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CLUSTERING MULTIMEDIA SEARCH 

CROSS REFERENCE TO OTHER 
APPLICATIONS 

0001. This application is a continuation of co-pending 
U.S. patent application Ser. No. 13/608,349 entitled CLUS 
TERING MULTIMEDIA SEARCH filed Sep. 10, 2012, 
which is a continuation of U.S. patent application Ser. No. 
12/317,253, now U.S. Pat. No. 8,285,718, entitled CLUS 
TERING MULTIMEDIA SEARCH filed Dec. 19, 2008, 
which claims priority to U.S. Provisional Patent Application 
No. 61/008,678 entitled CLUSTERING MULTIMEDIA 
SEARCH filed Dec. 21, 2007 all of which are incorporated 
herein by reference for all purposes. 

BACKGROUND OF THE INVENTION 

0002 There is an increasingly large volume of image, 
Video, audio, and other multimedia content being posted to 
the Internet and the WorldWideWeb (“web”). With increased 
Volumes of text and multimedia content, a user must rely 
more on search engines to find particular content. 
0003. Many existing search engines were designed prima 

rily for text content, and when a user searches for multimedia 
content using these search engines often the relatedness of 
search results associated with similar multimedia content is 
not recognized or made apparent. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0004 Various embodiments of the invention are disclosed 
in the following detailed description and the accompanying 
drawings. 
0005 FIG. 1 is a block diagram illustrating an embodi 
ment of a system for clustering a set web search results. 
0006 FIG. 2 illustrates an embodiment of a search server 
for clustering multimedia search. 
0007 FIG. 3 illustrates an embodiment of an index for 
clustering multimedia search. 
0008 FIG. 4 is a diagram illustrating an embodiment of a 
display page configured for clustering a set of multimedia 
search results. 
0009 FIG.5 is a flowchart illustrating an embodiment of a 
process for clustering a set of multimedia search results. 
0010 FIG. 6 is a flowchart illustrating an embodiment of a 
process for clustering search results. 
0011 FIG. 7 is a flowchart illustrating an embodiment of a 
process for clustering search results given signatures and 
metadata. 
0012 FIG. 8 is a flowchart illustrating an embodiment of a 
process for Sorting results into bins. 

