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UNITED STATES DISTRICT COURT
SOUTHERN DISTRICT OF NEW YORK

X

NETWORK-1 TECHNOLOGIES, INC.,

Civil Action No.
Plaintiff,
V. :
: JURY TRIAL DEMANDED

GOOGLE, INC., and YOUTUBE, LLC, :
Defendants. :
X

COMPLAINT FOR PATENT INFRINGEMENT

Plaintiff Network-1 Technologies, Inc. (“Network-1), by and through its counsel,
for its complaint against Defendants Google, Inc. (“Google”) and YouTube, LLC

(“YouTube”) (collectively, “Defendants™), alleges as follows:
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PARTIES

1. Network-1 is a Delaware corporation with its principal place of business at
445 Park Avenue, Suite 1020, New York, New York 10022.

2. Upon information and belief, Defendant Google is a Delaware corporation
with business operations at many locations, including 76 Ninth Avenue, New York, NY
10011.

3. Upon information and belief, Defendant YouTube is a Delaware limited
liability company with business operations at many locations, including 76 Ninth
Avenue, New York, NY, 10011. Upon information and belief, YouTube is a wholly-
owned subsidiary of Google.

JURISDICTION AND VENUE

4, This action arises under the patent laws of the United States, Title 35 of
the United States Code. This Court has original subject matter jurisdiction pursuant to 28
U.S.C. §§ 1331 and 1338(a).

5. Upon information and belief, Defendants are subject to this Court’s
specific and general personal jurisdiction pursuant to due process and/or the New York
Long Arm Statute, due to having availed themselves of the rights and benefits of New
York by engaging in activities, including: (i) conducting substantial business in this
forum; (ii) maintaining a significant and continuous presence in this forum; and (iii)
engaging in other persistent courses of conduct, and/or deriving substantial revenue from
goods and services provided to individuals in New York and in this Judicial District.

6. Venue is proper in this district under 28 U.S.C. §§ 1391(b), 1391(c) and

1400(b). Upon information and belief, Defendants have engaged in activities including:

-
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maintaining a significant and continuous presence in this district, transacting business in
this district, and purposefully directing their business activities, including infringing

activities, to this district.

FACTUAL BACKGROUND
7. Network-1 holds a number of patents invented by Dr. Ingemar J. Cox.
8. Dr. Cox is a noted researcher in computer science fields.
9. Dr. Cox received his Bachelor of Science from University College London

and his PhD from Oxford University.

10.  Dr. Cox is Professor in the Department of Computer Science at University
College London, where he is Head of the Future Media Group and served as Director of
Research.

11. Dr. Cox is also a Professor in the Department of Computer Science at the
University of Copenhagen.

12.  During the 1980s, Dr. Cox was a member of the Technical Staff at AT&T
Bell Labs.

13.  Dr. Cox is a Fellow of the Institute of Electrical and Electronics Engineers
(“IEEE”), the Association for Computing Machinery (“ACM”), The Institution of
Engineering and Technology, and The British Computer Society.

14.  Dr. Cox was the founding co-editor in chief of the IET Proceedings on
Information Security. He is co-author of the book Digital Watermarking, and its second
edition, Digital Watermarking and Steganography.

15.  Dr. Cox has authored more than 200 publications, and his work has been

cited in scholarly writings more than 25,000 times.
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16.  Among Dr. Cox’s many inventions are inventions relating to the use of
extracted data from an audio and/or video work to obtain information about the work.

17.  Dr. Cox’s inventions have useful application to fields such as the analysis
of audio or video files uploaded to an Internet site to determine if they match to known
audio and/or video works that have been previously identified.

18.  Defendants have recognized Dr. Cox’s inventions, including by citing Dr.
Cox’s patents as prior art in various patent applications pursued by Defendants,
including, for example, in connection with Google’s Patent Applications, Serial Nos.
11/097,089; 11/097,833; 12/660,146; 12/660,154; 12/723,613; 12/831,213; 12/894,059;
12/898,653; 12/899,462; 12/902,081; 13/195,193; 13/253,632; and 13/400,551.

19.  Defendants operate the www.youtube.com and m.youtube.com websites

(collectively and individually, “YouTube site”).

20.  Upon information and belief, the YouTube site allows users to upload
media works, including video content from users’ client devices.

21.  Upon information and belief, after a media work is uploaded, Defendants’
computer system extracts features from the uploaded media work.

22.  Upon information and belief, the extracted features are compared using
Defendants’ computer system, including Defendants’ Content ID system, against
extracted features of reference media works using neighbor search techniques, including,
for example, a non-exhaustive, near neighbor search, and Defendants’ systems determine
an action to perform in association with the uploaded media work, including, for

example, to block, track, or monetize the uploaded media work.
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23.  Upon information and belief, the YouTube site is a highly successful
element of Defendants’ business. Defendants’ Internet sites, primarily driven by the
YouTube site, rank as the top online video content property on the Internet. Defendants’
own statistics indicate that more than 1 billion unique visitors visit YouTube each month,
that viewers watch more than 6 billion hours of video on YouTube each month, and that
users upload 100 hours of video to YouTube every minute. Upon further information and
belief, Defendants obtain significant revenues from YouTube. Some sources estimate

that YouTube obtained advertising revenues of more than $5.6 billion for the year 2013.

COUNT I

Infringement of U.S. Patent No. 8.010.988

24.  Plaintiff Network-1 realleges and incorporates by reference paragraphs 1-
23 above as if fully set forth herein.

25.  Network-1 is the assignee of United States Patent No. 8,010,988 (“the
’988 patent”) titled “Using Features Extracted From An Audio And/Or Video Work To
Obtain Information About The Work.” The "988 patent was duly and legally issued by
the United States Patent and Trademark Office on August 30, 2011. A copy of the 988
patent is attached hereto as Exhibit A.

26.  Upon information and belief, Defendants operate the YouTube site.

27.  Upon information and belief, Defendants operate the Content ID system
and utilize it in connection with the operation of the YouTube site.

28.  Upon information and belief, Defendants have infringed, and continue to

infringe, the 988 patent by, among other things, making, using, offering for sale, and/or

-5.-
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selling unlicensed systems and products and/or services related thereto, covered by one or
more claims of the 988 patent. Such unlicensed systems and products and/or services
include, by way of example and without limitation, the Content ID system and its
implementation in connection with the YouTube site. These activities are covered by one
or more claims of the 988 patent, including but not limited to claim 15.

29.  As a result of Defendants’ infringement of the 988 patent, Plaintiff
Network-1 has suffered monetary damages and is entitled to a money judgment in an
amount adequate to compensate for Defendants’ infringement, but in no event less than a
reasonable royalty for the use of the inventions made by Defendants, and interest and
costs as fixed by the Court.

COUNT II
Infringement of U.S. Patent No. 8,205,237

30.  Plaintiff Network-1 realleges and incorporates by reference paragraphs 1-
29 above as if fully set forth herein.

31. Network-1 is the assignee of United States Patent No. 8,205,237 (“the
’237 patent”) titled “Identifying Works, Using A Sub-Linear Time Search, Such As An
Approximate Nearest Neighbor Search, For Initiating A Work-Based Action, Such As An
Action On The Internet.” The 237 patent was duly and legally issued by the United
States Patent and Trademark Office on June 19, 2012. A copy of the ’237 patent is
attached hereto as Exhibit B.

32.  Upon information and belief, Defendants operate the YouTube site.

33.  Upon information and belief, Defendants operate the Content ID system

and utilize it in connection with the operation of the YouTube site.
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34. Upon information and belief, Defendants have infringed, and continue to
infringe, the °237 patent by, among other things, making, using, offering for sale, and/or
selling unlicensed systems and products and/or services related thereto, covered by one or
more claims of the *237 patent. Such unlicensed systems and products and/or services
include, by way of example and without limitation, the Content ID system and its
implementation in connection with the YouTube site. These activities are covered by one
or more claims of the 237 patent, including but not limited to claim 25.

35.  As a result of Defendants’ infringement of the 237 patent, Plaintiff
Network-1 has suffered monetary damages and is entitled to a money judgment in an
amount adequate to compensate for Defendants’ infringement, but in no event less than a
reasonable royalty for the use of the inventions made by Defendants, and interest and
costs as fixed by the Court.

COUNT 11T
Infringement of U.S. Patent No. 8,640,179

36.  Plaintiff Network-1 realleges and incorporates by reference paragraphs 1-
35 above as if fully set forth herein.

37.  Network-1 is the assignee of United States Patent No. 8,640,179 (“the
’179 patent”) titled “Method For Using Extracted Features From An Electronic Work.”
The *179 patent was duly and legally issued by the United States Patent and Trademark
Office on January 28, 2014. A copy of the 179 patent is attached hereto as Exhibit C.

38.  Upon information and belief, Defendants operate the YouTube site.

39.  Upon information and belief, Defendants operate the Content [D system

and utilize it in connection with the operation of the YouTube site.

-
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40. Upon information and belief, Defendants have infringed, and continue to
infringe, the 179 patent by, among other things, making, using, offering for sale, and/or
selling unlicensed systems and products and/or services related thereto, covered by one or
more claims of the 179 patent. Such unlicensed systems and products and/or services
include, by way of example and without limitation, the Content ID system and its
implementation in connection with the YouTube site. These activities are covered by one
or more claims of the *179 patent, including but not limited to claim 1.

41.  As a result of Defendants’ infringement of the 179 patent, Plaintiff
Network-1 has suffered monetary damages and is entitled to a money judgment in an
amount adequate to compensate for Defendants’ infringement, but in no event less than a
reasonable royalty for the use of the inventions made by Defendants, and interest and
costs as fixed by the Court.

COUNT IV
Infringement of U.S. Patent No. 8,656.441

42,  Plaintiff Network-1 realleges and incorporates by reference paragraphs 1-
41 above as if fully set forth herein.

43,  Network-1 is the assignee of United States Patent No. 8,656,441 (“the
’441 patent”) titled “System For Using Extracted Features From An Electronic Work.”
The 441 patent was duly and legally issued by the United States Patent and Trademark
Office on February 18, 2014. A copy of the 441 patent is attached hereto as Exhibit D.

44,  Upon information and belief, Defendants operate the YouTube site.

45.  Upon information and belief, Defendants operate the Content ID system

and utilize it in connection with the operation of the YouTube site.
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46. Upon information and belief, Defendants have infringed, and continue to
infringe, the *441 patent by, among other things, making, using, offering for sale, and/or
selling unlicensed systems and products and/or services related thereto, covered by one or
more claims of the 441 patent. Such unlicensed systems and products and/or services
include, by way of example and without limitation, the Content ID system and its
implementation in connection with the YouTube site. These activities are covered by one
or more claims of the 441 patent, including but not limited to claim 1.

47.  As a result of Defendants’ infringement of the 441 patent, Plaintiff
Network-1 has suffered monetary damages and is entitled to a money judgment in an
amount adequate to compensate for Defendants’ infringement, but in no event less than a
reasonable royalty for the use of the inventions made by Defendants, and interest and
costs as fixed by the Court.

PRAYER FOR RELIEF

WHEREFORE, Plaintiff Network-1 respectfully requests that the Court enter:

1. A judgment in favor of Plaintiff Network-1 that Defendants have
infringed, either literally and/or under the doctrine of equivalents, the *988 patent, the
’237 patent, the *179 patent, and the *441 patent;

2. A judgment and order requiring Defendants to pay Plaintiff Network-1 its
damages, costs, expenses, and pre-judgment and post-judgment interest as provided
under 35 U.S.C. § 284 for Defendants’ infringement of the 988 patent, the *237 patent,
the *179 patent, and the 441 patent;

3. A judgment and order for treble damages pursuant to 35 U.S.C. § 284; and
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4. Any and all other relief as the Court may deem appropriate and just under

the circumstances.

DEMAND FOR JURY TRIAL

48.  Plaintiff hereby requests a trial by jury.

Dated: April 4, 2014

571839.2

Respectfully submitted,

90 Park Avenue

New York, New York 10016
Tel.: (212) 336-8074

Fax: (212) 336-8001

Marc A. Fenster

Brian D. Ledahl

Benjamin T. Wang

RUSS, AUGUST & KABAT

12424 Wilshire Boulevard, 12® Floor
Los Angeles, California 90025

Tel.: (310) 826-7474

Fax: (310) 826-6991

Attorneys for Plaintiff
Network-1 Technologies, Inc.

-10-




EXHIBIT A




US008010988B2

az United States Patent (10) Patent No.: US 8,010,988 B2
Cox (45) Date of Patent: Aug. 30, 2011
(54) USING FEATURES EXTRACTED FROM AN 4,677,455 A 6/1987 Okajima
AUDIO AND/OR VIDEO WORK TO OBTAIN jggggg : % }gg; k;arrtt;r etal.
s ¥ ews
INFORMATION ABOUT THE WORK 4697209 A 9/1987 Kiewit etal.
4,739,398 A 4/1988 Thomas et al.
(76) Inventor: Ingemar J. Cox, London (GB) 4,776,017 A 10/1988 Fujimoto
4,805,020 A 2/1989 Greenberg
(*) Notice:  Subject to any disclaimer, the term of this j,g‘lig,;% 2 Z }ggg geﬁlylon etal.
i j 918, chulze
{’ft;“é 1 six;efegg‘;r didjumd under 35 5210820 A 5/1993 Kenyon
S.C. 154(b) by ys. 5283819 A 2/1994 Glick etal.
5,437,050 A 7/1995 Lamb et al.
(21) Appl. No.: 11/445,928 5,481,294 A 1/1996 Thomas et al.
5,581,658 A 12/1996 (’Hagan ct al.
(22) Filed: Jun. 2, 2006 5,594,934 A 171997 Luet al.
(Continued)
(65) Prior Publication Data
US 2007/0041667 A1 Feb. 22, 2007 OTHER PUBLICATIONS
R Peter N, Yianilos, Excluded Middle Vantage Point Forest for Nearest
Related U.S. Application Data Neighbor Search, Aug. 1. 1999, pp. 1-12.%
(63) Continvation-in-part of application No. 09/950,972, .
filed on Sep. 13, 2001, now Pat. No. 7,058,223. (Continued)
(60) Provisional application No. 60/232,618, filed on Sep. Primary Examiner — Brian T Pendleton
14, 2000. Assistant Examiner — Cai Chen
(74) Anorney, Agent, or Firm — Amster, Rothstein &
G Int. C1. Ebenstein LLP
HO4N 7/173 (2011.01)
(52) US.Cl oo . 725/110 (57 ABSTRACT
58) Field of Classification Search ....................... N . .
9 Sel:e apt;lic;?isgrll ﬁcl:: f(;?c:;lgete search history. one Information about an andio or video file played on a device is
' provided by (a) extracting features from the audio or video
(56) References Cited file, (b) communicating the features to a database, and (c)
receiving the information about the audio or video file from
U.S. PATENT DOCUMENTS the database. The information might include a song title, an
3010479 A 11/1975 Moon et al. album title, and/or a performer name. The information might
4:230;990 A 10/1980 Lert, Jr. et al. include a title of a video work, a director of the video work,
4,450,531 A 5/1984 Kenyon etal. and/or names of performers in the video work. The informa-
4,495,526 A 1/1985  Baranoff-Rossine tion might be rendered on an output of the device. The infor-
:’g??’g% : i;iggg %:}Iﬂﬂelfztsal mation might be stored (e.g., persistently) locally on the
4547.804 A 10/1985 Greenberg device.
4,634,966 A 1/1987 Nakalani et al.
4,639,779 A 1/1987 Greenberg 52 Claims, 10 Drawing Sheets

WORK 0

INFORMATION LOOKUP
OPERATICNIS)

A _INFORMATION )
-
L A Ly

WIDACYION

|
WORK lD]ASSOClATED INFORMATION (.., ACTION) | w/™ 122

|




US 8,010,988 B2
Page 2

5,629,739
5,692,213
5,701,452
5,701,542
5,724,605
5,745,900
5,798,785
5,850,490
5918,223
5,953,415
6,006,256
6,011,758
6,026,439
6,044,402
6.052.693
6,061,056
6,088,455
6,088,707
6,118,450
6,119,124
6,169,986
6,173.406
6,240,409
6,243,725
6,247,133
6,253,193
6,263,348
6,330,593
6,345,256
6,349,296
6,360,215
6,363,377
6374225
6,381,601
6,385.596
6,408,128
6418421
6,449,226
6,452,874
6,477,704
6,496,802
6,505,160
6,550,001
6,550,011
6,577,746
6.591,245
6,598,228
6,609,105
6,654,757
6,665,661
6,675,174
6,834,308
6,873,982
6,931,451
6,941,275
6,973,461
6,978,419
6,990,453
7,013,301
7,058,223
7,106,904
7,155,449
7,158,929
7,168,083
7,302,574
7.366.718
7,421,723
7477739
7,523,312
7,587,728
7,647,604
7,650,616
7,757,248
2001/0001160
2001/0003818
2002/0023020
2002/0032698
2002/0120925

U.S. PATENT DOCUMENTS

A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A
A

A

BI
Bl
Bl
Bl
Bl
Bl

Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl
Bl *
Bl
Bl
Bl
Bl
B!
Bl
Bl
Bl
Bl

Bl
Bl
Bl
B2
B2
B2*
B2
B2
B2
B2
B2
Bl
B2
B2
B2
B2
B2
B2
B2
Al*
Al
Al
Al
Al*

5/1997
11/1997
12/1997
12/1997

3/1998

4/1998

8/1998
12/1998

6/1999

9/1999
12/1999

1/2000

2/2000

3/2000

4/2000

5/2000

7/2000

7/2000

9/2000

9/2000

1/2001

1/2001

5/2001

6/2001

6/2001

/2001

7/2001
12/2001

2/2002

2/2002

3/2002

3/2002

4/2002

4/2002

5/2002

6/2002

7/2002

9/2002

9/2002
11/2002
12/2002

1/2003

4/2003

4/2003

6/2003

7/2003

7/2003

8/2003
11/2003
12/2003

1/2004
12/2004

3/2005

8/2005

9/2005
12/2005
12/2005

1/2006

3/2006

6/2006

9/2006
12/2006

1/2007

1/2007
11/2007

4/2008

9/2008

1/2009

4/2009

9/2009

1/2010

1/2010

7/2010

5/2001

6/2001

2/2002

3/2002

8/2002

Dougherty

Godlberg et al.

Siefert

Seifert

Wissner

Burrows

Hendricks et al. ............. 725/46
Johnson

Blum et al.

Nielsen

Zdepski et al.

Dockes et al.

Chowdhury et al.

Jacobson et al.

Smith et al.

Menard et al.

Logan et al.

Bates et al.

Proehl et al.

Broder et al.

Bowman

Wang

Aiken

Hempleman et al.

Palage el al.

Ginter et al.

Kathrow et al.

Roberts et al.

Milsted et al.

Broder et al.

Judd et al.

Kravets et al.

Hejna, Jr.

Fujiwara et al.

Wiser et al.
Abecassis
Hurtado et al.

Kumagai

Otsuka et al.

Cremia

Van Zoest et al,

Levy el al.

Corwin et al.

Sims, 111

Evans et al.

Kilug

Hejna, Jr.

Van Zoest et al.

Sterm

Crow ct al.

Bolle et al.

Tkezoye etal. ............... 709/231
Bates et al.

Loganetal. .......... 709/231
Swierczek

Fleming, I1I et al.

Kantrowitz

Wang et al.

Holm e( al.

Cox
Shima

Pingel et al.

Wouters et al.

Kalker et al.

Conwell et al.

Pugh et al.

Harkness ot al.

Haitsma et al.

Kalker et al.

‘Wheeler et al.

Ramaswamy

Lee

Harkness et al.

Shoffetal. ...ocevinnnane 725/51
Pingel et al.

Kenyon el al.

Cox
Logan

386/68

382/190

2002/0156760 Al 10/2002 Jl.awrence et al.
2003/0106017 Al 6/2003 Kanchirayappa et al.
2003/0146940 Al* 82003 Elliset al. 345/811
2004/0199387 Al* 10/2004 Wangectal. .................. 704/243
200570160363 Al 7/2005 Bhogal et al.
2006/0101069 Al 5/2006 Bell et al.
2006/0206462 Al 9/2006 Barber
2007/0041667 Al 2/2007 Cox
2007/0083510 Al 4/2007 McArdle
2007/0118375 Al 5/2007 Kenyon et al.
2008/0091684 Al 4/2008 Ellis et al.
2008/0250241 Al  10/2008 Ginter et al.
OTHER PUBLICATIONS

Baum, L., et al,, “A Maximation Technique Occurring in the Statis-
tical Analysis of Probabilistic Functions of Markov Chains”, The
Annals of Mathematical Statistics, vol.41,No. 1, pp. 164-171 (1970).
Dempster, A. P., etal., “Maximum Likelihood from Incomplete Data
via the $EM$ Algorithm”, Journal of the Royal Statistical Society.
Series B (Methodological), vol. 39, Issue 1, pp. 1-38 (1977).
Reynolds, D., et al., “Robust Text-Independent Speaker Identifica-
tion Using Gaussian Mixture Speaker Models”, IEEE Transactions
on Speech and Audio Processing, vol. 3, No. 1, pp. 72-83 (Jan. 1995).
Nievergelt, 1., et al, “The Grid File: An Adaptable, Symmetric
Multikey File Structure,” ACM Transactions on Database Systems,
vol. 9, No. |, pp. 38-71 (Mar. 1984).

Heintze, N., “Scalable Document Fingerprinting,” Proc. USENIX
Workshop on Electronic Commerce (1996).

Wold, E., et al., “Content-Based Classification, Search, and Retrieval
of Audio,” IEEE Multimedia, vol. 3, Issue 3, pp. 27-63 (1996).
Bhanu, B., etal., “Leamning Feature Relevance and Similarity Metrics
in Image Databases”, Proceedings of the IEEE Workshop on Con-
tent—Based Access of Image and Video Libraries, pp. 14-19 (1998).
Del Bimbo, A., et al , “Using Weighted Spatial Relationships in
Retrieval by Visual Contents”, Image Description and Retrieval. pp.
161-192 (1998).

Indyk, P., and Motwani, R., “Approximate Nearest Neighbors:
Towards Removing the Curse of Dimensionality,” Proceeding of the
Thirtieth Annual ACM Symposium on Theory of Computing, pp.
604-613 (1998).

La Cascia, M., et al , “Combining Textual and Visual Cues for
Content-based Image Retrieval on the World Wide Web”. Proceed-
ings of the IELE Workshop on Content-Based Access of Image and
Video Libraries, pp. 24-29 (1998).

Yianilos, N. P., “Excluded Middle Vantage Point Forests for Nearest
Neighbor  Search,” DIMACS Implementation  Challenge,
ALENEX99 (1999).

Yoshitaka, A., et al,, “A Survey on Content-Based Retrieval for Mul-
timedia Databases”, IEEE Transactions on Knowledge and Data
Engineering, vol. 11, No. 1, pp. 81-93 (Jan./Feb. 1999).

Lawrence, S., et al., “Digital Libraries and Automonous Citation
Indexing,” IEEE Computer, pp. 67-71 (Jun. 1999).

Yianilos, N. P, “Locally Lifting the Curse of Dimensionality for
Nearest Neighbor Search,” Sumposium on Discrete Algorithms, Pro-
ceeding of the Eleventh Annual ACM-SIAM symposium on Discrete
Algorithms, pp. 361-370 (2000).

Kimura, A., et al., “Very Quick Audio Searching: Introducing Global
Pruning to the Time-Series Active Search,” IEEE Conf. on Acoustics,
Speech and Signal Processing, (ICASSP '01), vol, 3, pp. 1429-1432
(2001).

Chavez, E., et al., “Scarching in Metric Spaces”, (Sep. 2001) 4CM
Computing Swveys, vol. 33, No. 3. pp. 273-321 (Sep. 2001).
Haitsma, J., et al., “Robust Audio Hashing for Content Identificalion,
Int.” Workshop on Content Based Multimedia Indexing, Brescia. Italy
(Sep. 19-21, 2001).

Haijtsma, J., and Walker, T., “A Highly Robust Audio Fingcrprinting
System,” Journal of New Music Research, 1744-5027, vol. 32, Issue
2, pp. 211-221 (2003).

Schleimer, Saul, etal., “Winnowing: Local Algorithms for Document
Fingerprinting ACM SIGMOD” (Jun. 9-12, 2003).

“Scarching Near-Replicas of Images via Clustering” Edward Chang,
Chen T.i, James Wang, Peter Mork, Gio Wiederhold Proc. SPIE
Symposium of Voice, Video, and Data Communications, 1999.



US 8,010,988 B2
Page 3

“Rime: A Replicated Image Detector for the World-Wide Web”
Edward Y. Chang, James Ze Wang, Chen Li, and Gio Wiederhold,
SPIE 1998,

“Safeguarding and charging for information on the internet,” H.
Garcia-Molina, S. Kctchpel, and N. Shivakumar, Proccedings of
ICDE, 1998.

“Copy deteclion mechanisms for digital documents,” S. Brin and H.
Garcia-Molina, Proceedings of ACM S1G-MOD, May 1995.

“The x-tree: An index structure for high-dimensional data,” S.
Berchtold, Proceedings of the 22nd VLDB, Aug. 1996.

“The sr-tree: An index structure for high-dimensional nearest neigh-
bor queries,” N. Katayama and S. Satoh, Proceedings of ACM
SIGMOD, May 1997.

“The k-d-b-iree: A search structure for large multidimensional
dynamic indexes,” J. T. Robinson, Proceedings of ACM SIGMOD,
Apr. 1981,

“Query by image and video content: the QBIC system,” M. Flickner,
H. Sawhney, W. Niblack, J. Ashley, Q. Huang, and et al, IEEE
Computer 28(9), pp. 23{32, 1995.

“Visual information retrieval,” A. Gupta and R. Jain, Communica-
tions of the ACM 40(5), pp. 69-79, 1997.

“Visualseek: A fully automated content-based image query systerm,”
J. R. Smith and S.-F. Chang, ACM Multimedia Conference, 1996.
“Similarity indexing: Algorithms and performance,” D. A. White and
R. Jain, Proc. SPIE vol. 2670, San Diego, 1995.

“The r*-tree: an efficienl and robust access method for points and
rectangles,” N. Beckmann, H.-P. Kriegel, R. Schneider, and B.
Seeger, Proceedings of ACM Sigmod, May 1990.

“R-trees: a dynamic index structure for spatial searching.” A. Gutt-
man, Proceedings of ACM Sigmod, Jun. 1984.

“Similarity indexing with the ss-trec,” D. A. Whitc and R. Jain,
Proceedings of the 12th ICDE, Feb. 1996.

“The tv-tree: an index structure for high-dimensional data,” K.-L.
Lin, H. V. Jagadish, and C. Faloutsos, VLDB Journal 3 (4), 1994.
“M-tree: An efficient access method for similarity search in metric
spaces,” P. Ciaccia, M. Patella, and P. Zezula, Proceedings of the 23rd
VLDB, Aug. 1997.

“Nearest neighbor queries,” N. Roussopoulos, S. Kelley, and F.
Vincent, Proceedings of ACM Sigmod , May 1995.

“An extensible hashing index for high-dimensional similarity
search.” C. Li, E. Chang, and J. Z. Wang, Stanford Technical
Report , Aug, 1998. [NOT AVAILABLE].

“Two algorithms for nearest-neighbor search in high dimensions” J.
M. Kleinberg, Proc 29th STOC, 1997.

“A Density-Based Algorithm for Discovering Clusters in Large Spa-
lial Databases with Noise™ Martin Esler, Hans-Peler Kriegel, Jorg
Sander, Xiaowei Xu Proceedings of 2nd International Conference on
Knowledge Discovery and Data Mining (KDD-96), 1996.
“Adaptive Color Image Embeddings for Database Navigation™ Yossi
Rubner, Carlo Tomasi and Leonidas J. Guibas, Proceedings of the
1998 IEEE Asian Conference on Computer Vision.

A Quantitative Analysis and Performance Study for Similarity-
Search Methods in High-Dimensional Spaces R. Weber, H-J Schek,
S. Blott Proc., 24th VLDB Conf. 1998.

* cited by examiner



U.S. Patent

WORK @t2

FEATURE

OPERATION(S)

FEATURE

OPERATION(S)

OPERATION(S)

ACTION
INITIATION

(VECTOR) EXTRACTION

(VECTOR) LOOKUP

WORK-ASSOCIATED
INFORMATION LOOKUP

Aug. 30,2011 Sheet 1 0f 10

WORK @t1

FEATURE
EXTRACTION
OPERATION(S

DATABASE
GENERATION
OPERATION(S)

140
120
150 o 110
INFORMATION
FEATURE(S) (VECTOR) | WORK ID

160

WID-ACTION
INFORMATION

~.
.

US 8,010,988 B2

124

DATABASE
GENERATION

OPERATION(S)

ey
>,

WORK ID

ASSOCIATED INFORMATION (e.g., ACTION)

100

OPERATION(S)

170

FIGURE 1



U.S. Patent Aug. 30, 2011 Sheet 2 of 10 US 8,010,988 B2

SATELLITE, CABLE | - T T 7
OR TERRESTRIAL
TV BROADCAST | 3 USER COMPUTER,
SET-TOP-BOX OR
EQUIVALENT
140a
FEATURE
(VECTOR) })0a
EXTRACTION

OPERATION(S

DATABASE

FEATURE
(VECTOR) LOOKUP
OPERATION(S)

ASSOCIATED

INFORMATION
LOOKUP

OPERATION(S

@%/1 38a| |
GENERATION
OPERATIONS | |

]
[

|
WID WIDAT I
DATABASE DATABASE \ |

110a' 1302

ACTION
INITIATION
OPERATION(S)

IL_..___ S —

Lo J 210
FIGURE 2



U.S. Patent Aug. 30, 2011 Sheet 3 of 10 US 8,010,988 B2

SATELLITE, CABLE l— ———————— ]

320 OR TERRESTRIAL
USER COMPUTER,
SET-TOP-BOX OR
EQUIVALENT

TV BROADCAST ’

FEATURE
(VECTOR)
EXTRACTION
OPERATION(S

DATABASE

FEATURE
(VECTOR) LOOKUP
OPERATION(S)

ACTION
INITIATION
OPERATION(S)

DATABASE
GENERATION
OPERATION(S)

WORK-ASSOCIATED
INFORMATION LOOKUP
OPERATION(S)

wWID
DATABASE

FIGURE 3



U.S. Patent Aug. 30, 2011 Sheet 4 of 10 US 8,010,988 B2

SATELLITE, CABLE | - — 7
00 OR TERRESTRIAL
TV BROADCAST l USER COMPUTER,
SET-TOP-BOX OR
EQUIVALENT

170c

140c

FEATURE

ACTION

(VECTOR) INITIATION
EXTRACTION OPERATION(S)

OPERATION(S

WORK-ASSOCIATED
INFORMATION LOOKUP
OPERATION(S)

FEATURE
(VECTOR) LOOKUP
OPERATION(S)

o
s

DATABASE
GENERATION
OPERATION(S)

110¢c wWID

DATABASE

WIDAT 130c
DATABASE

—_— e ———

MONITORING CENTER

FIGURE 4



U.S. Patent Aug. 30, 2011 Sheet 5 of 10 US 8,010,988 B2

WORK (WITH : REAL-TIME (CENTRALIZED) MONITORING i :

EXTRA-WORK FEATURE i
INFOMRATION) (VECTOR) EXTRACTION 110d |
OPERATION(S) :

EXTRA-WORK INFORMATION

INFORMATION - :

114 §

; FEATURE J—E E

: OKU - i

; Ngg;gi#gmg) P FEATURE(S) WORK :

INFORMATION  ; (VECTOR) ;
RELATED TO WORK | 5% - — WA
{ [ EXTRAWORK | WORK : - 12d;

INFORMATION ID 1 : :

B Bog T |V

DATABASE 580
GENERATION 520
EXTRA-WORK INFORMATION OPERATION(S) A
AGGREGATION OPERATION(S)
540
QUERY,
QWID
INFORMATION
LOOKUP -
OPERATION(S) " ps 814 e
EXTRAWORK
%o INFORMATION (VECTOR) | WORKID | <™ 512
538

560

DATABASE
GENERATION

WORK-ASSOCIATED
INFORMATION LOOKUP
OPERATION(S)

OPERATION(S)

WIDAT
INFORMATION

-*

WORK 1D | ASSOCIATED INFORMATION (e.g., ACTION) | o 5 232

R s 53—
FIGURE 5

ACTION
INITIATION
OPERATION(S)

570



U.S. Patent

620

Aug. 30, 2011

SATELLITE, CABLE
OR TERRESTRIAL
TV BROADCAST

<>

QwiD
DATABASE

570a

INFORMATION LOOKUP

Sheet 6 of 10

USER COMPUTER,
SET-TOP-BOX OR

WORK-ASSOCIATED

OPERATION(S)

ACTION
INITIATION
OPERATION(S)

US 8,010,988 B2

EQUIVALENT
610

570a

DATABASE fe

DATABASE
GENERATION
OPERATION(S

520a/538a

DATABASE

—_—— =7

MONITORING AND QUERY RESCLUTION CENTER

—_— — — —— — — — e —— —

640

FIGURE 6

WIDAT




U.S. Patent Aug. 30, 2011 Sheet 7 of 10 US 8,010,988 B2

SATELLITE, CABLE USER COMPUTER, SET-TOP-BOX OR EQUIVALENT '
220 OR TERRESTRIAL
2 TV BROADCAST | I
= ) 1 7
= |
540b
EXTRA-WORK INFORMATION l
730 AGGREGATION OPERATION(S) |
QUERY |
; 570b

ACTION I

INITIATION
OPERATION(S |
_— . ! —— — — e —

< >

wID WORK-ASSOCIATED

OPTIONAL INFORMATION LOOKUP
DATABASE PRIVATE OPERATION(S)

| NETWORK

745 I

|
|
| |
|
|
|

DATABASE
GENERATION
OPERATION(S

MONITORING CENTER J

WIDAT
DATABASE

DATABASE

570b
520b/538b

~
FIGURE 7 7402 7400

DATABASE
GENERATION
OPERATION(S




U.S. Patent Aug. 30,2011 Sheet 8 of 10 US 8,010,988 B2

820 SATELLITE, CABLE
OR TERRESTRIAL
TV BROADCAST
(<]
aeo\’\ | N 7
w — w
840a 810

SATELLITE TV BROADCAST
MONITORING | S~ \/\
CENTER HOME VIEWERS

812
840b
850\,\ E-COMMERCE
DATABASE OR OTHER WEB
CENTER SITE

800

FIGURE 8



US 8,010,988 B2

Sheet 9 of 10

Aug. 30,2011

U.S. Patent

6 34NOId

GZ961 ‘Al ¥HOM

08V 1INNVHO

AN 32Vv1d

108 ‘JNIL

9502 ‘Al XHOM

13108 “1INNVHO

€206/ ‘dl YHOM

O9OVIIHI -30Vvd

O8N 13NNVYHO

€951 ‘0l YHOM

<08 -JNIL

AN 30V1d

S80 MANNVHD

108 JNL

Vv1:30V1d

00:8 ‘INIL

H3I4LLNIAI AHOM

T3INNVHO

30vld

JNIL




U.S.

Patent Aug. 30, 2011 Sheet 10 of 10 US 8,010,988 B2
UNIQUE ID: 15642 NN 1010
PRODUCT: COCA COLA L~ 1020
CATEGORY: SODA NN 1030
MANUFACTURER: COCA COLA NS~ 1040
URL http://www.cocacola.com NN 1050
OTHER DATA NS 1060

1000

FIGURE 10




US 8,010,988 B2

1
USING FEATURES EXTRACTED FROM AN
AUDIO AND/OR VIDEO WORK TO OBTAIN
INFORMATION ABOUT THE WORK

§0. RELATED APPLICATIONS

‘The present application is a continuation-in-part of U.S.
patent application Ser. No. 09/950,972 (incorporated herein
by reference), titled “IDENTIFYING WORKS FOR INITI-
ATING A WORK-BASED ACTION, SUCH AS AN
ACTION ON THE INTERNET,” filed on Sep. 13, 2001 now
U.S. Pat. No. 7,058,223, and listing Ingemar J. Cox as the
inventor, which application claims benefit to the filing date of
provisional patent application Ser. No. 60/232,618 (incorpo-
rated herein by reference). titled “Identifying and linking
television, audio, print and other media to the Internet”, filed
on Sep. 14, 2000 and listing Ingemar J. Cox as the inventor.

§1. BACKGROUND OF THE INVENTION
§1.1 Field of the Invention

The present invention concerns linking traditional media to
new interactive media, such as that provided over the Internet
for example. In particular, the present invention concems
identifying a work (e.g., content or an advertisement deliv-
ered via print media, or via a radio or television broadcast)
without the need to modify the work.

§1.2 Related Art

§1.2.1 Opportunities Arising from Linking Works
Delivered Via Some ‘Iraditional Media Channel or
Conduit to a More Interactive System

The rapid adoption of the Internet and associated World
Wide Web has recently spurred interest in linking works,
delivered via traditional media channels or conduits, to a
more interactive system, such as the Internet for example.
Basically, such linking can be used to (a) promote commerce,
such as e-commerce, and/or (b) enhance interest in the work
itselt by facilitating audience interaction or participation.
Commerce opportunities include, for example. facilitating
the placement ol direct orders [or products, providing product
coupons, providing further information rclated to a product,
product placement, etc.

In the context of e-commerce, viewers could request dis-
count vouchers or coupons for viewed products that are
redeemable at the point of purchase. E-commerce applica-
tions also extend beyond advertisements. It is now common
for television shows to include product placements. For
example, an actor might drink a Coke rather than a Pepsi
brand of soda, actors and actresses might wear designer-
labeled clothing such as Calvin Klein, etc. Viewers may wish
to purchase similar clothing but may not necessarily be ableto
identify the designer or the particular style directly from the
show. However, with an interactive capability, viewers would
be able to discover this and other inforination by going to an
associated Web site. The link to this Web site can be auto-
matically enabled using the invention described herein.

In the context of facilitating audience interaction or par-
ticipation, there is much interest in the convergence of tele-
vision and computers. Convergence encompasses a very wide
range of capabilities. Although a significant effort is being
directed to video-on-demand applications, in which there is a
unique video stream for each user of the service, as well as to
transmitting video signals over the Intemnet, there is also

20

25

30

35

40

60

65

2

interest in enhancing the television viewing experience. To
this end, there have been a number of experiments with inter-
active television in which viewers can participate in a live
broadcast. There are a variety of ways in which viewers can
participate. For example, during game shows, users can
answer the questions and their scores can be tabulated. In
recent reality-based programming such as the ABC television
game show, “Big Brother”, viewers can vote on contestants
who must lcave the show, and be climinated from the com-
petition.

§1.2.2 Embedding Work Identifying Code or Signals
within Works

Known techniques of linking works delivered via tradi-
tional media channels (o a more interactive system typically
require some type of code, used to identify the work, to be
inserted into the work before it is delivered via such tradi-
tional media channels. Some examples ot such inserted code
include (i) signals inserted into the vertical blanking interval
(“VBI”) lines of a (e.g., NTSC) television signal, (ii) water-
marks cmbedded into images, (iii) bar codes imposed on
images, and (iv) tones embedded into music.

The common technical theme of these proposed imple-
mentations is the insertion of visible or invisible signals into
the media that can be decoded by a computer. These signals
can contain a variety of information. In its most direct form,
the signal may directly encode the URL of the associated Web
site. However, since the alphanumeric string has variable
length and is not a particularly efficient coding, it is more
common to encode a unique ID. The computer then accesses
a database, which is usually proprietary, and matches the ID
with the associated web address. This database can be con-
sidered a form of domain name server, similar to those
already deployed for network addresses. However, in this
case, the dornain name server is proprietary and the addresses
are unique I1D’s.

There are two principal advantages to encoding a propri-
etary identifier into content. First, as previously mentioned, it
is a more efficient use of the available bandwidth and second,
by directing all traffic to a single Web site that contains the
database, a company can maintain control over the technol-
ogy and gather useful statistics that may then be sold to
advertisers and publishers.

As an cxamplc of inscrting signals into the vertical blank-
ing interval lines of a television signal, RespondTV of San
Francisco, Calif. embeds identification information into the
vertical blanking interval of the television signal. The VBI is
part of the analog video broadcast that is not visible to tele-
vision viewers. For digital television, it may be possible to
encode the information in, for example, the motion picture
experts group (“MPEG”) header. In the USA, the vertical
blanking interval is currently used (o transmit close-caption-
ing information as well as other information, while in the UK,
the VBI is used to transmit teletext information. Although the
close captioning, information is guaranteed to be transmitted
into the home in America, unfortunately, other information is
not. This is because ownership of the vertical blanking inter-
val is disputed by content owners, broadcasters and local
television operators.

As an example of embedding watermarks into images,
Digimarc of Tualatin, OR embeds watermarks in print media.
Invisible watermarks are newer than VBI insertion, and have
the advantage of being independent of the method of broad-
cast. Thus, once the information is embedded, it should
remain readable whether the video is transmitted in NTSC,
PAL or SECAM analog formats or newer digital formats. Tt
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should be more reliable than using the vertical blanking inter-
val in television applications. Unfortunately, however, water-
marks still require modification of the broadcast signal which
is problematic for a number of economic, logistical, legal
(permission to altcr the content is needed) and quality control
(the content may be degraded by the addition of a watermark)
reasons.

As an example of imposing bar codes on images, print
advertisers are currently testing a technology that allows an
advertisement to be shown to a camera, scanner or bar code
reader thal is connected to a personal computer (“PC”). The
captured image is then analyzed to determine an associated
Web site that the PC’s browser then accesses. For example,
GoCode of Draper, UT embeds small two-dimensional bar
codes for print advertisements. The latter signal is read by
inexpensive barcode readers that can be connected to a PC.
AirClic of Blue Bell, Pa. provides a combination of barcode
and wireless communication to enable wireless shopping
through print media. A so-~called “CueCat” reads bar codes
printed in conjunction with advertisements and articles in
Forbes magazine. Similar capabilitics are being tested for
television and audio media.

Machine-readable bar codes are one example of a visible
signal. The advantage of this technology is that it is very
mature. However, the fact that the signal is visible is often
considered a disadvantage since it may detract from the aes-
thetic of the work delivered via a traditional media channel or
conduit.

As an example of embedding tones into music, Digital
Convergence of Dallas, Tex. proposes to embed identification
codes into audible music tones broadcast with television sig-
nals.

All the foregoing techniques of inserting code into a work
can be categorized as active techniques in that they must alter
the existing signal, whether it is music, print, television or
other media, such that an identification code is also present.
There are several disadvantages that active systems share.
First, there are aesthetic or fidelity issues associated with bar
codes, audible tones and watermarks. More importantly, all
media must be processed, before it is delivered to the end user,
to contain these active signals. Even if a system is enthusias-
tically adopted, the logistics involved with inserting bar codes
or watermarks into, say every printed advertisement, arc for-
midable.

Further, even if the rate of adoption is very rapid, it never-
theless remains true that during the early deployment of the
system, most works will not be tagged. Thus, consumers that
are early-adopters will find that most media is not identified.
At best, this is frustrating. At worst, the naive user may
conclude that the system is not reliable or does not work at all.
This erroneous conclusion might have a very adverse eflect
on the adoption rate.

Further, not only must there be modification to the produc-
tion process, but modifications must also be made to the
equipment in a user’s home. Again, using the example of
watermarking of print media, a PC must be fitted with a
camera and watermark detection software must be installed.
In the case of television, the detection of the identification
signal is likely to occur at the set-top-box—this is the equip-
ment provided by the local cable television or satellite broad-
casting company. In many cases, this may require modifica-
tions to the hardware, which is likely to be prohibitively
expensive. For example, the audible tone used by Digital
Convergence to recognize television content, must be fed
directly into a sound card in a PC. This requires a physical
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connection hetween the television and the PC;, which may be
expensive or at least inconvenient, and a sound card may have
to be purchased.

§1.2.3 Unmet Needs

In view of the foregoing disadvantages of inserting an
identification code into a work, thereby altering the existing
signal, therc is a need for techniques of identifying a work
without the need of inserting an identification code into a
work. Such an identification code can then be used to invoke
a work-related action, such as work-related commerce meth-
ods and/or to increase audience interest by facilitating audi-
ence interaction and/or participation.

§2. SUMMARY OF THE INVENTION

This patent application describes an altemative solution
that does not suffer from the problems outlined above. The
solution is based ondirect or indirect recognition of the media
itself. Direct or indirect recognition refers to the fact that a
number of possible configurations arc possible, some of
which directly recognize the work on the equipment in a
user’s home while other configurations perform this recogni-
tion indirectly by transmitting work-specific information to
one or more remote sites. Neither technique requires the
embedding of any form of active signal. Instead, when media
in the form of music, print, television or multimedia is pre-
sented to a personal computer (PC), set-top-box or other
device, such devices directly or indirectly recognize the
media and initiate an action. The set of possible actions is
potentially infinite and includes, for example, retrieving fur-
ther information, interacting with a live broadcast, registering
the user for a service or product, purchasing a product or
service and/or receiving discount coupons or certificates that
can be used towards a purchase.

Some embodiments consistent with the present invention
provide a computer-implemented method, apparatus, or com-
puter-executable programs for linking a media work to an
action. Such embodiments might (a) extract features from the
media work, (b) determine an identification of the media
work based on the features extracted, and (c) determine an
action based on the identification of the media work deter-
mined. In some embodiments consisient with the present
invention, the media work is an audio signal. The audio signal
might be obtained from a broadcast, or an audio file format. In
other embodiments consistent with the present invention, the
media work is a video signal, The video signal might be
obtained from a broadcast, or a video file format.

Some embodiments consistent with the present invention
provide a computer-implemented method, apparatus, or com-
puter-executable program for providing information about an
audio (or video) file played on a device. Such embodiments
might (a) extract features from the audio (or video) file, (b)
communicate the features to a database, and (c) receive the
information about the audio (or video) file from the database.
In some embodiments consistent with the present invention,
the act of extracting the features is performed by a micropro-
cessor of the device, and/or a digital signal processor of the
device.

In some of the embodiments pertaining to audio files, the
audio file might be an mp3 file or some other digital repre-
sentation of an audio signal. The information might include a
song title, an album title, and/or a performer name.

In some of the embodiments pertaining to video files, the
video file might be an MPEG file or some other digital rep-
resentation of a video signal. The video file might be a video
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work, and the information might include a title of the video
work, a director of the video work, and names of performers
in the video work.

§3. BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11is a process bubble diagram of operations that may
be performed in accordance with one version of the present
invention, in which intra-work information is used to identify
the work.

FIG. 2 1s ablock diagram illustrating a first embodiment of
the present invention, in which intra-work information is used
to identify the work.

FIG. 3 is a block diagram illustrating a second embodiment
of the present invention, in which intra-work information is
used to identify the work.

FIG. 4is ablock diagram illustrating a third embodiment of
the present invention, in which intra-work information is used
to identify the work.

FIG. 5 is a process bubble diagram of operations that may
be performed in accordance with another version of the
present invention, in which extra-work information is used to
identify the work.

FIG. 6 is a block diagram illustrating a fourth embodiment
of the present invention, in which extra-work information is
used to identify the work.

FIG. 7 is a block diagram illustrating a {ifth embodiment of
the present invention, in which extra-work information is
used to identify the work.

FIG. 8 is a block diagram illustrating an environment in
which the present invention may operate.

FIG. 9 is an exemplary data structure in which extra-work
information is associatcd with a work identificr.

FIG. 10 is an exemplary data structure including work-
related actions.

§4. DETAILED DESCRIPTION

The present invention may involve novel methods, appa-
ratus and data structures for identifying works without the
need of embedding signals therein. Once identified, such
information can be used to determine a work-related action.
‘The following description is presented to enable one skilled in
the art to make and use the invention, and is provided in the
context of particular embodiments and methods. Various
modifications to the disclosed embodiments and methods will
be apparent to those skilled in the art, and the general prin-
ciples set forth below may be applied to other embodiments,
methods and applications. Thus, the present invention is not
intended to be limited to the embodiments and methods
shown and the inventors regard their invention as the follow-
ing disclosed methods, apparatus, data structures and any
other patentable subject matter to the extent that they are
patentable.

