 1963-

510 0_  |a Chemical abstracts |x 0009-2258

530 __  |a Also issued in microform.

550 __  |a "A publication of the IEEE Antennas and Propagation Society" (called 1963-May 1964, Institute
of Electrical and Electronics Engineers, Professional Technical Group on Antennas and
Propagation; 1964- Institute of Electrical and Electronics Engineers, Antennas and Propagation
Group).

555 __  |a Vols. 1-16, 1953-1968, 1 v.; v.17-21, 1969-1973, 1 v.

590 __  |a SERBIB/SERLOC merged record

650 _0  |a Radio |v Periodicals.

650 _0  |a Radio |x Antennas |v Periodicals.

650 _0  |a Antennas (Electronics) |v Periodicals.

650 _0  |a Radio waves |v Periodicals.

650 _6  |a Radio |x Antennes |v Périodiques.

650 _6  |a Ondes radioélectriques |v Périodiques.

650 _6  |a Radio |v Périodiques.

650 _6  |a Antennes (Électronique) |v Périodiques.

650 _7  |a 53.74 antennas. |0 (NL-LeOCL)077605020 |2 bcl

650 _7  |a Antennas (Electronics) |2 fast |0 (OCoLC)fst00810043

650 _7  |a Radio. |2 fast |0 (OCoLC)fst01087053

650 _7  |a Radio |x Antennas. |2 fast |0 (OCoLC)fst01087055

650 _7  |a Radio waves. |2 fast |0 (OCoLC)fst01087617

653 __  |a Electricity And Electrical Engineering

655 _7  |a Periodicals. |2 fast |0 (OCoLC)fst01411641

655 _7  |a Periodicals. |2 lcgft |0 http://id.loc.gov/authorities/genreForms/gf2014026139 |0 (uri)
http://id.loc.gov/authorities/genreForms/gf2014026139

710 2_  |a IEEE Antennas and Propagation Society, |e issuing body.

710 2_  |a Institute of Electrical and Electronics Engineers. |b Antennas and Propagation Group, |e issuing
body.

776 08  |i Online version: |t IEEE transactions on antennas and propagation (Online) |x 1558-
2221 |w (DLC) 2005215237 |w (OCoLC)44459909

776 08  |i Online version: |t IEEE transactions on antennas and propagation |w (OCoLC)565405967

780 00  |a Institute of Radio Engineers. Professional Group on Antennas and Propagation. |t IRE
- 187 -





CALL NUMBER TK7800 .I2
Set 1

Request in Jefferson or Adams Building Reading Rooms

Status c.1 v. 67, no. 1 2019 Jan In Process 03-03-2021
c.1 v. 69, no. 1 2021 Jan At Bindery - 09-13-2022
c.1 v. 69, no. 2 2021 Feb At Bindery - 09-13-2022
c.1 v. 69, no. 3 2021 Mar At Bindery - 09-13-2022
c.1 v. 69, no. 5 2021 May At Bindery - 09-13-2022
c.1 v. 69, no. 6 2021 June At Bindery - 09-13-2022

Older receipts v.AP1 (1952), v.AP2-v.AP50:no.3 (1953:July-2002:Mar.), v.50:no.8-v.52
(2002:Aug.-2004), v.53:no.2-v.53:no.3 (2005:Feb.-2005:Mar.),v.53:no.5-
v.54:no.1 (2005:May-2006:Jan.)

v.54:no.3-v.56:no.3 (2006:Mar-2008:Mar.), v.56:no.6-v.66:no.10
(2008:June-2018:Oct.), v.66:no.12-v.69:no.3 (2018:Dec.-2021:Mar.),
v.69:no.5-v.69:no.6 (2021:May-2021:June)


Supplements

transactions on antennas and propagation |x 0096-1973 |w (DLC)sn
80000246 |w (OCoLC)2007254

859 41  |3 v.36(1988)- |u http://ieeexplore.ieee.org/servlet/opac?punumber=8

859 41  |3 v.3(1955)-v.35(1987). |u http://ieeexplore.ieee.org/servlet/opac?punumber=8234

853 20  |8 1 |a v. |b no. |u 12 |v r |i (year) |j (month) |w m

863 41  |8 1.1 |a <49> |b <1> |i <2001> |j <01>

890 __  |a IEEE transactions on antennas and propagation. New York. |i sv86-621

906 __  |a 7 |b cbc |c serials |d u |e ncip |f 19 |g n-oclcserc

920 __  |a Keep 1

923 __  |d 2003-04-18 |s Group Registration

984 __  |a srvf |d 2001-04-11

985 __  |e eserial 200406

991 __  |b c-GenColl |h TK7800 |i .I2 |w SERIALS

992 __  |b SER |w SERLOC

Request this Item      LC Find It

Item Availability
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https://catalog.loc.gov/vwebv/search?searchArg=TK7800%20.I2&searchCode=CALL%2B&searchType=1&recCount=25
https://catalog.loc.gov/vwebv/search?searchArg=TK7800%20.I2&searchCode=CALL%2B&searchType=1&recCount=25
https://catalog.loc.gov/acsvoyager/voyagerLogin.htm?page=request&bibId=11150579&recCount=0&recPointer=0&searchId=0
https://catalog.loc.gov/acsvoyager/voyagerLogin.htm?page=request&bibId=11150579&recCount=0&recPointer=0&searchId=0
https://openurl.loc.gov/01loc?url_ver=Z39.88-2004&ctx_ver=Z39.88-2004&rfr_id=info%3Asid%2Fcatalog.loc.gov%3ALCDB&rft_val_fmt=info%3Aofi%2Ffmt%3Akev%3Amtx%3Ajournal&rft.genre=journal&sfx.ignore_date_threshold=1&rft.lccn=57039363&rft.issn=0018-926X&rft.title=IEEE+transactions+on+antennas+and+propagation&rft.lccn=2005215237
https://openurl.loc.gov/01loc?url_ver=Z39.88-2004&ctx_ver=Z39.88-2004&rfr_id=info%3Asid%2Fcatalog.loc.gov%3ALCDB&rft_val_fmt=info%3Aofi%2Ffmt%3Akev%3Amtx%3Ajournal&rft.genre=journal&sfx.ignore_date_threshold=1&rft.lccn=57039363&rft.issn=0018-926X&rft.title=IEEE+transactions+on+antennas+and+propagation&rft.lccn=2005215237


"Spec. suppl." 1959:Dec.