DETAILED DESCRIPTION 

0013 The invention can be implemented in numerous 
ways, including as a process, an apparatus, a system, a com 
position of matter, a computer readable medium such as a 
computer readable storage medium or a computer network 
wherein program instructions are sent over optical or com 
munication links. In this specification, these implementa 
tions, or any other form that the invention may take, may be 
referred to as techniques. A component such as a processor or 
a memory described as being configured to perform a task 
includes both a general component that is temporarily con 
figured to perform the task at a given time or a specific 
component that is manufactured to perform the task. In gen 
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eral, the order of the steps of disclosed processes may be 
altered within the scope of the invention. As used herein, the 
term processor refers to one or more devices, circuits, and/or 
processing cores configured to process data, Such as computer 
program instructions. 
0014. A detailed description of one or more embodiments 
of the invention is provided below along with accompanying 
figures that illustrate the principles of the invention. The 
invention is described in connection with Such embodiments, 
but the invention is not limited to any embodiment. The scope 
of the invention is limited only by the claims and the invention 
encompasses numerous alternatives, modifications and 
equivalents. Numerous specific details are set forth in the 
following description in order to provide a thorough under 
standing of the invention. These details are provided for the 
purpose of example and the invention may be practiced 
according to the claims without some or all of these specific 
details. For the purpose of clarity, technical material that is 
known in the technical fields related to the invention has not 
been described in detail so that the invention is not unneces 
sarily obscured. 
0015 Clustering search results based on similarity of mul 
timedia content, determined based at least in part on an non 
text-based analysis or representation of Such content, is dis 
closed. In some embodiments, for each of a plurality of actual 
or potential search results, e.g., web pages, having associated 
multimedia content, a representation of the multimedia con 
tent is generated and the respective representations used, in 
advance of query/search time or in real time, to determine a 
degree of similarity between the respective multimedia con 
tent associated with the respective results (e.g., pages). The 
degree of similarity information is used to cluster search 
results, for example by presenting or otherwise associating 
together as a responsive cluster of results two or more respon 
sive pages (or other results) that have been determined to the 
same and/or very similar multimedia content. 
0016 FIG. 1 is a block diagram illustrating an embodi 
ment of a system for clustering a set web search results. In the 
example shown, client 102 is connected through network 104 
to content 106. Client 102 may represent a user, a web 
browser, or another search engine licensed to use the cluster 
ing system. Network 104 may be a public or private network 
and/or combination thereof, for example the Internet, an Eth 
ernet, serial/parallel bus, intranet, Local Area Network 
(“LAN), Wide Area Network (“WAN”), and other forms of 
connecting multiple systems and/or groups of systems 
together. Content 106 may include text content, graphical 
content, audio content, video content, web based content 
and/or database content. 
0017 Network 104 is also connected to a search server 
108, which is connected to index 110. Search server 108 may 
be configured to search and cluster content 106 for client 102. 
Search server 108 may be comprised of one or more servers. 
Index 110 may include a database and/or cache. 
0018 FIG. 2 illustrates an embodiment of a search server 
for clustering multimedia search. In some embodiments, the 
search server in FIG. 2 is included as search server 108 in FIG. 
1. In the example shown, search server 202 includes a plural 
ity of servers, including clustering search server 204. Clus 
tering search server 204 includes a plurality of functional 
engines, including an optional signature generation engine 
206 and clustering logic 208. 
0019. Signature generation engine 206 generates a signa 
ture representative of at least a portion of the multimedia 
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content of a multimedia content item, such as an image or an 
audio and/or video clip, associated with a web page (or other 
actual or potential search result). A signature in some embodi 
ments comprises a representation of at least a portion of the 
multimedia content of a multimedia content item. 
0020. In various embodiments, the signature is generated 
based at least in part on portions of multimedia content 
believed to be characteristic of and/or distinctive to the mul 
timedia content being represented, such that there is a likeli 
hood that another multimedia contentitem having the same or 
a very similar signature comprises multimedia content that is 
at least in part the same or nearly the same as corresponding 
content comprising the multimedia content item that the sig 
nature is generated to represent. Simple examples of a signa 
ture for illustrative purposes include without limitation the 
average RGB or grayscale value of each quadrant of an 
image, the percentage of laughter in an audio track, or the 
number of scene transitions in a video. 
0021 Signature generation engine 206 may include one or 
more hardware elements and/or software elements. Examples 
of such hardware elements include: servers, embedded sys 
tems, printed circuit boards (“PCBs), processors, applica 
tion specific integrated circuits (ASICs'), field program 
mable gate arrays ("FPGAs), and programmable logic 
devices (“PLDs), and software elements could include: 
modules, models, objects, libraries, procedures, functions, 
applications, applets, weblets, widgets and instructions. 
0022. Clustering logic 208 groups web search results asso 
ciated with multimedia content items that have been deter 
mined to have the same or similar multimedia content, at least 
in part, based on a comparison of the respective signatures 
generated for each result by signature generation engine 206. 
0023. In some embodiments clustering is based at least in 
part on the entropy of the signatures of the multimedia content 
items. For example, a signature determined to have a high 
level of entropy, and therefore presumably embodies more 
information, in some embodiments is given more weight than 
a signature having low entropy. The foregoing approach is 
based on the expectation that all else being equal if two 
multimedia content items have low entropy signatures having 
the same degree of similarity as the respective signatures of a 
second set of content items having high entropy signatures, 
the second set of content items are more likely to in fact have 
the same or very similar multimedia than the latter two. Stated 
another, if a signature is low entropy it is less likely to repre 
sent uniquely a particular multimedia content and other con 
tent that is not that similar to the first content may have a 
Sufficiently similar signature to generate a false match. 
0024 Clustering logic 208 may include one or more hard 
ware elements and/or software elements. Examples of Such 
hardware elements include: servers, embedded systems, 
printed circuit boards (“PCBs), processors, application spe 
cific integrated circuits (ASICs'), field programmable gate 
arrays (“FPGAs), and programmable logic devices 
(“PLDs), and software elements could include: modules, 
models, objects, libraries, procedures, functions, applica 
tions, applets, weblets, widgets and instructions. 
0.025 FIG. 3 illustrates an embodiment of an index for 
clustering multimedia search. In some embodiments, the 
index in FIG. 3 is included as index 110 in FIG. 1. In the 
example shown, index 302 includes a plurality of indices, 
including clustering index 304. Clustering index.304 includes 
a plurality of indices, including a text metadata index.306 and 
signature index 308. 
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(0026 Text metadata index 306 references content 106 by 
metadata given for each content item. For example, a video 
clip may have as its metadata the producer's name, its run 
length and the title of the clip. In this example, the video clip 
would be represented in text metadata index.306 by storing its 
address and associated metadata. The video clip address may 
include its file location, its library reference number, its Uni 
form Resource Locator (“URL), or its Uniform Resource 
Identifier (“URI). The associated metadata may include the 
metadata field descriptions, for example producer's name. 
“run-length', and “title', as well as field content, for example 
“Joe Producer”, “1:45:34” and “Drama Squirrels: The 
Sequel. 
(0027 Signature index 308 references content 106 by the 
signature generated by signature generation engine 206. In 
the above example, the video clip would be represented in 
signature index 308 by storing its address and associated 
signature. 
0028 FIG. 4 is a diagram illustrating an embodiment of a 
display page configured for clustering a set of multimedia 
search results. Display page 402 shows the layout of the page 
as rendered by a browser at, for example, client 102. 
0029 Display page 402 includes a search frame 404, 
which includes both a field for client 102 to enter in search 
parameters and an active element to initiate the search, Such 
as a search button. In the example given in FIG. 4, the client 
102 is searching for a “drama squirrel' multimedia content 
item. 
0030 Clustered multimedia search results are given in 
results frame 406, which in the example given in FIG. 4, 
shows thirty-one distinct results. Search results may be given 
in a ranked order, as is the case in FIG. 4. In results frame 406 
the first result 408 is given for a “drama squirrel video 
content item, and the clustering shows: 