§4.1 FUNCTIONS

The present invention functions to identify a work without
the need of inserting an identification code into a work. The
presentinvention may do so by (i) extracting features from the
work to define a feature vector, and (ii} comparing the feature
vector to feature vectors associated with identified works.
Alternatively, or in addition, the present invention may do so
by (i) accepting extra-work information, such as the time of a
query or of a rendering of the work, the geographic location at
which the work is rendered, and the station that the audience
member has selected, and (ii) use such extra-work informa-
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tion to lookup an identification of the work. Tn either case, an
identification code may be used to identify the work.

The present invention may then function to use such an
identification code to initiate a work-related action, such as
for work-related commerec methods and/or to increasc audi-
ence interest by facilitating audience interaction and/or par-
ticipation.

§4.2 EMBODIMENTS

As justintroducedin §4.1 above, the present invention may
use intra-work information and/or extra-work information to
identify a work. Once identified, such identification can be
used to initiate an action, such as an action related to com-
merce, or facilitating audience participation or interaction.
Exemplary embodiments of the present invention, in which
work is recognized or identified based on intra-work infor-
mation, are described in §4.2.1. Then, exemplary ewbodi-
ments of the present invention, in which work is recognized or
identified based on extra-work information, are described in
§4.2.2.

§4.2.1 Embodiments in which Work is Recognized
Based on Intra-Work Information, Such as a Feature
Vector

Operations related to this embodiment are described in
§4.2.1.1 below. Then, various architectures which may be
used to effect such operations are described in §4.2.1.2.

§4.2.1.1 Operations and Exemplary Methods and
Techniques for Effecting Such Operations

FIG. 1 is a process bubble diagram of operations that may
be performed in accordance with one version of the present
invention, in which intra-work information is used to identify
the work. As shown, a work-identification information stor-
age 110 may include a number of items or records 112. Each
item or record 112 may associate a feature vector of a work
114 with a, preferably unique, work identifier 116. The work-
identification information storage 110 may be generated by a
database generation operation(s) 120 which may, in tum, use
a feature extraction operation(s) 122 to extract features from
a work at a [irst time (WORKg,,,), as well as a feature-to-
work identification tagging opcration(s) 124.

Further, work identifier-action information storage 130
may include a number of items or records 132. Each item or
record 132 may associate a, preferably unique, work identi-
fier 134 with associated information 136, such as an action for
example. The work identifier-action information storage 130
may be generated by a database generation operation(s) 138
which may, for example, accept manual entries,

As can be appreciated from the foregoing, the work-infor-
mation storage 110 records 112 and the work identification-
action 130 records 132 can be combined into a single record.
‘That is, there need not be two databases. A single database is
also possible in which the work identifier, or a feature vector
extracted from the work, serves as a key and the associated
field contains work-related information, such as a URL for
example.

The feature extraction operation(s) 140 can accept a work,
such as that being rendered by a user, at a second time
(WORKg,,), and extract features from that work. The
extracted features may be used to define a so-called feature
vector.

The extracted features, e.g., as a feature vector, can be used
by a feature (vector) lookup operation(s) 150 to search for a
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matching feature vector 114. If a match, or a match within a
predetermined threshold is determined, then the associated
work identifier 116 is read.

The read work identifier can then be used by a work-
associated information lookup opcration(s) 160 to retricve
associated information. such as an action, 136 associated with
the work identifier. Such information 136 can then be passed
to action initiation operation(s) 170 which can perform some
action based on the associated information 136.

§4.2.1.1.1 Exemplary Techniques for Featurc
Extraction

When the user initiates a request, the specific television or
radio broadcast or printed commercial, each of which is
referred to as a work, is first passed to the feature extraction
operation. The work may be an image, an audio file or some
portion of an audio signal or may be one or more frames or
fields ofavideo signal, or a multimedia signal. The purpose of
the feature extraction operation is to derive a compact repre-
sentation of the work that can subsequently be used for the
purpose of recognition. In the case of images and video, this
feature vector might be a pseudo-random sample of pixels
from the frame or a low-resolution copy of the frame or the
average intensities of nxn blocks of pixels. It might also be a
frequency-based decomposition of the signal, such as pro-
duced by the Fourier, wavelet and or discrete cosine trans-
forms. It might involve principal component analysis. It
might also be a combination of these. For television and audio
signals, recognition might also rely on a temporal sequence of
feature vectors. The recognition literature contains many dif-
ferent representations. For block-based methods, blocks may
be accessed at pseudo-random locations in each frame or
might have a specific structure. For audio, common feature
vectors are based on Fourier frequency decompositions, but
other representations are possible. See, e.g.,R.O. Dudaand P.
E. Han, Pattern Ciassification and Scene Analysis (Wiley-
Interscience, New York, 1973). See also K. Fukunaga, Intro-
duction to Statistical Pattern Recognition, 2nd Ed. (Aca-
demic Press, New York, 1990). (These references are
incorporated herein by reference.)

As previously stated, one object of the vector extraction
stage is to obtain a more concise representation of the frame.
For example, each video frame is initially composed of 480x
720 pixels which is equivalent to 345,600 pixels or 691,200
bytes. In comparison, an exemplary feature vector might only
consist of 1 Kbyte of data.

A second purpose of the feature extraction process is to 5

acquire a representation that is robust or invariant to possible
noise or distortions that a signal might experience. For
example, frames of a television broadcasl may experience a
small amount of jitter, i.e., horizontal and or vertical transla-
tion, or may undergo lossy compression such as by MPEG-2.
It is advantageous that these and other processes do not
adversely affect the extracted vectors. For still images there
has been considerable work on determining image properties
that are invariant to affine and other geometric distortions. For
example, the use of Radon and Fourier-Mellin (ransforms
have been proposed for robustness against rotation, scale and
translation, since these transforms are either invariant or bare
a simple relation to the geometric distortions. See, e.g., C.
Lin, M. Wu, Y. M. Lui, I. A. Bloom, M. L. Miller, I. . Cox,
“Rotation, Scale, and Translation Resilient Public Water-
marking for Images,” IEEE Transactions on Image Process-
ing (2001). See also, U.S. Pat. Nos. 5,436,653, 5,504,518,
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5,582,246, 5,612,729, and 5,621,454. (Fach of these refer-
ences is incorporated herein by reference.)

§4.2.1.1.2 Exemplary Techniques for Database
Generation and Maintenance

A number of possibilities exist for generating and main-
taining work identification (WID) and identification-action
translation (WI1DAT) databases. However, in all cases, works
of interest are processed to extract a representative feature
vector and this feature vector is assigned a unique identifier.
This unique identifier is then entered into the work identifi-
cation (WID) database 110 as well as into the WIDAT data-
base 130 together with all the necessary associated data. This
process is referred to as tagging. For example, in thecase of an
advertisement, the WIDAT database 130 might include the
manufacturer (Ford), the product name (Taurus), a product
category (automotive) and the URL associated with the Ford
Taurus car together with the instruction to translate the query
into the associated URL.

The determination of all works of interest and subsequent
feature vector extraction and tagging depends on whether
content owners are actively collaborating with the entity
responsible for creating and maintaining the database. Ifthere
is no collaboration, then the database entity must collect all
works of interest and process and tag them. While this is a
significant effort, it is not overwhelming and is certainly
commercially feasible. For example, competitive market
research firms routinely tabulate all advertisements appearing
in a very wide variety of print media. Newspapers and maga-
zines can be scanned in and software algorithms can be
applied to the images to identify likcly advertisements. These
possible advertisements can then be compared with adver-
tisements already in the WIID database 110. Ifthere is a match,

5 nothing further need be done. If there is not a match. the

image can be sent to a human to determine if the page does
indeed contain an advertisement. If so, the operator can
instruct the computer to extract the representative feature
vector and assign it a unique identifier. Then, the operator can
insert this information into the content identification database
and as well as update the corresponding WIDAT database 130
with all the necessary associated data. This is continually
performed as new magazines and papers include new adver-
tisements to maintain the databases. This is a cost to the
database entity. Television and radio broadcasts can also be
monitored and, in fact, broadcast monitoring is currently
performed by companies such as Nielsen Media research and
Competitive Media Reporting. Television and radio broad-
casts differ from print media in the real-time nature of the
signals and the consequent desire for real-time recognition.
In many cases, advertisers, publishers and broadcasters
may wish to collaborate with the database provider. In this
case, feature extraction and annotation and/or extra-work
information may be performed by the advertiser, advertise-
ment agency, network and/or broadcaster and this informa-
tion sent to the database provider to update the database.
Clearly, this arrangement is preferable from the database
provider’s perspective. However, it is not essential.

§4.2.1.1.3 Exemplary Techniques for Matching
Extracted Features with Database Entries

The extracted feature vector is then passed to a recognition
(e.g., feature look-up) operation, during which, the vector is
compared to entries of known vectors 114 in a content iden-
tification (WID) database 110. It is important to realize that
the malching of extracied and known vectors is nol equivalent
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to looking up a word in an electronic dictionary. Since the
extracted vectors contain noise or distortions, binary search
might not be possible. Instead, a statistical comparison is
often made between an extracted vector and each stored vec-
tor. Common statistical measures include linear correlation
and related measures such as correlation coefficient, but other
methods can also be used including mutual information,
Euclidean distance and Lp-norms. These measures provide a
statistical mcasure of thc confidence of thc match. A threshold
can be established, usually based on the required false posi-
tive and false negative rates, such that if the correlation output
exceeds this threshold, then the extracted and known vectors
are said to match. See, e.g., R. O. Duda and P. E. Hart, Pattern
Classification and Scene Analysis (Wiley-Interscience, New
York, 1973). See also, U.S. Pat. No. 3,919,474 by W. D.
Moon, R. J. Weiner, R. A. Hansen and R. N. Linde, entitled
“Broadcast Signal Identification System”. (Each of these rel-
erences is incorporated herein by reference.)

If binary search was possible, then a database containing N
vectors would require at most log{N) comparisons. Unfortu-
nately, binary search is not possible when taking a noisy
signal and trying to find the most similar reference signal.
This problem is one of nearest neighbor search in a (high-
dimensional) feature space. In previous work, it was not
uncommon to perform a linear search of all N entries, perhaps
halting the search when the first match is found. On average,
this will require N/2 comparisons. IfN is large, this search can
be computationally very expensive.

Other forms of matching includethose based on clustering,
kd-trees, vantage point trees and excluded middle vantage
point forests are possible and will be discussed in more detail
later. Sce, c.g., P. N. Yianilos “Excluded Middlc Vantagc
Point Forests for nearest Neighbor Search”, Presented at the
Sixth DIMACS TImplementation Challenge: Near Neighbor
Searches workshop, (Jan. 15, 1999). See also, P. N. Yianilos,
“Locally lifting the curse of Dimensionality for nearest
Neighbor Search” SODA 2000: 361-370. (Each of these ref-
erences is incorporated herein by reference.)

If the extracted vector “matches™ a known vector in the
conlenl identification database, then the work has been iden-
tified. Of course, there is the risk that the match is incorrect.
This type of error is known as a false positive. The false
positive rate can be reduced to any desired value, but at the
expense of the false negative rate. A false negative occurs
when the vector extracted from a work is not matched to the
database even though the work is present in the database.
There are several reasons why a work’s feature vector may
fail to match a feature vector database entry. First, the recog-
nition system may not be capable of 100% accuracy. Second.
the extracted vector will often contain noise as a result of the
transmission process. This noise may alter the values of a
feature vector to the extent that a match is no longer possible.

Finally, there is the case where the observed work is not
present in the database. In this case, the work can be sent to an
operator for identification and insertion in the databasc.

§4.2.1.1.4 Exemplary Work Based Actions

Assuming that the work is correctly identified, then the
identifier can be used to retrieve associated information from
the second work identification-action translation {WIDAT)
database 130 that contains information 136 associated with
the particular work 134. This information may simply be a
corresponding URL address, in which case, the action can be
considered to be a form of network address translation. How-
ever, in general, any information about the work could be
stored therein, together with possible actions (o be taken such
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as initiating an e-commerce transaction. After looking up the
work identifier 134 in the WIDAT database 130, an action is
performed on behalf of the user, examples of which has been
previously described.

In addition to using the system to allow audience members
of a work to connect to associated sites on the Internet, a
number of other uses are possible. First, the work identifica-
tion database 130 allows competitive market research data to
be collected (c.g., the action may include logging an cvent).
For example, it is possible to determine how many commer-
cials the Coca Cola Company in the Chicago market aired in
the month of June. This information is valuable to competi-
tors such as Pepsi. Thus, any company that developed a sys-
tem as described above could also expect to generate revenue
from competitive market research data that it gathers.

Advertisers often wish to ensure that they receive the
advertising time that was purchased. To do so, they often hire
commercial verification services to verify that the advertise-
ment or commercial did indeed run at the expected time. To do
so, currently deployed systems by Nielsen and CMR embed-
ded active signals in the advertisement prior to the broadcast.
These signals are then detected by remote monitoring facili-
ties that then report back to a central system which commer-
cials were positively identified. See for example U.S. Pat. No.
5,629,739 by R. A. Dougherty entitled “Apparatus and
method for injecting an ancillary signal into a low energy
density portion of a color television frequency spectrum”,
U.S. Pat. No. 4,025,851 by D. E. Haselwood and C. M. Solar
entitled “Automatic monitor for programs broadcast”, U.S.
Pat. No. 5,243,423 by J. P. DeJean, D. Lu and R. Weissman,
entitled “Spread spectrum digital data transtmission over TV
video”, and U.S. Pat. No. 5,450,122 by L. D. Keenc entitled
“In-station television program encoding and monitoring sys-
tem and method”. (Fach of these patents is incorporated
herein by reference.) Active systems are usually preferred for
advertisement verification because the required recognition
accuracy is difficult to achieve with passive systems. The
passive monitoring system described herein supports com-
mercial verification.

§4.2.1.2 Exemplary Architectures

Three alternative architectural embodiments in which the
[irst techmique may be employed are now described with
reference to FIGS. 2, 3, and 4.

FIG. 2 is ablock diagram illustrating a first embodiment of
the present invention, in which intra-work information is used
to identify the work and in which a audience member device
210, such as a PC for example, receives and renders a work
that is consumed by an audience member (user). At some
point, the user may wish to perform a work-specific action
such as traversing to an associated Web site. Upon initiation
of this request, the computer 210 performs the operations
140a,150a,160a and 1704, such as those shown in FIG. 1. To
reiterate, these operations include a feature extraction opera-
tion(s) 140a, feature vector lookup or matching operation(s)
150a in connection with items or records 112a in a work-
identification (WID) database 110a. If a maiching feature
vector 114a is found, the work-associated information lookup
operation(s) 1604 can use the associated work identifier 116a
to accessing a work identification-action translation
{WIDAT) database 1304 to retrieve associated information
1364, possibly including determining what action should be
performed.

As described above, the two databases might be integrated
into a single database. However, conceptually, they are
described here as separate.



US 8,010,988 B2

11

An example illustrating operations that can occur in the
firstembodiment of FIG. 1, is now described. Consider a print
application, in which say 10,000 advertisements are to be
recognized that appear in national newspapers and maga-
zines. If 1 Kbyte is required to store each feature vector then
approximately 10 Mbytes of storage will be required for the
work identification database 110a. Such a size does not rep-
resent a serious problem, in either memory or disk space, to
present personal computers.

An important issue then becomes recognition rate. While
this may be problematic, all the images are two-dimen-
sional—three-dimensional object recognition is not required.
Of course, since a low cost camera captures the printed adver-
tisement, there may be a number of geometric distortions that
might be introduced together with noise. Nevertheless, the
application is sufliciently constrained that adequate recogni-
tion rates should be achievable with current state-of-the-art
computer vision algorithms. See, e.g., P. N. Yianilos
“Excluded Middle Vantage Point Forests for nearest Neigh-
bor Search”, Presented at the Sixth DIMACS Implementation
Challenge: Near Neighbor Searches workshop, Jan. 15,1999.
Scc also, P. N. Yianilos “Locally lifting the cursc of Dimen-
sionality for nearest Neighbor Search” SODA 2000:361-370.
(Fach of these references is incorporated herein by refer-
ence.) Estimates of the size of the WIDAT database 130a
depend on what associated information (recall fields 136) is
stored. If, for example, only a URL address is needed, about
20 characters can typically represent most URLs. Thus, the
size of the WIDAT database 1304 would be less than 1 Mbyte.

The configuration just described with reference to FIG. 2 :

places all of the processing and data on each user’s local
machine 210. A number of altemative embodiments, in which
some or all of the storage and processing requirements are
performed remotely, will be described shortly.

As new works are created and made publicly available, the :

databases residing on a user’s local computer become obso-
lete. Just as the database provider 240 must continually
update the databases in order to remain current, there is also
aneed to update local databases on devices at audience mem-
ber premises. This update process can be performed over the
Internet 230 in a manner very similar to how software is
currently upgraded. It is not necessary to download an
entirely new database although this is an option. Rather, only
the changes need to be transmitted. During this update pro-
cess, the user’s computer 210 might also transmit information
to a central monitoring, center 240 informing it of which
advertisements the computer user has queried. This type of
information is valuable to both advertisers and publishers. Of
course, care must be taken to ensure the privacy of individual
users of the system. However, it is not necessary to know the
identity of individual users for the system to work.

FIG. 3 is a block diagram illustrating a second embodiment
of the present invention, in which intra-work information is
used to identify the work. Although the WIDAT database can
be quite small, as illustrated in the exemplary embodiment
described above with respect to FIG. 2, there is still the
problem of keeping this database current. While periodic
updates of the local databases may be acceptable, they
become unnecessary if the WIDAT database 1305 is at a
remote location 340. In this arrangement, illustrated in FIG.
3, after the local computer 310 identifies the work, it sends a
query to the remote WIDAT database 1305. The query may
contain the work identifier. The remate site 340 may then
return the associated information 136. Although the remote
WIDAT database 1305 needs to be updated by the database
provider, this can be done very frequently without the need
for communicating the updates to the local computers 310.
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The second embodiment is most similar to active systems
in which an embedded signal is extracted and decoded and the
identifier is used to interrogate a central database. Conse-
quently it has many of the advantages of such systems, while
avoiding the need to insert signals into all works. One such
advantage, is that the database provider receives real-time
information relating to users’ access patterns.

The WIDAT database 1305 might physically reside at more
than one location. In such a case, some requests will go to one
site, and other requests will go to another. In this way, over-
loading of a single site by too many users can be avoided.
Other load balancing techniques are also applicable.

FIG. 4 is ablock diagram illustrating a third embodiment of
the present invention, in which intra-work information is used
to identify the work. Recall that the WIDAT database may be
small relative 1o that work identification database (WID). As
the size of the work recognition (W1D) database increases,
the foregoing embodiments may become impractical. Con-
sider, for example, a music application in which it is desired
to identify 100,000 song titles. If it is again assumed that a 1
Kbyte vector can uniquely represent each song, then on the
order of 100 Mbytes is now needed. This size is comparablc
to large application programs such as Microsofi’s Office 2000
suite. Although this still does not represent an inordinate
amount of disk space, if this data needs to reside in memory at
all times, then very few present machines will have adequate
resources. Clearly, at some point, the proposed architectures
scales to a point where requirements become impractical. In
this case, a further modification to the architecture is possible.

Since the storage and searching of the work-identifier
(WID) database require the most computation and storage, it
may be more economical to perform these actions remotely.
‘Thus, for example. if a user is playing an MP3 music file and
waats to go to a corresponding website, the MP3 file is passed
to an operation that determines one or more feature vectors. In
the third embodiment, instead of performing the matching
locally 410, the one or more vectors are transmitted to a
central site 440 at which is stored the WID and WIDAT
databases 110¢ and 130c together with sufficiently powerful
computers to resolve this request and those of other computer
users. This configuration is illustrated in FIG. 4. Similarly, if
a user is playing an MPEG or other video file and wants to
initiate a work-related action, the video file is passed to an
operation 140c that extracts one or more feature vectors. The
entire video file need not be processed. Rather, it may be
sufficient to process only those frames in the temporal vicin-
ity to the users request, i.e., to process the current frame and
or some number of frames before and after the current frame,
e.g. perhaps 100 frames in all. The extracted feature vector or
feature vectors can then be transmitted to a central site 440
which can resolve the request.

After successfully matching the feature vector, the central
site 440 can provide the user with information directly, or can
direct the user to another Web site that contains the informa-
tion the user wants. In cases where the recognition is ambigu-
ous, the central site 440 might return information identifying
one of several possible matches and allow the user to select
the intended one.

The third embodiment is particularly attractive if the cost
of extracting the feature vector is small. In this case, it
becomes economical to have feature vector extraction 140c in
digital set-top-boxes and in video recorders 410. The latter
may be especially useful for the new generation of consumer
digital video recorders such as those manufactured by TIVO
and Replay TV. These devices already have access to the
Internet via a phone line. Thus, when someone watching a
recorded movie from television reacts (o an adverlisement,
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the video recorder would extract one or more feature vectors
and transmit them to a central site 440. This site 440 would
determine if a match existed between the query vector and the
database of pre-stored vectors 110c. If a match is found, the
central server 440 would transmit the associated information,
which might include a Web site address or an 800 number for
more traditional ordering, back to the audience user device
410. Of course, a consumer device 410 such as a digital video
recorder might also store personal information of the owner to
facilitate online e-commerce. Such a device 410 could store
the owner’s name, address, and credit card information and
automatically transmit them to an on-line store to complete a
purchase. Very little user interaction other than to avthorize
the purchase might be needed. This type of purchasing may be
very convenient (0 consummers.

Another advantage of the third embodiment is that it obvi-
ates the need to update local databases while, at the same
time, the centrally maintained databases can be kept current
with very frequent updating.

§4.2.2 Embodiments in which Work is Recognized
Based on Extra-Work Information

Operations related to this embodiment are described in
§4.2.2.1 below. Then, various architectures which may be
used to effect such operations are described in §4.2.2.2.

Ifthe cost of extracting a feature vector is too large, then the
cost of deploying any of the embodiments described in §4.2.1
above may be prohibitive, This is particularly likely in very
cost sensitive consumer products, including set-top-boxes
and next generation digital VCR’s. Acknowledging this fact,
a different technique, one that is particularly well suited for
broadcasted media such as television and radio as wcll as to
conten! published in magazines and newspapers, is now
described. This technique relies on the fact that a work need
not be identified by a feature vector extracted from the work
(which is an example of “intra-work information”), but can
also be identified by when and where it is published or broad-
cast (which are examples of “extra-work information™).

An example serves to illustrate this point. Consider the
scenario in which a viewer sees a television commercial and
responds to it. The embodiments described in §4.2.1 above
required the user device (e.g., a computer or set-top-box)
210/310/410 to extract a feature vector. Such an extracted
vector was attempted to be matched to another feature
vector(s), either locally, or at a remote site. In the embodi-
ments using a remote site, if the central site is monitoring all
television broadcasts, then the user’s query does not need to
include the feature vector. Instead, the query simply needs to
identify the time, geographic location and the station that the

viewer is watching. A central site can then determine which S

advertisement was airing at that moment and, once again,
return the associated information. The same is true for radio
broadcasts. Moreover, magazines and newspapers can also be
handled in this manner. Here the query might include the
name of the magazine, the month of publication and the page
number,

§4.2.2.1 Operations and Exemplary Methods aud
Techniques for Effecting Such Operations

FIG. 5 is a process bubble diagram of operations that may
be performed in accordance with another version of the
present invention, in which extra-work information is used to
identify the work. As shown, a query work-identification
(QWID) information storage 510 may include a number of
itens or records 512. Each item or record 512 may associate
extra-work information 514, related to the work, with a, pref-
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erably unique, work identifier 516. The query work-identifi-
cation (QWID) information storage 510 may be generated by
a database generation operation(s) 520.

Further, work identifier-action information (WIDAT) stor-
age 530 may include a number of items or records 532. Each
item or record 532 may associate a, preferably unique, work
identifier 5§34 with associated information 536, such as an
action for example. The work identifier-action (WIDAT)
information storage 530 may be generated by a database
generation operation(s) 538 which may, for example, accept
manual eniries,

As can be appreciated from the foregoing, the query work-
information (QWID) storage 510 records 512 and the work
identification-action (WIDAT) storage 530 records 532 can
be combined into a single record.

The extra-work information aggregation (e.g., query gen-
eration) operation(s) 540 can accept a information related to
a work, such as the time of a user request or of a rendering of
the work, the geographic location at which the work is ren-
dered, and the station that the audience member has selected,
and generate a query from such extra-work information.

The query including the extra-work information can be
used by a lookup operation(s) 550 to search for a “matching”
set of information 514. If a match, or a match within a pre-
determined threshold is determined, then the associated work
identifier 516 is read.

The read work identifier can then be used by a work-
associated information lookup operation(s) 560 to retrieve
associated information, such as an action, 536 associated with
the work identifier. Such information 536 can then be passed
to action initiation operation(s) 570 which can perform some
action based on the associated information 536.

If the extra-work information of a work is known (in
advance), generating the query work identifier (QWID) infor-
mation 510 is straight-forward. If this were always the case,
an intra-work information-based recognition operation
would not be needed. However, very often this is not the case.
For example, local television broadcasts typically have dis-
cretion to insert local adverlising, as well as national adver-
tising. Thus, it often is not possible to know in advance when,
on what station, and where a particular advertisement will
play.

In such instances, areal-time (e.g., centralized) monitoring
facility 580 may be used to (1) extract feature vectors from a
wark, (ii) determine a work identifier 116 from the extracted
features, and (iii) communicate one or more messages 590 in
which extra-work information (e.g., time, channel, geo-
graphic market) 592 is associated with a work identifier 594,
to operation(s) 520 for generating query work identification
(QWID) information 510.

§4.2.2.1.1 Exemplary Extra-Work Information

In the context of national broadcasts, geographic informa-
tion may be needed to distinguish between, for example, the
ABC television broadcast in Los Angeles and that in New
York. While both locations broadcast ABC’s programntiing,
this programming airs at different times on the East and West
coasts of America. More importantly, the local network affili-
ates that air ABC’s shows have discretion to sell local adver-
tising as well as a responsibility to broadcast the national
commercials that ABC sells. In short, the works broadcast by
ABC in Los Angeles can be different from that in other
geographic locations. Geographic information is therefore
useful to distinguish between the different television markets.
In some circumstances, geographic information may not be
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necessary, especially in parts of the world with highly regu-
lated and centralized broadcasting in which there are not
regional differences.

§4.2.2.1.2 Exemplary Techniques for Generating
Databases

FIG. 5 illustrates a third database 510 referred to as the
query to work identification (QWID) database. This database
510 maps the query (e.g., in the form of time, location and
channel information) into a unique ID that identifies the per-
ceived work. The QWID 510 and WIDAT 530 databases
might not be separate, but for clarity will be considered so.
After retrieving the unique work identifier 512 from the
QWID database 510, the identifier can be used to access the
WIDAT dalabase 530. This is discussed in more detail later.

As introduced above, although it appears that this architec-
ture does not require a recognition facility, such a facility may
be needed. The feature extraction operation(s) 1404, as well
as the work identification operation(s) 1504 and other data-
bases 1104, may be moved to one or more remote sites 580.

Although TV Guide and other companics provide detailed
information regarding what will be broadcast when, these
scheduling guides do not have any information regarding
what advertisements will air when. In many cases, this infor-
mation is unknown until a day or so before the broadcast.
Even then, the time slots that a broadcaster sells to an adver-
tiser only provide a time range, e.g. 12 pm to 3 pm. Thus it is
unlikely that all commercials and aired programming can be
determined from TV schedules and other sources prior to
transmission. Further, occasionally programming schedules
are altered unexpectedly due to live broadcasts that overrun
their time slots. This is common in sports events and awards
shows. Another example of interrupts to scheduled program-
ming occurs when a particularly important news event occurs.

During transmission, it may therefore be necessary for a
central site 580 to determine what work is being broadcast
and to update its and/or other’s database 520 accordingly
based on the work identified 594 and relevant extra-work
information 592. There are a variety of ways that this can be
accomplished.

First, it may be economically feasible to manually monitor
all television stations that are of interest, and manually update
the database with information regarding the work being
monitored. In fact, Niclsen used such procedures in the carly
1960’s for the company to tabulate competitive market data.
More than one person can he employed to watch the same
channel in order to reduce the error rate. It should be noted
that the recent ruling by the FCC that satellite broadcasters
such as DirecTV, DishTV and EchoStar can carry local sta-
tions significantly reduces the cost of monitoring many geo-
graphic markets. Currently, Direc TV, for example, carries the
four main local stations in each of the 35 largest markets.
Thus, these 4x35=140 channels can all be monitored from a
single site 580. This site would be provided with satellite
receivers to obtain the television channels.

Unfortunately, however, humans are error prone and the
monitoring of many different stations from many different
geographic locations can be expensive. In order to automate
the recognition process, a central site 580 could employ a
computer-based system to perform automatic recognition.
Because the recognition is centralized, only one or a few sites
are needed. This is in comparison with the first architecture
we described in which a complete recognition system was
required in every user’s home or premise. This centralization
makes it more economic to employ more expensive comput-
ers, perhaps even special purpose hardware, and more sophis-
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ticated software algorithms. When video frames or clips can-
not be identified or are considered ambiguous, this video can
be quickly passed to human viewers to identify. Further, it
should be possible for the automated recognition system to
usc additional information such as television schedules, time
of day, etc in order to improve its recognition rate.

§4.2.2.1.2 Exemplary Techniques for Generating
Queries Based on Extra-Work Information

At the audience member (user) premiscs, all that is needed
is for the device to send a query to a database-server with
information that includes extra-work information, such as
geographic location, time and channel. Usually, this extra-
work information would be transmitted in real-time, while the
work (e.g., an advertisement) is being broadcast. However,
this is not necessary. If the television does not have access to
the Internet, and most TV’s do not yet, then an audience
member (user) may simply remember or record which chan-
nel he or she was viewing at what time. In fact, the user device
could store this information for later retrieval by the user. At
a convenient later time, the user might access the Internet
using a home PC. At this time, he or she can query the
database by entering this extra-work information (e.g.,
together with geographic information) into an application
program or a web browser plug-in.

Another possibility is allowing an audience member (user),
at the time he or she is consuming (e.g., viewing, reading,
listening to, etc.) the work, to enter query information into a
handheld personal digital assistant (*“PDA”) such as a Palm
Pilot, so as not to forget it. This information can then be
manually transferred to a device connected to a network, or
the information can be transferred automatically using, for
example, infrared communications or via a physical link such
as acradle. Recently, PDAs also have some wireless network-
ing capabilities built in, and thus might support direct access
to the information desired. Further, software is available that
allows a Palm Pilot or other PDA to function as a TV remote
control device, As such, the PDA already knows the time of
day and channel being viewed. It also probably knows the
location of the audience member, since most PDA users
include their own name and address in the PDA’s phonebook
and identify it as their own. Thus, with one or a few clicks, an
audience member PDA user could bookmark the television
content he or she is viewing. Ifthe PDA is networked, then the
PDA can, itself, retrieve the associated information immedi-
ately. Otherwise, the PDA can transfer this bookmarked data
to a networked device, which can then provide access to the
central database.

§4.2.2.2 Exemplary Architectures

FIG. 6 is a block diagram illustrating a fourth embodiment
of the present invention, in which extra-work information is
used to identify the work. As shown, an extra-work informa-
tion aggregation operation 540u may be effected on a device
610, such as a PC, at the audience member (user) premises.
The various databases 510a, 5304, and 110¢, as well as the
database generation operation(s) 520a/538a, the lookup
operation(s) 5504 and the work-associated information
lookup operation(s) 560a may be provided at one or more
centralized monitoring and query resolution centers 640.

FIG. 7 is a block diagram illustrating a fifth embodiment of
the present invention, in which extra-work information is
used 1o identily the work. This fi{th embodinent is similar to
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the fourth embodiment illustrated in FIG. 6 but here, the
monitoring center 740a and query resolution center 7405 are
separate,

These embodiments have many advantages for television
and radio broadcasters who desire to provide Internet links or
other action. First, the audience member (user) equipment,
whether it is a computer, set-top-box, television, radio,
remote control, personal digital assistant (pda), cell phone or
other device, does not need to perform any processing of the
received signal. As such, there is almost no cost involved to
equipment manufacturers.

These last embodiments have some similarity with ser-
vices such as those provided by the companies Real Names of
Redwood City, Calif., America Online (“AOL”) and espe-
cially iTag from Xenote. The popular press has reported on
the difficulties associated with assigning domain names. The
simplest of these problems is that almost all the one-word
names in the “.com” category have been used. Consequently,
domain names can often be difficult to remember. To alleviate
this problem, RealNames and AOL provide alternative, pro-
prietary name spaces (AOL calls these keywords). For a fee,
a company may register a name with thesc companies. Thus,
rather than type the URL http://www.bell-labs.com, the
simple keyword “bell” might be sufficient to access the same
Web site. These capabilities are convenient to users, How-
ever, these systems are very different from the fourth and fifth
embodiments described. First, and foremost, these systems
are not designed to identify content. Rather, they are simply
alternative network address translation systems based on eas-
ily remembered mnemonics which are sold to interested com-
panies. As such, the user is still expected to type in an address,
but this address is easier to remember than the equivalent
URL. In contrast, while a user may manually enter the infor-
mation describing the work, the preferred embodiment is for
the computer, set-top-box or other device to automatically
generate this information. Further, the mapping of keywords
to network addresses is an arbitrary mapping maintained by
AOL or Real Names. For example, the keyword “bell” might
just as reasonably point to the Web site for Philadelphia’s
Liberty Bell as to Lucent’s Bell Labs. In contrast, the query
used in the fourth and fifth embodiments is designed to con-
tain all the necessary data to identify the work, e.g. the time,
place and television channel during which the work was
broadcast. There is nothing arbitrary about this mapping. It
should also bc pointed out that the proposed system is
dynamic—the same work, e.g. a commercial, potentially has
an infinite number of addresses depending on when and
where it is broadcast. If an advertisement airs 100,000 unique
times, then there are 100,000 different queries that uniquely
identify it. Moreover, the exemplary query includes naturally
occurring information such as time, place, channel or page
number. This is not the case for AOL or RealNames, which
typically assigns one or more slatic keywords to the address
of a Web site.

Xenote’s iTag system is designed to identify radio broad-
casts and uses a query similar to that which may be used in the
fourth and fifth embodiments, i.e. time and station informa-
tion. However, the work identification information is not
dynamically constructed but is instead based on detailed pro-
gram scheduling that radio stations must provide it. As such,
it suffers from potential errors in scheduling and requires the
detailed cooperation of broadcasters. While the fourth and
fifth embodiments might choose to use program scheduling
information and other ancillary information to aid in the
recognition process, they do not exclusively rely on this. The
concept of resolving a site name by recognizing the content is
absent [rom the above systems.
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§4.2.3 Exemplary Apparatus for Audience Member
(User) Premise Device

While personal computers may be the primary computa-
tional device at a user’s location, it is not essential to use a PC.
This is especially true of the embodiments depicted in FIGS.
6 and 7, which do not require the content, e.g. video signal, to
be processed. Instead, only a unique set of identification
parameters such as time, location and channel are provided to
identify the perceived Work. Many forms of devices can
therefore take advantage of this configuration.

As previously noted, personal digital assistants (PDAs) can
be used to record the identification information. This infor-
mation can then be transferred to a device with a network
communication such as a PC. However, increasingly, PDAs
will already have wireless network communication capabili-
ties built-in, as with the Palm VII PDA. These devices will
allow immediate communication with the query resolution
center and all information will be downloaded to them or they
can participate in facilitating an e-commerce transaction.
Similarly, wireless telephones are increasingly offering web-
cnabled capabilities. Consequently, wircless phones could be
programmed to acl as a user interface.

New devices can also be envisaged, including a universal
remote control for home entertainment systems with a LCD
or other graphical display and a network connection. This
connection may be wireless or the remote control might have
a phone jack that allows it to be plugged directly into an
existing phone line. As home networks begin to be deployed,
such devices can be expected to communicate via an inex-
pensive interface to the home network and from there to
access the Internet.

In many homes, it is not uncommon for a computer and
television to be used simultaneously, perhaps in the same
room. A person watching television could install a web
browser plug-in or applet that would ask the user to identify
his location and the station being watched. Then, periodically,
every 20 seconds for example, the plug-in would updatc a list
of web addresses that are relevant to the television programs
being watched, including the commercials. The audience
member would then simply click on the web address of inter-
est to obtain further information. This has the advantage that
the viewer does not have to guess the relevant address asso-
ciated with a commercial and, in fact, can be directed (o a
morc specialized address, such as www.fordvchicles.com/
ibv/tausrus2kflash/flash.html, rather than the generic www-
ford.com site. Of course, this applet or plug-in could also
provide the database entity with information regarding what
is being accessed from where and at what time. This infor-
mation, as noted earlier, is valuable to advertisers and broad-
casters. For PC’s that have infra-red communication capabili-
ties, it is straightforward to either control the home
entertainment center from the PC or for the PC 1o decode the
signals from a conventional remote control. Thus, as a user
changes channels, the PC is able to automatically track the
channel changes.

Recording devices such as analog VCR’s and newer digital
recording devices can also be exploited in the embodiments
depicted in FIGS. 6 and 7, especially if device also record the
channel and time information for the recorded content, When
a user initiates a query, the recorded time and channel, rather
than the current time and channel, then form part of the
identification information.

Digital set-top-boxes are also expected to exploit the capa-
bilities described herein. In particular, such devices will have
two-way communication capabilities and may even include
cable modem capabilities. Of course, the two-way commu-
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nication need not be over a television cable. For example,
satellite set-top-boxes provide up-link communications via a
telephone connection. Clearly, such devices provide a conve-
nient location to enable the services described herein. More-
ovcr, such services can be provided as part of the OpenCablc
and DOCSIS (data over cable service interface specification)
initiatives.

§4.2.4 luformation Retrieval Using Features
Extracted from Audio and/or Video Works

Some embodiments consistent with the present invention
provide a computer-implemented method, apparatus, or com-
puter-executable program for providing information about an
audio file or (a video file) played on a device. Such embodi-
ments might (a) extract features from the audio (or video) file,
(b) communicate the features to a database, and (c) receive the
information about the audio (or video) file from the database.
In some embodiments consistent with the present invention,
the act of extracting the features is performed by a micropro-
cessor of the device, and/or a digital signal processor of the
device. The received information might be rendered on an
output (e.g., a monitor, a speaker, etc.) of the device. The
received information might be stored (e.g., persistently)
locally on the device. The information might be stored on a
disk, or non-volatile memory.

In some of the embodiments pertaining to audio files, the
audio file might be an mp3 file or some other digital repre-
sentation of an audio signal. The information might include a
song title, an album title, and/or a performer name.

In some of the embodiments pertaining to video files, the
video file might be an MPEG file or some other digital rep-
resentation of a video signal. The video filc might be a video
work, and the information might include a title of the video
work, a director of the video work, and names of performers
in the video work.

§4.3 OPERATIONAL EXAMPLES

An example illustrating operations of an exemplary
embodiment of the present invention, that uses intra-work
information to identify the work, is provided in

§4.3.1. Then, an example illustraling operations of
an cxcmplary cnibodiment of the present invention,
that uses extra-work information to identify the
work, is provided in §4.3.2.

§4.3.1 Operational Example where Intra-Work
Information is Used to Identify the Work

A generic system for monitoring television commercials is
now described. Obviously, the basic ideas extend beyond this
specific application.

The process of recognition usually begins by recognizing ¢

the start of a commercial. This can be accomplished by look-
ing for black video frames before and after a commercial. If a
number of black frames are detected and subsequently a
similar number are detected 30 seconds later, then there is a
good chance that a commercial has aired and that others will
follow. It is also well known than the average sound volume
during commercials is higher than that for television shows
and this too can be used as an indicator of a commercial. Other
methods can also be used. The need to recognize the begin-
ning of a commercial is not essential. However, without this
stage, all television programming must be assumed to be
commercials. As such, all video frames must be analyzed.
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The advantage of determining the presence of acommercial is
that less video content must be processed. Since the percent-
age of advertising time is relatively small, this can lead to
considerable savings. For example, commercials can be buff-
ered and then subsequently processed while the television
show is being broadcast. This reduces the real-time require-
ments of a system at the expense of buffering, which requires
memory or disk space. Of course, for the applications envi-
sioned herein, a real-time response to a user requires real-time
processing.

Once it is determined that an advertisement is being broad-
cast, it is necessary to analyze the video frames. Typically, a
compact representation of each frame is extracted. This vec-
tor might be a pseudo-random sample of pixels from the
frame or a low-resolution copy of the frame or the average
intensities of nxn blocks of pixels. It might also be a [re-
quency-based decomposition of the signal, such as produced
by the Fourier, Fourier-Mellin, wavelet and or discrete cosine
transforms. It might involve principal component analysis or
any combination thereof. The recognition literature contains
many different representations. For block-based methods, the
nxn blocks may be located at pscudo-random locations in
each frame or might have a specific structure, e.g. a complete
tiling of the frame. The feature vector might then be com-
posed of the pixels in each block or some property of each
block, e.g. the average intensity or a Fourier or other decom-
position of the block. The object of the vector extraction stage
is to obtain a more concise representation of the frame. Each
frame 15 initially composed of 480x720 pixels which is
equivalent to 345,600 bytes, assuming one byte per pixel. In
comparison, the feature vector might only consist of 1 Kbyte
of data. For example, if each frame is completely tiled with
16x16 blocks, then the number of blocks per frame is 345,
600/256=1350. If the average intensity of each block consti-
tutes the feature vector, then the feature vector consists of
1350 bytes, assuming 8-bit precision for the average intensity
values. Allernatively, 100 16x16 blocks can be pseudo-ran-
domly located on each frame of the video. For each of these
100 blocks, the first 10 DCT coefficients can be determined.
The feature vector then consists of the 100x10=1000 DCT
coefficients. Many other variations are also possible. In many
niedia applications, the content possesses strong temporal
and spatial correlations. If necessary, these correlations can
be eliminated or substan(ially reduced by pre-processing the
content with a whitcning filter.

A second purpose of the feature extraction process is to
acquire a representation that is robust or invariant to possible
noise or distortions that a signal might experience. For
example, frames of a television broadcast may experience a
small amount of jitter, i.e. horizontal and or vertical transla-
tion, or may undergo lossy conipression such as MPEG-2. It
is advantageous, though not essential, that these and other
processes do not adversely allect the extracted veclors.

Each frame’s feature vector is then compared with a data-
base of known feature vectors. These known vectors have
previously been entered into a content recognition database
together with a unique identifier. If a frame’s vector matches
a known vector, then the commercial is recognized. Of
course, there is the risk that the match is incorrect. This type
oferror is known as a false positive. The false positive rate can
be reduced to any desired value, but at the expense of the false
negative rate. A false negative occurs when a frame’s vector is
not matched to the database even though the advertisement is
present in the database. There are several reasons why a
frame’s feature vector may fail to match. First, the recogni-
tion system may not be capable of 100% accuracy. Second,
the extracted vectlor will contain noise as a result of the
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transmission process. This noise may alter the values of a
feature vector to the extent that a match is no longer possible.
Finally, there is the case where the observed commercial is
not yet present in the database. In this case, it is necessary to
storc the commercial and pass it (c.g., to a person) for iden-
tification and subsequent entry in the database.

It is important to realize that the matching of extracted and
known vectors is not equivalent to looking up a word in an
electronic dictionary. Since the extracted vectors contain
noise or distortions, binary search is often not possible.
Instead, a statistical comparison is oflen made between an
extracted vector and each stored vector. Common statistical
measures include linear correlation and related measures
such as correlation coefficient, but other methods can also be
used, including clustering techmiques. See, e.g., the Duda and
Hart reference. These measures provide a statistical measure
of the confidence of the match. A threshold can be estab-
lished, usually based on the required false positive and nega-
tive rates, such that if the correlation output exceeds this
threshold, then the extracted and known vectors are said to
match.

If binary search was possible, then a database containing N
vectors would require at most log(IN) comparisons. However,
in current advertisement monitoring applications there is no
discussion of efficient search methods. Thus, a linear search
of all N entries may be performed, perhaps halting the search
when the first match is found. On average, this will require
N/2 comparisons. If N is large, this can be computationally
expensive. Consider a situation in which one out of 100,000
possible commercials is to be identified. Each 30-second
commercial consists of 900 video frames. If all 900 frames
are stored in the database, then N=90,000,000. Even if only
every 10” video frame is stored in the database, its size is still
nine million. While databases of this size are now common,
they rely of efficient search to access entries, i.e., they do not
perform a linear search. A binary search ofa 90,000,000-item
database requires less than 20 comparisons. In contrast, a
linear search will require an average of 45,000,000!

With 9 million entries, if each vector is 1 Kbyte, then the
storage requirement is 9 Gigabytes. Disk drives with this
capacity are extremely cheap at this time. However, if the
database must reside in memory due to real-time require-
ments, then this still represents a substantial memory require-
ment by today’s standards. Onc reason that the data may need
to be stored in memory is because of the real-time require-
ments of the database. If 10 channels are being simulta-
neously monitored within each of 50 geographic areas, then
there will be 15,000 queries per second to the content recog-
nition database, assuming each and every frame is analyzed.
This query rate is low. However, if a linear search is per-
formed then 675 billion comparisons per second will be
required. This is an extremely high computational rate by
today’s standards. Even if only key frames are analyzed, this
is unlikely to reduce the computational rate by more than an
order of magnitude.

If an advertisement is not recognized, then typically, the
remote monitoring system will compress the video and trans-
mit it back to a central office. Here, the clip is identified and
added 1o the database and the remote recognition sites are
subsequently updated. Identification and annotation may be
performed manually. However, automatic annotation is also
possible using optical character recognition software on each
frame of video, speech recognition software, close captioning
information and other information sources. As these methods
improve in accuracy, it is expected that they will replace
manual identification and annotation.
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The recognition system described can he considered to he
a form of nearest neighbor search in a high dimensional
feature space. This problem has been very well studied and is
known to be very difficult as the dimensionality of the vectors
increases. A number of possible data structures are applicable
including kd-trees and vantage point trees. These data struc-
tures and associated search algorithms organize a N-point
dataset (N—90,000,000 in out previous example) so that sub-
linear time searches can be performed on average. However,
worst-case search times canbe considerably longer. Recently,
Yianilos proposed an excluded middle vantage point forest
for nearest neighbor search. See, e.g., the Yianilos reference.
This data structure guarantees sub-linear worst-case search
times, but where the search is now for a nearest neighbor
within a fixed radius, T. The fixed radius search means that if
the database contains a vector that is within X of the query,
then there is a match. Otherwise, no match is found. In con-
trast, traditional vantage point trees will always return a near-
est neighbor, even if the distance between the neighbor and
the query is very large. In these cases, ifthe distance between
the query and the nearest neighbor exceeds a threshold, then
they are considered not to match. This is precisely what the
excluded middle vantage point forest implicitly does.

Using an excluded middle vantage point forest, will allow
accurate real-time recognition of 100,000 broadcasted adver-
tisements. This entails constructing an excluded middle van-
tage point forest based on feature vectors extracted from say
90,000,000 frames of video. Of course, using some form of
pre-filtering that eliminates a large number of redundant
frames or frames that are not considered to be good unique
identifiers can reduce this number. One such pre-filter would
be to only cxamine the I-frames used when applying MPEG
compression. However, this is unlikely to reduce the work
identification database (WID) size by more than one order of
magnitude. Assuming 10 channels are monitored in each of
50 geographic regions, then the query rate is 15,000=10x50x
30 queries per second.