Indexes "Cumulative Index" 1952/1984

v.AP39 (1991)


CALL NUMBER TK7800 .I2
Copy 1
Unbound issues

Request in Newspaper & Current Periodical Reading Room (Madison LM133)

Latest receipts v. 70, no. 9 (2022 Sept.)
v. 70, no. 8 (2022 Aug.)
v. 70, no. 7 (2022 July)
v. 70, no. 6 (2022 June)
v. 70, no. 5 (2022 May)
v. 70, no. 4 (2022 Apr.)
v. 70, no. 3 (2022 Mar.)
v. 70, no. 1 (2022 Jan.)
v. 69, no. 12 (2021 Dec.)
v. 69, no. 11 (2021 Nov.)
v. 69, no. 10 (2021 Oct.)
v. 69, no. 9 (2021 Sept.)
v. 69, no. 8 (2021 Aug.)
v. 69, no. 7 (2021 July)
v. 69, no. 4 (2021 Apr.)
v. 57, no. 4, pt. 2 (2009 Apr.)

CALL NUMBER TK7800 .I2

Request in Newspaper & Current Periodical Reading Room (Madison LM133)
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https://catalog.loc.gov/vwebv/search?searchArg=TK7800%20.I2&searchCode=CALL%2B&searchType=1&recCount=25
https://catalog.loc.gov/vwebv/search?searchArg=TK7800%20.I2&searchCode=CALL%2B&searchType=1&recCount=25
https://catalog.loc.gov/vwebv/search?searchArg=TK7800%20.I2&searchCode=CALL%2B&searchType=1&recCount=25
https://catalog.loc.gov/vwebv/search?searchArg=TK7800%20.I2&searchCode=CALL%2B&searchType=1&recCount=25
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
Menu


Digital signal processing
Imprint

Duluth, MN : Academic Press, c1991-

Physical description
v. : ill. ; 28 cm.

Online

Available online

Elsevier ScienceDirect Journals
Available from 1991/01/01
volume: 1 issue: 1

Elsevier SD Backfile Computer
Science

Available from 1991/01/01
volume: 1 issue: 1 until
1994/10/31 volume: 4 issue:
4

Elsevier SD Backfile Engineering and
Technology

Available from 1991/01/01
volume: 1 issue: 1 until
1994/10/31 volume: 4 issue:
4

Elsevier SD Freedom Collection
Journals [SCFCJ]

See the full find it @ Stanford menu

Report a connection problem

At the library

SAL3 (off-campus storage)
No public access

Stacks
Library has: v.7(1997)-v.19(2009)

TK5102.5 .D4463 V.19
2009

 
Available


TK5102.5 .D4463 V.18
2008

 
Available


TK5102.5 .D4463 V.17
2007

 
Available


TK5102.5 .D4463 V.16
2006

 
Available


Description
 Contents/Summary
Supplemental links

library.stanford.edu

 Subjects
Subjects

Signal processing
> Digital techniques
> Periodicals.

 Bibliographic information
Beginning date

1991

Frequency
Quarterly

Vol/date range
Vol. 1, no. 1 (Jan. 1991)-

Note
Title from cover.

Referenced in
Computer & control abstracts 0036-8113 Jan. 1991-

Electrical & electronics abstracts 0036-8105 Jan. 1991-

Physics abstracts 0036-8091 Jan. 1991-

Note
Also available on the World Wide Web.

ISSN
1051-2004

Key title
Digital signal processing
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https://stanford.idm.oclc.org/login?url=https://www.sciencedirect.com/science/journal/10512004
https://stanford.idm.oclc.org/login?url=https://www.sciencedirect.com/science/journal/10512004
https://stanford.idm.oclc.org/login?url=https://www.sciencedirect.com/science/journal/10512004
https://stanford.idm.oclc.org/login?url=https://www.sciencedirect.com/science/journal/10512004
https://stanford.idm.oclc.org/login?url=https://www.sciencedirect.com/science/journal/10512004
https://stanford.idm.oclc.org/login?url=https://www.sciencedirect.com/science/journal/10512004
https://stanford.idm.oclc.org/login?url=https://www.sciencedirect.com/science/journal/10512004
https://stanford.idm.oclc.org/login?url=https://www.sciencedirect.com/science/journal/10512004
http://library.stanford.edu/sfx?ctx_enc=info%3Aofi%2Fenc%3AUTF-8&ctx_ver=Z39.88-2004&rfr_id=info%3Asid%2Fsfxit.com%3Aopac_856&rft.object_id=954922650164&sfx.ignore_date_threshold=1&svc_val_fmt=info%3Aofi%2Ffmt%3Akev%3Amtx%3Asch_svc&url_ctx_fmt=info%3Aofi%2Ffmt%3Akev%3Amtx%3Actx&url_ver=Z39.88-2004
http://library.stanford.edu/sfx?ctx_enc=info%3Aofi%2Fenc%3AUTF-8&ctx_ver=Z39.88-2004&rfr_id=info%3Asid%2Fsfxit.com%3Aopac_856&rft.object_id=954922650164&sfx.ignore_date_threshold=1&svc_val_fmt=info%3Aofi%2Ffmt%3Akev%3Amtx%3Asch_svc&url_ctx_fmt=info%3Aofi%2Ffmt%3Akev%3Amtx%3Actx&url_ver=Z39.88-2004
https://library.stanford.edu/ask/email/connection-problems
https://library.stanford.edu/ask/email/connection-problems
https://library.stanford.edu/libraries/sal3/about
https://library.stanford.edu/libraries/sal3/about
http://library.stanford.edu/sfx?url%5Fver=Z39.88-2004&ctx%5Fver=Z39.88-2004&ctx%5Fenc=info:ofi/enc:UTF-8&rfr%5Fid=info:sid/sfxit.com:opac%5F856&url%5Fctx%5Ffmt=info:ofi/fmt:kev:mtx:ctx&sfx.ignore%5Fdate%5Fthreshold=1&rft.object%5Fid=954922650164&svc%5Fval%5Ffmt=info:ofi/fmt:kev:mtx:sch%5Fsvc&
http://library.stanford.edu/sfx?url%5Fver=Z39.88-2004&ctx%5Fver=Z39.88-2004&ctx%5Fenc=info:ofi/enc:UTF-8&rfr%5Fid=info:sid/sfxit.com:opac%5F856&url%5Fctx%5Ffmt=info:ofi/fmt:kev:mtx:ctx&sfx.ignore%5Fdate%5Fthreshold=1&rft.object%5Fid=954922650164&svc%5Fval%5Ffmt=info:ofi/fmt:kev:mtx:sch%5Fsvc&
https://searchworks.stanford.edu/catalog?q=%22Signal+processing%22&search_field=subject_terms
https://searchworks.stanford.edu/catalog?q=%22Signal+processing%22&search_field=subject_terms
https://searchworks.stanford.edu/catalog?q=%22Signal+processing+Digital+techniques%22&search_field=subject_terms
https://searchworks.stanford.edu/catalog?q=%22Signal+processing+Digital+techniques%22&search_field=subject_terms
https://searchworks.stanford.edu/catalog?q=%22Signal+processing+Digital+techniques+Periodicals.%22&search_field=subject_terms
https://searchworks.stanford.edu/catalog?q=%22Signal+processing+Digital+techniques+Periodicals.%22&search_field=subject_terms