0031 there are three identical videos located at 
addresses “video.oggle.com”, “utub.com” and “your 
space.com', and 

0.032 there are three variations of the “drama squirrel 
video” content item at addresses “facetext.com”, “utub. 
com/v' and “itube.com'. 

0033. In the example, the results frame 406 also shows a 
second result with less ranking as a "drama chipmunk Video 
content item, and a third result with less ranking as a 'squirrel 
dance song content item. In some embodiments, within a 
result there may be two additional implementations: 
0034. First, a “find similar button 410 that will find simi 
lar results to any given result, without considering any meta 
data. In the example shown, there are 31 results for the “drama 
squirrel search. Clicking “find similar on the first result, 
will cause similar or duplicate results that may not necessarily 
have "drama Squirrel' in its metadata. 
0035. In some embodiments a “find similar button will 
cause a search based either only on the signature of the current 
result in comparison with other known signatures, or on the 
signature of the current result in comparison with other 
known signatures and metadata fields implicit to the current 
result. 
0036) Second, a “similarity slider” 412 that allows the 
exploration of a spectrum from duplicate to more similar 
to less similar. In some embodiments, if the slider is placed 
on duplicate for a “drama squirrel search, only exact dupli 
cates are found. As the slider is set from “duplicate' towards 
“less similar results' results become increasingly non-dupli 
cated but still related. 
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0037 For example, a search is made for a “Debra Hilton” 
video. A grocery shopping video with Debra Hilton is the 
result 408. There are four possible options by setting slider 
412: 