§4.3.2 Operational Example where Extra-Work
Information is Used to Identify the Work

FIG. 8 depicts a satellite television broadcast system 800,
though cable and traditional broadcast modes are also appli-
cable. Block 810 represents audience members (users) waich-
ing a TV channcl in their home, which also has a connection
812 to the Internet 820. Other networks are also possible. The
satellite broadcasts are also being monitored by one or more
television monitoring centers 840a. These centers 840a may
monitor all or a subset of the television channels being broad-
cast. They are not restricted to monitoring satellite TV broad-
casts but may also monitor cable and traditional terrestrial
broadcasts. The primary purpose of these monitoring centers
8404 is 10 identify the works being broadcasted. Of particular
interest are television advertisements. However, other works,
or portions thereof, may also be identified. Each time a new
segment of a work is identified, the monitoring system or
systems 8404 update one or more database centers 8405,
informing them of the time, place, channel and identity of the
identified segment. The segment may be a complete thirty
second commercial or, more likely, updates will occur more
frequently, perhaps at a rate of 1 update per second per chan-
nel per geographic location. The database center 8405
updates its database so that queries can be efficiently
responded to in sub-linear time.

The database centers 8405 can use traditional database
technology. In general, the query search initiated by an audi-
ence member is not a nearest neighbor search but can be a
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classical textual search procedure such as a binary search. The
nearest neighbor search is appropriate for the monitoring
sub-system 840a. The database centers 8405 are continually
updated as each new advertisement, television show or por-
tion thereof is recognized. Standard updating algorithms can
be used. However, random new entries to the database are
unlikely. Rather, each new entry, or set of entries, denotes a
new time segment that is later than all previously inserted
items. As such, each new entry can be appended to the end of
the database while still maintaining an ordered data structure
that is amenable to binary and other efficient search tech-
niques. If two entries have the same time in their time field,
items can be sorted based on secondary fields such as the
channel and geographic location, as depicted in FIG. 9. Since
the number of such entries will be relatively small compared
with the entire database, it may be sufficient to simply create
a linear linked list of such entries, as depicted in FIG. 9. Of
course, the size of the database is constantly increasing. As
such, it may become necessary to have several levels of stor-
age and caching. Given the envisaged application, most user
queries will be for recent entries. Thus, the database may keep
the last hours worth of cntries in memory. If there is one catry
per second for each of 100 channels in 100 geographic loca-
tions, this would correspond to 3600x100x100=36,000,000
entries which is easily accommodated in main memory.
Entries that are older than one hour may be stored on disk and
entries older than one week may be archived (e.g., backed up
on tape) for example. The entries to this database can include
time, location and channel information together with aunique
identifier that is provided by the monitoring system. Of
course, additional fields for each entry are also possible.

When a user query is received, the time, channel and geo-
graphic information are used to retrieve the corresponding
unique identifier that is then used to access a second database
that contains information associated with the identified work.

An entry 1000 in this second database is depicted in FIG.
10, which shows that associated with the unique identifier
1010, the name of a product 1020, a product category 1030,
the manufacturer 1040 and the commercial’s associated web
site 1050. Many other data fields 1060 are also possible. Such
additional fields may include fields that indicate what action
should be taken on behalf of the requesting user. Example
actions include simply redirecting a request to an associated
Web sile, or initiating an e-commerce transaction or provid-
ing an associated telcphonc number that may be automati-
cally dialed if the querying device is a cell phone or display-
ing additional information to the user. This database is likely
to be updated much less frequently, perhaps only as often as
once or twice a day, as batches of new advertisements are
added to the system. Alternatively, it might be updated as each
new advertisement is added to the system.

An audience member (user) 810 watching a television
commercial for example may react to the adverlisement by
initiating a query to the database center 8405. The device
whereby the user initiates the query might be a television or
set-top-box remote control, or a computer or a wireless PDA
or a (WAP-enabled) cell phone or a specialized device. Typi-
cally, the query will occur during the airing of the commercial
or a shortly thereafter. However, the time between the broad-
casting of the advertisement and the time of the associated
query is not critical and can, in some instances be much
longer. For example, the audience member might bookmark
the query information in a device such as a PDA or a special-
ized device similar to those developed by Xenote for their Itag
radio linking. Later, the audience member may transmit the
query to the database center 84054. This might happen hours or
even days later.
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The query contains information that the database center
8405 uses to identify the work being viewed. This informa-
tion might include the time and place where the audience
member was, together with the channel being viewed. Other
identifying information is also possible. The query may also
contain additional information that may bc used to facilitate
the user’s transaction and will include the return address of
the user. For example, if the user is intending to order a pizza
after seeing a Pizza ITut advertisement, the query may also
contain personal information including his or her identity,
street address and credit card information.

When the database center 8405 receives a query, data in the
query is used to identify the work and associated informatior.
A number of possible actions are possible at this point. First,
the database center 8405 may simply function as a form of
proxy server, mapping the audience member’s initial query
into a web address associated with the advertisement. In this
case, the audience member will be sent to the corresponding
Web site. The database center 8405 may also send additional
data included in the initial query to this Web site 850 in order
to facilitate an e-commerce transaction between the audience
member and the advertiser. In some cases, this fransaction
will not be direct, but may be indirect via a dealer or third
party application service provider. Thus, for example, though
anadvertisement by Ford Motor Company may air nationally,
viewers may be directed to different Web sites for Ford deal-
erships depending on both the andience member’s and the
dealerships® geographic locations. In other cases, advertisers
may have contracted with the databasc center 8404 to provide
e-commerce capabilities. This latter arrangement has the
potential to reduce the amount of traffic directed over the
public Internet, restricting it, instead to a private network
associated with the owner of the database center.

If the audience member (user) is not watching live televi-
sionbutis instead watching a taped and therefore time-shifted
copy, then additional processes are needed. For the new gen-
eration of digital video recorders, irrespective of the record-
ing media (tape or disk), it is likely to be very easy to include
information identifying the location of the recorder, as well as
the time and channel recorded. Location information can be
provided to the recorder during the setup and installation
process, for example. Digital video recorders, such as those
currently manufactured by TIVO of Alviso, CA or Replay TV
of Santa Clara, Calif. have a network connection via tele-
phone, which can then send the query of an audience member
to the database center 8405 using the recorded rather than the
current information.

In cases where query information has not been recorded, it
is still possible to initiate a successful query. However, in this
case, it may be necessary to extract the feature vector from the
work of interest and send this information to the monitoring
center 840a where the feature vector can be identified. This
form of query is computationally more expensive but the
relative number of such queries compared to those sent to the
database centers 8405 is expected to be small. It should also
be noted that the physical separation of the monitoring and
database centers, depicted in FIGS. 6 and 7, is not crucial to
operation of the system and simply serves to more clearly
separate the different functionality present in the overall sys-
tem configuration.

Although the implementation architectures described
above focus on the television media, it is apparent that the
present invention is applicable to audio, print and other
media.

§4.4 CONCLUSIONS

None of the embodiments of the invention require modifi-
catjon 1o the work or content, i.e. no active signal is embed-
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ded. Consequently, there is no change to the production pro-
cesses. More importantly, from a wuser perspective,
deployment of this system need not suffer from poor initial
coverage. Provided the database is sufficiently comprehen-
sive, early adopters will have comprehensive coverage imme-
diately. Thus, there is less risk that the consumer will perceive
that the initial performance of the deployed system is poor.
Further, the present invention permits statistics to be gathered
that measure users’ responses to content. This information is
expected to be very useful to advertisers and publishers and
broadcasters.

What is claimed is:

1. A method for associating an electronic work with an
action, the electronic work comprising at least one of audio
and video, the method comprising:

a) electronically extracting within a portable client device

features from the electronic work;

b) transmitting the extracted features from the portable
client device to one or more sexvers;

c) receiving at the portable client device from the one or
morc scrvers an identification of the electronic work
based on the extracted features, wherein the identifica-
tion is based on a non-exhaustive search identifying a
neighbor;

d) electronically determining an action based on the iden-
tification of the electronic work; and

e) electronically performing the action on the portable
client device.

2. A method of claim 1, wherein the identification is based
on a non-exhaustive search identifying a neighbor within a
fixed radius.

3. The method of claim 1, wherein the non-exhaustive
search is sublinear.

4. The method of claim 1, wherein the non-exhaustive
search is based on kd-trees.

5. The method of claim 1, wherein the non-exhaustive
search is based on vantage point trees.

6. The method of claim 1, wherein the non-exhaustive
search is based on excluded middle vantage point forest.

7. The method of claim 1, wherein the electronic work is an
audio work.

8. The method of claim 7, wherein the audio work is
obtained [rom at least one of a broadcast and an audio file
format.

9. The method of claim 7, wherein the identification
includes at least one of a song title, an album title, and a
performer name.

10. The method of claim 1, wherein the electronic work is
a video work.

11. The method of claim 10, wherein the video work is
obtained from at least one of a broadcast and a video file
format.

12. The method of claim 10, wherein the identification
includes at least one of a title of the video work, a director of
the video work, and names of performers in the video work.

13. The method of claim 1, wherein the step of electroni-
cally determining the action includes receiving at the portable
client device an action based on the identification of the
electronic work from the one or more servers.

14. The method of claim 1, wherein the step of electroni-
cally extracting the features is performed by at least one of a
microprocessor of the portable client device and a digital
signal processor of the portable client device.

15. A method for associating an electronic work with an
action, the electronic work comprising at least one of audio
and video, the method comprising:
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a) electronically extracting features from the electronic
work;

b) electronically determining an identification of the elec-
tronic work based on the extracted features, wherein the
identification is bascd on a non-cxhaustive scarch iden-
tifying a neighbor;

c) electronically determining an action based on the iden-
tification of the electronic work; and

d) electronically performing the action.

16. A method of claim 15, wherein the identification is
based on a non-exhaustive search identilying a neighbor
within a fixed radius.

17. The method of claim 15, wherein the non-exhaustive
search is sublinear.

18. The method of claim 15, wherein the non-exhaustive
search is based on kd-trees.

19. The method of claim 15, wherein the non-exhaustive
search is based on vantage point trees.

20. The method of claim 15, wherein the non-exhaustive
search is based on excluded middle vantage point forest.

21. The method of claim 15, wherein the electronic work is
an audio work.

22. The method of claim 21, wherein the audio work is
obtained from at least one of a broadcast and an audio file
format,

23. The method of claim 21, wherein the identification
includes at least one of a song title, an album title, and a
performer name.

24. The method of claim 15, wherein the electronic work is
a video work.

25. The method of claim 24, wherein the video work is
obtained from at least one of a broadcast and a video file
format.

26. The method of claim 24, wherein the identification
includes at least one of a title of the video work, a director of
the video work, and names of performers in the video work.

27. The method of claim 15, wherein the action promotes
e-commerce.

28. The method of claim 15, wherein the action promotes
interaction.

29. The method of claim 1, wherein the action promotes
e-commerce.

30. The method of claim 1, wherein the action promotes
interaction.

31. The method of claim 15, wherein the action comprises
providing and/or displaying additional information in asso-
ciation with the electronic work.

32. The method of claim 31, wherein the additional infor-
mation is an advertisement.

33. The method of claim 32, wherein the action comprises
providing a link to a site on the World Wide Web associated
with the advertisement.

34. The method of claim 32, wherein the action comprises
electronically registering a user with at least one of a service
and a product related to the advertisement.

35. The method of claim 32, wherein the action comprises
electronically providing at least one of a coupon and a cer-
tificate related to the advertisement.

36. The method of claim 32, wherein the action comprises
automatically dialing a telephone number associated with the
advertisement.

37. The method of claim 32, wherein the action comprises
collecting competitive market research data related to the
advertisement.

38. The method of claim 32, wherein the action comprises
purchasing a product or service related (o the advertisement.




US 8,010,988 B2

27

39. The method of claim 32, wherein the action comprises
allowing a user to interact with a live broadcast related to the
advertisement.

40. 'The method of claim 1, wherein the action comprises
providing and/or displaying additional information in asso-
ciation with the clectronic work.

41. The method of claim 40, wherein the additional infor-
mation is an advertisement.

42. The method of claim 41, wherein the action comprises
providing a link to a site on the World Wide Web associated
with the advertisement.

43. The method of claim 41, wherein the action comprises
electronically registering a user with at least one of a service
and a product related to the advertisement.

44. The method of claim 41, wherein the action comprises
electronically providing at least one of a coupon and a cer-
tificate related to the advertisement.

45. The method of claim 41, wherein the action comprises
automatically dialing a telephone number associated with the
advertisement.

46. The method of claim 41, wherein the action comprises
collecting competitive market research data related to the
advertisement.
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47. The method of claim 41, wherein the action comprises
purchasing a product or service related to the advertisement.

48. The method of claim 41, wherein the action comprises
allowing a user to interact with a live broadcast related to the
advertisement.

49. The method of claim 40, wherein the electronic work is
an audio work and the additional information comprises at
least one of a song title, an album title, and a performer name.

50. The method of claim 40, wherein the electronic work is
a video work and the additional information comprises at
least one of a title of the video woik, a director of the video
work, and names of performers in the video work.

51. The method of claim 31, wherein the electronic work is
an audio work and the additional information comprises at
least one of a song title, an album title, and a performer name.

52. The method of claim 31, wherein the elecironic work is
a video work and the additional information comprises at
least one of a title of the video work, a director of the video
work, and names of performers in the video work.
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IDENTIFYING WORKS, USING A
SUB-LINEAR TIME SEARCH, SUCH AS AN
APPROXIMATE NEAREST NEIGHBOR
SEARCII, FOR INITIATING A WORK-BASED
ACTION, SUCH AS AN ACTION ON THE
INTERNET

§0. RELATED APPLICATIONS

The present application is a continuation of U.S. patent
application Ser. No. 11/445,928 (incorporated herein by ref-
erence), titled “USING FEATURES EXTRACTED FROM
AN AUDIO AND/OR VIDEO WORK TO OBTAIN INFOR-
MATION ABOUT THE WORK,,” filed on Jun. 2, 2006, and
listing Ingemar J. Cox as the inventor, which is a continua-
tion-in-part of U.S. patent application Ser. No. 09/950,972
(incorporated herein by reference, issued as U.S. Pat. No.
7,058,223 on Jun. 6, 2006), titled “IDENTIFYING WORKS
FOR INITIATING A WORK-BASED ACTION, SUCH AS
AN ACTION ON THE INTERNET,” filed on Sep. 13, 2001,
now U.S. Pat. No. 7,058,223 and listing Ingemar J. Cox as the
inventor, which application claims benefit to the filing date of
provisional patent application Ser. No. 60/232,618 (incorpo-
rated herein by reference), titled *“Identifying and linking
television, audio, print and other media to the Internet”, filed
on Sep. 14, 2000 and listing Ingemar J. Cox as (he inventor.

§1. BACKGROUND OF THE INVENTION

§1.1 Field of the Invention

The present invention concerns linking traditional media to
new interactive media, such as that provided over the Internet
for example. In particular, the present invention concerns
identifying a work (e.g.. content or an advertisement deliv-

ered via print media, or via a radio or television broadcast) 33

without the need to modify the work.

§1.2 Related Art

§1.2.1 Opportunities Arising from Linking Works Deliv-
ered Via Some Traditional Media Channel or Conduit to a
More Interactive System

The rapid adoption of the Internet and associated World
Wide Web has recently spurred interest in linking works,
delivered via traditional media channels or conduits, to a
more interactive system, such as the Internet for example.
Basically, such linking can be uscd to (a) promote commcree,
such as e-commerce, and/or (b) enhance interest in the work
itself by facilitating audience interaction or participation.
Commerce opportunities include, for example, facilitating
the placement of direct orders for products, providing product
coupons, providing further information related to a product,
product placement, etc.

In the context of e-commerce, viewers could request dis-
count vouchers or coupons for viewed products that are
redeemable at the point of purchase. E-commerce applica-
tions also extend beyond advertisements. It is now common
for television shows to include product placements. For
example, an actor might drink a Coke rather than a Pepsi
brand of soda, actors and actresses might wear designer-
labeled clothing such as Calvin Klein, etc. Viewers may wish
to purchase similar clothing but may not necessarily be able to
identify the designer or the particular style directly from the
show. However, with an interactive capability, viewers would
be able to discover this and other information by going to an
associated Web site. The link to this Web site can be auto-
matically enabled using the invention described herein.

In the context of facilitating audience interaction or par-
ticipation, there is much interest in the convergence of tele-
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vision and computers. Convergence encompasses a very wide
range of capabilities. Although a significant effort is being
directed to video-on-demand applications, in which there is a
unique video stream for each user of the service, as well as to
transmitting video signals over the Internet, there is also
interest in enhancing the television viewing experience. To
this end, there have been a number of experiments with inter-
active tclevision in which viewers can participatc in a live
broadcast. There are a variety of ways in which viewers can
participate. For example, during game shows, users can
answer the questions and their scores can be tabulated. In
recent reality-based programming such as the ABC television
game show, “Big Brother”, viewers can vote on contestants
who must leave the show, and be eliminated from the com-
petition.

§1.2.2 Embedding Work Identifying Code or Signals
Within Works

Known techniques of linking works delivered via tradi-
tional media channels to a more interactive system typically
require some type of code, used to identify the work, to be
inserted into the work before it is delivered via such tradi-
tional media channcls. Some cxamples of such inscrted code
include (i) signals inserted into the vertical blanking interval
(“VBTI”) lines of a (e.g., NTSC) television signal, (i) water-
marks embedded into images, (iii) bar codes imposed on
images, and (iv) tones embedded into music.

The common technical theme of these proposed imple-
mentations is the insertion of visible or invisible signals into
the media that can be decoded by a computer. These signals
can contain a variety of information. In its most direct formn,
the signal may directly encodc the URL of the associatcd Web
site. However, since the alphanumeric string has variable
length and is not a particularly efficient coding, it is more
common to encode a unique ID. The computer then accesses
a database, which is usually proprietary, and matches the ID
with the associated web address. This database can be con-
sidered a form of domain name server, similar to those
already deployed for network addresses. However, in this
case, the domain name server is proprietary and the addresses
are unique ID’s.

There are two principal advantages to encoding a propri-
etary identifier into content. First, as previously mentioned, it
is a more efficient use of the available bandwidth and second,
by directing all traffic to a single Web site that contains the
databasc, a company can maintain control over the technol-
ogy and gather useful statistics that may then be sold to
advertisers and publishers.

As an example of inserting signals into the vertical blank-
ing interval lines of a television signal, RespondTV of San

o Francisco, Calif. embeds identification information into the

vertical blanking interval of the television signal. The VBI is
part of the analog video broadcast that is not visible to tele-
vision viewers. For digital television, it may be possible to
encode the information in, for example, the motion picture
experts group (“MPEG”) header. In the USA, the vertical
hlanking interval is currently used to transmit close-caption-
ing information as well as other information, whilein the UK,
the VBI is used to transmit teletext information. Although the
close captioning information is guaranteed to be transmitted
into the home in America, unfortunately, other information is
not. This is because ownership of the vertical blanking inter-
val is disputed by content owners, broadcasters and local
television operators.

As an example of embedding watermarks into images,
Digimarc of Tualatin, Oreg. embeds watermarks in print
media. Invisible watermarks are newer than VBI insertjon,
and have the advantage of being independent of the method of
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broadcast. Thus, once the information is embedded, it should
remain readable whether the video is transmitted in NTSC,
PAL or SECAM analog formats or newer digital formats. 1t
should be more reliable than using the vertical blanking inter-
val in television applications. Unfortunately, however, water-
marks still require modification of the broadcast signal which
is problematic for a number of economic, logistical, legal
(permission to alter the content is needed) and quality control
(the content may be degraded by the addition of a watermark)
reasons.

As an example of imposing bar codes on images, print
advertisers are currently testing a technology that allows an
advertisement to be shown to a camera, scanner or bar code
reader that is connected to a personal computer (“PC”). The
captured image is then analyzed to determine an associated
Web site that the PC’s browser then accesses. For example,
GoCode of Draper, Utah embeds small two-dimensional bar
codes for print advertisements. The latter signal is read by
inexpensive barcode readers that can be connected to a PC.
AirClic of Blue Bell, Pa. provides a combination of barcode
and wireless communication to enable wireless shopping
through print media. A so-called “CucCat” rcads bar codes
printed in conjunction with advertisements and articles in
Forbes magazine. Similar capabilities are being tested for
television and audio media.

Machine-readable bar codes are one example of a visible
signal. The advantage of this technology is that it is very
mature. However, the fact that the signal is visible is often
considered a disadvantage since it may detract from the aes-
thetic of the work delivered via a traditional media channel or
conduit.

As an example of embedding tones into music, Digital
Convergence of Dallas, lex. proposes to embed identification
codes into audible music tones broadcast with television sig-
nals.

All the foregoing techniques of inserting code into a work
can be categorized as active techniques in that they must alter
the existing signal, whether it is music, print, television or
other media, such that an identification code is also present.
There are several disadvantages that active systems share,
First, there are aesthetic or fidelity issues associated with bar
codes, audible tones and watermarks. More importantly, all
media must be processed, before it is delivered to the end user,
to contain these active signals. Even if a system is enthusias-
tically adopted, the logistics involved with inserting bar codes
or watermarks into, say every printed advertisement, are for-
midable.

Further, even if the rate of adoption is very rapid, it never-
theless remains true that during the early deployment of the
system, most works will not be tagged. Thus, consumers that
are early-adopters will find that most media is not identified.
At best, this is frustrating. At worst, the naive user may
conclude that the system is not reliable or does not work at all.
This erroneous conclusion might have a very adverse effect
on the adoption rate.

Further, not only must there be modification to the produc-
tion process, but modifications must also be made to the
equipment in a user’s home. Again, using the example of
watermarking of print media, a PC must be fitted with a
camera and watermark detection software must be installed.
In the case of television, the detection of the identification
signal is likely to occur at the set-top-box—this is the equip-
ment provided by the local cable television or satellite broad-
casting company. In many cases, this may require modifica-
tions to the hardware, which is likely to be prohibitively
expensive. For example, the audible tone used by Digital
Convergence to recognize television content, must be fed
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directly into a sound card in a PC. This requires a physical
connection between the television and the PC, which may be
expensive or at least inconvenient, and a sound card may have
to be purchased.

§1.2.3 Unmet Neceds

In view of the foregoing disadvantages of inserting an
identification code into a work, thereby altering the existing
signal, there is a need for techniques of identifying a work
without the need of inserting an identification code into a
work. Such an identification code can then be used to invoke
a work-related action, such as work-related commerce meth-
ods and/or to increase audience interest by facilitating audi-
ence interaction and/or participation.

§2. SUMMARY OF THE INVENTION

Some embodiments consistent with the present invention
provide a computer-implemented method, apparatus, or com-
puter-executable programs for linking a media work to an
action. Such embodiments might (a) extract features from the
media work, (b) determine an identification of the media
work based on the features extracted using a sub-linear time
search, such as an approximate nearest neighbor search for
example, and (c) determine an action based on the identifica-
tion of the media work determined. In some embodiments
consistent with the present invention, the media work is an
audio signal. The audio signal might be obtained from a
broadcast, or an audio file format. In other embodiments
consistent with the present invention, the media work is a
video signal. The video signal might be obtained from a
broadcast, or a video file format.

In some of the ecmbodiments pertaining to audio files, the
audio file might be an mp3 file or some other digital repre-
sentation of an audio signal. The information might include a
song title, an album title, and/or a performer name.

In some of the embodiments pertaining to video files, the
video file might be an MPEG file or some other digital rep-
resentation of a video signal. The video file might be a video
work, and the information might include a title of the video
work, a director of the video work, and names of performers
in the video work.

§3. BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a process bubble diagram of operations that may
be performed in accordance with one version of the present
invention, in which intra-work information is used to identify
the work.

FIG. 2 is a block diagram illustrating a first embodiment of
the present invention, in which intra-work information is used
to identify the work.

FIG.3 is ablock diagram illustrating a second embodiment
of the present invention, in which intra-work information is
used to identify the work.

FIG. 4 is ablock diagram illustrating a third embodiment of
the present invention, in which intra-work information is used
to identify the work.

FIG. 5 is a process bubble diagram of operations that may
be performed in accordance with another version of the
present invention, in which extra-work information is used to
identify the work.

FIG. 6 is a block diagram illustrating a fourth embodiment
of the present invention, in which extra-work information is
used to identify the work.

FIG. 7 is a block diagram illustrating a fifth embodiment of
the present invention, in which extra-work information is
used to identify the work.
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FIG. 8 is a block diagram illustrating an environment in
which the present invention may operate.

FIG. 9 is an exemplary data structure in which extra-work
information is associated with a work identifier.

FIG. 10 is an exemplary data structure including work-
related actions.

§4. DETAILED DESCRIPTION

The present invention may involve novel methods, appa-
ratus and data structures for identifying works without the
need of embedding signals therein. Once identified, such
information can be used to determine a work-related action.
The following description is presented to enable one skilled in
the art to make and use the invention, and is provided in the
context of particular embodiments and methods. Various
modifications to the disclosed embodiments and methods will
be apparent to those skilled in the art, and the general prin-
ciples set forth below may be applied to other embodiments,
methods and applications. Thus, the present invention is not
intended to be limited to the embodiments and methods
shown and the inventors regard their invention as the follow-
ing disclosed methods, apparatus, data structures and any
other patentable subject matter to the extent that they are
patentable.

§4.1 FUNCTIONS

The present invention functions to identify a work without
the need of inserting an identification code into a work. The
present invention may do so by (i) extracting features from the
work to define a feature vector, and (ii) comparing the feature
vector to feature vectors associated with identified works.
Alternatively, or in addition, the present invention may do so
by (i) accepting extra-work information, such as the time of a
query or of a rendering of the work, the geographic location at
which the work is rendered, and the station that the audience
member has selected, and (ii) use such extra-work informa-
tion to lookup an identification of the work. In either case, an
identification code may be used to identify the work.

The present invention may then function to use such an
identification code to initiate a work-related action, such as
for work-related commerce methods and/or to increase audi-
ence interest by facilitating audience interaction and/or par-
ticipation.

§4.2 EMBODIMENTS

Asjustintroduced in §4.1 above, the present invention may
use intra-wark information and/or extra-work information to
identify a work. Once identified, such identification can be
used to initiate an action, such as an action related to com-
merce, or facilitating audience participation or interaction.
Exemplary embodiments of the present invention, in which
work is recognized or identified based on intra-work infor-
mation, are described in §4.2.1. Then, exemplary embodi-
ments of the present invention, in which work is recognized or
identified based on extra-work information, are described in
§422.

§4.2.1 Embodiments in Which Work is Recognized
Based on Intra-Work Information

Such as a Feature Vector
Operations related to this embodiment are described in

§4.2.1.1 below. Then, various architectures which may be
used to effect such operations are described in §4.2.1.2.
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6
§4.2.1.1 Operations and Exemplary Methods and
Techniques for Effecting Such Operations

FIG. 1is a process bubble diagram of operations that may
be performed in accordance with one version of the present
invention, in which intra-work information is used to identify
the work. As shown, a work-identification information stor-
age 110 may include a number of items or records 112. Each
itcm or record 112 may associatc a featurc veetor of a work
114 with a, preferably unique, work identifier 116. The work-
identification information storage 110 may be generated by a
database generation operation(s) 120 which may, in turn, use
a feature extraction operation(s) 122 to extract features from
a work at a first ime (WORKg,,), as well as a feature-to-
work identification tagging operation(s) 124.

Further, work identifier-action information storage 130
may include a number of items or records 132. Each item or
record 132 may associate a, preferably umque, work identi-
fier 134 with associated information 136, such as an action for
example. The work identifier-action information storage 130
may be generated by a database generation operation(s) 138
which may, for example, accept manual entries.

As can be appreciated from the foregoing, the work-infor-
mation storage 110 records 112 and the work identification-
action 130 records 132 can be combined into a single record.
That is, there need not be (wo databases. A single database is
also possible in which the work identifier, or a feature vector
extracted from the work, serves as a key and the associated
field contains work-related information, such as a URL for
example.

The feature extraction operation(s) 140 can accept a work,
such as that being rendered by a uscr, at a sccond time
(WORK ), and extract features from that work. The
extracted features may be used to define a so-called feature
vector.

The extracted features, e.g., as a feature vector, can be used
by a feature (vector) lookup operation(s) 150 to search for a
matching feature vector 114. If a match, or a match within a
predetermined threshold is determined, then the associated
work identifier 116 is read.

The read work identifier can then be used by a wark-
associated information lookup operation(s) 160 to retrieve
associated information, such as an action, 136 associated with
the work identifier. Such information 136 can then be passed
to action initiation operation(s) 170 which can perform some
action based on the associated information 136.

§4.2.1.1.1 Exemplary Techniques for Feature
Extraction

When the user initiates a request, the specific television or
radio broadcast or printed commercial, each of which is
referred to as a work, is first passed to the feature extraction
operation. The work may be an image, an audio file or some
portion of an audio signal or may be one or more frames or
fields of a video signal, or a multimedia signal. I'he purpose of
the feature extraction operation is to derive a compact repre-
sentation of the work that can subsequently be used for the
purpose of recognition. In the case of images and video, this
feature vector might be a pseudo-random sample of pixels
from the frame or a low-resolution copy of the frame or the
average intensities of nxn blocks of pixels. It might also be a
frequency-based decomposition of the signal, such as pro-
duced by the Fourier, wavelet and or discrete cosine trans-
forms. It might involve principal component analysis. It
might also be a combination ofthese. Fortelevision and audio
signals, recognition might also rely on a temporal sequence of
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feature vectors. The recognition literature contains many dif-
ferent representations. For block-based methods, blocks may
be accessed at pseudo-random locations in each frame or
might have a specific structure. For audio, common feature
vectors are based on Fourier frequency decompositions, but
other representations are possible. See, e.g.,R. O. DudaandP.
E. Hart, FPattern Classification and Scene Analysis (Wiley-
Interscience, New York, 1973). See also K. Fukunaga, Intro-
duction to Statistical Pattern Recognition, 2nd Ed. (Aca-
demic Press, New York, 1990). (These references are
incorporated herein by reference.)

As previously stated, one object of the vector extraction
stage is to obtain a more concise representation of the frame.
For example, each video frame is initially composed of 480x
720 pixels which is equivalent to 345,600 pixels or 691,200
bytes. In comparison, an exemplary feature vector might only
consist of 1 Kbyte of data.

A second purpose of the feature extraction process is to
acquire a representation that is robust or invariant to possible
noise or distortions that a signal might experience. For
example, frames of a television broadcast may experience a
small amount of jitter, i.e., horizontal and or vertical transla-
tion, or may undergo lossy compression such as by MPEG-2.
It is advantageous that these and other processes do not
adversely affect the extracted vectors. For still images there
has been considerable work on determining image properties
that are invariant to affine and other geometric distortions. For
example. the use of Radon and Fourier-Mellin transforms
have been proposed for robustness against rotation, scale and
translation, since these transforms are either invariant or bare
a simple relation to the geometric distortions. See, e.g., C.
Lin, M. Wu, Y. M. Lui, J. A. Bloom, M. L. Miller, I. J. Cox,
“Rotation, Scale, and Translation Resilient Public Water-
marking for Images,” IEEF Transactions on Image Process-
ing (2001). See also, U.S. Pat. Nos. 5,436,653, 5,504,518,
5,582,246, 5,612,729, and 5,621,454, (Each of these refer-
ences is incorporated herein by reference.)

§4.2.1.1.2 Exemplary Techniques for Database
Generation and Maintenance

A number of possibilities exist for generating and main-
taining work identification (WID) and identification-action
translation (WIDAT) databases. However, in all cases, works
of intcrest arc processed to cxtract a representative feature
vector and this feature vector is assigned a unique identifier.
This unique identifier is then entered into the work identifi-
cation (WID) database 110 as well as into the WIDAT data-
base 130 together with all the necessary associated data. This
process is referred to as tagging. Forexample, in the case of an
advertisement, the WIDAT database 130 might include the
manufacturer (Ford), the product name (Taurus), a product
category (autornotive) and the URI, associated with the Ford
Taurus car together with the instruction to translate the query
into the associated URL.

‘The determination of all works of interest and subsequent
feature vector extraction and tagging depends on whether
content owners are actively collaborating with the entity
responsible for creating and maintaining the database. If there
is no collaboration, then the database entity must collect all
works of interest and process and tag them. While this is a
significant effort, it is not overwhelming and is certainly
commercially feasible. Tor example, competitive market
research firms routinely tabulate all advertisements appearing
in a very wide variety of print media. Newspapers and maga-
zines can be scanned in and software algorithms can be
applied to the images to identify likely advertisements. These
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possible advertisements can then be compared with adver-
tisements already in the WID database 110. If there is a match,
nothing further need be done. If there is not a match, the
image can be sent to a human to determine if the page does
indeed contain an advertisement. If so, the operator can
instruct the computer to extract the representative feature
vector and assign it a unique identifier. Then, the operator can
insert this information into the content identification database
and aswcll as updatc the corresponding WIDAT databasc 130
with all the necessary associated data. This is continually
performed as new magazines and papers include new adver-
tisements to maintain the databases. This is a cost to the
database entity. Television and radio broadcasts can also be
monitored and, in fact, broadcast monitoring is currently
performed by companies such as Nielsen Media research and
Competitive Media Reporting. Television and radio broad-
casts differ from print media in the real-time nature of the
signals and the consequent desire for real-time recognition.
In many cases, advertisers, publishers and broadcasters
may wish to collaborate with the database provider. In this
case, feature extraction and annotation and/or extra-work
information may be performed by the advertiser, advertise-
ment agency, network and/or broadcaster and this informa-
tion sent to the database provider to update the database.
Clearly, this arrangement is preferable from the database
provider’s perspective. However, it is not essential.

§4.2.1.1.3. Exemplary Techniques for Matching
Extracted Features with Database Entries

The extracted feature vector is then passed to a recognition
(e.g., feature look-up) operation, during which, the vector is
compared to entries of known vectors 114 in a content iden-
tification (WID) database 110. It is important to realize that
the matching of extracted and known vectors is not equivalent
to looking up a word in an electronic dictionary. Since the
extracted vectors contain noise or distortions, binary search
might not be possible. Instead, a statistical comparison is
often made between an extracted vector and each stored vec-
tor. Common statistical measures include linear correlation
and related measures such as correlation coefficient, but other
methods can also be used including mutual information,
Euclidean distance and Lp-norms. These measures provide a
statistical measure of the confidence of the match. A threshold
can be cstablished, usually bascd on the required falsc posi-
tive and false negative rates, such that if the correlation output
exceeds this threshold, then the extracted and known vectors
are said to match. See, e.g., R. O. Duda and P. E. Hart, Pattern
Classification and Scene Analysis (Wiley-Interscience, New
York, 1973). See also, U.S. Pat. No. 3,919,474 by W. D.
Moon, R. J. Welner, R. A. Hansen and R. N. Linde, entitled
“Broadcast Signal Identification System”. (Each of these ref-
erences is incorporated herein by reference.)

1f binary search was possible, then a database containing N
vectors would require at most log(N) comparisons. Unfortu-
nately, binary search is not possible when taking a noisy
signal and trying to find the most similar reference signal.
This problem is one of nearest neighbor search in a (high-
dimensional) feature space. In previous work, it was not
uncommon to perform a linear search ofall N entries, perhaps
halting the search when the first match is found. On average,
this will require N/2 comparisons. If N is large, this search can
be computationally very expensive.

Other forms of matching include those based on clustering,
kd-trees, vantage point trees and excluded middle vantage
point forests are possible and will be discussed in more detail
later. See, e.g., P. N. Yianilos “Excluded Middle Vantage
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Point Forests for nearest Neighbor Search”, Presented at the
Sixth DIMACS Implementation Challenge: Near Neighbor
Searches workshop, (Jan. 15, 1999). See also, P. N. Yianilos,
“Locally lifting the curse of Dimensionality for nearest
Neighbor Search” SODA 2000: 361-370. (Each of these ref-
erences is incorporated herein by reference.) Thus, for
example, a sub-linear search time can be achieved. Unlike the
kd-tree method which finds the nearest neighbor with cer-
tainty, randomized constructions, like the one described in P.
N. Yianilos, “Locally lifting the curse of Dimensionality for
nearest Neighbor Search” SOD4 2000: 361-370, that succeed
with some specified probability may be used. One example of
a sub-linear time search is an approximate nearest neighbor
search. A nearest neighbor search always finds the closest
point to the query. An approximate nearest neighbor search
does not always find the closest point to the query. For
example, it might do so with some probability, or it might
provide any point within some small distance of the closest
point.

If the extracted vector “matches” a known vector in the
content identification database, then the work has been iden-
tified. Of course, there is the risk that the match is incorrect.
This type of error is known as a false positive. The false
positive rate can be reduced to any desired value, but at the
expense of the false negative rate. A false negative occurs
when the vector extracted from a work is not matched 10 the
database even though the work is present in the database.
There are several reasons why a work’s feature vector may
fail to match a teature vector database entry. First, the recog-

nition system may not be capable of 100% accuracy. Second, 3

the extracted vector will often contain noise as a result of the
transmission process. This noisc may alter the values of a
feature vector to the extent that a match is no longer possible.
Finally, there is the case where the observed work is not
present in the database. In this case, the work can be sent to an
operator for identification and insertion in the database.

§4.2.1.1.4 Exemplary Work Based Actions

Assuming that the work is correctly identified, then the
identifier can be used to retrieve associated information from
the second work identification-action translation (WIDAT)
database 130 that contains information 136 associated with
the particular work 134. This information may simply be a
corresponding URL address, in which case, the action can be
considered to be a form of network address translation. How-
ever, in general, any information about the work could be
stored therein, together with possible actions to be taken such
as initiating an e-commerce transaction. After looking up the
work identifier 134 in the WIDAT database 130, an action is
performed on behalf of the user, examples of which has been
previously described.

In addition to using the system to allow audience members
of a work to connect to associated sites on the Internet, a

number of other uses are possible. First, the work identifica- 3

tion database 130 allows competitive market research data to
be collected (e.g., the action may include logging an event).
For example, it is possible to determine how many commer-
cials the Coca Cola Company in the Chicago market aired in
the month of June. This information is valuable to competi-
tors such as Pepsi. Thus, any company that developed a sys-
tem as described above could also expect to generate revenue
from competitive market research data that it gathers.
Advertisers often wish to ensure that they receive the
advertising time that was purchased. To do so, they often hire
commercial verification services to verify that the advertise-
ment or commercial did indeed run at the expected time. To do
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so, currently deployed systems by Nielsen and CMR embed-
ded active signals in the advertisement prior to the broadcast.
These signals are then detected by remote monitoring facili-
ties that then report back to a central system which commer-
cials were positively identified. See forexample U.S. Pat. No.
5,629,739 by R. A. Dougherty entitled “Apparatus and
method for injecting an ancillary signal into a low energy
density portion of a color television frequency spectrum”,
U.S. Pat. No. 4,025,851 by D. E. Haselwood and C. M. Solar
entitled “Automatic monitor for programs broadcast”, U.S.
Pat. No. 5,243,423 by J. P. DeJean, D. Lu and R. Weissman,
entitled “Spread spectrum digital data transmission over TV
video”, and U.S. Pat. No. 5,450,122 by L. D. Keene entitled
“In-station television program encoding and monitoring sys-
tem and method”. (Each of these patents is incorporated
herein by reference.) Active systems are usually preferred for
advertisement verification because the required recognition
accuracy is difficult to achieve with passive systems. The
passive monitoring system described herein supports com-
mercial verification.

§4.2.1.2 Excmplary Architectures

Three alternative architectural embodiments in which the
first technique may be employed are now described with
reference to I'IGS. 2, 3, and 4.

FIG. 2 is a block diagram illustrating a first embodiment of
the present invention, in which intra-work information is used
to identify the work and in which a audience member device
210, such as a PC for example, receives and renders a work
that is consumed by an audicnce member (uscr). At some
point, the user may wish to perform a work-specific action
such as traversing to an associated Web site. Upon initiation
of this request, the computer 210 performs the operations
140a, 1504, 160a and 1704, such as those shown in FIG. 1. To
reiterate, these operations include a feature extraction opera-
tion(s) 1404, feature vecior lookup or matching operalion(s)
150a in connection with items or records 112« in a work-
identification (WID) database 110a. If a matching feature
vector 114a is found, the work-associated information lookup
operation(s) 160a can use the associated work identifier 116a
to accessing a work identification-action translation
(WIDAT) database 130a to retrieve associated information
1364, possibly including determining what action should be
performed.

As described above, the two databases might be integrated
into a single database. However, conceptually, they are
described here as separate.

An example illustrating operations that can occur in the
first embodiment of FIG. 1, is now described. Consider a print
application, in which say 10,000 advertisements are to be
recognized that appear in national newspapers and maga-
zines. If 1 Kbyte is required to store each feature vector then
approximately 10 Mbytes of storage will be required for the
work identification database 110a. Such a size does not rep-
resent a serious problem, in either memory or disk space, to
present personal computers.

An important issue then becomes recognition rate. While
this may be problematic, all the images are two-dimen-
sional—three-dimensional object recognition is not required.
Of course, since a low cost camera captures the printed adver-
tisement, there may be a number of geometric distortions that
might be introduced together with noise. Nevertheless, the
application is sufficiently constrained that adequate recogni-
tion rates should be achievable with current state-of-the-art
computer vision algorithms. See, e.g.. P. N. Yianilos
“Excluded Middle Vantage Point Forests for nearest Neigh-
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bor Search”, Presented at the Sixth DIMACS Implementation
Challenge: Near Neighbor Searches workshop, Jan. 15, 1999.
See also, P. N. Yianilos “Locally lifting the curse of Dimen-
sionality for nearest Neighbor Search” SODA 2000: 361-370.
(Each of thesc references is incorporated hercin by refer-
ence.) Thus, for example, a sub-linear search time can be
achieved. Unlike the kd-tree method which finds the nearest
neighbor with certainty, randomized constructions, like the
one described in P. N. Yianilos, “Locally lifting the curse of
Dimensionality for nearest Neighbor Search” SOD4 2000:
361-370, that succeed with some specified probability may be
used. One example of a sub-linear time search is an approxi-
mate nearest neighbor search. Estimates of the size of the
WIDAT database 130a depend on what associated informa-
tion (recall fields 136) is stored. If, for example, only a URL
address is needed, about 20 characters can typically represent
most URLs. Thus, the size of the WIDAT database 130a
would be less than 1 Mbyte.

The configuration just described with reference to FIG. 2
places all of the processing and data on each user’s local
machinc 210. A number of alternative cmbodiments, in which
some or all of the storage and processing requirements are
performed remotely, will be described shortly.

As new works are created and made publicly available, the
databases residing on a user’s local computer become obso-
lete. Just as the database provider 240 must continually
update the databases in order to remain current, there is also
aneed to update local databases on devices at audience mem-
ber premises. This update process can be performed over the
Intcrnet 230 in a manncr very similar to how softwarc is
currently upgraded. It is not necessary to download an
entirely new database although this is an option. Rather, only
the changes need to be transmitted. During this update pro-
cess, the user’s computer 210 might also transmit information
to a central monitoring center 240 informing it of which
advertisements the computer user has queried. This type of
information is valuable to both advertisers and publishers. Of
course, care must be taken to ensure the privacy of individual
users of the system. However, it is not necessary to know the
identity of individual users for the system to work.

FIG. 3 isa block diagram illustrating a second embodiment
of the present invention, in which intra-work information is
used to identify the work. Although the WIDAT database can
be guite small, as illustrated in the excmplary ecmbodiment
described above with respect to FIG. 2, there is still the
problem of keeping this database current. While periodic
updates of the local databases may be acceptable, they
become unnecessary if the WIDAT database 1305 is at a
remote location 340. In this arrangement, illustrated in FIG.
3, after the local computer 310 identifies the work, it sends a
query to the remote WIDAT database 1305. The query may
contain the work identifier. The remote site 340 may then
return the agsociated information 136. Although the remote
WIDAT database 1305 needs to be updated by the database
provider, this can be done very frequently without the need
for communicating the updates to the local computers 310.

The second embodiment is most similar to active systems
in which an embedded signal is extracted and decoded and the
identifier is used to interrogate a central database. Conse-
quently it has many of the advantages of such systems, while
avoiding the need to insert signals into all works. One such
advantage, is that the database provider receives real-time
information relating to users’ access patterns.

The WIDAT database 1305 might physically reside at more
than one location. In such a case, some requests will goto one
site, and other requests will go to another. In this way, over-
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loading of a single site by too many users can be avoided.
Other load balancing techniques are also applicable.

F1G. 4is ablock diagram illustrating a third embodiment of
the present invention, in which intra-work information is used
to identify the work. Recall that the WIDAT database may be
small relative to that work identification database (WID). As
the size of the work recognition (WID) database increases,
the forcgoing cmbodiments may become impractical. Con-
sider, for example, a music application in which it is desired
to identify 100,000 song titles. If it is again assumed that a 1
Kbyte vector can uniquely represent each song, then on the
order of 100 Mbytes is now needed. This size is comparable
to large application programs such as Microsoft’s Office 2000
suite. Although this still does not represent an inordinate
amount of disk space, if this data needs to reside in memory at
all times, then very few present machines will liave adequate
resources. Clearly, at some point, the proposed architectures
scales to a point where requirements become impractical. In
this case, a further modification to the architecture is possible.

Since the storage and searching of the work-identifier
(WID) database require the most computation and storage, it
may be more cconomical to perform these actions remotcly.
Thus, for example, if a user is playing an MP3 music file and
wants to go to a corresponding website, the MP3 file is passed
to an operation that determines one or more feature vectors. In
the third embodiment, instead of performing the matching
locally 410, the one or more vectors are transmitted to a
central site 440 al which is stored the WID and WIDAT
databases 110c and 130¢ together with sufficiently powerful
computers to resolve this request and those of other computer
uscrs. This configuration is illustrated in FIG. 4. Similarly, if
a user is playing an MPEG or other video file and wants to
initiate a work-related action, the video file is passed to an
operation 140c that extracts one or more feature vectors. The
entire video file need not be processed. Rather, it may be
sufficient to process only those frames in the temporal vicin-
ity to the users request, i.e., to process the current frame and
or some number of frames before and after the current frame,
e.g. perhaps 100 frames in all. The extracted feature vector or
feature vectors can then be transmitted to a central site 440
which can resolve the request.

After successiully matching the feature vector, the central
site 440 can provide the user with information directly, or can
direct the user to another Web site that contains the informa-
tion the user wants. In cases where the recognition is ambigu-
ous, the central site 440 might return information identifying
one of several possible matches and allow the user to select
the intended one.

The third embodiment is particularly attractive if the cost
of extracting the feature vector is small. In this case, it
becomes economical to have feature vector extraction 140¢ in
digital set-top-boxes and in video recorders 410. The latter
may be especially useful for the new generation of consumer
digital video recorders such as those manufactured by TIVO
and Replay TV. These devices already have access to the
Internet via a phone line. ‘Thus, when someone watching a
recorded movie from television reacts to an advertisement,
the video recorder would extract one or more feature vectors
and transmit them to a central site 440. This site 440 would
determine if a match existed between the query vector and the
database of pre-stored vectors 110¢. If a match is found, the
central server 440 would transmit the associated information,
which might include a Web site address or an 800 number for
more traditional ordering, back to the audience user device
410. Of course, a consummer device 410 such as a digital video
recorder might also store personal information of the owner to
facilitate online e-commerce. Such a device 410 could store
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the owner’s name, address, and credit card information and
automatically transmit them to an on-line store to complete a
purchase. Very little user interaction other than to authorize
the purchase might be needed. This type of purchasing may be
very convenient to consumers.

Another advantage of the third embodiment is that it obvi-
ates the need to update local databases while, at the same
time, the centrally maintained databases can be kept current
with very frequent updating,

§4.2.2 Embodiments in which Work is Recognized
Based on Extra-Work Information

Operations related to this embodiment are described in
§4.2.2.1 below. Then, various architectures which may be
used to effect such operations are described in §4.2.2.2.