TK5102.5 .D4463 V.15
2005

 
Available


TK5102.5 .D4463 V.14
2004

 
Available


TK5102.5 .D4463 V.13
2003

 
Available


TK5102.5 .D4463 V.12
2002

 
 In transit

TK5102.5 .D4463 V.11
2001

 
Available


TK5102.5 .D4463 V.10
2000

 
Available


TK5102.5 .D4463 V.9
1999

 
Available


TK5102.5 .D4463 V.8
1998

 
Available


TK5102.5 .D4463 V.7
1997

 
Available


show less

More options

Find it at other libraries via
WorldCat

| Catkey: 34715
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https://worldcat.org/oclc/21889588
https://worldcat.org/oclc/21889588
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Full Record
 MARC Tags



LCCN Permalink https://lccn.loc.gov/91650983

Publication history Vol. 1, no. 1 (Jan. 1991)-

Description v. : ill. ; 28 cm.

Current frequency Bimonthly, <2005->

Former frequency Quarterly, <-2003>

ISSN 1051-2004

Linking ISSN 1051-2004

LC classification TK5102.5 .D4463

Main title

Digital signal processing.

Published/Created

Duluth, MN : Academic Press, c1991-

Request this Item      LC Find It

More Information

   

PERIODICAL OR NEWSPAPER

Digital signal processing

- 197 -

https://catalog.loc.gov/vwebv/holdingsInfo?bibId=11390503
https://catalog.loc.gov/vwebv/holdingsInfo?bibId=11390503
https://catalog.loc.gov/vwebv/staffView?bibId=11390503
https://catalog.loc.gov/vwebv/staffView?bibId=11390503
https://lccn.loc.gov/91650983
https://lccn.loc.gov/91650983
https://catalog.loc.gov/acsvoyager/voyagerLogin.htm?page=request&bibId=11390503&recCount=0&recPointer=0&searchId=0
https://catalog.loc.gov/acsvoyager/voyagerLogin.htm?page=request&bibId=11390503&recCount=0&recPointer=0&searchId=0
https://openurl.loc.gov/01loc?url_ver=Z39.88-2004&ctx_ver=Z39.88-2004&rfr_id=info%3Asid%2Fcatalog.loc.gov%3ALCDB&rft_val_fmt=info%3Aofi%2Ffmt%3Akev%3Amtx%3Ajournal&rft.genre=journal&sfx.ignore_date_threshold=1&rft.lccn=91650983&rft.issn=1051-2004&rft.title=Digital+signal+processing&rft.lccn=sn97006904
https://openurl.loc.gov/01loc?url_ver=Z39.88-2004&ctx_ver=Z39.88-2004&rfr_id=info%3Asid%2Fcatalog.loc.gov%3ALCDB&rft_val_fmt=info%3Aofi%2Ffmt%3Akev%3Amtx%3Ajournal&rft.genre=journal&sfx.ignore_date_threshold=1&rft.lccn=91650983&rft.issn=1051-2004&rft.title=Digital+signal+processing&rft.lccn=sn97006904


Serial key title Digital signal processing (Print)

Abbreviated title Digit. signal process. (Print)

LC Subjects Signal processing--Digital techniques--Periodicals.
Signal processing--Digital techniques.

Other Subjects Signal processing--Digital techniques.

Form/Genre Periodicals.

Browse by shelf order TK5102.5

Notes Title from cover.

Reproduction no./Source Academic Press, Inc., 1 E. 1st St., Duluth, MN 55802

Additional formats Digital signal processing (Online) 1095-4333 (DLC)sn 97006904
(OCoLC)36980269

LCCN 91650983

Invalid LCCN sn 90002038

CODEN DSPREJ

Dewey class no. 621.382/2

Other system no. (OCoLC)ocm21889588

Additional Links http://www.idealibrary.com Logon procedure and access to this title is
available via the I.D.E.A.L. (service provider) homepage http
http://firstsearch.oclc.org Address for accessing the journal using
authorization number and password through OCLC FirstSearch
Electronic Collections Online. Subscription to online journal required for
access to abstracts and full text http
http://firstsearch.oclc.org/journal=1051-2004;screen=info;ECOIP Address
for accessing the journal from an authorized IP address through OCLC
FirstSearch Electronic Collections Online. Subscription to online journal
required for access to abstracts and full text http

Type of material Periodical or Newspaper

Source of description Latest issue consulted: Vol. 1, no. 2 (Apr. 1991).

- 198 -

https://catalog.loc.gov/vwebv/search?searchArg=Signal%20processing--Digital%20techniques--Periodicals.&searchCode=SUBJ%2B&searchType=1&recCount=100
https://catalog.loc.gov/vwebv/search?searchArg=Signal%20processing--Digital%20techniques--Periodicals.&searchCode=SUBJ%2B&searchType=1&recCount=100
https://catalog.loc.gov/vwebv/search?searchArg=Signal%20processing--Digital%20techniques.&searchCode=SUBJ%2B&searchType=1&recCount=100
https://catalog.loc.gov/vwebv/search?searchArg=Signal%20processing--Digital%20techniques.&searchCode=SUBJ%2B&searchType=1&recCount=100
https://catalog.loc.gov/vwebv/search?searchArg=Periodicals.&searchCode=SUBJ%2B&searchType=1&recCount=100
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Near-field Adaptive Beamformer for Robust
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McCowan, I. A., Moore, D. C., and Sridharan, S., Near-field Adaptive
Beamformer for Robust Speech Recognition, Digital Signal Processing 12
(2002) 87–106.