0038. With the slider 412 on duplicate: Only exact 
matches are made to the current result, the Debra Hilton 
grocery shopping video; 

0039. With the slider 412 on more similar: Similar 
matches of thumbnails of the Debra Hilton grocery 
shopping video, including videos with possibly different 
shots or angles, are made; 

0040. With the slider 412 on similar: Similar matches of 
videos with Debra Hilton in comparable poses as to that 
in the Debra Hilton grocery shopping video, are made; 
and 

0041. With the slider 412 on less similar: Similar 
matches of videos with people who look like Debra 
Hilton as in the Debra Hilton grocery shopping video, 
are made. 

0042 FIG.5 is a flowchart illustrating an embodiment of a 
process for clustering a set of multimedia search results. The 
process may be implemented in search server 108. 
0043. In step 502, a signature of a search result is gener 
ated, based at least in part on an analysis of multimedia 
content associated with the web search result. In some 
embodiments this step is implemented by signature genera 
tion engine 206. Multimedia includes any content that is not 
purely text, such as images, video and audio. In some embodi 
ments, a characteristic of the signature is that a distance 
metric may be calculated between a first and second signa 
ture. In some embodiments, the signature is a vector and the 
distance metric is a Scalar. The distance metric may include 
one or more and/or a weighted or other combination of one or 
more of: 

0044 a Cartesian or Euclidean distance; 
0045 a Manhattan or rectilinear distance; and 
0046) abyte-wise difference between one or more of the 
bytes within the signature. 

0047. The signature may include a hash value based at 
least in part on features of the image, audio, video or other 
multimedia type. In an image or video, the signature may 
include one or more of: 

0048 a recognized face, for example “The President of 
the United States': 

0049 a recognized logo, for example “The USPTO 
Logo'; 

0050 a recognized facial feature, for example “Abrown 
mustache'; and 

0051 recognizing a normalized feature, for example if 
all videos from a particular studio have a regular or 
normal form. 

0052 While particular types of signature and distance 
metrics are described above, in practice any relatively concise 
representation of the multimedia content of a content item 
Such that another content item having the same or a very 
similar signature is likely to include the same or similar 
multimedia content and conversely content items having a 
relatively more dissimilar signature are unlikely to include 
the same or very similar multimedia content may be used. 
0053. In step 504, the set of web search results is clustered 
based at least in part on the signature of each web search 
result. In some embodiments, the signature of each web 
search result is compared to another web search results sig 
nature by analyzing their distance metric. 
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0054. In some embodiments, the signatures of content 106 
are pre-computed before performing search. By pre-comput 
ing signatures, it is possible to find a multimedia content item 
that is similar to a web search result, for example, to: 

0.055 find a video clip that looks like a web search 
result; 

0056 find a video clip that sounds like a web search 
result; and 

0057 find an audio clip that sounds like a web search 
result. 

0.058 FIG. 6 is a flowchart illustrating an embodiment of a 
process for clustering search results. In some embodiments, 
the process of FIG. 6 is included in 504 of FIG.5. The process 
may be implemented in search server 108. 
0059. In step 602, the text metadata is used to find respon 
sive records and optionally assign rankings For example, a 
search for “drama squirrel' could use available text search 
techniques to find records with metadata that includes: 
“drama squirrel”, “drama”, “squirrel”, “show squirrel'. 
'drama chipmunk', and other permutations from parsing the 
query. In some embodiments, rankings may be assigned 
based on the relevance of the found records to the search 
query using available ranking techniques. 
0060. In step 604, with both the signatures and text meta 
data rankings, the results may be organized, clustered and/or 
displayed. In some embodiments the organization and clus 
tering may be similar to the example for frame 406. 
0061 FIG. 7 is a flowchart illustrating an embodiment of a 
process for clustering search results given signatures and 
metadata. In some embodiments, the process of FIG. 7 is 
included in 604 of FIG. 6. The process may be implemented 
in search server 108. 