Ifthe cost of extracting a feature vector is too large, then the
cost of deploying any of the embodiments described in §4.2.1
above may be prohibitive. This is particularly likely in very
cost sensitive consumer products, including set-top-boxes
and next generation digital VCR’s. Acknowledging this fact,
a different technique, one that is particularly well suited for
broadcasted media such as television and radio as well as to
content published in magazines and newspapers, is now
described. This technique relies on the fact that a work need
not be identified by a feature vector extracted from the work
(which is an example of “intra-work information™), but can
also be identified by when and where it is published or broad-
cast (which are examples of “extra-work information™)

An example serves to illustrate this point. Consider the
scenario in which a viewer sces a television commercial and
responds 1o it. The embodiments described in §4.2.1 above
required the user device (e.g., a computer or set-top-hox)
210/310/410 to extract a feature vector. Such an extracted
vector was attempted to be matched to another feature
vector(s), either locally, or at a remote site. In the embodi-
ments using a remote site, if the central site is monitoring all
television broadcasts, then the user’s query does not need to
include the feature vector. Instead, the query siinply needs to
identify the time, geographic location and the station that the
viewer is watching. A central site can then determine which
advertisement was airing at that moment and, once again,
return the associated information. The same is true for radio
broadcasts. Moreover, magazines and newspapers can also be
handled in this manner. Here the query might include the
name of the magarzine, the month of publication and the page
number.

§4.2.2.1 Operations and Exemplary Methods and
Techniques for Effecting Such Operations

FIG. 5 is a process bubble diagram of operations that may
be performed in accordance with another version of the
present invention, in which extra-work information is used to
identify the work. As shown, a query work-identification
(QWID) information storage 510 may include a pumber of
items or records 512. Each item or record 512 may associate
extra-work information 514, related to the work, with a, pref-
erably unique, work identifier 516. The query work-identifi-
cation (QWID) information storage 510 may be generated by
a database generation operation(s) 520.

Further, work identifier-action information (WIDAT) stor-
age 530 may include a number of items or records 532. Each
item or record 532 may associate a, preferably unique, work
identifier 534 with associated information 536, such as an
action for example. The work identifier-action (WIDAT)
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information storage 530 may be generated by a database
generation operation(s) 538 which may, for example, accept
manual entries.

As can be appreciated from the foregoing, the query work-
information (QWID) storage 510 records 512 and the work
identification-action (WIDAT) storage 530 records 532 can
be combined into a single record.

The extra-work information aggregation (e.g., query gen-
eration) operation(s) 540 can accept a information related to
a work, such as the time of a user request or of a rendering of
the work, the geographic location at which the work is ren-
dered, and the station that the audience member has selected,
and generate a query from such extra-work information.

The query including the extra-work information can be
used by a lookup operation(s) 550 to search for a “matching”
set of information 514. If a match, or a match within a pre-
determined threshold is determined, then the associated work
identifier 516 is read.

The read work identifier can then be used by a work-
associated information lookup operation(s) 560 to retrieve
associated information, such as an action, 536 associated with
the work identifier. Such information 536 can then be passed
to action initiation operation(s) 570 which can perform some
action based on the associated information 536.

If the extra-work information of a work is known (in
advance), generating the query work identifier (QWID) infor-
mation 510 is straight-forward. If this were always (he case,
an intra-work information-based recognition operation
would not be needed. However, very often this is not the case.
For example, local television broadcasts typically have dis-
cretion to insert local advertising, as well as national adver-
tising. Thus, it often is not possible to know in advance when,
on what station, and where a particular advcrtisement will
play.

Insuch instances, areal-time (e.g., centralized) monitoring
facility 580 may be used to (i) extract feature vectors from a
work, (ii) determine a work identifier 116 from the extracted
features, and (iii) communicate one or more messages 590 in
which extra-work information (e.g., time, channel, geo-
graphic market) 592 is associated with a work identifier 594,
to operation(s) 520 for generating query work identification
(QWID) information 510,

§4.2.2.1.1 Exemplary Extra-Work Information

In the context of national broadcasts, geographic informa-
tion may be needed to distinguish between, for example, the
ABC television broadcast in Los Angeles and that in New
York. While both locations broadcast ABC’s programming,
this programming airs at different times on the East and West
coasts of America. More importantly, the local network affili-
ates that air ABC”s shows have discretion to sell local adver-
tising as well as a responsibility to broadcast the national
commercials that ABC sells. In short, the works broadcast by
ABC in Los Angcles can be different from that in other
geographic locations. Geographic information is therefore
useful to distinguish between the different television markets.
In some circumstances, geographic information may not be
necessary, especially in parts of the world with highly regn-
lated and centralized broadcasting in which there are not
regional differences.

§4.2.2.1.2 Exemplary Techniques for Generating
Databases

FIG. 5 illustrates a third database 510 referred to as the
query to work identification (QWID) database. This database
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510 maps the query (e.g., in the form of time, location and
channel information) into a unique ID that identifies the per-
ceived work. The QWID 510 and WIDAT 530 databases
might not be separate, but for clarity will be considered so.
After retrieving the unique work identifier 512 from the
QWID databasc 510, the identificr can be uscd to access the
WIDAT database 530. This is discussed in more detail later.

As introduced above, although it appears that this architec-
ture does not require a recognition facility, such a facility may
be needed. The feature extraction operation(s) 1404, as well
as the work identification operation(s) 1504 and other data-
bases 1104, may be moved to one or more remote sites 580.

Although TV Guide and other companies provide detailed
information regarding what will be broadcast when, these
scheduling guides do not have any information regarding
what advertisements will air when. In many cases, this infor-
mation is unknown until a day or so before the broadcast.
Even then, the time slots that a broadcaster sells to an adver-
tiser only provide a time range, e.g. 12 pm to 3 pm. Thus it is
unlikely that all commercials and aired programming can be
determined from TV schedules and other sources prior to
transmission. Further, occasionally programming schedules
are altered unexpectedly due to live broadcasts that overrun
their time slots. This is common in sports events and awards
shows. Another example of interrupts to scheduled program-
ming occurs when a particularly important news event occurs.

During transmission, it may therefore be necessary for a
central site 580 to determine what work is being broadcast
and to update its and/or other’s database 520 accordingly
based on the work identified 594 and relevant extra-work
information 592. There are a variety of ways that this can be
accomplished.

First, it may be economically feasible to manually monitor
all television stations that are of interest, and manually update
the database with information regarding the work being
monitored. In fact. Nielsen used such procedures in the early
1960’s for the company to tabulate competitive market data.
More than one person can be employed to watch the same
channel in order to reduce the error rate. It should be noted
that the recent ruling by the FCC that satellite broadcasters
such as DirecTV, DishTV and EchoStar can carry local sta-
tions significantly reduces the cost of monitoring many geo-
graphic markets. Currently, DirecTV, for example, carries the
four main local stations in each of the 35 largest markets.
Thus, these 4x35=140 channels can all be monitored from a
single site 580. This site would be provided with satellite
receivers to obtain the television channels.

Unfortunately, however, humans are error prone and the
monitoring of many different stations from many different
geographic locations can be expensive. In order to automate
the recognition process, a central site 580 could employ a
computer-based system to perform automatic recognition.
Because the recognition is centralized, only one or a few sites
are needed. This is in comparison with the first architecture
we described in which a complete recognition system was
required in every user’s home or premise. This centralization
makes it more economic to employ more expensive comput-
ers, perhaps even special purpose hardware, and more sophis-
ticated software algorithms. When video frames or clips can-
not he identified or are considered ambiguous, this video can
be quickly passed to human viewers to identify. Further, it
should be possible for the automated recognition system to
use additional information such as television schedules, time
of day, etc in order to improve its recognition rate.

§4.2.2.1.2 I'xemplary Techniques for Generating
Queries Based on Extra-Work Information

At the audience member (user) premises, all that is needed
is for the device to send a query to a database-server with

15

20

25

30

40

45

50

55

60

16

information that includes extra-work information, such as
geographic location, time and channe]. Usually, this extra-
work information would be transmitted in real-time, while the
work (e.g., an advertisement) is being broadcast. Ilowever,
this is not necessary. If the television does not have access to
the Internet, and most TV’s do not yet, then an andience
member (user) may simply remember or record which chan-
nel he or she was viewing at what time. In fact, the user device
could store this information for latcr retricval by the user. At
a convenient later time, the user might access the Internet
using a home PC. At this time, he or she can query the
database by entering this extra-work information (e.g.,
together with geographic information) into an application
program or a web browser plug-in.

Another possibility is allowing an audience member (user),
at the time he or she is consuming (e.g., viewing, reading,
listening to, etc.) the work, to enter query information into a
handheld personal digital assistant (“PDA”) such as a Palm
Pilot, so as not to forget it. This information can then be
manually transferred to a device connected to a network, or
the information can be transferred automatically using, for
example, infrared communications or via a physical link such
asacradle. Recently, PDAs also have some wireless network-
ing capabilities built in, and thus might support direct access
to the information desired. Further, software is available that
allows a Palm Pilot or other PDA 10 [unction as a TV remote
control device. As such, the PDA already knows the time of
day and channel being viewed. It also probably knows the
Iocation of the audience member, since most PDA users
include their own name and address in the PDA’s phonebook
and identify it as their own. Thus, with one or a few clicks, an
audicnce member PDA user could bookmark the television
contenthe or she is viewing. Ifthe PDA is networked, then the
PDA can, itself, retrieve the associated information immedi-
ately. Otherwise, the PDA can transfer this bookmarked data
to a networked device, which can then provide access to the
central database.

§4.2.2.2 Exemplary Architectures

FIG. 6 is a block diagram illustrating a fourth embodiment
of the present invention, in which extra-work information is
used to identify the work. As shown, an extra-work informa-
tion aggrepation operation 540a4 may be effected on a device
610, such as a PC, at the audience member (user) premisces.
The various databases 510a, 5304, and 110e¢, as well as the
database generation operation(s) 520a/538a, the lookup
operation(s) 550a and the work-associated information
lookup operation(s) 560a may be provided at one or more
centralized monitoring and query resolution centers 640.

FIG.7is a block diagram illustrating a fifth embodiment of
the present invention, in which extra-work information is
used to identify the work. This fifth embodiment is similar to
the fourth embodiment illustrated in FIG. 6 but here, the
monitoring center 740a and query resolution center 7405 are
separate.

These embodiments have many advantages for television
and radio broadcasters who desire to provide Internet links or
other action. First, the audience member (user) equipment,
whether it is a computer, set-top-box, television, radio,
remote control, personal digital assistant (pda), cell phone or
other device, does not need to perform any processing of the
received signal. As such, there is almost no cost involved to
equipment manufacturers.

These last embodiments have some similarity with ser-
vices such as those provided by the companies Real Names of
Redwood City, Calif., America Online (“AOL”) and espe-
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cially iTag from Xenote. The popular press has reported on
the difficulties associated with assigning domain names. The
simplest of these problems is that almost all the one-word
names in the “.com” category have been used. Consequently,
domain names can often be difficult to remember. To alleviate
this problem, RealNames and AOL provide alternative, pro-
prietary name spaces (AOL calls these keywords). For a fee,
a company may register a name with these companies. Thus,
rathcr than typc thc URL http://www.bcll-labs.com, the
simple keyword “bell” might be sufficient to access the same
Web site. These capabilities are convenient to users. How-
ever, these systems are very different from the fourth and fifth
embodiments described. First, and foremost, these systems
are not designed to identify content. Rather, they are simply
alternative network address translation systems based on eas-
ily remembered mnemonics which are sold to interested com-
panies. As such, the user is still expected to type in an address,
but this address is easier to remember than the equivalent
URL. In contrast, while a user may manually enter the infor-
mation describing the work, the preferred embodiment is for
the computer, set-top-box or other device to automatically
generate this information. Further, the mapping of keywords
to network addresses is an arbitrary mapping maintained by
AOL or Real Names. For example, the keyword “bell” might
just as reasonably point to the Web site for Philadelphia’s
Liberty Bell as 10 Lucent’s Bell Labs. In contrast, the query
used in the fourth and fifth embodiments is designed to con-
tain all the necessary data to identify the work, e.g. the time,
place and television channel during which the work was
broadcast. There is nothing arbitrary about this mapping. It
should also be pointed out that the proposed system is
dynamic—the samc work, ¢.g. a commercial, potcntially has
an infinite number of addresses depending on when and
where it is broadcast. If an advertisement airs 100,000 unique
times, then there are 100,000 different queries that uniquely
identify it. Moreover, the exemplary query includes naturally
occurring information such as time, place, channel or page
number. This is not the case for AOL or RealNames, which
typically assigns one or more static keywords to the address
of a Web site.

Xenote’s iTag system is designed to identify radio broad-
casts and uses a query similar to that which may be used in the
fourth and fifth embodiments, i.e. time and station informa-
tion. However, the work identification information is not
dynamically constructed but is instead based on detailed pro-
gram scheduling that radio stations must provide it. As such,
it suffers from potential errors in scheduling and requires the
detailed cooperation of broadcasters. While the fourth and
fifth embodiments might choose to use program scheduling
information and other ancillary information to aid in the
recognition process, they do not exclusively rely on this. The
concept of resolving a site name by recognizing the content is
absent from the above systems.

§4.2.3 Exemplary Apparatus for Audience Member
(User) Premise Device

While personal computers may be the primary computa-
tional device at auser’s location, it is not essential to usea PC.
This is especially true of the embodiments depicted in FIGS.
6 and 7, which do not require the content, e.g. video signal, to
be processed. Instead, only a unique set of identification
parameters such as time, location and channel are provided to
identify the perceived Work. Many forms of devices can
therefore take advantage of this configuration.

As previously noted, personal digital assistants (PDAs) can
be used to record the identification information. This infor-
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mation can then be transferred to a device with a network
communication such as a PC. However, increasingly, PDAs
will already have wireless network communication capabili-
ties built-in, as with the Palm VII PDA. These devices will
allow immediate communication with the query resolution
center and all information will be downloaded to them or they
can participate in facilitating an e-commerce transaction.
Similarly, wireless telephones are increasingly offering web-
enabled capabilitics. Consequently, wircless phones could be
programmed to act as a user interface.

New devices can also be envisaged, including a universal
remote control for home entertainment systems with a LCD
or other graphical display and a network connection. This
connection may be wireless or the remote control might have
a phone jack that allows it to be plugged directly into an
existing phone line. As home networks begin to be deployed,
such devices can be expected to comumunicate via an inex-
pensive interface to the home network and from there to
access the Internet.

In many homes, it is not uncommon for a computer and
television to be used simultaneously, perhaps in the same
room. A person watching television could install a web
browser plug-in or applet that would ask the user to identify
his location and the station being watched. Then, pericdically,
every 20 seconds for example, the plug-in would update a list
of web addresses thal are relevant to the television programs
being watched, including the commercials. The audience
member would then simply click on the web address of inter-
est to obtain further information. This has the advantage that
the viewer does not have to guess the relevant address asso-
ciated with a commercial and, in fact, can be directed to a
more specialized address, such as www.fordvchicles.com/
ibv/tausrus2kflash/flash html, rather than the generic www-
ford.com site. Of course, this applet or plug-in could also
provide the database entity with information regarding what
is being accessed from where and at what time. This infor-
mation, as noted earlier, is valuable to advertisers and broad-
casters. For PC’s that have infra-red communication capabili-
ties, it is straightforward to either control the home
entertainment center from the PC or for the PC to decode the
signals from a conventional remote control. Thus, as a user
changes channels, the PC is able to automatically track the
channel changes.

Recording devices such as analog VCR’s and newer digital
recording devices can also be exploited in the embodiments
depicted in FIGS. 6 and 7, especially if device also record the
channel and time information for the recorded content. When
a user initiates a query, the recorded time and channel, rather
than the current time and channel, then form part of the
identification information.

Digital set-top-boxes are also expected to exploit the capa-
bilities described herein. In particular, such devices will have
two-way communication capabilities and may even include
cable modem capabilities of course, the two-way comununi-
cation nced not be over a television cable. For example,
satellite set-top-boxes provide up-link communications via a
telephone connection. Clearly, such devices provide a conve-
nient location to enable the services described herein. More-
over, such services can be provided as part of the OpenCable
and DOCSIS (data over cable service interface specification)
initiatives.

§4.2.4 Information Retrieval Using Features
Extracted from Audio and/or Video Works

Some embodiments consistent with the present invention
provide a computer-implemented method, apparatus, or comn-
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puter-executable program for providing information about an
audio file or (a video file) played on a device. Such embodi-
ments might (a) extract features from the audio (or video) file,
(b) communicate the features to a database, and (c) receive the
information about the audio (or video) file from the databasc.
In some embodiments consistent with the present invention,
the act of extracting the features is performed by a micropro-
cessor of the device, and/or a digital signal processor of the
device. The received information might be rendered on an
output {e.g., a monitor, a speaker, etc.) of the device. The
received information might be stored (e.g., persistently)
locally on the device. The information might be stored on a
disk, or non-volatile memory.

In some of the embodiments pertaining to audio files, the
audio file might be an mp3 file or some other digital repre-
sentation of an audio signal. The information might include a
song title, an album title, and/or a performer name.

In some of the embodiments pertaining to video files, the
video file might be an MPEG file or some other digital rep-
resentation of a video signal. The video file might be a video
work, and the information might include a title of the video
work, a director of the video work, and names of performers
in the video work.

§4.3 OPERATIONAL EXAMPLES

An example illustrating operations of an exemplary
embodiment of the present invention, that uses intra-work
inforimation to identify the work. is provided in §4.3.1. Then,
an example illustrating operations of an exemplary embodi-
ment of the present invention, that uses extra-work informa-
tion to identify the work, is provided in §4.3.2.

§4.3.1 Operational Example where Intra-Work
Information is Used to Identify the Work

A generic system for monitoring television commercials is
now described. Obviously, the basic ideas extend beyond this
specific application.

The process of recognition usually begins by recognizing
the start of a commercial. This can be accomplished by look-
ing for black video frames before and after a commercial. Ifa
number of black frames are detected and subsequently a
similar number are detected 30 seconds later, then there is a
good chance that a commercial has aircd and that others will
follow. It is also well known than the average sound volume
during commercials is higher than that for television shows
and this too can be used as an indicator of a commercial. Other
methods can also be used. The need to recognize the begin-
ning of a commercial is not essential. However, without this
stage, all television programming must be assumed to be
commercials. As such, all video frames must be analyzed.
The advantage of determining the presence ofacommercial is
that less video content must be processed. Since the percent-
age of advertising time is relatively small, this can lead to
considerable savings. For example, commercials can be buff-
ered and then subsequently processed while the television
show is being broadcast. This reduces the real-time require-
ments of a system at the expense of buffering, which requires
memory or disk space. Of course, for the applications envi-
sioned herein, areal-time response to a user requires real-time
processing,.

Once it is determined that an advertisement is being broad-
cast, it is necessary to analyze the video frames. Typically, a
compact representation of each frame is extracted. This vec-
tor might be a pseudo-random sample of pixels from the
frame or a low-resolution copy of the frame or the average
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intensities of nxn blocks of pixels. It might also be a fre-
quency-based decomposition of the signal, such as produced
by the Fourier, Fourier-Mellin, wavelet and or discrete cosine
transforms. It might involve principal component analysis or
any combination thereof. The recognition literature contains
many different representations. For block-based methods, the
nxn blocks may be located at pseudo-random locations in
cach frame or might have a specific structure, ¢.g. a complete
tiling of the frame. The feature vector might then be com-
posed of the pixels in each block or some property of each
block, e.g. the average intensity or a Fourier or other decom-
position of the block. The object of the vector extraction stage
is to obtain a more concise representation of the frame. Each
frame is initially composed of 480x720 pixels which is
equivalent to 345,600 bytes, assuming one byte per pixel. In
comparison, the feature vector might only consist of I Kbyte
of data. For example, if each frame is completely tiled with
16x16 blocks, then the number of blocks per frame is 345,
600/256=1350. If the average intensity of each block consti-
tutes the feature vector, then the feature vector consists of
1350 bytes, assurning 8-bit precision for the average intensity
valucs. Alternatively, 100 16x16 blocks can be pscudo-ran-
domly located on each frame of the video. For each of these
100 blocks, the first 10 DCT coefficients can be determined.
The feature vector then consists of the 100x10=1000 DCT
coefficients. Many other variations are also possible. In many
media applications, the content possesses strong temporal
and spatial correlations. If necessary, these correlations can
be eliminated or substantially reduced by pre-processing the
content with a whitening filter.

A sccond purpose of the feature extraction process is to
acquire a representation that is robust or invariant to possible
noise or distortions that a signal might experience. Yor
example, frames of a television broadcast may experience a
small amount of jitter, i.e. horizontal and or vertical transla-
tion, or may undergo lossy compression such as MPEG-2. It
is advantageous, though not essential, that these and other
processes do not adversely affect the extracted vectors.

Each frame’s feature vector is then compared with a data-
base of known feature vectors. These known vectors have
previously been entered into a content recognition database
together with a unique identifier. If a frame’s vector matches
a known vector, then the commercial is recognized. Of
cousse, there is the risk that the match is incorrect. This type
oferror is known as a falsc positive. The false positive ratc can
be reduced to any desired value, but at the expense of the false
negative rate. A false negative occurs when a frame’s vectoris
not matched to the database even though the advertisement is
present in the database. There are several reasons why a
frame’s feature vector may fail to match. First, the recogni-
tion system may not be capable of 100% accuracy. Second,
the extracted vector will contain noise as a result of the
transmission process. This noise may alter the values of a
feature vector to the extent that a match is no longer possible.
Finally, there is the case where the observed commercial is
not yet present in the database. In this case, it is necessary to
store the commercial and pass it (e.g.. to a person) for iden-
tification and subsequent entry in the database.

It is important to realize that the matching of extracted and
known vectors is not equivalent to looking up a word in an
electronic dictionary. Since the extracted vectors contain
noise or distortions, binary search is often not possible.
Instead, a statistical comparison is often made between an
extracted vector and each stored vector. Common statistical
measures include linear correlation and related measures
such as correlation coefficient, but other methods can also be
used, including clustering techniques. See, e.g., the Duda and
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Hart reference. These measures provide a statistical measure
ol the confidence of the maich. A threshold can be estab-
lished, usually based on the required false positive and nega-
tive rates, such that if the correlation output exceeds this
threshold, then the extracted and known vectors are said to
match.

If binary search was possible, then a database containing N
vectors would requirc at most log(N) comparisons. However,
in current advertisement monitoring applications there is no
discussion of efficient search methods. Thus, a linear search
of all N entries may be performed, perhaps halting the search
when the first match is found. On average, this will require
N/2 comparisons. If N is large, this can be computationally
expensive. Consider a situation in which one out of 100,000
possible commercials is to be identified. Each 30-second
commercial consists of 900 video frames. 11 all 900 frames
are stored in the database, then N=90,000,000. Even if only
every 10” video frame is stored in the database, its size is still
nine million. While databases of this size are now common,
they rely of efficient search to access entries, i.e., they do not
perform a linear search. A binary search of a 90,000,000-item
databasc requircs less than 20 comparisons. In contrast, a
linear search will require an average of 45,000,000!

With 9 million entries, if each vector is 1 Kbyte, then the
storage requirement is 9 Gigabytes. Disk drives with this
capacity are extremely cheap at this time. Ilowever, if the
database must reside in memory due to real-time require-
ments, then this still represents a substantial memory require-
ment by today’s standards. One reason that the data may need
to be stored in memory is because of the real-time require-
ments of the databasc. If 10 channcls arc being simulta-
neously monitored within each of 50 geographic areas, then
there will be 15,000 queries per second to the content recog-
nition database, assuming each and every frame is analyzed.
This query rate is low. However, if a linear search is per-
formed then 675 billion comparisons per second will be
required. This is an extremely high compulational rate by
today’s standards. Even if only key frames are analyzed, this
is unlikely to reduce the computational rate by more than an
order of magnitude.

If an advertisement is not recognized, then typically, the
remote monitoring system will compress the video and trans-
mit it back to a central office. Here, the clip is identified and
added to the database and the remote recoguition sites are
subsequently updated. Identification and annotation may be
performed manually. However, automatic annotation is also
possible using optical character recognition software on each
frame of video, speech recognition software, close captioning
information and other information sources. As these methods
improve in accuracy, it is expected that they will replace
manual identification and annotation.

The recognition system described can be considered to be
a form of nearest neighbor search in a high dimensional
feature space. This problem has been very well studied and is
known to be very difficult as the dimensionality of the vectors
increases. A number of possible data structures are applicable
including kd-trees and vantage point trees. These data struc-
tures and associated search algorithms organize a N-point
dataset (N=90,000,000 in out previous example) so that sub-
linear time searches can be performed on average. However,
worst-case search times can be considerably longer. Recently,
Yianilos proposed an excluded middle vantage point forest
for nearest neighbor search. See, e.g., the Yianilos reference.
This data structure guarantees sub-linear worst-case search
times, but where the search is now for a nearest neighbor
within a fixed radius, T. The fixed radius search means that if
the database contains a vector that is within t of the query,
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then there is a match. Otherwise, no match is found. In con-
trast, traditional vantage point trees will always return a near-
est neighbor, even if the distance between the neighbor and
the query is very large. In these cases, if the distance between
the query and the nearest neighbor exceeds a threshold, then
they are considered not to match. This is precisely what the
excluded middle vantage point forest implicitly does.

Using an excluded middle vantage point forest, will allow
accuratc real-time recognition of 100,000 broadcasted adver-
tisements. This entails constructing an excluded middle van-
tage point forest based on feature vectors extracted from say
90,000,000 frames of video. Of course, using some form of
pre-filtering that eliminates a large number of redundant
frames or frames that are not considered to be good unique
identifiers can reduce this number. One such pre-filter would
be to only examine the I-frames used when applying MPEG
compression. However, this is unlikely to reduce the work
identification database (WID) size by more than one order of
magnitude. Assuming 10 channels are monitored in each of
50 geographic regions, then the query rate is 15,000=10x50x
30 queries per second.

§4.3.2 Operational Example where Extra-Work
Information is Used to Identify the Work

I'1G. 8 depicts a satellite television broadcast system 800,
though cable and traditional broadcast modes are also appli-
cable. Block 810 represents audience members (users) watch-
ing a TV channel in their home, which also has a connection
812 to the Internet 820. Other networks are also possible. The
satcllitc broadcasts arc also being monitored by onc or more
television monitoring centers 840a. These centers 840a may
monitor all or a subset of the television channels being broad-
cast. They are not restricted to monitoring satellite TV broad-
casts but may also monitor cable and traditional terrestrial
broadcasts. The primary purpose of these monitoring centers
840a is 1o identify the works being broadcasted. Of particular
interest are television advertisements. However, other works,
or portions thereof, may also be identified. Each time a new
segment of a work is identified, the monitoring system or
systems 840a update one or more database centers 8405,
informing them of the time, place, channel and identity of the
identified segment. The segment may be a complete thirty
second commercial or, more likely, updates will occur more
frequently, perhaps at a rate of 1 updatc per second per chan-
nel per geographic location. The database center 8405
updates its database so that queries can be efficiently
responded to in sub-linear time.

The database centers 8405 can use traditional database
technology. In general, the query search initiated by an audi-
ence member is not a nearest neighbor search but can be a
classical textual search procedure such as abinary search. The
nearest neighbor search is appropriate for the monitoring
sub-system 840a. The database centers 8405 are continually
updated as each new advertisement, television show or por-
tion thereof is recognized. Standard updating algorithms can
be used. However, random new entries to the database are
unlikely. Rather, each new entry, or set of entries, denotes a
new time segment that is later than all previously inserted
items. As such, each new entry can be appended to the end of
the database while still maintaining an ordered data structure
that is amenable to binary and other efficient search tech-
niques. 1f two entries have the same time in their time field,
items can be sorted based on secondary fields such as the
channel and geographic location, as depicted in FIG. 9. Since
the number of such entries will be relatively small compared
with the entire database, it may be sufficient to simply create
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a linear linked list of such entries, as depicted in FIG. 9. Of
course, the size of the datubase is constantly increasing. As
such, it may become necessary to have several levels of stor-
age and caching. Given the envisaged application, most user
queries will be for recent entries. Thus, the database may keep
the last hours worth of entries in memory. If there is one entry
per second for each of 100 channels in 100 geographic loca-
tions, this would corrcspond to 3600x100x100=36,000,000
entries which is easily accommodated in main memory.
Fntries that are older than one hour may be stored on disk and
entries older than one week may be archived (e.g., backed up
on tape) for example. The entries to this database can include
time, location and channel information together with aunique
identifier that is provided by the monitoring system. Of
course, additional fields for each entry are also possible.

When a user query is received, the time, channel and geo-
graphic information are used to retrieve the corresponding
unique identifier that is then used to access a second database
that contains information associated with the identified work.

An entry 1000 in this second database is depicted in FIG.
10, which shows that associated with the unique identifier
1010, the namc of a product 1020, a product category 1030,
the manufacturer 1040 and the commercial’s associated web
site 1050. Many other data fields 1060 are also possible. Such
additional fields may include fields that indicate what action
should be taken on behalf of the requesting user. Gxample
actions include simply redirecting a request to an associated
Web site, or initiating an e-commerce transaction or provid-
ing an associated telephone number that may be automati-
cally dialed if the querying device is a cell phone or display-
ing additional information to thc uscr. This databasc is likcly
to be updated much less frequently, perhaps only as often as
once or twice a day, as baiches of new advertisements are
added to the system. Alternatively, it might be updated as each
new advertisement is added to the system.

An audience member (user) 810 watching a television
commercial for example may react to the advertisement by
initiating a query to the database center 8405. The device
whereby the user initiates the query might be a television or
set-top-box remote control, or a computer or a wireless PDA
ora (WAP-enabled) cell phone or a specialized device. Typi-
cally, the query will occur during the airing of the commercial
or a shortly thereafter. However, the time between the broad-
casting of the advertisement and the time of the associated
query is not critical and can, in somec instances be much
longer. For example, the audience member might bookmark
the query information in a device such as a PDA or a special-
ized device similar to those developed by Xenote for their Itag
radio linking. Later, the audience member may transmit the

query to the database center 8405. This might happen hours or s

even days later.

The query contains information that the database center
8405 uses to identify the work being viewed. This informa-
tion might include the time and place where the audience

member was, together with the channel being viewed. Other 3

identifying information is also possible. The query may also
contain additional information that may be used to facilitate
the user’s transaction and will include the return address of
the user. For example, if the user is intending to order a pizza
after seeing a Pizza Hut advertisement, the query may also
contain personal information including his or her identity,
street address and credit card information.

When the database center 8405 receives a query, data in the
query is used to identify the work and associated information.
A number of possible actions are possible at this point. First,
the database center 8405 may simply function as a form of
proxy server, mapping the audience member’s initial query
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into a web address associated with the advertisement. In this
case, the audience member will be sent to the corresponding
Web site. The database center 8405 may also send additional
data included in the initial query to this Web site 850 in order
to facilitatc an c-commeree transaction between the audicnee
member and the advertiser. In some cases, this transaction
will not be direct, but may be indirect via a dealer or third
party application service provider. Thus, for example, though
anadvertisement by Ford Motor Company may air nationally,
viewers may be directed to different Web sites for Ford deal-
erships depending on both the audience meinber’s and the
dealerships’ geographic locations. In other cases, advertisers
may have contracted with the database center 8405 to provide
e-commerce capabilities. This latter arrangement has the
potential to reduce the amount of traffic directed over the
public Internet, restricting it, instead to a private network
associated with the owner of the database center.

If the audience member (user) is not watching live televi-
sion but is instead watching a taped and therefore time-shifted
copy, then additional processes are needed. For the new gen-
cration of digital video recorders, irrespective of the record-
ing media (tape or disk), it is likely to be very easy to include
information identifying the location of the recorder, as well as
the time and channel recorded. Location information can be
provided to the recorder during the setup and installation
process, for example. Digital video recorders, such as those
currently manufactured by TIVO of Alviso, Calif. or Replay
TV of Santa Clara, Calif. have a network connection via
telephone, which can then send the query of an audience
member to the database center 8405 using the recorded rather
than the current information.

In cases where query information has not been recorded, it
is still possible to initiate a successful query. However, in this
case, it may be necessary to extract the feature vector from the
work of interest and send this information to the monitoring
center 840a where the feature vector can be identified. This
form of query is computationally more expensive but the
relative number of such queries compared to those sent to the
database centers 8405 is expected to be sinall. It should also
be noted that the physical separation of the monitoring and
database centers, depicted in FIGS. 6 and 7, is not crucial to
operation of the system and simply serves to more clearly
separate the different fonctionality present in the overall sys-
tem configuration.

Although the implementation architectures described
above focus on the television media, it is apparent that the
present invention is applicable to audio, print and other
media.

§4.4 CONCLUSIONS

None of the embodiments of the invention require modifi-
cation to the work or content, i.e., no active signal is embed-
ded. Consequently, there is no change to the production pro-
cesses. More importantly, from a user perspective,
deployment of this system need not suffer from poor initial
coverage. Provided the database is sufficiently comprehen-
sive, early adopters will have comprehensive coverage imme-
diately. Thus, there is less risk that the consumer will perceive
that the initial performance of the deployed system is poor.
Further, the present invention permits statistics to be gathered
that measure users’ responses to content. This information is
expected to be very useful to advertisers and publishers and
broadcasters.



US 8,205,237 B2

25

What is claimed is:

1. A computer-implemented method comprising:

a) receiving, by a computer system including at least one
computer, features that were extracted from a media
work by a clicat device;

b) determining. by the computer system, an identification
of the media work using the received features extracted
from the media work to perform a sub-linear time search
of extracted features of identified media works to iden-
tify a neighbor; and

¢) transmitting, by the computer system, information about
the identified media work to the client device.

2. The computer-implemented method of claim 1 wherein

the media work is an audio work,

wherein the features extracted from the work comprise at
least one selected from a group consisting of (A) a fre-
quency decomposition of a signal of the audio work, (B)
information samples of the audio work, (C) average
intensities of sampled windows of the audio work, and
(D) information from frequencies of the audio work, and

wherein the audio work is onc of (A) a broadcast, (B) a
digital file, or (C) an MP3 file.

3. The computer-implemented method of claim 1 wherein
the information about the identified media work transmitted
to the client device includes at least one of (A) a title, or (B)
an author.

4. The computer-implemented method of claim 1 further
comprising performing an action including at least one of
promoting commerce or enhancing interest in the work.

5. Apparatus comprising:

a) at least one processor; and

b) at least one storage device storing processor-executable
instructions which, when executed by the at least one
processor, perform a method of
1) receiving features that were extracted from a media

work by a client device,

2) determining, by the computer system, an identifica-
tion of the media work using the features extracted
from the media work to perform a sub-linear time
search of extracted features of identified media works
to identify a neighbor, and

3) transmitting information about the identified media
work to the client device.

6. The apparatus of claim 5 wherein the media work is an
audio work,

wherein the features extracted from the work comprise at
least one selected from a group consisting of (A) a fre-
quency decomposition of a signal of the audio work, (B)
information samples of the audio work, (C) average
intensities of sampled windows of the audio work, and

(D) information from frequencies of the audio work, and

wherein the audio work is one of (A) a broadcast, (B) a
digital file, or (C) an MP3 file.

7. The apparatus of claim 5 wherein the information about
the identified media work transmitted to the client device
includes at least one of (A) a title, or (B) an author.

8. The apparatus of claim 5 wherein the method further
includes performing an action including at least one of pro-
moting commerce or enhancing interest in the work.

9. A computer-implemented method comprising:

a) receiving, by a computer system including at least one
computer, features what were extracted from media
work by a client device;

b) determining, by the computer system, an identification
of the media work using the received features extracted
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from the media work to perform an approximate nearest

neighbor search of exiracted features of identified media

works; and

¢) transmitting, by the computer system, information about

the identified media work to the client device.

10. The method of claim 9 wherein the media work is an
audio work,

wherein the featurces extracted from the work comprisc at

least one selected from a group consisting of (A) a fre-

quency decomposition of a signal of the audio work, (B)

information samples of the audio work, (C) average

intensities of sampled windows of the audio work, and

(D) information from frequencies of the audio work, and

wherein the audio work one of (A) a broadcast, (B) a digital

file, or (C) an MP3 file.

11. The method of claim 9 wherein the information about
the identified media work transmitted to the client device
includes at least one of (A) a title, or (B) an author.

12. The method of claim 9 further comprising performing
an action including at least one of promoting commerce or
erhancing interest in the work.

13. Apparatus comprising:

a) at least one processor; and

b) at least one storage device storing processor-executable

instructions which, when executed by the at least one

processor, perform a method of

1) receiving features what were extracted from a media
work by a client device,

2) determining, by the computer system, an identifica-
tion of the media work using the received features
extracted from the media work to perform an approxi-
mate nearest neighbor search of extracted features of
identified media works, and

3) transmitting information about the identified media
work to the client device.

14. The apparatus of claim 13 wherein the media work is an
audio work,

wherein the features extracted from the work comprise at

least one selected from a group consisting of (A) a fre-

quency decomposition of a signal of the audio work, (B)

information samples of the audio work, (C) average

intensities of sampled windows of the audio work, and

(D) information from frequencies of the audio work, and

wherein the audio work is one of (A) a broadcast, (8) a

digital file, or (C) an MP3 filc.

15. The apparatus of claim 13 information about the iden-
tified media work transmitted to the client device includes at
least one of (A) a title, or (B) an author.

16. The apparatus of claim 13 wherein the method further
includes performing an action including at least one of pro-
moting commerce or enhancing interest in the work.

17. The computer-implemented method of claim 1 wherein
the media work is a video signal.

18. The computer-implemented method of claim 17
wherein the video signal is obtained from at least one of (A)
a broadcast or (B) a video file format.

19. The computer-implemented method of claim 9 wherein
the media work is a video signal.

20. The computer-implemented method of claim 19

o wherein the video signal is obtained from at least one of (A)

a broadcast or B) a video file format.

21. The computer-implemented method of claim 1 wherein
at least one of the acts of receiving or transmitting is per-
formed via a direct communication between the client device
and the computer system.

22. The computer-implemented method of claim 1 wherein
at least one of the acts of receiving or transmitting is per-
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formed via an indirect communication between the client
device and the computer system.

23. The computer-implemented method of claim 9 wherein
at least one of the acts of receiving or transmitting is per-
formed via a direct communication between the client device
and the computer system.

24. The computer-implemented method of claim 9 wherein
at lcast one of the acts of receiving or transmitting is per-
formed via an indirect communication between the client
device and the computer system.

25. A computer-implemented method comprising:

a) obtaining, by a computer system including at least one
computer, media work extracted features that were
extracted from a media work, the media work uploaded
from a client device;

b) determining, by the computer system, an identification
of the media work using the media work extracted fea-
tures to perform a nonexhaustive search of reference
extracted features of reference media works to identify a
near neighbor; and

c) determining, by the computer system, an action based on
the determined identification of the media work.

26. The method of claim 25, wherein the action comprises
providing to and/or displaying, at another client device, addi-
tional information in association with the media work.

27. The method of claim 26, wherein the additional infor-
mation is an advertisement.

28. The method of claim 25, wherein the action comprises
providing a coupon.

29. The method of claim 25, wherein the action comprises
providing a link to a Wcb site.

30. The method of claim 25, wherein the action comprises
initiating an e-commerce transaction.

5
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31. The method of claim 25, wherein the action comprises
initiating a telephone call.

32. The method of claim 25, wherein the action comprises
logging an event relating to competitive market research data.

33. A computer-implemented method comprising:

a) obtaining, by a computer system including at least one
computer, media work extracted features that were
cxtracted from a media work, the media work uploaded
from a client device;

b) determining, by the computer system, an identification
of the media work using the media work extracted fea-
tures to perform a sublinear approximate nearest neigh-
bor search of reference extracted features of reference
identified media works; and

c) determining, by the computer system, arn action based on
the determined identification of the media work.

34. The method of claim 33, wherein the action comprises
providing to and/or displaying, at another client device, addi-
tional information in association with the media work.

35. The method of claim 34, wherein the additional infor-
mation is an advertisement.

36. The method of claim 33, wherein the action comprises
providing a coupon.

37. The method of claim 33, wherein the action comprises
providing a link to a Website.

38. The method of claim 33, wherein the action comprises
initiating an e-commerce transaction.

39. The method of claim 33, wherein the action comprises
initiating a telephone call.

40. The method of claim 33, wherein the action comprises
logging an cvent relating to competitive market rescarch data.

* * * * *



EXHIBIT C




US008640179B1

°
ay United States Patent (10) Patent No.: US 8,640,179 B1
Cox @5) Date of Patent: *Jan. 28, 2014
(54) METHOD FOR USING EXTRACTED 4,450,531 A 5/1984 Kenyon et al.
FEATURES FROM AN ELECTRONIC WORK 4454594 A 6/1984 Hefironetal.
4,495,526 A 1/1985 Baranoff-Rossine
. 4,499,601 A 2/1985 Matth
(75) Inventor: Ingemar J. Cox, London (GB) 4511917 A 4/1985 Koh[e:‘::]ts al.
. X 4,547,804 A 10/1985 Greenberg
(73) Assignee: Network-1 Security Solutions, Inc., 4,634,966 A 1/1987 Nakatani et al.
New York, NY (US) 4,639.779 A 1/1987 Greenberg
4,677,455 A 6/1987 Okajima
(*) Notice:  Subject to any disclaimer, the term of this (Continued)
patent is extended or adjusted under 35
U.S.C. 154(b) by 8 days. FOREIGN PATENT DOCUMENTS
Thj‘S patent is subject to a terminal dis- EP 1354276 Bl 12/2007
claimer. EpP 1354276 Bl 12/2007
. (Continued)
(21) Appl. No.: 13/338,079 OTHER PUBLICATIONS
(22) Filed: Dec. 27, 2011 Peter N. Yianlos, Excluded Middle Vantage Point Forest for Nearest
. e Neighbor Search, Aug,. 1, 1999, pp. 1-12.%
Related U.S. Application Data Martin Ester et al., “A Density-Based Algorithm for Discovering
(63) Continuation of application No. 11/977,202, filed on ~ Clusters in Large Spatial Databases with Noise,” Proceedings of 2nd
Oct. 23, 2007, now Pat. No. 8,205,237, which is a International Conference on Knowledge Discovery and Data Mining
continuation of application No. 11/445,928, filed on (KDD-96), 1996.
Jun. 2, 2006, now Pat. No. 8,010,988, which is a (Continued)
continuation-in-part of application No. 09/950,972, . . .
filed on Sep. 13, 2001, now Pat. No. 7,058,223. Primary Examiner — Cai Chen ,
(74) Artorney, Agent, or Firm — Amster, Rothstein &
(60) Il’m\;i&i)%nal application No. 60/232,618, filed on Sep. Ebenstein LLP
4, .
57) ABSTRACT
(51) Int.ClL A computer-implemented method including the steps of
HO4N 7/173 (2011.01) maintaining, by a computer system including at least one
(52) US.ClL computer, a database in which is stored first data related to
USPC . 725/115; 725/110; 725/114; 725/116 identification of one or more works and second data related to
(58) Field of Classification Search information corresponding to each of the one or more works
None as identified by the first data. Extracted features of a work to
See application file for complete search history. be identified are obtained. The work is identified by compar-
ing the extracted features of the work with the first data in the
(56) References Cited database using a non-exhaustive neighbor search. The infor-
mation corresponding to the identified work is determined
U.S. PATENT DOCUMENTS based on the second data in the database. The determined
information is associated with the identified work.
3,919479 A 11/1975 Moon et al.
4,230,990 A 10/1980 Lert, Jr. et al. 37 Claims, 10 Drawing Sheets

WORK @t

FEATURS
(VECTOR) EXTRACTION
OPERATION(S)

CTOR) LOOKUP
OPERATIONI(S}

160

WORK-ASSOCIATED
INFORMATION LOGKUP
OPERATION(S}

FEATURE
EXTRACTION
DPERAHOMS)

-
e P e
& 4

FEATURES) VECTOR) m -y
—- 38

e
o
13 1

g
e

DATABASE
GENERATION
OFCRATION(S;

o

WWORK 1D | ASSOCIATEC INFORMATION (.. ACTION) | w7~ 132

ACTION
INTLATION
QPETATION(S)
[t

70



US 8,640,179 B1

Page 2
(56) References Cited 6,345,256 Bl 2/2002 Milsted et al.
6,349,296 Bl 2/2002 DBroder et al.
U.S. PATENT DOCUMENTS 6,360,215 Bl 3/2002 Judd et al.
6,363,377 Bl 3/2002 Kravets et al.
4,677,466 A 6/1987 Lert, Jr. et al. 6,374,225 Bl 4/2002 Hejna, Jr.
4,682,370 A 7/1987 Matthews 6,374,260 Bl 4/2002 Hoffert et al.
4,697,209 A 9/1987 Kiewit et al. 6,381,601 Bl 4/2002 Fujiwara et al.
4,739.398 A 4/1988 Thomas et al. 6,385,596 Bl 5/2002 Wiseret al.
4,776,017 A 10/1988 Fujimoto 6,407,680 Bl  6/2002 Laietal.
4,805,020 A 2/1989 Greenberg 6,408,128 Bl 6/2002 Abecassis
4,843,526 A 6/1989 Price, III 6,415,280 Bl 7/2002 Farber et al.
4,843,562 A 6/1989 Kenyon et al. 6418421 Bl 7/2002 Hurtado et al.
4918730 A 4/1990 Schulze 6,438,556 Bl 8/2002 Malik et al.
5,210,820 A 5/1993 Kenyon 6,446,068 Bl  9/2002 Korige
5,283,819 A 2/1994 Glick et al. 6,449,226 Bl 9/2002 Kumagai
5,437,050 A 7/1995 Lamb et al. 6,452,874 Bl 9/2002 Otsuka et al.
5465353 A 11/1995 Hull et al. 6,453,252 Bl 9/2002 Laroche
5,481,294 A 1/1996 ‘Thomas ct al. 6,460,050 B1  10/2002 Pace et al.
5,504,518 A 4/1996 Ellis et al. 6,477,704 Bl  11/2002 Cremia
5,550,735 A 8/1996 Slade et al. 6,490,279 B1  12/2002 Chenet al.
5,581,658 A 12/1996 O’Hagan et al. 6,496,802 Bl  12/2002 Van Zoestet al.
5,594,934 A 1/1997 Luet al. 6,496,857 B1  12/2002 Dustin et al.
5,629,739 A 5/1997 Dougherty 6,505,160 Bl 1/2003 Levyetal
5,634,012 A 5/1997 Stefik et al. 6,542,869 Bl 4/2003 Foote
5,638,443 A 6/1997 Stefik et al. 6,550,001 Bl 4/2003 Corwin et al.
5692213 A 11/1997 Goldberg et al. 6,550,011 Bl  4/2003 Sims, Il
5,701,452 A 12/1997 Siefert 6,552,254 B2 4/2003 Hasegawa et al.
5,701,542 A 12/1997 Sasayama 6,577,746 Bl 6/2003 Evans et al.
5,706,364 A 1/1998 Kopec et al. 6,591,245 Bl 7/2003 Klug
5,724,605 A 3/1998 Wissner 6,598,228 B2 7/2003 Hejna, Jr
5,745,900 A 4/1998 Burrows 6,609,105 B2 82003 Story etal.
5,748,783 A 5/1998 Rhoads 6,654,757 B1  11/2003 Stern
5,768;426 A 6/1998 Rhoads 6,665,661 Bl  12/2003 Crow et al.
5,798,785 A 81998 Hendricks et al. 6,675,174 Bl 1/2004 Bolle et al.
5,822,436 A 10/1998 Rhoads 6,693,236 Bl 2/2004 Gould et al.
5,832,119 A 11/1998 Rhoads 6,766,523 B2 7/2004 Ilerley
5,841,978 A 11/1998 Rhoads 6,774,926 Bl 8/2004 Ellis et al.
5850490 A 12/1998 Johnson 6,810,388 Bl  10/2004 Sato
5,862,260 A 1/1999 Rhkoads 6,833,865 Bl  12/2004 Fuller et al.
5,892,536 A 4/1999 Logan etal. 6,834,308 B1* 122004 Ikezoye etal. .............. 709/231
5918223 A 6/1999 Blum et al. 6,871,200 B2 3/2005 MacQueen et al.
5,953,415 A 9/1999 Nielsen 6,871,231 B2 3/2005 Morris
5963,966 A 10/1999 Mitchell et al. 6,873,982 Bl 3/2005 Bates etal.
5973,723 A 10/1999 DeLuca 6,928,423 Bl 82005 Yamanaka
5,978,791 A 11/1999 Farber et al. 6,928,442 B2 8/2005 Farber et al.
5,983,171 A 11/1999 Yokoyama et al. 6,931,451 Bl 82005 Logan etal.
5,983,176 A 11/1999 Hoffert et al. 6,937,766 Bl 82005 Wilfetal.
6,006,256 A 12/1999 Zdepski et al. 6,941,275 Bl 9/2005 Swierczek
6,009,410 A 12/1999 LeMole et al. 6,944,632 B2 9/2005 Stern
6,011,758 A 1/2000 Dockes et al. 6,968,337 B2 11/2005 Wold
6,023,693 A 2/2000 Masuoka et al. 6,978,419 Bl 12/2005 Kantrowitz
6.026,439 A 2/2000 Chowdhury ct al. 6,978,461 B2  12/2005 Shapiro etal.
6,044.402 A 3/2000 Jacobson et al. 6,983,371 Bl 1/2006 TIlurtado et al.
6,052,603 A 4/2000 Smith etal. 6,990,453 B2 1/2006 Wang etal.
6,057.872 A 5/2000 Candelore 6,999,111 B2 2/2006 Mclntyre et al.
6,061,056 A * 52000 Menard etal. ............ 715704 7013301 B2 3/2006 Holm et al.
6,067,369 A 5/2000 Kamei 7,020,635 B2 3/2006 Hamilton et al.
6,088,455 A 7/2000 Logan et al. 7,043,473 Bl 5/2006 Rassool et al.
6,088,707 A 7/2000 Batesetal. 7,058,223 B2 6/2006 Cox
6,096,961 A 8/2000 Bruti et al. 7,065,709 B2 6/2006 Ellis et al.
6,118,450 A 9/2000 Proehl et al. 7,092,953 Bl 82006 Haynes
6,119,124 A 9/2000 Broder et al. 7,103,906 Bl 9/2006 Katz et al.
6,121,530 A 9/2000 Sonoda 7,106,904 B2 9/2006 Shima
6,154,737 A 11/2000 Inaba et al. 7,155,449 B2  12/2006 Pingel et al.
6.169.986 Bl 1/2001 Bowman et al. 7,158,929 B2 1/2007 Wouters et al.
6,173,406 Bl 12001 Wang et al. 7,168,083 B2 1/2007 Kalker el al.
6,195,693 Bl 22001 Berry etal. 7,171,016 Bl 172007 Rhoads
6,229,922 Bl 5/2001 Sasakawaetal. 7,174,293 B2 2/2007 Kenyonet al.
6.233,682 Bl 5/2001 Fritsch 7,184,100 Bl 2/2007 Wilf et al.
6,236,758 Bl 5/2001 Sodagar et al. 7,191,190 B2 3/2007 Debique et al.
6,240,409 Bl 5/2001 Aiken 7,225.455 B2 5/2007 Bennington et al.
6,243,725 Bl 6/2001 Hempleman et al. 7,243,153 B2 7/2007 Mclntyre et al.
6,247,133 Bl 6/2001 Palage et al. 7.272,788 B2 9/2007 Anderson et al,
6.253,193 Bl 6/2001 Ginter et al. 7,302,574 B2  11/2007 Conwell et al.
6,263,348 Bl 7/2001 Kathrow ct al. 7308413 Bl  12/2007 Tota et al.
6,269,275 Bl 7/2001 Slade 7.346.472 Bl 3/2008 Moskowitz et al.
6,279,010 Bl 8/2001 Anderson 7,363,278 B2 4/2008 Schmelzer et al.
6,317,885 Bl  11/2001 Fries 7,366,718 Bl 4/2008 Pugh et al.
6,330,593 Bl  12/2001 Roberts et al. 7,366,787 B2 4/2008 Salas et al.