This paper investigates a new microphone array processing technique
specifically for the purpose of speech enhancement and recognition. The
main objective of the proposed technique is to improve the low frequency
directivity of a conventional adaptive beamformer, as low frequency per-
formance is critical in speech processing applications. The proposed tech-
nique, termed near-field adaptive beamforming (NFAB), is implemented
using the standard generalized sidelobe canceler (GSC) system structure,
where a near-field superdirective (NFSD) beamformer is used as the fixed
upper-path beamformer to improve the low frequency performance. In ad-
dition, to minimize signal leakage into the adaptive noise canceling path for
near-field sources, a compensation unit is introduced prior to the blocking
matrix. The advantage of the technique is verified by comparing the direc-
tivity patterns with those of conventional filter-sum, NFSD, and GSC sys-
tems. In speech enhancement and recognition experiments, the proposed
technique outperforms the standard techniques for a near-field source in
adverse noise conditions.  2002 Elsevier Science (USA)

Key Words: microphone array; beamforming; near-field; adaptive; su-
perdirectivity; speech recognition.

1. INTRODUCTION

Currently, much research is being undertaken to improve the robustness of
speech recognition systems in real environments. This paper focuses on the
use of a microphone array to enhance the noisy input speech signal prior to
recognition. While the use of microphone arrays for speech recognition has been
studied for some time by a number of researchers, a persistent problem has been
the poor low frequency directivity of conventional beamforming techniques with
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practical array dimensions. Low frequency performance is critical for speech
processing applications, as significant speech energy is located below 1 kHz.

By explicitly maximizing the array gain, superdirective beamforming tech-
niques are able to achieve greater directivity than conventional techniques with
closely spaced sensor arrays [1]. This directivity generally comes at the expense
of a controlled reduction in the white noise gain of the array. Recent work has
demonstrated the suitability of superdirective beamforming for speech enhance-
ment and recognition tasks [2, 3]. By employing a spherical propagation model
in its formulation, rather than assuming a far-field model, near-field superdirec-
tivity (NFSD) succeeds in achieving high directivity at low frequencies for near-
field speech sources in diffuse noise conditions [4]. In previous work, near-field
superdirectivity has been shown to lead to good speech recognition performance
in high noise conditions for a near-field speaker [5].

Superdirective techniques are typically formulated assuming a diffuse noise
field. While this is a good approximation to many practical noise conditions,
further noise reduction would result from a more accurate model of the
actual noise conditions during operation. Adaptive array processing techniques
continually update their parameters based on the statistics of the measured
input noise. The generalized sidelobe canceler (GSC) [6] presents a structure
that can be used to implement a variety of adaptive beamformers. A block
diagram of the basic GSC system is shown in Fig. 1. The GSC separates
the adaptive beamformer into two main processing paths—a standard fixed
beamformer, w, with L constraints on the desired signal response, and an
adaptive path, consisting of a blocking matrix, B, and a set of adaptive filters, a.
As the desired signal has been constrained in the upper path, the lower path
filters can be updated using an unconstrained adaptive algorithm, such as the
least-mean-square (LMS) algorithm.

While the theory of adaptive techniques promises greater signal enhance-
ment, this is not always the case in real situations. A common problem with
the GSC system is leakage of the desired signal through the blocking matrix,
resulting in signal degradation at the beamformer output. This is particularly
problematic for broadband signals, such as speech, and especially for speech
recognition applications where signal distortion is critical.

In this paper we propose a system that is suited to speech enhancement in a
practical near-field situation, having both the good low frequency performance
of near-field superdirectivity and the adaptability of a GSC system, while taking

FIG. 1. Generalized sidelobe canceler structure.
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care to minimize the problem of signal degradation for near-field sources.
We begin by formulating a concise model for near-field sound propagation in
Section 2. This model is then used in Section 3 to develop the proposed near-
field adaptive beamforming (NFAB) technique. To demonstrate the benefit of
the technique over existing methods, an experimental evaluation assessing
directivity patterns, speech enhancement performance, and speech recognition
performance is detailed in Sections 4 and 5.

2. NEAR-FIELD SOUND PROPAGATION MODEL

In sensor array applications, a succinct means of characterizing both the
array geometry and the location of a signal source is via the propagation vector.
The propagation vector concisely describes the theoretical propagation of the
signal from its source to each sensor in the array. In this section, we develop an
expression for the propagation vector of a sound source located in the near-field
of a microphone array using a spherical propagation model. This expression is
then used in the formulation of the proposed near-field adaptive beamformer in
the following sections.

Many microphone array processing techniques assume a planar signal
wavefront. This is reasonable for a far-field source, but when the desired
source is close to the array a more accurate spherical wavefront model must
be employed. For a microphone array of length L, a source is considered to be
in the near-field if r < 2L2/λ, where r is the distance to the source and λ is the
wavelength.

We define the reference microphone as the origin of a 3-dimensional vector
space, as shown in Fig. 2. The position vector for a source in direction (θs, φs),
at distance rs from the reference microphone, is denoted ps and is given by:

ps = rs [x̂, ŷ, ẑ]



cos θs sinφs
sin θs sinφs

cosφs


 . (1)

The microphone position vectors, denoted as pi (i = 1, . . . ,N), are similarly
defined. The distance from the source to microphone i is thus

di = ‖ps − pi‖, (2)

where ‖ ‖ is the Euclidean vector norm.
In such a model, the differences in distance to each sensor can be significant

for a near-field source, resulting in phase misalignment across sensors. The
difference in propagation time to each microphone with respect to the reference
microphone (i = 1) is given by

τi = di − d1

c
, (3)
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FIG. 2. Near-field propagation model.

where c = 340 ms−1 for sound. In addition, the wavefront amplitude decays at a
rate proportional to the distance traveled. The resulting amplitude differences
across sensors are negligible for far-field sources, but can be significant in
the near-field case. The microphone attenuation factors, with respect to the
amplitude on the reference microphone, are given by