0062. In step 702, the results from the text metadata search 
in step 602 are coupled with the signatures generated in step 
502 and sorted into bins. For example, a search for “drama 
squirrel' may find the highest ranked result is a "drama Squir 
rel video” content item available by network 104 that has 
several identical copies at different addresses, and several 
similar copies at other addresses. In this example all of these 
content items would be consolidated in a single bin. 
0063. In step 704, the bins would be ordered and displayed 
by its bin ranking The bin ranking of a specified bin is related 
to the rank of each result within that specified bin. In some 
embodiments, the bin ranking would be directly related to the 
highest ranked result within each bin. In some embodiments, 
the bin ranking would be further weighted by the number or 
quality of results withinabin. In some embodiments, display 
ing a cluster includes labeling two web search results with 
similar video signatures and different audio signatures as 
commentary. In some embodiments, displaying a cluster 
includes labeling two web search results with similar audio 
signatures and different video signatures as remixes. In some 
embodiments, the number of cluster members inabin can be 
used as a ranking factor. Such that the result with the highest 
number of duplicates would be deemed more significant than 
a result with very few number of duplicates. For example, the 
most popular video of a contemporary singer Jane Smith 
would have a very high number of copies circulating on the 
web vs a homemade video of a Jane Smith cover. 

0064 FIG. 8 is a flowchart illustrating an embodiment of a 
process for sorting results into bins. In some embodiments, 
the process of FIG.8 is included in 702 of FIG. 7. The process 
may be implemented in search server 108. 
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0065. In step 802, a first ranked result is assigned as the 
primary result, with its signature generated from step 502. In 
step 804, the next result is compared by computing the dis 
tance between itself and the primary result. If it is determined 
in step 806 that the distance is less than a predetermined 
threshold, then control is transferred to step 808; otherwise, 
control is transferred to step 810. A distance less than the 
predetermined threshold may indicate that the two multime 
dia content items associated with the two results are related. 
0066. In step 808, two related results will be grouped 
together in a bin. In some embodiments, the predetermined 
threshold in step 806 indicates that the two results are either 
identical or similar, for example, a post-production modifica 
tion. In some embodiments a second comparison will be 
made to see if the distance is less than a predetermined 
smaller threshold. A distance less than the predetermined 
smaller threshold may indicate that the two multimedia con 
tent items associated with the two results are nearly identical. 
Thus, within the bin, there may be at least two sub-bins; the 
first of “identical content items to the primary result, and the 
second of “similar content items to the primary result. In 
Some embodiments there may be a recursive clustering within 
clustered results. In some embodiments, if a result is placed 
within a bin, it may be removed from being contained within 
another bin. 
0067. In step 810, if it is determined that there are no other 
results to compare with the primary result, then control is 
transferred to step 814; otherwise, control is transferred to 
step 812. In some embodiments, there may be no other results 
to compare because every result has already been compared 
with the primary result. In some embodiments, there may be 
no other results to compare because a predetermined amount 
of results have already been compared with the primary 
result. In step 812, the process repeats starting with step 804 
but with a comparison comparing the primary result with the 
next ranked result. 
0068. In step 814, if it is determined that the clustering is 
complete, the process is ends; otherwise, control is trans 
ferred to step 816. In some embodiments, clustering is com 
plete because every result has been placed in a bin. In some 
embodiments, clustering is complete based on a heuristic; for 
example the heuristic may determine to stop after thirty bins 
have been created. 
0069. In step 816, the next available result is assigned as 
the primary result. In some embodiments, the next available 
result is the next ranked result from the primary result. In 
some embodiments, the next available result is the next 
ranked result from the primary result not already in a bin. 
0070 Although the foregoing embodiments have been 
described in some detail for purposes of clarity of understand 
ing, the invention is not limited to the details provided. There 
are many alternative ways of implementing the invention. The 
disclosed embodiments are illustrative and not restrictive. 
What is claimed is: 
1. (canceled) 
2. A method, comprising: 
determining a first level of entropy associated with a first 

signature for a first multimedia content item; 
determining a second level of entropy associated with a 

second signature for a second multimedia content item; 
and 

clustering the first multimedia content item with the second 
multimedia content item based at least in part on com 
paring the first level of entropy associated with the first 
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signature and the second level of entropy associated with 
the first signature with that of another set of content 
items. 