US 8,640,179 Bl
Page 3

(36)

7,369,677
7.370,017
7,421,723
7,423,771
7.477,739
7,483,958
7,493,643
7,500,007
7,523,312
7,529,659
7,562,012
7,562,392
7,565,327
7,587,728
7,595,914
7,624,337
7,647,604
7,650,616
7,660,700
7,707,088
7,711,652
7,738,704
7,757,248
7,783,489
7,797,249
7,853,664
7,877,438
7,917,645
7,949,494
8,006,314
3,082,150
8,086,445
8,090,605
8,094,949
8,112,776
8,171,509
8,214,175
8,340,994
2001/0001160
2001/0003818
2001/0047298
2001/0049625
2002/0023020
2002/0026369
2002/0032698
2002/0038296
2002/0056123
2002/00596 10
2002/0082731
2002/0083005
2002/0087885
2002/0120925
2002/0133499
2002/0150164
2002/01 56760
2002/0178276
2002/0186887
2003/0028489
2003/0037010
2003/0061490
2003/0093790
2003/0095660
2003/0101144
2003/0106017
2003/0146940
2003/0202660
2003/0233930
2004/0003398
2004/0010602
2004/0015608
2004/0025174
2004/0163106
2004/0170335
2004/0199387
2004/0221118

U.S. PATENT DOCUMENTS

B2
Bl
B2
B2
B2
Bl
B2
B2
B2
B2
Bl
Bl
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
B2
Bl
B2
B2
B2
B2
B2
B2
B2
Bl
B2
Bl
B2
B2
Al*
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al
Al*
Al

References Cited

5/2008
5/2008
9/2008
9/2008
1/2009
1/2009
2/2009
3/2009
4/2009
5/2009
7/2009
7/2009
7/2009
9/2009
9/2009
11/2009
1/2010
1/2010
2/2010
4/2010
5/2010
6/2010
7/2010
8/2010
9/2010
12/2010
/2011
3/2011
5/2011
8/2011
12/2011
12/2011
1/2012
1/2012
2/2012
5/2012
7/2012
12/2012
5/2001
6/2001
11/2001
12/2001
2/2002
2/2002
3/2002
3/2002
5/2002
5/2002
6/2002
6/2002
7/2002
8/2002
9/2002
10/2002
10/2002
11/2002
12/2002
2/2003
2/2003
3/2003
5/2003
5/2003
5/2003
6/2003
8/2003
10/2003
12/2003
1/2004
1/2004
1/2004
2/2004
8/2004
9/2004
10/2004
11/2004

Petrovic et al.
Lindeman et al.
Harkness et al.
Ohata et al.
Haitsma et al.
Elabbady et al.
Ellis

Ikezoye et al.
Kalker et al.
Wold

Wold et al.
Rhoads et al.
Schmelzer
Wheeler ct al.
Haining

Sull et al.
Ramaswamy
Lee

Moskowitz et al.

Schmelzer
Schmelzer
Lienhart et al.
Harkness et al.
Kenyon et al.
Schmelzer et al.
Wang et al.
Schrempp et al.
lkezoye et al.

Moskowitz et al.

Wold

‘Wold

Wold et al.
Tota et al.
Rhoads
Schein et al.
Girouard et al.

Moskowitz et al.

Tota et al.

Shoffetal. ....ccocoes 725/51

Pingel et al.
Moore et al.
Mowry
Kenyon et al.
Miller et al.
Cox

Margolus et al.
Liwerant et al.
Ellis

Pitman et al.

Lowenstein et al.

Peled et al.
Logan

Ward et al.
Felts et al,
Lawrence et al.

McCartney et al.

Rhoads
Williamson
Schmelzer
Abajian
Logan et al.
T.ee et al.
Moreno

Kanchirayappa et al.

Ellis ct al.
Zhou et al.
Ozick

Donian et al.
Van Vleck et al.
Ellis et al.
Ccrrato
Schrempp et al.
Pearlman et al.

Wangetal. ................ 704/243

Slater et al.

2004/0243540 Al 12/2004 Moskowitz et al.
2005/0044189 Al 2/2005 Ikezoye et al.
2005/0080846 Al 4/2005 McCleskey et al.
2005/0102515 Al 5/2005 Jaworski cf al.
2005/0154892 Al 7/2005 Mihcak et al.
2005/0160363 Al 7/2005 Bhogal et al.
2005/0193016 Al 9/2005 Seet et al.
2005/0213826 Al 9/2005 Neogi
2005/0246752 Al 11/2005 Liwerant et al.
2005/0289065 A1 12/2005 Weare
2006/0031870 Al 2/2006 Jarman et al.
2006/0080356 Al 4/2006 Burges et al.
2006/0085816 Al 4/2006 Funk et al.
2006/0101069 Al 5/2006 Bell et al.
2006/0110137 Al 5/2006 Tsuda el al.
2006/0187358 Al 8/2006 Lienhart et al.
2006/0195859 Al 8/2006 Konig et al.
2006/0195860 Al 8/2006 Fldering et al.
2006/0206462 Al 9/2006 Barber
2006/0212927 Al 9/2006 Riku et al.
2006/0271947 Al  11/2006 Lienhart et al.
2007/0041667 Al 2/2007 Cox
2007/0071330 Al 3/2007 Oostveen et al.
2007/0083510 Al 4/2007 McArxdle
2007/0101360 Al 5/2007 Gutta et al.
2007/0118375 Al 5/2007 Kenyon et al.
2007/0124698 Al 5/2007 Majumder
2007/0130580 Al 6/2007 Covell et al.
2007/0180537 Al 8/2007 Heetal.
2007/0203911 Al 8/2007 Chiu
2007/0282472 Al 12/2007 Seldman
2007/0288518 Al  12/2007 Crigler et al.
2008/0052783 Al 2/2008 Levy
2008/0091684 Al 4/2008 Ellis et al.
2008/0250241 A1 10/2008 Ginter et al.
2009/0052784 Al 2/2009 Covell et al.

FOREIGN PATENT DOCUMENTS

EP 1485 815 Bl 7/2009
GB 2369203 A 5/2002
JP 2003-242281 8/2003
wO 94/06084 Al 3/1994
wO 99/50778 Al  10/1999
wO W00122730 Al 3/2001

woO WO 2002/011033 Al 2/2002
wo WO 2002/103968 A1 12/2002

OTHER PUBLICATIONS
Yossi Rubner ctal., “Adaptive Color Image Embeddings for Databasc
Navigation*,” Proceedings of the 1998 IFFF, Asian Conference on
Computer Vision.
Roger Weber et al., “A Quantitative Analysis and Performance Study
for Similarity-Search Methods in High Dimensional Spaces,” Pro-
ceedings of 24th VLDB Conference, 1998.
P. Yianilos, “Data Stnuctures and Algorithms for Nearest Neighbor
Search in General Melric Spaces,” Proceedings of the ACM-SIAM
Symposium on Discrete algorithms, 1993, pp. 311.321.
Peter N.Yianlos, Excluded Middle Vantage Point Forests for Nearest
Neighbor Search, Jul. 20, 1998, pp. 1-12.
Peter N. Yianlos “T.ocally Lifting the Curse of Dimensionality for
Nearest Neighbor Search” SODA 2000, pp. 361-370.
L. Baum et al., “A Maximation Technique Occuring in the Statistical
Analysis of Probabilistic Functions of Markov Chains,” The Annals
of Mathematical Statistics, vol. 41, No. 1, pp. 164-171 (1970).
A. P. Dempster et al., “Maximum Likelihood from Incomplete Data
via the $EMS$ Algorithm,” Journal of the Royal Statistical Society,
Series B (Methodological), vol. 39, Issue 1, pp. 1-38 (1977).
D. Reynolds et al., “Robust Text-Independent Speaker Identification
Using Gaussian Mixture Speaker Models,” ICEE Transactions on
Speech and Audio Processing, vol. 3, No. 1, pp. 72-83 (Jan. 1995).
D. Bouktache, “A fast Algorithm for the nearest neighbor classifier”
IEEE Transactions on Pattern Analysis and Machine Intelligence,
Mar. 1997, pp. 277-282.
Nene et al., “A simple algorithm for nearest neighbor search in high
dimensions,” IEEE Transactions on Pattern Analysis and Machine
Intelligence, Sep. 1997, pp. 989-1003.



US 8,640,179 B1
Page 4

(56) References Cited
OTHER PUBLICATIONS

Sunil Arya et al., “Approximate Nearest Neighbor Queries in Fixed
Dimensions,” Proceedings of the 4th annual ACM-SIAM Sympo-
sium on Discrete algorithms, 1993, pp. 271-280.

K. Fukunaga et al., A branch and bound algorithm for computing
k-nearest neighbors, IEEE Trans. Comput., C24:750-753, Jul. 1975.
Charles D. Feustel et al., “The nearest neighbor problem in an
abstract metric space,” Pattern Recognition Letters, pp. 125-128,
Dec. 1982.

Dennis Shasha et al., “New Techniques for Best-Match Retrieval.”
ACM Transactions on Information Systems, 8(2); 140{158, Apr.
1990.

J. Uhlmann, “Satisfying general proximity / similarity queries with
melric trees”. Information Processing Letters, 40 (4): 175{9, Nov.
1991.

Sergey Brin, “Near Neighbor Search in Large Metric Spaces,” Pro-
ceedings of the 21st VLDB Conference, Zurich, Switzerland, Sep.
1995.

Daniel P. Huttenlocher, et al, “Comparing lmages Using the
Hausdorft Distance,” IEEE Transactions on Pattern Analysis and
Machine Intelligence, vol. 15, No. 9, pp. 850-863, Sep. 1993.
Thomas Seidl et al., “Optimal Multi-Step K-Nearest Neighbor
Search,” Proceedings of ACM SIGMOD International Conference of
Management of Data, Jun. 1998, pp. 154-165.

W. A. Burkhard et al., “Some Approaches to Best-Match File Search-
ing,” Communications of the ACM, vol. 16, No. 4, Apr. 1973.

Eyal Kushilevitz et al., “Efficient Search for Approximate Nearest
Neighbor in High Dimensional Spaces,” Proceedings of the 30th
annual ACM Symposium on the Theory of computing, 1998, pp.
457-474, vol. 30, No. 2.

J. Nievergelt et al., “The Grid File: An Adaptable, Symmetric
Multikey File Structure,” ACM Transactions on Database Systems,
vol. 9, No. 1, pp. 38-71 (Mar. 1984).

Nevin lleintze, “Scalable Document Fingerprinting,” Proc. USENTX
Workshop on Electronic Commerce (1996).

Erling Wold et al,, “Content-Based Classification, Search, and
Retrieval of Audio,” IEEE Multimedia, vol. 3, Issue 3, pp. 27-63
(1996).

BirBhanu et al., “Leaming Feature Relevance and Similarity Metrics
in Image Databases,” Proceedings of the IEEE Workshop on Content-
Based Access of Image and Video Libraries, pp. 14-19 (1998).

A. Del Bimbo et al., “Using Weighted Spatial Relationships in
Retrieval by Visual Contents,” Image Description and Retrieval, pp.
161-192 (1998).

P. Indyk et al., “Approximate Nearest Neighbors: Towards Removing
the Curse of Dimensionality,” Proceeding of the Thirtieth Annual
ACM Symposium on Theory of Computing, pp. 604-613 Jul. 21,
1999.

Marco La Cascia, “Combining Textual and Visual Cues for Content-
based Image Retrieval on the World Wide Web,” Proceedings of the
IEEE Workshop on Content-Based Access of Image and Video
Librarics, pp. 24-29 (1998).

Atsuo Yoshitaka et al., “A Survey on Content-Based Retrieval for
Multiinedia Databases,” IEEE Transactions on Knowledge and Data
Engineering, vol. 11, No. 1, pp. 81-93 (Jan./Feb. 1999).

Steve Lawrence ef al., “Digital Libraries and Automonous Citation
Indexing,” IEEE Computer, pp. 67-71 (Jun. 1999).

Akisato Kimura et al., “Very Quick Audio Searching: Introducing
Global Pruning to the Time-Series Active Search,” IEEE Conf on
Acoustics, Speech and Signal Processing, (ICASSP *01), vol. 3, pp.
1429-1432, 2001.

Edgar Chavez et al., “Searching in Metric Spaces,” ACM Computing
Surveys, vol. 33, No. 3, pp. 273-321 (Sep. 2001).

Jaap Haitsma et al,, “Robust Audio Hashing for Content Identifica-
tion,” Workshop on Content Based Multimedia Indexing, Brescia,
Italy (Sep. 19-21,2001).

Jaap Haitsma et al.. “A Highly Robust Audio Fingerprinting System,”
Journal of New Music Research, 1744-5027. vol. 32, Issue 2, pp.
211-221 (2003).

Saul Schieimer et al., “Winnowing: I.ocal Algorithms for Document
Fingerprinting,” ACM SIGMOD, Jun. 9-12. 2003.

Edward Chang ct al., “Scarching Near-Replicas of Images via Clus-
tering.” SPIE Symposium of Voice, Video and Data Communica-
tions, 1999.

EdwardY. Chang et al., “RIME: A Replicated Image Detector for the
World-Wide Web,” SPIE, 1998.

Hector Garcia-Molina et al., “Safeguarding and Charging for Infor-
mation on the Internet.” Proceedings of ICDE, 1998.

Sergey Brin et al., “Copy Detection Mechanisms for Digital Docu-
ments,” Proceedings of ACM SIG-MOD, May 1995.

Stefan Berchtold “The x-tree: An Index Structure for High-Dimen-
sional Data,” Proceedings of the 22nd VLDB, Aug, 1996.

Norio Katayama et al., “The SR-tree: An Index Structure for High-
Dimensional Nearest Neighbor Queries,” Proceedings of ACM
SIGMOD, May 1997.

John T. Robinson, “The K-D-B-Tree: A Search Structure for Large
Multidimensional Dynamic Indexes,” Proceedings of ACM
SIGMOD, Apr. 1981.

Myron Flickner et al., “Query by Image and Video Content: The
QBIC System,” IEEE Computer 28(9), pp. 23-32, 1995.

Amarnath Gupta et al., “Visual Information Retrieval,” Communica-
tions of the ACM, vol. 40, No. 5, pp. 69-79, May 1997.

John R. Smith et al., “Visual SEEk: A fully automated content-based
image query system,” ACM Mullimedia Conference, 1996.

David A. White et al., “Similarity Indexing: Algorithms and Perfor-
mance,” Proc. SPIE, vol. 2670, San Diego, 1996.

Norbert Beckimann et al.. “The R*-tree: An Efficient and Robust
Access Mcthod for Points and Rectangles,” Proceedings of ACM
Sigmod, May 1990.

A. Guttman, “R-Trees: A Dynamic Index Structure for Spatial
Searching,” Proceedings of ACM Sigmod, Jun. 1984.

David A. White et al., “Similarity Indexing with the SS-tree’,” Pro-
ceedings of the 12th ICDE, Feb. 1996,

King Lin et al., “The TV-Tree: An Index Structure for High-Dimen-
sional Data.” VLDB, Journal 3, No. 4, 1994, pp. 517-542.

Paolo Ciaccia et al., “M-tree: An Efficient Access Method for Simi-
larity Search in Metric Spaces,” Proceedings of the 23rd VL.DB, Aug.
1997.

Nick Roussopoulos et al., Nearest Neighbor Queries, Proceedings of
ACM Sigmod, May 1995.

C.Lietal, “An extensible hashing index for high-dimensional simi-
larity search,” Stanford Techncial Report, Aug. 1998.

Jon M. Kleinberg, “Two Algorithms for Nearest-Neighbor Search in
High Dimensions,” Proc 29th Stoc, Feb. 7, 1997.

U.S. Appl. No. 60/222.023, filed Jul. 31, 2000; Avery Li-Chun Wang
and Julius O. Smith III, Inventors; Palo Alto, CA.

Liu et al., “An Investigation of Practical Approximate Nearest Neigh-
bor Algorithms”, Advances in Neural Information Processing Sys-
tems (N1PS) 2004.

K.L. Clarkson, “Nearest-Neighbor Searching and Metric Space
Dimensions”, Nearest-Neighbor Methods for Learning and Vision:
Theory and Practice:, Apr. 2005.

Swaminathan et al.. “Robust an Secure Image Hashing”, IEEE Trans-
actions on Information Forensics and Security, Jun. 2006, pp. 215-
230, vol. 1, No. 2.

Burges et al., “Duplicate Detection and Audio Thumbnails with
Audio Fingerprinting” [online]. 2004, [retrieved on Nov. 21, 2006].
Retricved on the Internct: <URL: www.rescarch.microsoft.com/
churges/tech__reports/tr-2004-19.pdf>, 5 pages.

Cana ¢t al, “A Review of Algorithms for Audio Fingerprinling™
[online]. 2002, [retrieved on Nov. 21, 2006]. Retrieved from the
Internet: <URL: www.ina.upf.es/mtg/publications’/MMSP-2002-
pcano.pdf>, 5 pages.

Haitsma and Kaiker, “A Highly Robust Audio Fingerprinting Sys-
tem” [online]. 2002, [retrieved on Nov. 16, 2006]. Retrieved from the
Internet: <url: www.ismir2002.ismir.net/proceedings/02-FP04-2.
pdf>, 9 pages.

Jacobs ¢l al., “Fast Multircsolution Image Querying” [onlinc]. 1995,
[retrieved on Nov. 21, 2006]. Retrieved from the Internet: <UJRI :
www.grail.cs.washington.edu/projects/query.pdf>, 10 pages.



US 8,640,179 B1
Page 5

(56) References Cited
OTHER PUBLICATIONS

Ke et al., “Computer Vision for Music Identification” [oaline]. 2005,
[retrieved on Nov. 21, 2006]. Retrieved from the Internet: <URL:
www.cs.cmu.edu/~yke/musicretrieval/cvpr2005-1nr.pdf>, 8 pages.
Shazam, Shazam Enterprise Brings Music Recognition to Windows
Mobile 5.0 Powered Smartphones [online]. 2006, [retrieved on Nov.
16, 2006). Retricved from the Intcrnet: <URL: www.shazam.com/
music/portal/sp/s/media-type/html/user/anon/page/defanlt/tem-
plale/pages/p/company_ release30.html>, | page.

Stanford, “CS276 Information Retrieval and Web Mining” [online].
2005, [retrieved on Nov. 16, 2006] Retrieved from the Internet:
<URL: www.stanford.cdu/class/cs276/handouts/lecturc19.pdf>, 8
pages.

Stanford, “Data Mining: Associations™ [online], 2002, [retrieved on
Nov. 16, 2006]. Retrieved from the Internet: <URL: www.stanford.
edu/class/cs206/cs206-2.pdf>, 11 pages.

Stollnitz ct al., Wavclets for Computer Graphics: A Primer, Part 1:
[online]. 1995, [retrieved on Nov. 21, 2008]. Retrieved from the
Internet: <URL: www.grail.cs.washington.edu/pub/stoll/wavelet].
pdf>, 8 pages.

Stollnitz et al., Wavelets for Computer Graphics: A Primer, Part 2:
[online]. 1995, [retrieved on Nov. 21, 2006]. Retrieved from the
Internet: <URL: www.grail cs.washington.edu/pub/stoll/wavelet?.
pdf>, 9 pages.

Yang, “MACS: Music Audio Characteristic Sequence Indexing for
Similarity Retrieval”, Oct. 21-24, 2001, New Peitz, New York.
Viola and Janes, Robust Real-Time Object Detection, Iat. J. Com-~
puter Vision. 2002.

Burges et al., “Using Audio Fingerprinting for Duplicate Detection
and Thumbnail Generation,” Mar. 2005, 4 pages.

Lin. et al.. Input Data Representation for Self-Organizing Map in
Software Classification, Knowledge Acquisition and Modeling,
2009. KAM *09. Second International Symposium on vol. 2, Digital
Object Identified: 10.11 09/KAM.2009.151 Publication Year: 2009,
pp- 360-353.

Baiujaetal., “Content Fingerprinting Using Wavelets”, 3rd European
Conference on Visual Media Production. 2006, pp. 198-207.
Cohen et al.. “Finding Interesting Associations without Support
Pruning”, IEEE Transactions on Knowledge and Data Engineering,
2001, pp. 64-78, vol, 13, issue 1.

Yang, Efficient Video ldentification based on locality sensitive hash-
ing and triangle inequality, National University of Singapore, 2005,
pp. 1-64.

U.S. Appl. No. 60/304.647, filed Jul. 10, 2001.

U.S. Appl. No. 60/281,881, filed Apr. 5, 2001.

Metadata Mediation: Representation and Protocol, Tsuyoshi Sakata,
Hiroyuki Tada, Tomohisa Ohtake, Digital Vision Laboratories, 7-3-
37 Akasaka, Minato, Tokyo, Japan.

U.S. Appl. No. 13/800,573, filed Mar. 13, 2013.

U.S. Appl. No. 13/800,890, filed Mar. 13, 2013.

11.S. Appl. No. 13/829,717, filed Mar. 14, 2013.

U.S. Appl. No. 13/830,447, filed Mar. 14, 2013.

U.S. Appl. No. 13/830,626, filed Mar. 14, 2013.

U.S. Appl. No. 13/830,986, filed Mar. 14, 2013.

U.S. Appl. No. 13/842,068, filed Mar. 15, 2013.

U.S. Appl. No. 13/338,079, filed Dec. 27, 2011.

U.S. Appl. No. 60/134,782, filed May 19, 1999.

U.S. Appl. No. 60/193,948, filed Mar. 31, 2000.

U.S. Appl. No. 60/195,535, filed Apr. 7, 2000.

U.S. Appl. No. 60/206,384, filed May 23, 2000.

U.S. Appl. No. 60/221,843, filed Jul. 28, 2000.

U.S. Appl. No. 60/133,247, filed May 5, 1999.

U.S. Appl. No. 60/155,064, filed Sep. 21, 1999.

U.S. Appl. No. 60/218.824, filed Jul. 18, 2000.

Indyk, Piotr et al., “Locality-Preserving Ilashing in Multidimen-
sional Spaces,” Feb. 25, 1997.

Gibson, David, “Name That Clip: Music retrieval using audio clips.”
Aug. 19, 1999,

Declaration of David A. Gibson, Inter Partes Review of 1J.S. Patent
7,174,293, Aug. 30, 2013.

Declaration of David A. Gibson, Inter Partes Review of U.S. Patent
7,783,489, Aug. 30, 2013.

Intersil, “Glossary of Communication Terms,” Dec. 1996.
Declaration of Dr. Ton Kalker, Inter Partes Review of U.S. Patent
7,174,293, Aug. 30, 2013.

Declaration of Dr. Ton Kalker, Inter Partes Review of U.S. Patent
7,783,489, Aug. 30, 2013.

Ardizzone, Edoardo et al., “Motion and Color-Based Video Indexing
and Retrieval,” Universita di palermo, Departimento di Ingegneria
Elettrica, pp. 135-139, Viale delle Scienze, Palermo, Italy, IEEE
1996.

Deng, Yining et al., “Content-based Search of Video Using Color,
Texture, and Motion,” Dept. of Electrical and Computer Engineering,
University of California, Santa Barbara, CA pp. 534-537,1EEE 1997,
Fang, Min et al., “Computing Iceberg Queries Efficiently,” Dept. of
Computer Science, Stanford, CA, Paper No. 234, ppl-25.

Flickner, Myron et al., “Query by Image and Video Content: The
QBIC System,” IBM Almaden Research Center, Sep. 1995, pp.
23-32, IEEFE 1995.

Gargi, U el al., “Performance Characterization and Comparison of
Video Indexing Algorithms,” Dept. of Computer Science & Engi-
neering, The Pennsylvania State University, University Park, PA.
Gionis, Aristides et al., “Similarity Search in High Dimensions via
Hashing,” Dept. of Computer Science, Stanford University, Stanford,
CA, pp. 518-529, Proceeding of the 25th VLDB Conference,
Edinburgh, Scotland, 1999.

Indyk, Piotr et al., “Approximate Nearest Neighbors: Towards
Removing the Curse of Dimensionality” (preliminary version) Dept.
of Computer Science, Stanford University, Stanford, CA, pp. 1-13 &
=vii, Jul. 21, 1999.

Iyengar, Giridharan et al., “Models for automatic classification of
video sequences,” MIT Media Laboratory, Cambridge, MA.

Jain, Anil K., et al., “Image Retrieval using Color and Shape,” Dept.
of Computer Science, Michigan State University, Eas Lansing, MI,
pp. 1-24, May 15, 1995.

Ogle, Virginia E., et al., “Chabot: Retrieval from a Relational Data-
base of Images,” University of California at Berkeley, Computer pp.
40-48, ICLE 1995.

Pentland, A. et al., “Photobook: Content-Based Manipulation of
Image Databases,” Perceptual Computing Section, the Media Labo-
ratory, Massachusetts Institute of Tech., International Journal of
Computer Vision 18(3), pp. 233-254 (1996), 1996 Kluwer Academic
Publishers. Manuf. In the Netherlands.

Shivakumar, Narayanan et al., “Scam: a Copy Detection Mechanism
for Digital Documents,” Dept. of Computer Science, Stanford Uni-
versity, Stanford, CA, pp. 1-13.

Shivakumar, Narayanan et al., “Building a Scalable and Accurate
Copy Detection Mechasism,” Dept. of Computer Science, Stanford
University, Stanford, CA.

Srihari, Rohini K., “Automatic Indexing and Content-Based
Retrieval of Captioned Images,” State University of New York, Buf-
falo, Theme Feature, pp. 49-56, Sept. 1995, IEEE 1995.

Swain, Michael and Ballard, Dana H., “Color Indexing.” Interna-
tional Journal of Computer Vision 7:1, p. 11-32 (1991), 1991 Kluwer
Academic Publishers. Manuf. in the Netherlands.

Wactlar, Howard D. et al., “Intelligent Access to Digital Video:
Informedia Project,” Carnegie Mellon University, Digital Library
Initiative: Carnegie Mellon University, Computer, pp. 46-52, IEEE
1996.

Yeo, Boon-Lock et al., “Rapid Scene Analysis on Compressed
Video.” IEEE Transactions on Circuits and Systems for Video Tech-
nology, vol. 5, No. 6, pp. 533-544, Dec. 1995, Dept. of Electrical
Engineering, Princeton Universily, Princeton, NJ, IEEE Log No.
9415901.

Indyk, Piotr et al., “Finding pirated video sequences on the Internet.”
Dcpt. of Computcr Scicnce, Stanford University, Palo Alto, CA,
Paper No. 199.

* cited by examiner



U.S. Patent Jan. 28, 2014 Sheet 1 of 10 US 8,640,179 B1

WORK @t1

WORK @t2

FEATURE
EXTRACTION
OPERATION(S

122

124

DATABASE
GENERATION
140 OPERATION(S)

120

150

FEATURE
(VECTOR) EXTRACTION
OPERATION(S)

FEATURE
(VECTOR) LOOKUP
OPERATION(S)

A,
L,

. 114
FEATURE(S) (VECTOR) | WORK ID | </~

160

WORK-ASSOCIATED
INFORMATION LOOKUP
OPERATION(S)

DATABASE
GENERATION

QPERATION(S)
WID-ACTION

INFORMATION

WORK ID | ASSOCIATED INFORMATION (e.9., ACTION) [ =g

ACTION
INITIATION 100
OPERATION(S)

FIGURE 1

170



U.S. Patent Jan. 28, 2014 Sheet 2 of 10 US 8,640,179 B1

SATELLITE, CABLE
OR TERRESTRIAL |

TV BROADCAST ‘ USER COMPUTER,
; SET-TOP-BOX OR
EQUIVALENT
— | d =
1402

FEATURE
(VECTOR)

EXTRACTION
OPERATION(S

FEATURE
(VECTOR) LOOKUP
OPERATION(S)

" TMONITORING CENTER |

ASSOCIATED

1zoa1133a 130a

| DATABASE INFORMATION

GENERATION LOOKUP
| PERATION |
I 110a' 1302 I I
| I I ACTION

INITIATION
| OPERATION(S) 170a
WID WIDAT

| DATABASE DATABASE
L 210

FIGURE 2



U.S. Patent Jan. 28, 2014 Sheet 3 of 10 US 8,640,179 B1

SATELLITE, CABLE |"'" - - - - -/
220 OR TERRESTRIAL
TV BROADCAST I USER COMPUTER,
SET-TOP-BOX OR
EQUIVALENT

FEATURE
(VECTOR)
EXTRACTION
OPERATION(S

FEATURE
(VECTOR) LOOKUP
OPERATION(S)

ACTION
INITIATION
OPERATION(S)

'MONITORING CENTER

DATABASE
GENERATION
OPERATION(S)

WORK-ASSOCIATED
INFORMATION LOOKUP
OPERATION(S)

1100

wIiD

DATABASE DATABASE

I

|

| FIGURE 3

| - |
s



U.S. Patent Jan. 28, 2014 Sheet 4 of 10 US 8,640,179 Bl

SATELLITE, CABLE r - - — — — — — — "
OR TERRESTRIAL
420 TV BROADCAST I USER COMPUTER
SET-TOP-BOX OR
EQUIVALENT
170¢c

430

FEATURE
(VECTOR)
EXTRACTION

ACTION
INITIATION
OPERATION(S)

— —— ————— —— s—

FEATURE
(VECTOR) LOOKUP
OPERATION(S)

WORK-ASSOCIATED
INFORMATION LOOKUP
OPERATION(S)

DATABASE
GENERATION
OPERATION(S)

110¢c WIDAT 130c

DATABASE

wiD
DATABASE

MONITORING CENTER

—— — — —— — t— — o ——— — — r— . . e e —

FIGURE 4



U.S. Patent Jan. 28, 2014 Sheet 5 of 10 US 8,640,179 B1

WORK (WITH WORK REAL-TIME (CENTRALIZED) MONITORING
EXTRA-WORK FEATURE 140d
INFOMRATION) (VECTOR) EXTRACTION
OPERATION(S)
EXTRA-WORK
INFORMATION
FEATURE
(VECTOR) LOOKUP
OPERATION(S) FEATURE(S)
INFORMATION (VECTOR) 1D
RELATED TOWORK | 5§23 59 : — "
EXTRAWORK | WORK : , 112d
INFORMATION | 1D_| <,
- 560 W
DATABASE 580
ENERATION
EXTRA-WORK INFORMATION SENE AB;I\ON(S 520
AGGREGATION OPERATION(S)
540
QUERY,
INFORMATION
LOOKUP
OPERATION(S)
EXTRA-WORK
o INFORMATION (VECTOR) | WORKID | <™ 512
550 ‘ : 538

DATABASE
GENERATION
OPERATION(S)

WORK-ASSOCIATED
INFORMATION LOOKUP
OPERATION(S)

WIDAT

INFORMATION

o
-
o
o
o
P
.’
-
-
o
~

WORK ID | ASSOCIATED INFORMATION (e.g, ACTION) | o5 232

s 53—
FIGURE 5

ACTION
INITIATION
OPERATION(S)
570



U.S. Patent Jan. 28, 2014 Sheet 6 of 10 US 8,640,179 B1

SATELLITE, CABLE - — -

OR TERRESTRIAL |
620 TV BROADCAST

SET-TOP-BOX OR
EQUIVALENT

610

5403

EXTRA-WORK INFORMATION
AGGREGATION OPERATION(S)

570a

ACTION
INITIATION
OPERATION(S)

USER COMPUTER,

2
— — e — e s e e

WORK-ASSOCIATED
INFORMATION LOOKUP
OPERATION(S)

WD 110e
DATABASE

< >

QwiD
DATABASE

§20a/538a

570a

WIDAT
DATABASE

DATABASE
GENERATION
OPERATION(S

MONITORING AND QUERY RESOLUTION CENTER

oaa” FIGURE 6



U.S. Patent Jan. 28, 2014 Sheet 7 of 10 US 8,640,179 Bl

— — — — — —— —— —

SATELLITE, CABLE ~ ")SER COMPUTER, SET-TOP-BOX OR EQUIVALENT
OR TERRESTRIAL I

TV BROADCAST

720

570b

ACTION
INITIATION
OPERATION(S)

LOOKUP
OPERATION(S)

WORK-ASSOCIATED
INFORMATION LOOKUP

OPTIONAL | 556!3
OPERATION(S)

PRIVATE
| NETWORK |

DATABASE

745 l

DATABASE
GENERATION
OPERATION(S

WIDAT
DATABASE

—— ———— f———

I__MONITORING CENTER _ |

FIGURE 7 7402 740"\,\1

DATABASE
GENERATION
OPERATION(S

— — — — ——— ——— — em——



U.S. Patent Jan. 28, 2014 Sheet 8 of 10 US 8,640,179 B1

820 SATELLITE, CABLE
OR TERRESTRIAL
TV BROADCAST
sso\’\
‘ I
SATELLITE TV BROADCAST
840a 810
MONITORING | S~ \A|
CENTER HOME VIEWERS
830
812
840b
850 \A| E:COMMERCE
DATABASE OR OTHER WEB
CENTER SITE

£Q0

FIGURE 8



US 8,640,179 B1

Sheet 9 of 10

Jan. 28, 2014

U.S. Patent

6 34NOIl4

G296} ‘Al ¥HOM

08V T13NNVYHO

AN F0V1d

108 ‘JNIL

$OS0T At HHOM

13108 “I3NNVHO

€2061 0l Mdom

O9VOIHD :30V1d

O8N I3NNVHO

P51 (QH MHOM

€08 ‘:INLL

AN 30V7d

S89 T1INNVYHO

LO'8 :INIL

V1 :30Vd

00:8 ‘NI L[e—

H3IALNIAI XHOM

TANNVHD

A0vd

JNIL




U.S. Patent

Jan. 28, 2014 Sheet 10 of 10

UNIQUE ID: 15642

PRODUCT: COCA COLA

CATEGORY: SODA

MANUFACTURER: COCA COLA

URL http://www.cocacola.com

OTHER DATA

79 9 9 7 9

100

———tl

FIGURE 10

US 8,640,179 B1

1010
1020
1030
1040
1050

1060



US 8,640,179 Bl

1
METHOD FOR USING EXTRACTED
FEATURES FROM AN ELECTRONIC WORK

§0. RELATED APPLICATIONS

The present application is a continuation of U.S. patent
application Ser. No. 11/977,202 (incorporated herein by ref-
erence), titled “IDENTIFYING WORKS, USING A SUB-
LINEAR TIME SEARCH, SUCH AS AN APPROXIMATE
NEAREST NEIGHBOR SEARCH, FOR INITIATING A
WORK-BASED ACTION, SUCHASAN ACTIONON THE
INTERNET”, filed Oct. 23, 2007, and listing Ingemar J. Cox
as the inventor, which is a continuation of U.S. patent appli-
cation Ser. No. 11/445,928 (incorporated herein by refer-
ence), titled “USING FEATURES EXTRACTED FROM AN
AUDIO AND/OR VIDEO WORK TO OBTAIN INFORMA-
TION ABOUT THE WORK.,” filed on Jun. 2, 2006, and
listing Ingemar J. Cox as the inventor, which is a continua-
tion-in-part of U.S. patent application Ser. No. 09/950,972
(incorporated herein by reference, issued as U.S. Pat. No.
7,058,223 on Jun. 6, 2006), titled “IDENTIFYING WORKS
FOR INITIATING A WORK-BASED ACTION, SUCH AS
AN ACTION ON THE INTERNET,” filed on Sep. 13, 2001,
and listing Ingemar J. Cox as the inventor, which application
claims benefit to the filing date of provisional patent applica-
tion Ser. No. 60/232,618 (incorporated herein by reference),
titled *“Identilying and linking television, audio, print and
other media to the Tnternet”, filed on Sep. 14, 2000 and listing,
Ingemar J. Cox as the inventor.

§1. BACKGROUND OF THE INVENTION
§1.1 Field of the Invention

The present invention concerns linking traditional media to
new interactive media, such as that provided over the Internet
for example. In particular, the present invention concerns
identifying a work (e.g., content or an advertisement deliv-
ered via print media, or via a radio or television broadcast)
without the need 1o modify the work.

§1.2 Related Art

§1.2.1 Opportunities Arising [rom Linking Works
Dclivered Via Somc Traditional Media Channcl or
Conduit to a More Interactive System

The rapid adoption of the Internet and associated World
Wide Web has recently spurred interest in linking works,
delivered via traditional media channels or conduits, to a
more interactive system, such as the Internet for example.
Basically, such linking can be used to (a) promote commerce,
such as e-commerce, and/or (b) enhance interest in the work
itself by facilitating audience interaction or participation.
Commerce opportunities include, for example, facilitating
the placement of direct orders for products, providing product
coupons, providing further information related to a product,
product placement, etc.

In the context of e-commerce, viewers could request dis-
count vouchers or coupons for viewed products that are
redeemable at the point of purchase. E-commerce applica-
tions also extend beyond advertisements, It is now common
for television shows to include product placements. For
example, an actor might drink a Coke rather than a Pepsi
brand of soda, actors and actresses might wear designer-
labeled clothing such as Calvin Klein, etc. Viewers may wish
1o purchase sinnlar clothing but may not necessarily be able o
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identify the designer or the particular style directly from the
show. However, with an interactive capability, viewers would
be able to discover this and other information by going to an
associated Web site. The link to this Web site can be auto-
matically enabled using the invention described herein.

In the context of facilitating audience interaction or par-
ticipation, there is much interest in the convergence of tele-
vision and computers. Convergence encompasses avery wide
range of capabilitics. Although a significant cffort is becing
directed to video-on-demand applications, in which there is a
unique video stream for each user of the service, as well as to
transmitting video signals over the Internet, there is also
interest in enhancing the television viewing experience. To
this end, there have been a number of experiments with inter-
active television in which viewers can participate in a live
broadcast. There are a variety of ways in which viewers can
participate. For example, during game shows, users can
answer the questions and their scores can be tabulated. In
recent reality-based programming such as the ABC television
game show, “Big Brother”, viewers can vote on contestants
who must leave the show, and be eliminated from the com-
petition.

§1.2.2 Embedding Work Identifying Code or Signals
within Works

Known techniques of linking works delivered via tradi-
tional media channels to a more interactive system typically
require some type of code, used to identify the work, to be
inserted into the work before it s delivered via such tradi-
tional media channels. Some examples of such inserted code
include (i) signals inserted into the vertical blanking interval
(“VBI”) lines of a (e.g., N'1SC) television signal, (ii) water-
marks embedded into images, (iii) bar codes imposed on
images, and (iv) tones embedded into music.

The common technical theme of these proposed imple-
mentations is the insertion of visible or invisible signals into
the media that can be decoded by a computer. These signals
can contain a variety of information. In its most direct form,
the signal may directly encode the URL. of the associated Web
site. However, since the alphanumeric string has variable
length and is not a particularly efficient coding, it is more
common to encode a unique ID. The computer then accesses
a database, which is usually proprietary, and natches the ID
with the associated web address. This databasc can be con-
sidered a form of domain name server, similar to those
already deployed for network addresses. However, in this
case, the domain name server is proprietary and the addresses
are unique 1D’s.

There are two principal advantages to encoding a propri-
etary identifier into content. First, as previously mentioned, it
is a more efficient use of the available bandwidth and second,
by directing all traflic o a single Web site that conlains the
database, a company can maintain control over the technol-
ogy and gather useful statistics that may then be sold to
advertisers and publishers.

As an example of inserting signals into the vertical blank-
ing interval lines of a television signal, RespondTV of San
Francisco, Calif. embeds identification information into the
vertical blanking interval of the television signal. The VBI is
part of the analog video broadcast that is not visible to tele-
vision viewers. For digital television, it may be possible to
encode the information in, for example, the motion picture
experts group (“MPEG”) header. In the USA, the vertical
blanking interval is currently used to transmit close-caption-
ing information as well as other information, while in the UK,
the VBT is used (o transmit teletext information. Although the
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close captioning information is guaranteed to be transmitted
into the home in America, unfortunately, other information is
not. This is because ownership of the vertical blanking inter-
val is disputed by content owners, broadcasters and local
television operators.

As an example of embedding watermarks into images,
Digimarc of Tualatin, Oreg. embeds watermarks in print
media. Invisible watermarks are newer than VBI insertion,
and have the advantage of being independent of the method of
broadcast. 1hus, once the information is embedded, it should
remain readable whether the video is transmitted in NTSC,
PAL or SECAM analog formats or newer digital formats. It
should be more reliable than using the vertical blanking inter-
val in television applications. Unfortunately, however, water-
marks still require modification of the broadcast signal which
is problemalic for a number of economic, logistical, legal
(permission to alter the content is needed) and quality control
(the content may be degraded by the addition of a watermark)
reasons.

As an example of imposing bar codes on images, print
advertisers are currently testing a technology that allows an
advertiscment to be shown to a camcera, scanncr or bar code
reader thal is connected to a personal computer (“PC”). The
captured image is then analyzed to determine an associated
Web site that the PC’s browser then accesses. For example,
GoCode of Draper, Utah embeds small two-dimensional bar
codes for print advertisements. The latter signal is read by
inexpensive barcode readers that can be connected lo a PC.
AirClic of Blue Bell, Pa. provides a combination of barcode

and wireless communication to enable wireless shopping 3

through print media. A so-called “CueCat” reads bar codes
printed in conjunction with advertisements and articles in
Forbes magazine. Similar capabilities are being tested for
television and audio media.

Machine-readable bar codes are one example of a visible 3

signal. The advantage of this technology is that it is very
mature. However, the fact that the signal is visible is often
considered a disadvantage since it may detract from the aes-
thetic of the work delivered via a traditional media channel or
conduit.

As an example of embedding tones into music, Digital
Convergence of Dallas, Tex. proposes to embed identification
codes into audible music tones broadcast with television sig-
nals.

All the foregoing techniques of inserting code into a work
can be categorized as active techniques in that they must alter
the existing signal, whether it is music, print, television or
other media, such that an identification code is also present.
There are several disadvantages that active systems share.
First, there are aesthetic or fidelity issues associated with bar
codes, audible tones and watermarks. More importantly, all
mediamust be processed, before it is delivered to the end user,
10 contain these aclive signals. Even il'a syslem is enthusias-
tically adopted, the logistics involved with inserting bar codes
or watermarks into, say every printed advertisement, are for-
midable.

Further, even if the rate of adoption is very rapid, it never-
theless remains true that during the early deployment of the
system, most works will not be tagged. Thus, consumers that
are early-adopters will find that most media is not identified.
At best, this is frustrating. At worst, the naive user may
conclude that the system is not reliable or does not work atall.
This erroneous conclusion might have a very adverse effect
on the adoption rate,

Further, not only must there be modification to the praduc-
tion process, but modifications must also be made to the
equipment in a user’s home. Again, using the example of
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watermarking of print media, a PC must be fitted with a
camera and watermark detection software must be installed.
In the case of television, the detection of the identification
signal is likely to occur at the set-top-box—this is the equip-
ment provided by the local cable tclevision or satellite broad-
casting company. In many cases, this may require modifica-
tions to the hardware, which is likely to be prohibitively
expensive. For example, the audible tone used by Digital
Convergence to recognize television content, must be fed
directly into a sound card in a PC. This requires a physical
connection between the television and the PC, which may be
expensive or at least inconvenient, and a sound card may have
to be purchased.

§1.2.3 Unmet Needs

In view of the foregoing disadvantages of inserting an
identification code into a work, thereby altering the existing
signal, there is a need for techniques of identifying a work
without the need of inserting an identification code into a
work. Such an identification code can then be used to invoke
a work-related action, such as work-related commerce meth-
ads and/or to increase audience interest by facilitating audi-
ence interaction and/or participation.

§2. SUMMARY OF THE INVENTION

Some embodiments consistent with the present invention
provide a computer-implemented method, apparatus, or com-
puter-executable programs for linking a media work to an
action. Such embodiments might (a) extract features from the
media work, (b) determine an identification of the media
work based on the features extracted using a sub-linear time
search, such as an approximate nearest neighbor search for
example, and (c) determine an action based on the identifica-
tion of the media work determined. In some embodiments
consistent with the present invention, the media work is an
audio signal. The audio signal might be obtained from a
broadcast, or an audio file format. In other embodiments
consistent with the present invention, the media work is a
video signal. The video signal might be obtained from a
broadcast, or a video file format.

In some of the embodiments pertaining to andio files, the
audio file might be an mp3 file or some other digital repre-
sentation of an audio signal. The information might include a
song litle, an album title, and/or a perlormer name.

In some of the embodiments pertaining to video files, the
video file might be an MPEG file or some other digital rep-
resentation of a video signal. The video file might be a video
work, and the information might include a title of the video
work, a director of the video work, and names of performers
in the video work.