αi = d1

di
. (4)

Thus, if x1(f ) is the desired source at the reference microphone, the signal on
the ith microphone is given by

xi(f )= αix1(f )e
−j2πf τi . (5)

Consequently, we define the near-field propagation vector for a source at
distance r and direction (θ,φ) as

d(f, r, θ,φ)= [
α1e

−j2πf τ1 . . . αie
−j2πf τn . . . αNe

−j2πf τN
]T
. (6)

3. NEAR-FIELD ADAPTIVE BEAMFORMING

The proposed system structure is shown in Fig. 3. The objective of the
proposed technique is to add the benefit of good low frequency directivity
to a standard adaptive beamformer, as low frequency performance is critical
in speech processing applications. The upper path consists of a fixed near-
field superdirective beamformer, while the lower path contains a near-field
compensation unit, a blocking matrix and an adaptive noise canceling filter.
The principal components of the system are discussed in the following sections.
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FIG. 3. Near-field adaptive beamformer.

Section 3.1 gives an explanation of the near-field superdirective beamformer.
Section 3.2 proposes the inclusion of a near-field compensation unit in the
adaptive sidelobe canceling path and examines its effect on reducing signal
distortion at the output. Once this near-field compensation has been performed,
a standard generalized sidelobe canceling blocking matrix and adaptive filters
can be applied to reduce the output noise power, as discussed in Section 3.3.

3.1. Near-field Superdirective Beamformer

Superdirective beamforming techniques are based upon the maximization of
the array gain, or directivity index. The array gain is defined as the ratio of
output signal-to-noise ratio to input signal-to-noise ratio and for the general
case can be expressed in matrix notation as [1]

G(f )= w(f )HP(f )w(f )

w(f )HQ(f )w(f )
, (7)

where w(f ) is a column vector of channel gains,

w(f )= [
w1(f ) . . . wi(f ) . . . wN(f )

]T
, (8)

( )H is the complex conjugate transpose operator, and P(f ) and Q(f ) are
the cross-spectral density matrices of the signal and noise respectively. In
practical speech processing applications the form of the signal and noise cross-
spectral density matrices is generally unknown and must be estimated, either
from mathematical models (fixed beamformers) or from the statistics of the
multichannel inputs (adaptive beamformers). Superdirective beamformers are
calculated based on assumed mathematical models for the P(f ) and Q(f )

matrices.
When the desired signal is known to emanate from a single source at location

(rs , θs, φs), the signal cross-spectral matrix P simplifies to the propagation vector
of the source, and the array gain can be expressed as

G(f )= |w(f )Hd(f, rs , θs, φs)|2
w(f )HQ(f )w(f )

, (9)
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where d(f, r, θ,φ) is the propagation vector for the desired source, as defined in
Eq. (6).

A diffuse (spherically isotropic) noise field is often a good approximation for
many practical situations, particularly in reverberant closed spaces, such as in a
car or an office [7, 8]. For diffuse noise, the noise cross-spectral density matrix Q
can be formulated as

Q(f )= 1
4π

∫
φ

∫
θ

d(f, θ,φ)d(f, θ,φ)H sin θ dθ dφ, (10)

where d(f, θ,φ) is the propagation vector of a far-field noise source (r � 2L2/λ)

in direction (θ,φ).
The superdirectivity problem is thus formulated as:

max
w(f )

|w(f )Hd(f, rs , θs, φs)|2
w(f )HQ(f )w(f )

. (11)

By using a spherical propagation model to formulate the propagation
vector, d, the standard superdirective formulation can be optimized for a near-
field source [9, 4]. As such, the only difference in the calculation of the standard
and near-field superdirective channel filters is the form of the propagation
vector, d. For a near-field source, the assumption of plane wave (far-field)
propagation leads to errors in the array response to the desired signal due
to curvature of the direct wavefront. A thorough discussion of the use of a
near-field model for superdirective microphone arrays is given by Ryan and
Goubran [9].

Cox [10] gives the general superdirective filter solution subject to

1. L linear constraints, C(f )Hw(f )= g(f ) (explained below); and
2. a constraint on the maximum white noise gain, w(f )Hw(f )= δ−2, where

δ2 is the desired white noise gain.

as

w(f )= [Q(f )+ εI]−1C(f )
{

C(f )H [Q(f )+ εI]−1C(f )
}−1g(f ), (12)

where ε is a Lagrange multiplier that is iteratively adjusted to satisfy the white
noise gain constraint. The white noise gain is the array gain for spatially white
(incoherent) noise; that is, Q(f ) = I. A constraint on the white noise gain is
necessary as an unconstrained superdirective solution will in fact result in
significant gain to any incoherent noise, particularly at low frequencies. Cox [10]
states that the technique of adding a small amount to each diagonal matrix
element prior to inversion is in fact the optimum means of solving this problem.
A study of the relationship between the multiplier ε and the desired white
noise gain δ2, shows that the white noise gain increases monotonically with
increasing ε. One possible means of obtaining the desired value of ε is thus
an iterative technique employing a binary search algorithm between a specified
minimum and maximum value for ε. The computational expense of the iterative
procedure is not critical, as the beamformer filters depend only on the source
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location and array geometry, and thus must only be calculated once for a given
configuration.

The constraint matrix, CH(f ), is of order L × N , where there are L linear
constraints being applied, and the vector g(f ) is a length-L column vector
of constraining values. The constraints generally include one specifying unity
response for the desired signal, dH (f )w(f ) = 1, and where this is the sole
constraint the above solution can by simplified by substituting C(f )= d(f ) and
g(f )= 1, giving

w(f )= [Q(f )+ εI]−1d(f )
d(f )H [Q(f )+ εI]−1d(f )

. (13)

Once the optimal filters w(f ) have been calculated, the near-field superdirec-
tive beamformer output is calculated as

yu(f )= w(f )Hx(f ), (14)

where x(f ) is the N -channel input column vector

x(f )= [
x1(f ) . . . xi(f ) . . . xN(f )

]T
. (15)

3.2. Near-field Compensation Unit
The first element in the adaptive path of standard GSC is the blocking

matrix [6]. Its purpose is to block the desired signal from the adaptive noise
estimate. To ensure complete blocking, the desired signal must both be time
aligned and have equal amplitudes across all channels. If this is the case,
cancellation occurs if each row of the blocking matrix sums to zero, and all rows
are linearly independent.