3. A method as recited in claim 2, further comprising gen 
erating a first media content signature based at least in part on 
an analysis of multimedia content for the first multimedia 
content item. 

4. A method as recited in claim 3, further comprising gen 
erating a second media content signature based at least in part 
on an analysis of multimedia content for the second multime 
dia content item. 

5. A method as recited in claim 4, wherein the first multi 
media content item is associated with a first web search result 
and the second multimedia content item is associated with a 
second web search result. 

6. A method as recite in claim 5, further comprising reduc 
ing web search results based at least in part on an analysis of 
textual metadata. 

7. A method as recited in claim 4, wherein clustering is 
based on an expectation that all else being equal if a low 
entropy set of multimedia content items have the same degree 
of similarity as the respective signatures of a high entropy set 
of content items, the high entropy set is more likely to have 
similar multimedia than the low entropy set. 

8. A method as recited in claim 4, wherein clustering is 
based on an expectation that a low entropy signature is less 
likely to uniquely represent a particular multimedia content. 

9. A method as recited in claim 4, wherein clustering 
includes labeling two web search results with similar video 
signatures and different audio signatures as commentary. 

10. A method as recited in claim 4, wherein clustering 
includes labeling two web search results with similar audio 
signatures and different video signatures as remixes. 

11. A method as recited in claim 4, wherein the comparison 
includes calculating a distance metric between the first media 
content signature and the second media content signature. 

12. A method as recited in claim 11, wherein the distance 
metric includes one or a weighted combination of a Cartesian 
distance; a Manhattan distance; a Euclidean distance; and a 
byte difference. 

13. A method as recited in claim 4, wherein each media 
content signature includes a hash value based at least in part 
on one or more of the following: image features, audio fea 
tures, and on video features. 

14. A method as recited in claim 4, wherein each media 
content signature includes one or more of the following: a 
recognized face, a recognized logo, and a recognized facial 
feature. 

15. A method as recited in claim 4, further comprising 
finding video that sound like a web search result. 

16. A method as recited in claim 2, wherein multimedia is 
any non-textual data or metadata. 

17. A method as recited in claim 2, wherein multimedia 
includes images, video and audio. 

18. A method as recited in claim 2, wherein clustering 
includes consolidating web search results if the distance met 
ric is below an identical-threshold. 

19. A method as recited in claim 2, wherein clustering 
includes highlighting web search results if the distance metric 
is below a similar-threshold but above an identical-threshold. 
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20. A system, comprising: 
a data store configured to store signatures of web search 

results; and 
a processor coupled to the data store and configured to: 
determine a first level of entropy associated with a first 

signature for a first multimedia content item; 
determine a second level of entropy associated with a sec 
ond signature for a second multimedia content item; and 

cluster the first multimedia content item with the second 
multimedia content item based at least in part on com 
paring the first level of entropy associated with the first 
signature and the second level of entropy associated with 
the first signature with that of another set of content 
items. 

21. A computer program product, the computer program 
product being embodied in a non-transitory computer read 
able storage medium and comprising computer instructions 
for: 

determining a first level of entropy associated with a first 
signature for a first multimedia content item; 

determining a second level of entropy associated with a 
second signature for a second multimedia content item; 
and 

clustering the first multimedia content item with the second 
multimedia content item based at least in part on com 
paring the first level of entropy associated with the first 
signature and the second level of entropy associated with 
the first signature with that of another set of content 
items. 
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