§3. BRIEF DESCRIPTION OF THI DRAWINGS

FIG. 1 is a process bubble diagram of operations that may
be performed in accordance with one version of the present
invention, in which intra-work information is used to identify
the work.

FIG. 2 is a block diagram illustrating a first embodiment of
the present invention, in which intra-work information is used
to identify the work.

FIG. 3 is a block diagram illustrating a second embodiment
of the present invention, in which intra-work information is
used 1o identify the work.
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FIG. 4is a block diagram illustrating a third embodiment of
the present invention, in which intra-work information is used
to identify the work.

FIG. 5 is a process bubble diagram of operations that may
be performed in accordance with another version of the
present invention, in which extra-work information is used to
identify the work.

FIG. 6is a block diagram illustrating a fourth embodiment
of the present invention, in which extra-work information is
used to identify the work.

FIG. 7 is ablock diagram illustrating a fifth embodiment of
the present invention, in which extra-work information is
used to identify the work.

FIG. 8 is a block diagram illustrating an environment in
which the present invention may operate.

FIG. 9 is an exemplary data structure in which extra-work
information is associated with a work identifier.

FIG. 10 is an exemplary data structure including work-
related actions.

§4. DETAILED DESCRIPTION

The present invention may involve novel methods, appa-
ratus and data structures for identifying works without the
need of embedding signals therein. Once identified, such
information can be used to determine a work-related action.
The following descriptionis presented to enable one skilled in
the art to make and use the invention, and is provided in the
context of particular embodiments and methods. Various
modifications to the disclosed embodiments and methods will
be apparent to those skilled in the art, and the general prin-
ciples set forth below may be applied to other embodiments,
mcthods and applications. Thus, the present invention is not
intended 1o be limited to the embodiments and methods
shown and the inventors regard their invention as the follow-
ing disclosed methods, apparatus, data structures and any
other patentable subject matter to the extent that they are
patentable.

§4.1 FUNCTIONS

The present invention functions to identify a work without
the need of inserting an identification code into a work. The
present invention may do so by (i) extracting features from the
work to define a feature vector, and (ii) comparing the feature
vector to feature vectors associated with identified works.
Alternatively, or in addition, the present invention may do so
by (1) accepting extra-work information, such as the time of'a
query or of a rendering of the work, the geographic location at
which the work is rendered, and the station that the audience
member has selected, and (ii) use such extra-work informa-
tion to lookup an identification of the work. In either case, an
identification code may be used to identify the work.

The present invention may then function to use such an
identification code to initiatc a work-rclatcd action, such as
for work-related commerce methods and/or to increase audi-
ence interest by facilitating audience interaction and/or par-
ticipation.

§4.2 EMBODIMENTS

As justintroduced in §4.1 above, the present invention may
use intra-work information and/or extra-work information to
identify a work. Once identified, such identification can be
used to initiate an action, such as an action related to com-
merce, or facilitating audience participation or interaction.
Exemplary embodiments of the present invention, in which
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work is recognized or identified based on intra-work infor-
mation, are described in §4.2.1. Then, exemplary embodi-
ments of the present invention, in which work is recognized or
identified based on extra-work information, are described in
§4.2.2.

§4.2.1 Embodiments in which Work is Recognized
Based on Intra-Work Information, Such as a Feature
Vector

Operations related to this embodiment are described in
§4.2.1.1 below. Then, various architectures which may be
used to effect such operations are described in §4.2.1.2.

§4.2.1.1 Operations and Exemplary Methods and
Techniques for Effecting Such Operations

FIG. 1 is a process bubble diagram of operations that may
be performed in accordance with one version of the present
invention, in which intra-work information is used to identify
the work. As shown, a work-identification information stor-
age 110 may include a number of items or records 112. Each
item or record 112 may associate a feature vector of a work
114 with a, preferably unique, work identifier 116. The work-
identification information storage 110 may be generated by a
database generation operation(s) 120 which may, in turn, use
a feature extraction operation(s) 122 to extract features from
awork at a first time (WORK.sub.@t1), as well as a feature-
to-work identification tagging operation(s) 124.

Further, work identifier-action information storage 130
may include a number of items or records 132. Each item or
rccord 132 may associate a, prcefcrably unique, work identi-
fier 134 with associated information 136, such as an action for
example. The work identifier-action information storage 130

5 may be generated by a database generation operation(s) 138

which may, for example, accept manual entries.

As can be appreciated from the foregoing, the work-infor-
mation storage 110 records 112 and the work identification-
action 130 records 132 can be combined into a single record.
That is, there need not be two dalabases. A single database is
also possible in which the work identifier, or a feature vector
extracted from the work, serves as a key and the associated
field contains work-related information, such as a URL for
example.

The feature extraction operation(s) 140 can accept a work,
such as that being rendered by a user, at a second time
(WORK .sub.(@t2), and extract features from that work. The
extracted features may be used to define a so-called feature
vector.

The extracted features, e.g., as a feature vector, can be used
by a feature (vector) lookup operation(s) 150 to search for a
matching feature vector 114. It a match, or a match within a
predetermined threshold is determined, then the associated
work identifier 116 is read.

The rcad work identificr can then be used by a work-
associated information lookup operation(s) 160 to retrieve
associated information, such as an action, 136 associated with
the work identifier. Such information 136 can then be passed
to action initiation operation(s) 170 which can perform some
action based on the associated information 136.

§4.2.1.1.1 Exemplary Techniques for Feature
[xtraction

When the user initiates a request, the specific television or
radio broadcast or printed commercial, each of which is
referred Lo as a work, is first passed o the feature extraction
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operation. The work may be an image, an audio file or some
portion of an audio signal or may be one or more frames or
fields ofa video signal. or a multimedia signal. The purpose of
the feature extraction operation is to derive a compact repre-
scatation of the work that can subsequcntly be uscd for the
purpose of recognition. In the case of images and video, this
feature vector might be a pseudo-random sample of pixels
from the frame or a low-resolution copy of the frame or the
average intensities of n.times.n blocks of pixels. It might also
be a frequency-based decomposition of the signal, such as
produced by the Fourier, wavelet and or discrete cosine trans-
forms. It might involve principal component analysis. It
might also be a combination of these. For television and audio
signals, recognition might also rely on a temporal sequence of
feature vectors. The recognition literature contains many dif-
ferent representations. For block-based methods, blocks may
be accessed at pseudo-random locations in each frame or
might have a specific structure. For audio, common feature
vectors are based on Fourier [requency decompositions, bul
other representations are possible. See, e.g., R. O. Dudaand P.
E. Hart, Pattern Classification and Scene Analysis (Wiley-
Interscience, New York, 1973). See also K. Fukunaga, Intro-
duction to Statistical Pattern Recognition, 2nd Ed. (Academic
Press, New York, 1990). (These references are incorporated
herein by reference.)

As previously stated, one object of the vector extraction
stage is to obtain a more concise representation of the frame.
For example, each video frame is initially composed of
480.times.720 pixels which is equivalent to 345,600 pixels or
691,200 bytes. In comparison, an exeinplary feature vector
might only consist of I Kbyte of data.

A second purpose of the feature extraction process is to
acquire a representation that is robust or invariant to possible
noise or distortions that a signal might experience. For
example, frames of a television broadcast may experience a
small amount of jitter, i.e., horizontal and or vertical transla-
tion, or may undergo lossy compression such as by MPEG-2.
It is advantageous that these and other processes do not
adversely aflect the extracted veclors. For still images there
has been considerable work on determining image properties
that are invariant to affine and other geometric distortions. For
example, the use of Radon and Fourier-Mellin transforms
have been proposed for robustness against rotation, scale and
translation, since these transforms are either invariant or bare
a simple relation to the geometric distortions. See, e.g., C.
Lin, M, Wu, Y. M. Lui, J. A. Bloom, M. L. Miller, I. J. Cox,
“Rotation, Scale, and Translation Resilient Public Water-
marking for Images,” IEEE Transactions on Image Process-
ing (2001). See also, U.S. Pat. Nos. 5,436,653, 5,504,518,
5,582,246, 5,612,729, and 5,621,454. (Each of these refer-
ences is incorporated herein by reference.)

§4.2.1.1.2 Exemplary Techniques for Database
Generation and Maintenance

A number of possibilities exist for generating and main-
taining work identification (WID) and identification-action
translation (WIDAT) databases. However, in all cases, works
of interest are processed to extract a representative feature
vector and this feature vector is assigned a unique identifier.
This unique identifier is then entered into the work identifi-
cation (WID) database 110 as well as into the WIDAT data-
base 130 together with all the necessary associated data. This
process is referred to as tagging. Forexample, in the case of an
advertisement, the WIDAT database 130 might include the
manulacturer (Ford), the product name (Taurus), a product
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category (automotive) and the URI, associated with the Ford
Taurus car together with the instruction to translate the query
into the associated URL.

The determination of all works of interest and subsequent
featurc vector cxtraction and tagging depends on whether
content owners are actively collaborating with the entity
responsible for creating and maintaining the database. If there
is no collaboration, then the database entity must collect all
works of interest and process and tag them. While this is a
significant effort, it is not overwhelming and is certainly
commercially feasible. For example, competitive market
research firms routinely tabulate all advertisements appearing
in a very wide variety of print media. Newspapers and maga-
zines can be scanned in and software algorithms can be
applied to the images to identify likely advertisements. These
possible advertisements can then be compared with adver-
tisements already inthe WID database 110. If there is a match,
nothing further need be done. If there is not a match, the
image can be sent lo a human to determine if the page does
indeed contain an advertisement. If so, the operator can
instruct the computer to cxtract the represcentative featurc
vector and assign it a unique identifier. Then, the operator can
insert this information into the content identification database
and as well as update the corresponding WIDAT database 130
with all the necessary associated data. This is continually
performed as new magazines and papers include new adver-
tisements to maintain the databases. This is a cost to the
database entity. Television and radio broadcasts can also be
monitored and, in fact, broadcast monitoring is currently
performed by companies such as Nielsen Media research and
Competitive Media Reporting. Television and radio broad-
casts differ from print media in the real-time nature of the
signals and the consequent desire for real-time recognition.

In many cases, advertisers, publishers and broadcasters
may wish to collaborate with the database provider. In this
case, feature extraction and annotation and/or extra-work
information may be performed by the advertiser, advertise-
ment agency, network and/or broadcaster and this informa-
tion sent to the database provider 10 updale (he database.
Clearly, this arrangement is preferable from the database
provider’s perspective. However, it is not essential.

§4.2.1.1.3. Exemplary Techniques [or Matching
Extracted Features with Databasc Entrics

The extracted feature vector is then passed to a recognition
(e.g., feature look-up) operation, during which, the vector is
compared to entries of known vectors 114 in a content iden-
tification (WID) database 110. It is important to realize that
the matching of extracted and known vectors is not equivalent
to looking up a word in an electronic dictionary. Since the
extracted vectors contain noise or distortions, binary search
might not be possible. Instead, a statistical comparison is
often made between an extracted vector and each stored vec-
tor. Common statistical measures include linear correlation
and related measures such as correlation coefficient, but other
methods can also be used including mutual information,
Euclidean distance and Lp-norms. These measures provide a
statistical measure of the confidence of the match. A threshold
can be established, usually based on the required false posi-
tive and false negative rates, such that if the correlation output
exceeds this threshold, then the extracted and known vectors
are said to match. See, e.g., R. O. Duda and P. E. Hart, Pattern
Classification and Scene Analysis (Wiley-Interscience, New
York, 1973). See also, U.S. Pat. No. 3,919,474 by W. D.
Moon, R. J. Weiner, R. A. Hansen and R. N. Linde, entitled
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“Broadcast Signal Identification System”. (Fach of these ref-
erences is incorporated herein by reference.)

If binary search was possible, then a database containing N
vectors would require at most log(N) comparisons. Unfortu-
natcly, binary scarch is not possible when taking a noisy
signal and trying to find the most similar reference signal.
This problem is one of nearest neighbor search in a (high-
dimensional) feature space. In previous work, it was not
uncommon to perform a linear search of all N entries, perhaps
halting the search when the first match is found. On average,
this will require N/2 comparisons. I[N is large, this search can
be computationally very expensive.

Other forms of matching include those based on clustering,
kd-trees, vantage point trees and excluded middle vantage
point forests are possible and will be discussed in more detail
later. See, e.g., P. N. Yianilos “Excluded Middle Vantage
Point Forests for nearest Neighbor Search”, Presented at the
Sixth DIMACS Implementation Challenge: Near Neighbor
Searches workshop, (Jan. 15, 1999). See also, P. N. Yianilos,
“Locally lifting the curse of Dimensionality for nearest
Neighbor Scarch” SODA 2000: 361-370. (Each of thesc ref-
erences is incorporated herein by reference.) Thus, for
example, a sub-linear search time can be achieved. Unlike the
kd-tree method which finds the nearest neighbor with cer-
tainty, randomized constructions, like the one described in P.
N. Yianilos, “Locally lifting the curse of Dimensionality for
nearest Neighbor Search” SODA 2000: 361-370, that suc-
ceed with some specified probability may be used. One
example of a sub-linear time search is an approximate nearest
neighbor search. A nearest neighbor search always finds the
closest point to the query. An approximate nearest neighbor
search does not always find the closest point to the query. For
example, it might do so with some probability, or it might
provide any point within some small distance of the closest
point.

If the extracted vector “matches” a known vector in the
content identification database, then the work has been iden-
tified. Of course, there is the risk that the match is incorrect.
This type of error is known as a false positive. The false
positive rate can be reduced to any desired value, but at the
expense of the false negative rate. A false negative occurs
when the vector extracted from a work is not matched to the
database even though the work is present in the database.
There are several reasons why a works feature vector may fail
to march afeature vector database entry. First, the recognition
system may not be capable of 100% accuracy. Second, the
extracted vector will often contain noise as a result of the
transmission process. This noise may alter the values of a
feature vector to the extent that a match is no longer possible.

Finally, there is the case where the observed work is not
present in the database. In this case, the work can be sent to an
operator for identification and insertion in the database.

§4.2.1.1.4 Exemplary Work Based Actions

Assuming that the work is correctly identified, then the
identifier can be used to retrieve associated information from
the second work identification-action translation (WIDAT)
database 130 that contains information 136 associated with
the particular work 134. This information may simply be a
corresponding URL address, in which case, the action can be
considered to be a form of network address translation. How-
ever, in general, any information about the work could be
stored therein, together with possible actions to be taken such
as initiating an e-commerce transaction. Afler looking up the
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work identifier 134 in the WIDAT database 130, an action is
performed on behalf of the user, examples of which has been
previously described.

In addition to using the system to allow audience members
of a work to connect to associated sites on the Internet, a
number of other uses are possible. First, the work identifica-
tion database 130 allows competitive market research data to
be collected (e.g., the action may include logging an event).
For cxample, it is possible to detcrmine how many commer-
cials the Coca Cola Company in the Chicago market aired in
the month of June. This information is valuable to competi-
tors such as Pepsi. Thus, any company that developed a sys-
tem as described above could also expect to generate revenue
from competitive market research data that it gathers.

Advertisers often wish to ensure that they receive the
advertising time that was purchased. To do so, they often hire
comumercial verification services o verify (hat the advertise-
ment or commercial did indeed run at the expected time. To do
so, currently deployed systems by Nielsen and CMR embed-
ded active signals in the advertisement prior to the broadcast.
These signals are then detected by remote monitoring facili-
ties that then report back to a central system which commer-
cials were positively identified. See for example U.S. Pat.
Nos. 5,629,739 by R. A. Dougherty entitled “Apparatus and
method for injecting an ancillary signal into a low energy
density portion of a color television frequency spectrum”,
4,025,851 by D. E. llaselwood and C. M. Solar entitled
“Automatic monitor for programs broadcast”, 5,243,423 by J.
P.DelJean, D. Lu and R. Weissman, entitled “Spread spectrum
digital data transmission over TV video™, and 5,450,122 by L.
D. Keene entitled “In-station television program encoding
and monitoring systcm and method”. (Each of thesc patents is
incorporated herein by reference.) Active systerns are usnally
preferred for advertisement verification because the required
recognition accuracy is difficult to achieve with passive sys-
tems. The passive monitoring system described herein sup-
ports commercial verification.

§4.2.1.2 Exemplary Architectures

Three alternative architectural embodiments in which the
first technique may be employed are now described with
reference to FIGS. 2, 3, and 4.

FIG. 2 is a block diagram illustrating a (irst embodiment of
the present invention, in which intra-work information is used
to identify the work and in which a audience member device
210, such as a PC for example, receives and renders a work
that is consumed by an audience member (user). At some
point, the user may wish to perform a work-specific action
such as traversing to an associated Web site. Upon initiation
of this request, the computer 210 performs the operations
1404, 1504, 1604q and 170a, such as those shown in F1IG. 1. To
reiterate, these operations include a feature extraction opera-
tion(s) 140a, feature vector lookup or matching operation(s)
150¢ in connection with items or records 112a in a work-
identification (WID) database 110a. If a matching feature
vector 114qis found, the work-associated information lookup
operation(s) 1604 can use the associated work identifier 1164
to accessing a work identification-action translation
(WIDAT) database 130a to retrieve associated information
1364, possibly including determining what action should be
performed.

As described above, the two databases might be integrated
into a single database. However, conceptually, they are
described here as separate.

An example illustrating operations that can occur in the
(irst embodiment of FIG. 1, is now described. Consider a print
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application, in which say 10,000 advertisements are to be
recognized that appear in national newspapers and maga-
zines. If 1 Kbyte is required to store each feature vector then
approximately 10 Mbytes of storage will be required for the
work identification database 110a. Such a size does not rep-
resent a serious problem, in either memory or disk space, to
present personal computers.

An important issue then becomes recognition rate. While
this may be problematic, all the images are two-dimen-
sional—three-dimensional object recognition is not required.
Of course, since a low cost camera captures the printed adver-
tisement, there may be a number of geometric distortions that
might be introduced together with noise. Nevertheless, the
application is sufficiently constrained that adequate recogni-
tion rates should be achievable with current state-of-the-art
computer vision algorithms. See, e.g., P. N. Yianilos
“Iixcluded Middle Vantage Point Forests for nearest Neigh-
bor Search”,

Presented at the Sixth DIMACS Implementation Chal-
lenge: Near Neighbor Searches workshop, Jan. 15, 1999. See
also, P. N. Yianilos “Locally lifting the curse of Dimension-
ality for ncarest Ncighbor Scarch” SODA 2000: 361-370.
(Each of these references is incorporated herein by refer-
ence.) Thus, for example, a sub-linear search time can be
achieved. Unlike the kd-tree method which finds the nearest
neighbor with certainty, randomized constructions, like the
one described in P. N. Yianilos, “Locally lifting the curse of
Dimensionality for nearest Neighbor Search” SODA 2000:
361-370, that succeed with some specified probability may be
used. One example of a sub-linear time search is an approxi-
mate nearest neighbor search. Estimates of the size of the
WIDAT database 130z depend on what associated informa-
tion (recall fields 136) is stored. If, for example, only a URL
address is needed, about 20 characters can typically represent
most URLs. Thus, the size of the WIDAT database 1304
would be less than 1 Mbyte.

The configuration just described with reference to FIG. 2
places all of the processing and data on each user’s local
machine 210. A number of alternative embodiments, in which
some or all of the storage and processing requirements are
performed remotely, will be described shortly.

As new works are created and made publicly available, the
databases residing on a user’s local computer become obso-
lete. Just as the database provider 240 must continually
updatc the databases in order to remain current, there is also
aneed to update local databases on devices at audience mem-
ber premises. This update process can be performed over the
Internet 230 in a manner very similar to how software is
currently upgraded. It is not necessary to download an

entirely new database although this is an option. Rather, only S

the changes need to be transmitted. During this update pro-
cess, the user’s computer 210 might also transmit information
o a central monitoring center 240 informing it of which
advertisements the computer user has queried. This type of
information is valuable to both advertisers and publishers. Of
course, care must be taken to ensure the privacy of individual
users of the system. However, it is not necessary to know the
identity of individual users for thie system to work.

FIG. 3 is a block diagram illustrating a second embodiment
of the present invention, in which intra-work information is
used to identify the work. Although the WIDAT database can
be quite small, as illustrated in the exemplary embodiment
described above with respect to TIG. 2, there is still the
problem of keeping this database current. While periodic
updates of the local databases may be acceptable, they
become unnecessary if the WIDAT database 1305 is at a
remote location 340. In this arrangement, illustrated in F1G.

20

25

30

40

45

wn
=3

12

3, after the local computer 310 identifies the work, it sends a
query to the remote WIDAT database 1305. The query may
contain the work identifier. The remote site 340 may then
return the associated information 136. Although the remote
WIDAT database 1305 needs to be updated by the database
provider, this can be done very frequently without the need
for communicating the updates to the local computers 310,

The second embodiment is most similar to active systems
in which an embedded signal is extracted and decoded and the
identifier is used to interrogate a central database. Conse-
quently it has many of the advantages of such systems, while
avoiding the need to insert signals into all works. One such
advantage, is that the database provider receives real-time
information relating to users’ access patterns.

The WIDAT database 1305 might physically reside at more
than one location. In such a case, some requests will go to one
site, and other requests will go to another. In this way, over-
loading of a single site by too many users can be avoided.
Other load balancing techniques are also applicable.

FIG. 4isablock diagramillustrating a third embodiment of
the present invention, in which intra-work information is used
to identify the work. Recall that the WIDAT databasc may be
small relative to that work identification database (WID). As
the size of the work recognition (WID) database increases,
the foregoing embodiments may become impractical. Con-
sider, for example, a music application in which it is desired
to identify 100,000 song titles. If it is again assumed that a 1
Kbyte vector can uniquely represent each song, then on the
order of 100 Mbytes is now needed. This size is comparable
to large application programs such as Microsoft’s Office 2000
suite. Although this still does not represent an inordinate
amount of disk space, if this data needs to reside in memory at
all times, then very few present machines will have adequate
resources. Clearly, at sonie point, the proposed architectures
scales to a point where requirements become impractical. In
this case, a further modification to the architecture is possible.

Since the storage and searching of the work-identifier
{WID) database require the most computation and storage, it
may be more economical to perform these actions remotely.
Thus, for example, if a user is playing an MP3 music file and
wants to go to a corresponding website, the MP3 file is passed
to an operation that determines one or more feature vectors. In
the third embodiment, instead of performing the matching
locally 410, the one or more vectors are transmitted 1o a
central sitc 440 at which is stored thc WID and WIDAT
databases 110¢ and 130¢ together with sufficiently powerful
computers to resolve this request and those of other computer
users. This configuration is illustrated in FIG. 4. Similarly, if
a user is playing an MPEG or other video file and wants to
initiate a work-related action, the video file is passed to an
operation 140c¢ that extracts one or more feature vectors. The
entire video file need not be processed. Rather, it may be
sullicient to process only those [rames in the temporal vicin-
ity to the users request, i.e., to process the current frame and
or some number of frames before and after the current frame,
e.g. perhaps 100 frames in all. The extracted feature vector or
feature vectors can then be transmitted to a central site 440
which can resolve the request.

After successfully matching the feature vector, the central
site 440 can provide the user with information directly, or can
direct the user to another Web site that contains the informa-
tion the user wants. In cases where the recognition is ambigu-
ous, the central site 440 might return information identifying
one of several possible matches and allow the user to select
the intended one.

The third embodiment is particularly attractive if the cost
ol extracting the leature vector is small. In this case, it
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becames economical to have feature vector extraction 140¢ in
digital set-top-boxes and in video recorders 410. The latter
may be especially useful for the new generation of consumer
digital video recorders such as those mamufactured by 11VO
and Replay TV. These devices already have access to the
Internet via a phonc line. Thus, when somcone watching a
recorded movie from television reacts to an advertisement,
the video recorder would extract one or more feature vectors
and transmit them to a central site 440. This site 440 would
determine if a match existed between the query vector and the
database of pre-stored vectors 110¢. If a match is found, the
central server 440 would transmit the associated information,
which might include a Web site address or an 800 number for
more traditional ordering, back to the audience user device
410. Of course, a consumer device 410 such as a digital video
recorder might also store personal information of the owner to
facilitate online e~<commerce. Such a device 410 could store
the owner’s name, address, and credit card information and
automatically transmit them to an on-line store to complete a
purchase. Very little user interaction other than to authorize
the purchase might be needed. This type of purchasing may be
very convenient to consumers.

Another advantage of the third embodiment is that it obvi-
ates the need to update local databases while, at the same
time, the centrally maintained databases can be kept current
with very frequent updating.

§4.2.2 Embodiments in which Work is Recognized
Based on Extra-Work Information

Operations related to this embodiment are described in
§4.2.2.1 below. Then, various architectures which may be
used to effect such operations are described in §4.2.2.2.

Ifthe cost of extracting a feature vector is too large, then the
cost of deploying any of the embodiments described in §4.2.1
above may be prohibitive. This is particularly likely in very
cost sensitive consumer products, including set-top-boxes
and next generation digital VCRs. Acknowledging this fact, a
different technique, one that is particularly well suited for
broadcasted media such as television and radio as well as to
content published in magazines and newspapers, is now
described. This technique relies on the fact that a work need
not be identified by a feature vector extracted from the work
(which is an example of “intra-work information™), but can
also be identified by when and wherec it is published or broad-
cast (which are examples of “extra-work information™)

An example serves to illustrate this point. Consider the
scenario in which a viewer sees a television commercial and
responds to it. The embodiments described in §4.2.1 above
required the user device (e.g., a computer or set-top-box)
210/310/410 to extract a feature vector. Such an extracted
vector was attempted to be matched to another feature
vector(s), either locally, or at a remote site. Tn the embodi-
ments using a remote site, if the central site is monitoring all
television broadcasts, then the user’s query does not need to
include the feature vector. Instead, the query simply needs to
identify the time, geographic location and the station that the
viewer is watching. A central sitc can then detcrmine which
advertisement was airing at that moment and, once again,
return the associated information. The same is true for radio
broadcasts. Moreover, magazines and newspapers can also be
handled in this manner. Here the query might include the
name of the magazine, the month of publication and the page
number.

§4.2.2.1 Operations and ['xemplary Methods and
Techniques for Effecting Such Operations

FIG. 5 is a process bubble diagram of operations that may
be performed in accordance with another version of the
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present invention, in which extra-work information is used to
identify the work. As shown, a query work-identification
(QWID) information storage 510 may include a number of
items or records 512. Each item or record 512 may associate
extra-work information 514, related to the work, with a, pref-
erably unique, work identifier 516. The query work-identifi-
cation (QWID) information storage 510 may be generated by
a database generation operation(s) 520.

Further, work identificr-action information (WIDAT) stor-
age 530 may include a number of items or records 532. Each
item or record 532 may associate a, preferably unique, work
identifier 534 with associated information 536, such as an
action for example. The work identifier-action (WIDAT)
information storage 530 may be generated by a database
generation operation(s) 538 which may, for example, accept
manual entries.

As can be appreciated from the foregoing, the query work-
information (QWID) storage 510 records 512 and the work
identification-action (WIDAT) storage 530 records 532 can
be combined into a single record.

The extra-work information aggregation (e.g., query gen-
eration) operation(s) 540 can accept a information related to
a work, such as the time of a user request or of a rendering of
the work, the geographic location at which the work is ren-
dered, and the station that the audience member has selected,
and generate a query from such extra-work information.

The query including the extra-work information can be
used by a lookup operation(s) 550 to search for a “matching”
set of information 514. If a match, or a match within a pre-
determined threshold is determined, then the associated work
identifier 516 is read.

The rcad work identificr can then be used by a work-
associated information lookup operation(s) 560 to retrieve
associated information, such as an action, 536 associated with
the work identifier. Such information 536 can then be passed
to action initiation operation(s) 570 which can perform some
action based on the associated information 536.

If the extra-work information of a work is known (in
advance), generating the query work identifier (QWID) infor-
malion 510 is straight-forward. If this were always the case,
an intra-work information-based recognition operation
would not be needed. However, very often this is not the case.
For example, local television broadcasts typically have dis-
cretion to insert local advertising, as well as national adver-
tising. Thus, it often is not possible to know in advance when,
on what station, and where a particular advertisement will
play.

In such instances, areal-time (e.g., centralized) monitoring
facility 580 may be used to (i) extract feature vectors from a
work, (ii) determine a work identifier 116 from the extracted
features, and (iii) communicate one or more messages 590 in
which extra-work information (e.g., time, channel, geo-
graphic market) 592 is associated with a work identifier 594,
to operation(s) 520 for generating query work identification
(QWID) information 510.

§4.2.2.1.1 Exemplary Extra-Work INFORMATION

In the context of national broadcasts, geographic informa-
tion may be needed to distinguish between, for example, the
ABC television broadcast in Los Angeles and that in New
York. While both locations broadcast ABC’s programming,
this programming airs at different times on the Fast and West
coasts of America. More importantly, the local network affili-
ates that air ABC”s shows have discretion to sell local adver-
tising as well as a responsibility to broadcasl the national
commercials that ABC sells. In short, the works broadcast by
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ABC in T.os Angeles can be different from that in other
geographic locations. Geographic information is therefore
useful to distinguish between the different television markets.
In some circumstances, geographic information may not be
necessary, especially in parts of the world with highly regu-
lated and centralized broadcasting in which there are not
regional differences.

§4.2.2.1.2 Exemplary Techniques for Generating
Databases

FIG. 5 illustrates a third database 510 referred to as the
query to work identification (QWID) database. This database
510 maps the query (e.g., in the form of time, location and
channel information) into a unique ID that identifies the per-
ceived work. The QWID 510 and WIDAT 530 databases
might not be separate, but for clarity will be considered so.
After retrieving the unique work identifier 512 from the
QWID database 510, the identifier can be used to access the
WIDAT database 530. This is discussed in more detail later.

As introduced above, although it appears that this architec-
turc does not requirc a recognition facility, such a facility may
be needed. The feature extraction operation(s) 1404, as well
as the work identification operation(s) 1504 and other data-
bases 110d, may be moved to one or more remote sites 580.

Although TV Guide and other companies provide detailed
information regarding what will be broadcast when, these
scheduling guides do not have any information regarding
what advertisements will air when. In many cases, this infor-
mation is unknown uatil a day or so before the broadcast.
Even then, the time slots that a broadcaster sells to an adver-
tiser only provide a time range, e.g. 12 pm to 3 pm. Thus it is
unlikely that all commercials and aired programming can be
determined from TV schedules and other sources prior to
transmission. Further, occasionally programming schedules
are altered unexpectedly due to live broadcasts that overrun
their time slots. This is common in sports events and awards
shows. Another example of interrupts to scheduled program-
ming occurs when a particularly important news event occurs.

During transmission, it may therefore be necessary for a
central site 580 to determine what work is being broadcast
and 1o update its and/or other’s database 520 accordingly
based on the work identified 594 and relevant extra-work
information 592. There are a variety of ways that this can be
accomplished.

First, it may be economically feasible to manually monitor
all television stations that are of interest, and manually update
the database with information regarding the work being
monitored. In fact, Nielsen used such procedures in the early
1960’s for the company to tabulate competitive market data.
More than one person can be employed to watch the same
channel in order to reduce the error rate. It should be noted
that the recent ruling by the FCC that satellite broadcasters
such as DirecTV, DishTV and EchoStar can carry local sta-
tions significantly reduces the cost of monitoring many geo-
graphic markets. Currently, Direc1V, for example, carries the
four main local stations in each of the 35 largest markets.
Thus, these 4.times.35-140 channels can all be monitored
from a single site 580. This site would be provided with
satellite receivers to obtain the television channels.

Unfortunately, however, humans are error prone and the
monitoring of many different stations from many different
geographic locations can be expensive. In order to automate
the recognition process, a central site 580 could employ a
computer-based system to perform automatic recognition.
Because the recognition is centralized, only one or a few sites
are needed. This is in comparison with the (irst architecture
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we described in which a complete recognition system was
required in every user’s home or premise. This centralization
makes it more economic to employ more expensive comput-
ers, perhaps even special purpose hardware, and more sophis-
ticatcd softwarc algorithms. When vidco frames or clips can-
not be identified or are considered ambiguous, this video can
be quickly passed to human viewers to identify. Further, it
should be possible for the automated recognition system to
use additional information such as television schedules, time
of day, etc in order to improve its recognition rate.

§4.2.2.1.2 Exemplary Techniques for Generating
Queries Based on Extra-Work Information

At the audience member (user) premises, all that is needed
is for the device to send a query to a database-server with
information that includes extra-work information, such as
geographic location, time and channel. Usually, this extra-
work information would be transmitted in real-time, while the
work (e.g., an advertisement) is being broadcast. However,
this 1s not necessary. If the television does not have access to
the Internet, and most 'I'Vs do not yet, then an audience
member (user) may simply remember or record which chan-
nel he or she was viewing at what time. In fact, the user device
could store this information for later retrieval by the user. At
a convenient later time, the user might access the Internet
using a home PC. At this time, he or she can query the
database by entering this extra-work information (e.g.,
together with geographic information) into an application
program or a web browser plug-in.

Another possibility is allowing an audience member (uscr),
at the time he or she is consuming (e.g., viewing, reading,
listening to, etc.) the work, to enter query information into a
handheld personal digital assistant (“PDA") such as a Palm
Pilot, so as not to forget it. This information can then be
manually transferred to a device connected to a network, or
the information can be transferred automatically using, for
example, infrared communications or via a physical link such
as acradle. Recently, PDAs also have some wireless network-
ing capabilities built in, and thus might support direct access
to the information desired. Further, software is available that
allows a Palm Pilot or other PDA to function as a TV remote
control device. As such, the PDA already knows the time of
day and channel being viewed. It also probably knows the
location of the audience member, since most PDA users
include their own name and address in the PDA’s phonebook
and identify it as their own. Thus, with one or a few clicks, an
audience member PDA user could bookmark the television
content he or she is viewing. 1fthe PDA is networked, then the
PDA can, itself, retrieve the associated information immedi-
ately. Otherwise, the PDA can transfer this bookmarked data
to a networked device, which can then provide access to the
central database.

§4.2.2.2 Exemplary Architectures

FIG. 6 is a block diagram illustrating a fourth embodiment
of the present invention, in which extra-work information is
used to identify the work. As shown, an extra-work informa-
tion aggregation operation 5404 may be effected on a device
610, such as a PC, at the audience member (user) premises.
The various databases 510a, 530a, and 110e. as well as the
database generation operation(s) 520a/538a, the lookup
operation(s) 5504 and the work-associated information
lookup operation(s) 5602 may be provided at one or more
centralized monitoring and query resolution centers 640.
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FIG. 71s ablock diagram illustrating a fifth embodiment of
the present invention, in which extra-work information is
used to identify the work. This fifth embodiment is similar to
the fourth embodiment illustrated in FIG. 6 but here, the
monitoring center 7404 and query resolution center 74056 are
separate.

These embodiments have many advantages for television
and radio broadcasters who desire to provide Internet links or
other action. First, the audience member (user) equipment,
whether it is a computer, set-top-box, television, radio,
remote control, personal digital assistant (pda), cell phone or
other device, does not need to perform any processing of the
received signal. As such, there is almost no cost involved to
equipment manufacturers.

These last embodiments have some similarity with ser-
vices such as those provided by the companies Real Nanes of
Redwood City, Calif., America Online (“AOL”) and espe-
cially iTag from Xenote. The popular press has reported on
the difficulties associated with assigning domain names. The
simplest of these problems is that almost all the one-word
names in the “.com” category have been used. Consequently,
domain names can often be difficult to remember. To alleviate
this problem, RealNames and AOL provide alternative, pro-
prietary name spaces (AOI, calls these keywords). For a fee,
a company may register a name with these companies. Thus,
rather than type the URL http://www.bell-labs.com, the
simple keyword “bell” might be sufficient to access the same
Web site. These capabilities are convenient to users. How-
ever, these systetms are very different from the fourth and fifth
embodiments described. First, and foremost, these systemns
are not designed to identify content. Rather, they are simply
alternative network address translation systems based on eas-
ily remembered mnemonics which are sold to interested com-
panies. As such, the user is still expected to type in an address,
but this address is easier to remember than the equivalent
URL. In contrast, while a user may manually enter the infor-
mation describing the work, the preferred embodiment is for
the computer, set-top-box or other device to automatically
generate this information. Further, the mapping of keywords
to network addresses is an arbitrary mapping maintained by
AOL or Real Names. For example, the keyword “bell”” might
just as reasonably point to the Web site for Philadelphia’s
Liberty Bell as to Lucent’s Bell Labs. In contrast, the query
used in the fourth and fifth embodiments is designed to con-
tain all the necessary data to identify the work, c.g. the time,
place and television channel during which the work was
broadcast. There is nothing arbitrary about this mapping. It
should also be pointed out that the proposed system is
dynamic—the same work, e.g. a commercial, potentially has

ap infinite number of addresses depending on when and s

where it is broadcast. If an advertisement airs 100,000 unique
times. then there are 100,000 different queries that uniquely
identify it. Moreover, the exemplary query includes naturally
occurring information such as time, place, channel or page
number. This is not the case for AOL or RealNames, which
typically assigns one or more static keywords to the address
of a Web site.

Xenote’s iTag system is designed to identify radio broad-
casts and uses a query similar to that which may be used in the
fourth and fifth embodiments, i.e. time and station informa-
tion. However, the work identification information is not
dynamically constructed but is instead based on detailed pro-
gram scheduling that radio stations must provide it. As such,
it suffers from potential errors in scheduling and requires the
detailed cooperation of broadcasters. While the fourth and
fifth embodiments might choose to use program scheduling
information and other ancillary information 1o aid in the
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recognition process, they do not exclusively rely on this. The
concept of resolving a site name by recognizing the content is
absent from the above systems.

§4.2.3 Exemplary Apparatus for Audience Member
(User) Premise Device

While personal computers may be the primary computa-
tional device at a user’s location, it is not essential to use a PC.
This is especially true of the embodiments depicted in FIGS.
6 and 7, which do not require the content, e.g. video signal, to
be processed. Instead, only a unique set of identification
parameters such as time, location and channel are provided to
identify the perceived Work. Many forms of devices can
therefore take advantage of this configuration.

As previously noted, personal digital assistants (PDAs) can
be used to record the identification information. This infor-
mation can then be transferred to a device with a network
communication such as a PC. However, increasingly, PDAs
will already have wireless network communication capabili-
ties built-in, as with the Palm VII PDA. These devices will
allow immediate communication with the query resolution
center and all information will be downloaded 1o them or they
can participate in facilitating an e-commerce transaction.
Similarly, wireless telephones are increasingly offering web-
enabled capabilities. Consequently, wireless phones could be
programmed to act as a user interface.

New devices can also be envisaged, including a universal
remote control for home entertainment systems with a LCD
or other graphical display and a network connection. This
connection may be wireless or the remote control might have
a phone jack that allows it to be plugged directly into an
existing phone line. As home networks begin to be deployed,
such devices can be expected to communicate via an inex-
pensive interface to the home network and from there to
access the Internet.

In many homes, it is not uncommon for a computer and
television to be used simultaneously, perhaps in the same
room. A person watching television could install a web
browser plug-in or applet that would ask the user to identify
his location and the station being watched. Then, periodically,
every 20 seconds for example, the plug-in would update a list
of web addresses that are relevant to the television programs
being walched, including the commercials. The audience
member would then simply click on the web address of inter-
est to obtain further information. This has the advantage that
the viewer does not have to guess the relevant address asso-
ciated with a commercial and, in fact, can be directed to a
more specialized address, such as www.fordvehicles.com/
ibv/tausrus2kflash/flash.html, rather than the generic
www.ford.com site. Of course, this applet or plug-in could
also provide the database entity with information regarding
what is being accessed from where and at what time. This
information, as noted earlier, is valuable to advertisers and
broadcasters. For PC’s that have infra-red communication
capabilities, it is straightforward to either control the home
entertainment center from the PC or for the PC to decode the
signals from a conventional remote control. Thus, as a user
changes channels, the PC is able to automatically track the
channe] changes.

Recording devices such as analog VCRs and newer digital
recording devices can also be exploited in the embodiments
depicted in FIGS. 6 and 7, especially if device also record the
channe! and time information for the recorded content. When
auser initiates a query, the recorded time and channel, rather
than the current time and channel, then form part of the
identification information.
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Digital set-top-boxes are also expected to exploit the capa-
bilities described herein. In particular, such devices will have
two-way communication capabilities and may even include
cable modem capabilities of course, the two-way communi-
cation nced not be over a television cable. For example,
satellite set-top-boxes provide up-link communications via a
telephone connection. Clearly, such devices provide a conve-
nient location to enable the services described herein. More-
over, such services can be provided as part of the OpenCable
and DOCSIS (data over cable service interface specification)
initiatives.

§4.2.4 Information Retrieval Using Features
Extracted from Audio and/or Video Works

Some embodiments consistent with the present invention
provide a computer-implemented method, apparatus, or com-
puter-executable program for providing information about an
audio file or (a video file) played on a device. Such embodi-
ments might (a) extract features from the audio (or video) file,
(b) communicate the features to a database, and (c) receive the
information about the audio (or video) file from the database.
In some embodiments consistent with the present invention,
the act of extracting the features is performed by a micropro-
cessor of the device, and/or a digital signal processor of the
device. The received information might be rendered on an
outpul (e.g., a monilor, a speaker, elc.) of the device. The
received information might be stored (e.g., persistently)
locally on the device. The information might be stored on a
disk, or non-volatile memory.

In some of the embodiments pertaining to audio files, the
audio file might be an mp3 file or some other digital repre-
sentation of an audio signal. The information might includc a
song title, an album title, and/or a performer name.

In some of the embodiments pertaining to video files, the
video file might be an MPEG file or some other digital rep-
resentation of a video signal. The video file might be a video
work, and the information might include a title of the video
work, a director of the video work, and names of performers
in the video work.

§4.3 OPERATIONAL EXAMPLES

An example illustrating operations of an exemplary
embodiment of the present invention, that uses intra-work
information to identify the work, is provided in §4.3.1. Then,
an example illustrating operations of an exemplary embodi-
ment of the present invention, that uses extra-work informa-
tion to identify the work, is provided in §4.3.2.

§4.3.1 Operational Example where Intra-Work
Information is Used to Identify the Work

A generic system for monitoring television commercials is
now described. Obviously, the basic ideas extend beyond this
specific application.

The process of recognition usually begins by recognizing
the start of a comunercial. This can be accomplished by look-
ing for black video frames before and after a commercial. Ifa
number of black frames are detected and subsequently a
similar number are detected 30 seconds later, then there is a
good chance that a commercial has aired and that others will
follow. It is also well known than the average sound volume
during commercials is higher than that for television shows
and this too can be used as an indicator of a commercial. Other
methods can also be used. The need to recognize the begin-
ning of a commercial is not essential. However, without (his
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stage, all television programming must be assumed to he
commercials. As such, all video frames must be analyzed.
The advantage of determining the presence of acommercial is
that less video content must be processed. Since the percent-
age of advertising time is relatively small, this can lead to
considerable savings. For example, commercials can be buff-
ered and then subsequently processed while the television
show is being broadcast. This reduces the real-time require-
ments of a system at the expense of buffering, which requires
memory or disk space. Of course, for the applications envi-
sioned herein, a real-time response to auser requires real-time
processing.

Once it is determined that an advertisement is being broad-
cast, it is necessary to analyze the video frames. Typically, a
compact representation of each frame is extracted. This vec-
tor might be a pseudo-random sample of pixels [rom the
frame or a low-resolution copy of the frame or the average
intensities of n.times.n blocks of pixels. It might also be a
frequency-based decomposition of the signal, such as pro-
duced by the Fourier, Fourier-Mellin, wavelet and or discrete
cosine transforns. It might involve principal component
analysis or any combination thereof. The rccognition litera-
ture contains many different representations. For block-based
methods, the n.times.n blocks may be located at psendo-
random locations in each frame or might have a specific
structure, e.g. a complete tiling of the frame. The feature
vector might then be composed of the pixels in each block or
some property of each block, e.g. the average intensity or a
Fourier or other decomposition of the block. The object of the
vector extraction stage is to obtain a more concise represen-
tation of the frame. Each frame is initially composed of
480.times.720 pixels which is equivalent to 345,600 bytes,
assuming one byte per pixel. In comparison, the feature vec-
tor might only consist of 1 Kbyte of data. Forexample, if each
frame is completely tiled with 16.times.16 blocks, then the
number of blocks per frame is 345,600/256-1350. If the
average intensity of each block constitutes the feature vector,
then the feature vector consists of 1350 bytes, assuming 8-bit
precision for the average intensity values. Alternatively, 100
16.times. 16 blocks can be pseudo-randomly located on each
frame of the video. For each of these 100 blocks, the first 10
DCT coefficients can be determined. The feature vector then
consists of the 100.times.10=1000 DCT coefficients. Many
other variations are also possible. In many media applica-
tions, the content posscsses strong temporal and spatial cor-
relations. If necessary, these correlations can be eliminated or
substantially reduced by pre-processing the content with a
whitening filter.

A second purpose of the feature extraction process is to
acquire a representation that is robust or invariant to possible
noise or distortions that a signal might experience. For
example, frames of a television broadcast may experience a
small amount ol jitler, i.e. horizontal and or vertical ransla-
tion, or may undergo lossy compression such as MPEG-2. It
is advantageous, though not essential, that these and other
processes do not adversely affect the extracted vectors.

Each frame’s feature vector is then compared with a data-
base of known feature vectors. These known vectors have
previously been entered into a content recognition database
together with a unique identifier. If a frame’s vector matches
a known vector, then the commercial is recognized. Of
course, there is the risk that the match is incorrect. This type
oferror is known as a false positive. The false positive rate can
be reduced to any desired value, but at the expense of the false
negative rate. A false negative occurs when a frame’s vector is
not matched to the database even though the advertisement is
present in the dalabase. There are several reasons why a
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frame’s feature vector may fail to match. First, the recogni-
tion system may not be capable of 100% accuracy. Second,
the extracted vector will contain noise as a result of the
transmission process. This noise may alter the values of a
feature vector to the extent that a match is no longer possible.
Finally, there is the case where the observed commercial is
not yet present in the database. In this case, it is necessary to
store the commercial and pass it {e.g., to a person) for iden-
tification and subsequent entry in the database.

It is important to realize that the matching of extracted and
known vectors is not equivalent to looking up a word in an
electronic dictionary. Since the extracted vectors contain
noise or distortions, binary search is often not possible.
Instead, a statistical comparison is often made between an
extracted vector and each stored vector. Common statistical
measures include linear correlation and related measures
such as correlation coefficient, but other methods can also be
used, including clustering techniques. See, e.g., the Duda and
Hart reference. These measures provide a statistical measure
of the confidence of the match. A threshold can be estab-
lished, usually based on the required false positive and nega-
tive rates, such that if the corrclation output cxceceds this
threshold, then the extracted and known vectors are said to
match.

Ifbinary search was possible, then a database containing N
vectors would require at most log(N) comparisons. However,
in current advertisement monitoring applications there is no
discussion of efficient search methods. Thus, a linear search
of all N entries may be performed, perhaps halting the search
when the first match is found. On average, this will require
N/2 comparisons. If N is large, this can be computationally
expensive. Consider a sitvation in which one out of 100,000
possible commercials is to be identified. Each 30-second
commercial consists of 900 video frames. If all 900 frames
are stored in the database, then N=90,000,000. Even if only
every 10.sup.th video frame is stored in the database, its size
is still nine million. While databases of this size are now
common, they rely of efficient search to access entries, i.e.,
they do not perform a linear search. A binary search of a
90,000,000-item database requires less than 20 comparisons.
In contrast, a linear search will require an average of 45,000,
000!

With 9 million entries, if each vector is 1 Kbyte, then the
slorage requirement is 9 Gigabytes. Disk drives with this
capacity arc extremely cheap at this time. However, if the
database must reside in memory due to real-time require-
ments, then this still represents a substantial memory require-
ment by today’s standards. One reason that the data may need
to be stored in memory is because of the real-time require-
ments of the database. If 10 channels are being simulta-
neously monitored within each of 50 geographic areas, then
there will be 15,000 queries per second to the content recog-
nition database, assuming each and every [rame is analyzed.
This query rate is low. However, if a linear search is per-
formed then 675 billion comparisons per second will be
required. This is an extremely high computational rate by
today’s standards. Even if only key frames are analyzed, this
is unlikely to reduce the computational rate by more than an
order of magnitude.