For a near-field desired source, to align the desired signal on all channels,
a near-field compensation must first be applied to the input channels prior to
blocking. To ensure full cancellation we need to compensate for both phase
misalignment and amplitude scaling of the desired signal across sensors. We
define the diagonal matrix

D(f )= [diag(d(f ))]−1, (16)

where d(f ) is the near-field propagation vector from Eq. (6). In this paper we
define the diagonal operator, diag( ), to produce a diagonal matrix from a vector
parameter. Conversely, if invoked with a matrix parameter, it produces a row
vector corresponding to the matrix diagonal. The near-field compensation can
be applied as

x′(f )= D(f )x(f ). (17)

Once this near-field compensation has been performed, a standard GSC blocking
matrix can be employed to block the desired signal from the adaptive path.

The inclusion of this compensation unit is critical for a near-field desired
signal. Without compensation for both phase and amplitude differences between
sensors, blocking of the desired signal will not be ensured, leading to signal
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FIG. 4. Comparison of blocking matrix row beam-patterns.

cancellation at the output. The near-field compensation effectively ensures that
a true null exists in the beam-pattern of each blocking matrix row in the
direction and distance corresponding to the desired source. To illustrate, Fig. 4
shows the directivity pattern at 2 kHz for the first row in the blocking matrix
using the array shown in Fig. 5, with the desired source directly in front of the
center microphone at a distance of 0.6 m. The figure shows the compensated
response in the far- and near-fields, as well as the uncompensated near-field
response. It is clear that the uncompensated system will allow a high degree of
signal leakage into the adaptive path as it blocks noise sources rather than the
desired signal.

FIG. 5. Experimental configuration.
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3.3. Blocking Matrix and Adaptive Noise Canceling Filter
The blocking matrix and adaptive noise canceling filters are taken from the

standard GSC technique [6]. The order of the blocking matrix is N × (N − L),
where there are L constraints applied in the fixed upper path beamformer.
Generally only a unity constraint on the desired signal is specified, and the
standard N × (N − 1) Griffiths–Jim blocking matrix is used:

B =




1 0 · · · 0 0

−1 1
...

...
...

0 −1
. . . 0 0

0 0
. . . 1 0

...
...

... −1 1

0 0 · · · 0 −1




. (18)

The output of the blocking matrix is calculated as

x′′(f )= BHx′(f ), (19)

where x′′(f ) is an (N − 1)-length column vector. Defining the (N − 1)-length
adaptive filter column vector as

a(f )= [
a1(f ) . . . ai(f ) . . . aN−1(f )

]T
, (20)

the output of the lower path is given as

yl(f )= a(f )Hx′′(f ). (21)

The NFAB output is then calculated from the upper and lower path outputs as

y(f )= yu(f )− yl(f ) (22)

and the adaptive filters are updated using the standard unconstrained LMS
algorithm

ak+1(f )= ak(f )+µx′′
k(f )yk(f ), (23)

where µ is the adaptation step size and k denotes the current frame.

3.4. Summary of Technique
In summary, the proposed NFAB technique is characterized by the series of

equations

yu(f )= w(f )Hx(f ) (24a)

x′′
k = BHD(f )x(f ) (24b)
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yl(f )= a(f )Hx′′
k(f ) (24c)

y(f )= yu(f )− yl(f ) (24d)

ak+1(f )= ak(f )+µx′′
k(f )yk(f ), (24e)

where all terms have been defined in the preceding discussion.

4. EXPERIMENTAL CONFIGURATION

For the experimental evaluation in this paper, we used the 11 element array
shown in Fig. 5. The array consists of a nine element broadside array, with an
additional two microphones situated directly behind the end microphones. The
total array is 40 cm wide and 15 cm deep in the horizontal plane. The broadside
microphones are arranged according to a standard broadband subarray design,
where different subarrays are used for different frequency ranges for the fixed
upper path beamformer. The two endfire microphones are included for use by
the near-field superdirective beamformer in the low frequency range. The four
subarrays are thus

• (f < 1 kHz): microphones 1–11;
• (1 kHz < f < 2 kHz): microphones 1, 2, 5, 8, and 9;
• (2 kHz < f < 4 kHz): microphones 2, 3, 5, 7, and 8; and
• (4 kHz < f < 8 kHz): microphones 3–7.

The array was situated in a computer room, with different sound source
locations, as shown in Fig. 5. The two sound sources were

1. the desired speaker situated 60 cm from the center microphone, directly
in front of the array; and

2. a localized noise source at an angle of 124◦ and a distance of 270 cm from
the array.

Impulse responses of the acoustic path between each source and microphone
were measured from multichannel recordings made in the room with the ar-
ray using the maximum length sequence technique detailed in Rife and Van-
derkooy [11]. As the impulse responses were calculated from real recordings
made simultaneously across all input channels, they take into account the real
acoustic properties of the room and the array. The multichannel desired speech
and localized noise microphone inputs were then generated by convolving the
original single-channel speech and noise signals with these impulse responses.
In addition, a real multichannel background noise recording of normal operat-
ing conditions was made in the room with other workers present. This record-
ing is referred to in the experiments as the ambient noise signal and is approxi-
mately diffuse in nature. It consists mainly of computer noise, a variable level of
background speech, and noise from an air-conditioning unit. The ambient noise
effectively represents a diffuse noise field, while the localized noise represents
a coherent noise source. In this paper, we specify the levels of the two different
noise sources independently, as the signal to ambient-noise ratio (SANR) and
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signal to localized-noise ratio (SLNR). These values are calculated as the aver-
age segmental SNR from the speech and noise input, as measured at the center
microphone of the array.

In this way, realistic multichannel input signals can be simulated for specified
levels of ambient and localized noise. As well as facilitating the generation
of different noise conditions, simulating the multichannel inputs using the
impulse response method is more practical than making real recordings for
speech recognition experiments, as existing single channel speech corpora may
be used.

5. EXPERIMENTAL RESULTS

This section presents the results of the experimental evaluation. The
proposed NFAB technique is compared to a conventional fixed filter-sum
beamformer, a fixed near-field superdirective beamformer, and a conventional
GSC adaptive beamformer. These beamformers are specified in Table 1.

The techniques are first assessed in terms of the directivity pattern in
order to demonstrate the advantage of the proposed NFAB over conventional
beamforming techniques, particularly at low frequencies. Following this, the
techniques are evaluated for speech enhancement in terms of the improvement
in signal to noise ratio and the log area ratio. Finally, the techniques are
compared in a hands-free speech recognition task in noisy conditions using the
TIDIGITS database [12].

5.1. Directivity Analysis
As has been stated, the main objective of the proposed technique is to produce

an adaptive beamformer that exhibits good low frequency performance for near-
field speech sources. To assess the effectiveness of the proposed technique in
achieving this objective, in this section we analyze the horizontal directivity
pattern. The directivity of a filter-sum beamformer is expressed in matrix
notation as

h(f, r, θ,φ)= wo(f )
Hd(f, r, θ,φ), (25)

where wo is the length N channel filter vector

wo(f )= [
wo,1(f ) . . . wo,i(f ) . . . wo,N(f )

]T
. (26)

TABLE 1

Beamforming Techniques in Evaluation

Technique Description Filters

FS Conventional FS beamformer wo(f )= [diag(D(f ))]H
NFSD Near-field superdirective beamformer wo(f )= w(f )

GSC GSC system with FS fixed upper path wo(f )= [diag(D(f ))]H − D(f )Ba(f )
beamformer

NFAB Near-field adaptive beamformer wo(f )= w(f )− D(f )Ba(f )
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FIG. 6. Upper path directivity pattern at 300 Hz.

5.1.1. Upper path directivity. First, we seek to demonstrate the directiv-
ity improvement that NFSD achieves at low frequencies compared to a conven-
tional filter-sum (FS) beamformer. For the FS beamformer, a common solution is
to choose wo(f )= [diag(D(f))]H . This effectively ensures that the desired signal
is aligned for phase and amplitude across sensors using a spherical propagation
model. For NFSD, we use the filter vector w(f ) described in Section 3.1. Figure 6
shows the near-field directivity pattern at 300 Hz for the FS and NFSD. From
these figures, it is clear that the NFSD technique results in greater directional
discrimination at low frequencies compared to a conventional beamformer. At
higher frequencies (f > 1 kHz), conventional beamformers offer reasonable di-
rectivity, and so the FS and NFSD techniques give comparable performance.

5.1.2. Lower path directivity. Second, we wish to demonstrate the effect
of the noise canceling path. The directivity of the noise canceling filters can be
obtained by using the channel filters wo(f )= D(f )Ba(f ). The blocking matrix
and adaptive filters essentially implement a conventional (nonsuperdirective)
beamformer that adaptively focuses on the major sources of noise. To examine
the directivity of the lower path filters, the beamformer was run on an input
speech signal with a white localized noise source (at the location shown in Fig. 5)
added at an SLNR of 0 dB and a low level of ambient noise (SANR = 20 dB).
The steady-state adaptive filter vector, a(f ), was written to file for both the
proposed NFAB technique and the conventional GSC beamformer. The near-
field directivity patterns of the lower path filters are plotted in Figs. 7 and 8
for 300 and 5000 Hz, respectively. We see that the lower path adaptive filters
for both beamformers converge to similar solutions in terms of directivity,
producing a main lobe in the direction of the coherent noise source (≈124◦ from
Fig. 5), as well as a null in the location of the desired speaker. As expected, the
directivity of the adaptive path is poor at low frequencies, as seen in Fig. 7.

5.1.3. Overall beamformer directivity. Finally, we examine the directivity
pattern of the overall beamformer for the NFAB and conventional adaptive
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FIG. 7. Lower path directivity pattern at 300 Hz.

systems. The near-field directivity patterns at 300 Hz are shown in Fig. 9.
We see that the directivity pattern of the NFAB system exhibits a true null
in the direction and at the distance of the noise source, while the directivity of
the conventional beamformer is too poor to significantly attenuate the noise at
this frequency. At frequencies above 1 kHz the directivity performance of both
techniques is comparable.

5.1.4. Summary of beamformer directivity. In summary we see that, in
terms of directivity, the proposed NFAB system:

• outperforms the conventional FS system in terms of low frequency
performance and the ability to attenuate coherent noise sources,

• outperforms the NFSD system due to the ability to attenuate coherent
noise sources, and

FIG. 8. Lower path directivity pattern at 5000 Hz.

- 219 -



100 Digital Signal Processing Vol. 12, No. 1, January 2002

FIG. 9. Overall beamformer directivity pattern at 300 Hz.

• outperforms the conventional GSC system in terms of low frequency
performance.

In this way, we see that the proposed system succeeds in meeting the stated
objectives and should therefore demonstrate improved performance in speech
processing applications.

5.2. Speech Enhancement Analysis
The signal plots in Fig. 10 give an indication of the level of enhancement

achieved by the NFAB technique. For the desired speech signal, we used a
segment of speech from the TIDIGITS database corresponding to the digit
sequence one-nine-eight-six. Ambient noise was added at an SANR level of
10 dB, and a localized white noise signal was added at an SLNR level of 0 dB.
The plots indicate that NFAB succeeds in reducing the noise level with negligible
distortion to the desired signal.

To better measure the level of enhancement, objective speech measures were
used to compare the different techniques. Two measures were used, these
being the SNR improvement and the log area ratio distortion measure. The
SNR improvement is defined as the difference in SNR at the array output and
input. As the true SNR cannot be measured, it is estimated as the average
segmental signal-plus-noise to noise ratio. While the signal to noise ratio is a
useful measure for assessing noise reduction, it does not necessarily give a good
indication of how much distortion has been introduced to the desired speech
signal. The log area ratio (LAR) measure of speech quality is more highly
correlated with perceptual intelligibility in humans [13]. The log area ratio
measure for a frame of speech is calculated as

LAR(n)=
∣∣∣∣∣

1
P

P∑
i=1

[
log

1 + ro(i)

1 − ro(i)
− log

1 + rp(i)

1 − rp(i)

]∣∣∣∣∣
1/2

, (27)
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FIG. 10. Sample enhanced signal.

where n is the frame number, and ro and rp are the original and processed P th-
order linear predictive coefficients of the nth frame, respectively. The overall
log area ratio distortion measure for the signal is calculated as the average
distortion over all input frames.