If an advertisement is not recognized, then typically, the
remote monitoring system will compress the video and trans-
mit it back to a central office. Here, the clip is identified and
added to the database and the remote recognition sites are
subsequently updated. Identification and annotation may be
performed manually. However, automatic annotation is also
possible using optical character recognition software on each
frame of video, speech recognition soflware, close captioning,
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information and other information sources. As these methods
improve in accuracy, it is expected that they will replace
manual identification and annotation.

The recognition system described can be considered to be
a form of ncarcst ncighbor scarch in a high dimensional
feature space. This problem has been very well studied and is
known to be very difficult as the dimensionality of the vectors
increases. A number of possible data structures are applicable
including kd-trees and vantage point trees. These data struc-
tures and associated search algorithms organize a N-point
dataset (N=90,000,000 in out previous example) so that sub-
linear time searches can be performed on average. However,
waorst-case search times can be considerably longer. Recently,
Yianilos proposed an excluded middle vantage point forest
for nearest neighbor search. See, e.g., the Yianilos reference.
This data structure guarantees sub-linear worst-case search
times, but where the search is now for a nearest neighbor
within a fixed radius, .tau. The fixed radius search means that
il the database contains a vector that is within {au. of the
query, then there is amatch. Otherwise, no match is found. In
contrast, traditional vantage point trces will always return a
nearest neighbor, even if the distance between the neighbor
and the query is very large. In these cases, if the distance
between the query and the nearest neighbor exceeds a thresh-
old, then they are considered not to match. This is precisely
what the excluded middle vantage point forest implicitly
does.

Using an excluded middle vantage point forest, will allow
accurate real-time recognition of 100,000 broadcasted adver-
tisements. This entails constructing an excluded iniddle van-
tage point forest based on feature vectors cxtracted from say
90,000,000 frames of video. Of course, using some form of
pre-filtering that eliminates a large number of redundant
frames or frames that are not considered to be good unique
identifiers can reduce this number. One such pre-filter would
be to only examine the I-frames used when applying MPEG
compression. However, this is unlikely to reduce the work
identification database (WID) size by more than one order of
magnitude. Assuming 10 channels are monitored in each of
50 geographic regions, then the query rate is
15.000=10.times.50.times.30 queries per second.

§4.3.2 Operational Example where Extra- Work
Information is Used to Identify the Work

FIG. 8 depicts a satellite television broadcast system 800,
though cable and traditional broadcast modes are also appli-
cable, Block 810 represents audience members (users) watch-
ing a TV channel in their home, which also has a connection
812 to the Internet 820. Other networks are also possible. The
satellite broadcasts are also being monitored by one or more
television monitoring centers 840a. These cenlers 840z may
monitor all or a subset of the television channels being broad-
cast. They are not restricted to monitoring satellite TV broad-
casts but may also monitor cable and traditional terrestrial
broadcasts. The primary purpose of these monitoring centers
8404 is to identify the works being broadcasted. Of particular
interest are television advertisements. However, other works,
or portions thereof, may also be identified. Each time a new
segment of a work is identified, the monitoring system or
systems 840q update one or more database centers 8405,
informing them of the time, place, channel and identity of the
identified segment. The segment may be a complete thirty
second commercial or, more likely, updates will occur more
frequently, perhaps at a rate of 1 update per second per chan-
nel per geographic location. The database center 8405
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updates its database so that queries can be efficiently
responded to in sub-linear time.

The database centers 8405 can use traditional database
technology. In general, the query search initiated by an audi-
ence member is not a nearest neighbor search but can be a
classical textual search procedure such as a binary search. The
nearest neighbor search is appropriate for the monitoring,
sub-system 840a. The database centers 8405 are continually
updated as each new advertisement, television show or por-
tion thereof is recognized. Standard updating algorithms can
be used. However, random new entries to the database are
unlikely. Rather, each new entry, or set of entries, denotes a
new time segment that is later than all previously inserted
items. As such, each new entry can be appended to the end of
the database while still maintaining an ordered data structure
that is amenable to binary and other eflicient search tech-
niques. If two entries have the same time in their time field,
items can be sorted based on secondary fields such as the
channel and geographic location, as depicted in FIG. 9. Since
the number of such entries will be relatively small compared
with the entire database, it may be sufficient to simply create
a linear linked list of such ecntrics, as depicted in FIG. 9. Of
course, the size of the database is constantly increasing. As
such, it may become necessary to have several levels of stor-
age and caching. Given the envisaged application, most user
queries will be for recent entries. Thus, the database may keep
the last hours worth of entries in memory. If there is one entry
per second for each of 100 channels in 100 geographic loca-
tions, this would correspond to
3600.times.100.times.100-36,000,000 entries which is eas-
ily accommodated in main memory. Entries that are older
than one hour may be stored on disk and entries older than one
week may be archived (e.g., backed up on tape) for example.
The entries to this database can include time, location and
channel information together with a unique identifier that is
provided by the monitoring system. Of course, additional
fields for each entry are also possible.

When a user query is received, the time, channel and geo-
graphic information are used to retrieve the corresponding
unique identifier that is then used to access a second database
that contains information associated with the identified work.

An entry 1000 in this second database is depicted in FIG.
10, which shows that associated with the unique identifier
1010, the name of a product 1020, a product category 10390,
the manufacturcr 1040 and the commecrcial’s associatcd web
site 1050. Many other data fields 1060 are also possible. Such
additional fields may include fields that indicate what action
should be taken on behalf of the requesting user. Example
actions include simply redirecting a request to an associated
Web site, or initiating an e-commerce transaction or provid-
ing an associated telephone mumber that may be automati-
cally dialed if the querying device is a cell phone or display-
ing additional information to the user. This database is likely
to be updated much less frequently, perhaps only as often as
once or twice a day, as batches of new advertisements are
added to the system. Alternatively, it might be updated as each
new advertisement is added to the system.

An audience member (user) 810 watching a television
commercial for example may react to the advertisement by
initiating a query 1o the database center 8405. The device
whereby the user initiates the query might be a television or
set-top-box remote control, or a computer or a wireless PDA
or a (WAP-enabled) cell phone or a specialized device. Typi-
cally, the query will occur during the airing of the commercial
or a shortly thereafter. However, the time between the broad-
casting of the advertisement and the time of the associated
query is not critical and can, in some instances be much
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longer. For example, the audience member might bookmark
the query information in a device such as a PDA or a special-
ized device similar to those developed by Xenote for their Itag
radio linking. Later, the audience member may transmit the
query to the databasc center 8404. This might happen hours or
even days later.

The query contains information that the database center
8405 uses to identify the work being viewed. This informa-
tion might include the time and place where the audience
member was, together with the channel being viewed. Other
identilying information is also possible. The query may also
contain additional information that may be used to facilitate
the user’s transaction and will include the return address of
the user. For example, if the user is intending to order a pizza
afler seeing a Pizza Hul advertisement, the query may also
contain personal information including his or her identity,
street address and credit card information.

‘When the database center 8405 receives a query, data in the
query is used (o identily the work and associated information.
A number of possible actions are possible at this point. First,
the databasc center 8406 may simply function as a form of
proxy server, mapping the audience member’s initial query
into a web address associated with the advertisement. In this
case, the audience member will be sent to the corresponding
Web site. The database center 8405 may also send additional
data included in the initial query to this Web site 850 in order
to facilitate an e-conumnerce transaction between the audience
member and the advertiser. In some cases, this transaction
will not be direct, but may be indirect via a dealer or third
party application service provider. Thus, for example, though
anadvertisement by Ford Motor Company may air nationally,
viewers may be directed to different Web sites for Ford deal-
erships depending on both the andience member’s and the
dealerships’ geographic locations. In other cases, advertisers
may have contracted with the database center 8405 to provide
e-commerce capabilities. This latter arrangement has the
potential to reduce the amount of traffic directed over the
public Internet, restricting it, instead to a private network
associated with the owner of the database center.

1f the audience member (user) is not watching live televi-
sion but is instead watching a taped and therefore time-shitted
copy, then additional processes are needed. For the new gen-
eration of digital video recorders, irrespective of the record-
ing media (tapc or disk), it is likely to be very easy to include
information identifying the location of the recorder, as well as
the time and channel recorded. T .ocation information can be
provided to the recorder during the setup and installation
process, for example. Digital video recorders, such as those
currently manufactured by TIVO of Alviso, Calif. or Replay
TV of Santa Clara, Calif. have a network connection via
telephone, which can then send the query of an audience
member 1o the database center 8405 using the recorded rather
than the current information.

In cases where query information has not been recorded, it
is still possible to initiate a successful query. However, in this
case, it may be necessary to extract the feature vector from the
work of interest and send this information to the monitoring
center 8402 where the feature vector can be identified. This
form of query is computationally more expensive but the
relative number of such queries compared to those sent to the
database centers 8405 is expected to be small. It should also
be noted that the physical separation of the monitoring and
database centers, depicted in FIGS. 6 and 7, is not crucial to
operation of the system and simply serves to more clearly
separate the different functionality present in the overall sys-
tem conliguration.
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Although the implementation architectures described
above focus on the television media, it is apparent that the
present invention is applicable to audio, print and other
media.

§4.4 CONCLUSIONS

None of the embodiments of the invention require modifi-
cation to the work or content, i.e., no active signal is embed-
ded. Consequently, there is no change to the production pro-
cesses. More importantly, from a user perspective,
deployment of this systcm nced not suffer from poor initial
coverage. Provided the database is sufficiently comprehen-
sive, early adopters will have comprehensive coverage imme-
diately. Thus, there is less risk that the consumer will perceive
that the initial performance of the deployed system is poor.
Further, the present invention permits statistics to be gathered
that measure users’ responses to content. This information is
expected to be very useful to advertisers and publishers and
broadcasters.

What is claimed is:

1. A computer-implemented method comprising:

(2) maintaining, by a computer system including at least

one computer, a database comprising:

(1) first electronic data related to identification of one or
more reference electronic works; and

(2) second electronic data related to action information
comprising an action to perform corresponding to
each of the one or more reference electronic works;

(b) obtaining, by the computer system, extracted features
of a first electronic work;

(c) identifying, by the computer system, the first electronic
work by comparing the extracted features of the first
electronic work with the first electronic data in the data-
base using a non-exhaustive neighbor search;

(d) determining, by the computer system, the action infor-
mation corresponding to the identified first electronic
work based on the second electronic data in the database;
and

(e) associating, by the computer system, the determined
action information with the identified first electronic
work.

2. The computer-implemented method of claim 1, wherein
the step of obtlaining comprises receiving the first electronic
work and cxtracting the cxtracted featurcs from the first clec-
tronic work.

3. The computer-implemented method of claim 2, wherein
the first electronic work is received from at least one of a
set-top-box, a video recorder, a cell phone, a computer, or a
portable device.

4. The computer-implemented method of claim 1, wherein
the step of obtaining comprises receiving the extracted fea-
tures.

5. The computer-implemented method of claim 4, wherein
the extracted features are received from at least one of a
set-top-box, a video recorder, a cell phone, a computer, or a
portable device.

6. The computer-implemented method of claim 1, wherein
the step of obtaining comprises receiving the first electronic
work and the extracted features of the first electronic work.

7. The computer-implemented method of claim 6, wherein
the first electronic work and the extracted features of the first
electronic work are received from at least one of a set-top-
box, a video recorder, a cell phone, a computer, or a portable
device.

8. The computer-implemented method of claim 1, wherein
at least one of the first electronic work or the extracted [ea-
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tures of the first electronic work is obtained from at least one
of a set-top-box, a video recorder, a cell phone, a computer, or
a portable device that stores commercial transaction data, and
wherein the action information comprises a commercial
transaction, and the method further comprises:
electronically performing the commercial transaction
using the stored commercial transaction data.

9. The computer-implemented method of claim 1, wherein
at least one of the first electronic work or the extracted fea-
tures of the first electronic work is obtained from at least one
ofaset-top-box, a video recorder, a cell phone, a computer, or
a portable device, and wherein the action information com-
prises comimercial transaction data, and the method further
comprises:

electronically performing the commercial transaction
through the at least one of a set-lop-box, a video
recorder, a cell phone, a computer, or a portable device
using the commercial transaction data.

10. The computer-implemented method of claim 8,
wherein the stored commercial transaction data comprises at
least one of a purchaser’s name, a purchaser’s address, or
credit card information.

11. The computer-implemented method of claim 1,
wherein the action comprises at least one of directing a user to
a website related to the first electronic work, initiating an
e-commerce transaction, or dialing a phone number.

12. The computer-implemented method of claim 1,
wherein the action comprises providing and/or displaying
additional information in association with the first electronic
work.

13. A computer-implemented method comprising:

(a) maintaining, by a computer system, one or more data-
bases comprising:

(1) first electronic data comprising a first digitally cre-
ated compact electronic representation of one or more
reference electronic works; and

(2) second electronic data related to an action, the action
comprising providing and/or displaying an advertise-
ment corresponding to each of the one or more refer-
ence electronic works;

(b) obtaining, by the computer system, a second digitally
created compact electronic representation of' a first elec-
tronic work;

(¢) identifying, by the computer system, a matching refer-
cnee clectronic work that matches the first clectronic
work by comparing the first electronic data with the
second digitally created compact electronic representa-
tion using a non-exhaustive neighbor search;

(d) determining, by the computer syster, the action corre-
sponding to the matching reference electronic work
based on the second electronic data in the database; and

(e) associating, by the computer system, the determined
action with the first electronic work.

14. The computer-implemented method of claim 13,
wherein the action further comprises providing a link to a site
on the World Wide Web associated with the advertisement.

15. The computer-implemented method of claim 13,
wherein the action further comprises electronically register-
ing a user with at least one of a service or a product related to
the advertisement.

16. The computer-implemented method of claim 13,
wherein the action further comprises electronically providing
at least one of a coupon or a certificate related to the adver-
tisement.

17. The computer-implemented method of claim 13,
wherein the action further comprises automatically dialing a
telephone number associated with the advertisement.
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18. The computer-implemented method of claim 13,
wherein the action further comprises collecting competitive
market research data related to the advertisement.

19. The computer-implemented method of claim 13,
wherein the action further comprises purchasing a product or
service related to the advertisement.

20. The computer-implemented method of claim 13,
wherein the action further comprises allowing a user to inter-
act with a broadcast related to the advertisement.

21. The computer-implemented method of claim 1, further
comprising the step of transmitting, by the computer system,
the determined action as associated with the first electronic
work.

22. The computer-implemented method of claim 1,
wherein the one or more electronic works comprise at least
one of a video work, an audio work, or an image work.

23. The computer-implemented method of claim 1,
wherein the method further comprises the additional steps of:

(®) obtaining, by the computer system, second extracted
features of a second electronic work;

(g) searching, by the computer system, for an identification
of the sccond clectronic work by comparing the second
extracted features of the second electronic work with the
first electronic data in the database using a non-exhaus-
tive neighbor search; and

(h) determining, by the computer system, that the second
electronic work is not identified based on results of the
searching step.

24. The computer-implemented method of claim 13,

wherein the method further comprises the additional steps of:

(f) obtaining, by the computer system, second extracted
features of a second electronic work to be identified;

(g) searching, by the computer system, for an identification
of the second electronic work by comparing the second
extracted features of the second electronic work with the
first electronic data in the database using a non-exhaus-
tive neighbor search; and

(h) determining, by the computer system, that the second
electronic work is not identified based on results of the
searching step.

25. A computer-implemented method comprising the steps

of:

(a) maintaining, by a computer system, one or more data-
bases comprising:

(1) first clectronic data comprising a first digitally cre-
ated compact electronic representation comprising an
extracted feature vector of one or more reference elec-
tronic works; and

(2) second electronic data related to action information,
the action information comprising an action to per-
form corresponding to each of the one or more refer-
ence electronic works;

(b) obtaining, by the computer system, a second digitally
created compact electronic representation comprising
an extracted feature vector of a first electronic work;

(c) identifying, by the computer system, a matching refer-
ence electronic work that matches the first electronic
work by comparing the first electronic data with the
second digitally created compact electronic representa-
tion of the first electronic work using a non-exhaustive
neighbor search;

(d) determining, by the computer system, the action infor-
mation corresponding to the matching reference elec-
tronic work based on the second electronic data in the
database; and

(e) associating, by the computer system, the determined
aclion information with the first electronic work.

10

20

25

30

35

45

60

65

28

26. The computer-implemented method of claim 25,
wherein the one or more computer readable media have
stored thereon further computer instructions for carrying out
the additional steps of:

(f) obtaining, by the computer system, a third digitally
creatcd compact clectronic represcntation comprising
an extracted feature vector of a second electronic work;

(g) searching, by the computer system, for a matching
reference electronic work that matches the second elec-
tronic work by comparing the third digitally created
compact electronic representation of the second elec-
tronic work with the first electronic data in the database
using a non-exhaustive neighbor search; and

(h) determining, by the computer system, that a matching
reference electronic work that matches the second elec-
tronic work does not exist hased on results of the search-
ing step.

27. The method of claim 13, wherein the extracted feature

is extracted using frequency based decomposition.

28. The computer-implemented method of claim 13,
wherein the extracted feature is extracted using principal
component analysis.

29. The computer-implemented method of claim 13,
wherein the extracted feature is extracted using temporal
sequence of feature vectors.

30. The computer-implemented method of claim 13,
wherein the first electronic work is obtained from a first user
device that is at lcast onc of a sct-top-box, a video recorder, a
cell phone, a computer, or a portable device, and wherein the
action information comprises a commercial transaction, and
the method further comprises:

electronically performing the commercial transaction
using commercial transaction data obtained using the
first user device.

31. The computer-implemented method of claim 30,
wherein the commercial transaction data comprises at least
one of a purchaser’s name, a purchaser’s address, or credit
card information.

32. The computer-implemented method of claim 13,
wherein the extracted features of the first electronic work are
obtained from a first user device that is at least one of a
set-top-box, a video recorder, a cell phone, a computer, or a
portable device that stores commercial transaction data, and
wherein the action information comprises a commercial
transaction, and the method further comprises:

electronically performing the commercial transaction
using commercial transaction data obtained using the
first user device.

33. The computer-implemented method of claim 32,
wherein the commercial transaction data comprises at least
onc of a purchaser’s name, a purchaser’s address, or credit
card information.

34. The computer-implemented method of claim 13, fur-
ther comprising the step of transmitting, by the computer
system, the determined action information as associated with
the first electronic identified work.

35. The computer-implemented method of claim 13,
wherein the one or more electronic works comprise at least
one of a video work, an audio work, or an image work.

36. The computer-implemented method of claim 25, fur-
ther comprising the step of transmitting, by the computer
system, the determined action information as associated with
the first electronic identified work.

37. The computer-implemented method of claim 35,
wherein the one or more electronic works comprise at least
one of a video work, an audio work, or an image work.
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SYSTEM FOR USING EXTRACTED
FEATURES FROM AN ELECTRONIC WORK

§0. RELATED APPLICATIONS

The present application is a continuation of U.S. patent
application Ser. No. 13/800,573 (incorporated herein by ref-
erence), titled “METHOD FOR TAGGING AN ELEC-
TRONIC MEDIA WORK TO PERFORM AN ACTION,”
filed on Mar. 13, 2013, and listing Ingemar J. Cox as the
inventor, which is a continuation of U.S. patent application
Ser. No. 13/338,079 (incorporated herein by reference), titled
“METHOD FOR USING EXTRACTED FEATURES
FROM AN ELECTRONIC WORK,” filed on Dec. 27, 2011,
and listing Ingemar J. Cox as the inventor, which is a continu-
ation of U.S. patent application Ser. No. 11/977,202 (mcor-
porated herein by reference, issued as U.S. Pat. No. 8,205,237
on Jun. 19, 2012), titled “IDENTIFYING WORKS, USING
A SUB-LINEAR TIME SEARCH, SUCH AS AN
APPROXIMATE NEAREST NEIGHBOR SEARCH, FOR
INITIATING A WORK-BASED ACTION, SUCH AS AN
ACTION ON THE INTERNET”, filed Oct. 23, 2007, and
listing Ingemar J. Cox as the inventor, which is a continuation
of U.S. patent application Ser. No. 11/445,928 (incorporated
herein by reference, issued as U.S. Pat. No. 8,010,988 on Aug.
30,2011), titled “USING FEATURES EXTRACTLED FROM
AN AUDIO AND/OR VIDEO WORK TO OBTAIN INFOR-
MATION ABOUT THE WORK,” filed on Jun. 2, 2006, and
listing Ingemar J. Cox as the inventor, which is a continua-
tion-in-part of U.S. patent application Ser. No. 09/950,972
(incorporated herein by reference, issued as U.S. Pat. No.
7,058,223 on Jun. 6, 2006), titled “IDENTIFYING WORKS
FOR INITIATING A WORK-BASED ACTION, SUCH AS
AN ACTION ON THE INTERNET,” filed on Sep. 13, 2001,
and listing Ingemar J. Cox as the inventor, which application
claims benefit to the filing date of provisional patent applica-
tion Ser. No. 60/232,618 (incorporated herein by reference),
titled “IDENTIFYING AND LINKING TELEVISION,
AUDIO, PRINT AND OTHER MEDIA TO THE INTER-
NET”, filed on Sep. 14, 2000 and listing Ingemar J. Cox as the
inventor,

§1. BACKGROUND OF THE INVENTION

§1.1 Field of the Invention

The present invention concerns linking traditional media to
new interactive media, such as that provided over the Internet
for example. In particular, the present invention concerns
identifying a work (e.g., content or an advertisement deliv-
ered via print media, or via a radio or television broadcast)
without the need to modify the work.

§1.2 Related Art

§1.2.1 Opportunities Arising from Linking Works Deliv-
ered Via Some Traditional Media Channel or Conduit to a
More Interactive System

The rapid adoption of the Internet and associated World
Wide Web has recently spurred interest in linking works,
delivered via traditional media channels or conduits, to a
more interactive system, such as the Internet for example.
Basically, such linking can be used to (a) promote commerce,
such as e-commerce, and/or {(b) enhance interest in the work
itself by facilitating audience interaction or participation.
Commerce opportunities include, for example, facilitating
the placement of direct orders for products, providing product
coupons, providing further information related to a product,
product placement, etc.
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In the context of e-commerce, viewers could request dis-
count vouchers or coupons for viewed products that are
redeemable at the point of purchase. E-commerce applica-
tions also extend beyond advertisements. It is now common
for television shows to include product placements. For
example, an actor might drink a Coke rather than a Pepsi
brand of soda, actors and actresses might wear desigper-
labeled clothing such as Calvin Klein, etc. Viewers may wish
to purchase similar clothing but may not necessarily be able to
identify the designer or the particular style directly from the
show. However, with an interactive capability, viewers would
be able to discover this and other information by going to an
associated Web site. The link to this Web site can be auto-
matically enabled using the invention described herein.

In the context of facilitating audience interaction or par-
licipation, there is much interest in (he convergence of tele-
vision and computers. Convergence encompasses a very wide
range of capabilities. Although a significant effort is being
directed to video-on-demand applications, in which there is a
unique video stream for each user of the service, as well as to
transmitting video signals over the Internet, there is also
intcrest in cohancing the tclevision viewing experience. To
this end, there have been a number of experiments with inter-
active television in which viewers can participate in a live
broadcast. There are a variety of ways in which viewers can
participate. For example, during game shows, users can
answer the questions and their scores can be tabulated. In
recent reality-based programming such as the ABC television
game show, “Big Brother”, viewers can vote on contestants
who must leave the show, and be eliminated from the com-
petition.

§1.2.2 Embedding Work Identifying Code or Signals
within Works

Known techniques of linking works delivered via tradi-
tional media channels to a more interactive system typically
require some type of code, used to identify the work, to be
inserted into the work before it is delivered via such tradi-
tional media channels. Some examples of such inserted code
include (i) signals inserted into the vertical blanking interval

o (“VBI”) lines of a (e.g., NTSC) television signal, (ii) water-

marks embedded into images, (iii) bar codes imposed on
images, and (iv) tones embedded into music.

The common technical theme of these proposed imple-
mentations is the insertion of visible or invisible signals into
the media that can bc decoded by a computer. Thesc signals
can contain a variety of information. In its most direct form,
the signal may directly encode the TJRI. of the associated Web
site. However, since the alphanumeric string has varjable
length and is not a particularly efficient coding, it is more
common to encode a unique ID. The computer then accesses
a database, which is usually proprietary, and matches the ID
with the associated web address. This database can be con-
sidered a form of domuin name server, similar (o those
already deployed for network addresses. However, in this
case, the domain name server is proprietary and the addresses
are unique 11’s.

There are two principal advantages to encoding a propri-
etary identifier into content. First, as previously mentioned, it
is a more efficient use of the available bandwidth and second,
by directing all traffic to a single Web site that contains the
database, a company can maintain control over the technol-
ogy and gather useful statistics that may then be sold to
advertisers and publishers.

As an example of inserting signals into the vertical blank-
ing interval lines of a television signal, RespondTV of San
Francisco, Calif. embeds identification information into the
vertical blanking interval of the television signal. The VBI is
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part of the analog video broadcast that is not visible to tele-
vision viewers. For digital television, it may be possible to
encode the information in, for example, the motion picture
experts group (“MPEG”) header. In the USA, the vertical
blanking interval is currently used to transmit close-caption-
ing information as well as other information, while in the UK,
the VBI is used to transmit teletext information. Although the
close captioning information is guaranteed to be transmitted
into the home in America, unfortunately, other information is
not. 'This is because ownership of the vertical blanking inter-
val is disputed by content owners, broadcasters and local
television operators.

As an example of embedding watermarks into images,
Digimarc of Tualatin, Oreg. embeds watermarks in print
media. Invisible watermarks are newer than VBI iosertion,
and have the advantage o[ being independent of the method of
broadcast. Thus, once the information is embedded, it should
remain readable whether the video is transmitted in NTSC,
PAL or SECAM analog formats or newer digital formats. Tt
should be more reliable than using the vertical blanking inter-
val in television applications. Unfortunately, however, water-
marks still require modification of the broadcast signal which
is problematic for a number of economic, logistical, legal
(permission to alter the content is needed) and quality control
(the content may be degraded by the addition of'a watermark)
reasons.

As an example of imposing bar codes on images, print
advertisers are currently testing a technology that allows an
advertisement to be shown to a camera, scanner or bar code
reader that is connected to a personal computer (“PC”). The
captured image is then analyzed to determine an associated
Web site that the PC’s browser then accesses. For example,
GoCode of Draper, Utah embeds small two-dimensional bar
codes for print advertisements. The latter signal is read by
inexpensive barcode readers that can be connected to a PC.
AirClic of Blue Bell, Pa. provides a combination of barcode
and wireless communication to enable wireless shopping
through print media. A so-called “CueCat” reads bar codes
printed in conjunction with advertisements and articles in
Torbes magazine. Similar capabilities are being tested for
television and audio media.

Machine-readable bar codes are one example of a visible
signal. The advantage of this technology is that it is very
mature. However, the fact that the signal is visible is often
considered a disadvantage since it may detract from the acs-
thetic of the work delivered via a traditional media channel or
conduit.

As an example of embedding tones into music, Digital
Convergence of Dallas, Tex. proposes to embed identification
codes into audible music tones broadcast with television sig-
nals.

All the foregoing techniques of inserting code into a work
can be categorized as active techniques in that they must alter
the existing signal, whether it is music, print, television or
other media, such that an identification code is also present.
There are several disadvantages that active systems share.
First, there are aesthetic or fidelity issues associated with bar
codes, audible tones and watermarks. More importantly, all
media must be processed, before it is delivered to the end user,
to contain these active signals. Even if a system is enthusias-
tically adopted, the logistics involved with inserting bar codes
or watermarks into, say every printed advertisement, are for-
midable.

Further. even if the rate of adoption is very rapid, it never-
theless remains true that during the early deployment of the
system, most works will not be tagged. Thus, consumers that
are early-adopters will {ind that most media is not identified.
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At best, this is frustrating. At worst, the naive user may
conclude that the system is not reliable or does not work at all.
This erroneous conclusion might have a very adverse effect
on the adoption rate.

Further, not only must there be modification to the produc-
tion process, but modifications must also be made to the
equipment in a user’s home. Again, using the example of
watermarking of print media, a PC must be fitted with a
camera and watermark detection software must be installed.
In the case of television, the detection of the identification
signal is likely to occur at the set-top-box—this is the equip-
ment provided by the local cable television or satellite broad-
casting company. In many cases, this may require modifica-
tions to the hardware, which is likely to be prohibitively
expensive. For example, the audible tone used by Digital
Convergence to recognize television content, must be fed
directly into a sound card in a PC. This requires a physical
connection between the television and the PC, which may be
expensive or at least inconvenient, and a sound card may have
to be purchased.

§1.2.3 Unmet Needs

In view of the foregoing disadvantages of inserting an
identification code into a work, thereby altering the existing
signal, there is a need for techniques of identifying a work
without the need of inserting an identification code into a
work. Such an identification code can then be used to invoke
a work-related action, such as work-related commerce meth-
ods and/or to increase audience interest by facilitating audi-
ence interaction and/or participation.

§2. SUMMARY OF THE INVENTION

Some embodiments consistent with the present invention
provide a computer-implemented method, apparatus, orcom-
puter-executable programs for linking a media work to an
action. Such embodiments might (a) extract features from the
media work, (b) determine an identification of the media
work based on the features extracted using a sub-linear time
search, such as an approximate nearest neighbor search for
example, and (c) determine an action based on the identifica-
tion of the media work determined. In some embodiments
consistent with the present invention, the media work is an
audio signal. The audio signal might be obtained from a
broadcast, or an audio file format. In other embodiments
consistent with the present invention, the media work is a
video signal. The video signal might be obtained from a
broadcast, or a video file format.

In some of the embodiments pertaining to audio files, the
audio file might be an mp3 file or some other digital repre-
sentation of an audio signal. The information might include a
song title, an album title, and/or a performer name.

In some of the embodiments pertaining to video files, the
video file might be an MPEG file or some other digital rep-
resentation of a video signal. The video file might be a video
work, and the information might include a title of the video
work, a director of the video work, and names of performers
in the video work.

§3. BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a process bubble diagram of operations that may
be performed in accordance with one version of the present
invention, in which intra-work information is used to identify
the work.

FIG. 2 is a block diagram illustrating a first embodiment of
the present invention, in which intra-work information is used
to identify the work.
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F1G. 3 is a block diagram illustrating a second embodiment
of the present invention, in which intra-work information is
used to identify the work.

I'IG. 41s ablock diagram illustrating a third embodiment of
the present invention, in which intra-work information is used
to identify the work.

F1G. 5 is a process bubble diagram of operations that may
be performed in accordance with another version of the
present invention, in which cxtra-work information is used to
identify the work.

FIG. 6 is a block diagram illustrating a fourth embodiment
of the present invention, in which extra-work information is
used to identify the work.

FIG. 7is a block diagram illustrating a fifth embodiment of
the present invention, in which extra-work information is
used to identity the work.

FIG. 8 is a block diagram illustrating an environment in
which the present invention may operate.

FI1G. 9 is an exemplary data structure in which extra-work
information is associated with a work identifier.

FI1G. 10 is an exemplary data structure including work-
related actions.

§4. DETAILED DESCRIPTION

The present invention may involve novel methods, appa-
ratus and data structures for identifying works without the
need of embedding signals therein. Once identified, such
information can be used to determine a work-related action.
The following description is presented to enable one skilled in
the art to make and use the invention, and is provided in the
context of particular embodiments and methods. Various
modifications to the disclosed embodiments and methods will
be apparent to those skilled in the art, and the general prin-
ciples set forth below may be applied to other embodiments,
methods and applications. Thus, the present invention is not
intended to be limited lo the embodiments and methods
shown and the inventors regard their invention as the follow-
ing disclosed methods, apparatus, data structures and any
other patentable subject matter to the extent that they are
patentable.

§4.1 Functions

The present invention functions to identify a work without
the need of inserting an identification code into a work. The
present invention may do so by (i) cxtracting featurcs from the
work to define a feature vector, and (ii) comparing the feature
vector 1o feature vectors associated with identified works.
Alternatively, or in addition, the present invention may do so
by (i) accepting extra-work information, such as the time of a
query or of a rendering of the work, the geographic location at
which the work is rendered, and the station that the audience
member has selected, and (ii) use such extra-work informa-
tion (o lookup an identification of the work. In either case, an
identification code may be used to identify the work.

The present invention may then function to use such an
identification code to initiate a work-related action, such as
for work-related commerce methods and/or to increase audi-
ence interest by facilitating andience interaction and/or par-
ticipation.

§4.2 Embodiments

Asjust introduced in §4.1 above, the present invention may
use intra-work information and/or extra-work information to
identify a work. Once identified, such identification can be
used to initiate an action, such as an action related to com-
merce, or facilitating audience participation or interaction.
Exemplary embodiments of the present invention, in which
work is recognized or identified based on intra-work infor-
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mation, are described in §4.2.1. Then, exemplary embodi-
ments of the present invention, in which work is recognized or
identified based on extra-work information, are described in
§4.2.2.

§4.2.1 Embodiments in which Work is Recognized Based
on Intra-Work Information, Such as a Feature Vector

Operations related to this embodiment are described in
§4.2.1.1 below. Then, various architectures which may be
used to effect such operations are described in §4.2.1.2.

§4.2.1.1 Operations and Exemplary Methods and Tech-
niques for Effecting Such Operations

FIG. 1 is a process bubble diagram of operations that may
be performed in accordance with one version of the present
invention, in which intra-work information is used to identify
the work. As shown, a work-identification information stor-
age 110 may include a number of items or records 112, Each
item or record 112 may associate a feature vector of a work
114 with a, preferably unique, work identifier 116. The work-
identification information storage 110 may be generated by a
database generation operation(s) 120 which may, in turn, use
a feature extraction operation(s) 122 to extract features from
a work at a first time (WORK.sub.@t1), as wcll as a featurc-
to-work idenlification tagging operation(s) 124.

Further, work identifier-action information storage 130
may include a number of items or records 132. Each item or
record 132 may associate a, preferably unique, work identi-
fier 134 with associated information 136, such as an action for
example. The work identifier-action information storage 130
may be generated by a database generation operation(s) 138
which may, for example, accept manual entries.

As can be appreciated from the foregoing, the work-infor-
mation storage 110 records 112 and the work identification-
action 139 records 132 can be combined into a single record.
That is, there need not be two databases. A single database is
also possible in which the work identifier, or a feature vector
extracted from the work, serves as a key and the associated
field contains work-related information, such as a URL for
example.

The feature extraction operation(s) 140 can accept a work,
such as that being rendered by a user, at a second time
(WORK. .sub.@t2), and extract features from that work. The
extracted features may be used to define a so-called feature
vector.

The extracted features, e.g., as a feature vector, can be used
by a feature (vector) lookup opceration(s) 150 to scarch for a
matching feature vector 114. If a match, or a match within a
predetermined threshold is determined, then the associated
work identifier 116 is read.

The read work identifier can then be used by a work-
associated information lookup operation(s) 160 lo retrieve
associated information, such as an action, 136 associated with
the work identifier. Such information 136 can then be passed
to action iniliation operation(s) 170 which can perform some
action based on the associated information 136.

§4.2.1.1.1 Exemplary Techniques for Feature Extraction

When the user initiates a request, the specific television or
radio broadcast or printed commercial, each of which is
referred to as a work, is first passed to the feature extraction
operation. The work may be an image, an audio file or some
portion of an audio signal or may be one or more frames or
fields of a video signal, or a multimedia signal. The purpose of
the feature extraction operation is to derive a compact repre-
sentation of the work that can subsequently be used for the
purpose of recognition. In the case of images and video, this
feature vector might be a pseudo-random sample of pixels
from the frame or a low-resolution copy of the frame or the
average intensilies of n.times.n blocks of pixels. It might also
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be a frequency-based decomposition of the signal, such as
produced by the Fourier, wavelet and or discrete cosine trans-
forms. It might involve principal component analysis. It
might also be a combination of these. Fortelevision and audio
signals, recognition might also rely on a temporal sequence of
feature vectors. The recognition literature contains many dif-
ferent representations. For block-based methods, blocks may
be accessed at pseudo-random locations in each frame or
might have a specific structure. For audio, common feature
vectors are based on Fourier frequency decompositions, but
other representations are possible. See, e.g.,R. O. Dudaand P.
E. Hart, Pattern Classification and Scene Analysis (Wiley-
Interscience, New York, 1973). See also K. Fukunaga, Intro-
duction to Statistical Pattern Recognition, 2nd Ed. (Academic
Press, New York, 1990). (These references are incorporated
herein by reference.)

As previously stated, one object of the vector extraction
stage is to obtain a more concise representation of the frame.
For example, each video frame is initially composed of
480.times.720 pixels which is equivalent to 345,600 pixels or
691,200 bytes. In comparison, an exewnplary feature vector
might only consist of 1 Kbytc of data.

A second purpose of the feature extraction process is to
acquire a representation that is robust or invariant to possible
noise or distortions that a signal might experience. For
example, frames of a television broadcast may experience a
small amount of jitter, i.e., horizontal and or vertical transla-
tion, or may undergo lossy compression such as by MPEG-2.
It is advantageous that these and other processes do not
adversely affect the extracted vectoss. For still images there
has been considerable work on determining image properties
that are invariant to affine and other geometric distortions. For
example, the use of Radon and Fourier-Mellin transforms
have been proposed for robustness against rotation, scale and
translation, since these transforms are either invariant or bare
a simple relation to the geometric distortions. See, e.g., C.
Lin, M. Wu, Y. M. Lui, J. A, Bloom, M. L. Miller, I. J. Cox,
“Rotation, Scale, and Translation Resilient Public Water-
marking for Images,” IEEE Transactions on Image Process-
ing (2001). See also, U.S. Pat. Nos. 5,436,653, 5,504,518,
5,582,246, 5,612,729, and 5.621,454. (Each of these refer-
ences is incorporated herein by reference.)

§4.2.1.1.2 Exemplary Techniques for Database Generation
and Maintenance

A number of possibilities cxist for gencrating and main-
taining work identification (WID) and identification-action
transiation (WIDAT) databases. However, in all cases, works
of interest are processed to extract a representative feature
vector and this feature vector is assigned a unique identifier.
This unique identifier is then entered into the work identifi-
cation (WID) database 110 as well as into the WIDAT data-
base 130 together with all the necessary associated data. This
process is referred (o as lagging. For example, in the case o[an
advertisement, the WIDAT database 130 might include the
manufacturer (Ford), the product name (Taurus), a product
category (automotive) and the URL associated with the Ford
Taurus car together with the instruction to translate the query
iuto the associated URL.

The determination of all works of interest and subsequent
feature vector extraction and tagging depends on whether
content owners are actively collaborating with the entity
responsible for creating and maintaining the database. If there
is no collaboration, then the database entity must collect all
works of interest and process and tag them. While this is a
significant effort, it is not overwhelming and is certainly
commercially feasible. For example, competitive market
research firms routinely tabulate all adverlisements appearing
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in a very wide variety of print media. Newspapers and maga-
zines can be scanned in and software algorithms can be
applied to the images to identify likely advertisements. These
possible advertisements can then be compared with adver-
tisements already in the WID database 110. If there is a match,
nothing further need be done. If there is not a match, the
image can be sent to a human to determine if the page does
indeed contain an advertisement. If so, the operator can
instruct the computer to extract the representative feature
vector and assign it a unique identifier. Then, the operator can
insert this information into the content identification database
and as well as update the corresponding WIDAT database 130
with all the necessary associated data. This is continually
performed as new magazines and papers include new adver-
tisements to maintain the databases. This is a cost to the
database entity. Television and radio broadcasts can also be
monitored and, in fact, broadcast monitoring is currently
performed by companies such as Nielsen Media research and
Competitive Media Reporting. Television and radio broad-
casts differ from print media in the real-time nature of the
signals and the consequent desire for real-time recognition.

In many cascs, advertiscrs, publishers and broadcasters
may wish to collaborate with the database provider. In this
case, feature extraction and annotation and/or extra-work
information may be performed by the advertiser, advertise-
ment agency, network and/or broadcaster and this informa-
tion sent to the database provider to update the database.
Clearly, this arrangement is preferable from the database
provider’s perspective. However, it is not essential.

§4.2.1.1.3. Exemplary Techniques for Matching Extracted
Features with Database Entries

The extracted feature vector is then passed to a recognition
(e.g., feature look-up) operation, during which, the vector is
compared to entries of known vectors 114 in a content iden-

5 tification (WID) database 110. It is important to realize that

the matching of extracted and known vectors is not equivalent
to looking up a word in an electronic dictionary. Since the
extracted vectors contain noise or distortions, binary search
might not be possible. Instead, a statistical comparison is
often made between an extracted vector and each stored vec-
tor. Common statistical measures include linear correlation
and related measures such as correlation coeflicient, but other
methods can also be used including mutual information,
Euclidean distance and Lp-norms. These measures provide a
statistical mecasurc of the confidence of the match. A threshold
can be established, usually based on the required false posi-
tive and false negative rates, such that if the correlation output
exceeds this threshold, then the extracted and known vectors
are said to match. See, e.g., R. O. Duda and P. E. Hart, Pattern
Classification and Scene Analysis (Wiley-Interscience, New
York, 1973). See also, U.S. Pat. No. 3,919,474 by W. D.
Moon, R. J. Weiner, R. A. Hansen and R. N. Linde, entitled
“Broadcas! Signal Identification System”. (Each o[ these rel-
erences is incorporated herein by reference.)

If binary search was possible, then a database containing N
vectors would require at most log{N) comparisons. Unfortu-
nately, binary search is not possible when taking a noisy
signal and trying to find the most similar reference signal.
This problem is one of nearest neighbor search in a (high-
dimensional) feature space. In previous work, it was not
uncommonto perform a linear search of all N entries, perhaps
halting the search when the first match is found. On average,
this will require N/2 comparisons. IfN is large, this search can
be computationally very expensive.

Other forms of matching include those based on clustering,
kd-trees, vantage point trees and excluded middle vantage
point [orests are possible and will be discussed in more detail
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later. See, e.g., P. N. Yianilos “Excluded Middle Vantage
Point Forests for nearest Neighbor Search™, Presented at the
Sixth DIMACS Implementation Challenge: Near Neighbor
Searches workshop, (Jan. 15, 1999). See also, P. N. Yianilos,
“Locally lifting the curse of Dimensionality for nearest
Neighbor Search” SODA 2000: 361-370. (Each of these ref-
erences is incorporated herein by reference.) Thus, for
example, a sub-linear search time can be achieved. Unlike the
kd-tree method which finds the nearest neighbor with cer-
tainty, randomized constructions, like the one described in P.
N. Yianilos, “Locally lifting the curse of Dimensionality for
nearest Neighbor Search” SODA 2000: 361-370, that suc-
ceed with some specified probability may be used. One
example of a sub-linear time search is an approximate nearest
neighbor search. A pearest neighbor search always finds the
closest point to the guery. An approximate nearest neighbor
search does not always find the closest point to the query. For
example, it might do so with some probability, or it might
provide any point within some small distance of the closest
point.

If the extracted vector “matches” a known vector in the
content identification database, then the work has been iden-
tified. Of course, there is the risk that the match is incorrect.
This type of error is known as a false positive. The false
positive rate can be reduced to any desired value, but at the
expense of the false negative rate. A false negative occurs
when the vector extracted from a work is not matched to the
database even though the work is present in the database.
There are several reasons why a works feature vector may fail
to match a feature vector database entry. First, the recognition
system may not be capable of 100% accuracy. Second, the
extracted vector will often contain noise as a result of the
transmission process. This noise may alter the values of a
feature vector to the extent that a match is no longer possible.

Finally, there is the case where the observed work is not
present in the database. In this case, the work can be sent to an
operator for identification and insertion in the database.

§4.2.1.1.4 Exemplary Work Based Actions

Assuming that the work is correctly identified, then the
identifier can be used to retrieve associated information from
the second work identification-action translation (WIDAT)
database 130 that contains information 136 associated with
the particular work 134. This information may simply be a
corresponding URL address, in which case, the action can be
considered to be a form of network address translation. How-
ever, in general, any information about the work could be
stored therein, together with possible actions to be taken such
as initiating an e-commerce transaction. After looking up the
work identifier 134 in the WIDAT database 130, an action is
performed on behalf of the user, examples of which has been
previously described.

In addition to using the system to allow audience members
ol a work to connect 10 associated siles on the Internet, a
number of other uses are possible. First, the work identifica-
tion database 130 allows competitive market research data to
be collected (e.g., the action may include logging an event).
For example, it is possible to determine how many commer-
cials the Coca Cola Company in the Chicago market aired in
the month of June. This information is valuable to competi-
tors such as Pepsi. Thus, any company that developed a sys-
tem as described above could also expect to generate revenue
from competitive market research data that it gathers.

Advertisers often wish to ensure that they receive the
advertising time that was purchased. To do so, they often hire
commercial verification services to verify that the advertise-
ment or commercial did indeed run at the expected time. To do
so, currently deployed systems by Nielsen and CMR embed-
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ded active signals in the advertisement prior to the broadcast.
These signals are then detected by remote monitoring facili-
ties that then report back to a central system which commer-
cials were positively identified. See for example U.S. Pat.
Nos. 5,629,739 by R. A. Dougherty entitled “Apparatus and
method for injecting an ancillary signal into a low energy
density portion of a color television frequency spectrum”,
4,025,851 by D. E. Haselwood and C. M. Solar entitled
“Automatic monitor for programs broadcast”, 5,243,423 by J.
P.Delean, D. Lu and R. Weissman, entitled “Spread spectrum
digital data transmission over TV video™, and 5,450,122by L.
D. Keene entitled “In-station television program encoding
and monitoring system and method”. (Each of these patents is
incorporated herein by reference.) Active systems are usually
preferred for advertisement verification because the required
recognition accuracy is difficult to achieve with passive sys-
tems. The passive monitoring system described herein sup-
ports commercial verification.

§4.2.1.2 Exemplary Architectures

Three alternative architectural embodiments in which the
first technique may be employed are now described with
reference to FIGS. 2, 3, and 4.

FIG. 2 is a block diagram illustrating a first embodiment of
the present invention, in which intra-work information is used
to identify the work and in which a audience member device
210, such as a PC for example, receives and renders a work
that is consumed by an audience member (user). At some
point, the user may wish to perform a work-specific action
such as traversing to an associated Web site. Upon initiation
of this request, the computer 210 performs the operations
1404,150a, 160a and 1704, such as those shown in FIG. 1. To
reiterate, these operations include a feature extraction opera-
tion(s) 140a, feature vector lockup or matching operation(s)
1504 in connection with items or records 112a in a work-
identification (WID) database 110a. If a matching feature
vector 114a is found, the work-associated information lookup
operation(s) 160a can use the associated work identifier 116a
to accessing a work identification-action translation
{(WIDAT) database 130a to retrieve associated information
1364, possibly including determining what action should be
performed.

As described above, the two databases might be integrated
into a single database. However, conceptually, they are
described here as separate.

An cxample illustrating operations that can occur in the
firstembodiment of FIG. 1, is now described. Consider a print
application, in which say 10,000 advertisements are to be
recognized that appear in national newspapers and maga-
zines. If 1 Kbyte is required to store each feature vector then
approximately 10 Mbytes of storage will be required for the
work identification database 110a. Such a size does not rep-
resent a serious problem, in either memory or disk space, to
present personal computers.

An important issue then becomes recognition rate. While
this may be problematic, all the images are two-dimensional-
three-dimensional object recognition is not required. Of
course, since a low cost camera captures the printed adver-
tisement, there may be a number of geometric distortions that
might be introduced together with noise. Nevertheless, the
application is sufficiently constrained that adequate recogni-
tion rates should be achievable with current state-of-the-art
computer vision algorithms. See, e.g., P. N. Yianilos
“Excluded Middle Vantage Point ['orests for nearest Neigh-
bor Search”, Presented at the Sixth DIMACS Implementation
Challenge: Near Neighbor Searches workshop, Jan. 15, 1999.
See also, P. N. Yianilos “Locally lifting the curse of Dimen-
sionality for nearest Neighbor Search™ SODA 2000: 361-370.
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(Fach of these references is incorporated herein by refer-
ence.) Thus, for example, a sub-linear search time can be
achieved. Unlike the kd-tree method which finds the nearest
neighbor with certainty, randomized constructions, like the
one described in P. N. Yianilos, “Locally lifting the curse of
Dimensionality for nearest Neighbor Search” SODA 2000:
361-370, that succeed with some specified probability may be
used. One example of a sub-linear time search is an approxi-
mate nearest neighbor search. Estimates of the size of the
WIDAT database 130a depend on what associated informa-
tion (recall fields 136) is stored. If, for example, only a URL
address is needed, about 20 characters can typically represent
most URLs. Thus, the size of the WIDAT database 130a
would be less than 1 Mbyte.

The configuration just described with reference to FIG. 2
places all of the processing and data on each user’s local
machine 210. A number ofalternative embodiments, in which
some or all of the storage and processing requirements are
performed remotely, will be described shortly.

As new works are created and made publicly available, the
databases residing on a user’s local computer become obso-
letc. Just as thce databasc provider 240 must continually
update the databases in order to remain current, there is also
a need to update local databases on devices at audience mem-
ber premises. This update process can be performed over the
Internet 230 in a manner very similar to how software is
currently upgraded. It is not necessary to download an
entirely new database although this is an option. Rather, only
the changes need to be transmitted. During this update pro-
cess, the user’s computer 210 might also transmit information
to a central monitoring center 240 informing it of which
advertisements the computer user has queried. This type of
nformation is valuable to both advertisers and publishers. Of
course, care must be taken to ensure the privacy of individual
users of the system. However, it is not necessary to know the
identity of individual users for the system to work.

FIG. 3 isa block diagram illustrating a second embodiment
of the present invention, in which intra-work information is
used to identify the work. Although the WIDAT database can
be quite small, as illustrated in the exemplary embodiment
described above with respect to FIG. 2, there is still the
problem of keeping this database current. While periodic
updates of the local databases may be acceptable, they
become unnecessary if the WIDAT database 13056 is at a
remote location 340. In this arrangement, illustrated in FIG.
3, after the local computer 310 identifies the work, it sends a
query to the remote WIDAT database 1305. The query may
contain the work identifier. The remote site 340 may then
return the associated information 136. Although the remote
WIDAT database 1305 needs to be updated by the database
provider, this can be done very frequently without the need
for communicating the updates to the local computers 310.

The second embodiment is most similar to active systems
inwhich an embedded signal is extracted and decoded and the
identifier is used to interrogate a central database. Conse-
quently it has many of the advantages of such systems, while
avoiding the need to insert signals into all works. One such
advantage, is that the database provider receives real-time
information relating to users’ access patterns.

The WIDAT database 1305 might physically reside at more
than one location. In such a case, some requests will go to one
site, and other requests will go to another. In this way, over-
loading of a single site by too many users can be avoided.
Other load balancing techniques are also applicable.

FIG. 4is ablock diagram illustrating a third embodiment of
the present invention, in which intra-work information is used
to identify the work. Recall that the WIDAT database may be
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small relative to that work identification database (W1DD). As
the size of the work recognition (WID) database increases,
the foregoing embodiments may become impractical. Con-
sider, for example, a music application in which it is desired
to identify 100,000 song titles. If it is again assumed that a 1
Kbyte vector can uniquely represent each song, then on the
order of 100 Mbytes is now needed. This size is comparable
to large application programs suchas Microsoft’s Office 2000
suite. Although this still does not represent an inordinate
amount of disk space, if this data needs to reside in memory at
all times, then very few present machines will have adequate
resources. Clearly, at some point, the proposed architectures
scales to a point where requirements become impractical. In
this case, a further modification to the architecture is possible.

Since the storage and searching of the work-identifier
(WID) database require the most computation and storage, it
may be more economical to perform these actions remotely.
Thus, for example, if a user is playing an MP3 music file and
wants to go to a corresponding website, the MP3 tile is passed
to an operation that determines one or more feature vectors. In
the third embodiment, instead of performing the matching
locally 410, the onc or morc vectors arc transmitted to a
central site 440 at which is stored the WID and WIDAT
databases 110¢ and 130¢ together with sufficiently powerful
computers to resolve this request and those of other computer
users. This configuration is illustrated in FIG. 4. Similarly, if
a user is playing an MPEG or other video file and wants to
initiate a work-related action, the video file is passed to an
operation 140c that extracts one or more feature vectors. The
entire video file need not be processed. Rather, it may be
sufficient to process only those frames in the temporal vicin-
ity to the users request, i.e., to process the current frame and
or some number of frames before and after the current frame,
e.g. perhaps 100 frames in all. The extracted feature vector or
feature vectors can then be transmitted to a central site 440
which can resolve the request.

After successfully matching the feature vector, the central
sitc 440 can provide the user with information directly, or can
direct the user to another Web site that contains the informa-
tion the user wants. In cases where the recognition is ambigu-
ous, the central site 440 might return information identifying
one of several possible matches and allow the user to select
the intended one.

The (hird embodiment is particularly attractive if the cost
of extracting the feature vector is small. In this case, it
becomes economical to bave feature vector extraction 140¢ in
digital set-top-boxes and in video recorders 410. The latter
may be especially useful for the new generation of consumer
digital video recorders such as those manufactured by TIVO
and Replay TV. These devices already have access to the
Internet via a phone line. Thus, when someone watching a
recorded movie from television reacts to an advertisement,
the video recorder would extract one or more [eature vectors
and transmit them to a central site 440. This site 440 would
determine if a match existed between the query vector and the
database of pre-stored vectors 110c. If a match is found, the
central server 440 would transmit the associated information,
which might include a Web site address or an 800 number for
more traditional ordering, back to the audience user device
410. Of course, a consumer device 410 such as a digital video
recorder might also store personal information of the ownerto
facilitate online e-commerce. Such a device 410 could store
the owner’s name, address, and credit card information and
automatically transmit them to an on-line store to complete a
purchase. Very little user interaction other than to authorize
the purchase might be needed. This type of purchasing may be
very convenient (0 consumers.
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Another advantage of the third embodiment is that it ohvi-
ates the need to update local databases while, at the same
time, the centrally maintained databases can be kept current
with very frequent updating,.

§4.2.2 Embodiments in which Work is Recognized Based
on Extra-Work Information

Operations related to this embodiment are described in
§4.2.2.1 below. Then, various architectures which may be
used to effect such operations are described in §4.2.2.2.

If the cost of extracting a feature vector is too large, then the
cost of deploying any of the embodiments described in §4.2.1
above may be prohibitive. This is particularly likely in very
cost sensitive consumer products, including set-top-boxes
and next generation digital VCRs. Acknowledging this fact, a
different technique, one that is particularly well svited for
broadcasted media such as television and radio as well as (0
content published in magazines and newspapers, is now
described. This technique relies on the fact that a work need
not be identified by a feature vector extracted from the work
(which is an example of “intra-work information”), but can
also be identified by when and where it is published or broad-
cast (which arc examples of “cxtra-work information”)

An example serves to illustrate this point. Consider the
scenario in which a viewer sees a television commercial and
responds to it. The embodiments described in §4.2.1 above
required the user device (e.g., a computer or set-top-box)
210/310/410 to extract a feature vector. Such an extracted
vector was attempted to be matched to another feature vec-
tor(s), either locally, or at a remote site. In the embodiments
using a remote site, if the central site is monitoring all televi-
sion broadcasts, then the user’s query does not need to include
the feature vector. Instead, the query simply needs to identify
the time, geographic location and the station that the viewer is
watching. A central site can then determine which advertise-
ment was airing at that moment and, once again, return the
associated information. The same is true for radio broadcasts.
Moreover, magazines and newspapers can also be handled in
this manner. Here the query might include the name of the
magazine, the month of publication and the page number.

§4.2.2.1 Operations and Cxemplary Methods and Tech-
niques for Effecting Such Operations

FIG. 5 is a process bubble diagram of operations that may
be performed in accordance with another version of the
present invention, in which extra-work information is used to
identify the work. As shown, a query work-identification
(QWID) information storage 510 may include a number of
items or records 512. Fach item or record 512 may associate
extra-work information 514, related to the work, with a, pref-
erably unique, work identifier 516. The query work-identifi-
cation (QWID) information storage 510 may be generated by
a database generation operation(s) 520.

Further, work identifier-action information (WIDAT) stor-
age 530 may include a number of items or records 532. Each
item or record 532 may associate a, preferably unique, work
identifier 534 with associated information 536, such as an
action for example. The work identifier-action (WIDATI)
information storage 530 may be generated by a database
generation operation(s) 538 which may, for example, accept
manual entries.

As can be appreciated from the foregoing, the query work-
information (QWID) storage 510 records 512 and the work
identification-action (WIDAT) storage 530 records 532 can
be combined into a single record.

The extra-work information aggregation (e.g., query gen-
eration) operation(s) 540 can accept a information related to
a work, such as the time of a user request or of a rendering of
the work, the geographic location at which the work is ren-
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dered, and the station that the audience member has selected,
and generate a query from such extra-work information.

The query including the extra-work information can be
used by a lookup operation(s) 550 to search for a “matching”
set of information 514. I a match, or a match within a pre-
determined threshold is determined, then the associated work
identifier 516 is read.

The read work identifier can then be used by a work-
associated information lookup operation(s) 560 to retrieve
associated information, such as an action, 536 associated with
the work identifier. Such information 536 can then be passed
1o action initiation operation(s) 570 which can perform some
action based on the associated information 536.

If the extra-work information of a work is known (in
advance), generating the query work identifier (QWID) infor-
mation 510 is straight-forward. If this were always the case,
an intra-work information-based recognition operation
would not be needed. However, very often this is not the case.
For example, local television broadcasts typically have dis-
cretion to insert local advertising, as well as national adver-
tising. Thus, it often is not possible to know in advance when,
on what station, and where a particular advertiscment will
play.

In such instances, areal-time (e.g., centralized) monitoring
facility 580 may be used to (i) extract feature vectors from a
work, (ii) determine a work identifier 116 from the extracted
features, and (iii) communicate one or more messages 590 in
which extra-work information (e.g., time, channel, geo-
graphic market) 592 is associated with a work identifier 594,
1o operation(s) 520 for generating query work identification
(QWID) information 510.

§4.2.2.1.1 Exemplary Extra-Work Information

In the context of national broadcasts, geographic informa-
tion may be needed to distinguish between, for example, the
ABC television broadcast in Los Angeles and that in New
York. While both locations broadcast ABC’s programming,
this programming airs at different times on the East and West
coasts of America. More importantly, the local network affili-
ates that air ABC’s shows have discretion to sell local adver-
tising as well as a responsibility to broadcast the national
commercials that ABC sells. In short, the works broadcast by
ABC in Los Angeles can be different from that in other
geographic locations. Geographic information is therefore
useful (o distinguish between the different elevision markets.
In some circumstances, geographic information may not be
necessary, especially in parts of the world with highly regu-
lated and centralized broadcasting in which there are not
regional differences.

§4.2.2.1.2 Exemplary Techniques for Generating Data-
bases

FIG. 5 illustrates a third database 510 referred 1o as the
query to work identification (QWID) database. This database
510 maps the query (e.g., in the form of time, location and
channel information) into a umque ID that identifies the per-
ceived work. The QWID 510 and WIDAT 530 databases
might not be separate, but for clarity will be considered so.
After retrieving the unique work identifier 512 from the
QWID database 510, the identifier can be used to access the
WIDAT database 530. This is discussed in more detail later.

As introduced above, although it appears that this architec-
ture does notrequire a recognition facility, such a facility may
be needed. The feature extraction operation(s) 1404, as well
as the work identification operation(s) 1504 and other data-
bases 1104, may be moved to one or more remote sites 580.

Although TV Guide and other companies provide detailed
information regarding what will be broadcast when, these
scheduling guides do not have any inforination regarding
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what advertisements will air when. In many cases, this infor-
mation is unknown until a day or so before the broadcast.
Even then, the time slots that a broadcaster sells to an adver-
tiser only provide a time range, e.g. 12 pm to 3 pm. Thus it is
unlikely that all commercials and aired programming can be
determined from TV schedules and other sources prior to
transmission. Further, occasionally programming schedules
are altered unexpectedly due to live broadcasts that overrun
their time slots. This is common in sports events and awards
shows. Another example of interrupts to scheduled program-
ming occurs when a particularly important news event occurs.

During transmission, it may therefore be necessary for a
central site 580 to determine what work is being broadcast
and to update its and/or other’s database 520 accordingly
based on the work identified 594 and relevant extra-work
information 592. There are a variety of ways that (his can be
accomplished.

First, it may be economically feasible to manually monitor
a]l television stations that are of interest, and manually update
the database with information regarding the work being
monitored. In fact, Nielsen used such procedures in the early
1960’s for the company to tabulatc competitive market data.
More than one person can be employed to watch the same
channel in order to reduce the error rate. It should be noted
that the recent ruling by the FCC that satellite broadcasters
such as DirecTV, DishTV and EchoStar can carry local sta-
tions significantly reduces the cost of monitoring many geo-
graphic markets. Currently, DirecTV, for example, carries the
four main local stations in each of the 35 largest markets.
Thus, these 4.times.35—-140 channels can all be monitored
from a single site 580. This site would be provided with
satellite receivers to obtain the television channels.

Unfortunately, however, humans are error prone and the
monitoring of many different stations from many different
geographic locations can be expensive. In order to automate
the recognition process, a central site 580 could employ a
computer-based system o perform automatic recognition.
Because the recognition is centralized, only one or a few sites
are needed. This is in comparison with the first architecture
we described in which a complete recognition system was
required in every user’s home or premise. This centralization
makes it more econoniic to employ more expensive comput-
ers, perhaps even special purpose hardware, and more sophis-
ticated sofiware algorithms. When video frames or clips can-
not be identified or arc considered ambiguous, this video can
be quickly passed to human viewers to identify. Further, it
should be possible for the automated recognition system to
use additional information such as television schedules, tinie
of day, etc in order to improve its recognition rate.

§4.2.2.1.2 Exemplary Techniques for Generating Queries
Based on Extra-Work Information

At the audience member (user) premises, all that is needed
is for the device 10 send a query (o a database-server with
information that includes extra-work information, such as
geographic location, time and channel. Usually, this extra-
work information would be transmitted in real-time, while the
work (e.g., an advertisement) is being broadcast. However,
this is not necessary. 1f the television does not have access to
the Internet, and most TVs do not yet, then an audience
member (user) may simply remember or record which chan-
nel he or she was viewing at what time. In fact, the user device
could store this information for later retrieval by the user. At
a convenient later time, the user might access the Internet
using a home PC. At this time, he or she can query the
database by entering this extra-work information (e.g.,
together with geographic information) into an application
program or @ web browser plug-in.
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Another possibility is allowing an audience member (user),
at the time he or she is consuming (e.g., viewing, reading,
listening to, etc.) the work, to enter query information into a
handheld personal digital assistant (“PDA™) such as a Palm
Pilot, so as not to forget it. This information can then be
manually transferred to a device connected to a network, or
the information can be transferred automatically using, for
example, infrared communications or via a physical link such
as a cradle. Recently, PDAs also have some wireless network-
ing capabilities built in, and thus might support direct access
to the information desired. Further, software is available that
allows a Palm Pilot or other PDA to function as a TV remote
control device. As such, the PDA already knows the time of
day and channel being viewed. It also probably knows the
location of the audience member, since most PDA users
include their own name and address in the PDA’s phonebook
and identify it as their own. Thus, with one or a few clicks, an
audience member PDA user could bookmark the television
content he or she is viewing. If the PDA is networked, then the
PDA can, itself, retrieve the associated information immedi-
ately. Otherwise, the PDA can transfer this bookmarked data
to a networked device, which can then provide access to the
central database,

§4.2.2.2 Exemplary Architectures

FIG. 6 is a block diagram illustrating a fourth embodiment
of the present invention, in which extra-work information is
used to identify the work. As shown, an extra-work informa-
tion aggregation operation 540a may be effected on a device
610, such as a PC, at the audience member (user) premises.
The various databases 510a, 5304, and 110e¢, as well as the
database generation operation(s) 520a/538a, the lookup
operation(s) 550a and the work-associated information
lookup operation(s) 560a may be provided at one or more
centralized monitoring and query resolution centers 640.

F1G. 7 is a block diagram illustrating a fifth embodiment of
the present invention, in which extra-work information is
used to identify the work. This fifth embodiment is similar to
the fourth embodiment illustrated in FIG. 6 but here, the
monitoring center 740a and query resolution center 7405 are
separate.

These embodiments have many advantages for television
and radio broadcasters who desire to provide Internet links or
other action. First, the audience member (user) equipment,
whether it is a computer, sel-top-box, lelevision, radio,
remote control, personal digital assistant (pda), cell phone or
other device, does not need to perform any processing of the
received signal. As such, there is almost no cost involved to
equipment manufacturers.

These last embodiments have some similarity with ser-
vices such as those provided by the companies Real Names of
Redwood City, Calif., America Online (“AOL”) and espe-
cially iTag from Xenote. The popular press has reporied on
the difliculties associated with assigning domain names. The
simplest of these problems is that almost all the one-word
names in the “.com” category have been used. Consequently,
domain names can often be difficult to remember. 1o alleviate
this problem, RealNames and AOL provide alternative, pro-
prietary name spaces (AOL calls these keywords). For a fee,
a company may register a name with these companies. Thus,
rather than type the URL hitp://www.bell-labs.com, the
simple keyword “bell” might be sufficient to access the same
Web site. These capabilities are convenient to users. How-
ever, these systems are very different from the fourth and fifth
embodiments described. First, and foremost, these systems
are not designed to identify content. Rather, they are simply
alternative network address translation systems based on eas-
ily remembered mnemonics which are sold to interested com-
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panies. As sucly, the user is still expected to type in an address,
but this address is easier to remember than the equivalent
URL. In contrast, while a user may manually enter the infor-
mation describing the work, the preferred embodiment is for
the computcr, sci-top-box or other device to automatically
generate this information. Further, the mapping of keywords
to network addresses is an arbitrary mapping maintained by
AOL or Real Names. For example, the keyword “bell” might
just as reasonably point to the Web site for Philadelphia’s
Liberty Bell as to Lucent’s Bell Labs. In contrast, the query
used in the fourth and filth embodiments is designed to con-
tain all the necessary data to identify the work, e.g. the time,
place and television channel during which the work was
broadcast. There is nothing arbitrary about this mapping. It
should also be pointed out that the proposed system is
dynamic—the same work, e.g. a commercial, potentially has
an infinite number of addresses depending on when and
where it is broadcast. If an advertisement airs 100,000 unique
times, then there are 100,000 different queries that uniquely
identify it. Moreover, the exemplary query includes naturally
occurring information such as time, place, channel or page
number. This is not the case for AOL or RealNames, which
typically assigns one or more static keywords to the address
of a Web site.

Xenote’s iTag system is designed to identify radio broad-
casts and uses a query similar to that which may be used in the
fourth and fifth embodiments, i.e. time and station informa-
tion. Ilowever, the work identification information is not
dynamically constructed but is instead based on detailed pro-
gram scheduling that radio stations must provide it. As such,
it suffers from potential errors in scheduling and requires the
detailed cooperation of broadcasters. While the fourth and
fifth embodiments might choose to use program scheduling,
information and other ancillary information to aid in the
recoguition process, they do not exclusively rely on this. The
concept of resolving a site name by recognizing the content is
absent from the above systems.

§4.2.3 Exemplary Apparatus for Audience Member (User)
Premise Device

While personal computers may be the primary computa-
tional device at a user’s location, it is not essential to usea PC.
This is especially true of the embodiments depicted in FIGS.
6 and 7, which do not rcquirc the content, c.g. video signal, to
be processed. Instead, only a unique set of identification
parameters such as time, location and channel are provided to
identify the perceived Work. Many forms of devices can
therefore take advantage of this configuration.

As previously noted, personal digital assistants (PDAs) can
be used to record the identification information. This infor-
mation can then be transferred to a device with a network
communication such as a PC. However, increasingly, PDAs
will already have wireless network communication capabili-
ties built-in. as with the Palm VII PDA. These devices will
allow immediate communication with the query resolution
center and all information will be downloaded to them or they
can participate in facilitating an e-cominerce transaction.
Similarly, wireless telephones are increasingly offering web-
enabled capabilities. Consequently, wireless phones could be
programmed to act as a user interface.

New devices can also be envisaged, including a universal
remote control for home entertainment systems with a LCD
or other graphical display and a network connection. This
connection may be wireless or the remote control might have
a phone jack that allows it to be plugged directly into an
existing phone line. As home networks begin to be deployed,
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such devices can be expected to communicate via an inex-
pensive interface to the home network and from there to
access the Internet.

In many homes, it is not uncommon for a computer and
tclevision to be used simultancously, perhaps in the same
room. A person watching television could install a web
browser plug-in or applet that would ask the user to identify
his location and the station being watched. Then, periodically,
every 20 seconds for example, the plug-in would update a list
of web addresses that are relevant to the television programs
being walched, including the commercials. The audience
member would then simply click on the web address of inter-
est to obtain further information. This has the advantage that
the viewer does not have to guess the relevant address asso-
ciated with a commercial and, in fact, can be directed 10 a
more specialized address, such as www.fordvehicles.com/
ibv/tausrusZkflash/flash.html, rather than the generic
www.ford.com site. Of course, this applet or plug-in could
also provide the database entity with information regarding
what is being accessed from where and at what time. This
information, as noted carlicr, is valuable to advertiscrs and
broadcasters. For PC’s that have infra-red communication
capabilities, it is straightforward to either control the home
entertainment center from the PC or for the PC to decode the
signals from a conventional remote control. Thus, as a user
changes channels, the PC is able to automatically track the
channel changes.

Recording devices such as analog VCRs and newer digital
recording devices can also be exploited in the embodiments
depicted in FIGS. 6 and 7, especially if device also record the
channel and time information for the recorded content. When
a user initiates a query, the recorded time and channel, rather
than the current time and channel, then form part of the
identification information.

Digital set-top-boxes are also expected to exploit the capa-
bilities described herein. In particular, such devices will have
two-way communication capabilities and may even include
cable modem capabilities of course, the two-way communi-
cation need not be over a television cable. [or example,
satellite set-top-boxes provide up-link communications via a
telephone connection. Clearly, such devices provide a conve-
nient location to enable the services described herein. More-
over, such services can be provided as part of the OpenCable
and DOCSIS (data ovcr cable scrvicc interface specification)
initiatives.

§4.2.4 Information Retrieval Using Features BExtracted
from Audio and/or Video Works

Some embodiments consistent with the present invention
provide a computer-implemented method, apparatus, or com-
puter-executable program for providing information about an
audio file or (a video file) played on a device. Such embodi-
ments might (a) extract features {rom the audio (or video) file,
(b) communicate the features to a database, and (c) receive the
information about the audio (or video) file from the database.
In some embodiments consistent with the present invention,
the act of extracting the features is performed by a micropro-
cessor of the device, and/or a digital sipnal processor of the
device. The received information might be rendered on an
output (e.g., a monitor, a speaker, etc.) of the device. The
received information might be stored (e.g., persistently)
locally on the device. The information might be stored on a
disk, or non-volatile memory.

In some of the embodiments pertaining to audio files, the
audio file might be an mp3 file or some other digital repre-
sentation of an audio signal. The information might include a
song (itle, an album title, and/or a performer name.
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In some of the embodiments pertaining to video files, the
video file might be an MPEG file or some other digital rep-
resentation of a video signal. The video file might be a video
work, and the information might include a title of the video
work, a director of the video work, and names of performers
in the video work.

§4.3 Operational Examples

An example illustrating operations of an exemplary
embodiment of the present invention, that uses intra-work
information to identify the work, is provided in §

4.3.1. Then, an example illustrating operations of an exem-
plary embodiment of the present invention, that uses extra-
work information to identify the work, is provided in §4.3.2.

§4.3.1 Operational Example where Intra-Work Informa-
tion is Used to Identify the Work

A generic system for monitoring television commercials is
now described. Obviously, the basic ideas extend beyond this
specific application.

The process of recognition usually begins by recognizing
the start of a commercial. This can be accomplished by look-
ing for black video frames before and after a commercial. Ifa
number of black framcs arc detected and subscquently a
similar number are detected 30 seconds later, then there is a
goad chance that a commercial has aired and that others will
follow. It is also well known than the average sound volume
during commercials is higher than that for television shows
and this too can be used as an indicator ofa commercial. Other
methods can also be used. The need to recognize the begin-
ning of a commercial is not essential. However, without this
stage, all television programming must be assumed to be
commercials. As such, all video frames must be analyzed.
The advantage of determining the presence of a commercial is
that less video content must be processed. Since the percent-
age of advertising time is relatively small, this can lead to
considerable savings. For example, commercials can be buff-
ered and then subsequently processed while the television
show is being broadcast. This reduces the real-time require-
ments of a systemn at the expense of buffering, which requires
memory or disk space. Of course, for the applications envi-
sioned herein, a real-time response to a user requires real-time
processing.

Once it is determined that an advertisement is being broad-
cast, it is necessary to analyze the video frames. Typically, a
compact representation of each frame is extracted. This vec-
tor might be a pscudo-random sample of pixels from the
frame or a low-resolution copy of the frame or the average
intensities of n.times.n blocks of pixels. Tt might also be a
frequency-based decomposition of the signal, such as pro-
duced by the Fourier, Fourier-Mellin, wavelet and or discrete
cosine transforms. It might involve principal component
analysis or any combination thereof. The recognition litera-
ture contains many different representations. For block-based
methods, the n.times.n blocks may be located at pseudo-
random locations in each frame or might have a specific

structure, e.g. a complete tiling of the frame. The feature 55

vector might then be composed of the pixels in each block or
some property of each block, e.g. the average intensity or a
Fourier or other decomposition of the block. The object of the
vector extraction stage is to obtain a more concise represen-
tation of the frame. Each frame is initially composed of
480.times.720 pixels which is equivalent to 345,600 bytes,
assuming one byte per pixel. In comparison, the feature vec-
tor might only consist of 1 Kbyte of data. For example, if each
frame is completely tiled with 16.times.16 blocks, then the
number of blocks per frame is 345,600/256=1350. If the
average intensity of each block constitutes the feature vector,
then the feature vector consists of 1350 bytes, assuming 8-bit
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precision for the average intensity values. Alternatively, 100
16.times.16 blocks can be pseudo-randomly located on each
frame of the video. For each of these 100 blocks, the first 10
DCT coefficients can be determined. The feature vector then
consists of the 100.times.10=1000 DCT coefficients. Many
other variations are also possible. In many media applica-
tions, the content possesses strong temporal and spatial cor-
relations. If necessary, these correlations can be eliminated or
substantially reduced by pre-processing the content with a
whitening filter.

A second purpose of the feature extraction process is to
acquire a representation that is robust or invariant to possible
noise or distortions that a signal might experience. For
example, frames of a television broadcast may experience a
small amount of jitter, 1.e. horizontal and or vertical transla-
tion, or may undergo lossy compression such as MPEG-2. It
is advantageous, though not essential, that these and other
processes do not adversely affect the extracted vectors.

Each trame’s feature vector is then compared with a data-
base of known feature vectors. These known vectors have
previously been entered into a content recognition database
together with a uniquce identificr. 1f a frame’s vector matches
a known vector, then the commercial is recognized. Of
course, there is the risk that the match is incorrect. This type
of error is known as a false positive. The false positive rate can
be reduced to any desired value, but at the expense of the false
negative rate. A false negative occurs when a frame’s vector is
not matched to the database even though the advertisement is
present in the database. There are several reasons why a
frame’s feature vector may fail to match. First, the recogni-
tion system may not be capable of 100% accuracy. Second,
the extracted vector will contain noise as a result of the
transmission process. This noise may alter the values of a
feature vector to the extent that a match is no longer possible.
Finally, there is the case where the observed commercial is
not yet present in the database. In this case, it is necessary to
store the commercial and pass il (e.g., to a person) for iden-
tification and subsequent entry in the database.

It is important to realize that the matching of extracted and
known vectors is not equivalent to looking up a word in an
electronic dictionary. Since the extracted vectors contain
noise or distortions, binary search is often not possible.
Instead, a statistical comparison is often made between an
extracted vector and each stored vector. Common statistical
mcasures include lincar corrclation and related measurcs
such as correlation coefficient, but other methods can also be
used, including clustering techniques. See, e.g., the Duda and
Hart reference. These measures provide a statistical measure
of the confidence of the match. A threshold can be estab-
lished, usually based on the required false positive and nega-
tive rates, such that if the correlation output exceeds this
threshold, then the extracted and known vectors are said to
maltch.

If binary search was possible, then a database containing N
vectors would require at most log(N) comparisons. However,
in current advertisement monitoring applications there is no
discussion of efficient search methods. Thus, a linear search
of all N entries may be performed, perhaps halting the search
when the first match is found. On average, this will require
N/2 comparisons. If N is large, this can be computationally
expensive. Consider a situation in which one out of 100,000
possible commercials is to be identified. Each 30-second
commercial consists of 900 video frames. If all 900 frames
are stored in the database, then N=90,000,000. Even if only
every 10.sup.th video frame is stored in the database, its size
is still nine million. While databases of this size are now
common, they rely of efficient search to access entries, i.e.,
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they do not perform a linear search. A hinary search of a
90,000,000-item database requires less than 20 comparisons.
In contrast, a linear search will require an average of 45,000,
000!

With 9 million entries, if each vector is 1 Kbyte, then the
storage requirement is 9 Gigabytes. Disk drives with this
capacity are extremely cheap at this time. However, if the
database must reside in memory due to real-time require-
ments, then this still represents a substantial memory require-
ment by today’s standards. One reason that the data may need
to be stored in memory is because of the real-time require-
ments of the database. If 10 channels are being simulta-
neously monitored within each of 50 geographic areas, then
there will be 15,000 queries per second to the content recog-
nition database, assuming each and every frame is analyzed.
This query rate is low. However, i[ a linear search is per-
formed then 675 billion comparisons per second will be
required. This is an extremely high computational rate by
today’s standards. Even if only key frames are analyzed, this
is unlikely to reduce the computational rate by more than an
order of magpnitude.

If an advertiscment is not recognized, then typically, the
remote monitoring system will compress the video and trans-
mit it back to a central office. Here, the clip is identified and
added to the database and the remote recognition sites are
subsequently updated. Identification and annotation may be
performed manually. However, automatic annotation is also
possible using optical character recognition software on each
frame of video, speech recognition software, close captioning
information and other information sources. As these methods
improve in accuracy, it is expected that they will replace
manual identification and annotation.

‘The recognition system described can be considered to be
a form of nearest neighbor search in a high dimensional
feature space. This problem has been very well studied and is
known to be very difficult as the dimensionality of the vectors
increases. A number of possible data structures are applicable
including kd-trees and vantage point trees. These data struc-
tures and associated search algorithms organize a N-point
dataset (N=90,000,000 in out previous example) so that sub-
linear time searches can be performed on average. However,
worst-case search times can be considerably longer. Recently,
Yianilos proposed an excluded middle vantage point forest
for nearest neighbor search. See, e.g., the Yianilos reference.
This data structure guarantees sub-linear worst-casc scarch
times, but where the search is now for a nearest neighbor
within a fixed radius, .tau. The fixed radius search means that
if the database contains a vector that is within .tau. of the
query, then there is a match. Otherwise, no match is found. In
contrast, traditional vantage point trees will always return a
nearest neighbor, even if the distance between the neighbor
and the query is very large. In these cases, if the distance
between the query and the nearest neighbor exceeds a thresh-
old, then they are considered not to match. This is precisely
what the excluded middle vantage point forest implicitly
does.

Using an excluded middle vantage point forest, will allow
accurate real-time recognition of 100,000 broadcasted adver-
tisements. This entails constructing an excluded middle van-
tage point forest based on feature vectors extracted from say
90,000,000 frames of video. Of course, using some form of
pre-filtering that eliminates a large number of redundant
frames or frames that are not considered to be good unique
identifiers can reduce this number. One such pre-filter would
be to only examine the I-frames used when applying MPEG
compression. However, this is unlikely to reduce the work
identification database (WID) size by more than one order of
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magnitude. Assuming 10 channels are monitored in each of
50 geographic regions, then the gquery rate is
15,000=10.times.50.times.30 queries per second.

§4.3.2 Operational Example where Extra-Work Informa-
tion is Used to Identify the Work

FIG. 8 depicts a satellite television broadcast system 800,
though cable and traditional broadcast modes are also appli-
cable. Block 810 represents audience members (users) watch-
ing a TV channel in their home, which also has a connection
812 to the Internet 820. Other networks are also possible. The
satellite broadcasts are also being monitored by one or more
television monitoring centers 840a. These centers 840a may
monitor all or a subset of the television channels being broad-
cast. They are not restricted to monitoring satellite TV broad-
casts but may also monitor cable and traditional terrestrial
broadcasts. The primary purpose of these moniloring centers
8404 is to identify the works being broadcasted. Of particular
interest are television advertisements. However, other works,
or portions thereof, may also be identified. Each time a new
segment of a work is identified, the monitoring system or
systems 840a update one or more database centers 8405,
informing them of'the time, place, channel and identity of the
identified segment. The segment may be a complete thirty
second commercial or, more likely, updates will occur more
frequently, perhaps at a rate of 1 update per second per chan-
nel per geographic location. The database center 8405
updates its database so that queries can be efficiently
responded to in sub-linear time.

The database centers 8405 can use traditional database
technology. In general, the query search initiated by an audi-
ence member is not a nearest neighbor search but can be a
classical textual search procedure such as a binary search. The
nearest neighbor search is appropriate for the monitoring
sub-system 8404. The database centers 8405 are continually
updated as each new advertisement, television show or por-
tion thereof is recognized. Standard updating algorithms can
be used. However, random new entries to the database are
unlikely. Rather, each new entry, or set of entries, denotes a
new time segment that is later than all previously inserted
items. As such, each new entry can be appended to the end of
the database while still maintaining an ordered data structure
that is amenable to binary and other efficient search tech-
niques. If two entries have the same time in their time field,
items can be sorted based on secondary elds such as the
channcl and geographic location, as depicted in FIG. 9. Since
the number of such entries will be relatively small compared
with the entire database, it may he sufficient to simply create
a linear linked list of such entries, as depicted in F1G. 9. Of
course, the size of the database is constantly increasing. As
such, it may become necessary to have several levels of stor-
age and caching. Given the envisaged application, most user
queries will be forrecent entries, Thus, the database may keep
the last hours worth o enlries in memory. Il there is one entry
per second for each of 100 channels in 100 geo-
graphic  locations, this would correspond to
3600.times.100.times.100=36,000,000 entries which is eas-
ily accommodated in main memory. Entries that are older
than one hour inay be stored on disk and entries older than one
week may be archived (e.g., backed up on tape) for example.
The entries to this database can include time, location and
channel information together with a unique identifier that is
provided by the monitoring system. Of course, additional
fields for each entry are also possible.

When a user query is received, the time, channel and geo-
graphic information are used to retrieve the corresponding
unique identifier that is then used to access a second database
that contains information associated with the identified work.
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An entry 1000 in this second database is depicted in FIG.
10, which shows that associated with the unique identifier
1010, the name of a product 1020, a product category 1030,
the manufacturer 1040 and the commercial’s associated web
site 1050. Many other data fields 1060 are also possible. Such
additional fields may include fields that indicate what action
should be taken on behalf of the requesting user. Example
actions include simply redirecting a request to an associated
Web site, or initiating an e-commerce transaction or provid-
ing an associated telephone number that may be automati-
cally dialed if the querying device is a cell phone or display-
ing additional information to the user. This database is likely
to be updated much less frequently, perhaps only as often as
once or twice a day, as batches of new advertisements are
added to the system. Alternatively, it might be updated as each
new advertisement is added 1o the system.

An audience member (user) 810 watching a television
commercial for example may react to the advertisement by
initiating a query to the database center 8405. The device
whereby the user initiates the query might be a television or
set-top-box remote control, or a computer or a wireless PDA
or a (WAP-cnabled) cell phonc or a specialized device. Typi-
cally, the query will occur during the airing of the commercial
or a shortly thereafter. However, the time between the broad-
casting of the advertisement and the time of the associated
query is not critical and can, in some instances be much
longer. For example, the audience member might bookmark
the query information in a device such as a PDA or a special-
ized device similar to those developed by Xenote for their Itag
radio linking. Later, the audience member may transmit the
query to the database center 8405. This might happen hours or
even days later.

‘The query contains information that the database center
8405 uses to identify the work being viewed. This informa-
tion might include the time and place where the audience
member was, together with the channel being viewed. Other
identifying information is also possible. The query may also
contain additional information that may be used to facilitate
the user’s transaction and will include the return address of
the user. [For example, if the user is intending to order a pizza
after seeing a Pizza Hut advertisement, the query may also
contain personal information including his or her identity,
street address and credit card information.

When the database center 840breceives a query, datain the
query is used to identify the work and associated information.
A number of possible actions are possible at this point. First,
the database center 8405 may simply function as a form of
proxy server, mapping the audience member’s initial query
into a web address associated with the advertisement. In this
case, the audience member will be sent to the corresponding
Web site. The database center 8405 may also send additional
data included in the initial query to this Web site 850 in order
1o [acilitale an e-commerce lransaction between the audience
member and the advertiser. In some cases, this transaction
will not be direct, but may be indirect via a dealer or third
party application service provider. Thus, for example. though
anadvertisement by Ford Motor Company may air nationally,
viewers may be directed to different Web sites for Ford deal-
erships depending on both the audience member’s and the
dealerships’ geographic locations. In other cases, advertisers
may have contracted with the database center 8405 to provide
e-commerce capabilities. This latter arrangement has the
potential to reduce the amount of traffic directed over the
public Internet, restricting it, instead to a private network
associated with the owner of the database center.

If the audience member (user) is not watching live televi-
sionbut is instead watching a taped and therefore time-shified
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copy, then additional processes are needed. For the new gen-
eration of digital video recorders, irrespective of the record-
ing media (tape or disk), it is likely to be very easy to include
information identifying the location of the recorder, as well as
the time and channel recorded. Location information can be
provided to the recorder during the setup and installation
process, for example. Digital video recorders, such as those
currently manufactured by TIVO of Alviso, Calif. or Replay
TV of Santa Clara, Calif. have a network connection via
telephone, which can then send the query of an andience
member to the database center 8405 using the recorded rather
than the current information.

In cases where query information has not been recorded, it
is still possible to initiate a successful query. However, in this
case, it may be necessary to extract the feature vector from the
work of interest and send this information to the monitoring
center 840a where the feature vector can be identified. This
form of query is computationally more expensive but the
relative number of such queries compared to those sent to the
database centers 8405 is expected to be small. It should also
be noted that the physical separation of the monitoring and
databasc centers, depicted in FIGS. 6 and 7, is not crucial to
operation of the system and simply serves to more clearly
separate the different functionality present in the overall sys-
tem configuration.

Although the implementation architectures described
above focus on the television media, it is apparent that the
present invention is applicable to audio, print and other
media.

§4.4 Conclusions

None of the embodiments of the invention require modifi-
cation to the work or content, i.e., no active signal is embed-
ded. Consequently, there is no change to the production pro-
cesses. More importantly, from a user perspective,
deployment of this system need not suffer from poor initial
coverage. Provided the database is sufficiently comprehen-
sive, early adopters will have comprehensive coverage imme-
diately. Thus, there is less risk that the consumer will perceive
that the initial performance of the deployed system is poor.
[FFurther, the present invention permits statistics to be gathered
that measure users’ responses to content. This information is
expected to be very useful to advertisers and publishers and
broadcasters.

What is claimed is:

1. A computer system comprising:

one or more electronic communications devices;

one or more processors operatively connected to the one or
more electronic communications devices; and

one or more computer readable media operatively con-
nected to the one or more processors and having stored
thereon computer instructions for carrying out the steps
of:

(a) maintaining, by the computer system, a database
comprising:

(1) first electronic data related to identification of one
or more reference electronic works; and

(2) second electronic data related to action informa-
tion comprising an action to perform correspond-
ing to each of the one or more reference electronic
works;

{b) obtaining, by the computer system, extracted fea-
tures of a first electronic work;

(c) identifying, by the computer system, the first elec-
tronic work by comparing the extracted features ofthe
first electronic work with the first electronic data in
the database using a non-exhaustive neighbor search;
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(d) determining, by the computer system, the action
information corresponding to the identified first elec-
tronic work based on the second electronic data in the
database; and

(c) associating, by thc computcr system, the determined
action information with the identified first electronic
work.

2. The computer system of claim 1, wherein the step of
obtaining comprises receiving the first electronic work and
extracting the extracted features from the first electronic
work.

3. The computer system of claim 2, wherein the first elec-
tronic work is received from at least one of a set-top-box, a
video recorder, a cell phone, a computer, or a portable device.

4. The computer system of claim 1, wherein the step of
obtaining comprises receiving the extracted features.

5. The computer system of claim 4, wherein the extracted
features are received from at least one of a set-top-box, a
video recorder, a cell phone, a computer, or a portable device.

6. The computer system of claim 1, wherein the step of
obtaining compriscs recciving the first clectronic work and
the extracted features of the first electronic work.

7. The computer system of claim 6, wherein the first elec-
tronic work and the extracted features of the first electronic
work are received from at least one of a set-top-box, a video
recorder, a cell phone, a computer, or a portable device.

8. The computer system of claim 1, wherein at least one of
the first electronic work or the extracted features of the first
electronic work is obtained from at least one of a set-top-box,
a video recorder, a cell phone, a computer, or a portable
device that stores comunercial transaction data, and wherein
the action information comprises a commercial transaction,
and the one or more computer readable media have stored
thereon further computer instructions for carrying out the
additional step of:

electronically performing the commercial transaction

using the stored commercial transaction data.

9. The computer system of claim 1, wherein at least one of
the first electronic work or the extracted features of the first
electronic work is obtained from at least one of a set-top-box,
a video recorder, a cell phone, a computer, or a portable
device, and wherein the action information comprises com-
miercial transaction data, and the one or more computer read-
able media have stored thereon further computer instructions
for carrying out the additional step of:

electronically performing the commercial transaction

through the at least one of a set-top-box, a video

recorder, a cell phone, a computer, or a portable device
using the commercial transaction data.

10. The computer system of claim 8, wherein the stored
commercial transaction data comprises at least one of a pur-
chaser’s name, a purchaser’s address, or credit card informa-
tion.

11. The computer system of claim 1, wherein the action
comprises at least one of directing a user to a website related
to the first electronic work, initiating an e-commerce trans-
action, or dialing a phone number.

12. The compulter system of claim 1, wherein the action
comprises providing and/or displaying additional informa-
tion in association with the first clectronic work.

13. A computer system comprising;

one or more electronic communications devices;

one or more processors operatively connected to the one or

more electronic communications devices; and
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one or more computer readable media operatively con-
nected to the one or more processors and having stored
thereon computer instructions for carrying out the steps
of:

(a) maintaining, by thc computcr system, onc or morc
databases comprising:

(1) first electronic data comprising a first digitally
created compact electronic representation of one or
more reference electronic works; and

(2) second electronic data related to an action, the
aclion comprising providing and/or displaying an
advertisement corresponding to each of the one or
more reference electronic works;

(b) obtaining, by the computer system, a second digitally
created compact electronic representation of a first
electronic work;

(c) identifying, by the computer system, a matching
reference electronic work that matches the first elec-
tronic work by comparing the first electronic data
with the second digitally created compact electronic
represcntation  using a non-cxhaustive ncighbor
search;

(d) determining, by the computer system, the action
corresponding to the matching reference electronic
work based on the second electronic data in the data-
base; and

(e) associating, by the computer system, the determined
action with the first electronic work.

14. The computer system of claim 13, wherein the action
further comprises providing a link to a site on the World Wide
Web associated with the advertisement.

15. The computer system of claim 13, wherein the action
further comprises electronically registering a user with at
least one of a service or a product related to the advertisement.

16. The computer system of claim 13, wherein the action
further comprises electronically providing at least one of a
coupon or a certificate related to the advertisement.

17. The computer system of claim 13, wherein the action
further coniprises automatically dialing a telephone number
associated with the advertisement.

18. The computer system of claim 13, wherein the action
further comprises collecling competilive market research
data rclated to the advertisement.

19. The computer system of claim 13, wherein the action
further comprises purchasing a product or service related to
the advertisement.

20. The computer system of claim 13, wherein the action
further comprises allowing a user to interact with a broadcast
related to the advertisement.

21. The computer system of claim 1, further comprising the
step of transmitling, by the compulter system, the determined
action as associated with the first electronic work.

22. The computer system of claim 1, wherein the one or
more electronic works comprise at least one of a video work,
an audio work, or an image work.

23. The computer system of claim 1, wherein the one or
more computer readable media have stored thereon further
computer instructions for carrying out the additional steps of:

(f) obtaining, by the computer system, second extracted
features of a second electronic work;

(g) searching, by the computer system, for an identification
of the second electronic work by comparing the second
extracted features of the second electronic work with the
first electronic data in the database using a non-exhaus-
tive neighbor search; and
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(h) determining, by the computer system, that the second
electronic work is not identified based on results of the
searching step.

24. The conputer system of claim 13, wherein the one or
more computer readable media have stored thereon further
computer instructions for carrying out the additional steps of:

(f) obtaining, by the computer system, second extracted
features of a second electronic work to be identified;

(g) searching, by the computer system, for an identification
of the second electronic work by comparing the second
extracted features of the second electronic work with the
first electronic data in the database using a non-exhaus-
tive neighbor search; and

(h) determining, by the computer system, that the second
electronic work is not identified based on results of the
searching step.

25. A computer system comprising;

one or more electronic communications devices;

one or more processors operatively connected to the one or
more electronic communications devices; and

one or more computer readable media operatively con-
nected to the onc or more processors and having storcd
thereon computer instructions for carrying out the steps
of:

(a) maintaining, by the computer system, one or more
databases comprising:

(1) first electronic data comprising a first digitally
created compact electronic representation com-
prising an extracted feature vector of one or more
reference electronic works; and

(2) second electronic data related to action informa-
tion, the action information comprising an action to
perform corresponding to each of the one or more
reference electronic works;

(b) obtaining, by the computer system, a second digitally
created compact electronic representation comprising
an extracted feature vector of a firsi electronic work;

(c) identifying, by the computer system, a matching
reference electronic work that matches the first elec-
tronic work by comparing the first electronic data
with the second digitally created compact electronic
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representation of the first electronic work using a
non-exhaustive neighbor search;

(d) determining, by the computer system, the action
information corresponding to the matching reference
clectronic work based on the sccond electronic data in
the database; and

(e) associating, by the computer system, the determined
action information with the first electronic work.

26. The computer system of claim 25, wherein the one or
more computer readable media have stored thereon further
computer instructions for carrying out the additional steps ol

(f) obtaining, by the computer system, a third digitally

created compact electronic representation comprising

an extracted feature vector of a second electronic work;

(g) searching, by the computer system, for a matching

reference electronic work that matches the second elec-
tronic work by comparing the third digitally created
compact electronic representation of the second elec-
tronic work with the first electronic data in the database
using a non-exhaustive neighbor search; and

(h) determining, by the computer system, that a matching

reference electronic work that matches the second elec-

tronic work does not exist based on results of the search-
ing step.

27. The computer system of claim 13, wherein the
extracted feature is extracted using frequency based decom-
position.

28. The computer system of claim 13, wherein the
extracted feature is extracted using principal component
analysis.

29. The computer system of claim 13, wherein the
extracted feature is extracted using temporal sequence of
feature vectors.

30. The computer system of claim 13, wherein the one or
more computer readable media have stored thereon further
computer instructions for carrying out the additional step of
transmitting, by the computer system, the determined action
information as associated with the first electronic identified
work.