A set of experiments was conducted in which the localized white noise was
replaced with a localized speech-like noise source taken from the NOISEX
database [14]. This is essentially a white noise signal that has been shaped
with a speech-like spectral envelope and thus represents a more realistic noise
scenario than white noise. The signal to localized noise ratio (SLNR) was varied
from 20 to 0 dB, with the ambient noise present at a constant SANR level
of 10 dB. The output signal to noise ratio improvement and log area ratios
are given in Tables 2 and 3 for the different enhancement techniques. 1 The
measures have been averaged over 10 randomly chosen speech segments taken

TABLE 2

Signal to Noise Ratio Improvement (SANR = 10 dB)

SLNR (dB)

Technique 0 5 10 15 20

FS 0.5 0.4 0.3 0.1 0.1
NFSD 1.4 1.6 1.1 0.5 0.2
GSC 1.6 1.8 1.9 2.5 3.3
NFAB 5.5 5.9 6.4 7.5 7.9

1 Sample sound files are also available at http://www.speech.qut.edu.au/pages/people/mccowani.
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TABLE 3

Log Area Ratio: (SANR = 10 dB)

SLNR (dB)

Technique 0 5 10 15 20

Noisy input 3.6 3.3 2.9 2.6 2.5
FS 3.1 2.7 2.5 2.4 2.3
NFSD 2.8 2.3 2.1 2.0 1.9
GSC 2.6 2.1 1.8 1.7 1.6
NFAB 2.5 1.9 1.6 1.6 1.4

from different speakers in the TIDIGITS database. These results are plotted in
Fig. 11.

The SNR results show that the proposed NFAB gives considerably greater
noise reduction compared to the FS, NFSD, and GSC techniques, providing
approximately 6–8 dB of SNR improvement compared to the noisy input
signal. Even with a relatively low level of localized noise (high SLNR), the
NFAB technique offers significantly greater noise reduction than these other
methods. In addition, the proposed technique gives less distortion than the other
techniques, as measured by the LAR. As would be expected, the fixed NFSD
technique gives slightly less distortion than the adaptive GSC technique.

From these results we see that, in a high level of diffuse and coherent noise
with a near-field desired speech source, the proposed NFAB technique succeeds
in significantly reducing the noise level, while minimizing the distortion to the
speech signal.

5.3. Speech Recognition Analysis
The same noise scenario was used for experiments in robust speech recogni-

tion. The training and test data for the experiments were taken from the male
adult portion of the TIDIGITS database. Tied-state triphone hidden Markov
models and standard MFCC parameterization with energy, delta, and acceler-

FIG. 11. Speech enhancement measures: (a) SNR improvement and (b) LAR.
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TABLE 4

Speech Recognition Results: Word Recognition Rates

SLNR (dB)

Technique 10 5 0 −5

Noisy input 86.8 65.9 23.2 13.1
FS 89.2 81.7 62.9 36.4
NFSD 97.7 93.2 77.2 45.4
GSC 88.8 83.8 73.8 56.8
NFAB 98.2 96.7 91.1 76.7

ation coefficients were used. The models were trained with the clean input to
the center microphone and then refined using MAP adaptation to better match
the noisy environment. The noise segments used in the adaptation process were
taken from a separate recording made in the room. The recognition results are
given as percentage word recognition rates in Table 4 and shown graphically in
Fig. 12.

The results clearly show that NFAB gives excellent robustness to adverse
noise conditions in a near-field speech recognition application. The results at
low noise levels show that the baseline recognition system is already quite
robust to noise, due to the use of MAP adaptation. At more realistic noise levels,
however, unenhanced performance is clearly unsatisfactory. For example, at an
SLNR of 0 dB and SANR of 10 dB, the word error rate for the unprocessed
input is 76.8%. While standard GSC and NFSD are able to reduce this to 26.2
and 22.8%, respectively, the proposed NFAB technique succeeds in reducing the
error rate to 8.9%. As would be expected, the figure shows that NFAB offers

FIG. 12. Speech recognition results: Word recognition rates.
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similar performance to NFSD when the noise is approximately diffuse (high
SLNR) and demonstrates improved ability to attenuate any coherent noise
sources (low SLNR) due to the GSC-style adaptive noise canceling path. The
recognition performance of NFAB is seen to be similar to NFSD at low levels
of coherent noise (high SLNR) and degrades at a rate comparable to GSC with
increasing levels of coherent noise.

It is apparent from these results that NFAB is an enhancement technique that
is well suited to speech recognition. The experimental results for both speech
enhancement and recognition demonstrate that for an adaptive beamformer to
be applicable in speech processing applications, it should exhibit good directivity
at low frequencies and take care to minimize any signal degradation.

6. CONCLUSIONS

A new microphone array processing technique designed specifically for near-
field speech processing applications has been proposed, termed near-field
adaptive beamforming (NFAB). The technique incorporates a fixed near-field
superdirective beamformer into a GSC-style adaptive beamforming structure
and as such exhibits the benefits of good low frequency performance and the
ability to adaptively attenuate coherent noise signals. Distortion due to the
adaptive noise canceling path is minimized by the introduction of a near-field
compensation unit.

Two major problems with common conventional microphone array tech-
niques are their poor low frequency performance and the introduction of sig-
nal distortion in adaptive techniques. By taking care to address both these
issues, the proposed NFAB technique succeeds in significantly outperform-
ing conventional beamforming techniques in terms of objective speech qual-
ity measures and speech recognition results in both diffuse and coherent
noise.

Speech enhancement results indicate that NFAB succeeds in significantly
reducing the output noise power, while also minimizing the distortion to the
desired signal. These characteristics make it ideal as an enhancement technique
for robust speech recognition. In a high noise configuration, with a signal to
localized noise ratio of 0 dB, and a signal to ambient noise ratio of 10 dB, the
proposed technique succeeds in increasing the recognition rate from 23.2 to
91.1%. For the same configuration, near-field superdirectivity and conventional
GSC only achieve 77.2 and 73.8%, respectively.

In summary, near-field adaptive beamforming has been shown to be a speech
enhancement technique that produces a high quality, highly intelligible signal
for applications requiring hands-free speech acquisition where the desired
speaker is in the array’s near-field.
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